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EDITORIAL 

Rethinking the Laws of Gravitation 

To best appreciate the sign ificance of 
Prof. Maurice Al lais's report in this is

sue on h i s  exper iments wi th  the para
conical pendulum, it is helpful, and even 
essent i a l ,  to look back at some of the  
now I i tt le  known work on  grav itat ion 
carr ied out  by lead i n g  figu res in 1 9th 
century physics. Only in  that way, by re
examin ing the orig in  and h i story of the 
subject, can the widespread prejud ices 
and m isperceptions embedded in con
temporary thinking be uprooted. 

The first th ing one must know in ap
p roach i ng t h i s  s u bject, is t h a t  N ew
ton's form u l at ion (there ex ists a force 
of attract ion between a l l  bod ies in the 
u n iverse, whose strength i s  i n verse l y  
proport iona l  t o  the square o f  t h e  d i s
tance between them),  was a lways con
tested by a lead ing  cu rrent with i n  sc i
e n t i fi c  thought .  A l most a c e n t u ry 
before N ewton ,  J o h a n nes Kep ler  had  
recogn ized the i n verse square l aw of  
attract ion; he regarded it  on ly  as  a m i 
nor mathemat ica l  conseq uence of  h i s  
sem i n a l  d i scover ies concern  i n g  t h e  
arrangement and motions o f  t h e  bod ies 
i n  the solar system.  

'Occult Forces' 
In Newton's own time, Gottfried Leib

niz, as spokesman for the leading faction 
of continental physicists, criticized New
ton (a notorious practitioner of alchemy 
and the black arts) for reintroducing, with 
h i s  concept of gravitation, the scholastic 
conception of "occu l t  forces" i nto sci
ence. The hegemony of Newton's view, 
over that of Kepler and Leibniz, was es
tabl ished only after a concerted and po
I i t ica l ly  motivated effort by the B ri t i sh  
Roya l  Soc iety to d i scred it  Le ibn iz ,  by 
falsely attacking his original d iscovery of 
the i nfin ites imal  calcu l us.  (Le ibniz was 
the l ikely candidate for British Prime Min
ister before the accession of George I of 
Hanover.) Even so, further advances i n  
mathemat ica l  physics were accom
pl ished by the students and col laborators 
of Leibn iz, such as the famous Bernou l l i  
brothers. British science, meanwhi le, la
bored in the darkness of the Newtonian 
"method of F l ux ions" for more than a 
century, unt i l  the col l aboration of John 
Herschel and Charles Babbage brought 

e n l ightenment to Cambridge in the 
1 830s. 

For those w h o  h ad grown to accept 
Newton's "occu l t  force," the mathemat
ical  form u lat ion of the laws of physics 
appeared, by the early 1 9th century, to 
have gained a certai n  symmetry and ele
gance around the conception of "central 
forces . "  The attractive, and repu l s ive, 
forces between the presumed e lemen
tary part i c l es of stat ic  e lectric i ty and  
magnetism had  been shown to obey the 
same inverse square law as did the grav
i tat i o n a  I attract i o n  hypothesized by 
Newton.  

Ampere's Revolution 
Andre-Marie Ampere's work between 

1 820 and 1 826 put a l l  that i n  doubt. Fol
lowing on Oersted's 1 8 1 9  d iscovery that 
electricity from a battery had the power 
to change the orientation of a magnetic 
compass need le, Ampere went to work 
to determi ne the law governi ng the rela
t ionsh ip  between two a l most i nfin itesi
ma l  e lements of e l ectr ical  current. He 
came to the inescapable conclusion, that 
the force between two current elements 
is solely dependent on the inverse square 
of the d istance only i n  the specia l  case 
that the  l i ne c o n n ect ing  the i r  centers 
make angles of 90 degrees with the d i 
rection of each of the elements. In  every 
other case, the angle between the cur
rent elements must be taken into account 
in determin ing the force, accord ing to a 
law wh ich Ampere deduced from care
fu l experimentation . I t  even results that, 
at a certai n  crit ical angle,  the attractive 
force may become rep u l s ive, and vice 
versa, giving rise to what is now referred 
to as the Ampere longitudinal force. 

A who le  branch of mathemat ica l  
a n a l ys i s, known as  potenti a l  theory, 
which rested on the assumption of a cen
tral force obeying the inverse square law, 
was now i n  need of revision. Recogn iz
ing the deep impl ications for mathemati
cal physics, Carl F ri edrich Gauss, with 
the assistance of Wilhelm Weber, under
took an  experimental  program, beg i n 
n i ng 1 82 9 - 1 830, t o  verify t h e  Ampere 
deductions. The results were positive. I n  
a n  1 846  paper, Weber subsu med t h e  
phenomenon of induction (not known to 
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Ampere) i n  h i s  conception of electrody
namic action, and reformu lated the fun
damental  e l ectric a l  law in a form i n  
which the force between electrical parti
cles was shown to be dependent on the i r  
distance, the i r  relative velocities and ac
celeration, and a constant, c.l 

Since matter was thought to consist of 
electr ical  part ic les, the Weber law im
pl ied that the re lative motions  of  l a rge 
bodies, such as  planets, with respect to 
the Sun, m ight generate a force of attrac
t ion or repu l s i o n  beyond the  a l ready 
known gravitat iona l  effect. Among the 
anomal ies i n  planetary motions not fu l ly  
exp l i cable by the postu late of  gravita
t ion,  the advance of the per i h e l i o n  of 
Mercury was h igh on the l ist. In 1 864, 
the astronomer C .  Seegers of Gtittingen 
publ ished a paper der iv ing the anom
alous variation of  Mercury's orbit  from 
Weber's e lectrical law.2 Th i s  work was 
conti nued by Schiebner in Leipz ig  and  
Tisserand i n  France.3 

