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EDITORIAL 

Leibniz, Vernadsky, 
LaRouche 

I n order for there to be composite sub
stances, there must be simple sub

stances, that is, without parts, to make 
them up. Where there are no constituent 
parts, there is possible neither extension, 
nor form, nor d ivisibi l ity. These simple 
substances, without length, mass, or time 
measure are cal led by G .W. Leibniz 
monads, "the true Atoms of nature, and, 
in  fact, the Elements of thi ngs." 

An appreciation of the problem of 
how to integrate the necessary existence 
of monads into a study of the visi ble, or 
measurable, parts of nature has been the 
mark of all competent science, s ince 
classical times. Our most d i rect knowl
edge of the monad comes from exam i
nation of the mind in  the process of 
invention, or d iscovery of a fundamental 
principle of nature. In  this case, the sub
ject is the higher form of monad, a lso 
known as sou l, which u n iquely charac
terizes the human species. 

In  the early part of the 20th century, 
the great Russian b iogeochemist 
Vladimir  Vernadsky was able to recog
n ize an ordering in man's u nderstand i ng 
of nature according to three distinct yet 
interacting realms of action in the un

'
i

verse-the abiotic, the l iving (biosphere), 
and the cognitive (noosphere), each one 
able to act upon the successively lower 
realms in a hierarch ical but also mult iply 
con nected fash ion.  I n  part icu lar, 
Vernadsky recognized the unique capa
b i l ity of the cognitive to exert power over 
the non-living, and also the biosphere. 

In a conceptual  breakthrough which 
he dates to approximately 1 948, Lyndon 
H. LaRouche, J r. ,  came to a conception 
of the relationship of the cognitive to the 
abiotic and l iv ing processes, which goes 
a step beyond that of Vernadsky. 
LaRouche saw, in his studies of physical 
economy, that economic value is deter
mi ned solely by the d iscovery and real
ization through society of u n iq ue, new 
discoveries of physical principle. In  this  
process, the i ndiv idual  m i nd, a 
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Leibn iz ian  monad, conce ives an 
"object" of no particular, mass, l ength, 
or measure of t ime. Th is "object," a lso a 
type of monad which Plato cal led the 
Idea, then h as power to reshape the 
entire rel ationsh i p  of the human species 
to the Earth and the rest of the u n iverse. 

The difference with Vernadsky arises 
in LaRouche's recognition of the s ign ifi
cance of the conditions necessary to 
produce such new ideas and to realize 
them.  This  p l aces the question outside of 
any possib le  "objective" interpretation 
of nature, into the rea lm of language, 
culture, and u n iversal h istory, where the 
i nf luences shaping the possib i l ity of 
development of new ideas that trans
form nature are to be found.  

A Scientific Dialogue 
The importance of such matters is rec

ogn ized wherever science is practiced, 
and in Russia, particu larly in the trying 
times of the past 1 0  years, profound d is
cussion of such ideas has taken root. As 
we go to press, the news reaches us of 
an extraord inary conference and discus
sions, which took p lace recently around 
an event commemorat ing the recent 
death of an extraord inary Russian scien
t ist, Pobisk Kuznetsov ( 1 924-2000). 

Kuznetsov was a un iversal th inker and 
innovator in many branches of science 
from photochemistry to the design of 
man agement system s  for techn ical 
research.  Much of his education took 
p lace in the G u lag. Professor Kuznetsov 
had become aware of LaRouche's writ
ings in the ear ly 1 990s (during 
LaRouche's imprison ment), and hosted a 
vis it  of h i s  fel low pol it ical prisoner to 
Russia in Apri l 1 994. LaRouche returned 
to Russia several t i mes si nce, and most 
'
recently to attend the Dec. 1 4, 2001 
memorial for Kuznetsov, among other 
important meet ings. A flavor of the dia
logue u nder way may be tasted in this 
excerpt from LaRouche's address to that 
event. We take up LaRouche's short 
speech at the point  that he notes 
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composed of three con
cu rrent, but d isti nct, 
phase-spaces? It was 
suggested to Vernadsky, 
but he d idn't take it u p
partly because of h i s  age 
and condition, at that 
time. There is a u n ique 
m athemat ica l -phys ica l  
conceptual approach to 
this problem . It's cal led 
'Riemannian geometry.' 
In particular, this geome
try has a very specific 
name, of great s ign ifi
cance, which is pecu l iar 
only to R iemann ian 
geometry. That name is, 
'd ifferential geometry.' 

Physical economist Lyndon LaRouche addresses the Dec. 14-15, 2001 memorial in Moscow in 
honor of Russian scientist Pobisk Kuznetsov (1924-2001 J. 

"Th is  is not exotic. It's 
very tang ib le, very 
demonstrable, but l i ke 

Vernadsky's proof of the differentia 
specifica of l ife: 

"Now, Vernadsky, us ing the same 
methods of crucial, un iversal scientific 
proof, which had been used by 
Mendeleyev earlier, made a conclusive 
scientific demonstration of the d istinction 
of the principle of l ife, on the basis  of bio
geochemistry, continuing the work of 
such predecessors as Pasteur and Curie. 

"He also went further, and this comes 
to the question of what man shou ld  do 
about the biosphere. And I ' l l  state the 
th i ng in  my own terms, rather than 
exactly the way Vernadsky put it. What 
Vernadsky demonstrated (though I th ink 
not as conclusively as he wou ld have 
wished to, had he l ived longer), from the 
standpoint of physical science, is that 
man is made in the image of the Creator 
of the universe, and has special powers 
which no other creature has. Th is  corre
sponds to a concept, first developed in  
known European civi l ization by Pl ato, i n  
h i s  dialogues. This is a lso a concept, 
which was developed in what are cal led 
'spiritual  exercises' in  certain aspects of 
Christian theology. So, this power is 
known, and we have ways of demon
strating it, as Plato demonstrated it with 
the d ia logues, and as theologians some
times demonstrate it, as wel l .  

"So, from Vernadsky's standpoint, with 
this background, the u n iverse as we 
know it, is d ivided i nto three special 
k inds of interacting 'phase-spaces.' These 
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are defined from the standpoint of exper
imental physics, as fol lows. We know 
certa in  principles, which can be proven 
experimental ly, to be un iversal ,  from the 
standpoint of the assumption that the 
universe were abiotic-not a l iving uni
verse. There are also experiments, as typ
ified by the work of Pasteur, and Curie, 
and Vernadsky, that demonstrate that the 
abiotic universe is efficiently transformed 
by a principle which exists entirely out
side the abiotic universe. This is the prin
ciple from which l ife-forms are generat
ed, in the universe. This principle-'I ife,' 
if you wish to cal l  it that-is apparently 
very weak, relative to abiotic forces, but 
its persistence on Earth demonstrates, 
that l ife has i ncreasingly transformed this 
Earth, so that more and more of the Earth 
is either l iv ing processes, or the products 
of the action of l iving processes. 

"Then we come to a th i rd category: 
The power of ind ividual human cogni
t ion,  as expressed by the d iscovery of 
scientific pr incip les, i s  a l so a force 
which acts upon a l l  aspects of the u n i
verse, both the abiotic and the l ivi ng, in 
the same way that the l iving processes 
act upon the non- l iving universe. 

How Man Changes His Nature 
" Now, what Vernadsky considered, 

but d id  not undertake, in h is  late work, 
on this subject, was a question which I 
fou nd Pobisk [Kuznetsovl wrestl ing 
with, at  the t ime I fi rst met h im: How 
can we represent a u n iverse, which is 

a l l  scientific facts, it has 
to be demonstrated, to be made clear. 
This is where Pobisk became fascinated 
with my defi n ition of 'potential relative 
popu lation-density, ' as a function. 

"So, the significance is this: What is the 
d ifference between man and an animal ? 
An animal can not change his nature. 
Man does, we hope. How does man 
change his nature, in a positive way, of 
course? By making the equivalent of an 
hypothesis, which turns out to be an 
experimentally provable, universal physi
cal principle. By our adopti ng these prin
ciples, as we d iscover them, and by our 
cooperating in  using these principles, we 
increase man's power in the un iverse, per 
capita, in the only way possible. 

"That is the secret. Therefore, if you 
wanted to have the best economy, if you 
want the kind of economy that can mas
ter the problems of the biosphere of 
Central and North Asia, you must change 
the pol icies of education, and qual ifica
tion and employment of the labor force. 
You m ust make the educational process, 
includ ing the un iversity, the driver of the 
economy. You must get away from the 
textbook approach to education. You 
must burn a l l  m u lt iple-choice examina
tions. You must teach science the way it 
was developed: The pupi l  must experi
ence the mental act of d iscovery, of the 
great d iscovery, from thousands, or hun
dreds, or tens of years ago. You must base 
the educational  process on a heavy 
emphasis on pedagogical experiments. In  
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other words, the chi ld must-or the chi ld, 
or the adult-the student must experi
ence the paradox, wh ich shows that the 
present assumptions of knowledge are 
false. The student must somehow devel
op the experience of generating the 
hypothesis, which solves that paradox. 
The student must experience the peda
gogical experiment, which is sufficient to 
test the hypothesis. And the process of 
pedagogical experiments must be extend
ed, as a habit, i nto fundamental-research 
experiments, which should be the driving 
concern of the university. 

"Th is must be a process, not merely of 
a few scientists; it must be the process of 
the entire population. You can not have 
a scientist d i recting, effectively, a scien
tific principle's implementation, to a 
bunch of working people who can't 
understand it. From my l i m ited knowl
edge of Pobisk, if he were sitti ng here 
now, he would be laughing with pleas
ure, at what I am saying . . . .  " 

'Statecraft' 
LaRouche's fi nal point was that the 

idea that science i s  l im ited to what we 
cal l  "physical science" is a great error. 
"What we should look at, is not the idea 
of physical science as such, but we 
should look at the cond ition of the m i nd, 
which generates, successfu l ly, the great 
d i scoveries of u n iversal principle upon 
which we depend . "  He gave two exam
ples, from music and from classical 
drama, in  which the ski l lfu l dramatist, 
who is a lso a student of u n iversal h i sto
ry, such as Shakespeare or Sch i l ler, 
develops the idea of a subl ime character 
who can lead a nation out of a crisis to 
which it is otherwise doomed. Thus 
LaRouche concludes: 

"So, in  addition to this role of the sci
entist, who is  a lso one of these subl ime 
people, who lead nations out of poten
tial fai l u re, we m ust see physical science 
as simply one branch of a larger science, 
properly cal l ed "statecraft," in which the 
greatest C l assical art is used to help a 
population educate itself in the k inds of 
institutions and cooperation that society 
must employ to solve its problems. 
That's why I 'm a happy revolutionary. 
That's why I was able to recogn ize 
Pobisk as an essentia l ly  happy revolu
tionary: He had the essential qual ity of a 
great scientist-laughter." 

More to come in future issues. 
-Laurence Hecht 

Letters 
An Earth Scientist 

Ap'preciates Vernadsky 
To the Editor: 
In the Spring 2001 issue of 2 1st Century, 

there is an interesting item on Vernadsky 
by El izabeth Pascal i ,  actual ly a review of a 
book, The Biosphere, translated by D.B .  
Langmuir  (New York: Springer
Copern icus, 1 998). From my own point of 
view, with a long-term fascination in the 
history of Earth Sciences, this review struck 
a responsive chord. I looked up Vernadsky 
( 1 863-1 945) in the Encyclopedia of 
Geochemistry (C.P. Marshall and R.W. 
Fai rbridge, eds., Kl uwer Acad. Pub! . ,  
1 999), and confirmed my impression (p. 
3 1 6) :  he is regarded as the "Founder of 
B iogeochemistry." Creating the term '�bio
sphere," he introduced a fundamental 
concept l inking l ithosphere-hydrosphere
atmosphere. 

This biosphere, however, is not an 
exclusive domain of the biological com
munity or the weird spirit world of James 
Lovelock's "Gaia Hypothesis." Vernadsky 
recognized clearly that the biosphere was 
an evolving medium, developing in com
plexity throughout the history of the plan
et Earth. 

Planet Earth as an environment for 
evolving l ife shou ld  be seen in the con
text of several fundamental l aws, not a l l  
o f  which appear to b e  widely appreciat
ed in the biological community (see 
Encyclopedia of Climatology, Ol iver and 
Fai rbridge, eds., 1 987). Law I is solar 
dependency; Law I I  is physical evolu
tion; Law I I I  is biological evolution (and 
so on). The crux of the matter is this :  
Evolution is a two-pronged advance, 
both for the biota and for the sol id Earth, 
its ocean, air sediments, everyth ing . . . .  

Your correspondent Pascali speaks d is
paragi ngly of Darwi n ism, equating it  
somehow with Gaiaism. I 'm not sure I 
understand what she means by 
"Darwinism," but I fancy it is some cre
ation of the "New Age" humanists. That 
would be a pity because in the h istory of 
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earth science, Charles Darwin was the 
greatest figure of the 1 9th Century. He l ib
erated us from Lamarckism, Cuvierism, 
and the creationists. In geology he recog
n ized the mobil ity of the Earth's crust and 
the eustatic potential of sea level and of 
ice-age winds. B iologists l i ke to claim 
him as thei r  own, but the Earth claims 
h im too-a Man for Al l  Seasons. 

With the 20th Century came the new 
parad igm: fi rst and foremost, A l fred 
Wegener's continental d rift, widely 
rejected by the " Establ ishment" for 60 
years or more, but eventual ly embraced 
i nto the general framework of plate tec
tonics. Incidental ly, the movement of 
plates solves many questions in biogeog
raphy, just as Holocene c l imate osc i l la
tions expla in  the Southern Hemisphere 
d istribution of pengu ins  to South Africa, 
Austral ia, and South America, as acci
dental passengers on floating ice. 

In the Earth Sciences again  we have a 
2 1  st Century intel lectual development in  
the field of  biotic evolution . Al ready, i n  
the last few decades, the space program 
has led to an appreciation of the role of 
asteroid (bol ide) impacts on the land
scape. For Darwin, biotic evolution was 
" l ittle by l ittle." I n  the 20th Century 
Stephen Jay Gould (one of my former stu
dents, by they way) gave us "punctuated 
evol ution," and now Michael Rampino 
(also one of my former teaching assis
tants) gives us the "Sh iva Hypothesis." 
This is a lmost a return to Lamarckism, 
but the " Hand of God" is replaced by 
astronomy and the occasional visitor 
from the outer ripples of our galaxy. The 
widespread biotic extinctions create an 
ecologic vacuum which invites rapid 
recolonization, but including a l l  sorts of 
mutants some of which (thanks to 
Darwi n )  w i l l  surv ive and prosper. 
Evolution is more l i ke a staircase of sharp 
risers alternating with broad plateaus. 

Rhodes W. Fairbridge 
Amagansett, N.Y. 

Laurence Hecht Replies 
Thank you for you r comments on 

Vernadsky. We look forward to present
ing some of you r interest ing work on 
solar determi nat ion of c l i m ate and 
weather to our readers soon.  

On the matter of  Charles Darwin, we 
d isagree. This is best addressed from the 
deeper standpoint of scientific method 
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and phi losophical outlook. The problem 
with Darwin's work, and nearly a l l  of 
modern scientific commentary on same, 
is the tacit acceptance of the u nderlying 
premises of Locke and Hume's empiri
cism. Darwin (and more so his modern 
fol lowers among molecular biologists) 
attempts to construct l ife from the bottom 
up, so to speak, beginning from the 
assumed existence of self-evident, ele
mentary entities, known as atoms. 
"Evol ution" i s  considered to be the 
aggregation, more or less by chance, of 
complexes of such inanimate elementar
ities into an accidental state cal led " I ife." 
Cognition and the h igher processes of 
l ife, are merely more such accidents. 

Among the problems of this view, is 
that, if one bel ieves it, there is no reason 
to construct any such thing cal led sci
ence, which begins from the premise that 
it is possible to d iscover a lawful order
ing principle in nature. To claim to have 
proved that a l l  is accident, is to have d is
proved the possibi l ity of science. 

The competent opposition to Darw inism 
is not creationism. The opposing phi lo
sophical-methodological viewpoint is sum
marized by Gottfried Leibn iz in h is  
Monadology, a work which is l ittle under
stood today. Among the points which a 
modern would usual ly find egregious: 

• The most elementary entity is not a 
l i feless atom, but a monad, which is 
more akin to a sou l .  

• The princip le of l ife exists i n  the un i 
verse from the "beginn ing." 

We suggest the recent book by Lyndon 
H. LaRouche The Economics of the 
Noosphere, publ ished by E I R  N ews 
Service, P.O. Box 1 7390, Wash.  DC 
20041 ($20) for some further penetrat ing 
discussion of Vernadsky from the stand
point of the role and function of human 
cognitive activity in  further development 
of the Earth. The first complete Engl ish 
translation of Vern ad sky's " Problems of 
Biogeochemistry I I" is included therein.  

A letter on language 
To Author Julian Fell 

Dear Dr. Fell: 
I am a subscriber to 2 7 st Century 

Science. I knew l ittle of phi lology or epig
raphy until the articles began on your 
father. I was amazed and fascinated . . . .  
Your articles inspired me to learn to read 
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Part 2: Barry Fell's 
Revolution in Deciphering 
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Ogam, mostly associated with the Gaelic Celts of the British Isles, has now been 
found to occur widely outside Britain. The letters consist of a series of strokes 
arranged along a stem line. They are grouped in numbers of one to five, and 
lie above, below, or across the stem line, which can be horizontal or vertical. 
Frequently, a crack, or a ridge or a corner on a stone is used as the stem line. 

The post-Roman version in Britain includes vowels. The earlier and 
widespread version is vowel-less. Sand Z, F and V, C and K, J and G are 
mutual substitutions. 
Source: Julian Fell, "Barry Fell's Revolution in Deciphering Old World Scripts," 21st Century. 
Summer 2001: p. 36 

and write the Dutch language. In  addi
tion, my chi ldren and I have learned to 
read and write Ogam, and have fun writ
ing messages back and forth .  I can't wait 
u nti l  your next article on Native American 
ph i lology. I am descended from the 
Cherokees and Utes, and I am very inter
ested in knowing where we came from. 

give word l i sts with a large number of 
h its between the two languages. 

There is an amateur phi lologist by the 
name of Edo Nyland who cla ims to have 
fou nd a very strong l i n k  between 
D ravidian and the Basque languages. 
H is postulates are u nconventional, but I 
am not a phi lologist, and don't have the 
education to j udge for myself. He does 

I wou ld l i ke to thank you for taking 
the t ime and d i l igence for writing such 
fine articles. They have made a wonder
fu l i mpression on me. 

Stephen Coleman, Jr. 

Julian Fell Replies 
Thank you for your k ind and support

ive remarks. It is p leasing to me to hear 
that they have i nspired persons to take a 
look at learning foreign languages. I 

Continued on page 7 
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RESEARCH COMMUNICATION 

METALI NGUAL DECI P H E RMENT 

The Implications of Sumerian 
by Lyndon H .  LaRouche, Jr. 

Today's (belated) encou nter with 
J u l ian  Fe l l 's contr ibution to the 

Summer 2001 27 st Century, 1 reminds me 
of my wrestl ing against the standard, pro
Bib l ical Archaeological, British treatment 
of Sumerian cuneiform, back during the 
early through middle 1 950s. How shou ld 
we read the Akkad ian and later, Semitic 
render ing of the cuneiform, especial ly in 
l ight of the obvious functional continu ity 
of the Sumerian cune iform to the 
Sumerian cu ltu re, which was an offshoot 
of the Drav idian maritime culture's lan
guage-group? 

I have some wel l-developed, strong 
fee l i ngs on this matter, an issue closely 
related to my perpetual horror at hearing 
what pass for baby boomers' attempts at 
academ ica l ly l iterate mouth i ngs of 
C lassical poetry and drama. Read ing 
from the written text itself, wi l l  tend to 
promote the worst outcome; read ing 
from a remembered text in the memory, 
is usua l ly  l ittle better, and sometimes 
even much worse. J u l ian Fel l 's apprecia
tion of features of h is  father's pioneering 
work, poi nts in  a relevant d i rection. 

"For sane people generally, 
as for Plato and Heraclitus 
before him, nothing exists 

but change. " 

The dead-mindedness of forms of 
grammatical speech cons istent with the 
influence of Aristotle, is typical of the 
problem, as The New York Times's style
book on spe l l i ng, punctuation, and prose 
composition, is an even more mora l ly  
degenerate conception of  prose and 
poetic composition than that of the 
brai n-deadening Aristotle. The essence 
of the problem, the same problem posed 
impl icitly by b i l ingual matching, is the 
attempt to reduce statements to a sym
bology-colored form of essent ia l ly  
deductive exposition. The problem par
al lels, and overlaps the fal lacies associat
ed with the delusion that the appl ication 
of the methods of statistics to fi nancial 
accounting, is the basis for economics. 

To su mmarize the core of the argu
ment, the distinction between human 

www.arttoday.com 

Examples of Sumerian cuneiform. Decipherment has to take into consideration the 
functional continuity of the Sumerian cuneiform to the Sumerian culture, which 
was an offshoot of the Dravidian maritime culture's language-group. 
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behavior, and that of hide-bound deduc
tionists, is that in cognitive commun ica
tion the verbal action always transforms 
the subject-matter, in the same general 
sense that a chemical  reaction does. The 
"is" of identity, of deduction, v i rtual ly  
does not exist functiona l ly in  a l i terate 
form of human communication .  For 
example, in l iterate thought one never 
thi nks "I am";  one thi nks of what one 
h as been m ade to become to be. 
Nations and peoples do not exist; they 
have come into existence. For sane peo
ple genera l ly, as for Plato and Heraclitus 
before h im,  noth ing exists but change. 
By "change," we should s ign ify, essen
tia l ly, the process of transformation l ink
ing two successive points of observa
tion, or some kindred nption of change 
as the meani ngful basis for acts of com
parison.  

I n  C lassical poetry, this role of change 
is expressed most clearly by the f unc
tions of irony, especial ly metaphor. The 
essential mode of action which defines 
any such poem, is a metaphor situated 
amid i ronies .  

These nested i ron ies are usua l ly  
brought i nto existence for the aud ience 
as a j uxtapos ition of different voices 
within a s ingle statement, or a kindred 
j uxtaposition of integral statements. In  
Classical poetry, this function of  voicing 
is adapted from those natural potentials 
of the human s inging voice which are 
brought out, and brought u nder control 
only through the Florentine bel canto 
mode of tra in ing the s i nging voice. 

(For example, " i nstrumental music" 
does not exist, except perhaps among 
the racket which the feral n ightly cats 
make among the cans and l ids Of the 
a l leyway, or pianos performed to s imi lar 
ulti mate effects. All true mus ic per
formed with man-made instruments, is a 
voice taught to s ing i n  im itation of the 
qual ities of the human s inging voice.) 

If a s imply l i tera l  match i ng of lan
guages can not conta i n  the idea 
expressed by each, how m ight the 
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An impression clay seal from the Indus 
Valley, 3rd Century B.C. The Dravidian 
language c u lture of the Indus 
civilization colonized the Indian Ocean 
littoral, including Mesopotamia. 

meaning of an u nfami l iar language be 
adduced ? Astrogation and related study 
of ancient astronomical calendars, point 
to a general pri nciple for solving such 
problems. In  each of l atter cases, we 
have a real object, the u n iverse. By aid 
of observations of that real ity, man 
attempts to master some chal lenge. 

For example, in  cases of ancient navi
gation, the included subject-matter of 
any symbol ic records left, is impl icit ly 
obvious. The trick, i s  to get i nside the 
mind of the navigator and h is  party, and 
imagine that we are that person in  that 
situation. 

The general principle i nvolved is typ
ified by the case of a Riemannian d iffer
ential geometry, as I have appl ied th is  to 
the material of a science of physical 
economy. We may recognize what is 
being said, from adducing the kind of 
real i ty which corresponds to the geome
try of the relevant set of utterances. 

That situation points to the impor
tance of a certain  sense about h i storical 
specificity. 

So, for example, the case of Sumer, as 
emphasized by the account of the h isto
r ian Herodotus.  F rom h i m  we are 
informed that the Phoen icians, ancient 
Sheba, ancient Abyssinia,  and Sumer, 
were among the colon ies founded by a 
maritime cu lture ostensibly domi nati ng 
the relevant regions of the Indian Ocean 
during a period preceding the Aryan 
invasion of the Asian subcontinent. The 
sundry archaeological fragments show a 
relatively powerfu l such maritime cul-
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ture of broadly Dravidian language
ped igree during that interval ,  a language 
which interacted with the Aryan's Vedic.  

To s i tuate these developments, 
inc lud ing the Aryan descent upon South 
Asia, we must take i nto account the 
most catastroph ic phases of the post-
1 7th m i l lennium (B .C.)  glacial melt, and 
the succession of c l imate changes, espe
cia l ly from about 1 0,000 B .C. onward . 
In brief, we must situate the shards of 
evidence and their relationship to one 
another, with i n  the physical geometry of 
the phases of ongoing transformation i n  
the geometry of the relevant regions. 

We must, in  a certain  sense, re-awak
en in ourselves, a memory of the qual ity 
of passions which must have occurred 
in those ancient times. 

Take the case of two plays of Sch i l ler, 
h i s  earl ier Don Carlos, and h is  later 
Wallenstein tr i l ogy. When we study 
closely the actual h i story of the events 
with i n  which Sch i l ler s ituates those dra
mas, as he does the case of Jeanne 
d 'Arc, the pass ions which Sch i l ler 
reawakens are revealed to us as the 
appropriate passions experience by the 
referenced events in  real l ife as real l ife 
is to be situated in  the h istorical speci
ficity of those pl aces, times, and condi
t ions. Nor can we overlook the historical 
specificity of the d i stance and l i nks 
between those h istorical events of the 
past, and the aud ience experiencing the 
dramatic examination of real h istory. 

Both of the first two tragedies, refer
ence the decadence of Europe u nder 
the tyranny of the HabsburgiHapsburg 
dynasty : Spa in  fal len victim to Charles I 
and h i s  successors, through the period 
of the evi l of the 1 5 1 1 - 1 648 rel igious 
wars orchestrated by Ven ice on behalf 
of their Habsburg tool .  I t  is as we situate 
the commun ications to be studied with
in  the cognitive grasp of the h istorical 
specificity of the "geometry" of the situ
ation, and the situation defined by the 
past's relevance for the present, that the 
actual meaning of the communication 
'may be adduced, and in  no different 
way. 

In the d iffusion of culture, the most 
s ign ificant events are not the translation 

. of doctrines of one language i nto anoth
er, but the way in which the common 
cognitive element of the communication 
and related practice is expressed, s imi
l arly, or diss imi larly, in  each. The prob-

lem is that modern academic and relat
ed miseducation and related prej ud ices, 
overlooks the act of heari ng by the i n ner, 
cognitive ear of the mi nd, where the 
functional ,  cognitive mean ing of the 
rea l ity, beh ind the mere shadows cal led 
words, is to be found.  

Economist and statesman Lyndon H. 
LaRouche, Jr. is on the Editorial Advisory 
Board of ·2 1  st Century magazine. His 
communication is dated Nov. 1 6, 200 1 .  
Notes ____________ _ 

1. Julian Fell, "Biography of a Renaissance Man, 
Part 2: Barry Fell's Revolution in Deciphering 
Old World Scripts," 21st Century, Summer 2001, 
pp.36-63. 

letters to the Editor 
Continued from page 5 
have a lways felt that North American 
education has neglected this view. I am 
a lways embarrassed in  the presence of 
foreigners who speak mu lt iple l anguages 
with such ease. This  is in large part due 
to the absence of opportun ity in  North 
America, but a lso regretfu l l y  due to a 
kind of wi l lful ignorance. After learn ing 
the fu ndamental bas is  of the I ndo
European l anguages, I now find it very 
easy to pick up a book about a lmost any 
language of this group, and catch onto 
the basics of the vocabulary and gram
mar al most right away. If my writings 
enable others to do th is, then it gives a 
sense of having done someth ing useful .  
Thank you for that. 

I have heard that speakers of Basque, 
Georgian, and Shoshoni  recognize s imi lar 
words in  each other's languages; and you 
appear to have a source that Tam i l, which 
is a Dravidian l anguage (very ancient, 
from southern India) may be connected 
a lso. I am no authority, so I cannot com
ment further, j ust make a note of it. 

Commun icating by Ogam is a neat l it
tle trick, as it can be acqu i red so eas i ly  
by ch i ldren.  I t  a lso lends itself to being 
commun icated by hand signs (just hold
ing up, or down, the right amount of fi n
gers). Hand signage is bel ieved to have 
been the origin of Ogam, each finger 
combination repres

'
enti ng a letter. It is 

a lso puzz l i ng, because i n  order to 
exploit it th is  way, one wou ld have to 
know the language, and be close enough 
to be seen-in which case, why not j ust 
walk up and speak d i rectly? Something 
to speculate upon. 
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NASA 

U. S. b u dget cuts threa ten the 
completion of the International Space 
Station and its scien tific res ea rch 
capabilities. Here, astronauts Sturckow, 
Barry, and Forrester in orbit. 

Steel cables anchor 
the tower 

Lead weights placed 
on north side 

New Federalist, Dec. 24, 2001, p. 11 

The engineering approach in volved 
cables and lead weights to secure the 
tower while the soil was removed, in 
order to stabilize the tower in the cavity. 
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PROTESTS MOUNT OVER U.S. CUTS TO INTERNATIONAL SPACE STATION 
The Bush Administration's proposal to e l imi nate the u.s. contributions to the 

International Space Station, which wou ld make it  impossi ble to complete the proj
ect as designed, has angered America's i nternational partners, and many i n  the u .S. 
Congress. Europe, Japan, Russia, and Canada have a l ready spent bi l l ions of dol lars 
to design and produce their hardware for the station, and have trained their astro
na'uts, in the expectation that they wi l l  be able to share in the scientific research 
resources of the station, as stated in i nternational agreements. And Congress faces 
the bleak prospect of having spent tens of b i l l ions to orbit the station, only to have 
it lack the capabi l ity to carry out the science research, which is its purpose. 

President Bush has apparently delegated respons ib i l ity for the space program not 
to his  science advisor, or to NASA, but to the Office of Management and Budget 
(OMB). Sean O' Keefe, the nominee for NASA Adm i n istrator, comes to the space 
agency from the OMB, and has stated in the past that the admin i stration wi l l  accept 
no increases in NASA's budget to cover cost overruns in the space station, that the 
project wi l l  have to be "downsized." 

ENRICO FERMI HONORED AT ITALIAN EMBASSY IN WASH I N GTON, D.C. 
U.S. Secretary of Energy Spencer Abraham, and the Ambassador to the U.s. from 

Italy, H .E .  Ferdi nando Sal leo, jointly sponsored a "Celebration Honoring the 
Centennia l  B i rthday of Enrico Ferm i ,"  Nov. 27, at the Ita l ian  Embassy i n  Washington, 
D.C. Ital ian nuclear physicist Ferm i led the effort to bu i ld the first nuclear fission pile 
in  1 942, at the U n iversity of Chicago. This  great turn ing point in  the first real ization 
of nuclear energy in the 20th Century was marked by the coded message: "the 
Ital ian navigator has landed in the New World ."  

The celebration incl uded a sem inar titled "The Legacy of  En rico Ferm i i n  America: 
Science, Energy, and International Col laboration," addressed by U.S .  Deputy 
Secretary of Energy Francis S. B lake and Presidential Science Advisor Dr . John 
Marburger. The h igh point of the sem inar was the presentation by Dr. Harold Agnew, 
the former d i rector of Los Al amos Scientific Laboratory, who was a student and close 
col laborator of Fermi .  Agnew went from the University of Ch icago, where Fermi 
bu i l t  the first nuclear pi le, to Los Al amos during the war. He showed a fi l m  of Fermi 
mowing his front lawn when Agnew was only a graduate student: "Not many grad 
students have thei r  Nobel Laureate Professor mow their l awns for them," Agnew 
qu ipped. 

To the audience's surpr ise, D r. Agnew poi nted out that Ferm i 's favorite was Dr. 
Edward Tel ler, despite their  apparent d i fferences in style, pol i t ics,  and general 
p h i l osophy. Agnew a l so noted in pass i n g  that maybe Ferm i was the fi rst to sug
gest to Tel ler that he l ook i nto " rad iat ion-driven compress ion" to ach i eve 
nuclear fusion-the key to harness i ng the hydrogen bomb wh ich  Tel l er had been 
working on .  

LEANING TOWER OF PISA REOPENS AFTER ENGI NEERS STABILI ZE ITS TILT 
One of Italy's most famous landmarks, the 1 90-foot " Lean ing Tower of Pisa," 

reopened to the publ ic in  December, after a 1 2-year restoration project by an inter
national team of scientists and engineers .  Construction on the tower began in 1 1 73,  
and because it was unknowingly bu i lt on the soft s i lt of a bu ried riverbed, it began 
to l ist a lmost immediately. By 1 990, the t i l t  of the tower had become so pronounced 
(nearly 1 7  feet) ,  that it was feared it wou ld fal l  over. The stabi l ization p lan was the 
brainch i ld  of John Burland, professor of soi l mechan ics at I mperial Col l ege, London. 
Based on his calcu lations, engi neers extracted soil from beneath the Tower's foun
dations, in  what was described as "the civil engineering equivalent of m icrosurgery. " 
H ighly sensitive detectors measu red the s l ightest movement of the tower at each 
stage of the intervention. 
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GRAHAME WALSH WINS SUIT AGAINST OXFORD ON ROCK ART SLUR 
Austra l ian  rock art expert G rahame Wa lsh,  whose work was featured i n  the 

Fa l l 1 999 27 st Century, won a lawsuit i n  October agai nst Oxford U n i versity 
Press and the Austra l i an  Nat ional  U n ivers ity, for defaming h i m  i n  The Oxford 
Companion, p u b l ished i n  2000. 

An art ic le written by a n  archaeo log ist, t i t l ed "The Dati ng of Rock Art, " stated 
that Wa lsh 's work on the B radshaw paint i ngs in the K imberl eys "are too f ine to 
be Aborig ina l  and must be the work of earl ier peop les some 75,000 years or 
more ago, have no archaeol ogica l  basi s, and a re i nformed by rac ist perceptions 
of what Aborig ina l  people are capable of. " Walsh  h as never c la imed that the 
Bradshaw art (see i l l u strat ion)  i s  75 ,000 years old,  but probably 25 ,000 years 
old, and he never m ade a rac i a l  s l u r. 

As a resu l t  of the su it, Oxfo rd U n ivers ity Press had to reca l l  thousands of 
copie's of The Oxford Companion, in order to i nsert a revised art ic le, wh i l e  the 
Austra l i a n  Nat ional  U n ivers ity has to pay Wa l s h 's legal costs and print a n  apol
ogy i n  th ree Austra l ian archaeol ogy journa ls .  

The reason for the hysteria about Walsh's work i s  that it proves that the Aborigines 
were not "the first Austral ians," and therefore threatens to overturn the land rights 
scam, promoted by Prince Ph i l ip  and h i s  Worldwide Fund for Natu re, which has 
sequestered large land areas and their m i neral resources in  the name of Aborigi nal 
rights, away from the use of the state and i nto the hands of private multi national 
interests. 

RITALIN HAS SAME EFFECTS AS AMPHETAMI N ES AND COCAINE 
Rita l i n ,  'com mon l y  prescri bed for c h i l dren with so-cal l ed Attention Defic i t  

Hyperactiv ity D isorder, has effects s i m i la r  to those of methampheta m i nes 
(speed) and coca i ne, accord i n g  to new research .  A research team at the 
U n iversity of Buffa lo  has fou nd that R i ta l i n  " h as potent ia l  for causing l ong-l ast
ing changes in bra i n  cel l structu re and funct ion,"  and that "genes l i n ked to 
[Rita l i n ]  addiction" are the same as those affected by coca i ne and ampheta
m i ne." The fi n d i ngs were reported N ov. 1 1  by Reuters. 

CHINA REAFFI RMS PLAN FOR FI RST MANNED SPACE fliGHT 
Speaking at a forum in Be ij i n g  N ov. 2 2 ,  Luan Enj ie, adm i n i strator of the 

C h ina N at iona l  Space Adm i n i strat ion,  reiterated h i s  nat io n's p lan  to orbit  i ts  
fi rst astronauts by 2 005 . Atte n d i n g  the forum were more than 1 00 leaders of the 
C h i nese government, i n c l u d i ng the m i n i str ies of Deve lopment and P l a n n i ng, 
Foreign Affa i rs, the Academy of Sc ience, and other aerospace research i nst i
tutes. Luan emphas ized that no astronauts w i l l  f ly u nt i l their safety can be 
assu red. 

At an earl ier forum, Academy of Sciences member J iang J i ngshan del ivered a 
report describing the exploitation and uti l ization of energy and mineral resources on 
the Moon. J iang proposes sending orbiters, then rovers and sample return miss ions, 
and eventua l ly h uman explorers. The u lt imate goal ,  he said, is setting up a " I u nar 
vi l lage." 

FRANCE SETS UP MAD COW D ISEASE LAB AT ATOMIC RESEARCH CENTER 
A new Biosafety Level 3 microbiological laboratory, devoted to research i nto 

Bovine Spongiform Encephalopathy (BSE or mad cow disease) was inaugurated at 
the National Atom ic Research Center in Sacl ay, southwest of Paris, Oct. 1 1 .  The 
faci l ity wi l l  study the modes of inter- or intra-species transmission, and work to 
develop diagnostic and therapeutic techn iques. The fi rst stage of research wi l l  be the 
immediate appl ication of a screening test for BSE, a l ready developed for nerve tis
sue, to other related tissues. 

One of the Bradsha w rock paintings 
discovered and recorded by Walsh over 
the past 25 years, in his data base of 7 .2  
million images o f  rock a rt. The 
pain tings a re named a fter explorer 
Joseph Bradshaw, who first observed 
them in 7 895.' 

The initial phase of the laboratory has 
a lready been built, including a test 
room, an a n imal ho use, and a cell 
cu lture lab fo r the p roduction of 
monoclo n a l  a n tibodies. Here, a 
biosafety researcher. 
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IN MEMORIAM 

John M. Dawson, Fusion Torch Pioneer, Dies 
by Charles B. Stevens 

One of the giants of plasma physics 
and fusion energy research, John 

M. Dawson d ied on Nov. 1 7, 2001 , at 
his home in  Los Angeles. He was 7 1 . Dr. 
Dawson was a professor of physics at 
the U n ivers i ty of Ca l i forn ia  ·at Los 
Angeles (UCLA) and the d i rector of its 
center for p lasma physics and fusion 
engineeri ng. He a lso worked at TRW on 
various government projects. 

Professor Dawson experimental ly pio
neered the concept of the sol iton whi le 
working at Pri nceton P lasma Physics 
Laboratory. He l ater developed the con
cept of a "plasma particle accelerator," 
which can generate h uge electric fields 
to accelerate subatomic particles to near 
the speed of l ight in a few m i l l i meters, 
instead of tens of mi les. 

John Dawson's major achievement 
was the rea l ization of the first industrial
scale and effective "fusion torch," whi le 
working at TRW i n  the mid- 1 9 70s. In 
1 9 75, an Egyptian physicist working at 
the U n iversity of Iowa determ ined that 
a l l  previous calculations concern ing the 
fusion torch were incorrect, and that the 
fusion torch was a practical technology 
that cou ld be immediately avai lable, 
even before fusion reactors were real
ized. As a resu l t  of her finding, TRW and 
Lawrence L ivermore National Labora
tory lau nched a crash program to real ize 
the fusion torch, which they cal led the 
P lasma Separat ion Process ( PSP) .  
Dawson headed up the experimental 
team. 

A Beautiful Idea 
The fusion torch i s  a beautifu l idea. 

Because a fusion plasma operates at 1 00 
m i l l ion degrees, a l l  materia ls  i ntroduced 
into it are i nstantly ion ized. That is, a l l  
chemical bonds are immediately bro
ken . This means that any chemical ly 
hazardous materia l  can be read i ly and 
safely destroyed, such as biochemical 
weapons. 