The I Mossotti Force' 
Weber h imself took a d ifferent tack. I n  

a posthumously publ ished work, proba
bly dating from the 1 880s, he examines 
the relationsh i p  of h i s  e lectrical law to 
gravitation .  H is point of departu re was 
the hypothes is of O . F .  Mossotti (about 
1 830) ,  that the gravitat iona l  attraction  
resu l ts from a very s l ight  excess i n  the  
force of  attraction between u n l ike e lec
trical part ic les, over the force of repu l 
sion between l i ke electrical particles. As
suming  bod i es to cons i st of e q u a l  
n u m bers o f  pos i t ive l y  and  negati vely 
charged e lectr ical  part ic les, th is  wou ld  
resu lt, accordi ng to Cou lomb's Law, i n  a 
net attractive force, p roport ional  to the 
mass of t h e  bod ies a n d  the  i n verse 
square of  thei r  d istance. 

Weber attempted to m ea s u re the  
"Mossotti force" exper imenta l l y, us ing  
strongly c h a rged spheres, but was u n
able to come to a defi n ite conc l u s i o n .  
Nonetheless, h i s  specu lat ions  o n  the  
subject led  h i m  to  conjecture an  electri
cal aufbau p r i n c i p le  for the  per iod i c  
table, much i n  advance o f  h i s  time.4 

At the beg i n n i ng of th i s  centu ry, the 
Swiss physic ist Walther Ritz, a p ioneer  
in  the study of  atomic spectra, proposed 
that the o rb ita l  mot ion of e lectron s  
would  generate an attractive force, ac
cording to the Weber law, which would  
not be cance l led out  by the  random av
erage orientation of atomic  axes . How
ever, R itz suffered a tragic  early death, 
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a n d  was u nab le  to fo l low t h rough on 
these ideas. 

I n  t h e  Philosophical Fragments of 
Bernhard Riemann, the bri l l iant student 
of Gauss and Weber, we find a d ifferent 
a n d  ent i re ly  u n iq u e  approach to the  
problem.  Riemann makes a fu ndamen
tal, ontological cr i t ique of Newton ian  
gravitation, echoing Leibniz. The reduc
t ion i st concepts of self-ev ident exten 
s ion  (space), and e lementarity (mass), 
must be superseded by a hylozoic con
cept: A "part ic le" is  the p lace i n  space 
where matter flows i nto, and out of, ex
i stence, by a process somewhat analo
gous to the pu l l i ng up of a thought from 
m e mo ry.s These i deas were not p u r
sued . Riemann d ied early in 1 866, after 
which a flood tide of reduction ism, em
pi r ic ism, and positivism overwhelmed, 
a n d  near ly  d rowned,  h i s  i ntel l ectu a l  
legacy. 

A l though we touch on some of the 
lead ing th inkers of the last century, we 
can only scratch the su rface. Our point 
is  not to offer a complete review of the 
theories of g ravitat ion,  but to demon
strate the impoveri shed level to which 
our  theory has fal l en today. A l ready i n  
1 826, Ampere's work had both demon
strated a fundamental flaw in the the
ory of gravitation, and opened the way 
to a sol ution u n ify i ng our  conceptions 
of g ravity, e lectr ic i ty, and 
the ato m .  Today, near ly  
two centuries l ater, we  are 
further than ever from such 
a u n ify i ng concept ion.  We 
not o n l y  do not know; we 
v i rtu a l l y  forb id  that  the  
question be asked. 

We thus welcome in this 
i ss u e  the contr ibut ion by 
Prof. Mau r ice A l l a is ,  who 
d a red to c h a l l enge the 
deadly complacency on the 
subject of gravitation with a 
carefu l exper imental  re
search program carried out 
from 1 95 3  to 1 95 8 .  A l 
though the resu lts were pub
l is h ed i n  a U . S .  journa l  i n  
1 95 9 ,  a t  t h e  request of 
rocket sc ient i st Wern her  
von B ra u n; they h ave be
come virtual ly unknown to
day. They are too important 
to remain thus ignored. The 
reader w i l l  g a i n  a deeper 
appreciation of Prof. Al lais's 

work in physics by reference to his con
tribution in the Spring 1 998 issue of 21 st 
Century, part icu lar ly  A l l a is 's summary 
statement, " O n  My Exper iments i n  
Physics, 1 952-1 960," which appears on 
pages 32-34. 

-Laurence Hecht 

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

1 .  When in 1 855, Weber and Kohlrausch, with the 
assistance of Bernhard Riemann, determined 
the value of that constant (thenceforth known as 
the Weber constanf) to be correlative with the 
velocity of light in vacuo, the essence of what 
contemporary textbook wisdom today presents 
as the work of Lorentz and Einstein was already 
known. 

2. De motu perlurbationibusque planetarum se
cundum legem electrodynamicam WEBERIANAM 
solem ambientium (On the motions and pertur
bations of the planets in the solar system ac
cording to Weber's electrodynamiC law). 

3. Sur Ie Mouvement des Planetes autour du 
Soleil d'apres la loi electrodynamique de We
ber. 

4. A l ready in 1 870, Weber had shown that h is 
electrical law led to the conclusion that the 
"Coulomb repulsion" of l ike particles is over
come at a certain critical length, which, for neg
ative ly  charged particles, he showed to be 
equal to the expression now known as the clas
sical electron radius. This is most interesting in 
view of the common assertion by today's ex
perts that the e lectron was only discovered 
several decades later by J.J. Thompson at 
Cambridge. (See Laurence Hecht, "The Atomic 
Science Textbooks Don't Teach: The Signifi
cance of the 1 845 Gauss-Weber Correspon
dence," 21st Century, Fall 1 996, p. 21 . )  

5.  An  English translation o f  Riemann's "Philosophi
cal Fragments" appears in 21st Century, Winter 
1 995-1 996, p. 50. 
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Michelson-Morley-Miller: 

Letters 
Review Miller's Work to 
Combat Relativity Virus 

To the Editor: 
I just finished your Spring 1 998 cover 

story ["The Experiments of Dayton C. 
Miller ( 1 925- 1 926) and the Theory of 
Relativity," p. 26] by Maurice Allais. 

I am one of those who has been of the 
opinion that the evidence supporting the 
wave theory of light shou Id not be so 
lightly dismissed, although the phenom
ena that helped create quantum theory 
can not be lightly dismissed either. 

Until I read your articles I was not 
aware of the Miller experiments. Now I 
am of the opinion that you are correct in 
ur'ging a complete review of Miller's 
work, to combat those who are infected 
with the Relativity Virus! Further, the ex
periments should be run under different 
conditions, as the nature of an "ether"
type medium would certainly lock the 

medium into the surrounding environ
ment. Embedding the experiment in con
crete would yield null re-

The following experiment I dreamed up 
some years ago might qualify: 

Using a fiberoptic "cable" looped 
around, and very near, a flywheel, check 
the attenuation of the transmitted light 
with the flywheel running versus the fly
wheel stopped. 

The beauty of this is that air currents 

from the flywheel wou Id not affect re
sults, as they might in other such experi
ments. Also, great sensitivity can be 
achieved by using several miles of fiber 
in circular loops. What might happen is 
that the light path in the fibers will be al
tered to hit the side wall with a greater 
incident angle, thereby increasing the at
tenuation, and resulting in a measurable 
loss of light intensity. 

At one time, I had hopes of performing 
the experiment myself, but have not 
been able to do so. Besides, no one pays 
attention to engi neers, right? 

If, in fact, a spinning flywheel is throw
ing off the ether-it is in effect pumping! 
If it is pumping, then it can be deflected. 
If it can be deflected, then it might be 

channeled and create a "drive" through 
what is currently called a vacuum! 

B.E. Johnson 
Issaqauh, Washington 

In Defense of 

Special Relativity 
To the Editor: 

I subscribed to 21st Century maga
zine because of its good articles on the 
history of science, a subject matter of 
my special interest, since I am a physi
cist, now retired (age, 7 1 ) . Unfortu
nately, with the Spring 1 998 issue, I felt 

a deception. Why? When I was in active 
research at the Physics Department of 
the Instituto Tecnol6gico de Aeronau
tica (Sao Jose dos Campos, SP, Brazill, I 
had publ ished several papers on rela
tivistic cosmology in international scien
tific journals. ( I  a m  a member of the 
American Association for the Advance
ment of Science, the American Physical 
Society, and the New York Academy of 
Sciences.) Thus, as a theoretical physi
cist, I disagree strongly with the French 
economist Maurice Allais, who thinks 
he can discredit Einstein's theory of spe
cial relativity. Allais's viewpoint of the 
genesis of the special theory of relativity 
is completely wrong. 

First of all, the Michelson-Morley ex
periment is not the experimental basis of 
Einstein's ideas. In his celebrated paper 

of 1 90 5  ("On the Electrody-

suits, just as an air-motion 
detector imbedded in the 
ground would not detect the 
presence of a hurricane out
side the room! 

Mic11elson-Mori�y-Miller: Th; Cove�p � . namics of Moving Bodies," in 
Principles of Relativity, Dover, 
1 923), Einstein formulates two 
fu ndamental hypotheses, 
which afterwards became cor
nerstones of relativistic dy
namics: the principle of rela
tivity, and the light principle. 
These two axioms were for
mulated by Einstein after a 
theoretical analysis of the un
satisfactory status inherent to 
classical electrodynamics, in 
relation to space reference 
frames. Einstein was then in
formed of several experiments 
(not only Michelson's) dealing 
with attempts to measure the 
motion of the Earth relatively 
to the ether. However, he 
made no description or analy
ses of those experiments. In 
Einstein's words: 

Unfortunately, it will take 
more than Miller's experi
ment to convince some, just 
as simple observations were 
insufficient at the tu rn of the 
century when Plate Tecton
ics was first proposed by se
rious geologists. It just 
seems to show that some 
people, educated though 
they may be, are still afraid 
of standing up and being 
counted, for fear of losing 
their position. It is no won
der that progress has been 
so slow in some fields. 

What is needed is an ex
periment that directly de
tects the ether in such a way 
as to be nearly irrefutable. 

4 

The Experiments'of 
Daytoni<e.��l1�r <192;;:-J926) . 

And the TJieoiy o� 'Relativity > 
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gether with the unsuccessful 
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The Coverup 
attempts to discover any motion of the 
Earth relatively to the 'light medium,' 
suggest that the phenomena of electro
dynamics, as well as of mechanics, pos
sess no properties corresponding to the 
idea of absolute rest." 

Note that Einstein doesn't mention the 

experiment of Michelson-Morley. From 
his conjectu res on that unsatisfactory 

theoretical situation of electrodynamics, 
he postulated the two fundamental prin
ciples of special relativity. From the two 
principles, he deduced the laws of trans
formation between inertial reference 
frames. Now, these laws, deduced from 
his two fundamental postulates, are ex
actly the Lorentz transformation equa
tions obtained by the latter through a 
completely different way from Maxwell's 
field equations. Einstein had then no 
knowledge of Lorentz's feat, which was 
done some months before. M. Allais's 
statement that "following Lorentz, Ein
stein developed his Theory of Relativ
ity," is highly erroneous. 