B ut that i s  o n ly the begi n n i ng.  
Because the fusion p lasma is conta i ned 
by a magnetic field, the various chem
ical e lements and chemical isotopes 

John Myrick Dawson (1 930-200 1) 

can be read i ly separated. This means 
that trash and hazardous mater ia ls  are 
put in at one end of the torch, and 
valuable materia ls come out at the 
other end-the u lti mate recy c l i n g  
machine.  

This  proced u re a l so holds  true for 
n uc l ear waste. I n stead of da ngerous  
rad ioact ive m ate r i a l s ,  the P l as m a  
Separation Process wou l d  transform 

MagnetiC coils 

the waste i nto va l u a b l e  non-radioac
t ive trans i t ion meta l s  and rad i o i so
topes for med ica l  a p p l icat ions .  The 
economical  separat ion of a l l  chem i
ca l  i sotopes wou l d  a l so make poss i 
b le  t h e  construction o f  long- I  ived a n d  
safe n u c l ear power p l ants.  T h e  so
ca l led waste problem wo u l d  be e l i m
i n ated . 

Despite the enormous potential of 
p l asma separat ion,  President J i m my 
Carter was opposed to the development 
of nuclear energy, and so he had the 
Plasma Separation Process program 
k i l led, and the technology bu ried under 
secrecy. 

John Myrick Dawson was born in  
Champaign,  I l l i no is  i n  1 9 30 .  He 
received his bachelor's degree and 
Ph.D. from the U n iversity of Mary land 
(where the author first met h i m  as a 
ch i ld) in the mid-1 9 50s. He worked at 
Pri nceton and then at UCLA. There 
wou ld be no more fitti ng memoria l  for 
Prof. Dawson than for the U n ited States 
to revive the fusion torch, and reinstitute 
the program to develop h i s  P lasma 
Separation Process. 

Antenna 

The Plasma Separation Process, the first working fusion torch, perfected by 
John Dawson during the mid- 1 970s, when he was at TRW 

A source of mixed isotopes is introduced as a plasma, at left, into the 
magnetically contained chamber. Radio antennas tune in to the desired 
isotopes, increasing the radii of their spiral paths. Using a barrier which is 
shaped like a venetian blind, the tight spiralling isotopes pass through, while 
the larger radius isotopes are trapped in the plasma chamber. In this way, 
isotopes of any desired kind can be efficiently and easily separated in one 
stage. 
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Pedro Paulet: 
Peruvian Space and 
Rocket Pioneer 

by Sara Madueno Pau let de Vasq uez 

The inventor of the liquid fuel motor (1 895) and the first modern 
rocket propulsion system (1 900) was a Peruvian engineer and 
statesman. His story is told here by his great niece. 

T
aking on the economic, moral and cultu ral  crisis that i s  
ravagi ng the world today, requ i res a new un iversal cu l 
tural renaissance, i n  which each nation adopts a nation

al  educational pol icy designed to encou rage our chi ldren and 
youth to rediscover and take as thei r  own, the classical princi
ples which have occupied the best scientific, artistic, and 
phi losophic m i nds of our c iv i l ization.  

I n  this  context, it becomes necessary to bring to the fore 
those great men and women who represent a point of refer
ence, a touchstone for evoking a com m itment to the sciences, 
to discovery, to good government. Among this exemplary l i n
eage of world citizens, is the great Peruvian scientist Pedro 
Paulet ( 1 874-1 945), pioneer of aerospace aviation, who also 
postulated the pr inciple of u n iversal scientific and classical 
education, as the basis for progress among peoples. 

Pedro Pau let discovered the advantages of l iqu id fuel for 
rocket propu ls ion, and designed, bu i lt, and tested the first l iq
uid fuel rocket engine known to h istory. Paulet a lso designed 
an early spaceship prototype. 

Peru a lso counts among its i l lustrious sons, the astronaut 
Carlos Noriega who, as a member of the December 2000 
Endeavour Space Sh uttle crew, helped insta l l  the solar panels 
of the I nternational Space Station ( ISS). The ISS represents the 
bridge across which man must travel on his way to the colo
n ization of the Moon, then Mars, and beyond. 

Paulet and Noriega, seen from this h istoric viewpoi nt, rep
resent a continu ity of the same pu rpose: to extend the bound
aries of man into space, to be fruitful and multi ply, as Genesis 

This bust of Pedro Paulet graces the exhibit of his sketches and 
models at the Pedro PaL/let room of the Aeronautical Museum 
of the Peruvian Air Force in Lima, Peru. 
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commands. They a lso represent 
positive role models for guiding 
our ch i ldren and youth along the 
road of science and d iscovery, to 
the benefit of a l l  human ity. 

In h is  book World History of 
Aeronautics (co-authored with 
F red Ordway) ,  Wernher von 
Braun, former head of NASA's 
Marshal l  Space F l ight Center, and 
d i rector of the Saturn V rocket that 
took men to the Moon, states: 
" Pedro Paulet was in  Paris i n  those 
years (1 900), experimenting with 
h i s  tiny two-and-a-half k i logram 
motor, and ach ieved 1 00 kg of 
force. By this act, Pau let should be 
considered the pioneer of the l iq
uid fuel  propu l s ion motor." 
Further, in  his History of Rocketry 
and Space Travel, von Braun rec
ognizes that "by h is efforts, Pau let 
helped man reach the Moon." 

smal l  town of Tiabaya, near the 
prosperous city of Areq u i p a  in  
Peru's southwest. Accord i n g  to 
Megan Pau l et, h i s  daughter: 

From early ch i ldhood, Pedro 
Pau let showed a passion for 
reaching the stars. With h i s  
primitive model rockets, 
inspired by the town's fire
works, h i s  whole ch i ldhood 
was a col lection of anecdotes 
about h is  curios ity for d iscovery 
and scientific creation; curiosity 
that often led h im into risky 
experiments. 

Pau let's scientific contributions 
were not, however, l i m ited to the 
discovery of the advantages of l iq
uid fuel for rocket propu ls ion, or the 
design of the reaction motor known 
as the "Pau let Motor" (1 895), and 
the design of the Girandula propul
s ion system ( 1 900). He a lso 
designed the "Avion Torpedo" 
( 1 902)- h i s  "perfect a i rp lane," 

As a ch ild, Pedro Paulet was fascinated with the 
idea of using rockets to reach into space. He went 
on to carry out the first experiments with liquid fuel 
rocket engines. 

After a strict primary and second
ary education u nder F rench 
Lazarists led by Father Duhamel, 
Paulet entered the St. Augustine 
U n ivers ity of Arequ ipa, where he 
studied arts and sciences for sever
al years. I n  1 894, when he was 1 8, 
the Peruvian govern ment gave 
Pau let a scholarsh ip  to study engi
neering and arch itecture at the 
Sorbonne in  Paris, in  recogn ition 
of his academic excel lence. He 
later enrol led also in  the School of 
F i ne and Decorative Arts. Whi le  
study ing engi neering and architec-

which is an aerospace ship with specific aerodynamic charac
teristics, and room for a smal l  crew, resistant materials for space 
and atmospheric conditions, thermal wal ls, and electricity sup
pl ied through thermoelectric batteries. 

In the National Air & Space Museum in Washi ngton, D.C., 
we can see a sma l l  plaque honoring the memory of the 
Peruvian Pedro Pau let, as one of the fathers of aeronautics. But 
Paulet deserves more than a plaque in his honor. He is a 
model for the present and future generations of the world, but 
especia l ly for the so-cal led "Th i rd World." He was one of 
many chi ldren born into a mestizo fam i ly l iving in one of the 
thousands of forgotten l ittle v i l lages in the Peruvian ju ngle, 
who demonstrated through his contribution to universal sci
ence that every person is capable of ach ieving the highest 
level of human creativity. 

In Peru, Pau let is not only considered the "greatest Peruvian 
inventor of a l l  time," but his bi rthday, J u ly 2, has been offi
c ia l ly declared National Aeronautics Day. 

The Peruvian Air  Force, in its Aeronautics Museum in Lima, 
has made the " Pedro Pau let Ha l l "  i nto a major exh ibit, where 
Paulet's works, origi nal sketches, and scale models of his  
inventions, are on view. 

'Reaching Space,' a Childhood Dream 
Pedro Pau let Mostajo ( 1 874-1 945) was born on J u ly 2, 

1 874, the son of Pedro Paulet and Anton ia Mostajo, in the 
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tu re, Pau let attended pub l ic lec
tures in chemistry by Prof. Marce l in  Berthelot at the Col lege of 
France, in Paris. Then, in 1 898, he decided to enro l l  at the 
Appl ied Chemistry Institute at the U n ivers ity of Paris to study 
with Prof. Berthelot. 

In an interview with Argentina's La Cronica, on Apri l  1 8, 
1 944, Pau let recal led that, "at the Institute I was mai nly 
attracted to the work of Berthelot, on the forces of explosive 
materials .  I could not understand why h is  book is not featured 
in every techn ical l i brary." 

Pau let graduated from the Institute in 1 901 . 
From the very beg i n n i n g, Pau let concentrated o n  

research a n d  experi mentation i n  that area w h i c h  h ad 
obsessed h i m  s i nce c h i l d hood : rocket design and propul
s ion .  For  Pau l et, the d ream of p l owing  through space 
depended solely on the inf in ite capacity of ind iv idua l  
human creativ ity. Convinced that there a re tru ly "no l i m its 
to growth," and that man's m iss ion is to go forth and mu lt i
p ly, and dom i n ate the Earth, he stated, in a n  i nterview with 
La Cr6nica i n  1 944:  

Progress does not consist of  matching the processes of 
nature, but of surpassing them. [Thus] what we must 
study is not aviation as it comes from the b i rds, and 
which only invites us to im itate fl ight, but weightless
ness. Transport above the planet m ust be probed, where 
there is no a i r, no clouds, no ice. 



At the same ti me, Pau let conceived and designed h i s  "fly
ing mac h i ne to reach space," and he began a period of 
i ntense experimentation .  H is c h a l le nge was to f ind the most 
appropriate explosive to u se as a prope l lant. Th is  issue dom
i nated his constant consu ltations w ith h i s  teachers :  Charles 
F riedel (renowned chem ist and m i nera logist); Marce l i n  
Berthelot (known for h i s  work i n  organ i c  chemistry a n d  ther
modynamics); and the famous P ierre Cu rie (Nobel physic ist 
in 1 9 03, who together with his wife Marie Sk lodowska 
Curie and Henri  Becqu erel,  are cons idered the pioneers of 
n uclear energy by v i rtue of having d iscovered po lon ium and 
rad ium).  

It was during this stage of h i s  l ife ( 1 895-1 902), that Paulet 
reached the first conclusions that wou ld l ead h i m  to the d is
covery of l iqu id rocket fuel ,  a nd l ater to the physical principles 
upon which he based the conception and design of the Pau let 
Engine, the G i randu la  device, and, fina l ly, h is Torpedo Plane. 

The Experimental 'Paulet Engine' (1 895) 
In  Paris, Pau let ded icated h i mself to his project. 

connect the above-mentioned n itrogen peroxide and 
benzene tanks to a lead from the spark plug to the elec
tric mains. The rocket wou ld ascend between the two 
taut, para l lel  and vertical wi res, between whose upper 
part was instal led a strong spring thrust measu ring 
device, supporting the pressure of the fir ing rocket. The 
dynamometer could give the approximate measure of 
the l ifting forces. 

The results of these experiments were very satisfying.  
A s ingle two-and-a-half k i logram rocket, u ndergoing 300 
explosions per m i nute, cou ld not on ly maintain  a con
stant pressu re against the dynamometer, of up to 90 ki lo
grams, but could operate without damage for nearly an 
hour. U nder such cond itions, it would not be reckless to 
predict that, us ing two batteries of 1 ,000 rockets apiece, 
one in operation whi le the other rested, it would have 
been possible to l ift several tons .  

When both the conception and form of h is  "fly ing 
machine" became c lear, he designed both (see 
Figure 1 and photograph of model ) .  S,  I N G  

British author A.V. Cleaver writes that, by 1 9 00, 
Paulet 

has to his scientific credit, recognition of h i s  
invention o f  the "rocket engine," the first 
example of the bi-propel l ant rocket, where the 
oxidant and the hydrocarbon are in separate 
tanks, and only mix  in the combustion 
chamber. This is a foreru n ner of that which is 
used in  today's spacecraft, with the difference 
that today, n itric acid replaces the n itrogen 
peroxide used by Paulet. 

In  1 927, in  a letter written i n  Rome on August 
25, and publ ished in October of that year in the 
Lima daily EI Comercio, Pau let describes his pro
totype for the experimental reaction motor for 
rocket propu ls ion:  

My most defi n itive experiments were carried 
out with steel and vanadium rockets, then a 
novelty, and with P lankacite [a powerful 
explosive) , which had j ust been i nvented by 
Turpin, the d iscoverer of mel i n ite. The i nterior 
part of this metal rocket was a con ical interior 
measuring some 1 0  centimeters h igh by 1 0  
centi meters at the open base. Opposing ducts 
provided with spring valves, introduce n itro
gen peroxide steam on the one side, and 
petroleum benzene on the other. Ignition was 
effected by an e lectric spark plug s imi lar  to 
that i n  an automobi le, and placed halfway up 
the interior of  the rocket. 

At the same time, to carry out the pre l imi
nary experiments, the rocket was ringed on 
the outside with long flexible tubes which 
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Figure 1 
SCH EMATIC RECONSTRUCTION OF THE PAULET MOTOR 

This diagram of Pedro Paulet's first experimental rocket engine was 
reconstructed by James E. Wyld in 7 946, from the inventor's written 
description. The spring dynamometer at center top would measure the 
force produced by the thrust of the rocket engine below. 
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As can be seen i n  the schematic recon
struction of h is  " Pau let E ngi ne-1 89S,"  ren
dered from h is description (F igure 1 ) , this is 
a detai led plan f9r the experimental reac
tion engine that Paulet i nvented. I n  fact, as 
he h imself said, it was a conception for a 
rocket-C! irp lane motor, or the "Torpedo 
Plane," as he was to cal l it. 

'Gi.randula': Paulet's Liquid Fuel Rocket 
Pau let u ndertook to study and experi

ment with rocket propu ls ion, using various 
k inds of explos ives. Through extensive 
research and arduous experimentation, as 
wel l as the gu idance of Professor Berthelot, 
he reached the conclusion that l iquid fuel is 
11)0st appropriate for the reaction motor. He 
a l so experi mented with his rocket-pro
pel led device, the "Gi randu la," which he 
de.scribes in h i s  1 9 2 7  letter to EI Comercio, 
and refers us to the results of h is  experi
ments with th is :  

This full-scale model of the Paulet Engine is part of the exhibit at the Aero
nautical Museum in Lima. 

It consisted of a bicycle wheel, fit
ted with th ree rockets fed by tubes 

Pedro Paulet's G i randu la  consisted of rockets attached to the 
outside of a wheel, to be fed fuel through tubes in the spokes. 
Ignition was provided by spark plugs, similar to those used in 
automobiles. The rocket exhaust caused the wheel to rotate. 
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attached to the spokes. The fuel 
comes through the tubes from a kind of fixed carburetor, 
p laced near the axis, with a ring of holes. This explosive 
mixture flows through the tubes, every time the nozzle 
faces one of the holes. The number of rockets cou ld be 
increased, u nti l they come to look l i ke a comfortably 
enclosed turbi ne. 

The results [of the Girandu la tests] were very encourag
ing: the wheel turned apparently indefin itely, and although 
the experiments were, as ind icated, highly secret, word of 
their success reached the Latin Quarter [in Paris], which is 
perhaps why an Engl ish author has referred to me as one 
of the first driving forces of rocket flight. 

It was decided to use Tu rpin  Plankacite, a powerfu l explo
sive derived from picric acid, for the l iqu id fuel .  This was a 
h ighly volati le and expandable fuel ,  which cou ld be d i l uted 
with the appropriate solvents. The experiments were a suc
cess. What now needed to be establ ished was the speed of 
rotation that the rocket-powered wheel cou ld reach .  In the 
midst of his experiments, an explosion occurred, causing the 
perforation of Pau let's left eardrum, which was later to lead to 
deafness. In  h is  1 944 interview with La Cr6nica, Pau let 
describes the accident as follows: 

A serious accident caused by an acetone explosion in 
a beaker next to a Bu nsen bu rner, alarmed the Institute's 
d irector, Dr. C. Charbie, who vehemently proh ibited the 
hand l ing of explosives at the l aboratories, which were 
then located in modest faci l ities near the Luxembourg 
Gardens in Paris. As I was unable to conti nue these 
experiments at my hotel-less so, when the pol ice, on 
account of some anarchist activ ity, were unfavorable to 
the manufacture of explosives�1 abandoned my work 



on the G irandu la  motor, and its subsequent appl ications. (5) descend vertica l l y. 

The Paris police detained Paulet, who was released when 
Professor Bethelot testified that he was not an anarchist. The 
pol ice said that such experiments could only be done in m i l i 
tary centers, or  laboratories, not independently. Nonetheless, 
the efficiency of his experimental mach ine had a l ready been 
proven. 

"Torpedo Plane, Paulet System, 1 902."  That is how Paulet 
signed the fi nal sketches of h is  spacesh ip, which he l i ked to 
cal l ,  in Spanish, "Autob6I ido." (See Figures 2 and 3 ) .  These 
fi nal sketches can be found in Antwerp, a city in which he 
l ived for several years, when he was named Peruvian Consul 
to Belgium in 1 902. 

Paulet describes h is  space ship i n  his 1 92 7  article i n  EI 
Comercio: 

The Paulet 'Torpedo Plane' (1 902) 
Paulet laid out the general concepts for a rocket plane's 

flight through the atmosphere, on its way to reach space, in h is  
interview with La Cr6nica: 

It is not a matter of "attracting" the air, but of "push
ing" the air with rockets. The ship with which we wi l l  
reach space wi l l  have to be aerodynamic i n  form . . . .  
The propel ler and the gl ider elements should d isappear. 
They m ust be replaced with a new form, which corre
sponds to its astrodynamic functions, once gravity has 
been overcome through the rockets. 

In the process of conceptual iz i ng the design of h is  "flying 
machi ne," Pau let concluded that, " I t  is poss ib le to traverse the 
atmosphere, both dense and thin,  by means 
of ships whose ends must be l i ke spear-
heads . . . .  " 

The first advantage of the appl ication of rocket motors 
is that they create a force external to the apparatus, but 
are control lable from with in,  thus al lowi ng us to give 
that apparatus the most appropriate shape. In order to 
sl ide through a fl u id, such as the atmosphere, which i s  a 
homogeneous and stress-fi l l ed mixtu re, the shape, i n  my 
judgment, shou ld  be that of a very convex lens, a l most 
ovoidal l i ke our planet. By incorporating batteries of 
rockets, positioned both below and equatoria l ly, whose 
angle of firing could be varied, it would be possib le to 
d i rect the veh icle vertica l ly, horizontal ly, or obl iquely, 
res isti ng any contrary forces that the atmosphere might 
produce, to remain in  space, and then descend to the 
ground. 

The interior of the flying machi ne, he 
said, should be such that: . . . . , ·. S�S ·· 

it must a l low that, with i n  the a i rtight 
chamber, the astronaut has fu l l  freedom 
of movement. To ach ieve this, the spher
ical form is certa in ly  appropriate, 
because it is more resistant to external 
pressures. 

. . • .� .
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The exterior of the machine, he said, 
should have a shape that: 

a l lows the outside tip to be maneuvered 
from ins ide the chamber. It must a l so be 
assured, as occurred with submers ib les, 
that whoever i nhabits it wou l d  have no 
problem contro l l ing the interactions of 
the metal ship with the outside environ
ment. 

To ach ieve the "perfect a i rplane," that is, 
h is spacesh ip, said Pau let, it must: 

( 1 ) ascend vertical ly  
(2) stop [or hover] at  any poi nt in  the 

atmosphere 
(3) be able to fly at more than 20,000 

meters a ltitude 
(4) possess an exterior impervious to the 

atmosphere, and an i nterior comfortable 
enough for a large number of passengers 
and a great deal of cargo weight; and 

, l 
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Figure 2 
PEDRO PAULET'S ROCKET PLANE D U RI NG VERTICAL FLIG HT 

This front-view 7 902 drawing by Paulet of his Torpedo Plane, shows the 
two batteries of rockets, on either side of the crew cabin. When the rocket 
plane is taking o� and is in vertical flight, the rockets, attached to the 
spear-shaped frame, are pointed downward. 
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Since this veh icle is destined to navigate stel lar space, 
where there is no air, it needs neither propel ler nor gl id
ers. It i s  shaped l i ke a triangular spearhead, on the base 
of which is placed, on each side of the astronaut's 
cabin, 1 2  batteries of 3 rockets per battery (that is, 36 
rockets). This a l lows the orientation of this triangu lar 
spearhead to an axis on the center of gravity of the 
astronauts' cabin .  

With such a system, a sh ip should be ab le  to: 
(a) R ise up vertical ly, with the spearhead pointed to 

the zenith; 
(b) Maintain  itself at any point in  the atmosphere, 

using rockets to balance the force of gravity; 
(c) F ly horizontal ly, with the spearhead rotated to 

point toward the horizon; 
(d) Transition from the air to submersion in  water, by 

a iming the spearhead below the horizon; 

1 6  

Figure 3 
THE TORPEDO PLANE AT REST AND IN FLIGHT 

The upper drawing shows the Torpedo Plane from a side 
view; while it is "at rest, " or hovering in the atmosphere. 
The lower drawing, also a side view, shows the vehicle 
flying horizontally through the air. The spear-shaped tri
angle holding the rockets has been rotated a quarter 
turn, by the crew inside the cabin, from a vertical to hor
izontal postion. The spearhead is now pointed toward 
the horizon, in order to move forward, rather than 
toward the zenith, to ascend. 
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(e) Navigate under water, as a submarine. 

In  the 1 9 2 7  EI Comercio letter, Pau let made observations of 
the then "modern" a irplanes, which he described as si mple 
"self-propel led comets," with the i r  "poorly perform ing pro
pel lers, their a l most total ly  exposed bodies, and the impossi
b i l ity of their remain ing motionless in space. [They] satisfy 
none of the conditions" of the "perfect a i rplane." Pau let there
fore suggests that "they should be viewed i n  aerial navigation 
as forerunners, s imi lar  to those sai l ing vessel s  in maritime nav
igation, which had also crossed the oceans." 

Remember that whi le Pau let was presenting his  daring 
"Torpedo Plane" in 1 902, the American brothers Wilbur and 
Orvi l le  Wright, were completing the i r  record of 1 ,000 gl ider 
fl ights. 

Regard ing the hel icopters of that era, these, he says, whi le 
they "can r ise and descend vertica l ly  . . .  the complexity of 
their makeup has meant that thus far, they have been u nable 
to carry out effective fl ights." 

Many years earl ier, in 1 9 09,  w h i l e  working as d i rector of 
the magaz ine lIustraci6n Peruana, Pau let had expla i ned, in 
his artic le "War and Aerial Navigation,"  the advantages and 
disadvantages, as weapons of war, of the hot a i r  bal loon, 
kite, and d i rig ible,  as wel l  as the Wright b ip la ne, the B leriot 
monoplane, the Krupp cannon, and the self-propel led mor
tar. 

Paulet wrote h i s  1 9 2 7  letter to EI Comercio, 25 years after 
his  crucia l  d iscoveries and designs had a lready been made. 
Thus, he asks h i mself: 

With such advantages, one can ask why rocket-planes 
have not a l ready been bui l t, even more, why rockets 
have not been placed tangentia l ly on a wheel, which 
would form the simplest and most powerfu l of industrial  
forces; and the why rocket projectiles have not e l imi nat
ed the costly use of cannons in war, and so on. Wel l ,  as 
a result  of my own experience, I can reveal why: It is 
because of the great d ifficu lty that a civi l ian encou nters, 
especia l ly  in Europe, trying to obtain  information on, 
and experiment with, explosives. Moreover, the needed 
explosives, which are of the binary type and are not 
sol id, but rather l iquid or gaseous, are not sold commer
cia l ly, due to the i r  u nsafe and dangerous composition . 

Anticipating Nuclear-Propelled Rockets 
How is it possible, Pau let stresses i n  that letter, that the rock

et-plane has not yet been bui lt  when, as he writes, it is a l ready 
conceptua l ly  feasible in that period to imagine nuclear-pro
pel led rockets? 

But during the past 1 5  years, the science of explosives 
is one of those which has made the most progress . . . .  
I nternal combustion motors are replacing steam motors 
everywhere; pyrotech n ics is no longer s imply an art; and 
chemical manufacturers provide a range of explosives as 
varied as dyes and perfu mes. And this progress i s  going 
to be even greater with the studies of radioactive forces. 
For example, M. Esnaut [sic] Pelterie has calcu lated that 
a rocket sh ip  weighing 1 ,000 k i lograms, with a motor 



fueled by the dis i nte
gration products of a 
mere two decigrams 
of rad ium, would pro
duce a force of 
40,000 horsepower 
over a period of half 
an hour, sufficient to 
be able to go the 
Moon in  24 m i nutes 9 
seconds, and return 
from that sate l l ite in 3 
minutes 46 seconds. 

The truth is that we 
sti l l  don't know how 
to use the mechan ical 
er)ergy of rad ium, as 
we do that of petrole
um. But, not much is 
needed to be able to 
travel modestly from Europe to L ima i n  a couple of 
hours. 

Paulet, Pioneer of Peruvian Technical Education 
In 1 900, Pau let's l i fe took a turn. Because of the various 

dip lomatic responsibi l ities he was given by the Peruvian gov
ernment, he joi ned the dip lomatic corps. He was first assigned 
as Peruvian consul in  Paris, and in  1 902 he was transferred to 
Belgium, as consul  general in  Antwerp. It was there that he fi n
ished his drafts for the "Torpedo-Plane, Paulet system . "  

The Peruvian government assigned h i m  a number o f  offic ia l  
duties, which d istracted h im from h is project. But the govern
ment also needed h is  technical  and scientific input for other 
projects. For example, they asked h im to eva luate the feasibi l 
ity of applyi ng wireless telegraphy across the Pacific Ocean, 
and it is on the basis  of h is research that a telegraph system 
was insta l led in Peru . 

In 1 904, Pau let was cal led upon by the Peruvian govern
ment to assume the founding and d i rectorsh ip of the School of 
Arts and Trades (predecessor of the cu rrent Superior 
Technology Institute). To carry out this project, Pau let studied 
the curricu lum of the most promi nent centers of European 
technical education .  He invited a promi nent teaching team of 
engineers to join h im in found ing the School, which was also 
provided with the best laboratory equ ipment and machi nery 
for fulfi l l ing its purpose. 

Paulet combi ned the d i rectorsh ip of the School with the 
management of the magazine that he had founded in 1 906, 
lfustraci6n Peruana. This magazi ne, d i rected toward youth, 
was known for its scientific-techn ical orientation, and had as 
its objective the preparation of youth for engi neering, and 
especia l ly  aeronautical, vocations. 

He a lso turned the magaz i ne i nto a voice, demand ing the 
attention of the Peruvian government in  encouraging and 
investi ng in  the generation of scientific vocations and in  sci
entific research .  Pau let's d i ssertations at the Society of 
Engi neers, on the advantages to Peru of encouraging educa
tion in  the sciences and in engi neeri ng, were very wel l 
known. 

This model of 
Paule('s Torpedo 
Plane clearly shows 
the rocket batteries 
underneath the 
spear-shaped trian
gle, and the ovoidal 
crew cabin, with 
windows. The bust 
of Pedro Paulet can 
be seen at the top 
left of the photo
graph. 

The Dec. 7, 1 9 1 0, edition of Ilustracfon Peruana), was ded
icated, for example, to reporting on the 1 908 construction of 
the first Peruvian monoplane. The bu i ld ing of this 36-foot 
monoplane, was carried out by Peruvian engi neer Carlos 
Tenaud Pomar, at the School of Arts and Trades. Educated at 
the Carnot Lyceum i n  France, Tenaud came to L ima with 
Pau let, to col laborate on his project for the schoo l .  

Paulet a lso promoted the fou nd ing in  L ima o f  an "aviation 
c lub," or "aerostation," to "encourage the efforts of our inven
tors," and to " i nspire our future aeronauts." The magazine reg
u larly su pported the activities of the National Pro-Aviation 
League, which Paulet had a lso fou nded. Among its first activ
ities, the League h ired young Peruvians who had studied aero
nautics in Eu rope, primari ly in France, to come back to Peru 
to serve as instructors. 

The 1 9 1 0  founding of the National Pro-Aviation League by 
Pau let, which was d irected by Gen. Pedro Mun iz, was close
ly fol lowed by the found ing of the Peruvian Air  Clu b, both of 
which were precursors of the Peruvian Air  Force. A promi nent 
member of the League, fl ight p ioneer J u a n  B ie lovucic 
Caval ier, was among the first to fly across the Alps.  I n  1 9 1 3, he 
brought a French Vois in p lane to Peru, which was assembled 
there with the help of the local experts. It was one of the first 
a i rplanes to fly in the skies of South America. 

Although Paulet hoped, through his Pro-Aviation League, to 
win economic backing from the Peruvian government for 
bu i ld ing h is  prototype ship, he d i d  not get that support. Four 
years after getting his school establ i shed on firm ground and 
with renown, at the end of 1 9 1 0, Pau let decided to return to 
Europe to seek financing there, and to continue with the devel
opment of his aerospace project. 

He persisted, despite the fact that World War I and lack of 
fi nancing conspi red agai nst h im.  Although h is  fam i l y  was 
based in LQndon, Paulet travel l ed through various Eu ropean 
nations, carrying out d ip lomatic duties for the Peruvian gov
ernment and seeking, unsuccessfu l l y, to win financing for h is  
project. 

Paulet married, and from 1 9 1 1  to 1 9 1 9, l ived mostly in  
Paris .  Pau let travel led occasiona l ly  to other countries, repre-
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senting the Peruvian government, particularly at scientific con
ferences. 

Pau let's fi rst five chi ldren were born in this period, but it was 
during a d ifficult t ime of great economic hardsh ip. He faced 
the tragedy of the death by starvation of h is  two youngest chi l 
dren . I n  1 920, he moved to London for fi nancial reasons, but 
the next year, the government of Peru named him consul in 

' Dresden, Germany, where he stayed u nti l 1 924. 
While Paulet was in  Germany, he became fami l iar with the 

rocket car experiments of Max Val ier, and criticized Val ier's 
design for a spaceship in h is  1 92 7  letter to EI Comercio. 

I n  h is  1 928 book, Spaceflight, Val ier writes: 

Pau let's work is even more s ign ificant [than earl ier 
attempts] for the present project of development of a 
rocket sh ip, as they have proven for the fi rst time-as 
compared to the few seconds of the burn i ng of powder 
rockets-that it is possible, by the use of l iqu id fuels, to 
construct a rocket engine that wou ld burn for an hour. 

In 1 965, in preparation for the centenary of Pedro Paulet's 
b i rth ( i n  1 974), the Peruvian government named a 
Commission to investigate the contributions of Paulet, to 
establ ish h is  place among the pioneers of aerospace aviation, 
and a lso to resurrect his other contributions, to the education 
of scientists and engi neers in  Peru. One of the Commission 
members was Dr. Manuel del Casti l lo. 

Dr. Casti l lo contacted Herman n Oberth, requesting to visit 
the German space pioneer at his home in  Feucht. Professor 
Oberth repl ied : " . . .  The name of Pedro Pau let is known to me, 
if I have been correctly i nformed. He has worked ch iefly with 
n itric acid and benzene propu ls ion motors, u nti l the pol ice 
forbade it." 

In  1 929, he was sent to Rotterdam as Peru's consul genera l .  
Without losi ng sight of  h is  objective, he sought the col labora-

tion of several wel l-known engineers there such as Hans Doerr 
y Phi l ip, and with them began work aga i n  on the construction 
of his "Pau let Motor" prototype. Years earl ier, the fi rst proto
type he had bui l t  had been damaged by war. 

I n  a letter to European scientists who had asked about his  
work, �ritten in  about 1 943, Paulet explai ned the thermo
electric power system he had proposed for a "moving habitat" 
in a ir  and space. He also proposed the same system be used 
"for fixed dwel l ings, which would e l im inate the present neces
sity of l ighting, heating, and providing power from expensive 
electricity plants. I presented this proposal at a Congress on 
Rural Housing in Liege, Belgium, in  1 930, and many of the 
attendees, and several newspapers there, were interested i n  
this idea," h e  wrote. 

Pau let's work made it into the Rotterdam press. One of the 
articles about h is  i nvention, titled " A New System of Aviation," 
says in  summary: 

There are experiments currently under way i n  
Rotterdam, whose resu lts are going to revolutionize the 
practice of aeria l  navigation. Engi neer Paulet, after more 
than 30 years of research and experimentation, is pro
posing a new system of aerial  navigation, based on prin
ciples completely d ifferent from those currently known 
and appl ied. Mr. Pau let's a i rplane has neither a i rfoi ls, 
nor a winged fuselage, nor a gaso l ine motor, nor pro
pel lers. It is essentia l ly  composed of an a luminum sphe
roid, with a steel interior measuring three-and-a-half 
meters long and two-and-a-�alf meters wide. I nside the 
cabi n, s imi lar to that of Swiss Professor August Pfccard, 
which he uses for h is  studies of the stratosphere, there is 
room for three or fou r  crew· members . . . .  

Wh i le working on h is  engine prototype, and on the proto
type of h is  "Torpedo-Plane," Paulet faced new chal l enges spe

cific to the development of the project, such as 
the need to provide a permanent supply of 
energy to the interior of the ship.  In th is  regard, 
Pau let wrote in h is  1 93 1  notes: 

I have come up with a system for a 
thermoelectric wa l l  which produces 
e lectricity in fl ight. This  device i s  very 
important, g iven the enormous d iffer
ence in temperature that exists between 
the i nterior of the veh ic le, where tem
perature h as to be normal ,  and the 
exterior in the atmosphere, where it is 
very cold .  Thermoelectric batteries are 
a l ready wel l known, but what was 
miss ing was how to apply them to the 
provis ion of e lectricity in a trave l l i ng  
habitat. 

Pedro Paulet, in his office in Lima, Peru, after a 25-year absence, on various 
diplomatic missions. Upon his return, he founded, organized, and directed the 
Trade Department of the Peruvian Foreign Ministry. 

Paulet began to receive recogn ition by wel l
known scientists, as the forefather of reaction 
motors for rocket propulsion. News of h is  
invention went beyond Europe, and in  1 928 he 
received a m i l l ion-dol lar offer from Henry 
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Ford, who wanted to "buy" h i s  i n vention with the idea of 
adapting the rockets of h is "Torpedo-Plane" to h is motor cars. 
Ford suggested that Pau let renou nce h i s  Peruvian n ational ity, 
and adopt American c itizenship,  so that h i s  i nvention cou l d  be 
patented as American .  B ut Paulet rejected the offer because, he 
said, h is  "Torpedo-Plane" had been conceived to "navigate 
348,000 ki l ometers of space, unt i l  touchdown on lunar  soiL"  

The German Astronautical Society invited Pau l et to jo in  a 
team of scientists to study rocket propu ls ion, a proposal pre
sented as an opportu n i ty to test h is i nvention.  B ut upon learn
ing that it would be used to fabricate a weapon that could dou
ble the range of the "Great B ri ta i n  Cannon," he rejected the 
offer. 

I n  the m idst of a l l  of th is, i n  1 9 3 2 ,  the Peruvian government 
named Pau let consul general in Yokohama, japan.  W h i l e  at 
this post, he studied the japanese economic model, lead ing to 
the publ ication of a book t it led Modern Japan and Its 
Economic Foundation. He a lso wrote a series of reports for the 
Peruvian Foreign M i n istry, wh ich  inc l uded proposals for 
Peruvian development based o n  the j apanese economic 
model .  

Pau l et was cal led back t o  w o r k  a t  t h e  Peruv ian  Foreign 
M i n istry from 1 9 3 5  to 1 94 1 . W h i le there, h e  returned to 
bu i l d i ng a rep l ica  of his " react ion eng ine"  and "Torpedo
P lane," and gave h is models to the Avi at ion M i n istry, in the 
hope of wi n n i n g  fi nanc ing  to conti n u e  work on h i s  project. 
H i s  appea ls  did not succeed . D u ri ng this period, he a l so 
appealed for support from the B rit ish, and gave a set of origi
nal drawi ngs and writings o n  his project to the B rit ish Embassy 
in Peru . He never received a rep l y, or the retu rn of h i s  origi
nals. I n  1 9 4 1 , h e  was transferred to B uenos A i res for a nother 
d i plomatic ass ignm·ent. 

I n  the middle of World War I I ,  Peru broke d ip lomatic rela
tions with japan, and Pau l et's son (married to a j apanese 
woman), who h ad been protecti n g  h i s  reaction motor and 
Torpedo-Plane prototypes, had to sudden l y  l eave the country. 
Although put i n  storage, the p rototypes were lost over the 
years. 

Pau let d ied in B uenos A i res i n  1 94 5 .  

Testament of a Scientist 
Years l ater, when q uestioned why he had not made his early 

experiments pub l i c  at the t ime, Pau let responded in h is letter 
to European scientists, expla i n ing why there had been l ittle 
written about h i s  exper iments at the t ime they were carried 
out: 

Those who witnessed these experiments knew I meant 
to invent a kind of motor which seemed s i mpler and 
more powerful than any known up unt i l  that time . . B ut I 
chose not to publ ish anyth i ng about it, nor to app l y  for a 
patent, because even though the rocket seemed perfect 
to me, the explosive used was very dangerous and my 
i ntention was to find a safer and cheaper one. 

In h is  letter to EI Comercio, Pau l et wrote with a scientist's 
h u m i l ity : 

Even though I have no i nformation that a nyone 

before me concerned 
h i mself with a torpedo 
rocket p lane, I don't 
seek to c l a i m  patern i ty 
for th is  i nvention, 
because, as with a l l  
projects, i t  is  not val id  
unt i l  it is  rea l ized. The 
i nventor of the rocket 
a i rplane w i l l  be the 
first one to f ly in an 
apparatus powered by 
rockets. 

In the same way, h e  
c l ar ifies, " it i s  n o t  enough 
to say that the project of 
the German [Max] Val i e r  
h as been preceded, by 3 0  
years at l east, and b y  
even perhaps more con
c lusive exper i ments,  by 

The author (left), with Pedro 
Paulet's daughter, Megan, in 
7 996. His legacy and accom
plishments are an example of 
the limitless possibilities for all 
young people in Peru, and 
around the world. 

that of a Peruvian,"  referri n g  to h i mself.  
Then, i n  a gesture that revealed his conviction that "gen ius  

is  not born, but  m ade" and that  "every Peruvian ch i ld  cou l d  be 
a scientist" because a l l  men possess the d iv ine spark of cre
ation, he delegated the conti n u ity of h i s  i nvention to young 
Peruvian scientists, sayi ng to them : 

[I want] to ca l l  the attention of our  nation's tec h n i
cians and i nventors to th is  i mportant m atter . . . .  I n  
effect, what I was u nable to ach ieve, through u nfortu
nate 'c i rcumstances, wel l  m ight some other, better-pro
vided compatriot obta i n ,  to the glory and advantage of 
Peru . 

Sara Maduefio heads the L ima bureau of Executive 
I ntel l igence Review magazine in Peru and is a long-time 
political collaborator of international statesman Lyndon H. 
LaRouche, Jr. She notes that this a rticle is in ' payment of a 
long-standing debt to Megan Paulet, daughter of Pedro Paulet, 
and is written in memory of her own mother, Sara Paulet de 
Maduefio, Pedro Paulet's niece. The article was translated into 
English by Valerie Rush and Carlos Potes. 

Sources and Acknowledgments, __ � __________ _ 

My special thanks to Megan Paule!. My discussions with her were the. inspi
ration and first-hand source for the preparation of this article. . 

The letter to EI Comercio was written by Pedro Paulet on Aug. 25, 1 927, 
while he was attending a congress in Rome. The entire text of this letter 
appears as an appendix to the book by Megan Paulet, Pedro Paulet, Father 
of Astronomy, published by the National Council of Science and Technology 
(CONCYTEC) of Peru, 1 988. 

. 

The Feb. 1 996 exhibit, "Pedro Paule!: Forerunner of the �pace Age," at the 
Institute of Aerospace Historical Studies of Peru, included original drawings of 
Paulet's inventions. It can be seen today at the Institute's Pedro Paulet Museum, 
in his native Arequipa, and is the source for the illustrations' for this article. 

Sketches and full-scale models for the "reaction engine," the "Girilndula," 
and the "Torpedo-Plane," can be seen in the Pedro Paulet Hall of the 
Aeronautics Museum of the Peruvian Air Force, in Lima, Peru. 

The photographs of the sketches and models in this article were taken by 
Sara Maduefio Paulet. 
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The Division of 
The Circle and 

Gauss's Concept 
Of the Complex Domain 
by B ruce D i rector 

The complex plane, as Gauss developed it is not what you learned in text books. 

T
he pursu it of a d iscovery of a 
u n i versal pr inc ip le  a lways 
requ ires the pursuer to fol low 

the Socratic method of negation or, as 
N icholas of Cusa cal led it, "Learned 
Ignorance." That is the method by 
which Johannes Kepler, for example, 
ascended from the tangle of observed 
motions of the planets seen as if pro
jected on the i nside of an imaginary 
sphere, to the "hypergeometric" func
tion which characterized his un iverse. 
Wh i le the cause of these observations 
is determi ned from the top down by 
that function, l i ke the shadows of 
Plato's Cave, we cannot know that 
function d i rectly. Rather, we must 
look at the gaps in the observations, 
and d iscern the hypergeometry 
u nderlying those observations. Christopher Lewis 

It is the nature of this method that, as 
our knowledge of the u nderlying 

The author (left) hard at work upon the sphere. 

hypergeometry increases, new gaps appear, through which new 
characteristics of the hypergeometry become d iscernible. These 
new characteristics, in turn, recast the previous discoveries in a 
new l ight. For example, the principle that l ight travels the short
est path, d iscovered by the Greeks as a characteristic of reflec
tion, becomes a special case of the principle that l ight travels the 
path of least time, d iscovered by Fermat as a characteristic of 
refraction. In  both cases, l ight acts according to a minimizing 

20 Wi nter 2001 -2002 21st CENTURY 

principle. But, in the former, that principle is with respect to a 
manifold of space, while the latter is with respect to a manifold 
of space-time. It is the manifold from which the characteristic of 
the path is determined, but it is the characteristics of the path, by 
which the man ifold is d iscovered. 

For more than 2,000 years, it was bel ieved to be impossible 
to construct a 1 7-sided regu lar polygon with straight-edge and 
compass. But on March 20, 1 796, as Carl Friedrich Gauss later 



recal led it, after much hard work, the poss ib i l ity of accom
pl ishing such a construction appeared to h i m  in a flash of 
insight. Gauss was then 1 8  years old .  

Gauss always considered th is  one of his  most important dis
coveries, which, accompanied by a provocation from his teacher 
Abraham Kastner, determ ined the trajectory of his  entire creative 
l ife-so much so, that he asked that a 1 7-gon be engraved on his 
tombstone. (Because an engraved 1 7-gon would look so much 
l ike a circle, a 1 7-sided star was engraved instead .) 

The more general treatment to which Kastner was guiding 
Gauss, was the solution of the " Kepler chal lenge," which con
cerned the d ivis ib i l ity of the e l l ipse, a curve of non-constant 
curvature. In fact, Gauss's method for the d ivis ion of the c ircle 
was based on the d iscovery that the constantly curved c ircle, 
is actual ly a special  case of non-constant curvature. 

Kepler's Treatment of the Circle 
Gauss's investigation into the d ivis ion of the c ircle, was an 

extension of the study done by Johannes Kepler in the first 
book of h is  Harmonies of the World, "On the Regu lar  Figures, 
the Harmonic Proportions They Create, Their Source, Thei r  
Classes, Thei r  Order, and Their  Disti nction i nto Knowabi l ity 
and Representabi l ity." It is here that Kepler started h is  elabo
ration of the harmon ic ordering principle that governs the 
physical universe. "We must seek the causes of the harmonic 
proportions in the geometrical and knowable d ivisions of a 
circle into equal n umber of parts," he began.  

To d ivide the c i rc le by geometrical means, accord ing to 
Kepler, is to determ ine the ratio of the s ide of the figure to the 
d iameter. It i s  in the efforts to d ivide the c i rc le, that the 
human m i nd d i scovers the d ifferent types of h armonic pro
portions, which Kepler ran ked accord i ng to degrees of 
knowabi l ity. 

The first degree of knowabi l ity per-
tains to those quantities which can be 
proven equal to the d iameter. The sec
ond degree of knowabi l ity pertains  to 
those quantities that can be proven to be 
equal  to parts of the d iameter. The th i rd 
degree of knowabi l ity pertains to those 
quantit ies that are i n express i b l e  i n  
length but expressible in  square.  F rom 
this follows those quantities that are 
inexpressible, or as the G reeks cal led 
them, incommensurable .  However, the 
ranking continues among the types .of 

(a) 

carried out a strenuous polem ic against Petrus Ramus (1 5 1 5-
1 5 72), a lead i ng Aristote l ian  of the day, who had sought to ban 
incommensurable magn itudes, not on ly from the physical u n i
verse, but from geometry as wel l !  

As we wi l l  see shortly, it i s  i n  the d ivision of the c ircle that 
we encounter these different degrees of knowabi l ity. This rais
es the fol lowing question : If the c i rcle is, at it appears to the 
eye, a perfectly u n iform, constantly curved figure, why, when 
one attempts to d ivide it, does one encounter magnitudes of 
d ifferent degrees of knowabi l ity? The reader should th ink of 
the d ifferent types of magnitudes necessary to construct a tri
angle, square, pentagon, hexagon, and heptagon, for example. 
Each different d ivis ion of the c i rcle gives rise to d ifferent 
degrees of knowabi l ity, and some d ivis ions, such as seven, 
seem to be un knowable altogether. 

Th is  is the q uestion that Kepler i nvesti gated in the 
Harmonies of the World. The question the you ng Gauss inves
tigated was, "What is, the principle that governs the principle 
of knowabi l ity?" 

Paradox of the Circle 
Magnitudes of the first three degrees of knowabi l ity, are also 

cal led constructible ( F igure 1 ), because they can be construct
ed from the c ircle itself, or to put it col loquial ly, by straight
edge and compass (the straight-edge being the d iameter and 
the compass being the c i rcumference of the c i rcle), It is i n  the 
i nvestigation of what is constructi ble, that we d iscover a gap, 
an anomaly, through which we ascend to the idea that the 
seem ingly u n iform circle is, in fact, not u n iform at a l l ,  but a 
special case of non-un iform action ! 

Ancient Greek phi losophers had fu l l y  i nvestigated the fact 
that, although the c i rcle is un i form in al l its parts, it does not 

(b) (e) 

Figure 1 
THE DEGREES OF KNOWABI LITY incommensurables. The fourth degree of 

knowabi l ity pertains to those lengths 
that are not expressible by squares, but 
are expressible as rectangles. Kepler 
conti nued, fol lowi ng the Tenth Book of 
Euclid, to enumerate the further degrees 
of knowabil ity of the incommensurable.  

What is sign ificant for us, is that 
Kepler is reasserti ng the knowabi l ity of 
incommensurable magnitudes, not only 
in the context of geometry, but as the 
very magnitudes by which the physical 
universe is characterized. Her� Kepler 

In the first book of the Harmonies of the World, Kepler showed that the divi
sions of the circle generate a hierarchy of types of magnitudes. Using the ter
minology from Book X of Euclid's Elements, he demonstrated that the division 
of the circle by the diameter produces magnitudes of the first degree of 
knowability (a), those divisions measurable by a part of the diameter produce 
the second degree of knowability (b), and those divisions whose squares, 
fourth powers, and other combinations are measurable by the diameter, pro
duce the third degree of knowability (c), 

Such differentiation seems strange to the modern reader, because Kepler's 
opponent, Petrus Ramus, and his followers were successful in removing the 
study of Euclid's Book X from the schoolrooms. 
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d ivide u n iform ly. The c ircle can be divided into two parts by 
folding in half. By folding in half again,  and again, the circle 
can be divided into 2, 4, 8, 1 6, and so on, parts. But to d ivide 
it into three parts-that is, to inscribe a triangle in  it-requires 
the generation of a magnitude of the second degree of knowa
bi l ity. (Half the d iameter is the side of a hexagon .) 

Once that magnitude i s  created, it too can be doubled, to 
produce a d iv is ion by 6, 1 2, 24, and so on, parts. But to 
d iv ide the c i rc le  i nto five parts, req u i res the generation of a 
magnitude of a h igher degree of knowabi l ity, specifica l ly, 
the golden section .  The golden section is not commensu
rable with the d i ameter, or with a part of the d iameter, but i t  
i s  construct ible.  

tigated a general princip le govern ing the generation of magni
tudes, of which the constructible ones were a special case. (A 
suggestive example of this concept was suppl ied by Lyndon H .  
LaRouche, J r., several years ago, when he posed the poss ib i l ity 
that the number 5 associated with the hypotenuse of a 3-4-5 
right triangle, should be considered a special  type of irrational 
nu mber.) 

Add itional ly, Gauss used a u n ique appl ication of geometry of 
position, which at first may seem obscure. He i nverted the con
ception of the circle. Instead of begin n ing with the circle and 
trying to find those positions that divided it, he sought the func
tions that created a divided circle. Thus, the positions were pro
duced by the d ivision, not the d ivision by the positions. 

However, it had been bel ieved for more than 2,000 years, 
that a l l  other d ivisions of the circle were non-constructible. In  
other words, those d ivisions of  the c ircle based on prime num
bers greater than 5, depended on magnitudes that were beyond 
Kepler's degrees of knowabi l i ty. This boundary condition sug
gests that something outside the c ircle, a h igher principle, is 
govern ing. It is that principle that Gauss sought. 

Gauss showed that both the above principles relied on two, 
seem ingly un related, conceptions that were at the heart of 
Greek science, and had been extended by the work of Kepler, 
Leibn iz, Bernou l l i ,  and Fermat: the geometric generation of 
incommensurables, and the more shrouded principles govern
ing the generation of prime numbers. And, spurred by 
Kastner's proddi ng, Gauss showed that these principles 
extended beyond the circle. To d iscover this principle, Gauss, in  effect, inverted the 

problem altogether. Instead of thi nking of two d ifferent types 
of magnitudes, constructible and non-constructible, he inves-

As Gauss described it in the opening of the final chapter of 
his  Disquisitiones Arithmeticae: 

Gauss and His Teacher 

From 1 792 to 1 795, Carl Friedrich 
Gauss received his early education at 

the classica l ly oriented Col legium 
Carol ineum in  Brunswick-WolfenbUttel.  
The curriculum consisted of ancient and 
modern languages, classical sciences, 
aesthetics, poetry, music, and art. 

On Oct. 1 1 ,  1 795, he left for 
Gottingen, where he was attracted to 
the study of phi lology, under Christian 
Gottlob Heyne. The phi lology seminar 
at Gottingen had been founded by 
Johann Matthias Gessner, a former col
league of J.5. Bach at the St. Thomas 

. School in Leipzig. Heyne was Gessner's 
successor. Also teaching at Gottingen 
was Abraham Gotthelf Kastner, one of a 
group of i ntel lectuals ded icated to 
reviving the thinking of the universal 
genius Gottfried Leibniz ( 1 646-1 71 6), 
whose reputation and memory had 
been destroyed by the ol igarchical fac
tion that placed George I of Hannover 
on the British throne. Kastner's circle 
a lso hosted the American un iversal 
th inker, Benjamin Frankl in, when he 
visited Germany. Kastner, . who came 
from Leipzig in 1 750, was Gauss's 
mathematics professor at Gottingen. 
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In a later letter to his Col legium pro
fessor E .A.W. Zirmerma nn, Gauss 
said that he was p,articularly attracted 
to the phi lo logy lettures of Heyne and 
wished to concen rate on the subject. 
I n it ial ly, he thoug�t Kastner was a d u l l  
o l d  man, but, " 1  ave si nce rea l ized I 
was in error and ,that he is qu ite an 
extraordinary man." 

\ . 
In May 1 796, Gauss told ZImmer-

mann in a letter thkt he had decided to 
devote himself to fathematics after dis
covering the constructibil ity of the 1 7-
gon. When he firsf showed his discov
ery to Kastner, the teacher was not ar a l l  
impressed, and GaLss interpreted th is  as 
hosti l i ty to somet ing new. Gauss per
severed, and whEtn he discussed the 
concept further, Kastner was astounded, 
but responded tha� the discovery would 
be of no use, and I hat he (Kastner) had 
al ready develope the basis for the d is
covery in his  "Beginning Foundations of 
the Analysis of Fin ite Magnitudes." 
Gauss persisted further, obtai n i ng 
Kastner's agreement to review the 
paper. 1 

After further c�ntemplatibn, Gauss 
real ized that h.k had to sepa rate 
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Gauss's professor of mathematics at 
Gottingen, Abraham Gotthelf Kastner, 
who was a 

'
Leibnizian and a friend of 

Benjamin Franklin. 

Kastner's criticism concern ing the d is
covery's practical use, from the rest of 
Kastner's reaction .  G auss wrote 
Zimmermann that Kastner had told 
h im that if he "were to be able to give 
a more general treatment of the sub
ject, i t  wou ld be of p leasing curiosity 
and perhaps produce a brighter ins ight 
into this area of mathematics." Gauss 
told Zi mmermann that he took 
Kastner's j udgment entirely to heart. 



Among the most 
splend id developments 
contributed by modern 
mathematicians, the 
theory of c ircular func
tions without doubt 
holds a most important 
place. We shal l  have 
occasion in a variety of 
contexts to refer to th i s  
remarkable type of 
quantity, and there is 
no part of general 
mathematics that does 
not depend on it in 
some fashion . . . .  I wi l l  
speak of the theory of 
trigonometric functions 
as related to arcs that 
are commensurable with the c i rcumference, or of the 
theory of regular polygons . . . .  The reader m ight be sur
prised to fi nd a d iscussion of th is  subject in the present 
work which deals with a d i sc ip l ine apparently so unre
lated; but the treatment itself w i l l  make abundantly 
clear that there is an i nt imate connection between this 
subject and h igher Arithmetic. 

The principles of the theory which we are going to 
explain actual ly extend much farther than we wi l l  indicate. 
For they can be applied not only to c ircular functions but 
just as well to other transcendental functions . . . .  

The first princip le of G reek geometry that Gauss reworked, 
is described by P l ato in h i s  d i a l ogues the Meno, the 
Theaetetus, and the Timaeus. It concerns the generation of 
incommensurable magnitudes as a consequence of a change 
in  dimension. The reader can construct a geometrical repre
sentation of this by drawing a square, then drawing its d iago
nal, and then drawing a new square using the d iagonal for its 
s ide. As Plato demonstrated in the Meno, the second square 
wi l l  have twice the area of the first, but the side of the second 
square wi l l  be i ncommensurable with the s ide of the first. ( In  
Kepler's terms, the d iagona l  wi l l  be the th i rd degree of 
"knowabil ity.") 

If you continue this drawing, you w i l l  produce a spira l  
sequence o f  squares whose sides are the d iagonals o f  the pre
vious squares, and whose areas are double the previous 
squares. The Greeks cal l ed the d iagonals  the "geometric 
mean" between the two squares (F igure 2) .  

However, something new develops if you try to repl icate 
th is process in three d imensions, as in the case of doubl ing a 
cube (Figure 3) .  The d iagonal  of the cube does not correspond 
to the s ide of a cube with double the volume. This is the 
famous problem the Del ian priests brought to P lato . 
Eratosthenes reports Plato's famous rebuke, that the gods had 
posed th is problem to the G reeks, because they wanted to 
chide the G reeks into studying geometry in  order to improve 
thei r  thinking. H ippocrates of Chios had shown that the 
i ncommensurable associated with the doub l ing of the cube, 
was of a different species than the incommensurable associat-

Figure 2 
DOUBLING THE SQUARE 

PRODUCES 
THE G EOMETRIC MEAN 

As Plato demonstrated in the 
Meno dialogue, a square of dou
ble area may be constructed by 
building a new square on the 
diagonal of the first. But the side 
of the second square will be 
incommensurable with the side 
of the first. The Creeks called the 
diagonal the geometric mean 
between two such squares. 
Here, a sequence of doubled 
squares is shown. 

D 
Figure 3 

DOU BLING THE CUBE 
The diagonal of a cube does not produce a cube of dou
ble the original volume. How to double the cube, 
known as the Delian problem, occupied the leading 
Creek mathematicians for some time. In the Timaeus 
dialogue, Plato reports the discovery of Hippocrates of 
Chios that there must be two means between the origi
nal and the doubled cube, and the lesser of these two 
means will be the length needed to form the edge of the 
doubled cube. 

We illustrate this here with the original cube of vol
ume 1, the lesser mean (cube root of 2), the greater 
mean (the square built on the cube root of 2), and the 
doubled cube. 

ed with the doubl ing of the square. In other words, a change 
in d imensional ity, produced a different species of incommen
surable. 

In  the Timaeus, Plato reports H i ppocrates' d iscovery: 

But it is not possib le that two thi ngs alone be joi ned 
without a th i rd ;  for in between there must needs be 
some bond jo in ing the two . . . .  Now if the body of the 
Al l  had had to come i nto bei ng as a plane surface, hav
ing no depth, one mean wou ld have sufficed to bind 
together both itself, and its fel l ow-terms; but now it i s  
otherwise, for it behooved it to be so l id  in  shape, and 
what brings solids into harmony i s  never one mean, but 
always two [F igure 3 ) .  
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A 

Figure 4 

SPIRA MIRAB ILIS 
Johann Bernoulli called the logarithmic spiral spira 
mirabi l i s  for all its miraculous properties. Among these 
are that lines emanating from the center of the spiral at 
equal angles from each other will cut the spiral into 
parts that are in geometric proportion. Thus, A:B = B:C 
= CD. Also, a line extending from the center of the spi
ral is cut by the spiral arms in geometric proportion. 
Thus, a:b = b:c = c:d. 

Gauss accomplished his division of the circle, and 
then developed his concept of the complex plane 
by thinking of the circle as a special case of this 
spiral. 

By i nversion, if two or more geometric means are requ ired 
to double a magn itude, the doubl i ng of that magnitude is an 
action that origi nates in a d imensional ity greater than two. 

Gauss's ins ight rested on these Platon ic principles, with a 
crucial extension suppl ied by Johann Bernou l l i's d iscovery of 
the equ i-angu lar spiral, which he cal led spira mirabilis 
(miracu lous spiral) .  Bernou l l i  showed that this spira l  was an 
exemplar of geometric growth. For example, a l i ne extend ing 
from the center of the spira l  outward, w i l l  be cut at ·d ifferent 
i ntervals by each spiral  arm. These interval s  w i l l  be in the 
same proportion to one another, as the areas and diagonals of 
Plato's squares. S im i lar ly, l i nes emanating from the center of 
the spira l  at eq ual angles from each other, wi l l  cut the spiral 
arms in  geometric proportion. Thus, eq ual d iv isions of the 
spiral  cut the spiral i nto parts that are in geometric proportion 
(Figure 4). 

Now, if we think  of the c ircle as being a special case of the 
spira l ,  then the divis ion of the c ircle by l ines (rad i i) emanating 
from the center at equal angles, cuts the circumference in  arcs 
that are in geometric proportion. The intersections of these 
l i nes with the c i rcumference correspond to the vertices of an 
inscribed polygon. Thus, to d ivide the c i rcle into n parts, cor-
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i = -r-J . 

-1 �--------------r-------------� 

- i = --r-J 

Figure 5 
THE COMPLEX DOMAIN 

Gauss's concept of the complex domain was built on 
the Platonic principles of magnitude and Bernoulli's spi
ral. To divide a circle into four parts in . the complex 
domain, we pick a point on the circumference for the 
first vertex, and call it 7 .  The other three points will all 
be in geometric proportion to each other, and come 
back around to 7 .  This is accomplished by multiplying 
each time by the square root of minus 7, a quantity des
ignated as i .  

responds to find ing n - 1  geometric means. Those d ivisions that 
can be accompl ished by find ing one mean between two oth
ers, are constructible; and those requ i ring two or more means 
are not. Thus, the d ifferent d ivisions of the c ircle are actua l ly  
projections of  action originating in  manifolds of  h igher d imenc 
sionality, than the seem ingly two dimensions of the c ircle.  

Aga in ,  l i ke the shadows of Pl ato's Cave, or " Learned 
Ignorance," we can ascend to knowledge of those mani
folds,  on ly  from the anomal ies embedded in  their reflec
t ion.  

Gauss showed that these anoma.l ies can be d iscovered, i f  
we th ink  of the c i rc le, not i n  a Euc l idean/Cartesian p lane, 
but in the com plex domain .  A s i mple example is, perhaps, 
the easiest way to i l l ustrate the point. To d ivide a c i rc le  i nto 
four parts, first th i n k  of the c i rc le  in  the complex doma i n .  
Pick a point o n  the c i rcu mference for t h e  first vertex, a n d  ca l l  
it 1 .  To d ivide the c i rcle into fou r  parts we wou ld mark off 
three other points that are 90° from each other. Accord ing to 
what we said above from Bernoul l i  and Plato, these points 
are a l l  in geometric proportion to each other. Expressed in 
numbers, these poi nts form a cyc le of geometric means from 
1 to -1 . Us ing the l etter i to denote the square root of -1 , that 
series is 1 ,  i, -1 , -i. These fou r numbers prod uce a cycle, 
such that if you m u lt ip ly each one by itself  4 ti mes, you get 
1 (F igure 5 ) .  

Gauss's i ns ight was based on the fol lowi ng :  Div id ing the 



circle into n parts requ i res fi nd ing n- 1 
geometric means between 1 and 1 .  
Kepler had a l ready ind icated th is d i rec
tion in the first book of the Harmonies 
of the World. There, Kepler showed that 
the construction of the pentagon 
depended on the construction of an 
isosceles triangle whose base angles are 
double the top angle. After · i n scr ibing 
th is triangle i n  a c i rc le, the pentagon i s  
constructed by b i secti n g  the base 
angles, which form the d iagonals  of the 
pentagon .  Each d iagonal cuts the sides 
of the original triangle into two propor
tional sections (F igure 6) .  

Kepler then shows that the heptagon 
is constructed from an isosceles triangle 
whose base angles are three ti mes the 
top angle. To construct the heptagon 
requ ires trisecti ng the base angles, or 
cutting the sides of the triangle i nto 3 
proportion? (F igure 7). Kepler concludes 
that to construct a polygon of n s ides 
requires being· able to cut a l i ne i nto 
(n-1  )/2 proportions. Gauss d iscovered 
the general pri nciple by which this i s  
done. 

Gauss showed that these combi na
tions of cycles correspond to Plato's 
principle of means. Those d ivis ions that 
can be resolved completely i nto cycles 
of two, correspond to insert ing one geo
metric mean between two others, as i n  
doubl ing of the square, a n d  are there
fore constructible. Those prime n u mber 
d ivisions that can not be so resolved, 
correspond to inserti ng two or more 
geometric means, and, l i ke the dou
b l ing of the cube, are not constructible.  
Thus, it is poss ib le to construct figures 
of 2, 3, 5 ,  1 7, 2 5 7, 65,537 and any 
other prime number d iv is ions of the 
form 22n+ 1 .  All other d ivis ions can not 
be constructed because they are reflec
tions of actions of a d imension a l ity 
higher than two. 

It is the th inking u nderlying the above 
d iscovery of Gauss, that is at the heart of 
Gauss's and Riemann's development of 
the theory of functions. 

Bruce Director is a leading collabora
tor of Lyndon H. LaRouche, Jr. and a 
director of the Constitutional Defense 
Fund. A version of this article appeared 
in the weekly New Federal ist as Parts 1 1  
and 1 2  of a series "Riemann for Anti
Dummies. " 

(a) (b) 

Figure 6 
DIVISION OF CI RCLE I NTO FIVE PARTS 

To divide the circle into five equal parts, that is, to construct the pentagon, 
requires that we construct an isosceles triangle whose base angles are twice 
the apex angle (a). Such a procedure, which requires the division of a line in 
a proportion known as mean and extreme (the golden section), was known to 
the Greeks. 

. 

This done, we inscribe the triangle in a circle (b). Kepler noted that each of 
the base angles will then subtend a circular arc equal to two sides of the penta
gon, while the apex angle subtends an arc of half that length. Now, we can 
bisect the base angles, producing the five divisions of the circle. 

(a) (b) 

Figure 7 
THE IMPOSSIBLE HEPTAGON 

To divide the circle into seven equal parts, that is, to construct the heptagon, 
would require the construction of an isosceles triangle whose base angles are 
three times the apex angle (a). But this is provably unconstructible. If such a 
triangle were constructed, it would be necessary to trisect its base angles (b) 
in order to divide the circle into seven equal arcs. Thus Kepler showed that 
the impossibility of constructing the heptagon is related to the impossibility of 
trisecting an angle. 
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Kepler Ex_ ose 
Aristotle's Sa 
Of Astronomy 

A Greek statue of Aristotle (384-322 
B.C.) now in a Vienna museum. 

EDITOR'S NOTE 
In a little known document, the founder 

of modern astronomy, Johannes Kepler 
( 757 1 - 1 630), refuted Aristotle's geocentric 
cosmology, point by point. In that refuta
tion, Kepler charged that Aristotle (384-
322 B.C.), with his immense prestige, held 
science back for two millennia by reject
ing-with a specious argument-the idea 
of the Pythagoreans that the Earth moves 
in an orbit. Kepler's repeated reference to 
the concept of universal gravitation 
(points 12- 1 4, 28-33), is to be noted, 
especially by those who still believe the 
Isaac Newton myth. An incomplete ver
sion of this document was published in a 
1 9th Century edition of Kepler's astro
nomical works, and it finally appeared in 
a scholarly edition by Fritz Rossmann in 
1 948. The document consists of Kepler's 
translation into German of Chapters 1 3  
and 74 of Aristotle's O n  the Heavens, and 
his refutation in 35 points, also in 
German, keyed to passages in Aristotle's 
text. Kepler's choice of German may have 
reflected a desire to take the issue of cos
mology to a socially broader audience 
than the churchmen and scholars who 
read Latin and often Greek, and suffered 
from a strong bias in favor of Aristotle. 

The founder of modern astronomy, 
Johannes Kepler ( 1 57 1 - 1 630). 

EIRNS/Dean Andromidas 

It seems clear, however, that Kepler 
never completed the project. The work 
was not published in Kepler's lifetime, 
and only one manuscript is known. (It is 
in the extensive collection of Kepler 
manuscripts in the Pulkovo Observatory 
Library, at the University of St. Peters
burg, Russia.) Its editor, Rossmann, con
siders the manuscript a first, or-at 
most-a second draft. It is in Kepler's 
own hand. Rossmann notes its hasty 
hand and its many insertions, deletions, 
revisions, and writing errors. 

When did Kepler produce it? Because 
of its references to Galileo's discoveries 
in points 4 and 5, we can be sure it was 
completed after 1 6 1 1 . The choice of lan
guage in the reference to Aristarchus as 
being indicted before "the Athenian hea
then pope and priesthood, " in point 4, 
suggests that it was not completed before 
the condemnation of the Copernican sys
tem by the Catholic Church in 1 6 1 6 .  

Here, we present George Gregory's first 
English translation of Kepler's refutation, 
alongside Aristotle's text. In an Afterword 
(p. 39), Gregory discusses what Aristotle 
did and did not know, the modern attempt 
to discredit Kepler's argument against 
Aristotle, and related issues. 
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Aristotle on 
The Position 
And Motion 
Of the Earth 

Johannes 
Kepler's 
Objections 
To Aristotle 
1 Were the heaven infin ite, the center of it could nowhere be 

shown. 

2 They spoke in  a vei led way, by fire they understood the 
Sun, and I agree with them, thClt the Sun is in the center 

of the world, and never moves away from th is place, and that, 
on the other hand, the Earth moves once in one year around 
the Sun, that is, it revolves around the center position of the 
world, as otherwise a lso five other wanderi ng stars [that is, 
the planets], with th is order: Mercury which is the closest to 
the Sun, and the fastest, completes its orbit in one quarter 
year. Venus is the other, revolves around the Sun and around 
the orbit of Mercury in  two-th i rds of one year, or in  eight and 
one half months. Now fol lows the Earth as the th i rd, which 
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Chapter 1 3  (293a1 3 ff.) 

I
t remains to speak of the Earth, of its position, of the question 
of whether it is at rest or in motion, and of its shape. 

I. As to its position, there is some difference of opinion. 
Most people-al l ,  in  fact, who regard the whole heaven as 
fi n ite-say it l ies at the center. [ l ]  But the Ita l ian ph i losophers 
known as Pythagoreans, take the contrary view. At the center, 
they say, is fire, and the Earth is one of the wanderi ng stars,[2] 
creating day and n ight[3] by its c i rcular motion about the cen
ter. They further construct another Earth in  opposition to ours, 
to which they give the name counter-Earth . [4] In  a l l  th is, they 
are not seeking for theories and causes to account for observed 
facts, but rather forcing their observations and trying to accom
modate them to certai n  theories and opin ions of thei r  own. But 
there are many others who wou ld agree, that it is wrong to give 
the Earth the central position, looking for confirmation rather to 
theory than to the facts of observation. Thei r  view is, that the 
most precious place befits the most precious thing: but fire, 
they say, is more precious than Earth, and the l im it than the 

revolves arou nd the Sun, a lso around the two orbits of 
Mercury and Venus, further d i stant in a larger orbit, and com
pletes its revol ution in one year. U pon this  fol l ows the fou rth, 
namely Mars, which revolves in a larger orbit surrounding 
that which the Earth traverses, in  two years less one and one
half months. Sti l l  more d i stant revolves Jupiter, the fifth, and 
completes its revol ution in  1 2  years. The most d istant and 
sixth in  number, which a lso has the largest orbit, is Saturn, 
which completes its revolution in  30 years. Al l of this was 
taught 2,000 years ago, s i nce Aristotle was .born that long 
ago; and Arch i medes, i n  the book .which he wrote on the 
Sand of the Sea, how many grains there are, reports on a 
learned astronomer, Aristarchus, a cou ntryman of Pythagoras, 
a lso born upon the is land of Samos, and who l ived some hun
dred years after Aristotle, and 1 50 years before Arch i medes, 
1 ,900 years before us, that he a lso taught the same th ings: 
namely that high heaven with the fixed or attached stars, * 
together with the Sun, are u nmoved, but the Earth i s  l ed 
around the Sun i n  an orbit, which runs between the orbits of 
the other planets, and so on.  That is descri bed in .suffic ient 
c larity, for the orbit in which the Earth revolves, has within it 
those of Venus, Mercury and the Sun, and beyond it, those of 
Mars, Jupiter, and Saturn, and thus l ies among the orbits and 
orbiti ng pl anets. 

As now this teaching is a l ready more than 2,000 years old, 
we may properly be surprised, that Copern icus, one hu ndred 
years ago, once again  developed the very same teach ing him
self, because he knew noth ing of how the ancients thought. 

• The fixed stars-which we call simply stars-are to be distinguished from 
the wandering stars or planets. The fixed sta.rs do not change their places 
relative to one another, while the wandering stars move among them on the 
sky [ed.]. 



intermediate, and the c ircumference and 
the center are l im its. Reason i ng on this 
basis, they take the view, that it is not Earth 
that I ies at the center of the sphere, but 
rather fire. The Pythagoreans have a further 
reason. They hold, that the most important 
part of the world, which is the center, 
should be most strictly guarded, and name 
it, or rather the firerS] which occupies that 
place, the "Guard-house of Zeus," as if the 
word "center" were qu ite u nequ ivocal,  and 
the center of the mathematical figure were 
always the same with that of the thing or 
the natural center. But it is better to con
ceive of the case of the whole heaven as 
analogous to that of an imals, in  which the 
center of the animal  and that of the body 
are different. For th is reason; they have no 
need to be so d isturbed about the world, or 
to cal l  in  a guard for its center: rather let 
them look for the center in the other sense, 

joh an nes Kepler was one of the m os t  p o werful, 
productive, and playful minds of all time. His works are 
suffused with his love of Cod lmd passion for the life of 
the mind in the pursuit of truth. This portrait is 

·
by his 

contemporary, jacob van der Heyden. 

ARISTOTLE'S 
G EOCENTRIC 
U N IVERSE 
The Earth was the 
center of Aristotle's 
uni�erse, with the 
Moon, the planets, 
the Sun, and the 
fixed stars rotating in 
concentric circles. 
The outermost 
sphere in Aristotle's 
system was that of 
the Prime Mover, 
who caused a 
rotation in his 
sphere, which, in 
turn, caused the 
other spheres to 
rotate. 

Si nce, had he not d iscovered out of h is  own m i nd how the 
orbit of the Earth is constituted; we wou ld not have d iscovered 
how the ancients thought, even if we had read their words. 

3 This is fa lse, Aristotle d id not u nderstand the learned 
teaching of the Ital ians .  For, in add ition to revolving 

around the Sun, the Earth a lso itself revolves, and by this rev
ol ution it makes day and n ight. For when a place on Earth 
revolves away from the l ight of the Sun,  it is n ight at that 
place. But it revolves 365 times before it revolves once around 
the Sun. If one mixes the two movements together, it resem
bles a bowl ing bal l-it rol l s  and revolves on the ground, and 
a lso moves its way forward toward the pins. S i m i lar ly, by 
moving around the Sun, the Earth does not create day and 
n ight, but by means of both, by its orbit and its wel l-ordered 
revol ution, it miJkes Summer and Wi nter. 

4 Agai n  Aristotle has forgotten the Pythagorean way and 
custom, that they kept th is  teach i n g  secret, and spoke of 

it vei led, so that no one wou l d  u nderstand it, except those 
who belonged to them . By the word counter-Earth, they 
meant the Moon, for it i s  a l so another Earth, but one which 
i s  contrary to our own, and one which revolves arou nd 
ours .  And th is i s  not o n l y  because one sees i n  the Moon val
l eys and mou ntai ns, water and land, as we have on our 
Earth . But it i s  a l so espec i a l l y  because the Moon has no ·pri
mary planets for itself which wou l d  make the i r  own orbit 
around the i r  sun,  but it ava i l s  itself  of this orbit, in which 
the Earth i s  d riven, and i t  a l so moves i n  th is  orbit, and is 
thus a lso led around the S u n .  B ut, u n l i ke the Earth, as if  it 
were to fol low or precede in the footsteps of the �arth, how
ever, it revolves a l one each month twice th rough the path of 
the Earth, once in front, o nce beh ind  it, and furthermore 
makes its orbit around the Earth as if  it stood sti l l ,  no d iffer-
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and tel l  us what it is l ike and where nature has set it.[6] That 
center wi l l  be someth ing primary and precious; but to the mere 
position we shou ld  give the l ast place rather than the first. For 
the middle is what is defined, and what defines it is the l im it, 
and that which contains or l imits is more precious than that 
which is l im ited,[7] seeing that the latter is the matter and the 
former the essence of the system. 

I I .  As to the position of the Earth, then, this is the view which 
some advance, and the views advanced concern ing its rest or 
motion are s imi lar. For here, too, there i s  no general agree
ment. Al l  who deny, that the Earth l ies at the center th ink, that 
it revolves about the center, and not the Earth only, but, as we 
said before, the cou nter-Earth as wel l .  Some of them even con
sider it possible, that there are several bodies so moving, 
which are invis ible to us owi ng to the i nterposition of the 
Earth . This, they say, accounts for the fact, that ecl ipses of the 
Moon are more frequent than ecl i pses of the Sun :  for in  addi
tion to the Earth, each of these moving bodies can obstruct 
it. [8] Indeed, as in any case the su rface of the Earth is not actu
a l ly a center, but d istant from it a fu l l  hemisphere, there is no 
more difficulty, they th ink, in accounting for the observed facts 

ently than the Earth and the other five planets make their 
orbits around the st i l l -stand ing Sun. The Earth i s  as a rider 
who makes his way forward, the Moon i s  as a sna i l  or a bee, 
which buzzes arou nd the heads of the rider and h is  steed, 
sometimes in front, sometimes beh i nd,  or, as a dog is wont 
to do, mov ing  to and fro. If, thus, the Moon is an Earth ly  
p lanet, created to serve the Earth, J u p iter h as four of  these, 
Saturn two, as far as has been d iscovered with tel escopes 
thus far. And th is  is the reason why the o ld  Pythagoreans 
cal led the Moon the counter-Earth .  

But  i t  is in  nothing pecul iar of Aristotle that he speaks of the 
Pythagoreans here so .derogatori ly. They perhaps deserved it in 

on their view, that we do not dwe l l  at the center, than on the 
common view, that the Earth is in the m iddle. Even as i t  is, 
there is noth ing in the observations to suggest that we are 
removed from the center by half the d iameter of the Earth.[9] 
Others, again, say that the Earth, which l ies at the center, is 
"rol led", and thus i n  motion, about the axis of the whole heav
en. So it  stands written in the Timaeus.* 

I I I .  There are s imi lar d isputes about the shape of the Earth. 
Some th ink  i t  spherical, others that i t  i s  flat and drum
shaped.[1 0] For evidence, they bring the fact that, as the Sun 
rises and sets, the part concealed by the Earth shows a stra ight 
and not a cu rved edge, whereas if the Earth were spherical,  the 
l i ne of section would  have to be c i rcu lar. In  this they leave out . 
of account the great d i stance of the Sun from the Earth and the 
great size of the c i rcumference, which, seen from a d istance 
on these apparently smal l  c i rc les, appears straight. [l 1 ]  Such 
an appearance ought not to make them doubt the c i rcular 

• This remark of Aristotle's is typical of the caution which often accompanies 
his lies or· omissions: he did not write that what is written in the Timaeus is 
the view of Plato [ed.]. 

d iverse other respects, as for example that they ate no beans, and 
that they came to d iverse s i l ly  conclusions from the appearance, 
the form and the nature of beans; it is not pecul iar, I say, that 
Aristotle rejected this as an old wives' tale: another witty fel low, 
as strong as a tree, a phi losopher by the name of Cleanthes, who 
ch iefly c leared land and dug stumps, so that he could earn his  
bread with hard daily work and carrying water from the wel l ,  and 
now and then was even able to study, this man, I say, treated the 
poor Aristarchus sti l l  worse, indicted him before the Athenian 
heathen pope and priesthood, accused him of heresy, and 
demanded that he be punished by death because he supposedly 
d isplaced the goddess of idolatry, Vesta, from her altar.** For 

KEPLER V IRSUS ARISTOTLE 
Cardinal N icholas �f Cusa wrote that the Earth 

moved around the Su� in his  Of Learned Ignorance, 
7 437- 7 440. Pope (Clement VII and Cardinal 
Nicholas Schonberg kave thought to Copernicus' 
work in the 7530s. 1 Yet the Catholic Counter
Reformation, imbue� with the spirit of Aristotle, 
caught up with heftl·ocentrism and induced the 
Church to condemn it in 7 6 7 6. In 7 6 7 9, Kepler's 
works were placed Ion the Index of Prohibited 
Books-itself a product of the Counter-

. Vesta was thought to be the 
goddess of the Earth, which is 
her hearth, such as is bu i lt in 
the middle of every house, 
sacred and consecrated, and 
he who dishonors the hearth 
has sinned against the god. 
And since now Hearth meant 

Cardinal Bellarmine 
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Reformation. I 
The influential Card/ina I Robert Bellarmine of the 

Roman Inquisition, ski own here, played a key role 
in the condemnation. Bellarmine quoted the Bible 
to "prove" that the sqn, not the Earth, moved: The 
Sun "rejoiceth as a sf'0ng man to run a race. His 
going forth is from th

1
e end of the heaven, and his 

circuit unto the ends if it" (Psalms 1 9 :4-6). 
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•• Here, Kepler, a Protestant, is 
likening the rulers of Athens to 
the Roman Catholic pope and 
priesthood for polemical effect, 
calling to mind the Church's 
insistence on the Aristotelian 
cosmology. (Although Lutheran 
authorities generally concurred, 
they had less power.l Pro
testants charged Catholics with 
idolatry, so Vesta becomes the 
goddess of the Athenian idol
aters. Vesta was actually the 
ancient Roman goddess of the 
hearth. Her Greek equivalent 
was Hestia [ed.]. 



shape of the Earth. But they have another argument. They say 
that, because it is at rest, the Earth must necessari ly have this 
shape. For there are many different ways in  which the move
ment or rest of the Earth has been conceived. 