Maurice Allais invokes the famous 
Dayton Miller experiment of 1933, a 
version of Michelson's test, in order to 
dethrone the theory of special relativity, 
as if it rested on that laboratory verifica
tion. First, let me recall an epistemologi
cal principle: A single laboratory experi
ment is not a serious argument against a 
theory whose different predicted effects 
are corroborated with high accuracy 
through a constellation of laboratory ex
periments. This reminds me of the. Por
tuguese saying, "uma s6 andorinha nao 

faz verao ("a single martin-bird doesn't 
produce summer"). 

Miller's experiment is that single 
martin-bird, for a galaxy of scientific ex
periments fulfills with high precision 
several predictions of relativistic dy
namics. Modern physics of high energy 
processes, quantum field theories, and 
particle theories are unthinkable with
out relativistic dynamics. There is an 
overflow of experiments washing away 
Miller's solitary experiment. 

Let me remind you that 12 experi
ments from the 19th century to the 
Ken nedy-Thorndyke experi ment of 
1932 (Phys. Rev., Vol. 42, p. 400), were 
consistently interpreted by Einstein's 
predictions. Several of those experi-

LETIERS 

ments were tentatively interpreted 
at the beginning by ad hoc hy
potheses. But it happened that 
whenever one of those hypotheses 
seemed to render an experiment 
understandable, nonetheless it en
tered into contradiction with an
other of those hypotheses. The 
considered hypotheses such as the 
pa rti a I ether drag, tota I ether drag, 
Lorentz-Fitzgerald contraction, and 
so on, were completely discredited 
(panofsky- Ph ill ips, Classical Elec

tricity and Magnetism, Addison
Wesley, 1962). 

Only Einstein's theory was able 
to put order in that chaos of exper
iments, badly tackled with isolated 
ad hoc hypotheses. A theory was 
needed, not isolated hypotheses, 
and Einstein's was that theory. 

We must be suspicious of peo
ple without scientific education, who 
adventure to criticize highly specialized 
scientific subject matters. Unfortu
nately, 27 st Century accepted an econ
omist Nobel Prize winner, not a physi
cist, to discredit a physical theory of the 
highest importance in modern physics. 
If Maurice Allais's arguments possessed 
really sound scientific status, it could 
have been published in a physics jour

nal. But he published his ideas against 
Einstein in a magazine, Aero/Space En

.gineering, not devoted to science, but 
to technological matters. 

Laurence Hecht's scope to deny the 
scientific seriousness of the Shankland, 
McCuskey, Leone, Kuerti paper ( Rev. 

Mod. Phys., Vol. 27, p. 167, 1955) is 
also unfortunate. When those four ex
perimental physicists did their work, 
nobody in the physical community had 
doubts as to the solidity of Einstein's 
scientific achievement. The four Ameri
can physicists, in effect, proved that 
Miller's experiment was a lonely mar
tin-bird that could not produce sum
mer, and it was flawed. 

May I add the following: New tech
nological devices in the last years have 
given, through the highest accuracies, 
more empirical corroboration to the 
theory of special relativity. Examples: 

A group of experimental physicists at 
CERN during 1964 and 1965, using 

Michelson-Morley-Miller: The Coverup � 
Optical T heory in the 19th 

Century and the Truth about 
Michelson-Morley-Miller 

high-energy neutral pions, verified with 
an accuracy of 1.3 x 10-2 percent the 
second postulate of special relativity 
(Science, Vol. 251, p. 359, 1991). In 

other words, a precision of 130 parts 
per million. In 1985, improving the 
Ives-Stillwell test, which corroborates 
relativistic aging, a group of physicists 
from Denmark and Colorado State Uni
versity obtained a precision of 4 x 10-3 
percent, that is, 4 0  parts per million. 
Also in 1985, an updated Kennedy
Thorndyke experiment by Hall and Hils 
yielded a precision of 7 x 10-3 percent. 
This result is accurate by 300-fold over 
the previous experiment by Kennedy
Thorndyke (Science, Vol. 242, p. 1207, 
1990). 

The increasing sophistication and ac
curacy of measurement in physical lab
oratories have reduced the Miller ex
periment to the category of a prehistoric 
event. Hence, no "coverup." 

It seems to me that an epistemologi
cal error looms over Allais's lucubra
tions-this: scientific theories are ex
tracted from experiments. The opposite 
is true. A scientist, especially a theoret
ical physicist, imagines conjectures at 
the start, passing to formulate hypo
thetical propositions from which a the
ory is deduced. A good theory is pre
dictive of unknown physical processes 
and, as such, allows the possibility of 
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inventing experimental devices that 
may or may not corroborate theoretical 
predictions. 

The Michelson, Fizeau, Trouton
Noble, and Airy experiments, for instance, 
were invented to test predictions of New
ton and Maxwell's theories. The new ex
periments devised, as for example, 
Kennedy-Thorndyke, Ives-Stillwell, and so 
on, were made to test a new theory, the 
special relativity theory. Thus, the theory 
determines the existence of the laboratory, 
not the contrary. The scientific procedure 
is based on Plato's hypothetic-deductive 
method, not Aristotle's empirical-deduc
tive method. Let me quote Einstein, who 
states it clearly: 

"We now realize, with special clarity, 
how much in error are those theorists 
who believe that theory comes induc
tively from experience. . . . There is no 
inductive method which could lead to 
the fundamental concepts of physics .. . .  
Logical thinking is necessarily deductive; 
it is based upon hypothetical concepts 

The Cost of 
Not 'Investing' 

I n the Space Program 

To the Editor: 
Marsha Freeman's article in the Sum

mer 1998 issue of 27 st Century ["Krafft 

Ehricke's Moon: A Lush Oasis of Life," p. 
19] represents the overly optimistic view 
of a super space salesman rather than the 
harsh realities of today's and the foresee
able future's space technology. 