The d ifficulty must have occurred to everyone. It would 
indeed be a complacent mind that felt no surprise that, while a 
l ittle bit of Earth, let loose in mid-air, moves and wi l l  not stay 
sti l l,[1 2] and the more there is of it, the faster it moves, the 
whole Earth, free in  m id-ai r, should show no movement at 
a l l . [13] Yet here is this grea� weight of Earth, and it is at rest. And 
again, from beneath one of these moving fragments of Earth, 
before it fal ls, take away the Earth, and it wi l l  continue its down
ward movement with nothing to stop it.[1 4] The d ifficu lty then, 
has natura l ly passed into a commonplace of phi losophy; and 
one may wel l  wonder, that the solutions offered are not seen to 
involve greater absurdities than the problem itself. 

By these considerations, some have been led to assert, that 
the Earth below us is i nfi n ite, saying with Xenophanes of 
Colophon, that i t  has "pushed its roots to i nfi n ity,"-in order to 
save the trouble of seekiAg for the cause. Hence the sharp 
rebuke of Empedocles, in the words " if the deeps of the Earth 

Earth (or in old German Herthum) 
and Aristarchus said, that the 
Earth does not stand sti l l  as 
the Hearth does, and that it 
was also not the center 
of the universe, as the 
Hearth is at the center 
of the house, he had 
thus d isplaced the 
goddess from her 
Hearth, and thus 
committed blasphe
my. On account of 
this fear, and on 
account of the reputa
tion of Aristotle, who 
rejected this teaching 
(although he did not yet ful ly 
understand it), this teaching was 
suppressed, and particu lar ly 
because it was d ifficult to understand, it 
was nearly forgotten over the time of 1 ,800 years; and final ly 
there were no more Pythagorean phi losophers, among whom 
alone this teaching was to be fo�nd. In particular, th is teaching 
was significantly altered after Pythagoras, for after the bi rth of 
Christ, the Platonics also took it up. But they d id not rely upon 
the mere tradition of the ancients; rather, when they could not get 
into their heads the grounds for a Pythagorean conception, they 
simply left it out, which is presumably what happened with this 
point of the teaching about the movement of the Earth. 

5 For fire, u nderstand the Sun,  as above, and you wi l l  then 
see suffic ient reasons for th is .  The Sun is more beautiful 

than the Earth, the Earth i s  dark and cold, imparts noth ing to 

are end less and end less the ample aether-such is the vain 
tale told by many a tongue, poured from the mouths of those 
who have seen but l ittle of the whole." Others say the Earth 
rests upon water. Th is, indeed, is the oldest theory which has 
been preserved, and is attributed to Thales of M i letus. It was 
supposed to stay sti l l  because it floated l i ke wood and other 
s imi lar substances, which are so constituted as to rest upon 
water, but not upon a i r. As if the same account had not to be 
given of the water which carries the Earth itself! I t  is not the 
natu re of water, any more than of Earth, to stay in  mid-a i r :  it 
must have someth ing to rest upon. Again,  as air i s  l ighter than 
water, so is water than Earth : how can they th i n k, that the nat
ura l ly  l ighter substance l ies below the heavier? Again,  if the 
Earth as a whole is capable of float ing u pon water, that must 
obviously be the case with any part of it. But observation 
shows that this i s  not the case. Any piece of Earth goes to the 
bottom, the qu icker, the l arger i t  is. These th inkers seem to 
push their inqu i ries some way i nto the problem, but not so far 
as they might. It is what we are a l l  inc l ined to do, to d i rect our 
inqu iry not by the matter itself, but by the views of our oppo
nents: and even when i nterrogating oneself, one pushes the 

KEPLER'S H ELIOCENTRIC 
UN IVERSE 

Kepler sought to find the principle 
behind the organization of the solar 
system. In his Mysterium Cosmo
graphicum, published in 1 596, he 
shows the distances between the 
planetary orbits by inscribing them 
in ordered Platonic solids. The out
ermost sphere represents the orbit 
of Saturn; inside it is a cube sepa
rating the orbits of Saturn and 
Jupiter; next is a tetrahedron, sepa
rating the orbits ofjupiter and Mars; 
then a dodecahedron, icosahe
dron, and octahedron separate the 
orbit of Mars from those of Earth 
Venus, and Mercury, respectively. 
Thus, each of the Platonic solids is 
used. At the center is the Sun. 

the Sun;  the Sun, however, s h i nes u pon and warms the Earth, 
makes it fu l l  of l ife, i ndeed carries it around in the un iverse 
with its rays of l ight, just as a river carries a boat a long with 
it. For the Sun indeed stays in its position, but revolves, and 
we see every day, with and without a telescope, that the black 
spots in  the Sun shift a long the path which the Earth and a l l  
the Planets must run, a n d  qu icker than t h e  q u ickest; thus i t  i s  
obvious, that a l l  pl anets fol l ow the rays of  l ight movi ng ahead 
(th us leap ing forth out of the revolving Sun,  and turn ing with 
it) but never reach its velocity, the farthest, Saturn, the least, 
the closest, Mercu ry, the most. Thus if one perceives a hol low 
d isk, or i nstead only a c i rc le  drawn u pon a su rface, this  is an 
image of the Holy Tri n ity, the Center sign ifies God the Father, 
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inqu iry only to the point at which one can no longer offer any 
opposition. Hence a good inquirer wi l l  be one wno is ready in 
bri nging forward the objections proper to the genus, and that 
he wi l l  be when he has gai ned an understanding of a l l  the d if
ferences. 

Anax imi nes and Anaxagoras and Democritus give the fl at
ness of the Earth as the cause of its staying sti l l .  Thus, they say, 
it does not cut, but covers l i ke a l id the a i r  beneath it. This 
seems to be the way of flat-shaped bod ies: for even the wind 
can scarcely move them because of their power of resistance. 
The same immobi l ity, they say, is produced by the flatness of 
the surface which the Earth presents to the a i r  which underl ies 
it; whi le  the a i r, not having room enough to change its p lace 
because it is u nderneath the Earth, stays there in a mass, l i ke 
the water in the case of a water-clock. And they adduce an 
amount of evidence to prove that air, when cut off and at rest, 
can bear a considerable weight.[1 5] 

Now, fi rst, if the shape of the Earth is not flat, its flatness can 
not be the cause of its immobi l ity. But in  their own account, it 

the outer c i rc le  God the Son, and what is between them, the 
space which i s  the same around and same d ivergence of the 
c i rcle from the Center, is God the Holy Spirit, for, as no man 
may deny without denying the one Divine being, chal lenge 
what you wi l l  about the c i rc le, either that it has no middle 
point or center, or that it has no c i rcumference, or that there 
i's no eq ual ity of cu rvature of the c i rcu mference from the cen
ter, thus have you fool i sh ly  contradicted the entire circle, and 
a l l  three features together. As we a l low of an order among the 
persons, that the Father is the F i rst, the Son being the other 
person, for that reason that the Father is the Beg inn ing and 
both, Father and Son, send the Holy Spi rit; thus is there also 
order in the c i rc le, the center is the first and the begi nn ing, 
the c i rc le is what is created, and between the two of them, 
one measures first the cu rvature, whether i t  is everywhere the 
same; and when the point remains a poi nt, then it i s  no cir
cle, but as soon as it spreads out and becomes a c i rcle, then 
the c i rcle c i rcumscribes a space between the center and the 
c i rcumference. That i s  why the Pythagoreans justifiably 
thought, but in  their own l anguage, that the center i s  of 
greater dignity than that space which is in  between it and the 
c i rcu mference. Si nce a lso the Sun is the chief feature of the 
entire un iverse, as far as the spheres are concerned, indeed 
the heart, and the seat in which the l i fe of the universe natu
ra l ly  sh ines, and the l ight that is the decoration of the un i
verse, i t  deserves the central position, not  for the reasons that 
the Pythagoreans thought, that it is protected, but because it 
sends out its l ight u nchangeably and without any excess over 
time for the others un iformly in the entire un iverse. And it 
stands to reason, that the Pythagoreans ca l l  th is  element of the 
universe, when it is at its central position, Jup iter's guard, for 
J upiter had received the name of l i fe, pseus, of beginn ing, 
gea, and of l i ght, phaethon, for the reason that they d id  not 
mean fire as that which consumes externa l ly, but the Sun as a 
l iv ing creating fire, and the in nermost or the beg inn ing of a l l  
natura l forces. 
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is rather the size of the Earth than its flatness that causes it to 
remain at rest. For the reason is that the a i r  is so c losely con
fined, that it can not find a passage, and therefore stays where 
it is, because of its great amount;[1 6] and this amount is great, 
because the body which isolates it, the Earth, is very large. 
This resu lt, then, wi l l  fol low, even if the Earth is spherical, so 
long as it retains its size. So far as thei r  arguments go, the Earth 
wi l l  sti l l  be at rest.[1 7] 

In general, our quarrel with those who speak of movement 
in  this way, can not be confined to the parts: i t  concerns the 
whole universe. One must decide at the outset whether bod
ies have a natural movement or not, whether there is no natu
ral, but only constrained movement. Seeing, however, that we 
have a l ready decided this matter to the best of our abi l ity, we 
are entitled to treat our results as representing fact. Bodies, we 
say, which have no natural movement, have no constrai ned 
movement; and where there is no natural and no constrai ned 
movement, there wi l l  be no movement at a l l .  This is a con
clus ion, the necessity of which we have a l ready decided, and 

6 That in  a l iving body the heart is not exactly in  the middle, 
that is the reason for its needing feet to move and other such 

thi ngs, which the un iverse does not need: thus no reason can be 
conceived for the heart of the universe being anywhere else, than 
in the center. But that is a problem for Aristotle, for he thinks that 
one can see with one's eyes, that the Earth is in the center, so that 
what the Pythagoreans say is the heart of the world (which can 
not be the Earth) must be outside of the center point. But he is 
mistaken, because he had not a sufficient account of optics. 

What Aristotle says here, thus sounds as if he wanted to 
explain to the Pythagoreans, that they should not attribute to 
the element of fire, and thus also not to bodi ly  form, that which 
belongs to God, for God were the heart or centerpiece of the 
u·n iverse. Now, no one denies, that the Beginning is from God : 
But, as in a l iving being (th is  is also what Aristotle wants us to 
conclude), in add ition to the soul there is a lso a member that 
was consecrated to the sou l from the beginning, and would 
otherwise be usefu l for no work, namely the heart. Thus one 
would not deny that the Sun also is such an instrument of God, 
and therefore He wou ld have to accord it its fitting place. 

7 Aristotle uses the word center qu ite d ifferently than the 
Pythagoreans; they do not say that the Sun occupies the 

entire space c i rcumscribed by the outer stel lar  sphere, or even 
a large part of it; they mean the in nermost poi nt, which is tru ly 
the beginn ing of the c i rc le, which does not req u i re a bound
ary, but creates and forms the ci rcumference. And in  compar
ison with d ivine th i ngs, I do not take the space between the 
center and the c i rcumference as an image of the th i rd person, 
but solely the uniformity of the d ivergence of such a circum
ference from the center. Let it be conceded to Aristotle, that i n  
the c i rc le the circu mference has greater d ign ity than t h e  i nner 
space; the reasons he cites, however, which are taken from 
bod i ly  thi ngs, I do want to contest, for although there is more 
art in  the fence than in  the garden, more in  the barrel than the 
water, more in the cup than the ju ice it contains, yet the fence 



we have seen further, that rest a lso w i l l  be inconceivable, 
si nce rest, l i ke movement, i s  either natural or constrained. But 
if there is any natural movement, constraint wi l l  not be the 
sale principle of motion or of rest. If, then, it i s  by constraint, 
that the Earth now keeps its place, the so-cal led "wh ir l ing" 
movement by which its parts came together at the center, was 
also constrai ned. (The form of causation supposed they a l l  
borrow from observations of l iqu ids a n d  of a i r, i n  which the 
larger and the heavier bodies always move to the center of the 
wh irl . This i s  thought by a l l  those who try to generate the 
heavens to expl a in  why the Earth came together at the center. 
They then seek a reason for its staying there; and some say, in  
the manner explai ned, that the reason i s  its s ize and flatness, 
others, with Empedocles, that the motion of the heavens, mov
ing about it at a h igher speed, prevents movement of the Earth, 
as the water in a cup, when the cup is given a c i rcular  motion, 
though it is often underneath the bronze, is for this same rea
son prevented from moving with the downward movement 
which is natural to it.) But su ppose both the "wh ir l"  and its 

exists for the sake of the garden, the barrel for the sake of the 
water, and the cup for the sake of the j u ice. 

8 This is true, the Earth together with the Moon revolve 
around the Sun once each year. 

It can happen that, for example, a comet appears, one so 
large, and so close to the Moon, and so dark, that it casts shad
ows upon the Moon, and even deprives it of the l ight of the 
Sun. Even if this does not happen, there are reasons why lunar 
ecl i pses are more n umerous than the solar, so we do not 
require any special  reasons to expl a in  th is .  

9 Let i t  suffice to say, as large as one general ly makes the outer 
stel lar sphere with respect to the d iameter of the Earth, they 

make it just as large with respect to the entire circumference in  
which the Earth revolves around the Sun .  Accord ing to 
Archimedes, Aristarchus made it larger sti l l ,  as the center is to the 
circumference, so is the entire circumference of the orbits of the 
Earth with respect to the highest hol low sphere of the fixed stars. 

1 0 They mean, that one sees the Sun  over the su rface of the 
Earth, as if over a long round wave. 

1 1  Indeed, if we stood far away from the Earth, and the Earth 
seemed as large as, but not much larger than the Sun, this 

section would  have to be round, or if i t  were straight, the Earth 
wou ld a lso have to be straight along the same latitude. 

1 2 The Earth attracts it the way a magnet attracts i ron.  

1 3 To the contrary, there i s  noth ing else that the Earth 
attracts to itself. 

1 4 Completely wrong; they wou ld fal l  to the Earth, and on 
the same side, but if the Earth were too far away, they 

flatness (the air beneath bei ng withdrawn) cease to prevent the 
Earth's motion, where wi l l  the Earth move to then?  Its move
ment to the center was constrained, and its rest at the center i s  
due to constraint; but  there m ust be some motion which i s  nat
ural to it. Wi l l  th is  be upward motion or downward, or what? 
It must have some motion; and if u pward and downward 
motion are a l i ke to it, and the a i r  above the Earth does not pre
vent upward movement, then no more could a i r  below it pre
vent downward movement. For the same cause m ust neces
sari ly have the same effect on the same thing.  

Further, against Empedocles, there is another point which 
might be made. When the elements were separated off by 
Hate, what caused the Earth to keep its place? Surely the 
"wh ir l"  can not have been then also the cause. I t  i s  absurd, 
too, not to perceive that, whi le  the whir l ing movement may 
have been responsible for the origi na l  com ing together of the 
parts of Earth at the center, the question remai ns, why now do 
al l  heavy bod ies move to the Earth ? For the whir l  surely does 
not come near us. Why, aga in, does fire move u pward ? Not, 

wou ld remain suspended or fal l  together. 

1 5 If the a i r  had only an open pi n-hole, it wou l d  gradual ly 
shoot to the outs ide through this  hole if it were pressed 

by such a weight. 

1 6 Aristotle r idicu les them because they did not th ink  that 
air is in  open space a l l  around the Earth, not permitting 

itself to be trapped beneath the Earth. 

1 7 The conclusion here wou l d  be somewhat d ifferent, and I 
base my argument on it. It is true, if a th ing has no path 

of its own before it that it strives to travel ,  and when it has no 
inherent tendency to remain at rest in one place where it i s  
put, i t  can sti l l  not be sa id  that violence is done to it  from the 
outside when it is transported and moved. But a l l  corporeal 
th i ngs and the matter of a l l  th i ngs in the whole world are of 
this k ind, or rather of th is  dead pass ivity, that they are dumb 
and incapable of moving themselves from one place to the 
other, and must therefore l ive off of another, or be pul led from 
the outside and pushed, as wi l l  be shown in greater detail 
below. 

1 8 The Earth attracts such th i ngs as a magnet attracts i ron.  
Heavier air  d isplaces the l i ghter fi re, as water d isplaces 

bubbles which have to float above it, and this  occurs accord
ing to the weight, so that what Aristotle wants to argue does 
not fol low, that the Earth would have to have a part icular place 
toward which it strives. 

1 9 I . disti ngu ish l ight and heavy qu ite d ifferently. Heavy is 
that which has m uch Earth ly material of a certain densi

ty, but l ight is that which has either none, or only l ittle of this, 
for example, fire, heat, and so on. And this inc l udes the fact 
that both are close enough to the surface of the Earth, that they 
are gripped by its magnetic attraction . 
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surely, because of the whir l .  But  if fire is natu ra l ly such as to 
move i n  a certai n  d i rection, clearly the same way may be sup
posed to hold of Earth .[1 8] Again,  i t  can not be the whir l  
which determ ines the heavy and the l ight. Rather, that move
ment caused the pre-existent heavy and l ight things to go to 
the middle and stay on · the su rface respectively. Thus, before 
ever the whir l  began, heavy and l ight existed; and what can 
have been the ground of their d istinction, or the manner and 
d i rection of their natural movements? In  the infi n ite chaos, 
there can have been neither above nor below, and it is by 
these that heavy and l ight are determ ined . [1 9] 

It is to these causes that most writers pay attention: but there 
are some, Anaximander, for instance, among the ancients, 
who say, that the Earth keeps its place because of its ind iffer
ence. Motion u pward and downward and sideways were. a l l , 
they thought, equal ly inappropriate to that which is set at the 
center and indifferently related to every extreme point; and to 
move in contrary d i rections at the same time was impossible; 
so i t  must · needs remain  sti l l .  This view is ingenious but not 
true. The argument would prove, that everythi ng, whatever it 
be, which is put at the center, must stay there. F ire, then, wi l l  

20 In  my opin ion, th is  is easy 
to solve:  I a lso c la im in the 

same way, not only of the center, 
but of any position, that that 
which is p laced in  i t  is a dead 
body if it i s  not drawn by some
thing outside of itself; i t  wi l l  not 
move of its own, just for the very 
reason that it is dead, or is inert 
and has no tendency of its own. 

2 1 The issue here is Aristotle's 
own opinion: but he makes a 

fundamental mistake when he 
thinks, that we see that the Earth is 
tru Iy in the center and that it strives 
to that place. We do not see this at 
a l l .  We do, indeed, see that the 
Earth could not be far away from 
the center of the heaven on 
account of the immeasurably great 
breadth of the heaven. But it does 
not fol low from that, that the Earth 
is actual ly 'at the center. Here our 
eyes see far too l ittle to be able to 
distinguish how far away we truly ' 
are from that place of the starry 
heaven. It is merely something we 
bel ieve, each of us, that he is the 
center of the world, and the only difference between what we 
bel ieve and what Aristotle bel ieves is some 800 mi les, at least. If 
we can make such a mistake, he can make a much greater one, 
1 ,200 times more. Moreover, the theory of Aristotle is also not 
correct, when he says that where a piece falls, to that place the 
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rest at the center[20] : for the proof turns on no particu lar  prop
erty of Earth. But this  does not fol low. The observed facts about 
Earth are not only, that it remains at the center, but also, that it 
moves to the center. The place to which any fragment of Earth 
moves, must necessari ly be the p lace to which the whole 
moves;[2 1 ]  and in  the p lace to which a th i ng natu ra l ly  moves, 
it wi l l  natura l l y  rest. The reason theR is not in the fact that the 
Earth is indifferently related to every extreme point: for th is  
wou ld apply to any body, whereas movement to the center is 
pecu l iar to Earth. Again, .  it" is absurd to look for a reason why 
the Earth remains at the center and not for a reason why fire 
remains at the extremity. If the extremity is the natural p lace of 
fire, clearly Earth must a lso have a natural place.[22] But sup
pose that the center is not its p lace, and that the reason of its 
remain ing there is th is  necessity of ind ifference-on the anal
ogy of the hair which, it is said, however great the tension, wi l l  
not break u nder it, if i t · be  evenly d istri buted, or  of  the man 
who, though exceed i ngly h ungry and th i rsty, and both equal
ly, yet being equ id istant from food and dr ink, is therefore 
bound to stay where he is-even so, It sti l l  remains to expla in 
why fire stays at the extrem ities. It is strange, too, to ask about 

COPERNICUS' 
WORLD SYSTEM 

Kepler praised Copernicus 
(7 473- 7 543) for having 
freshly reconceived the 
necessity of the heliocentric 
system-for which the 
heliocentric ideas of the 
ancients, in themselves, are 
no substitute. Yet 
Copernicus' system was 
largely a geometrical 
rearrangement to make the 
system work, not a truly 
scientific investigation. For 
Copernicus and Cali/eo, for 
example, it was unthinkable 
that planetary orbits might 
not be circular. Here, a 
detail from Copernicus' first 
work, the Commentariolus 
(Little Commentary), written 
before 7 5 7 4 and circulated 
in a few manuscript copies. 

. Source: Rossmann, ed., 1 948 

whole wi l l  also fal l  if it were in the same place. Indeed, if it were 
certain  that such a piece desired to be at a particular position, 
and on its own account, and not because the whole desired it. 
But that is not demonstrated here. For we read i ly  see that a piece 
of Earth wi l l  fal l  upon the whole Earth. But whether it fal ls 



things staying sti l l  but not about their motion-why, I mean, 
one thing, if noth ing stops it, moves up, and another thing to 
the center.[23] Again,  thei r  statements are not true. It happens, 
indeed, to be the case, that a th ing to which movement this 
way and that is equa l ly  inappropriate, is obl iged to remain at 
the center. But, so far as thei r  argument goes, i nstead of 
remain ing there, it wi l l  move, on ly not as a mass, ,but in frag
ments.[24] For the argument appl ies equal ly  to fire. F i re, if set 
at the center, should stay there, l i ke Earth, si nce it wi l l  be indif
ferently related to every point  on the extremity. Nevertheless it 
wi l l  move, as, in fact, it a lways does move when noth ing stops 
it, away from the center to the extremity. It wi l l  not, however, 
move in a mass to a s i ng le point on the c i rcumference-the 
only pO,ssible result  on the l i nes of the indifference theory
but rather each correspond i ng portion of fire to the correspon
ding parts of the extremity, each fourth part, for instance, to a 
fourth part of the c ircumference. For si nce no body is a point, 
it wi l l  have parts. The expansion, when the body increased the 
place occupied, wou ld be .on the same pri nciple as the con
traction, in  which the place was d i m i n ished. Thus, for a l l  the 
indifference theory shows to the' contrary, Earth wou ld also 

because of the presence of the whole, or because of the position 
in which the whole is placed, is sti l l  in doubt among the parties. 
But beyond th is dispute, my view is correct that a weight wi l l  fal l  
upon the ground beneath it on account of the ground and the 
Earth itself, and not on account of the position of the Earth. 

22 What he intends to say is, that if one attributes to each 
creature of nature that a particular position is appropriate 

to this creature, a position toward which it strives, and that it 
should remain at that position once it has reached it, then one 
ought to be able to draw further conclusions in  that way con
cern ing fire and Earth and a l l  creatures. But if one give as the 
reason why the Earth remains in  its position, that it is equal ly 
distant from al l  other positions, then this  has noth ing in  partic
ul ar ,to do with the Earth, because one might say that of any 
creature, si nce not every creature remains in such a position as 
is equal ly d istant from a l l  others. As an example, accordi ng to 
Aristotle, fire has its own appropriate position, that is; at that 
point of the outer c i rcumference from which there is a much 
greater d istance to the opposing end of the c i rcumference than 
to the next segment of the c ircumference adjacent to it. But 
accord ing to Aristotle, those scientists d id not th ink  of this, who 
also say the same thing about fire, but only argued this ridicu
lous excuse on account of the Earth remain ing sti l l .  

Now, I a m  a s  l ittle satisfied with Aristotle, when he th inks it 
is suffic ient to have asked why the Earth remains at the c�nter 
of the world, and to answer, that nature assigned this position 
to it. For i t  is entirely uncertain,  and not conceded by me, that 
the Earth is in the middle of the world;  and were it so, i t  would 
be so indeed on account of  nature, but  i n  the same way that 
a l l  things are on account of nature. But s ince one is not satis
fied to know that th ings are according to nature, but one asks 
why they are that way and not some other way; and what 
means nature used to bring this  'about. 

have moved in  this man ner away from the center, un less the 
center had been its natural place. [25] 

We have now outl ined the views held as to the shape, posi-
tion, and rest or movement of the Earth. 

' 

Chapter 1 4  (296a24, ff.) 

Let us first decide ,the question whether the Earth moves or is 
at rest. For, as we said, there are some who make it one of 

the stars, and others who, setting it at the center, suppose it to 
be "rol led" and in motion about the pole as axis. That both 
views are untenable wi l l  be c lear if we take as our starting point 
the fact that the Earth's motion, whether the Earth be at the cen
ter or away from it, must needs be a constrained motion. I t  can 
not be the movement of the Earth itself. If i t  were, any portion 
of it would have this movement; but in fact every part moves in  
a stra ight l i ne to the center. Bei ng, then, constrained and u nnat
ural ,  the movement cou ld not be eternal .  But the order of the 
un iverse is eternal .[26] Again, everything that moves with the 
circular movement, except the first sphere, is observed to be 
passed, and to move with more than one motion. The Earth, 
then, also, whether it move about the center or i s  stationary at 

23 Beneath and in the middle of the whole world are to h im 
places where a th i ng may be, but not  to me.  A th ing may 

be beneath and in the middle of the Earth, but this  has noth
ing to do with the center of the ent i re un iverse. 

24 The center is only a point, but creatures are endowed 
with body, which occupies a space. On that account 

alone, it is, of course, true that no th ing can be at the center, 
or at a point, but it d i stributes a l l  parts of its body around such 
a poi nt, and all of its parts are outside the center, some c loser, 
some nearer than the others. Therefore the presumed reason 
why the parts would remain sti l l ,  does not exist. 

25 For a scientist i t  i s  not at a l l  suffic ient that Aristotle 
argues here, with mere words, that the Earth remains at 

the center of the u n iverse for the sole reason, that its nature 
strives toward that position; rather, I would a lso l i ke to know 
why that is so, by what means the Earth or its natu re cou ld  fi nd 
and reach this place. And then, how can the Earth,

' 
or its 

nature, notice, know, and seek the center of the u n iverse, 
which is only a poi nt-and then move itself to that position? 
The Earth is no hawk and the center of the .u n iverse i s  no l ittle 
bird, it is also not a magnet which d raws the Earth to itself, for 
it has no body, and thus has no such force. The Earth being 
itself a very large body, ·i t  wou ld draw all other bod i ly  crea
tures toward itself with a magnetic force, 'but some more than 
others, water more than a i r, and air more than fire, from which 
it wou ld fol low that, s i nce water, a i r  and fire are fl u id  th i ngs, 
which avoid each other and d i stribute themselves everywhere, 
that fire would let the a i r  flow beneath it or be pul led above it, 
and air would a l low itself to be driven over itself by water, 
which wants to be beneath. These are a l l  th i ngs which the 
Earth does, with its magnetic attraction.  But a s ingle poi nt, 
which has no body, and is a lso no quantity, such a thing can 
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it, must necessari l y  move with two motions. But if this were so, 
there wou ld have to be passings and turni ngs of the fixed stars. 
Yet no such thing is observed . The same stars always rise and 
set in the same parts of the Earth.[27] 

Further, the natural movement of the Earth, part and whole 
a l i ke, is to the center of the whole-whence the fact that it is 
now actual l y  situated at the center-but it might be ques
tioned, si nce both centers are the same, which center it is 
toward which portions of Earth and other heavy thi ngs move. 
Is th is  their goal because it is the center of the Earth, or 
because it is the center of the whole? The goal, surely, must be 
the center of the whole. For fire and other l ight thi ngs move to 
the extremity of the area which contains the center. It happens, 
however, that the center of the Earth and of the whole, is the 
same. Thus they do move to the center of the Earth, but acci
denta l ly, in v i rtue of the fact, that the Earth's center l ies at the 
center of the whole.[28] That the center of the Earth is the goal 
of their movement, is indicated by the fact, that heavy bodies 
moving towards the Earth do not move paral lel  but so as to 
make equal  angles, and thus to a s ingle center, that of the 
Earth. I t  i s  clear, then, that the Earth must be at the center and 
immovable, not only for the reasons already given, but also 
because heavy bodies forcibly thrown qu ite straight upward, 

not do these th ings. For these reasons, and-were I of the 
opin ion that the Earth remains sti l l-I wou ld want to explain 
this by saying that it remains in the center of the universe 
because it was put there from the begi nn ing, but that it had no 
l iv ing and moving power to be able to move itself from that 
p lace where it was put, and there wou ld be nothing outside of 
it which could move it from this place, or to another place. 
Against th is argument Aristotle has sti l l  said noth ing. For I am 
not of the opin ion, that the Earth stands sti l l ,  but rather am cer
tain of the view held by astronomy, that it not only itself 
revolves, which revol utions take each one day, but also 
changes its position and contin uously moves in a large orbit 
among the other planets, and each of these revol utions takes 
one year: So in l ight of what was said before about its stand
ing sti l l ,  it further possesses something spiritual, l i ke a sou l in  
a body, by means of  which force it rotates, and there is also a 
magnetic force necessary, by means of which it is moved in its 
orbit, which force is rooted in· the very large body of the Sun, 
from which it flows out into the u n iverse and takes hold of a l l  
the planets, and, as it reaches each one, drives i t  around in  its 
orbit, in which path the Sun itself, being its source, rotates. 

26 These two views are held nowadays by a l l  properly 
grounded astronomers, except that it does not rotate in  

the middle of  the un iverse, as  the Sun does, but  in its orbit or 
its own heaven, and moves forward, al most l i ke a bal l which 
one pushes toward the bowl ing pins. To this I therefore answer, 
the rotation is caused by an in ner reason, but that the Earth also 
moves forward has its reason outside, that is, from the magnet
ic force of the Sun.  Although the rotation has an inner reason, 
this reason is not laid into the stuff or the material, such that 
each part is of such material, so that every piece of Earth would 
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return to the point from which they started,[29] even if they 
are thrown to an infi n ite d i stance. From these considerations, 
then, it is clear, that the Earth does not move and does not l ie  
e lsewhere than at  the center. 

From what we have said, the explanation of the Earth's 
immobil ity is a lso apparent. If it is the nature of Earth, as obser
vation shows, to move from any poi nt to the center, as of fire 
contrariwise to move from the center to the extremity, it is 
impossible, that any portion of Earth should move away from 
the center except by constraint. For a s ingle th ing has a s ingle 
movement, and a s imple thing a s imple:  contrary movements 
can not belong to the same th ing, and movement away from 
the center is the contrary of movement to it. If, then, no por
tion of Earth can move away from the center, obviously sti l l  
less can the Earth a s  a whole so move. For i t  i s  the nature of 
the whole to move to the point to which the part natura l ly 
moves. S ince, then, it would req u i re a force greater than itself 
to move it, it must needs stay at the center.[30] This view is fur
ther supported by the contributions of mathematicians to 
astronomy, si nce the observations made as the shapes change 
by which the order of the stars i s  determined, are fu l ly  
accounted for on  the  hypothesis, that the Earth l ies at  the cen
ter. Of the position of the Earth, and of the manner of its rest 

have to have this nature in it, but rather as the moving power 
of the sou l l ies in each person's body, it does not fol low, that 
every piece of fingernai l ,  ear, nose, finger, or hand must also so 
move as the whole body moves on account of the power of its 
sou l ;  this is also the situation with the Earth as a whole and its 
moving force, and with the Earthly creatures, stone, wood, and 
the l i ke. Now as concerns this movement, coming from the 
inner force of the Earth, indeed it real ly struggles to move 
against its inertia and overcomes it, as was said above, so there 
is no reason to th ink it as an unnatural compulsion. The heart 
is also loath to move, as far as its flesh is concerned, but the l iv
ing force which is in it moves and makes this fleshy part beat 
incessantly, so that it pumps 1 00,000 times each day, and that 
over 60 or 70 or 80 years, so that with in  a human being over 
his l i fespan, the heart beats 1 ,000 times more than the Earth 
revolves· i n  6,000 years. When a boy spins a top, how many 
times does it spin around before it fal ls over, si nce then the 
movement enters from the outside, and the moving force has to 
fight mighti ly not alone with the inertia of the wood of the top, 
but also with its weight, which pu l l s  the top down, against 
which the motion must maintain  it upright, l i kewise with the 
unevenness of the rough ground upon which the point always 
strikes and catches, and necessari ly encou nters friction. Why 
then wou ld not the inner force of the Earth become so great, 
that it be the sole reason for this rotation, overcoming inertia so 
completely, to a certain  extent as a consequence of the veloci
ty of the rotation, and why wou ld not such a movi ng force 
become implanted in the Earth, remain ing in it both eterna l ly 
and unceas ingly, and having effect as if the matter or the Earth 
were eternal and indestructible? If our body were indestructi
ble, the sou l is so constituted, that it wou ld never leave the 
body, for the sou l is immorta l .  



or movement, our d iscussion may here end.[3 1 ]  
Its shape must necessar i ly  b e  spherica l .  For every portion of 

Earth has weight unt i l  it reaches the center, and the jostl ing of 
parts greater and smal ler wou ld bring about not a waved sur
face, but rather compression and convergence of part and 
part unti l the center is reached. The .process should be con
ceived by supposing the Earth to come into bei ng in the way 
that some of the natural phi losophers describe. Only  they 
attribute the downward movement to constraint, and it is bet
ter to keep to the truth and say, that the reason of this motion 
is, that a thing which possesses weight, is natura l ly  endowed 
with a centripetal movement.[32] When the m i xture, then, 
was merely potential ,  the th ings that were separated off, 
moved s im i larly from every side toward the center. Whether 
the parts which came together at the center were d istri buted 
at the extrem ities evenly, or in some other way, makes no d if
ference. If, on the one hand, there were a s imi lar movement 
from each quarter of. the extrem ity to the s i ngle center, it is 
obvious, that the resu lt ing mass wou ld be s im i la r  on every 
side. For if an equal  amount is added on every s ide, the 
extremity of the mass w i l l  be everywhere equ id istant from its 
center, that is, the figure wi l l  be spherica l .  But neither w i l l  it 
in any way affect the argument if there is not a s i m i lar  acces-

2 7 Answer: we astronomers prove, that the fixed stars, one 
way or the other in  huma n  conceptions, must a lways 

rise at one place on the Earth, whether the Earth stands sti l l  or 
rotates on its axis and orbits around the Sun .  And it seems, 
moreover, that Aristotle d id  not study h i s  astronomy very wel l ,  
a s  in  o u r  times Joseph Sca l iger h a s  a lso l ost h i mself in  i t .  F i rst 
of a l l , it does not fol low, that because this  star is passed, it 
must have two movements. For this  on ly holds i n  reckoning by 
the Sun, which wou ld a lso be thought of as if it went from set
ting to r is ing. Second, we astronomers demonstrate, that such 
planets as are passed do not have two movements, but that the 
orbit in  which one does not, in our opi n ion, fol low the other, 
is only an apparent movement, and it seems that way, because 
the Earth moves around with us, whereas we th ink  that the 
stars, in  addition to thei r  own orbits, a l so move in the orbit of 
the Earth . Thus we have good reason to turn Aristotle's own 
argument against h i m, s ince: if the Earth revolved, one would 
have to assume, that a l l  stars which tru ly have only one orbit, 
wou ld seem as if they had many orbits, and one of them 
wou ld always remain beh ind .  But this  is exactly what hap
pens, and therefore the Earth has one orbit. Th ird,  it does not 
fol low that, if a l l  other planets are passed, that this must also 
be the case with the Earth as wel l .  For if they had their own 
orbits from their r is ing toward their sett ing, they wou ld always 
be running ahead, and wou ld a lso leave the fixed stars beh ind 
them. It fol lovys much less, that if the Earth had two orbits, the 
stars wou ld therefore set for awh i l e  toward H u ngary, then for 
awh i le toward Spain;  for when astronomers say that a star, or 
even the Earth, has two orbits, they do not mean by that two 
orbits such that one revolves around the other, the one for 
itself, and the other beh ind it; i nstead they mean two orbits, 
such that the one does not preclude the other, but both move 

sion of concu rrent fragments from every s ide.  For the greater 
quantity, fi nd ing a lesser in front of it, must necessari l y  d rive 
it on, both having an impulse whose goal is the center and the 
greater weight dr iving the lesser forward t i l l  th i s  goal is 
reached. In this we have a lso the sol ution of a possible diffi
cu lty. The Earth, i t  m ight be argued, is at the center and spher
ical in shape; if, then, a weight many t i mes that of the Earth 
were added to one hem isphere, the center of the Earth and of 
the whole wi l l  no longer be coinc ident. So that either the 
Earth w i l l  not stay sti l l  at the center, or if i t  does, i t  wi l l  be at 
rest without having its center at the p lace to which it is sti l l  its 
nature to move. Such is the d ifficu l ty. [33] A short considera
tion wi l l  give us an easy answer, if we first give precis ion to 
our postu late, that any body endowed with weight, of what
ever size, moves towards the center. Clearly, it wi l l  not stop 
when its edge touches the center. The greater quantity must 
preva i l  u nti l the body's center occupies the center. For that i s  
the goal of  its impu lse. Now, it  makes no difference whether 
we apply this to a c lod or common fragment of Earth or to the 
Earth as a whole. The fact ind icated, does not depend upon 
degrees of s ize, but appl ies u n iversa l l y  to everyth i ng that has 
the centripetal impu l se.  Therefore, Earth in motion, whether 
in  a mass or in  fragments, necessar i ly  cont inues to move unt i l  

in  continuous, un i nterrupted motion, mixed together. 

28 Answer: Here everything depends u pon whether the 
stone fal l s  toward the center of the un iverse or to the 

middle of the Earth. I say, that it does not fa l l  to the middle of 
the universe, but to the center of the Earth. One sees the rea
son for this :  The Earth draws such heavy th i ngs toward it the 
way a magnet draws the i ron, and there is no evident reason 
why the Earth should be interested in a l ittle point, which has 
neither body nor force. 

But what Aristotle cites as proof about fire, this is not tenable :  
F ire does not desire to move upward into the heavens; rather i t  
flees a l l  c loseness, for i t  must have room, and expands a l l  moist 
things; besides, it flees a i r, which i s  much heavier than it is. And 
once it gets out where there is room, there it  remains, and goes 
no farther. But it is sti l l  u ndecided whether fire moves from the 
center points of a l l  [particu lar] things in  a straight l i ne outward 
toward the most d istant poi nt, or whether its fl ight is d i rected 
toward the center of a l l  th ings: If, on the one hand, it a ims pre
cisely at the center [of a l l  th ings],  th is  happens only acciden
tal ly, for, on the other hand, its fl ight is then going straight for 
the center point whi le the Earth is outside this center. 

29 That a l l  th ings fal l  in the d i rection below themselves from 
where they are thrown, is the result of the attractive force 

of the Earth, and th is is not in the center, but in the entire body, 
and those parts of the Earth pu l l  most strongly, which are closest 
to the stone which is thrown : it thus pul ls  them in flight around 
with itself, for it pu l l s  them toward itself by the shortest path. 

30 For a thing to stand sti l l  or remain where it is, it is not 
necessary, that the th i ng be so constituted as to move to 
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it occupies the center equa l ly  every way, the less being forced 
to equal ize itself by the greater owing to the forward drive of 
the impulse .  

If the Earth was generated, then, i t  must have been formed in  
th is  way, [34] and so clearly its generation was spherical; and if 
it is ungenerated and has remained so always, its character 
must be that which the in itial generation, if it had occurred, 
would have given it. But the spherical shape, necessitated by 
this argument, fol lows also from the fact, that the motions of 
heavenly bodies always make equal angles, and are not paral
le l .  This would be the natural form of movement towards what 
is natural ly  spherica l .  And it is right to cal l  anyth ing by a name 
denoting what nature intends it to be, and which belongs to it, 
rather than that which it is by constraint and contrary to nature. 
The evidence of the senses further corroborates this. How else 
would ecl i pses of the Moon show segments shaped as we see 
them? As it is, the shapes which the Moon itself each month 
shows are of every kind-straight, gibbous, and concave-but 
in ecl ipses the outl ine is always curved : and, si nce it is the 
interposition of the Earth that makes the ecl i pse, the form of this 
l i ne wi l l  be caused by the form of the Earth's surface, which is 
therefore spherical .  Again, our observations of the stars make it 
evident, not only that the Earth is c i rcu lar, but also that it is a 

the place where it stands sti l l ;  it is sufficient that it is not fit to 
move by itself; if a thing exists, and a lso has noth ing to move 
it, it wi l l  remain i n  the place where it is put. And the Earth 
would have remained where it was put, un less there were 
someth i ng which moves it. 

3 1  This does not fol low: It is possible to explain the first part 
of astronomy, concern ing day and n ight, summer and 

wi nter, the rising and setting of the stars, by such a heaven in 
which the Earth is at the center, and thus at the center of the 
un iverse. It is possible to explain a l l  of this and sti l l  more, 
however, if the Earth revolves outside the center of the uni
verse, and furthermore, one can not explain the second part of 
astronomy, concerning the particu lar orbits of the planets, as 
wel l  and as perfectly, if the assumption is made, that the Earth 
stands sti l l ,  instead of assum ing, that it makes its yearly revo
l ution around the Sun, but, thirdly, the reason why it is so easy 
for people to understand the fi rst part of astronomy if the Earth 
is assumed to stand sti l l ,  is that our face is on the su rface of the 
Earth. Anyone must concede that, if we were on the Moon, we 
wou ld just as soon bel ieve, that the Moon stands sti l l ,  and we 
wou ld then develop astronomy in  another way. 

32 Aristotle claims to prove that the Earth is round,. because 
he assumes it is at the center of the universe, so that a l l  

heavy thi ngs have fal len toward i t .  But I can make much bet
ter use of h is  own argument if the Earth is not at the center of 
the universe, and if heavy materials did not fa l l  toward it. I do 
that in the fol lowi ng way: weight is nothing but the magnetic 
attraction of the Earth. Now, assume that the Earth is a soft, 
fl u id heap; it wou ld  shrink together i nto a sphere, just as water 
droplets and mercury become spherical .  For the more mass 
there is, it pu l l s  the lesser toward it, which is further distant, 
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circle of no great size. For qu ite a sma l l  change of position to 
south or north causes a manifest a lteration of the horizon. 
There is much change, I mean, in  the stars which are overhead, 
and the stars seen are different, as one moves northward or 
southward. Indeed, there are some stars seen in  Egypt and in 
the neighborhood of Cyprus, which are not seen in  the norther
ly regions; and stars, which in the north are never beyond the 
range of observation, in those regions rise and set. A l l  of which 
goes to show not only, that the Earth is c i rcular in shape, but 
also that it is a sphere of no great size: for otherwise the effect 
of so sl ight a change of place wou ld not be so qu ickly appar
ent. Hence one shou ld  not be too sure of the incred ibi l ity of the 
view of those who conceive, that there i s  conti nu ity between 
the parts about the p i l lars of Hercules, and the parts about 
Ind ia, and that in this way the ocean is one. As further evidence 
in favor of this, they quote the case of elephants, a species 
occurring in each of these extreme regions, suggesting that the 
common characteristic of these extremes is explained by thei r  
continuity. Also, those mathematicians who try to calcu late the 
size of the Earth's c i rcumference, arrive at the figure 400,000 
stades.[35] This ind icates not only that the Earth's mass is 
spherical in shape, but a lso that as compared with the stars, it 
is not of great size. 

and it  does this aga in  and aga in  unt i l  it becomes a sphere. 
Were the Earth a soft f lu id when it  was young, it would have 

taken on a round shape a l l  of its own .  But had it been created 
hard, its Constructor wou ld  have had to cut off its edges a l l  
around, but  if He had wanted it to  be round from the start, He 
wou ld have used water, and wou ld not have let it be dry and 
fu l l  of edges and without water. So He wou ld rather have had 
it round from the start. 

33 I deal with the question with the example of two 
u nequal magnets: Let them be put into two sma l l  boats 

and let them swim around in a large vesse l .  They w i l l  move 
towards each other, the stronger moving less, the weaker 
more. But if one puts them together from the start, neither of 
them w i ll push the other from its position . We can speak thus 
of two Earths, because each of them in  itself (beyond its mov
ing power or sou l )  is a dead heap, which can not move itself, 
but alone only has the attraction of magnetic force. If one then 
places two Earths next to each other, neither would move from 
the position in which it was put. The reason is, that they do not 
seek the place, as Aristotle wou ld have it, but only the [other] 
body. It wou ld  indeed happen that everyth ing free to move on 
the smal ler one, wou ld fal l  upon the larger one, and thus the 
smal ler one would surely be denuded on one side. 

34 Notice that Aristotle is so strongly convinced, that there 
was a beg inn ing to the world, that he then adds to the 

[idea of the possible] eternity of the world, that it is sti l l  formed 
as if it had a beg inn ing. Thus the one that provides form is 
more noble than another that does not have its form in itself. 

35 That would be 1 0,000 mi les, counting 40 stad ia  for one 
mi le; that is surely about one-half too large. 



AFTERWORD 

The Context of Kepler's 
Attack on Aristotle's Lie 
by George G regory 

W
hen Aristarchus of Samos-Samos where 
Pythagoras was born-pu bl ic ly  propound
ed and demonstrated that our p lanetary sys

tem is hel iocentric, that the planets revolve around the 
Sun, a fol lower of Aristotle, Kleanthes, denounced h im 
before the rei igious court of  Athens for comm itting 
blasphemy agai nst the goddess G aia, by "shift ing her 
hearth" from its proper center. Johannes Kepler, in  h is  
refutation of Chapters 1 3  and 1 4  of Aristotle's Peri 
Ouranou, or On the Heavens-genera l ly  known under 
its Lat in  title Oe Caelo-poi nts out that what 
Aristarchus proc l a i med was known to the 
Pythagoreans much earl ier, but that u nder the politi
cal-rel ig ious threat of the c u l t  of G a ia, the 
Pythagoreans felt compel led to use a vei l ed language 
to describe their teachi ng. From Aristarchus onward, 
however, what the Pythagoreans said in vei led form, 
was perfectly c lear. 

Kepler ins isted that Aristotle was to be held person
a l ly  responsible for the fact that it was not u nt i l 
Copern icus, that the ancient Pythagorean knowledge 
cou ld once again  be understood . Kepler m ight have 
added, however, that Pl ato a lso knew what the 
Pythagoreans knew, but he a lso wrote in  a manner 
usual ly thought to be vei led. 

Kepler's deta i led refutation of the sections of Peri 
Ouranou that he chose to translate, i s  suffic iently clear 
and enterta in ing to need hard ly  any commentary. The 
context, however, in which Kepler accused Aristotl e  of 
having sabotaged science for some 2 ,000 years, down 
to his own ti me, is worth a remark or two, particu larly 
s ince it  i s  on that issue that scholars have attempted to 
blunt Kepler's authority. 

As the reader w i l l  notice, i n  point 4 of h i s  refuta
tion, Kepler c la ims that it was a combination of the 
fear of the Cul t  of Mother Earth (Gaia) and the repu
tation of Aristotle, which served to obfuscate anc ient 
Pythagorean knowledge for so long. In making th is 
po int, which i s  objectively-h istorica l ly accu rate, 
Kepler, too, seems to h ave spoken " i n  a vei led way." 
He might as eas i ly  have said, that the " reputation" of 
Aristotle served the pol it ical-cu l t  authority of the Cul t  
of Ga ia, and, i ndeed, that  the "reputation" of 
Aristotle itself was feared . Aristotle's reputation was 

The Vatican Museum 

The centuries of conflict, between underlying A ristotelian and 
Platonic principles of knowledge, is recognized in The School of 
Athens, by Raphael Sanzio, in which Aristotle and Plato are central, 
as seen in this detail. Kepler was firmly on the side of Plato. This 
mural, painted in 1 5 1 0- 1 5 1 1, is one of several by Raphael in the 
Stanza della Segnatura in the Vatican. 
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authoritative i n  Kepler's d ay, and there were pol it ical and 
rel i gious reasons for the den unciation of Aristarchus.  It was 
an act of considerabl e  cou rage to say so. 

Kepler wrote further in a vei led way. In a parenthetical 
remark, he grac iously conceded that Aristotle might have 
been ignorant. Another poss ib i l ity is that Aristotle was not 
ignorant, but chose not to write what h i s  knowledge actual
l y  was. But was this  combination of Aristotle's reputation and 
the i nterests of the Cu lt of Gaia merely a magical coinci
dence of h i story? If it was not a coincidence, then either 
Aristotle's poss ib le ignorance was used and provided with 
the status of pol it ical-cu l t  authority by the Cul t  of Gaia, or 
Aristotle was not ignorant at a l l ,  and he knew that he was 
conced i ng the authority of a pol it ical  cu l t  when he wrote 
Peri Ouranou. On that poi nt, Aristotle may be fru itfu l ly com
pared with P lato. 

I t  i s  a most pecu l i a r  feature of Peri Ouranou that Aristotle 
nowhere attempts to exp l a i n  the orb its of what the G reeks 
cal led the "wandering stars," that is, the p lanets (planetos = 

wandering) .  Such a gaping hole i n  a work on astronomy is  
a l l  the more asto n i s h i ng, s i nce the Athen ian Stranger i n  
Pl ato's d i a l ogue, The Laws,' does speak about "one and 
eternal c i rcu la r  paths" of the p lanets (822a6-7, mian aei 
kukl6i diexerchetat) .  

Aristot le must have known The Laws, a n d  he certa in ly  knew 
correspondi ng, relevant passages in The Republic. So why 
does Aristotle say noth ing at a l l  about the movement of the 
planets? 

The Athenian Stranger in The Laws (82 1 a ff.) explains why 
Aristotle says noth ing on this issue. He a lso hesitates (dramat
ical ly) to speak about it, because it is a rel igious issue, and a lso 
a pol itical issue. "What I am trying to say, I know, is startl ing, 
and might be thought u nbecoming in a man of our years, but 
the plain truth is that a man who knows of a study which he 
bel ieves exalted, true, beneficial  to the commun ity, and per
fectly acceptable to the god, s imply cannot refrai n  from cal l
ing attention to it." The question is not only what is true about 
the planets, but also what the god l i kes to hear about such 
thi ngs, and whether i t  is useful for the c i ty that the truth be said 
and a lso taught to the youth. 

From the vantage poi nt of the su rface of the Earth, one 
looks up into the n ight sky and observes the p lanets moving 
every which way; as the Stranger's partner in  d iscou rse, 
C l in ias, affirms (82 1 c 1 ) .  Not only do they man ifest apparent
ly chaotic movements when viewed from the su rface of the 
Earth (movements which the l ater Ptolemaic epicycles 
attempted to resolve i n  good Aristotel ian fash ion, mainta in ing 
the Earth at the center), but, as the Athenian Stranger also 
points out (822b), the s lower planet even seems to be the 
faster one.2 

Accord ing to the popular G reek view, the planets were 
d iv in ities. The Athenian Stranger has a more important assault 
on the Cult  of Gaia i n  m i nd than chal lenging that bel ief, 
which we today th ink  i s  j ust s i l l i ness. To attribute to these 
"divin ities" the sorts of movements which we can observe 
from the surface of the Earth, says the Stranger, is "blasphe
mous" and can not be pleas ing to the gods at a l l :  the planets 
rea l ly  move in regular c i rcular  orbits, and the slower ones do 
not run past the faster ones. The "blasphemy" consists in  the 
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popu lar view, which attributes m i nd l ess movement to d ivi n i
ty, and so the Cult  of Gaia, which ins ists that the center, that 
is, the standpoint from which to d iscover the movements of 
the p lanets, is the Earth, is itself "bl asphemy." It stands to rea
son, l i kewise, that the c ity cannot expect youth to be reason
able or c iv i l ized if they are taught that the gods move around 
the heavens helter-skelter. 

The Athenian Stranger does not say that to h i s  partners i n  
the d iscuss ion.  He o n l y  impl ies the pol i t ica l  accusation, 
part icu lar ly  with his reticence to speak about i t  at a l l .  The 
common view was that the "ph i losophers of nature" u nder
m i ne the l aws of the c ity and thei r  sacred, d iv ine bas is, a n d  
s o  Socrates (accord i n g  t o  P lato's Apology) c la i med a t  h i s  
tr ial  that h i s  accusers h a d  lau nched t h e  accusations aga i nst 
him as if he were a "ph i losopher of nature," which he said 
he was not. 

The reader wi l l  notice that point 2 of Kepler's objections to 
Aristotle deals with the relative speeds of the several p lanets. 
In P lato's Laws, the Stranger is not as expl icit  about the spe
cific planets. But: in  order to be able to say that the slower 
planets do not, in real ity, move faster than and su rpass the 
qu icker ones, P lato's character, the Stranger, had to have 
known in principle exactly what Kepler says about the spe
cific planets. 

Not on ly  d i d  P lato write in a vei l ed way: he let h is 
Stranger speak to h i s  d i a l ogue partners l i kewise i n  a vei led 
way. The Stranger does not tel l  h i s  partners in the d ia logue 
a l l  that he knows, nor does he provide them any proof of 
what he does say. But  that does not mean that the careful l is
tener or reader needs to doubt whether the Stranger proves 
that he knows as much as Kepler knew. If he d id not know 
it, he cou ld  not have said what he d i d  say. The p roof is suf
ficient. 

Aristotle not only left out any mention of the relative speeds 
of the p lanets; he l i kewise c la i med (see the opening of Chapter 
1 3  in the trans lation of Peri Ouranou above) that the 
Pythagoreans, by p lac i ng "fire" (wh ich Kepler interpreted to 
mean the Sun) at the center and letting the Earth and other 
planets move around that center, were merely theorizing 
against "observed facts," as if the Pythagoreans had had no 
reason to doubt that the testi mony of "observed facts" was rea
sonable. 

As one scholar recently put it, "Vi rtu a l ly everyone knows 
that Aristotle somet imes l ies."3 We do not know whether 
Aristot le  l i ed in his representation of the teach i n g  of the 
Pythagoreans, which i s  to say we do not know whether he 
knew that the Pythagoreans h ad good reasons to doubt the 
test imony of "observed facts," and Pythagorean sou rces are 
either nonex i stent, second- or t h i rd-hand, or very th in .  
Today, we wou ld say  that Aristot l e  was a sc ientific empir i
c ist, and it  was that empir ic ism of h i s  which became h i s
tor ica l l y  autho r i tat ive a n d  "trad i t io n a l "  for sc ience, 
a lthough we sti l l  can not decide whether Aristot le h i mself 
knew better. 

Aristotle could have invented some Ptolemaic epicycles to 
infuse some order i nto the "mindless motion of d iv in i ties," but 
the epicycles cou ld never have solved the problem of the rel
ative velocities of the p lanets, as the Athenian Stranger in 
Plato's d ialogue demands. And epicycles are not regu lar cir-



cular orbits. 
Ari stot l e  d i d  noth i n g  by way of acknowledg ing  or 

attempting to solve the problem posed by the Athenian 
Stranger i n  the Laws d i al ogue. I n  h is  work devoted to astron
omy, he neglected-or refused-to d iscuss the motion of the 
planets, except for one lie in Chapter 1 4, 2 9 7a5, " . . .  the 
observat ions made, as the shapes cha nge by which the 
order of the stars i s  determi ned, are fu l l y  accou nted for on 
the hypothesis  that the Earth l ies at the center." Were the 
"observed facts" indeed fu l l y  accou nted for by the geocen
tric hypothes is, the Stranger 

astronomy which re l ies o n l y  on the observat ion of v i s ib le  
"observed facts," wi l l  fa i l  to  determine  "those movements 
in which the really fast and the really s low . . .  are moved 
with respect to one another and in the ir  turn move what is 
contai ned in them ."s  

These and other such remarks have been u nderstood trad i
tional ly to mean that physical real ity, for Plato, does not per
fectly correspond to a mathematical ideal . So the tradition 
places Aristotle on the side of empiric ist sobriety and P lato on 
the side of inebriated idea l ism.  The traditional reading, how-

in Plato's Laws could never 
have posed the paradox of 
the apparent and real speed 
of the motions of the planets 
as he d id,  and Aristot le  h ad 
to have known. that. 

Kepler answers th is  in 
point 31 of h is  crit ique: the 
orbits of the planets can not 
be accou nted for from the 
standpoint of the Earth as the 
center of the p lanetary sys
tem, a lthough day and night, 
and the seasons, can . 

I n  th is  specific case, 
Aristotle knew that he l ied . 
He also knew the program for 
astronomy, out l i ned by 
Socrates in Book VI I  of the 
Plato's Republic.4 

In the Republic, Socrates 
set out the program (527d-
530d) that astronomy m ust 
measure the i nv is ib le  pat
terns of motion of the heav
enly bod ies. When G l au con 
responded in  astonishment, 
that this i s  a th ing far greater 
than anyth ing yet attempted 
in astronomy, Socrates re
pl ied that it must be done " if  
we are to be of any use as 
legis lators . "  Themat ica l l y, ' 
therefore, both d ia logues, the 
Republic and the Laws, agree 
that the study of astronomy is  
of  the utmost pol itical impor
tance. 

They a lso agree on a fur
ther point:  when Socrates, in 
the Republic, characterizes 
astronomy as the study which 
fol lows sol id geometry, in  
three d i mens ions, becau se 
(528d-e) "astronomy treats 
the mot ion of what  has  
depth," he goes o n  to say 
( 5 2 9 d )  that the study of 

AUS DEM ANDERN BUCH ARISTOTELIS VON DER OBEREN WELT 
DAS DREYZEHEND CAPITEL 

WAS DIE ALTE GEHALTEN YOM ORT DES ERDBODENS; OB ER STILLSTEHE ODER 
NIT. YND WAS ER FOR EIN FORM HABE 
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XIII. Noch ist yherig, das jch auch yom 
Erdhoden schriehe wo derselhig 8ey, vnd oh 
er vnder die stillstehende oder vnder die 
vmhschwehende geschilpffe zu' zehlen, auch 
von seiner form . 
Was anlanget den Ortt des Erdhodens seind 
die gelehrte nit alle einerlay mainnng d'an 
obwol die maiste sagen, Er sey mitten in ' 
der Welt, jch maine die, so da den Himmel 
endlich vnd heschlossen fiirgehen: so kehrens ,1 

aher die in lealia, so man die Pythagoricos 
nennet, gerad vmh : dan Mitten in der Welt 
sagen sie, sey das feiir, die Erd aber sey 2 

einer auB den vmhschwebenden Sternen, vnd 
werde vmh das Mittele ort der Welt in einem 
Krais herumb gefiihrt, vnd also mache sie 
Tag vnd nacht. Yher das bauen sie noch ein 3 

andere Erde auff, vnd set zen sie diser vn8erer 
bekanten Erden entgegen, geben jr auch den 
Namen, Ant-Erd. Befleissen sich also nit jre 4 

lehren nach dem offenharen Augenschain zu 
stellen, oder desselhigen Augenschainsgriind
lichen Vrsachen nachzudenckhen : sondern 
zum Widerspil thnnn sie, jre alte einhildnngen 
vnd empfangne Lehren zu bestiittigen, den 
offenharen augenschain beim haar herzue
ziehen, vnd, vermainen dieselhige hiermit zu 
heschilnen. Nu milchten sich auch vii andere 
mehr finden, die es mithalten vnd vermainen 
milchten, man soll der Erd nit das Mittele Ort 
der Welt einraumen: Wan sie jres glauhens 
vnd haltens griinde nit auff lauttern Augen
schain stellen, Bondern auch vnd vii mehr 
auff glehrte schlu13reden: Dan also schlie13en 
sie, es sey Lillich, das dem Edelsten vnd 

The opening of Kepler's translation of Aristotle in Rossmann's scholarly edition of 1 948, 
which follows Kepler's orthography and punctuation. The Creek is a modern edition of 
Aristotle. The first points of Kepler's objections are keyed with numbers in the right 
margin. 

Source: Rossman. ed .• 1 948 
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ever, wi l l  necessari ly fa i l  to make sense of the specification of 
astronomy as the study of sol id geometry in motion, and it wi l l  
leave aside entirely the summary remark (530b6 f . )  that "By 
the use of problems, as in  geometry, we shal l a lso pursue 
astronomy."6 

There is hard ly  a more expl icit way to say that geometrical 
objects are not "models" or " ideals" in  opposition to physical 
rea l ity, but rather that it is by the study and solution of prob
lems in geometry that the measurement of, for example, the 
real speed of planets, becomes possible.  Measurement of the 
speeds of the planets on the basis of "observed facts" is not 
possible. 

Kepler understood the methodological argument Socrates 
makes in the Republic, but he did not cite that argument. 

It was also in  the Republic, that Socrates revealed the truth 
about the Cult of Mother Earth. It is the source of the tyranni
cal and despotic Olympian law of the ol igarchy. It is on behalf 
of the Mother Earth cu lt, that the ol igarchy propagates the 
"Phoen ician Lie," that hu man beings are "born of the Earth." 
Their sou l s  are therefore "fixed," j ust as the ores of i ron, s i lver, 
and gold are fixed. The laws of Sparta, which the Spartans 
cla imed were d ivinely sanctioned by Apol lo, were the ideal 
Mother Earth cult  tyranny. And the word "Sparta" in Greek 
means "the men sown of the Earth ." The Spartans, who pitted 
their laws against the laws of Solon, self-consciously repre
sented their city and their pol i tical institutions as consecrated 
to the Cult of Mother Earth . In such a regime, the �h ief "virtue" 
is "to mind your own busi ness," that is, not to chal lenge the 
ol igarchy of the Olympians. 

The Stranger's remarks on astronomy in  Plato's Laws are tan
tamount to a "reform" of standard G reek "rel igious" bel iefs. As 
the Stranger says (82 1 d ff.), 

I am now insisting that our citizens and their young 
people must learn enough of a l l  the facts about the 
divin ities of the sky to prevent blasphemy of them, and 
to ensure a reverent piety in  the language of a l l  our sac
rifices and prayers. 

As Plato orchestrated the exchange, it was then the Cretan, 
C l in ias, who replied, and not the Spartan, Megi l l us, whose 
agreement is manifest only in h is  fai lu re to object openly: 

That is right, provided, of course, that, in the first 
place, the knowledge of which you speak is possible. 
On that assumption, if there are errors in our present 
teach i ng which study wi l l  correct, I, too, confess that a 
subject of such scope and qual ity must be taught. 

In  this exchange, the Athenian Stranger does not harvest the 
agreement of the Cretan to actua l ly  teach the new explana
tion . He only obtains C l i n i as' agreement to teach the new 
explanation (822c) " if we can show that [the facts] are so." 
The G reek bel ief that the "wanderi ng stars" are d iv in ities is 
usefu l, because neither C l i nias nor Meg i l l u s  is about to 
become a student of astronomy, but an agreement that "sci
entific research"  may be the fou ndation, rather than the over
th row of a good regime, opens a breach in the poss ib i l ities for 
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pol itical manipulation of traditional bel i ef. I n  h is  d iscussion 
with the Cretan and Spartan, the Athen ian shows that we 
need not fear ignorance if we can obtai n  agreement that 
d iv in ity i s  not i rrationa l .  

So, clearly, Aristotle was not ignorant, and Johannes Kepler 
knew that, of course. There is a del icious i rony in  Kepler's rep
resentation that Copern icus revived or red iscovered what the 
ancient Pythagoreans a l ready knew, because Kepler h imself 
revived Platon ic  science. 

On Rossmann's Motives 
The translation of Kepler's refutation of Aristotle printed 

here, is from the original, written by Kepler in 30-Years-War 
German, as publ ished by Fritz Rossman n .? Rossmann a lso col
lected the various ancient sources and scholarly phi lo logical 
commentaries on them, with the aim of refuting Kepler's 
understanding of the Pythagoreans. In doing so, Rossmann's 
transparent intent is to concede Kepler's specific points of cri
tique of Aristotle, wh i le  u nderm i n ing the authority of Kepler's 
ch ief ind ictment: that Aristotle (or his authoritative reputation, 
as trad itiona l ly understood) sabotaged science for 2,000 years 
down to Kepler's own time. Apparently, Rossmann wou ld l ike 
the reader to bel ieve that the points of detai led critique are 
apol itical and "modern," but that the messy pol it ical issues, of 
which both Aristotle and Plato were aware, have noth ing to do 
with "scientific debate." That was not true in Kepler's time, nor 
is it true today. 

Once the messy pol itical facts are recogn ized, it is c lear that 
Johan nes Kepler was accu rate in h is  argument that the 
Pythagoreans spoke in a "vei led way." I present some of the 
sources which Rossmann col lected, and a lso h i s  sole piece of 
supposed evidence which he bel ieves refutes Kepl er, in  order 
to let the reader decide whose authority stands and whose 
can not stand.  

F i rst of a l l ,  Rossmann kindly cites from Copern icus' letter of 
transmission of h is  own work to Pope Paul 1 1 1 :8 

I thus u ndertook to i nvestigate the works of a l l  
ph i l osophers that I cou l d  obta in,  i n  order to ascerta i n  
whether someone had entertai ned a hypothesis, that 
the movements of the heavenly bod ies would have to 
be different from that assu med by school mathemati
c ians .  And so, of cou rse, I first found a passage i n  
Cicero, which says that N icetas [actua l ly  H icetas of 
Syracuse] had assumed that the Earth moves. I later 
a lso read in  Pl utarch that some others h ad a l so been of 
this  view. I wou ld l i ke to write down here the l iteral 
words, so that everyone may be fam i l iar with them: 
"The usual  view, i s  that the Earth stands sti l l .  The 
Pythagorean Ph i lo laus, however, hypothesizes that it 
moves in  a c i rc le around a centra l fire and that it 
describes a s lanted c i rc le  in  so moving, s im i la r  to the 
Sun and Moon .  Heracleides Ponti kos and the 
Pythagorean Ekphantos i ndeed have the Earth move, 
but it does not move from its position, but on ly  such 
that it revolves l i ke a wheel from West to East around 
its own center." 



As Rossmann docu ments, the work Copern icus thought was 
authored by P l utarch,  was actu a l l y  the De placitis 
Philosophorum, proven by Hermann Diels  to be a fragment of 
a work by Theophrastus. Theophrastus became a friend and 
student of Aristotle after Aristotle left the Academy of P lato 
when Pl ato died, and went to Assos in Asia Mi nor. When 
Aristotle subsequently l eft Asia M i nor to go to the court of 
Phi l ip in Macedon ia, Theophrastus went with h i m  from the 
island of Lesbos. 

This serves to qual ify Copern icus' sou rce. Theophrastus may 
be termed Aristotle's "first student." His  testimony singled out 
the Pythagorean Ph i lo laus .  Other Pythagoreans did not, 
according to Theophrastus, have the same view, but the view 
Theophrastus ascribes to Phi lolaus i s  fu l l y  coherent with 
Kepler's read ing of what the ancient Pythagoreans knew. Had 
Kepler s imply relied upon what Copern icus thought he was 
reporting from Plutarch, but actua l l y  from Theophrastus, he 
wou ld not have gone wrong. The reader wi l l  notice that 
Kepler, i n  point 4 below, refers to the "P laton ics" after the birth 
of Christ, who had lost the meaning of the Pythagorean teach
i ng.  In other words, the "Platonics" in the Christian era had 
lost the capacity to read Plato. That does not mean that Kepler 
himself had not read Plato. 

Aristotle h i mself, and h i s  student Theophrastus are, there
fore, the most d i rect and immedi ate "sources" for the veiled 
hel iocentric planetary system of the Pythagoreans .  
Theophrastus identifies the Pythagorean, Ph i lo laus, specifical
ly, and, in  ancient times, that identification u ltimately peaked 
in the claim of l ater Aristotel ians that Plato h imself had p la
giarized the Timaeus dialogue from th ree books of Phi lolaus, 
which he had a l legedl y  bought in Sici ly. 

The language of these "sou rces" is clear enough. The only 
source ava i lable, which Rossma n n  c l a i ms u ndermi nes 
Kepler's read ing of the Pythagoreans, i s  Stobaios' Eclogae 
Physicae: 

Phi lolaus teaches that fire is i n  the m iddle and at the 
center-point, which he cal l s  the "hearth of the u n iverse" 
and "god-mother and -altar" and "connection and meas
u re of nature." And he assumes a second fire which sur
rounds the u n iverse. The first according to nature is the 
center; about this center do divine bodies dance: after 
the sphere of the fixed stars, the five p lanets, and after 
them, the Sun, beneath that the Moon, beneath this the 
Earth, beneath that the cou nter-Earth; and after a l l  of 
these comes fire, which is  at the center in the position of 
the hearth. 

Rossmann c la ims that Stobaios' report that P h i lo laus men
tioned two fires, means that he cou l d  not have identified 
"fire" with the Sun,  and the mention of a "cou nter-Earth" 
and the Moon, means that the two cou l d  not be the same 
object. 

It is  a lso on the basis of the sole testimony of Stobaios, that 
Engl ish-speaking scholars such as Heath and H icks sought to 
construct some rationale for there being both a Moon and a 
"counter-Earth" in the Pythagorean hypothesis.9 The only con
ceivable rationale, or rational ization, is  that the Pythagoreans 

perhaps thought that a "cou nter-Earth" is necessary to expl a in  
the phenomenon of  ecl ipses. Such a rationalization is  obvi
ously unnecessary, s ince Thales of Mi letus knew perfectly wel l 
that the Moon causes ecl ipses, and he is even credited with 
having predicted one. Again,  there wou ld be no need for the 
rational ization at a l l ,  were it not for the gu l l ib i l ity of scholars 
who bel ieve Stobaios is a l egiti mate source for the real teach
ing of the Pythagoreans. 

Perhaps the reader wi l l  agree that this testi mony agai nst 
Kepler is extremely weak. That i mpression, I bel ieve, is 
strengthened if one considers that Stobaios was a popul ariz
er of scientific and l iterary lore of ti mes which were a l ready 
"antiqu ity" to h i m :  He wrote in the 5th Century A .D . ,  and it 
i s  hard ly  possib le that h i s  sou rces were better than those 
ava i lable to Aristotle or Theoph rastus. The transm ission of 
the testimony of ancient sources often resembles the ch i l 
dren's game of  wh isperi ng i n  a telephone-c irc le :  The last 
ch i ld  to attempt to say what was orig ina l ly  said, is  genera l ly  
far from the mark. So, a lthough Aristotle l ies, he may be 
taken to be a suffic ient sou rce of the argument Kepler made 
against h im.  

George Gregory is currently completing his doctoral disser
tation on Plato's Republ ic .  Several of his translations from 
German have been published in Fusion and 2 1  st Century, and 
his translations of works by Schiller appeared in the three
volume Friedrich Sch i l ler:  Poet of Freedom (Washington, D.C. :  
Schiller Institute, 1 985- 1 990). 

Nmes ____________________________________________ __ 

1 .  The translation of the Laws is that of A.E. Taylor in Edith Hamilton and 
Huntington Cairns, eds., The Col/ected Dialogues of Plato, with minor 
changes for the sake of the literal sense. 

2. When does the slower of two planets appear to be the faster? Imagine a 
distant comet travelling directly toward Earth. For observers on Earth, it 
would exhibit no motion across the "surface" of the heavens at all. It would 
seem motionless-until, eventually, observers noticed that it kept getting 
bigger! Thus, the faster of two planets can be in a part of its orbit in which 
much of its motion is toward the Earth, while the slower planet happens to 
be alongside the Earth-so that nearly all of its motion is seen as transverse 
motion against the heavens. Then the planet that is actually slower may be 
measured by Earth observers as moving faster against the sky. 

3. Seth Benardete, The Argument of the Action: Essays on Greek Poetry and 
Philosophy (Chicago: University of Chicago Press, 2000). See the begin
ning of the chapter, "The First Crisis in First Philosophy," p. 3. 

4. The translation of the Republic is that of Allan Bloom (New York: Basic 
Books, 1 968), with minor changes for the sake of the literal sense. 

5. Or '�ruly fasf and '�ruly slow." The emphasis, of course, is mine. 

6. When used in the context of mathematics or logic, problema is generally 
translated as a simple transliteration, that is, "problem." In its more general 
usage, however, it meant something which "juts out," or something set up 
as a defensive barrier or obstacle, like a wall. This sense is relevant to the 
crucial issue in geometry of incommensurable magnitudes, which the 
Stranger in the Laws dialogue introduces just prior to his discussion of 
astronomy. Most Greeks, he says there (81 8e If.), believe that all magni
tudes are commensurable, but they are not: that is, there is a "barrier" or 
"obstacle" to measuring the internal geometrical features of all figures with 
the same units. Incommensurable magnitudes are, therefore the problem, 
the barrier which alerts us against trying to apply units of measure to the 
movements of planets as they present themselves in the form of "observ
able fact." 

7. Fritz Rossmann, ed. Nikolaus Kopernikus: Erster Entwurf seines 
Weltsystems, sowie eine Auseinandersetzung Johannes Keplers mit 
Aristoteles aber die Bewegung der Erde (Munich: Rinn, 1 948). A later edi
tion was issued by Wissenschaftliche Buchgesellschaft Darmstadt in 1 986. 

8. My translation of the German. 

9. Sir Thomas Heath, Aristarchus of Samos: The Ancient Copernicus (Oxford: 
Clarendon Press, 19 13) ,  Chapter 12,  "The Py1hagoreans." 
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Wil l  the u.s. Join the World Fusion Effort? 
b y  Marsha Freeman 

I n ju ly 2001 , the European U n ion, 
japan, and Russia came to agreement 

on the design of the world's first continu
ous-burn fusion device. The U nited States 
was conspicuously absent. Construction 
of the machine, which is the next step in  
harnessing the v i rtua l ly un l imited energy 
supply of control led thermonuclear 
fusion, wi l l  begin in 2003. 

Twenty years ago, the U n ited States 
led the world in the number and range 
of experimental fac i l ities for research in 
thermonuclear fusion. Since then, the 
development of this potential l y  un l im it
ed energy source fel l  victim to the short
range thinking promoted by the "share
holder val ues" of the era of global iza
tion, where any activity that does not 
show. an immediate payback is  not 
worth investing in .  

Government pol icymakers have not 
sought to try to "privatize" fusion 
research yet (as they have proposed for 
everyth ing from the Space Shuttle to 
publ ic schools); instead they have sim
ply chosen to ignore it. During the 
Cl i nton Admin i stration, the Congress 
was u nwi l l i ng to continue to comm it 
resou rces to such a long-term effort. The 
Bush Admin istration has promoted an 
energy pol icy that fool ish ly relies a l most 
entirely upon the short-term exploitation 
of petroleum and natural gas. 

But the rest of the world is not so short
sighted. According to Dr. Anne Davies, 
director of the Office of Fusion Energy 
Sciences at the u.s. Department of Energy, 
at present, the u .s. fusion program repre
sents merely one sixth of the international 
effort. Even the cash-strapped Russian gov
ernment accounts for a larger share--20 
percent. The nations of the European 
Union have the most wide-ranging fusion 
program, and are now responsible for half 
of the resources committed to fusion 
research, in the world. 

A World-Wide Fusion Effort 
I n  1 985,  at the first Reagan

Gorbachev summit meeting, the two 
leaders agreed to col laborate in order to 
design and construct the world's first 

The TFTR tokamak under construction in 1 982, at Princeton Plasma Physics 
Laboratory. The U.S. Magnetic Fusion Energy Engineering Act, signed into law by 
President Carter on Oct. 7, 1 980, speCified an engineering reactor to be built by 
1 990, and a commercial prototype by the year 2000. But the Act was never funded 
by Congress, and the tokamak program, as well as many other types of promising 
U.S. fusion research devices, were killed by budget cuts. 

A description of ITER and how fusion works 'appears on the inside back cover. 

operating experimental fusion reactor, a 
proposal that had been formu lated by 
Academician E . P. Vel i khov. S ub
seq uently, the European U n ion and 
japan were invited to join, and several 
other countries, including Canada, a lso 
participated . The project was known as 
the I nternational Thermonuc l ear 
Experimental Reactor, or ITER. 

Scientists from more than a dozen 
nations contributed to the theoretical 
research to understand the behavior of 
h igh-temperature plasmas, and the engi
neering and component design work 
that an operating reactor would requ i re. 

By 1 997, the first-generation overa l l  

design work for the i nternational fusion 
experimental reactor was completed, 
with ambitious design goals ,  and a price 
tag of $8 b i l l ion .  But federal budgets for 
scientific research, part icular ly in 
Russia, the U n ited States, and Japan, 
were on the decl ine.  

The next year, techn ical special ists 
from the U n ited States, Russia, and japan 
reported that the projected capital cost of 
ITER cou ld be cut by 40 to 50 percent if 
the performance objectives were 
reduced, making the actual construction 
of the reactor more feasible, while sti l l  
meeti ng the ambitious goal of producing 
hundreds of megawatts of fusion energy. 
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As this redesign work was proceeding, 
the six-year ITER Engineering Design 
Agreement among the i nternational part
ners came up for renewal,  in Ju ly 1 998. It 
was proposed that the engineering design 
phase be extended for three years, to 
2001 , when a decision on a final design 
and a commitment would be made to 
build the international fusion device. 

The U.S. Bows Out 
In the summer of 1 998, the fiscal year 

1 999 appropriations b i l l  to fund the 
Department of Energy e l iminated the 
$ 1 2  mi l l ion the Department had request
ed to continue work on ITER. The b i l l  
included "Ianguage" in  its report that n o  
funds for ITER engi neering design work 
were obl igated past fiscal year 1 998, and 
could not be, without concurrence by 
Congress. The Cl inton White House was 
not able to sway the Congress. 

On June 25, 1 998, House Science 
Committee Chairman James Sensen
brenner (R .-Wisc.) wrote to Energy 
Secretary Frederico Pena, u rg ing him to 
delay signing the ITER extension agree
ment. On J u l y  1 5 , Fus ion Power 
Associates d i rector Dr. Stephen Dean, 
wrote to Sensenbrenner, asking h i m  to 
reconsider: 

"Yesterday the Government of Japan 
signed the three year extension agree
ment to continue the ITER international 
col laboration on fusion energy develop
ment. The European U n ion and Russia 
signed previously, leaving the U n ited 
States the only Party whose s ignature is 
not on the l ine." 

The agreement, Dean stated, s imply 
comm its "the U n ited States to work in  
good faith with the other Parties to 
develop fusion as a future energy source, 
and I hope that you wi II agree with me 
that it is in the interest of our chi ldren 
and grandch i ldren that we do this ."  

Sensenbrenner was not moved. In 
September, he reacted angr i ly to Energy 
Secretary B i l l  Richardson's agreement at 
an international conference in Vienna, 
to extend U .S .  participation in ITER for 
one year. "The project has fa i led," 
Sensenbrenner rai led, "and it's time to 
move forward . It defies common sense 
that the Un ited States should agree to 
continue to partici pate in a dead-end 
project that conti n ues to waste the 
American taxpayer's dol lars." 

Energy Secretary Richardson's attempt
ed end-run around Congress was short-
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l ived. The only fu nds that Congress 
wou ld appropriate for Department of 
Energy work on ITER were enough to 
close out u .s. participation in the design 
activities of the program.  