The energetics and economics of 
spacefl ight certainly dictate a far differ
ent picture of transportation systems 
compared to the steamship, railroad, 
auto, and aircraft. Let us remember that 
in the aforementioned systems, the gov
ernment played only a minor role. This 
was not the case of rocketry, which 
started out as a weapons system with 
cost not a major factor, and not with 
spaceflight as a goal. 

With rockets as the only choice, the 
average launch cost for a commercial 
communications satellite is about $67 
million, and for a meteorological satel
lite about $64 million. With the limited 
present providers, and a $95 to $115 bil
lion market over 10 years, through 2004, 
users wi II agai n have to 

'
pay the high 

price, according to Euroconsult, a French 

and axioms." ("Physics and Reality," J. 
Franklin Institute, Vol. 221, p. 349, 
1936). 

Prof. Fernando M. Gomide 
Petr6polis, RJ, Brazil 

Laurence Hecht Replies 

I do not question that some sort of 
correction in the false assumption of 
simple linear extension in space and 
time, is necessary in the interpretation 
of high-energy/high velocity experi
ments. The relativistic correction is an 
approximation, but the actual nature of 

the underlying phenomenon is the is
sue for physics. In my view, as I noted 
in my article ["Optical Theory in the 
19th Century and the Truth about 
Michelson-Morley-Miller," Spring 
1998, p. 35], the "paradox of simul
taneity" is the philosophical underpin
ning of Einstein's Special Relativity the
ory, as its author stated, not the 

group evaluating the launch services 
market. 

The Apollo mission returned Moon 
rocks for about a half billion dollars per 
pound. The Shuttle orbital payload cost 
is over $14,000 per lb. Based on a crew 
of six, a ticket on the Shuttle costs about 
$83 million per person. The Venture 
Start SSTO [the planned follow-on to the 
Shuttle], with its propellant mass fraction 
of over 92 percent (corresponding to a 
robustness of a pop can), will be lucky to 
halve the Shuttle cost. 

The Shuttle and SSTO will be trans
portation systems failures: the payload 
[fraction] of the Shuttle is only 1 .43 per
cent. The Saturn Apollo payload was 
only 1.6 percent. By comparison, the 
Concorde is only 7.27 percent, a 747 is 
about 21 percent, and a loaded passen

ger car is about 25 percent, while a 75-
car train is 77 percent. 

Commercial spaceflight will never be 
viable on an economic basis with the 
rocket system (including nuclear and 
electric systems), whereby most of the 
mass is expended. [Wernher] Von 
Braun's 1948 Mars mission was esti
mated to cost more than the Berlin airlift. 
The entire Apollo program cost was $25 
billion in 1963 dollars. Returning an
other three astronauts to the Moon, with 
return, would cost more than $100 bil-
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Michelson-Morley experiment. The is
sue goes much deeper than whether 
Special Relativity is "right." Physics 
must seek out anomalous results; look 
for the contradictory singularities, and 
ambiguities; not attempt to suppress 
them, because they don't fit a textbook 
formulation. 

To continue to cling to Special Rela
tivity, in view of not only Miller's, but 
so many other anomalous results in so 
many branches of research, is the prob
lem, in my view. Isn't it obvious that 
our inability to clearly explain the 
atomic spectra beyond hydrogen poses 
some fundamental problems? 

If you are familiar with the work of 

Fresnel, Ampere, Gauss, Weber, and 
Riemann, which we have attempted to 
present in recent issues, you see how lit
tle we have progressed in fundamentals 

concerning these matters, since the early 
19th century, despite the sophistication 
of our applications. Recent issues of our 
publication have attempted to direct our 

lion in year-2000 economics. And there 
are no vehicles in existence, or planned, 
to do that, let alone start and supply a 
Moon colony. 

N ASA has low-balled the cost of 
erecting and maintaining the future In
ternational Space Station at $30 billion 
to the year 2013. And for a single six

man mission to Mars, the cost would 
easily be $500 billion for a chemical 
rocket system, or $1 trillion for a nu
clear rocket system (not yet developed 
or likely to be developed). The nuts
and-bolts Dr. [Eugen] Sanger estimated 
a manned Mars mission at about the en
tire cost of World War II,  and a Moon 
mission about the cost of a large aircraft 
carrier. 

Ehricke, on the other hand, states that 
the Moon is not a scientific base, but 

grounds for a city, Selenopolis. But he 
neglects the above costs. He also argues 
not only for development of habitats, but 
also of material extraction and process
ing. At present economics, however, 
large-scale return of Moon materials is 
not feasible. If not these, then what kind 
of economics would be required? A Dis
ney attraction? Book you r vacation to 
Disneyopolis. But be prepared to pay the 
price! 

Alfred J. Zaehringer 
Troy, Michigan 

LETTERS 



readers' attention to the consideration of 
such fundamentals. 

As you will see in the leading piece in 
this issue (p. 23) Prof. Maurice Allais 

cannot be dismissed by physicists as a 
"mere economist." He has carried out 
fundamental work in experimental 
physics over a series of decades, and of 
a most provocative kind. We uphold his 
research on the anomalous behavior of 
the pendulum, as exemplary of the sort 
of fundamental probing into physical 
phenomena that ought to be going on to
day. That he was forced to publish his 
results in an aerospace journal, and not 
one of the "approved" journals of "pure" 
physics, is, in our opinion, only a com
mentary on the almost legendary and 
hidebound, conservatism of the physics 
establishment, not on the quality of his 
work. Note that is was Wernher von 
Braun who recommended publication. 

Regarding modern corroboration of 
Michelson-Morley, I do not see how 
Hall-Brillet have answered the objec-

Marsha Freeman Replies 

Alfred Zaehringer, a space pioneer 
and founder of the Detroit Rocket Soci
ety in 1946, reflects in his letter a demor
alization about the state of space explo
ration, the economy, and the nation's 
cultural outlook, that unfortunately has 
infected others in the space community. 

Evaluating whether or not an activity 
should be undertaken has today been re
duced to what it will "cost," rather than 
to that of the value it will return. And the 
accountants and bean counters insist that 
what it will return to society must be 
measured in money. 

In reality it does not matter at all what 
it "costs" to have a space program. That 
money is not spent; it is an investment 

in the future. Space investment produces 
enabling technologies that increase the 
productivity of the entire economy, 
through spinoffs in every field from med
icine to new materials. It also inspires 
and uplifts the cultural outlook of the 
population, which increases the density 
of new scientific breakthroughs in the 
future. 

What is the monetary value of find
ing cures for debilitating and fatal dis
eases, using space-based microgravity 
tools? Can you put a figure of return on 
investment for money spent in space 

LETIERS 

tions which Miller had already made to 

other attempts, in his time, to repeat 
the experiment, including the Kennedy
Thorndyke effort: Namely, the problem 
of closed chambers, and possible con
sequent effects of some sort of other 
entrainment. As you must know, the 
greatest sophistication of measurement 
accuracy does not, in any way, over
come fundamental problems of as
sumption embedded in experimental 
design. 

Concerning Shankland, I strongly sus
pect that he engaged in a career-moti
vated hatchet job, rejecting his previous 
collaboration with Miller and attempting 
to ingratiate himself with Einstein at a 
time when it was politically advanta
geous to do so. As Professor Allais reiter
ates in this issue (Note 38), there was no 
basis for dismissing Miller's observations 
as instrument error. 

You lift yourself above the run-of-the
mill defenders of today's academy
approved, textbook mathematical-

physics in raising the epistemological 

question. However, I can agree with nei
ther your methods, nor conclusions. 
Pierre Duhem's attack on Bacon's in
ductivism (which Bacon picked up from 
the Venetian Paolo Sarpi), does not pro
vide an adequate rendering of Plato's 
Method of the Higher Hypothesis. 

Rather, I bel ieve, it leads to terrible con
fusion. 

Perhaps you will consider the writings 
on this subject by Mr. Lyndon LaRouche.1 
Here is an economist, who dares, not 
only to comment on matters of methodol
ogy in physics, but, who even claims that 
the discipline of physics must be sub
sumed by the study of physical econ
omy-and this on epistemological 
grounds! We are sure you will find it, at 
least, provocative. 

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

1 .  See, for example, Lyndon H. LaRouche, Jr. ,  
"Mathematics & Measurement: Science VS. Ide
ology," Executive Intelligence Review, Aug. 21 , 
1 998, p. 20. 

that will encourage 
young people to be
come scientists and 
engineers? What is it 
worth to peer out into 
the universe from 
space and discover 

new worlds? For that 
matter, was it worth 
the money we spent 
on the Berlin airlift? 

Krafft Ehricke's Moon: 
A Lush Oasis of Life 

Cheapen i ng the cost 
of access to space will 

broaden the uses to 
which this unique en
vironment can be put, 
but no space program 
can be planned on the 
basis of accounting. 
Should we be pushing 
ahead on the frontiers 
of new technology? Absolutely. Should 
we be waiting to explore new worlds un
til it is "cheaper?" Certainly not. 

While it is the case, as Mr. Zaehringer 
points out, that the car, airplane, and rail
road were the product of creative i nven
tors, in fact, turning these inventions into 
capabilities that changed the face of this 
nation was the responsibi I ity of the 
elected government. In his article, "How 
the Government and Army Built Amer
ica's Railroads," (Executive Intelligence 

Review, July 17, 1998), historian Anton 
Chaitkin dispels the commonly held myth 
that it was "private entrepreneurs" who 
built the railroads. 

Krafft Ehricke envisioned a future 
where the government would return to 
its historical role of investment in future 
technologies and infrastructure, enabling 
the creative contributions of individuals, 
this time in space. There is no better time 
than the present to begin the expansion 
of human civilization to other planets. 
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High-energy 
ultrashort pulse 

SCHEMATIC OF SHORT-PULSE 
PET A WA IT LASER 

The short pulse originates from a tita
nium-sapphire laser oscillator that pro
duces a broadband initial short pulse. 
Mirrors deflect this to metallic diffrac
tion gratings, which stretch it out into a 
long, low-energy pulse. One set of mir
rors deflects this stretched pulse into 
broadband power amplifiers, which pro
duce the high-energy pulse. A second 
set of mirrors deflects this pulse into a 
second pair of metallic diffraction grat
ings, which compress the high-energy 
pulse into a high-energy ultrashort 
pulse. A plasma mirror then focuses this 
final pulse onto the target. 

NASA 

john Glenn, practicing insertion into his 
Friendship 7 spacecraft a few days be
fore his history-making first American 
orbit of the Earth. 

PETAWAIT TABLETOP LASER Will REVOLUTIONIZE MACHINE TOOl DESIGN 
The petawatt ( 1 0 1 5) laser, designed in itia l ly  as an ultrashort pulse to help ignite fu

sion fuel pel lets, has demonstrated a new type of interaction with matter, with many 
potential appl ications for machine tool design. A broadband u ltrashort laser pulse is 
generated from a sol id-state titanium laser. The pulse is as coherent as ord inary mono
chromatic laser pulses, but cons ists of many d i fferent wavelengths. It is then passed 
through a diffraction grating, which breaks the pu lse up into its various colors. Each of 
the colors then travels a separate path of varying length . The pulse is reflected off a 
second grating, generating an elongated version of the orig inal  pulse, which then is 
passed through a second series of gratings. There, the colors are recombined in space 
and time to regenerate the original pulse length, but at 1 00 b i l lion times greater en
ergy. A plasma mirror is then used to focus the final pu lse onto a target. 