For  the past three years, the interna
tional partners have continued work on 
ITER, recently completing the engineer
ing design activity, without official par
ticipation by the U nited States. 

The i nternational partners, particular
ly Japan, have tri�d to lobby the U n ited 
States to reenter the project. During a 
trip to Washington in May 2000, Japan's 
M i n i ster of State for Science and 
Technology, H i rofumi  Nakasone, issued 
a joint statement with Energy Secretary 
Richardson, once aga i n  recogniz ing 
"the potential va lue of  ITER in develop
ing the scientific basis to promote fusion 
as a viable energy source." 

On Apri l 3, 200 1 , the Japanese 
Atomic Energy Commission approved a 
report by Japan's ITER Specia l  
Committee, and released i t  for publ ic 
and government circu lation and com-

ment. It states: "At present, it is difficult  
to accurately estimate the overal l  cost 
for the rea l ization of fusion energy. 
Moreover, it is a l most impossible to esti
mate the profit from the real ization of 
fusion energy. It can be understood that 
the i nvestment in developing fusion 
energy is regarded as a sort of insurance 
premium for securing a wider degree of 
freedom for humankind in the future. " 

On J une 5, the Japan Atomic Energy 
Commission approved the fi na l  report, 
noting that flit would be of great signifi
cance for Japan to host ITER in addition 
to participating as a key member." 

On J u l y  1 7, 2001 , the International 
Atom ic Energy Agency (IAEA), marked 
the official completion of the engi neer
ing design for ITER, describing it as a 
" land mark achievement in fusion energy 
research ."  The IAEA noted that ITER 
"wi l l  be capable of generating 500 
megawatts of fusion power for h u ndreds 
of seconds," and could " lead to the con
struction of a demonstration fu s ion 
power p l a nt that generates large 

The ZT-40, a reversed field zeta pinch fusion device at Los A lamos National 
Laboratory. This is another line of promising fusion research that was stopped by lack 
of funding, although it had already been demonstrated that the concept could work. 
Other smaller reversed field pinch experiments around the world are in progress. 
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amounts of electricity." 
During a meeti ng held in Vienna ju ly  

1 6-1 9,  delegations from japan, the 
European U n ion, Russia, and Canada 
agreed to start the next step-negotia
tions for the plan to implement ITER 
construction by the end of 2002. In  a 
meeting in Toronto the week of 
November 5, 2001 , delegations of the 
international ITER participants began 
the negotiating process. A second meet
ing wi l l  be held in japan in january 
2002, and japan hopes the U n ited States 
wi l l  be attending. 

On September 6, Koj i Omi, japanese 
min ister for science and technology, 
informed U .S.  Energy Secretary Spencer 
Abraham in  Washington that japan has 
made a formal request that the Un ited 
States return to the ITER project. 

Lobbying Efforts Make an Impact 
Apparently, the l obbying by U .S .  

fusion scientists, the international part
ners, and especia l ly  japan, has had 
some impact. At the end of October, 
DOE fusion head Dr. N .  Anne Davies 
reported that the U n ited States wou ld be 
a partner in one of the handful of work
ing groups-the International Tokamak 
Physics Activity-establ ished by ITER to 
support the theoretical underpi nni ngs of 
bu i ld ing an operational device. This 
working group aims to foster coopera
tive research for advancing the u nder
standing of a burn ing fusion plasma. 
This work wil l  be carried out under 
bi lateral agreements between the U n ited 
States and each of the major partners; 
the U n ited States wi l l  not rejoin the 
project as a whole. 

At the beginning of November 2001 , 
the leadership in the House Science 
Committee added its voice to those pres
suring the United States to rejoin ITER. 
Reps. Sherwood Boehlert (R.-N .Y.), and 
Ralph Hal l  (D.-Tex.), the chairman and 
ranking mi nority members of the 
Committee, respectively, wrote to Energy 
Secretary Abraham, stating that the Un ited 
States "should send a representative, at 
least as an observer, to the follow-up 
[ITER) meeting now scheduled for Tokyo." 

"The cu rrent ,ITER proposal merits 
cons ideration," they wrote on 
November 1 .  "The current ITER in itia
tive is based on a design that is half the 
cost, or less, than the original .  . . .  The 
burning plasma experiment that would 
be conducted at  ITER is the next logical 

The Tandem Mirror Experiment at Lawrence Livermore National Laboratory, was 
also shut down by budget cuts. The Russians are currently using a mirror device, 
along the same lines as the t?ndem mirror, which produces a small amount of 
fusion for purposes of materials testing. 

step toward understanding the physics 
of fusion reactors." 

However, unwi l l ing to stick their 
necks out too far, the Congressmen con
ti nue, "wh ile we are not ready to offer 
our unqual ified support for th is in itiative, 
we do bel ieve exploring the cu rrent ITER 
options makes sense . . . .  Time is of the 
essence with the ITER in itiative and the 
U.S .  should begin to assess the project's 
feasibi l ity, evaluate what role the U .S.  
might play in it, and participate in dis
cussions to refi ne the project and select a 
site. We have been approached by both 
the japanese and Canadian governments 
about this matter, and they are eager to 
have the u.s.  join the d iscussions." 

" If we do not begin to examine ITER 
soon, we may lose the chance to join as 
a partner," Congressmen Boeh lert and 
H a l l  concl ude. The Department of 
Energy needs the sanction from the 

Congress before the U .S .  can reverse its 
withd rawal from ITER. 

Europe, japan, Russia, and Canada 
are ready to choose a site and start to 
bui ld  an international thermonuclear 
experimental reactor. The question is, 
wi l l  the u .s.  contribute its expertise and 
resources to that effort? 

Choosing a Home for ITER 
At the annua l  meeting of Fusion 

Power Associates ( F PA), held at the 
Embassy of Canada in Washi ngton, D.C. 
on September 25-26,  2001 , ITER 
Di rector Robert Aymar reported that the 
plan for the approximately $4 b i l l ion 
machine is to have the goal of producing 
500 to 700 megawatts of fusion energy. 
He estimated that it wou ld take four 
years to bui ld ITER. 

By the end of 2002, he reported, there 
wi l l  

'
an agreement to bu i ld, a legal certi

Continued on page 50 
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I NTERV I EW WITH SATORU OHTAKE 

Japan Urges U .S. to Rejoin Fusion Project 
Associate Editor Marsha Freeman 

interviewed Mr. Satoru Ohtake, Director 
for Fusion Energy of the Ministry of 
Education, Culture, Sports, Science, and 
Technology, on Dec. 5, 200 7, at the 

Japanese Embassy in Washington, D.C. 
Mr. Ohtake was in Washington to dis
cuss ITER with U.S. energy officials. 

A full version of the interview will 
appear in Executive I ntel .l igence Review. 

Question: What is the purpose of your 
visit to the U nited States? 

I came i nto this position of Di rector of 
Fusion Energy in m id-ju ly, and have 
worked si nce then mainly on ITER. It is 
necessary to secure large-scale 
resources and a fixed, r ig id i nternational 
framework for that program. The d iscus
sion . in  japan about whether or not to 
participate in  ITER or, furthermore, to 
host the experiment, is conti nu ing, and 
in  that discussion, the attitude of the 
United States is very important. 

As you know, ITER has been in prepa
ration for a very long time, about 1 5  
years, from the very in it ial stage. For the 
past 9 years, the countries concerned 
have carried out the preparatory study 
and conceptua l  design activity, . lead ing 
to an engi neering design.  These 9 years 
ended in j u l y, and the engi neer ing 
design is completed. 

The United States in itia l ly was a mem
ber but, unfortunately, three years ago 
there was some discussion in the U nited 
States and there was a misunderstanding 
or conceptual change there, and the 
United States got out of the circle in  1 998. 
Now, ITER is ready to come up to the ful l 
fledged phase of construction. At this  time, 
I th ink it is necessary to come to the Un ited 
States and discuss with the people con
cerned, the u.s. re-entering the project. 

Question: Why is it important that the 
United States to rejoin the ITER project? 

Because regard ing ITER, we-mean
ing japan, the European U n ion, Russia, 
and Canada-are qu ite ready and confi
dent and have enough engineering tech
nology background to real ize ITER now. 
But it is an international program, so if 
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Fusion Director Ohtake: "We are ready 
to start to build ITER. " 

the U nited States re-entered ITER, it 
would be more, or rea l ly, international . 

Question: The Japanese plan, then, is to 
try to encourage the United States to re
enter. But it seems to me that the part
ners are making a commitment to go 
ahead and construct ITER, even without 
the United States. Is that the case? 

Fran kly, u .s.  re-entry is qu ite impor
tant, but not conditional .  It would be 
better, but is not i nevitable . . . .  

[A]fter constructing ITER, we wi l l  have 
a burn ing plasma, and this is an essential 
and important step to make nuclear fusion 
into a source of energy. We can share th is 
goal with all of the international partners 
who have the potential to carry out this 
kind of scientific and engi neering work. 
We are open to every country and also to 
the Un ited States, especial ly, because we 
are old partners and, there is no doubt that 
the U nited States has a top, world-class 
fusion potential . So, we encourage them 
to re-enter. It is up to the United States to 
decide, but what we can do is encourage. 

Question: Are there other countries 
that have expressed an interest in par
ticipating in ITER? 

Yes. China showed an interest in  ITER 
fi rst, and Korea expressed an intention to 
partici pate. China shows a very apparent 
interest. We are glad to have a sign or 
proposal from other countries to get into 

ITER, because they can contribute real 
work. Each members has to contribute. It 
is necessary to have some statement from 
the newcomers, a comm itment. 

Question: If a country wanted to partic
ipate in ITER at this time, going into the 
construction phase, how could it con
tribute? 

If they do not have the potential to 
contribute hardware, cash is a lso need
ed . Each member has to contribute hard
ware or cash .  They wou ld enjoy partici
pating in the learn ing phase. And in  the 
operational phase, they w i l l  have a 
chance to do experiments. 

ITER w i l l  produce a burning p lasma 
continuously for several m i nutes or sev
eral hours.  It wi l l  be the fi rst time for us 
to have a fusion system on the ground. 
Scientists or researchers, and engineers 
wou ld l i ke to do experiments. From the 
scientists' point of view, they want to 
know what is going on in  a burning plas
ma, which is a complex system, qu ite 
different from the e lementary particle 
question, or someth ing l ike that. It's a 
very h uge, complex system .  

From the engineering side, they would 
l i ke to know how to produce energy from 
the burning plasma, using some apparatus 
for exchanging the energy of the fusion 
neutrons, to produce high pressure water, 
which wi l l  requ i re some intermed iate 
process. ITER is an engineering reactor, so 
the goal is not to make energy on a fu l l  
scale, but some engineering phase o r  trial 
to take boi l ing water wi l l  be carried out, 
and in some cases, we can produce a 
small generation of power, as wel l .  

Question: What i s  the schedule now for 
ITER? 

The schedu le  for ITER now is that we 
have to make the so-cal led joint imple
menti ng agreement betWeen the parties. 
This  i s  the legal frame'work, which wi l l  
provide the duties and rights of the par
ties. This  work wi l l  conti nue up to the 
end of 2002. In order to final ize the draft 
of the joint implementing agreement, it 
i s  necessary for us to decide a site, and 
we are schedu led to dec ide in  the mid-
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die of 2002, i n  May, or a l i ttle later. 
As you know, Canada has a l ready 

offered a cand idate site, and Europe is 
f in i sh ing a techn ical assessment of 
Cadarache, in the south of France. Spain, 
a European U n ion member, has given a 
very pre l imi nary intention to invite ITER 
there. Their techn ical assessment is not 
fi n ished; just their intention was shown. 

In Japan, we have fin ished the domes
tic site assessment, which is a techn ical 
assessment, but we haven't yet confirmed 
a conclusion about a site, as the Japanese 
government hasn't yet decided on a for
mal position in ITER. The discussions are 
now conti nuing on whether we wi l l  be 
hosting ITER, but we have fin ished the 
techn ical assessment of the sites. 

Th ree prefectures (we have 47, l i ke 
your states) offered, or showed an inten
tion, to host ITER .  They were Hokkaido, 
Ibaraki, and Aomori. After the techn ical 
assessment, Ibaraki and Aomori are eli
gible for the bui ld ing of ITER. So we 
have at least in Canada, the Clari ngton 
center, one in France, maybe Spain, and 
two el igible sites in  Japan. Now that we 

"Even if ITER is a great 
success, we need a domestic  

fusion energy system. Our 
energy security in Japan 

won't be solved just by ITER, 
so we need to have our own 

fusion system in Japan." 

have at least three candidates, we can 
discuss making a joint site assessment 
and discuss cost sharing. Then we w i l l  
f inal ize the agreement. In  some cou n
tries, the agreement wi l l  need to be rati
fied, l i ke a treaty. 

We hope to start the construction 
phase in 2003. It wi l l  take two years to 
establ ish the international organization 
to carry out the construction, operation, 
and decommissioning of ITER. The con
struction wi l l  take 1 0  years. 

Question: Why will it take that long? 
Because there are many high-technol

qgy parts, such as the toroidal magn�ts. 

An overview of the JT-60U, one of Japan's large tokamak devices. 
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There a re 1 9  such superconducti ng 
magnets, which requ i re new materials. 
Making the superconducting wire takes 
a lot of time and is very d ifficu lt.  It has a 
complex structure. I n  Japan we have a 
stel larator machi ne, which has a very 
long hel ical magnet, and to wind up this 
magnet takes two years! Then the mag
net wi l l  have to be tested, and fi na l ly  it 
wi l l  come to ITER. 

The construction process can possibly 
be shortened by two or three years. 

Then we are in the operational phase, 
for at least 20 years. For the first 8 to 1 0  
years, we w i l l  be "warm ing up" ITER. 
F i rst, there wi l l  be experiments intro
duced with a s imple hydrogen plasma, 
in order to test and condition the metal 
machi nes. Then, they wi l l  introduce the 
deuteron, or double hydrogen. F inal ly, 
they wi l l  introduce deuterium and tri
tium to produce the real fusion phenom
enon. Then they wi l l  start real engineer
ing and science experiments. 

For example, we wi l l  introduce a new 
type of blanket, which wi l l  be used to 
pu l l  energy from the burning plasma and 
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convert the neutrOn energy i nto 
high-pressure boi l ing water. Or, 
we can use the fusion neutrons to 
make tritium.  Fusion neutrons 
can be used together with the 
l ight metal l ithium, and you have 
tritium. That is one of the advan
tages of fusion, that it can pro
duce energy and its own fue l .  We 
wil l  have about 1 0  or more years 
of energy experiments. Engi neers 
and scientists wi l l  get the results 
and we wi l l  have enough experi
ence to transfer it to the energy
producing mach ines from the 
experience on ITER. 

Question: There is concern in the 
United States that if money . is 
spent on international collabora
tion, there may not be funds for 
a robust domestic fusion effort. 
How is this viewed in japan? 

change. They can share t ime on 
the top-class machi nes, which is 
a lso done with accelerators. I 
have been discussing this with 
many u niversity professors, and 
they are now aware of the situa
tion. The japanese economic sit
uation is so bad, it is not easy to 
have so many devices, or a plen
tifu l budget from the finance 
authorities for the fusion pro
grams. We should have the best 
use of the l i m ited budget to 
maintain fusion research .  

Question: What kind of  finan
cial commitment would be 
required for japan to h�st ITER? 

We have the same issues in 
japan . After the reform . I ast 
january, a l most all of..the ,fusion 
programs in Japan are u nder the 
supervision of my office, in the 
Min istry of Educat ion.  T h i s  
a l lows us t o  organ ize a l l  o f  
japan's fusion resources. 

Inside the donut: A Japanese engineer standing inside 
the JT-60U torus. 

During the construction phase of 
ITER, the peak in the annual budg
et for the host country wil l  be about 
$400 mil l ion. The total ITER cost 
wi l l  be 1 .2 trillion yen, or about 
$ 1 0  bi l l ion over 35 years. This 
includes, in the final five years, the 
cost of decommissioning. The host 
country, if it is one of the three 
major partners, would be responsi
ble for 50 percent of the total budg
et, or about half, of the cost. 

The real problem is that there are l i m
ited resources, which we m ust know 
how to a l locate properly. ITER is an 
international, s ingle-purpose mach ine. 
Its major pu rpose is  to produce a burn
ing plasma, and to .make sure of the pos
sibi l ity of fusion as an energy source. 
That is the major pu rpose of the 
machine, not science. 

It is necessary to maintain good poten
tial fusion science research in . japan, for 
two reasons. F irst, because compared to 
the Un ited States, in japan . our energy 
problem is very ser.ious. We ' have no 
petroleum sources, as you d9 ·in Alaska, 
or Texas, so energy is 'qu ite ah important 
issue. Even if ITER is  a great su'ccess, we 
need a domestic fusion energy system. 
Our energy security in: japan·. won't be 
solved just by ITER, so we need to have 
our own fusion system in japah .

. 

Second, ITER is a very long-term proj
ect. As I joke, when ITER is

'
fin ished, I 

wi l l  be retired. So we m ust continue to 
secure good human resourc�s: and per
sonnel regard ing fus io� research i n  
japan. Scientists wi l l  work on ITER, carry 
out good experiments, and then return 
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back to japan and advance the results in 
the research in many ways. We need 
top-level plasma machi nes in institu
tions in japan, in paral lel with ITER, We 
must maintai n  plasma science·. � 

I n  many institutes and in un iversities, 
there are smal l  plasma machines in 
japan. It is apparent that it is not real istic 
to have ITER, in addition to all these 
smal l machines a l l over japan. So we 
started discussing our plasma science 
programs with a l l  the un iversity directors 
of fusion science, and how to improve 
japan's domestic fusion program . . We 
have six or seven mid-size or .,big-scale 
machi nes now in japan, but probably in 
the future we wi l l  have three. or four 
advanced top-class machines, and a l l  the 
un iversities and laboratories wi l l  cooper
atively use these machines. . 

For very sma l l  machi nes, it's okay to 
have many, because they ' do not cost 
much,  so they w i l l  ma inta i n  these 
machi nes using research grants. 

Some m iddle-scale machines, if they 
wou ld l i ke to keep them; wi' l l' only get 
"out of fashion," and not be involved in 
the top-level research, so they have to 

If japan were to host ITER, at 
some time in the construction phase, it 
would cost $400 m i l l ion for the peak 
funding year, which wou ld compare to 
the $ 200 m i l l ion that should be budget
ed for the domestic program every year. 
So we need to add dou ble to our 
resou rces to host ITER. 

Question: When will japan decide if it 
wil l  participate in the construction 
phase of ITER, and offer a site to host 
the project? 

japan is sti l l  discussing th is. The Atomic 
Energy Commission has decided on par
ticipation, and now the supreme advisory 
board, the Counci l  for Science and 
Technology Pol icy, which is chaired by the 
Prime Minister, is discussing it. They have 
issued an interim report. They recognize 
the importance and meaning of ITER, but 
wi l l  want to be convinced about its cost
benefit. Participation is assured, but host
ing ITER costs double the resources, so 
they wil l  think about it. If there is addition
al money, they wi l l  say yes, but the current 
situation is very severe, so they are doing 
everything imperfectly. 

I hope that they wi l l  come to the con-
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clusion that japan wi l l  be hosting ITER. I 
. feel fusion is a very d ifficu lt program. 

We need to have the experience of a 
burn ing plasma, and then be sure it is a 
good candidate for a future energy 
source. We have to pass this very h igh
level chal lenge. 

Question: People here often say to sci
entists, "you have been working on 
fusion research for 30 years, and we 
still do not have it. Why do you still 
keep doing iH" 

In the case of fusion energy, people 
don't know very much about it. In  japan, 
the case i s  the same. Fusion is something 
l i ke a m i rage because some of the 
researchers said in  the 1 970s that in  30 
years, you can have energy. Now 30 
years have passed, but sti l l  we say, 30 
years from now. Some of the lead ing 
politicians i n  japan say this, so we have 
been d iscussing this. 

We do not have so many possible 
energy choices. Of course we have 
some renewable sources l i ke solar ener
gy or hydrogen. But solar energy is not a 
large-scale energy source. It shou ld be a 
local, complementary energy sou rce, 
but it is not possible to replace o i l  bu rn
ing systems, or coal systems, or nuclear 
fission reactors with it. 

Hydrogen should be a secondary ener
gy, l ike gasol ine for cars, because it is 
necessary to have a strong electricity 
source, or hugely powerful source of h igh 
temperature to produce the hydrogen.  So 
fusion is one of our future choices. That is 
why we pursue this possibi l ity. It costs a 
lot, I know, but if we can be successfu l 
with a burning plasma, a very convincing 
new alternative will be assured. 

Question: In the United States, fusion 
research has received very little funding 
or public attention. How would partici
pating in ITER help that situation? 

ITER is a great international, and very 
encouraging, endeavor. If we introduce 
the question of u.s. partic ipation, we 
can reinvigorate the d iscussion in the 
U n ited States. I think we are ready, in  
any case, to start to bui ld ITER. But  for 
fusion science, for a l l  human beings, it is 
better for the Un ited States to participate. 
The Un ited States' potential to carry out 
fusion research should be reinvigorated, 
and it wi l l  be of great help for a l l  human 
beings. That is what I honestly feel .  

Will the u.s. Join? 
Continued from page 46 
fication, and an entity created to procure 
the l icense and constructor. After the 
U n ited States withdrew from the project, 
he said, there was a lack of agreement as 
to where it shou ld be located. Canada 
submitted an offer in  june 200 1 ,  and 
Europe and japan are currently prepar
ing bids. 

"There is no techn ical justification for 
postponing a decision to bui ld  ITER," 
Aymar said. In  Europe, " if it is not done, 
fusion wi l l be reassessed, and it won't be 
so positive." He concluded : "The time 
for ITER is now." 

On june 7, 2001 , at an ITER meeting 
i n  Moscow, the Canad ian government 
announced that it i s  offer ing the 
Clarington site, near Toronto, as its pro
posed bid to house ITER. As Dr. Peter 
Barnard, Chairman and Chief Executive 
Officer of ITER Canada, expla ined at the 
F PA meeting, the project was su pported 
by government offices, labor interests, 
universities and professional societies, 
and the private sector. 

Canada is offering to supply the infra
structure and supporting services for the 
project, wh i le  the other countries wou ld 
supply most of the components. 

The Clar ington s ite is des i rable, 
Barnard said, because the Darl ington 
nuclear station is located there, and 
there is a tritium removal faci l ity on site, 
as wel l  as the l argest cement factory in  
North America. 

Dr. Barnard estimated that the bui ld
ings and infrastructure from the host 
cou ntry, were ITER to be b u i l t  i n  
Canada, would requ i re about Canad ian 
$1 b i l l ion, and operating support, some
what less than that amount. He a lso stat
ed that were ITER to be bui l t  i n  Canada, 
it wou ld increase the l i ke l ihood that the 
U n ited States would rejoin the project. 

jean jacquinot from France described 
the site at Caderache as a possible home 
for ITER. There is infrastructure a l ready 
there, such as a nuclear research center 
with 4,000 people, and 1 8  nuclear instal
lations. The local government, jacqu inot 
reported, would contribute money for 
construction. He reported that a detai led 
study is under way, and that in  a few 
months, the European U n ion wou ld 
decide on a proposed European site. 

M r. Kiochi Mori moto, Science 

50 Winter 2001 -2002 2 1 st CENTURY 

Counselor from the Embassy of japan, 
who participated in the japanese ITER 
design work, reported that there was a 
competition held i n  japan for local gov
ernments to offer sites for ITER's con
struction. They received th ree proposals, 
and wi l l  be choosing two possib le loca
tions. At the F PA meeting, M r. Morimoto 
stressed that japanese government offi
cials had come to Wash ington to request 
that the U nited States reconsider rejoin
ing the project. 

Dr. Lev Gol ubchikov, d i rector of 
fusion energy in the Russian Ministry of 
Atomic Energy, reported that in August, 
the Russian government had approved 
the fusion program for the next five years 
for ITER. He explained that ITER is 75 
percent of Russia's national fusion pro
gram budget. Although Russian scientists 
have a variety of fusion experi ments they 
wou ld want to pursue, now, and whi le 
ITER is bei ng bui lt, resources are scarce, 
Golubchikov reported. 

Presentations at the F PA meeting were 
a lso made on qther current and possible 
fusion exper iments i n  l aboratories 
around the country, includ ing burning 
p lasma devices. 

FPA head Dr. Stephen Dean stated 
that the U n ited States needs a "robust 
national program," to determine how to 
best develop fusion. The physics of toka
maks, for example, can be stud ied in  
machi nes smal ler than ITER. In  addition, 
ITER wi l l  not be . .fu l l y  operati ng for 
another 1 0  years, so new, smal ler 
machi nes are necessary, i n  addition to 
the upgrade of existing fac i l ities. 

There shou ld be a vigorous program 
also to investigate alternative approaches 
to produce magnetical ly confined fusion 
than the tokamak, Dean stated, or we 
"may miss .a

' 
better approach." 

Nevertheless, he said, the U nited States 
should be partic ipating in  the internation
al fusion effort, which would mean fund
ing the fusion technology development 
programs that have been sacrificed to tight 
budgets. Then, the U nited States would 
real ly be able to contribute to ITER. 

The u.s. rejoin ing ITER, Dean said, 
would be a "boost up," for the nation's 
fusion effort. It would "gain the attention 
of Congress and heads of state, who 
would start taking fusion more seriously." 

The U .S .  sti l l  has the opportu n ity to 
reenter the ITER program, but time is 
runn ing out. 
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BIOLOGY AND , MEDICINE 

The Case for Adult Stem Cel l Research 
by Wolfgang L i llge, M . D .  

The question of stem cel l s  i s  currently 
the dom inant subject in the debate 

over biotechnology and human genet
ics: Shou ld we use embryonic stem cel ls  
or adult stem cel l s  for future medical 
therapies? Embryonic stem cel l s  are 
taken from a developing embryo at the 
blastocyst stage, destroying the embryo, 
a developing human l ife. Adu lt stem 
cel l s, on the other hand, are found in a l l  
tissues of the growing human bein g  and, 
accord ing to latest reports, a lso have the 
potentia l  to transform themselves into 
practical ly a l l  other cel l types, or revert 
to being stem tel ls with greater repro
ductive capacity, Embryonic stem cel l s  
have not yet been' used for even one 
therapy, wh i le adult "stem cel l s  have 
a l ready been successfu l l y  u sed i n  
numerous patients, inc lud ing for card iac 
infarction (death of some of the heart tis
sue). 

Stem cel ls are of wide interest for 
medicine, because they have the poten
tial, under su itable conditions, to devel
op into almost a l l  of the d ifferent types 
of cel ls .  They should therefore be able to 
repai r  damaged or defectIVe tissues (for 
example, destroyed insu l i ncprod ucing 
cel ls  in  the pancreas). Many of the so
cal led degenerative d iseases, for which 
there are as yet no effective therapies, 
could then be a l leviated or healed. 

It i s  remarkable that in  the debate
often carried on

' 
w ith l itt le com pe

tence-the potential  of embryonic stem 
cel ls  is exaggerated in a one-si ded way, 
whi le important moral questions and 
issues of research strategy are passed 
over in  s i l ence. Genera l l y, advocates of 
research with embryonic stem cel l s  use 
as the i r  m a i n  a rgu ment that such  
research wi l l  enable u s  to cure a l l  of  the 
d iseases that are incurable today-can
cer, AI DS, Alzhei mers, m u lt ip le sclero
s is, and so forth. Faced with such a 
prospect, it is su pposed to be "accept
able" to "overlook" a few moral prob
lems. 

On cl oser i nspect ion,  however, the 
much extol led v is ion of the future turns 

BIOLOGY AND MEDICI N E  

THE STEM cal. DEBATE: Patients, Politics and Potential Treatments 
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out to be a case of completely empty 
promises:  G iven the el ementary state 
of research today, it is by no means yet 
foreseeable, whether even one of the 
hoped-for treatments can be real ized . 
Basica l l y, such promised cures are a 
del i berate deception, for 'beh i nd the 
m i rage of a com ing medical  wonder
land,  promoted by interested parties, 
com p l etely other research objectives 
w i l l  be pursued that are to be kept out 
of pub l ic  d i scussion as much as possi
b le.  

Perfect candor should ru le in  stem cel l  
research .  This  requ i res that the scientist 
h imself c learly establ ish the moral l i m its 
of h is  activity and' declare what the con
sequences of research with ' embryonic 
stem cel ls  rea l ly  are. In  the process, no 
one can escape the fact that, should one 
wish to use embryonic stem cel l s  for 
"therapeutic pu rposes," the very tech
n iques wi l l  be developed that wi l l  a lso 
be used for the cloning of human beings, 
the making of hu man-an imal hybrids, 
the manipu lation of germ l i nes, and the 
l i ke-thus for everyth ing other than ther
apeutic pu rposes. Any coverup or 
hypocrisy in  this matter wi l l  very qu ick
ly reflect upon the research as a whole. 

What Are Stem Cells, Exactly? 
It is appropriate here to sketch the 

characteristics of stem cel l s, and the 
overthrow of some dogmas of develop
mental biology. Broad ly speaki ng, a 
stem cel l is one that-in the course of 
cel l d ivis ion and increase in the num
bers of cel ls-is able to reproduce itself 
and a lso mature i nto various specia l ized 
types of cel l s .  The stem cel l  with the 
greatest potentia l  (toti potentia l )  is the 
fert i l ized egg cel l , which is capable of 
developing into a complete organism.  

Accord ing to the usual-but actua l ly  
very doubtfu l-explanation, the fert i l 
ized egg cel l  has totipotential up to the 
stage of d ivision i nto eight cel l s, and in 
l ater stages the cel l s  reta i n  o n l y  
"p lur ipotentia l . "  That is, they can form 
many d ifferent types of tissues, but not 
the complete organ ism. Embryonic stem 
cel l s-that is, those 50 cel ls  with i n  a 
blastocyst, which then cont inue to 
develop into the embryo proper-have 
this p lu ripotent ia l .  In the cou rse of fur
ther specia l ization, stem cel l s  of ind ivid
ual tissues are formed, such as that of 
the bone marrow, from which a l l  the 
other kinds of blood cel ls  develop. 

Beh ind this description l ies the con-
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ception that a l i near process of d i fferen
tiation is p layed out, in the development 
of the ind ividual,  toward increasi ngly 
"mature," spec ia l ized cel ls  i n  the indi
v idual  tissues, from totipotential ity to tis
sue spec if icity. This process is  su pposed 
to run only forward, but never back
ward. That i s, as soon as a cel l has 
reached a certai n  degree of "maturity," 
the way back. to earl ier stages of devel
opment is  closed off. So it is  evident that 
a stem cel l 's capacity to perform is 
increasi ngly l i m ited to specific func
tions, and it loses, correspondingly, the 
man ifold capabi l ities sti l l  present in ear
l ier developmental stages. 

Accord ing to latest reports, however, 
this dogma of developmental biology 
does not hold.  Evidently, tissue-specific 
stem cel ls  have the abi l i ty-as has been 
impressively demonstrated in experi 
ments with an imals-to "transd ifferenti
ate" themselves when in a different envi
ronment-that is, to take on the cel l  
functions of the new tissue. Thus, neu
ronal stem cel ls  of mice have trans
formed themselves i nto blood stem cel l s  
and produced blood cel ls .  I ndeed, there 
are ind ications of another capabi l ity of 
adult stem cel ls: Apparently they have 
the potential to be "reprogrammed ." Not 
only can they adjust to the specific con
d itions of a new tissue environment, but 
they can even assume more general ized, 
earl ier levels of development, so that it 
even appears possible that they become 
totipotent aga in .  

Problems of  'Therapeutic Cloning' 
Unti l  now, ta lk  of a poss ible sou rce of 

human replacement tissue has centered 
on embryonic stem cel ls, the production 
of which has been extremely controver
s ia l .  They are a typical product of "con
suming embryonic research," so cal led, 
because i n  obta in ing them from a human 
embryo produced by artific ial fert i l iza
tion in vitro, the embryo is destroyed . 

The most important research tech
n ique for which such embryos are 
obtained is  "therapeutic c loning." I n  
princi ple, a human egg cel l is  denucle
ated, that is, the DNA is removed, and i n  
its p lace is  put the nucleus o f  a somatic 
(body) cel l .  The egg cel l is  stimu lated 
with a short electrical pulse, and it then 
develops i nto the blastocyst, from which 
stem cel l s  can be removed. These are 
identical with those of the donor of the 
somatic cel l  nucleus. 

Laboratory Virola in Ukraine has demonstrated that bone marrow stromal cells in 
culture are pluripotent-that is, they are able to differentiate into cells of liver, 
bone, fa t, cartilage, and so on. Researchers at this laboratory have developed 
techniques to differentiate i n  v itro mouse bone marrow stromal cells into different 
types of neuronal and glial cells. The laboratory is seeking funds to develop similar 
methods for human bone marrow stromal cells. 

Normal ly it goes unmentioned, that it 
is only a smal l step from th is  so-cal led 
"therapeutic c loning" (because, it is 
cla i med, in this way a therapy for d i s
eases can be developed) to what is  
cal led "reproductive c loning." The only 
d i fference is  that the development of the 
embryo is  not interrupted in the early 
blastocyst stage; instead the embryo is 
implanted i n  a uterus and a complete 
organism develops-an exact genetic 
copy of the donor. "Dol ly," the fi rst 
c loned sheep, was produced by th is  
method, and here is  the basis  for the 
widespread fear that the same method 
that is  used for "therapeutic c loni ng" 
can also be used for the selective breed
ing of humans. 

In  addition to the obvious moral con
s ider-ation, there are sti l l  other serious 
d isadvantages that make this path to the 
development of human "replacement 
parts" appear to be untenable. 

The danger of tumors. So far there has 
been no solution to the problem of 
developing in the laboratory an unm is
takable identifier for stem cells that can 
d isti nguish them u nequ ivoca l ly  from 
cancer cel ls.  For th is  reason, it is  a lso 
not possible to produce suffic iently pure 
cel l cultures from stem cel ls .  So far, with 
embryonic mouse stem cel ls, a purity of 

only 80 percent has been achieved. That 
is  in no way suffic ient for cel l transplan
tation as a human therapy. In  a cel l cul
ture for therapeutic purposes, there must 
not be a s ingle undifferentiated cell, 
s i nce it  can lead to unregu lated growth, 
in this case to the formation of ter
atomas, a cancerous tumor derived from 
the germ layers: This problem would not 
be expected with ad u lt stem cel l s, 
because of thei r  greater differentiation .  

Genetic instability. Only recently a 
further problem has emerged . 
Fundamental doubt of the suitabi l ity of 
embryon i c  stem cel l s  for transplantation 
has come to the surface because of the 
genetic i nstabi l ity of c loned cel ls .  

Cloned an imals  l i ke Dol ly give the 
outward appearance of fu l l  health, but 
the probabi l ity of thei r  having numerous 
genetic defects is very h igh.  Moreover, 
the entire c loning procedure is extreme
ly ineffective. Most c loned animals die 
before b i rth, and of those born a l ive, not 
even half survive for th ree weeks. In the 
best case, there is a success rate of 3 to 
4 percent. 

One of the reasons for this high fai l u re 
rate has now been d iscovered by the 
German scientist Rudolf jaenisch at the 
Institute for B iomed i cal  Research at the 
Massachusetts Institute of Technology, 
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Neuroblasts differentiated from bone marrow stromal cells by Laboratory Virola. 

and his col league, Ryuzo Yanagimachi .  
Their conception i s  that in  c loning-that 
is, when the nucleus of a somatic cel l  is 
inserted into a denucleated egg cel l
the reprogramming of the genes does 
not proceed properly, so that not a l l  of 
the genes that are necessary to the early 
phase of embryonic development, are 
activated. Even when cloned animals  
survive at  a l l ,  probably every clone 
would have subtle genetic abnormal ities 
that wou Id frequently become notice
able only later in l ife. 

Jaenisch performed h i s  experiments 
with mice that had been cloned using 
embryonic stem cel l s  in  p lace of the 
somatic cel ls, which produces better 
results. But to h is  su rprise, the repro
gramming of the i nserted genetic materi
al  by the embryonic cel l s  proceeded in a 
very unregu l ated way. There were no 
two clones in which the same pattern of 
gene activation was found, and Jaenisch 
is convinced that the use of embryonic 
stem cel l s  was clearly responsible.  

What consequences fol low from this 
for the therapeutic use of human embry
onic stem cel l s-consequences that w i l l  
in  fact b e  mu ltipl ied through c loning
are not yet foreseeable. 

Whoever Would Cure, 
Must Use Adult Stem Cells 

It has been known for about 30 years 
that stem cel ls  are present in the tissue of 
the adu lt, but it was assumed that they 
could only form cel l s  of a particular tis
sue. That is, reprogramming them was 

considered . impossible. In  recent years, 
however, p lu ri potent stem cel l s  were 
d iscovered in various human tissues-in 
the spinal  cord, in the bra in, in the mes
enchyme (connective tissue) of various 
organs, and in the blood of the umbi l ical 
cord. These plur ipotent stem cel l s  are 
capable of forming several cel l types
principa l ly  blood, muscle, and nerve 
cel ls .  It has been possible to recogr:) ize, 
select, and develop them to the poi nt 
that they form mature cel l types with the 
help of growth factors and regulating 
proteins.  

This shows that in  tissues of the body, 
adult stem cel l s  possess a much greater 
potential for differentiation than previ
ously assumed. This knowledge must be 
brought i nto the publ ic consciousness 
with a l l  possible emphasis. If stem cel l  
research were real ly only meant for ther
apeutic uses, which it most obviously 
should be, adult  stem cel l s  would prom
ise a very productive research field-and 
beyond that, a possib i l ity, without moral 
objection, to d iscover fundamentals of 
the dynamics of tissue d ifferentiation. 

It has become clear from transplanta
tion �xperi ments with ani mals, that stem 
cel ls  of a particu lar tissue can develop 
i nto cel l s  of a completely d ifferent kind.  
Thus, bone marrow stem cel l s  have 
been i nduced to become brain cel l s, but 
a lso l iver cel ls .  

Adult stem cel l s  obviously have a u n i
versal program for d ivision that is com
mon to a l l  the kinds of tissue stem cel ls, 

and makes them m utua l ly  interchange
able. This was d iscovered by Alexei 
Tersk ikh at Stanford U n i versity School of 
Medic ine in Cal ifornia. He was able to 
prove that ad ult  stem cel l s  of blood
form ing tissues, and of the brain, acti
vate the same genes, in order to preserve 
the i r  status as stem cel ls .  

In  May 200 1 ,  a further, spectacu lar 
experiment was reported, which was 
carried out on m ice by scientists at Yale 
U n ivers ity. The researchers obta i ned 
stem cel ls  from the bone marrow of 
male m ice, and injected it into females 
whose own marrow had been destroyed 
by rad ioact ive i rrad iation .  E l even 
months l ater, the male stem cel ls ( identi
fiable through the male Y-ch romosome) 
were found not on ly in the females' 
bone marrow, but a lso in their blood, 
and in  their gut, l u ng, and sk in  tissues. 

I f  these observations are correct and 
are confirmed by other teams of scien
tists, science should concentrate on 
research with adu l t  stem ce l l s  and 
renounce further experiments with the 
embryonic.  

Human Treatments 
Moreover, very promis ing treatments 

of serious d i seases with adu lt stem cel ls 
have a l ready been tried . The special 
advantage i s  that there are no rejection 
reactions, because the cells are from the 
same body. 

Of l onger stand ing is treatment with 
bone marrow stem cel ls .  The treatment 
comes i nto play when, for example, a 
patient has lost h is  or her blood-form ing 
tissue through radiation or h igh-dose 
chemotherapy. Prev ious ly  removed 
bone marrow stem cel l s  are then retrans
planted, and are able to resume the for
mation of blood cel ls .  