Scientists at Lawrence Livermore National Laboratory have shown that as the laser 
pulses get shorter and shorter, there is a transition from the thermal mode of energy 
transfer to a new mode, where there is v irtua l ly  no heat energy transferred to the 
metal in mach in ing. Each laser pulse typical ly removes just a few microns of mater
ial . Because the pulses can be generated thousands of times per second, the machin
ing process is both rapid and "cold," with no sign ificant transfer of heat to the mater
ial  being worked on.  

The petawatt laser grew out of work at the University of Rochester, Lawrence liv
ermore, and other laboratories primari ly worki ng on inert ia l  confinement fusion . A 
report on the petawatt laser by Associate Editor Charles B. Stevens wi l l  appear in the 
Oct. 9 issue of Executive Intelligence Review. 

RATE OF GROWTH OF WORLD POPULATION FElL IN 1 997-AGAIN 
Accord ing  to the l atest data of the U .S .  B u reau of Census,  the dec l i ne in the 

growth rate (now a 20-year cont inuous phenomenon) aga i n  accelerated i n  1 997 
and the first half of 1 998. The Census Bureau f igures, covering 1 57 countries or is
land groups and many other is lands, principal ities, or territories, show that 30 of the 
1 57 countries now have fa l l ing populations.  A year ago, there were 1 7  such nations: 
Of the 30 with dec l in ing populations, 1 6  are in  West, Central, or Eastern Europe; 7 
a re i n  Africa; and 4 i n  the Mid d l e  East.  An additiona l  1 6  cou ntr ies a re at zero 
growth, including 5 in Europe. 

The overa l l  f igures g ive a m i d- 1 998 world popu lation of  approx im ate ly  
5,925,000,000 human beings. This is about 75 m i l l ion more than i n  mid- 1 997, the 
lowest increase in more than a decade. The world growth rate was sti l l  2 percent per 
year in the 1 980s; 1 .7 percent at the 1 992 Rio Conference. It fell to 1.4 percent by 
1 997, and now, a year later has fal len to 1 .29 percent. By 2000, the "extreme goals" 
of the Malthusian NSSM 200 and the Global 2000 Report-a 1 . 1 percent world rate 
at the end of the century-wil l  be reached or exceeded . 

A more detailed analysis wi l l  appear in the next issue of 21 st Century. 

SEN. JOHN GLENN SET FOR SECOND HISTORIC MISSION IN SPACE 
When John Glenn made h is  Mercury space fl ight in February 1 962, he assured h is  

place in  history as  the fi rst American to orbit the Earth. At  age 77, G lenn wil l  become 
the oldest person to fly in space, when he boards the Space Shuttle in late October. 
Wh i le pol itical pund its have decried Glenn's fl ight as a waste of money and a pol iti
cal stunt by NASA, mi l l ions of Americans and organizations, including the American 
Association of Reti red Persons and the American Federation for Aging  Research, 
have hai led his fl ight for the contribution it wi l l  make to research on the process of 
aging, by looking at analogues in  the adaptation to microgravity, and to the vital im
age of what Americans can accomplish in their later years. 
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FREEMAN PRESENTS MEMOIR ON SPACE PIONEER TSANDER AT IAF 
21 st Century Associate Editor Marsha Freeman presented a paper on the contribu

tions of space pioneer Fridrikh Tsander ( 1 887-1 933) at the 49th congress of the I nter
national Astronautical Federation i n  Melbourne, Austra l ia, Sept. 29 .  Tsander, a Lat
vian-born space engineer, establ ished the f i rst amateu r space soc iety in the Soviet 
Union, and made numerous contributions to advanced designs for space veh icles. 

Copies of the paper are ava i l able;  send a self-addressed #1 0 business envelope 
with $ .55 postage to 21st Century, Attn . :  Tsander paper. 

MORE ICE AT LUNAR POLES THAN PREVIOUSLY THOUGHT 
Scienti sts who have been analyz ing  the d ata col lected by the Lunar Prospector 

spacecraft over the past s ix  months, reported in early September that they have 
upped thei r previous est imate of water ice at the l u nar north and south poles from 
300 m i l l ion tons to 6 b i l l ion tons .  The ice, which has collected in the permanently 
shadowed craters at the poles, is thought most l i kely to have come from impacts of 
watery comets . The new ana lys i s  ind icates that near-pure water ice depos its are 
buried beneath as much as 1 8  i nches of dry regol ith (soi l ) .  Such a cache of water on 
the otherwise bone-dry Moon cou ld aid in  human colonization. 

'SCIENCE FOR KIDS' IS  NEW USDA AGRICULTURAL WEB SITE 
The Agricultural Research Service of the U .S .  Department of Agriculture has estab

l ished a web site for chi ldren ages 8-1 3, with i nteractive stories on agricultural science 
and research .  "Sci4Kids" can be found at: http ://www.ars .usda.gov/is/kids ... We·re 
hoping chi ldren wi l l  use the site to gain a greater understanding of agriculture's impor
tance to their  dai ly l ife," said Under Secretary of Agriculture I .  Mi ley Gonzalez. 