In  2001 , however, a team of doctors at 
the Duesseldorf U n iversity C l in ic car
ried out a treatment of very far-reach i ng 
consequences. For the fi rst time, they 
treated a card iac infarct patient with 
stem cel l s  from h is  own body. The car
d iologist, Prof. Bodo Eckehard Strauer, is 
sure that the stem cel ls from the patient's 
bone marrow, after i njection i nto the 
infarct zone, autonomously converted to 
heart m uscle. The functioning of the 
severel y  damaged heart c lear ly 
improved with in  a few weeks. 

Four days after the infarction, the doc
tors took bone marrow from the patient's 

Continued on page 72 
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ANCIEN T DISCOVERY 

Pitcairn Island Petroglyph Deciphered 
by Ross Perfect 

The Pitcairn Is l and petroglyph is locat
ed at the base of a steep c l iff i n  a bay 

known as "Down Rope," at the eastern 
end of the i s land.  These drawi ngs, 
which have been the subject of numer
ous archaeological studies over the past 
centu ry, have never been fu l ly  interpret
ed. They were first d iscovered by the set
tlers from the sh ip Bounty in 1 790, 
together with other native artifacts, and 
as such were always considered to be 
Polynesian in  orig in .  However, if this 
petroglyph i s  v iewed from a 
Greek/Egyptian perspective, a new story 
is presented. 

The photograph on page 5 5 ,  and a 
sketch of its mark i ngs, show the entire 
pictu re of the petroglyph at Pitcairn 
Is land,  which was suppl ied by the 

Com m issioner of the is land,  and i s  
i nc l uded in  h is  publ ication " N otes for 
Visitors to Pitcai rn I s land."  In th is  deci
pherment, I have extracted each sec
tion of the petroglyph, with a deta i l ed 
explanation for it. The sections have 
been placed so that the entire pictu re is 
read from right to l eft, and from top to 
bottom .  [Note that, convention a l l y, 
wh ite chalk fs,

'
rubbed over petroglyphs . 

to make the marki ngs stand out i n  a
' 

photograph. ]  
The top right section appears to be a 

script dep icted by consonants with 
vowel pointings. With the ass istance of 
the phonetic script developed by Barry 
Fel l , l  and by read ing in a counterclock
wise d irection from the top, this section 
is deciphered as fol lows: 

Map drawn by Stephen Kraft 

Pitcairn Island, made famous as the refuge of the mutineers from the Bounty in 1 790, 
is located in the Pacific Ocean, at approximately 250 South and 1 300 West. 
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Phengare = Moon (Greek) 

1:0;'; ' 1 . eklei-ekleipo = Be ecl ipsed. 

These th ree sections together translate 
as " lunar ecl i pse." 

The bottom section in  this fi rst area 
represents th ree celestial g lobes: the 
Moon, the Earth, and the Sun,  a l igned at 
the time of a l u nar ec l i pse, with the Sun 

I 
cast ing the Earth's s hadow on the 
Moon. A l i ne from the Sun, in  the lower 
right-hand corner, through the Earth, 
and then to the Moon, in the upper l eft
hand corner, shows the Sun to be 
approac h i n g  su mmer so lst ice. This  
occurs when the Sun reaches its maxi
mum southern dec l i nation, and would 
ind icate a n  ec l i pse that occu rred 
around December. 

The next section, the middle portion of 
the petroglyph, is the date stamp, The 
five-pointed star represents the Pharaoh 
or ru l ing monarch. U nderneath the star 
are the Greek numerals � 
1 0  and 6, which repre- -k 
sent the 1 6th year of the . ; '  
reign of the monarch ( in 

. JJ�t, this case, Ptolemy I I I ) .  
The two hem ispherical shapes in  the 

upper- left part of the picture are repre
sentations of the Moon near ecl i pse, On 
the extreme left of the petroglyph is a 
symbol ic representation of the constel
l at ion Gem i n i .  D u ri n g  the ecl ipse, 
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The petroglyph at "Down 
Rope, " Pitcairn Island. The 
rock markings h a ve been 
chalked in, so that they can be 
seen in a photograph. Th is 
photo appears in an official 
government publication titled 
"Notes to Visitors of Pitcairn 
Isla nd, " and is a lso 
reproduced in a postage stamp 
(right). 

center of learn ing for the Med iterranean 
region. Major advancements were made 
in the knowledge of a l l  sciences, astron
omy in particular. 

A copy of the petroglyph, as seen in the photograph above. 

Ptolemy I I I  Euergertes came to the 
throne in 247 B.C.,  and reigned jointly 
with his father, Ptolemy I I  Ph i ladelphus, 
u nt i l  his father's death in  245 B .C. The 
start of the Egyptian New Year, on the 
first of Thoth (Oct. 23, 247 B.C.)  would 
have recorded the start of Ptolemy I l l's 
second regnal year. The l u nar ecl i pse 
observed at Pitcai rn Is land on Dec. 1 4, 
2 3 3  B .C . ,  wou l d therefore have 
occurred in his 1 6th regnal year. 

which l asted approximately s ix hours, 
the Moon was situated in  the constel la
tion of Gemi n i .  

The central portion shows a l ittle man 
expressing gratitude to his God for witness
ing this lunar ecl ipse after travel l ing 
halfway around the world. Situated behind 
the l ittle man is a drawing of a water clock 
(see also i l lustration) set up on a stand to 
record the interval of time between Local 
Mean Time of noon and the time of the 
lunar eclipse. This would enable a d irect 
calculation of the longitude of the observer. 

. The stick- l ike . ' 

�i:�����;,�i -* :�. . .• ��;
y 
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el lers were known 
as "the People of 
Manu." The word "Manu" is very com
mon throughout the peoples of the Pacific 
and translates as "animal," or more gener
al ly, "bird." 

ANCIENT DISCOVERY 

The Explanation 
A copy of Egyptian hieroglyph ics from 

the Tomb of Osiris shows the extensive 
use of the five-poi nted star. This is a ref
erence to "ru l i ng monarch," whose 
name wou ld be attached . 

The Greek occupation of Egypt, which 
started with Alexander the G reat in  323 
B.C.,  was a time of great wealth and cul
ture. Dur ing the reigns of Ptolemy I I  and 
I I I ,  the Library of Alexandria, u nder the 
leadersh ip of Eratosthenes, became the 

ClEPSYDRA, OR WATER CLOCK 
A water clock, 
known to the 
Greeks as "Clep
sydra, the Water 
Stealer. " In this 
wa ter clock, a 
central, tapered _� ___ � 

pot leaks water 
a t  a regu lar rate. A pot with 
parallel sides leaks more slowly as 
the water level drops, and the 
Egyptians o verca me th is b y  
tapering th e s ides of t h e  p o t  
inwards b y  70°. 

Source: A. Pavel and F. Honzak, Living in 
the Past. London: Hamlin, 1 988 

History shows that the ancient G reeks 

Note the repe a ted use of the fi ve 
p o i n ted star, s ymbol  fo r "ru ling 
monarch, " in these hieroglyphics from 
the Tomb of Osiris in Egypt. 

21 st CENTURY Wi nter 2001 -2002 55 



LUNAR ECLIPSES OCCURRING 234 R.C. TO 230 R.C. 

Lunar eclipse on Dec. 26, 234 B.C. Overhead at Lunar eclipse on Dec. 1 4, 233 B.C. 

U.T. P.A. Long. Lat. U.T. P.A. Long. Lat. 

Event h m s Event h m s 

Moon enters penumbra -21 1 8  25 68 +87 +20 Moon enters penumbra 6 25 33 90 -46 +23 

Moon enters umbra -22 30 9 58 +70 +20 Moon enters umbra 7 26 36 95 -61 +23 

Total eclipse starts 0 1 87 +48 +20 Total eclipse starts 8 30 2 295 -76 +23 

Maximum eclipse 0 1 2  8 +45 +20 Maximum eclipse 9 1 1  1 6  -86 +23 

Total eclipse ends 0 23 1 2  62 +42 +20 Total eclipse ends 9 52 30 45 -96 +22 

Moon leaves umbra 54 5 291 +20 +20 Moon leaves umbra 1 0  55 57 245 -1 1 1  +22 

Moon leaves penumbra 3 6 2 281 + 3 +20 Moon leaves penumbra 1 1  57 1 3  250 -1 26 +22 

Magnitude of umbral eclipse = 1 .0 1 8  Magnitude o f  umbral eclipse = 1 .369 

Lunar eclipse on June 20, 233 B.C. Lunar eclipse on June 10, 232 B.C. 

U.T. P.A. Long. Lat. U.T. P.A. Long. Lat. 

Event h m s Event h m s 

Moon enters penumbra 1 7  26 7 1 04 +148 -21 Moon enters penumbra -23 1 7  4 79 +55 -25 

Moon enters umbra 1 8  28 43 1 07 +133 -21 Moon enters umbra 0 37 5 63 +36 -25 

Total eclipse starts 1 9  30 44 297 +1 1 8  -21 Maximum eclipse 2 7 1 4  + 1 4  -25 

Maximum eclipse 20 1 9  43 +106 -21 Moon leaves umbra 3 37 28 322 - 8 -25 

Total eclipse ends 21 8 45 79 + 94 -21 Moon leaves penumbra 4 57 27 306 -27 -25 

Moon leaves umbra 22 1 0  49 269 + 79 -21 Magnitude of umbral eclipse = 0.665 

Moon leaves penumbra 23 1 3  20 272 + 64 -20 

Magnitude of umbral eclipse = 1 .575 Lunar eclipse on Dec. 4, 232 B.C. 

U.T. P.A. Long. Lat. 

Event h m s 

Moon enters penumbra -21 27 57 1 1 1  +92 +25 

Moon enters umbra -22 52 1 6  1 40 +72 +25 

Maximum eclipse -23 38 20 +61 +25 

These data were prepared by Dave Herald, Canberra, Australia. U.T. is 
Moon leaves umbra 0 24 22 

Moon leaves penumbra 1 48 50 

1 91 +50 +25 

2 1 9  +29 +25 universal time. Note that the penumbral eclipses would be barely notice-
able. Magnitude of umbral eclipse = 0 . 188 

Ptolemy "' Euergetes, as depicted on a 
gold coin of Alexandria, after his death. 
The trident of the sea god Poseidon is 
at his shoulder. Ptolemy "' was king at 
the time of the exploratory voyage of 
Maui and Rata, across the Pacific in 
232 B.C. 

Source: 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. 41 

were fam i l iar with ecl i pses in  general, 
and lunar ecl ipses in  particular. Thales, 
who is credited with pred icting the first 
solar ecl ipse in  585 B .C., was aware that 
the Sun, Moon, and Earth returned to 
their same relative positions after a peri
od of 1 8  years, 1 1  days-the so-cal led 
Saros Cycle: It was recognized in  ancient 
times that an ecl ipse of the Moon offered 
a method to determ ine longitude by 
being an accurate clock, visible from 
many parts of the Earth. The exact time 
that the Earth's shadow comes onto the 
disk of the Moon is independent of 
where the event is observed . 

An early G reek attempt of th is  tec h
n i qu e, compared the repo rted t i m i n g  
o f  t h e  ec l i pse o f  Sept. 20,  3 3 1  B .C . ,  
made i n  Carthage ( i n  modern Tu n i s i a) 
and Arbela in the Midd le  East. The 
d i fferent ti mes read on the c l ocks 
when the ecl i pse began were taken to 
ind icate the d ifference in longitude of 
the two cit ies . 

The astronomical representation of 
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the conste l lation Gemin i ,  as seen in the 
Northern Hemisphere, is shown at left, 
p. 58 .. The two brightest stars in  this con
stel lation, ex and (3, a lso cal led Castor 
and Pol l ux (the D ioskouroi) were the 
savior gods of the G reek seafarers. 

The drawing on the right, p.  58, shows 
the Southern Hemisphere's northeastern 
sky for the month of December. This 
would have been the sky as observed 
from Pitcairn on the n ight of the ecl i pse, 
with the fu l l  Moon r is ing with the con
ste l lation of Gem i n i .  

The l unar ecl ipse, which occurred on 
December 1 4, 233 B .C., wou ld have 
been overhead in the mid-Atlantic at 6:25 
U niversal Time. The Moon then passed 
over the Bahamas and obtained maxi
mum ecl ipse over the Gulf  of Mexico at 
9 : 1 1 Universal Time, before terminating 
over the Western Pacific, off the coast of 
Cal ifornia at 1 1  :57 Un iversal Time. 

On Pitcairn Is land, situated at longi
tude 1 300 West, the Moon wou ld have 
been clearly visible in the northeastern 
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Lunar eclipse on April 30, 231 B.C. 

U.T. P.A. Long. Lat. Lunar eclipse on April 19,  230 B.C. 

Event h m s U.T. P.A. Long. Lat. 

Moon enters penumbra 1 1  1 1  34 1 79 -127 -25 Event h m s 

Maximum eclipse 1 2  34 25 -1 47 -25 Moon enters penumbra 1 5  59 38 1 40 + 1 63 -25 

Moon leaves penumbra 1 3  57 8 232 -1 67 -26 Moon enters umbra 1 7  1 0  1 5  1 54 +146 -25 

Magnitude of penumbral eclipse = 0.305 Maximum eclipse 1 8  39 52 + 1 24 -25 

Moon leaves umbra 20 9 24 260 +1 02 -26 

Lunar eclipse on May 30, 231 B.C. Moon leaves penumbra 21 20 1 5  275 + 85 -26 

U.T. P.A. Long. Lat. Magnitude of umbral eclipse = 0.742 

Event h m s 

Moon enters penumbra 27 3 45 +20 -27 Lunar eclipse on Oct. 1 4, 230 B.C. 

Maximum eclipse 2 56 1 5  - 1 -27 U.T. P.A. Long. Lat. 

Moon leaves penumbra 4 25 25 348 -23 -27 Event h m s 

Magnitude of penumbral eclipse = 0.346 Moon enters penumbra 8 59 56 44 - 95 +24 

Moon enters umbra 1 0  1 2  53 33 -1 1 3  +24 

Lunar eclipse on Oct. 25, 231 B.C. Maximum eclipse 1 1  53 23 -1 37 +24 

U.T. P.A. Long. Lat. Moon leaves umbra 1 3  34 270 -1 61 +25 

Event h m s Moon leaves penumbra 1 4  46 53 259 -1 79 +25 

Moon enters penumbra 1 20 25 1 7  +26 +26 Magnitude of umbral eclipse = 0.964 

Maximum eclipse 3 1 7  8 - 2 +26 
These data were prepared by Dave Herald, Canberra, Australia. U.T. is 

Moon leaves penumbra 5 1 4  3 290 -30 +27 universal time. Note that the penumbral eclipses would be barely notice· 
Magnitude of penumbral eclipse = 0.802 able. 

West - East + 

o 

SCH EMATIC OF FULL L U NAR ECLI PSES, 234 B.C. TO 230 B.C. 

sky on the evening of Dec. 1 3, 233 B.C. 
The Moon would have entered the pen
umbra at 21 :45 Local Mean Time, soon 
after rising above the horizon. Maximum 
ecl ipse would have occurred at  03 : 1 2 

ANCIENT DISCOVERY 

hours Local Mean Time on Dec. 1 4, 233 
B .C., with the Moon leaving the penum
bra at 0�: 1 7 Local Mean Time. 

Between Jan. 5, 234 B.C. and Dec. 3, 
232 B.C., seven lunar eclipses occurred 

around the world at regular six-month inter
vals. The Greeks, having recorded these 
eclipses on previous occasions and being 
aware of the regular Saros Cycle, knew 
in advance when these ecl i pses wou ld  
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The constella tion Gem ini.  Its two 
brightest stars, Castor (ex) and Pollux (�), 
were the savior gods of seafarers in 
Ancient Greece. 

recur. It is therefore highly possible that 
an exped ition was organized to traverse 
across and map the Pacific Ocean, 
using predetermi ned l u nar ec l i pses to 
establ ish longitude. 

THE EVENING SKY AS SEEN 
FROM PITCAIRN ISLAND, 

DECEMBER 28-3 1 ,  233 B.C. 
This illustration shows the 
Moon as it passes through 
the constellation Gemini 
during the month of De
cember, as it could have 
been seen from Pitca irn 
Island in the Southern 
Hemisphere, looking north
east. 

Barry Fell described the drawings on 
an ecl ipse recorded i n  a cave at I r ian 
jaya in  the 1 5th Regnal Year.2 This  
wou ld  have been the l unar ecl i pse on 
Dec. 26, 234 B.C. ,  wh ich wou ld have 
been vis ible at both Ir ian jaya and 
Egypt. Pitcairn was recorded on Dec . 
1 4, 233  B .C.,  and it is possible that the 
last ecl ipse was recorded at Santiago on 
june 1 0, 232 B.C. 

Ross Perfect, Licensed Surveyor with 
New Zealand, Fijian and Australian Qual
ifications, now lives in Queensland, 
Australia, and has spent considerable time 
in the South Pacific. He was inspired by 
the biography of Barry Fell to pursue this 
analysis of the Pitcairn Island petroglyphs. 

Notes ____________ _ 

1 .  See Appendix 1 ,  Epigraphic Society Occasional 
Publications, Vol. 2, No. 21 (1 975). Part 1 of the 
biography of Barry Fell, by his son Julian Fell, ap
pears in the Winter 1 999-2000 issue of 21st 
Century, "Barry Fell, Epigrapher: Biography of a 
Renaissance Man," pp. 40-63. Part 2 appears in 
the Summer 2001 21st Century. 

2. Ibid. 
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SPACE 

I NTE RVI EW WITH ASTRO NAUT 
AN DY TH OMAS 

It's Time for Australia ' 
To Get I nto Space! 

Australian-born astronaut Andy 
Thomas has made two flights on the 
Space Shuttle, and spent 130 days on 
the Russian Mir Space Station. A PhD. 
in mechanical engineering from the 
University of Adelaide, Dr. Thomas has 
given many public lectures in Australia, 
and is an outspoken advocate for 
Australia to join the international com
munity in its manned space programs. 

Dr. Thomas was interviewed by 
Marsha Freeman on Nov. 7, 200 1 .  

Question: You testified last summer 
before the International Space Advisory 
Group, on Australia's future in space. 
What were your recommendations? 

My role was to give them some ideas, 
particu larly about possible involvement 
in  the International Space Station. We 
were tal king about a potential landing 
site for the X-38 veh icle, and a landing 
site for a crew return veh icle for the 
Space Station, should it evolve from the 
experi mental X-38 .  Because Austral i a  is 
a big, wide open space that is easy to hit  
with a crew-return vehicle, i t  i s  very 
attractive for a landing site. 

Question: Which areas of Australia 
would be considered appropriate for 
such a landing site? 

There a re actua l ly  a nu m ber of pos
s ib le land ing s i tes, but the most prob
able is a test range in the northern part 
of south Austra l i a  cal l ed Woomera. I 
th ink it wou l d  certa i n l y  be very m uch 
i n  the Austra l ian Government's i nter
est to do that, to s u pport the i nfra
structure, because it is a very u n iq u e  
test range. 

Question: There would seem to be 
many ways that Australia could con
tribute to the I nternational Space 
Station. Australia already has a large 

Astronaut Andy 
Thomas: "The 
reception from the 
people I talk to, the 
man in the street, as 
well as educated lay 
persons, has been 
extremely positive 
about human space 
flight. " 

program in Earth remote sensing. Could 
that area be a possibility? 

That was one of the things I also sug
gested, as an area where Austral ia could 
do something with the Space Station and 
provide a capabi l ity that would be unique 
for Austral ia, sensing of geography of the 
land, sensing of the surrounding oceans, 
for ecological and resource management, 
and environmental management. The 
question you have to address is, are you 
best off doing that on a Space Station, on a 
human-tended vehicle, or. on a free-flyer? 

The conventional answer is that a 
free-flyer is the best way to go, but I 
made the point that that doesn't account 
for the fact that if you do it on a Space 
Station, you have a person in  the loop 
who can make real-time decisions, you 
can mod ify your instrument, you can fix 
you r  instrument if there is a problem 
with it, and you can bring your instru
ment back to the ground and refu rbish it. 

If Austral ia  was to do it, it wou ld have 
a device that wou ld be appl icable not 
j ust to Austral ia, and it wou ld be able to 
do col laborative ventures with other 
countries, to use the same data sources 
that they generate. 

Question: Beside remote sensing, what 
other areas could Australia participate in? 

In a l l  of the areas of research that go 

on on the Space Station-l ife sciences, 
m i c rogravi ty science, and basic 
physics-Austral ia  has the educational 
capacity to contribute to any of these. 

L ife sciences i s  one field that comes to 
mind.  Austra l i a  h as a very strong med
ical commun ity, and there is a lot of 
i nterest i n  the med ical issues faced in  
long-duration spacefl ight as they apply 
to people on the grou nd.  

In  microgravity · sciences there are the 
basic ski l ls in the u niversities. There are 
the ski l l s  in basic physics, in remote sens
ing. In any of those areas, Austra l ia  cou ld  
do col laborative science,. and I made a big 
push for them to do ·that. I think it would 
be very much in  the c;';ountry's best interest 
because you leverage the resources and 
start getting a community of educated 
people bui lding up in the society. 

You develop very u n ique, advanced 
sk i l l s .  They may not stay in the space 
program, but those sk i l l s  d iffuse i nto the 
commun ity and after 1 0  years you start 
to see them paying d ividends in other 
areas, in other innovative technologies, 
start-up compan ies, and venture funds. 
That's where the big payoff would be for 
Austral ia, aside from the fact that doing 
these th ings en riches the commun ity i n  
its own right. People find i t  exciting, and 
that's enough justification in  its own 
right to do it. 
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NASA 

Andy Thomas has proposed that Australia provide a landing site for the Crew 
Return Vehicle (CRV), that will be developed for the International Space Station. 
Seen here is the NASA X-38 test vehicle, the precursor to the CRV 

Question: It would seem that Australia 
could also develop modest pieces of 
hardware for the Space Station, as any 
even small involvement is a foot in the 
door into this international effort. 

I suggested developing fl ight hard
ware of some kind to support the Space 
Station.  I don't th ink  Austral ia  is fiscal l y  
in a position to develop a module .  
However, it cou ld  eas i ly  develop com
ponents of modu les for another agency, 
such as the European Space Agency or 
the Canadians. There are a lot of col lab
orative opportu n ities, where Austral i a  
has the technology s k i l l s  t o  d o  it. 

When I suggest that, the question I get 
is, "Why should Austra l ia  develop some
thing to su pport a Space Station modu le? 
What does Austra l ia get out of it?" 

Austra l ia  would actual ly get a lot. If 
Austral ia developed a l ife support system 
for a space station module, Austra l ia  
would get a l l  that technology, which has 
appl ications, for example, to sub
marines. Wel l ,  Austral i a  is bui ld ing a 
fleet of submarines for itself, and that l i fe 
support technology has immediate app l i
cation there. It also has application in the 
refurbishment and mai ntenance of com
mercial ai rcraft, which is a big busi ness 
in Austral ia.  Many a ir l ines go there to do 
it because it's attractive, financia l ly. 

If Austra l ia  provided commun ications 
systems for a station modu le, that would 
also have appl ications to systems for 
m i l itary vehicles, as wel l  as commercial 
veh icles on the ground . 

If Austra l ia  had a fu l l -time support 
capabil ity for an emergency landing site 
for the Space Station crew return vehi
cle, which is another option, Austral ia  
wou ld require search and rescue capa
b i l ity and special  med ical veh icles, to be 
deployed in the event of an emergency 
on the space station . 

But those resources would be available 
to Austral ia  in  times of national need. It 
wou ld not be something sitting there gath
ering dust; it could be function ing, sup
porting the communities in the remote 
areas of Austral ia, at the same time that it 
is on cal l  to support the Space Station. 

That's the approach that I took in my 
briefing. I said that all of these thi ngs are 
not someth ing that is done in  isolation, 
just to support the space program.  They 
all have appl ication to the needs of the 
country. In that sense, you are enrich i ng 
the capabi l ities of the country by doing 
these thi ngs because you are gain ing 
access to the technologies and capab i l i
ties that you would not otherwise have. 

Question: Is it correct that at this point, 
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there is no Australian space office, or 
agency comparable to NASA? 

That is correct. I made a push for that. 
I thought that with the various activities 
that Austra l ia  cou ld partic ipate in, either 
through the I nternational Space Station 
or through the Woomera test range, or 
the work going on at Christmas Is land 
[ launch site], that Austra l ia did need to 
have a focussed, centra l ized space office 
which would report to a cabinet m i n ister 
at a h igh level, and have a clearly 
defined mandate and budget and goals. 

That would avoid some of the turf bat
tles you get when you have mu ltiple 
organ izations trying to do things. You'd 
have someone clearly in  charge, and I 
th ink  that is very important. 

Question: Why has it been so difficult 
to establish a centralized space agency? 

There have been attempts to do that in  
the past, but  space and those real ly  long
term investments in  research are not part 
of the Austral ian cu lture. Trad itional ly, 
Austral ia doesn't do that. It funds more 
near-term thi ngs. 

Austral ia has had, in  fairness to the 
pol itical leaders, some economic prob
lems that req u i red pretty immediate 
action, so there haven't been the 
resources to do this. I am of the opinion 
that the world is changing and the 2 1 st 
Century wi l l  be a world of very sophisti
cated technologies; and certainly remote 
sensing has sudden ly taken on a whole 
new importance s ince September 1 1 .  

I th ink  you have to look and see what 
wi l l  be the val ues of the 21 st Century 
world. They're going to be in high technol
ogy systems, research and development, 
of which one element is space-based 
activities. I th ink  if any cou ntry is going 
to be a player on the world stage, and 
therefore, an active p layer in  the world 
economy, then that cou ntry needs to 
embrace those values. That is something 
Austral ian pol itical leaders need to do. 

Question : There is, very often, a discon
nect between the political leadership of 
a country and the kinds of programs 
that would be supported by the citizens 
of that country. What kind of response 
do you get when you give talks about 
space in Australia? 

I've genera l ly  fou nd that the reception 
from the people I ta l k  to, the man in the 
street, so to speak, as wel l as educated 
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lay persons, has been extremely positive 
about human space fl ight and being 
inolved. There's great excitement there. 
For young people, of course, that's 
unden iably true, but it's not j ust young 
people, it's a lso the people at  large. I 
think some of that has been picked u p  
o n  by the pol itical leaders, too. 

I had the great priv i lege to add ress the 
Austral ian Federal Cabi net i n  Ju ly-this 
is made up of the various m i n isters who 
report to the Pri me M i n ister. That was a 
great honor. I briefied them about the 
Space Station and about Au stral ia's 
un ique capabi l ities by virtue of its geog
raphy, which includes Ch ristmas Is land 
and Woomera, and I made a big push 
for Austral ia  to get i nvolved in  these 
activities, because I th ink  there wi l l  be a 
s ign ificant economic benefit to the 
country i n  years to come. 

It won't be a near-term economic gain; 
these th ings never are, they are a long
term economic gai n .  But I think Austral ia 
is well positioned to be a participant in  
those because i t  has  a good technology 
infrastructure, it has a good education sys
tem, it has a good R&D base, it's very sta
ble political ly, and it is an English-speak
ing country. These are all defin ite advan
tages, and pluses in why Austral ia should 
get involved in some of these things. 

Question: One would think that there is 
great interest in manned space pro
grams in Australia, because it has two 
astronauts who have flown in space. 

That needs to be clarified a bit. The 
two of us got our start in Austral ia, but we 
do not represent Austral ia  in any way. 

Pau l  Scu l l y-Power was a payload spe
cial ist as an oceanographer. In fact, he 
was not an astronaut.  He was a n  
oceanographer who d id  not represent 
Austral ia, but flew as a U .S.  c itizen . I 
flew as a U .S. citizen on my fi rst fl ight. I 
subsequently had my Austral ian citizen
ship reactivated, because they changed 
the laws there, so I a lso do fly as a n  
Austral ian c itizen, but I don't represent 
Austra l ia  formal ly. It's an i nformal repre
sentation by v irtue of my heritage. 

That's a poi nt I make when I'm i n  
Austral ia, because a lot of people say: 
"Why should we get i nvolved in space? 
We've had Andy Thomas as an astro
naut, we've gotten an Austra l ian citizen 
into space, we've had Scu l ly-Power as a 
payload specia l ist. What more should 
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we do?" 
The fact of the matter is that none of 

these was formal ly l i nked with Austral ia .  
Austral ia  does not have a formal role in  
human space fl ight. 

Question: To accomplish the kinds of 
goals you are recommending for 
Australia, there would have to be a 
government policy to do so. Would that 
be part of a larger orientation of the 
government towards research and 
development pr()grams? 

That is the big issue. The big push I've 
tried to make is to get the government to 
th ink  about these kinds of activities, that 
are rea l l y  part of a bigger research, 
development, and technology plan that I 
th i n k  governments do need to fol low 
through with. You have to make an 
investment in  the future, in research and 
development. You have to make an 
investment for your grandchi ldren.  

You can't run an economy just look-

ing at what is going to be the return in  
the next election cycle, because some 
thi ngs take longer to develop than that. 

If the U n ited States had worked on 
j ust try ing to get a return before the next 
election, we wOL1 ld not have a l l  the 
computers and the Internet, and a l l  the 
capab i l ities we have, because they have 
taken many, many years to develop. 
They take a stable pol icy of research and 
development that i s  b ipartisan in  sup
port, and is agreed upon by everyone as 
bei ng in the country's national interest. 

Question:  One 'very important long
term benefit from investment in 
research and development, and space 
exploration, in particular, is in advanc
ing the quality of education in society. 

That's true, and if you look at what 
NASA has done over many years, NASA 
spending has made a h uge contribution 
with i n  the u n i vers i ty system of th is  
country. It's just h uge. 

NASA 

One of the contributions that Australia can make in space technology is in the field 
of Earth remote sensing. Here, a space image of the Perth area in Western Australia, 
taken in 7 998. 
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An u nbel ievable amount of the work 
that goes on in flying the Shuttle, i n  
developi ng the payloads a n d  the sys
tems, bel ieve it or not, is done by grad
uate students earn i ng the i r  degrees. 
Those graduate students may not stay i n  
the space program, but they get a spe
cial ized sk i l l  which they take out i nto 
the commun ity, and that enriches the 
commun ity in other areas. 

That was one of the pushes I made 
with the Austra l ian government, that if 
you do these things, you put val ue
added into the commun ity which, I 
th ink, is impossible to quantify, but i s  
profound. You change the nature of  your 
society i n  a very positive way for the 
next 20 years. That's the intangible part. 

It's a very hard sel l to pol itical leaders 
because they have to justify the return to 
their constituency, and it's hard · when 
people are u nemployed, and so on, to 
get them to th ink  that they need toworry 
about the legacy they are going to leave 
for their grandch i ldren. 

When I briefed the Federal Cabi net 
about the Space Station, they were of the 
opin ion they could only be involved in 
it if they comm itted hundreds of m i l l ions 
of dol lars. That's true, if you waht be a 
fu l l-up active partner. 

However, you don't have to do that. 
You can be a participant in the science 

programs, by j ust spend ing some m i l
l ions of dollars in research and develop
ment programs that wou ld, for example, 
be done col l?boratively with investiga
tor.s here. By doing that, you access a l l  
.the other research and development 
that's going, so you leverage your sma l l  
investment. You get a lot more for i t  than 
you might otherwise. 

Question: When you discuss Australian 
participation in the International Space 
Station, does anyone bring up the fact 
that Brazil is making a significant con
tribution to the Space Station program? 

I bring that up a l l  the time. I use Brazi l  
a s  an example, I point out, a s  I've done 
with the Prime Min ister's Ch ief Scientist, 
that Braz i l  is spending money on the 
Space Station and has got an astronaut 
here [at NASA's Johnson Space Center i n  
Houston] .  

They are trying to show the world that 
they have these capabi l ities, and that 
they are a player on the world stage. 
They want countries to come to them to 
launch vehicles, because they have a 
geography that's idea l l y  su ited for 
launching vehicles. By bei ng a player in  
this activity, they are bri ngi ng that busi
ness, potentia l ly, into their cou ntry. 

I make the point that Austra l ia  is 
exactly the same. It has the same kind of 

Astronaut Frank Culbertson, Commander of the third Expedition Mission aboard 
the International Space Station, holding a syringe kit, used to grow tissue in NASA's 
biotechnology program, in a photograph taken on Aug. 29, 200 7 .  Australia, Andy 
Thomas states, could contribute to every area of research on the Space Station. 
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geography for launch vehicles, and it 
would be very much in Austra l ia's i nter
est to fol low the Braz i l ian parad igm and 
start getting involved. 

I th ink  there's a large school of 
thought there that this is a val id mes
sage. 

Th is  year is an e lect ion year [ in  
Austral ia] . I th i n k  neither of  the pol itical 
parties was w i l l ing  to step up to this kind 
of h igh-risk vis ion, during an election 
campaign. However, I'm hoping that 
after the election campaign we wi l l  see 
steps in this d i rection.  

A thrust for both pol itical parties for 
this election has been on improving 
education and research and develop
ment. I th ink it is genera l ly  bei ng recog
n ized that Austra l ia  has languished in 
those areas in  the last ·20-odd years, that 
the qual ity of education in universities 
has fal len, and there is no doubt that it 
has, unfortunately. 

Class size is larger, teaching loads 
have become larger, pupi l-teacher ratios 
have gone up, with fewer and fewer 
teachers in un iversities. It is general ly 
recognized that Austra l ia  is paying a 
price for this, by virtue of the fact that 
right now the Austra i ian  dol lar is about 
5 1  U .5 .  cents. It was nearly on a par 
with the U .S .  dol lar 20 years ago. 

To a very large extent Austral ia's econ
omy-which is a service economy, it 
serves the economies of the rest of the 
world-does not do a lot of val ue-added 
in its own right. When you don't have 
research, and you don't have education, 
that's the i nevitable outcome. You have 
a 5 0-cent-on-the-dol lar economy. 

If you want to change that, you're not 
going to do that overnight with some 
pol itica l pol icy. It's going to take a huge 
shift in the values of the society, and the 
promotion of in novation.  The way you 
do that is through education and 
research and development. 

Question: There are certainly many 
avenues Australia can take to partici
pate in the Space Station. What path
way would you recommend? 

I th ink  Austral ia cou ld get to the point 
where it f l ies an experiment on the 
Space Station. I don't th ink  it wou ld be 
right to j u st spend hundreds of mi l l ions 
of dol lars. The plans I 've proposed to the 
ch ief defense scientist were to move 
cautiously on this .  
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Start with a modest investment i n  
research and development and some 
col laborative science. S lowly bu i ld up 
that capabil ity. Start developing, per
haps, flight hardware as a col laborative 
venture with the major [space) agencies, 
to develop your cred ib i l ity and capabi l
ity, and then slowly bui ld up to the point 
where you can bu i ld fl ight hardware 
that specifica l ly  serves Austral ia's needs, 
and can be funded at a level that i s  
appropriate for Austral i a. That's the way 
you do it. 

Question: There is under way a tremen
dous economic reorientation throughout 
Asia as a whole, which Australia must 
become. involved in. A series of very 
large infrastructure projects, including 
the building of new rail connections to 
form a Eurasian Land-Bridge, creating 
development corridors throughout Asia. 
Over the last year, many Asian countries 
have realized that their dependence 
upon the United States to import their 
goods is on shaky ground. 

These countries are looking at what 
large-scale infrastructure projects must be 
implemented, and Austral ia is sitting near
by with industrial and other capabil ities. 

I agree with that. I th ink  that's the big 
cultural sh ift that Austra l ia  is facing, and 
has been facing over the l ast 20 years or 

n't l ie with Europe or even, for that 
matter, with the U n ited States. 

It's going to l i e  pri mari ly with 
Southeast Asia,  and espec i a l l y  
I ndones ia, a n d  that's the b i g  cul
tural paradigm that i s  changing in  
Austra l ia .  I th ink  that's al l the 
more reason why Austra l ia  should 
be involved i n  these space activi
ties, because those nations are 
going to be l ooking for representa
tion i n  human spacefl ight and i n  
launch capabi l ity. 

Question: What do you see for 
Australia in space, farther in the 
future? 

There is going to be a great 
h u m a n  adventure of the 2 1  st 
Century, and that is going to be a 
trip  to Mars. It's probably not real-

NASA 

Andy Thomas trying on his Russian space suit 
inside a Russian Soyuz in January 7 998, in 
preparation for his 7 30-day stay on the Mir. 

. istic to have an Austral i an crew 
person fly on that m ission, un less 
there was a huge i nvestment, 
which probably is not viable. But 
Austral ia cou l d  certa in ly  develop 
some of the hardware for that m is-

so, wh ich i s  to come to recogn ize that 
Austral ia is, in fact, part . of the Pacific 
nations. Austra l ia  trad itional ly was part 
of the British Commonwealth, but real ly 
Austral ia's role in  the world today does-
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sion and when that m ission goes, 
j ust i magine how excited the people of 
Austra l ia  wou ld be to say: "That m i ssion 
is happen ing because we've got this 
device that we bui lt. We actual l y  con
tributed to that m i ss ion."  

A ustralia has promIsing sites 
to be developed for the launch 
of commercial satellites. The 
Woomera test range (a), which 
dates back to the end of World 
War II, is ideally,suited for test
ing launch vehiii:les, which can 
fly northwest over 2,000 kilome
ters of virtually uninhabited 
land, and to put satellites into a 
polar orbit, launching toward 
the north. 

Perth Nf'lAo' S()(lIh W"IOH 

Cape York (b), near the equa
tor, could accommodate satel
lites that would travel east, on 
their way to geosynchronous 
orbit. And Christmas Island (c) 
is under consideration for joint 
development through the Asia 
Pacific Space Center, which 
would launch the Russian 
Aurora rocket. 

SPACE 

o .  Austfalia's P6tentlar:i,f 
Launch Sites 
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NUCLEAR REPORT 

Food Irradiation Technology Can Kill Anthrax 
by Marjorie Mazel Hecht 

Food irrad iation technology, which 
uses ion iz ing radiation to k i l l  bacte

ria, mold, fungi, and viruses on food
stuffs, wi l l  a lso safe ly k i l l  anthrax bacte
ria on mai l .  The U .S. Postal Service is 
now decontami nati ng some Washing
ton, D.C. mai l  at an electron-beam i rra
d iation plant in L ima, Oh io, and the 
government has ordered eight electron
beam irrad iators from SureBeam, a San 
Diego-based company affi l i ated with 
the Titan Corporation, at a cost of 
approximately $26 m i l l ion. 

SureBeam now operates two food 
i rradiation plants, one in Des Moi nes, 
Iowa and the other in Chicago, both 
geared to processing chopped meat, and 
a th i rd p lant is expected to open in  the 
Los Angeles area. 

Ionizing radiation, produced by an 
e lectron beam accelerator or by a 
rad ioactive source l i ke cobalt-60 or 
ces ium-1 37, is a "cold" process that 
penetrates the cel l  of a bacterium-sal
mone l l a, E .  col i ,  camphylobacter, 
anthrax, or other harmfu I microorgan
isms. There is no radioactive residue left 
in the product, and the product is not 
heated . 

The electron beam accelerator can 
also be used to produce X-rays for i rra
diation. These very short, very energetic 
rays penetrate sol id particles and k i l l  
m icroorgan isms b f  breaking down the 
cel l wal l s  or destroying the metabol ic 
pathways (DNA) of the organ ism so the 
cel l s  d ie. Foods are processed i nside 
sealed packages, to prevent any new 
contam i nation . 

At low levels, ionizing radiation can 
delay sprouting in  potatoes and onions, 
lengthen the shelf-l ife of fruits and veg
etables, or ensure that . meats, pou ltry, 
f ish, or sp ices are 99+-percent 
pathogen-free. The i rradiation causes 
virtual ly no changes in  taste, texture, 
aroma, or wholesomeness of the food . I n  
fact, the fru its and vegetables are often 
superior in taste, because they can be 
a l lowed to ripen on the vine before 
being i rrad iated and shi pped, instead of 

Surebeam Corp. 

Artist's illustration of an electron-beam irradiation facility. The containerized 
product travels on a conveyor belt through the e-beam device. 

being picked green to ripen during stor
age and shipping. And irrad iated ham
burger patties can be eaten rare, without 
fear of food-borne i l l ness. 

At h igher levels, ionizing radiation 
can steri l ize foodstuffs so they are shelf
stable, without refrigeration. The astro
niluts ate i rradiation-steri l ized foods to 
prevent food-borne i l l ness; i rradiation
steri l ized food is avai l able for immune
compromised patients. 

50 Years of Research 
Although food i rradiation technology 

has been in development for 50 years, 
its commercial ization was s low, u nti l the 
last decade, when h ighly pub l icized 
deaths from food-borne i l l nesses com
pel led more large companies to consid
er use of i rradiation, because they fear 
the l iabi l ity of not using it. There were 
1 29 reca l l s  of bacteria-contaminated 
foods nationwide in the year 2000, for 
example, up 37 percent from 1 999. 
Accord ing to U .S. government data, 

1 0,000 people d ie each year of food
borne i l l nesses, and hundreds of thou
sands become i l l .  

There are about 50 commercia l  i rra
d iation plants operat ing i n  the U.S., 
most of them us ing cobalt-60 as the 
rad iation sou rce, and most ster i l iz ing 
not food, but med ical suppl ies. The 
fac i l ities to decontami nate mai l  w i l l  be 
separate from existing fac i l ities, to pre
vent any chance of cross-contam ina
tion. 

I n  the early 1 990s, spurred by vis ion
ary entrepreneur Sam Wh itney, a com
mercial i rradiation p lant was bu i l t  in 
Mu l berry, F la . ,  to aid local farmers in 
d is i nfesting strawberry crops. The com
pany, Vi ndicator, came u nder attack by 
some wel l-funded anti-nuclear activists, 
but the company survived, market tests 
of irrad iated strawberries were very suc
cessfu l, and the company operates today 
as Food Technology, Inc. 

I n  the last two years, Titan Corp., a 

64 Winter 2001 -2002 21st CENTURY N UCLEAR REPORT 



defense contractor, has lau nc hed a 
campaign for food i rrad iation us ing 
electron beam accelerators and ca l l ing 
the process "co l d  pasteu r izat io n . "  
SureBeam, a Titan subsid iary, now has 
contracts with major suppl iers of meat, 
pou ltry, cold cuts, and other products, 
as wel l  as the Department of Defense. 
( D i arrhea caused by food-borne 
m icroorgan isms i s  a common health 
problem for troops, espec ia l ly  in tropi
cal countries.) 

I rrad iation i s  now approved for u se 
on a wide variety of products in about 
40 countries. In November 2 00 1 , the 
U .5.  Defense Department annou nced 
that had added i rrad iated ground beef 
and pou ltry prod ucts to its m i l itary food 
procurement authorizat ion.  Estimates 
are that 25 percent of food produced i n  
i ndustria l ized countries, a n d  40 t o  6 0  
percent of food produced i n  developing 
countries, spoi l s  or is eaten by i n sects 
or rodents, before it can be eaten by 
human beings. As part of the 1 950s 
Atoms for Peace p roj ect u nder  
President E isenhower, it was assumed 
that i rrad iation p lants in developing 
nations wou ld he lp  feed grow ing popu
lations-unti l the sh i ft to a post- indus
tri al society and its anti -popu lation, 
anti-nuclear ideology stifled the tech
nology'S development. 

Although the U n ited States p io
neered the technology, it i s  on ly  recent
ly that U . S .  consumers have been able 
to reap the benefits : I rrad iated ham
burger patties, chicken, and some fru its 
are ava i lable in many supermarkets 
across the country. I ro n i c a l l y, 
Americans have l earned more about 
the benefits of irrad iation in the past 

month, because of the anthrax th reat, 
than i n  the past 50 years! 

How It Works 
Each method of irradiation has its 

advantages. Gamma rays can penetrate 
produce to a depth of 30 inches, i rradi
ating the product on one side only. 
Usual ly, the produce wi l l  be packaged, 
boxed, and stacked on pal lets which 
ride a conveyor belt that goes around 
the radiation source, to get even pene
tration throughout the pal let load . The 
dose and time of exposure have been 
calcu l ated for a l l  kinds of products, and 
to be sure the radiation reaches all parts 
of the pal let contents. 

The electron beam (1 0 MeV) uses no 
radioactive sou rce, just electricity to turn 
the accelerator on. Electrons are pro
duced, contained by a magnetic field, 
and accelerated into a narrow beam. The 
e-beam penetrates only about one and 
three-eighths of an inch, passing through 
water or something of equivalent density. 
If the product is i rrad iated from both 
sides, the beam would penetrate two and 
three-quarter inches or so-about the 
depth of eight hamburger patties. Again, 
the boxed product is moved on a con
veyor belt through the electron beam. 

X-rays are made from deflecting an 
e lectron beam on a heavy metal target, 
l i ke tungsten.  The target has to be th in 
enough so the electrons wi l l  give up 
their energy, which is converted into X
rays. These can go several feet, but their 
production req u i res more e lectrical  
power, and so is costl ier �han electron
beam or gamma-ray irradiation. A new 
plant in Hawai i  uses X-rays to process 
papaya and other tropical fruits, which 
cannot be s h ipped to the mai n l and 

More Lies from the Anti-nukes 
The same groups that h ave 

attacked food irradiation j umped i nto 
action soon after the Post Office 
annou nced that it wou ld use irrad ia
tion to k i l l  anthrax spores. Publ ic 
Citizen issued a release on "Anthrax 
and Surebeam" Oct. 1 8, with no sci
entific basis, stating that "radiation i s  
ineffective agai nst anthrax spores." 

Further, the Publ ic Citizen release 
states: "G iven the l evel of fear that 

has gripped the nation, u nsubstanti
ated c la ims about a technology's 
abi l ity to ki l l  anthrax are irresponsi
b le and dangerous. Claims of th is  
magnitude shou ld  be supported by 
peer-reviewed scientific research."  

I m ag ine  what m ight happen i f  
Publ ic Citizen appl ied such wisdom 
to any of its own fear-promoting 
"cla i ms" about advanced technolo
gies. 

un less they have some form of approved 
d is i nfestation. 

M a i l  i s  not food, and k i l l i n g  
weaponized anthrax requ i res a higher 
dose of i rrad iation, more than 40 ki lo
gray (kGy). The exact dose and proce
d u re is not being made pub l ic, 
Surebeam spokesman Wi l W i l l iams told 
2 7st Century, to prevent such informa
tion from a id ing the anthrax perpetrator. 
Existing stud ies have shown that the 
antrax bac i l l us is inactivated at 4 1 .5 
kGy. Dur ing the 1 960s, Austral i a  suc
cessfu l l y  u sed i rrad iation to destroy 
anthrax spores in imported goat hair  that 
was used in making carpets. 

Now, new protoco l s  h ave to be 
worked out to ensure that workers are 
protected, and that the final product is 
decontami nated without a l lowing any 
cross-contami nation .  The problem is a 
daunting one, but the nation has faced 
serious th reats in the past, and won (the 
Man hattan Project of World War I I  
comes to m i nd) .  Food i rradiation tech
nology m ust be part of any national 
defense program agai nst bioterrorism, as 
wel l as protecti ng Americans from food
borne i l l ness. 

Read more about food i rradiation 
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The Suppressed Story of Captain Cook's Second Voyage 
by Rick and Lenore Sanders 

A Voyage Round the World 
George Forster 
Eds. Nicholas Thomas and Oliver 8erghof 
Honolulu: University of Hawai'i Press, 1 999 
Hardcover, 860 pp., $11 5.00 

A Voyage Round the World is a won
derful book, which was suppressed 

when it was first written in 1 777. A doc
umentation, in narrative form, of the 
sometimes harrowing adventures aboard 
Captain  Cook's second voyage, it gives 
not only the navigational trials of the 
voyage, but a lso a natura l i st's . descrip
tive chronicle of indigenous plants and 
an imals,  of ocea n ic, terrestria l ,  and 
atmospheric characteristics, and, what is 
more, a truthful hu manistic anthropolo
gy of the peoples of the South Sea 
is lands and of Brit ish-European social  
structures and behaviors. The U n iversity 
of Hawai ' i  Press must be gratefu l l y  con
gratu lated for publ i sh ing th is  book, 
which also includes the most important 
documentation of the controversy which 
surrounded it, and many i l l ustrations 
from the journey. 

The author, Georg (George) Forster, 

was the eldest of the seven survIving 
chi ldren of Johann Rei n hold Forster 
( 1 729-1 798), a Protestant m i n ister and a 
natura l i st. F inancial ly, the fami ly  was 
qu ite impoverished. 

In  1 765, when Georg was only 1 1  

A N T A R C T I C A  

66 Winter 2001 -2002 2 1 st CENTURY 

years old, he accompanied his  
father on a trip to Russia, com
m i ss ioned by the Russian gov
ernment, to inspect the settle
ments of German colon ists near 
the river Volga. It was a journey 
of about 4,000 k i lometers, in  
the course of  which the Forsters 
described a large nu mber of 
new animal  and plant species. 
But when Johann Reinhold 
Forster's human ity would not 
permit h i m  to keep s i lent about 
the lawlessness, enslavement, 
and harsh l iving conditions in  
the region, h is  Russian patrons 
withdrew the i r  su pport, and 
father and son took leave for 
England, where they were l iv
ing when this  adventure begins.  

The Forsters accompanied 
Captai n  Cook on h is second voyage 
aboard the Resolution ( Ju ly 1 3, 1 772 to 
Ju ly  3 0, 1 775), which was comm is
sioned to continue the drive toward the 
South Pole, to once and for a l l  establ ish 
whether or not a southern continent 
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existed. Johann Reinhold Forster was 
cal led upon to serve as the sh ip's natu
ral ist, after the host i le indifference of the 
First Lord Commissioner of the Board of 
the Admiralty, the Earl of Sandwich, had 
caused the withdrawal of Joseph Ban ks, 
the naturalist who had accompanied 
Cook on his  fi rst voyage. 

Johann Reinhold was promised that, 
upon his return: he would receive main
tenance sufficient for the care of h is  large 
fami ly; that he was to be employed to 
write the narrative h istory of the voyage; 
that the engravings reproduced from the 
drawings made during the journey would 
belong jointly to Forster and to Cook, 
and; that they would be printed with 
Forster's written history. He was promised 
the profits from the sale of the narrative. , 

All  such promises were broken, and 
Johann was prohibited from writing the 
account. When his son Georg, therefore, 
who was not encumbered by the injustice 
of contrived legal ities, wrote A Voyage 
Round the World, the Forsters and this 
fine book were so viciously slandered 
that the book simply d id  not sel l in  
England. In  the midst of  these battles with 
the British Crown, Georg translated h is  
book into German, resu lting i n  his  recog
nition, in Germany, as a gen ius endowed 
with the highest qual ities of human ity. 

First Attempts to Reach the Pole 
The Resolution sai led from Plymouth, 

England toward the coast of Spain, on 
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Georg Forster 

Ju ly  1 3, 1 772, crossing the Equator on 
September 9, thus beginn ing a journey 
that wou ld  last three years and s ixteen 
days, in the cou rse of which the �q�iva
lent d i stance of three times the c ircum
ference of the globe wou ld be travel led. 
Fou r  approaches toward the South Pole 
wou ld be made dur ing the summer 
months of the Southern Hemisphere. 

On December 9, with the temperature 
at about freezing, being at 49° 45' south 
latitude, they see large ice floats, one 

w o  
A Voyage Round the World, pp. xxx·xxxi 

being 2,000 feet long, 400 feet broad, 
and 200 feet h igh.  On the 1 0th, Forster 
writes: "The ice l i kewise served to shew 
us the great d ifference between the tem
perature of the northern and southern 
hemisphere. We were now in  the midst 
of December, which answers to our 
J une, and the latitude observed at noon 
g�ve only 5 1  degrees 5 m in utes south, 
notwithstanding which we had a l ready 
passed several pieces of ice, and the 
thermometer stood at 36 degrees. The 
want of land i n  the southern hemisphere 
seems to account for this c i rcumstance, 
si nce the sea, · as a transparent fl u id,  
absorbs the beams of the sun, instead of 
reflecting them" (p. 65) .  

They crossed the Antarctic Circle on 
January 1 7, 1 773, see ing more than 30 
large is lands of ice and a glaring wh ite 
reflection from the sky over the horizon .  
Persevering, they passed through a vast 
quantity of broken and spongy brown 
ice wh ich  th ickened around them . 
Reaching 67° 1 5 ' south latitude on the 
1 8th, with an im mense field of ice 
extended southward, Cook, see ing that 
it was impossible to advance any farther, 
ordered the sh ip  to head northeast. By 
January 3 1 ,  having gone northeast up to 
a latitude of 50° south, a new southeast
ern approach was made. 

On February 24, at about 6° south, 
they were once again  stopped by a field 
of solid ice. The obstacle, however, this 
time pleased nearly everyone on board, 
having been so long at sea, more than 
three months without fresh nourishment, 
and with the weather auguring a fierce 
wi nter in these seas, the n ights now 
lengthened, making navigation more 
dangerous. 

"It was therefore very natu ral," says 
Forster, "that our people, exhausted by 
fatigues and the want of wholesome 
food, should wish for a place of refresh
ment, and rejoice to leave a part of the 
world, where they cou ld  not expect to 
meet with it" (p. 76). 

Several people now had advanced 
signs of scu rvy. The violent c l imate had 
also affected the l ivestock, which had 
been taken on board and were i ntended 
as gifts for the natives of the South Sea 
is lands. Goats and sows either miscar
ried, or their offspring were k i l led by the 
col d ;  it woul d  take nearly another four  
weeks, much of which was spent in  icy 
waters, before touch i ng land at Dusky 
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Bay, New Zeal and . 
R & R in the South Seas 

The ship's R & R was not exact
ly what Hol lywood has popular
ized about the South Seas. For 
those of you who might have 
been overdosed with a romanti
cist notion of beautifu l, half-clad 
maidens, innocently and freely 
generous with their  "favors"
think aga i n !  Here is Forster's 
description of these lovely crea
tures: 

" In  the afternoon, many of our 
sai lors were al lowed to go on 
shore, among the natives, where 
they traded for curiosities, and 
purchased the embraces of the 
ladies, notwithstanding the d is
gust which their unclean l i ness 
inspired . Their custom of paint
ing their cheeks with ochre and 
oil, was alone sufficient to deter 
the more sensible from such inti
mate connect ions with them; 
and if we add to this  a certain  
stench which annou nced them 
even at a d istance, and the abun-
dance of verm in which not only 
i nfested their  ha i r, but also 
crawled on their clothes, and 

to'" .  '� Q"� i 

�"j'�".' ���j� 
���*th" . � 

church-s p i res appeared from 
time to time. Their height was 
not m uch i nferior to that which 
we had observed among the first 
is lands of ice in 1 772;  and many 
l i kewise resembled them i n  
being o f  a great extent and per
fectly level at top . . .  " (p.  288). 
Is  This British Culture or Hell? 

Two days before Christmas, 
su rrounded by islands of ice, 
many on board are painfu l ly i l l  
i n c l u d i n g  Johann Rei n hold 
Forster, who is bedridden with 
crippl ing rheumatic pains and 
fever. The wretched conditions 
in  h i s  cabin  render it rotting 
with mold, and only two and 
one half degrees warmer than 
upon the open deck. 

N i nety large ice is lands were 
in sight on Christmas day. "Th is 
being Christmas-day, the cap
tain  accord ing to custom, i nvit
ed the officers and mates to d in
ner, anp. one of the l ieutenant's 
entertai ned the petty-officers. 
The sai lors feasted on a double 

.� portion of pudding, rega l i ng 

! themselves with the brandy of 
their a l lowance, which they had 

A Voyage Round the World, p. 698 saved for this occasion some which they occasional ly cracked 
between their teeth, it is aston
ish ing that persons should be 
found, who cou ld gratify an ani
mal appetite with such loath
some objects . . .  " (p. 1 23) .  
Second Attempts to Reach Pole 

They had spent the wi nter 
travel l ing from Dusky Bay, to 

Title page of William Wales 's pamphlet attacking the 
7 777 English edition of Forster's book. The quotation in 
French, which Wales attributes to "Forster, from De 
M issy, "  reads :. "The truth cannot  in silence be 
dismissed; and however it  be halted along the way, this 
will be seen as an outrage one day, whose fatal fruit 
was shame at least. " 

months before-hand, bei ng soI
I ic itous to get very drunk, 
though they are commonly sol
l ic itous about nothing else. The 
sight of an immense nu mber of 
icy masses, amongst which we 
drifted at the mercy of the cur
rent, every moment i n  danger of 

Queen Charlotte's Sound, New Zealand, 
to the Society Islands (Tahiti ,  Hauhine, 
and Raiatea), to the Tongan arch ipelago 
and back to New Zealand, improving 
their d iet, brewing anti-scorbutic tea, 
mappi ng, and exploring. When summer 
came, everyone d readed the new 
attempts that wou ld be made to find the 
southern continent; they had not fu l ly 
regained their health from the previous 
summer, they now knew the hardships 
to be expected, and they no longer 
bel ieved that they wou ld fi nd land. 

By December 1 5, 1 773 surrounded 
by a thick fog and amid great numbers 
of floati ng rocks of ice, their situation 
was extremely dangerous. About one 
o'clock in  the afternoon, there was the 
sudden appearance of a large island of 

ice just ahead. Keeping as near to the 
wind as possible, the ship passed just 
with in her own length windward of it. 
Forster writes of this event: 

"Notwithstanding the constant peri ls  
to which our course exposed us in  this 
unexplored ocean, our ship's company 
were far from bei ng so uneasy as might 
have been expected; and, as in  battle the 
sight of death becomes fam i l iar and 
often unaffecting, so here, by dai ly  expe
riencing such hair-breadth escapes, we 
passed u nconcerned ly on, as if the 
waves, the wi nds, and rocks of ice had 
not the power to hurt us. The pieces of 
ice had a variety of shapes, in  the same 
manner as those which we had observed 
to the southward of the Indian Ocean; 
and many pyramids, obe l i sks, and 
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being dashed to pieces against them, 
cou l d not deter the s a i l ors from 
indulging in their favourite amusement. 
As long as they had brandy left, they 
wou ld persist to keep Christmas ' l ike 
Ch ristians: though the e lements had 
conspired together for their destruction. 
. . .  Though they are members of a civi
l ized society, they may in some measure 
be looked upon as a body of uncivi l ized 
men, rough, passionate, revengefu l ,  but 
l i kewise brave, s i ncere, and true to each 
other" (p. 290). 

Georg describes the scene of the fol
lowing day: "Towards noon the next day 
we were sti l l  in the same situation, with 
a very drunken crew, and from the mast
head observed one hundred and sixty ice 
is lands, some of which were half a mi le 
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long, and none less than the h u l l  of the 
ship. The whole scene looked l ike the 
wrecks of a shattered world, or as the 
poets describe some regions of hel l ;  an 
idea which stuck us the more forcibly, as 
execrations, oaths, and curses re-echoed 
about us on a l l  sides" (p. 291 ) .  

And here is how the Crown treated its 
guest scientists: 

"In order to fit the ship for sea she was 
cut down at Sheerness, and the rou nd
house, formerly i ntended for the 
Capta in 's reception, was thrown off. 
This so much lessened the room i n  the 
ship, that we, as the l ast comers, found 
only two smal l cabi ns, one on each s ide, 
nearly abreast of the main mast, and 
u nconnected with any other cabi ns .  
They had been patched up in  a h u rry, 
and standing where the sh ip  supports 
the greatest strain,  were open to the 
winds and waves, which forced i nto 
them through every cranny. 

"The Captai n  was so sens ib le of the i r  
uncomfortable condit ion,  that  he 
offered of h is  own accord to enlarge my 
father's cabin  and make it contiguous to 
that of the master. The Captain,  first 
Lieutenant, Astronomer, and Master had 
excel lent roomy cabins on the same 
deck, supported by each other, and not 
torn to pieces by a conti nua l  stra i n .  
They had large scuttles, which ad mitted 
sufficient l ight, wh i l st we cou ld  scarce
ly see a g l immering through a sma l l  
hole overshaded b y  the chain  plates. 
Morn ing and evening every day,' on 
washing the decks, our cabins were 
fi l led with water over the ancles, and by 
this means, or when it rai ned, or as 
often as a wave struck over the sh ip, our 
beds were thoroughly d renched; and 
this hardship was who l l y  confined to 
ou rselves, a l l  the other cabins being 
watertight and warm. By l i ving i n  these 
wretched hovels, my father was tortured 
with rheumatic pains, which freq uently 
confined him to his  cold damp bed, and 
once laid him up dur ing two whole 
months,  w h i l st we cru ised to the 
Southward among the ice i n  December, 
1 773, and January, 1 774. I was l i kewise 
plagued with frequent i l l ness and scor
butic complaints" (p. 790) . 

The Resolution advanced northward 
as much as the winds wou ld permit, and 
lost sight of the ice on January 1 ,  1 774, 
at 5°  7' S. latitude. Forster reports: "On 
the 4th, the wind blowing from the west-
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ward was very boisterous, and obl iged 
us to keep al l our sai ls  double-reefed; 
the sea ran h igh, and the ship worked 
very heavi ly, rol l ing violently from side 
to side." 

But they have ach ieved someth ing:  
" [ I l t  i s  sufficient for us,  to have proved 
that no large land or continent exists i n  
the South Sea with in  the temperate 
zone, and that if it exists at a l l ,  we have 
at least confined it with in  the antarctic 
c ircle" (p. 292) .  

On January 1 1 ,  the Resolution 
changed cou rse, and was now runn ing 
southeast again, when on the 1 5th the 
wind i ncreased greatly into a tempestu
ous gale. Forster recal l s :  

"At n i ne o'clock a huge mounta i nous 
wave struck the ship in  the beam, and 
fi l led the decks with a del uge of water. It 
pou red through the sky-light over our 
heads, and exti nguished the candle, 
leaving us for a moment in  doubt, 
whether we were not entirely over
whel med and s inking into the abyss. 
Every th ing was afloat in  my father's 
cabi n ,  and h i s  bed was thoroughly 
soaked. H is  rheumatism, which had 
now affl icted him above a fortnight, was 
sti l l  so v io lent as to have a l most 
deprived him of the use of his legs, and 
h is pains redoubled i n  the morn ing. Our 
s itu ation at present was indeed very d is
mal, even to those who preserved the 
b lessing of health; to the sick, whose 
crippled l i mbs were tortured with exces
s ive pain, it was insupportable" (pp. 
292-293) .  

The d i stress of the crew was exacer
bated by the condition of their rations. 
Their biscu its, brought on board at New 
Zealand, were now largely decayed, and 
for economy sake they received only 
two thi rds  of their  usual al lowance, one 
half of which was rotten .  The fi rst ice 
is lands met with on this run were at 62° 
30' south, on January 20. Proceed ing 
southward, they crossed the Antarctic 
Circle aga in  on the 26th. On that day an 
i l l usion of l and appeared, which after a 
few hours vanished in the clouds. On 
the 2 7th, they reach 67° 52'  south, far
ther south than any of the former 
attempts, and met no ice to stop them. 

They were now once more in the 
regions of perpetual  day, and had sun
sh ine at the hour of midnight. Able to 
pass through a large bed of broken ice, 
the hope was held of penetrating to the 

south as far as other navigators had gone 
towards the North Pole. 

But on January 30, at about seven 
o'clock in the morni ng, a so l id  ice-fie ld 
of i m mense proportion was before the 
sh ip  as far as the eye cou ld  see. They 
had reached a l at itude of 71 ° 1 0' 
south, that is 1 8° 50' north of the South 
Pole, "but as it was imposs ib le to pro
ceed farther, we put the sh ip  about, 
wel l satisfied with our peri lous exped i
tion, and a l most persuaded that no nav
igator w i l l  care to come after, and much 
less attempt to pass beyond us .  F rom 
these c i rcumstances my father has been 
l ed to suppose, that a l l  the south pole, 
to the d i stance of 20 degrees, more or 
less, i s  covered with so l id  ice, of which 
only the extrem ities are annua l ly  bro
ken by storms, consu med by the action 
of the sun, and regenerated i n  wi nter" 
(p. 295) .  

They began to  run north. " [AJ great 
n umber of our people were however 
aff l icted with very severe rheu matic 
pains, which deprived them of the use of 
the i r  l i m bs;  but their spi rits were so low, 
that they had no fever . . .  and my father, 
who had been i n  exqu i s ite torments dur
ing the greatest part of our southern 
cru ize, was affl icted with tooth-aches, 
swel led cheeks, sore-throat, and u n iver
sal pai n  t i l l  the middle of February, 
when he ventured on deck perfectly 
emaciated" (p. 295) .  

The Main Purpose Accomplished 
"The principal view of our exped ition, 

the search after a southern continent 
with i n  the bounds of the temperate 
zone, was fu lfi l led;  we h ad even 
searched the frozen seas of the opposite 
hemisphere, with i n  the antarctic c i rcle, 
without meeti ng with that vast tract of 
l and which had formerly been supposed 
to exist. At the same ti me, we had made 
another d i scovery important to science, 
that nature forms great masses of ice in  
the midst 6f  the wide ocean, which are 
destitute of any sal i ne particles, but have 
a l l  the usefu l and salubrious qual ities of 
the pure element. At other seasons we 
explored the Pacific Ocean between the 
tropics, and in the temperate zone; and 
there fu rnished geographers with new 
is l ands, natu ral i sts with new plants and 
birds, and, above al l ,  the friends of 
mankind with various modifications of 
human nature. In one extreme we saw, 
and not without compass ion, the d u l l ,  
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h ungry, deformed savages of Tierra del 
Fuego, i ncapabl e  of guard ing against the 
severities of their wretched c l imate, and 
having thei r  mental facu lties reduced to 
that miserable situation which places 
them next to brutes. In the other, the 
happier tribes of the Society Is lands, 
beautifu l ly formed, placed in  a del ight
fu l c l imate, which suppl ies a l l  thei r  
wants; sensible o f  the advantages o f  a 
wel l -ordered society, affectionate 
towards each other, 

'
and accustomed to 

gratify their senses, even ti l l  they lead to 
excesses. From the contemplation of 
these d ifferent characters, the advan
tages, the b less ings which civi l ization 
and revealed rel igion have diffused over 
our part of the globe, w i l l  become more 
and more obvious to the i mpartial  
enqui rer. . .  " (p.  684). 

The Return 
It wou ld take the Resolution nearly 

another year and a half on the return 
voyage before they wou ld once agai n  
set foot in  England. 

During this  phase of the jou rney, the 
Resolution wou ld make stays at Easter 
I s land,  the Marquesas I s l a nds, the 
Society Is lands (for the second t i me), 
N i ue, Ton ga, N amoka, the N ew 
Hebrides, N ew Ca l edon ia ,  Norfo l k  
Is land, Queen Charlotte's Sound (for the 
th i rd t ime), Tierra del Fuego, New Year's 
I s lands, Patagon ia, Possession Bay, the 
Cape of Good H ope, St.  He lena, 
Ascension I s land ,  and the Azores, 
before anchori ng at Spithead, England 
on July 30, 1 77 5 .  

Between t h e  t ime of t h e  Resolution's 
return to England, and the completion 
of Forster's book, 

. 
the world ' wou Id 

become forever changed by the s ign
ing of the American Declaration of 
I n dependence, and it is c lear that the 
m i nd of G eorg Forster, as reflected 
ph i losophica l l y  throughout th i s  book, 
is impl icit ly that of an "American."  
Georg wou l d  l ater become a mentor to 
the you ng Alexander von H u mboldt, 
with whom he jou rneyed, in the spr ing 
of 1 790, from Mainz through north� 
west Germany, the N etherl ands, and 
F rance, to England and back. The 
account of that jou rney ( Views of the 
Lower Rhine) was written i n  1 79 2  by 
Forster h i mself, and A l exander von 
H u mboldt pays homage to Forster i n  
h i s  Cosmos. 

Forster would also come to know 
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Benjamin Frankl in .  When describing a 
water spout seen off the coast of New 
Zealand, Forster says, "a l l  our observa
tions only tend to confirm the facts 
a l ready noticed by others, and which 
are so largely commented upon by the 
learned Dr. Benjamin Frank l in, F. R.S.  
H is ingen ious hypothesis, that whir l
winds and water-spouts have a common 
origin, has not been inval idated by our 
observations . . .  " Forster then refers h is  
"ph i losophical readers" to Fran k l i n's 
ph i lo

'
soph ical papers, as "conta in ing the 

most complete and satisfactory account 
of water-spouts" (p. 1 1 3) .  

The Tories' Revenge 
The vengeance with which Wi l l iam 

Wal es, the voyage astronomer (by 
appoi ntment of the Board of Longitude), 
sought to si lence Georg Forster and h is  
father, presumably with the blessings of 
the Earl of Sandwich and the British 
Crown, was massive. Wales issued a 
lengthy and boring pamphlet, which 
used the art of outright l ies, qu ibbles, 
character assassination, and fal l acy of 
composition. Wales attacked everyth i ng 
including Forster's waterspout observa
tions, natura l l y, without mention ing  
Benjamin Frankl in .  Wales reveals h i m
self a Tory l ickspittle when, in h is  attack 
on Johann Reinhold Forster for attempt
ing to change his miserable l iv ing con
d i tions on board, Wales cannot write 
"king," but must bow down before the 
monarch, by writing i t  "k-g," as if the 
king were God ! 

"We had scarce got out to sea, before 
he quarre l led with Mr. G i l bert, the mas
ter, and treated him in  a very ungenteel 
manner, because he d id  not chuse ' to 
give up part of the space which had 
been assigned by the Com missioners of 
the navy for his cabbin,  that the Doctor 
m ight enlarge h is  own with it; and, what 
was yet more extraord inary, when he 
found he cou ld not obtai n  it, was even 
gui lty of so much fol l y  as to ' th reaten 
h i m  with compla in ing to the

' 
k�g at h i s  

return . . . .  " 
Perhaps K-g G-e the T-d should have 

done some soul-searching regard ing the 
fol lowing scene, described by Forster: 

"Mr. Pickersg i l l  proposed to purchase 
the head [of a youth k i l led in  battle] , in 
order to preserve it  t i l l  his return to 
England, where it might serve as a 
memorial of this' voyage . . . .  We were 
a l l  occupied in examin ing it, when some 
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New Zeelanders came on board from 
the wateri ng-place. At s ight of the head 
they expressed an ardent desire of pos
sessing it, s ignifying by the most inte l l i
gible gestures that it was del ic ious to the 
taste. Mr. Pickersgi l l  refused to part with 
it, but agreed to cut off a smal l  p iece 
from the cheek, with wh ich they seemed 
to be wel l satisfied. He cut off the part 
he had promised, and offered it  to them, 
but they wou ld not eat it raw, and made 
signs to have it dressed. Therefore, in the 
presence of a l l  the ship's company, it 
was broi led over the first; after wh ich 
they" devoured it  before our eyes with 
the greatest avid ity. The capta in arriving 
the moment after with h is company, the 
New 'Zeelanders repeated the experi
ment once more in his presence. It oper
ated very strangely and d ifferently on the 
beholders. Some there were who, i n  
spite of the abhorrence with wh ich our 
education inspires aga inst the eating of 
human flesh, d id not seem greatly dis in
c l ined to feast with them, and valued 
themselves on the bri l l iancy of their wit, 
whi le they compared their battle to a 
hu nting-match. 0/1 the contrary, others 
were so unreasonably incensed against 
the perpetrators of this action, that they 
declared they cou ld  be wel l  pleased to 
shoot them a l l  . . .  , 

"But the sensibi l ity of Mahine, the 
young native of the Society Is lands 
shone out with superior lustre among us. 
Born and bred in a country where the 
in habitants have a l ready emerged from 
the darkness of barbarism, and are u nit
ed by the bonds of society, th is scene 
fi l led his  m i nd with horror. He turned his 
eyes from the u nnatu ral object, and 
retired into the cabin, to give vent to the 
emotions of his heart. There we found 
h im bathed in tears; h i s  looks were a 
mixture of compassion and grief, and as 
soon as he saw us, he expressed h is  con
cern for the unhappy parents of the vic
t im" (pp. 2 78-2 79).  

Georg Forster d i ed in  poverty in 
Paris at the age of 40.  But he had left 
h i s  imprint on one of the great friends 
of America, Alexander von Humboldt, 
and h i s  pass ing was mou rned by one of 
the g i ants of the 1 9th  Centu ry, 
Hei nr ich Heine.  H is contr ibut ions now 
come back to l i fe in th i s  wonderfu l 
book, which was withheld from the 
Eng l i sh- l a ngu age reader for the last 
224 years . 
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Biotechnology Can Dry Up Terrorist Financing 
by Valerie Rush 

Buzzword 
Walton Cook 
Ashland, Ohio: Public Policy Press, 2001 
Paperback, 380 pp., $1 5.95 

Buzzword, by Walton Cook, suggests 
a new approach to the war o n  

narco-terrorism. Cook argues-in fic
tional form-for the mass deployment of 
bio-engi neered, host-spec ific p lant  
pathogens against the  world's coca and 
poppy crops, the source of cocaine, 
opium, and heroin narcotics. Cook's sci
entifically detai led solution, if effective
ly deployed by governments, not only 
would wipe out a sign ificant portion of 
the i l legal drug trade, but, by doing so, 
would also help to dry up an important 
source of financing for terrorist opera
tions around the world .  

T h e  excit ing potent ia l  ra ised b y  
Cook's novel, which i s  based on the 
real-I ife research of real-I ife scientists, 
makes Buzzword a must read:  not only 
for the pol itical ,  m i l itary, and i ntel l i
gence communities d i rectly responsible 
for battl ing narco-terrorism, but for the 
average citizen who has for too long 
been battered by media  l ies, which i ns i st 
the war on drugs can never be won, and 
that " legal ization" i s  the only sol ution. . 

Buzzword tel l s  the story of p lant  
pathologist Dr. Alex Wyckham, whose 
qu iet l ife in  the South American Andes, 
dedicated to bu i ld ing a better potato, is 
shattered when his beloved wife i s  mur
dered by a drug-lord after she acciden
tal ly stumbles upon his guerr i l la-protect
ed trafficking operation in the jungles of 
Peru. Backed by a couple of good guys 
inside the U .s.  d iplomatic and intel l i
gence com m u n ity, Dr. Wyckham 
embarks on the u lt i m ate revenge
genetical ly engi neer ing a pathogen 
capable of wiping out the region's coca 
plants. But when he tries to get U .S .  gov
ernment backing to deploy h i s  
"bioweapon" against the drug trade, h e  
i s  stymied. 

To this reviewer's m i nd, here is where 
the novel gets especia l ly interesting.  The 
arguments D r. Wyckham encou nters 
from the Pentagon, the State 
Department, the Drug Enforcement 
Adm in istration, the Wh ite House, and 
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so forth, are in many ways identical to 
arguments employed today by drug 
legal ization advocates, in  a l l  their  gu is
es. 

For example, the "environmental i st" 
ins ists, won't the anti-drug pathogen 
mutate and wipe out our food supply, or 
worse? And what if coca proves to be 
med ical ly viable? The "human rights" 
lobby protests : doesn't this violate the 
rights of the coca-farmers, who rely on 
these drug crops for a l iving? The free
marketeer demands:  What right do we 
have to deprive an ind ividual, or a 
nation, of thei r  income? And if we do, 
how do we conta in  the hordes who wi l l  
want to descend on the U n ited States? 

And then there are the other argu
ments, which ins ist that Wyckham's 
sol ution wou ld constitute a "violation of 
national sovereignty," "an act of biolog
ical warfare," an "assault on private 
property," and so on.  

D r. Wyckham, Buzzword's hero, 
refutes these arguments, one by one, by 
taking the h igher standpoint that pol iti
cal expediency must always yield to 
m oral and eth ical truth, otherwise 
known as natural law. 

Wyckham is u lti mately den ied offi
c ia l  U .S .  government authorization for 
h i s  scheme, forcing h i m  to turn else
whe re for back i ng. And when he 
becomes a target for assassination by 

the combi ned forces of d rug lords and 
mafia dons-and by a U .S .  government
sanctioned h it-squad !-Wyckham i s �. 
forced to go u nderground whi le  ready
ing h i s  biowarfare scenario for deploy
ment. 

A Question of Political Will 
With a l l  the excit ing potential Cook's 

Buzzword proposal offers, Wyckham's 
is, u nfortunately, not the "fi nal solution" 
for the d rug trade plagu ing our pl anet, 
much less an answer to the criminal 
empi res whose money supply he wants 
to cut off. Nonetheless, drying up the 
cocaine and hero in  trade, and the vast 
hot money flows it  engenders, is clearly 
both necessary and doable, as 
Buzzword so eloquently demonstrates. 
A l l  that is requ i red is the pol itical w i l l .  

Valerie Rush is a journalist with Execu
tive Intelligence Review, who has written 
extensively on the Andean drug trade. 
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Adult Stem Cells 
Continued from page 53 
pelvis using local anesthesia. The stem 
cel ls in the marrow were concentrated 
outside of the body and implanted in the 
infarct area the next day with a special 
techn ique via a coronary artery. 
However, the doctors could not yet take 
cardiac tissue to prove defin itively that 
the implanted blood stem cel l s  had con
verted to heart m uscle cel ls .  But, accord
ing to Strauer, there is no other way to 
explain the marked improvement in the 
patient's cond ition. After this first suc
cessful operation, six more patients have 
a l ready been treated with their own stem 
cel ls, with s imi larly positive resu lts. 

There are also reports of successful 
treatments with adult  stem cel l s  in cases 
of Crohn's d isease (a chronic infection of 
the gut), thalassemia (a blood d isease), 
and a rare ski n d i sease. And-despite 
the fact that basic research with adult  
stem cel ls is i n  its earl iest beginn ings 
and is in no way being promoted with 
urgency-there have been a growing 
number of reports l ately of experiments 
with animals, from which it emerges that 
adult stem cel l s  can successfu l ly  trans
form themselves i nto differentiated cel l s  
o f  organs o f  many kinds. 

In  contrast, reports of successful con
versions of embryonic stem cel l s  are very 
infrequent and cautious. Thus, we fi nd in  
Science of Dec. 1 ,  2000 (Vol .  290, pp. 
1 672-1 674) :  " In  contrast, the h uman 
embryonic stem cel l s  and fetal  germ cel ls  
that made head l i nes in  November 1 998 
because they can, i n  theory, develop into 
any cell type have so far produced rela
tively modest results. Only a few papers 
and meeting reports have emerged from 
the handful of l abs that work with human 
plu ripotent cel l s  . . . .  The work suggests 
that it wi l l  not be simple to produce the 
pure populations of certain cel l types 
that would be required for safe and rel i 
ab le  cel l  therapies . . . . " 

This is the restrained l anguage used 
by establ ished science to describe a 
tru ly d isastrous set of resu lts. 

There are, of course, sti l l  substantial 
problems to be overcome, even with 
adult stem cel l s :  They are relatively rare, 
and are hard to find with the techn iques 
used so far. They are also not very easy 
to culture outside of the body. It was 
therefore an important advance that 

Austra l ian researchers of the Walter and 
El iza Hall Institute of Medical Research 
have now found a way to isolate nerve 
stem cel l s  with "extreme purity" from 
the brains of mice. In Nature of August 
1 6, 2001 (Vol .  41 2, pp. 736-739), they 
reported obta in ing a culture of 80 per
cent purity, compared to a previous rate 
of 5 percent at best. 

cel l s  comes about and how, in deta i l ,  it 
proceeds. Only by this  mora l ly  u nassa i l 
ab le route w i l l  it be possible to develop 
new therapies for serious, heretofore 
incurable d iseases, and beyond that, to 
improve ou r understand ing of the devel
opment of l ife itself. 

It is now urgently necessary to tackle 
the research in  precisely th is d i rection, 
in order to find out the exact cond itions 
under which the differentiation of stem 

Wolfgang Lillge is the Editor-in-Chief 
of the German-language Fusion maga
zine. His article appeared in the Sept.
October 200 1 issue of F usion, and was 
translated into English by David Cherry. 
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