CUMBRIANS BRING ANTI-NUCLEAR CAMPAIGN TO WASHINGTON, D.C. 
In a presentation that was long on color s l ides of the beautiful Cumbrian country

side but short on numerical data, representatives of the British group Cumbrians Op
posed to a Rad ioactive Env i ronment (CORE), told a Wash ington,  D .C . ,  audience 
Sept. 25 that the Sel lafield nuclear reprocessing plant is responsible for l ittle chi ldren 
dying of cancer. When nuclear engineer Dr. Theodore Rockwel l ,  representing 21 st 
Century, commented that neither the scientif ic commun ity nor the courts have been 
wi l l i ng to attribute such deaths to Sel lafield, CORE's Janine Al l i s-Smith answered that 
there was no d ispute that the humber of deaths near Sellafield is abnormally h igh, but 
that scientists have not been able to connect this situation to rad iation. CORE termed 
as "ominous" the entry i nto the .U .S.  market of Sel lafield's owner, British Nuclear Fu
els. The press briefing was sponsored by the Institute for Energy and Environmental 
Research and the Safe Energy Com m u n icat ions  Cou nc i l ,  both of which are anti
nuclear. As for the name of CORE, Rockwel l  noted that there aren't any places on 
Earth to go to avoid a "radioactive environment." 

SCIENCE COALITION PROMOTES BASIC RESEARCH IN SCIENCE 
"Great Advances in Science" is the title of a report issued Sept. 24,in  Washington, 

D.c., by an a l l i ance of institutions, inc lud ing publ ic and private un iversities, "ded i
cated to susta i n i ng the federal government's h istoric commitment to U.S. leadersh ip 
in  basic  research ."  The report features scientif ic d i scoveries i n  many f ields, which 
grew out  of  un iversity-based research .  Among the projects h ighl ighted are the imag
ing of gamma-ray bursts, techn iques to genetical ly alter mosqu itoes so that they can
not transmit  d i seases, a system to mon itor the movements of continents and the 
growth of mounta ins from space, and the fabrication of atomic-scale magnets. For 
more information : www.sciencecoal ition .org. 

Fridrikh Tsander as a student in Riga, 
Latvia, in 1 91 3. 

Courtesy of the Science Coalition 

The Science Coalition released its report 
at an event hosted by the House Science 
Committee. From left: Prof. Jim Head, 
Brown University, Rep. George Brown 
(D-Calif.), and George Rupp, president 
of Columbia University. 
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a n d  Jet m agaz i n e ear ly  i n  
1 99 3 .  At the t ime, Perr ine re
ceived an overwhelming n u m
ber of requests for the i n t ra
venous  d ru g  from d octo rs 
a r o u n d  the  wor ld .  These re
quests outpaced production of 
the d rug, wh ich  she was thet} 
p rod u c i n g  by  herse l f, in h e r  
l a b  a t  t h e  C h i l d ren's Hospital  
Oak l a n d .  Because there i s  at 
present no c u re for e i th e r  of 
the two deadly blood d iseases, 
her treatment was v i ewed "as 
good as g o l d '.' by d octors i n 
ternationa l ly. 

Free Market? 
H a v i n g  a pharmaceut ica l  

company take over responsibi l
ity for producing the sickle cel l 
drugs wou l d  seem to be a 

.d rug's oral derivative, and con
c l u d e  i ts p a rtners h i p  l i cens� 

,. with Alpha Therapeutic Corpo
ration, as wel l .  In that one press 
re lease,  Vertex term i nated its 

,'e n t i re .h e m o g l ob i n  progra m .  
. 'H owever, Vertex sti l l  he ld ex

c l us ive  r i ghts  to prod uce the 
d rugs that i t  had decided not to 
produce! Why?, 

, p rom i s i n g  q�ve lopment;  the 
d rugs cou l d  h ave been made ' 
ava i lab le  i n  l a rger q u ant i t ies, 
and read i l y  so . However, less 

Educational Media/SLIMe 

Susan P. Perrine, MD., discoverer of the drug that ar
tificially stimulates the b/()od to produS�l:fet� 1 hemo
globin, the oxygen-bearing substance th�t.1is defective 
in older sickle cell and thalassemia patients. 

: . ; I,n , the  ,p reva i l i ng "str i ct ly 
bLisi.ness" o u tlook of free trade 
i deo logues ,  m a k i n g  a profit 
takes p r i o r i ty over everyt h i n g  

e l s e .  I n  other word s, l e t  t h e  s i c k  peo
ple, who need these medications fend 
for themselves; profits before patients. 
Both , con;'pan ies decided that it wou ld  
be eas ier  to  make money p ro du c i ng ' 
somet h i n g  other than  these "orphan 
d rugs." 

1 2  

than two years after Vertex Pharmaceu
t icals,  I nc . ,  of Cambridge, Massachu
setts, ga i ned " �exc l u s ive wor ldwide 
r ights from C h i l d ren's  H ospital oak
land to develop; manufacture, and mar
ket" the two butyrate-based drugs de
s igned by Susan Perr i ne, fu tu re 
deve l opment  of the d rugs became 
highly un l ikely. 

To apprec iate the i njust ice done to 
Dr.  Perr i ne, and u nderstand why her 
research-pat ients'  p rospects for i m
proved health look so bleak, i n  spite of 
her promising research, I provide a brief 
h istory of the problem. 

In  the spring of 1 994, Vertex won the 
Food and Drug Admin istration's desig
nat ion wh ich  c lassif ies both a rg i n i n e  
butyrate and isobutyramide a s  "orphan 
products." ·G ranted earl ier to Susan Per
ri ne, this federal designation app l ies to 
drugs used· to treat a disease the federal 
government categorizes as rare because 
(a) it affects fewer than 200,000 persons 
in America, or, (b) it affects (nore tpan 
that number 6f i rfd ividua'ls, buf the an
t ic ipated costs of developing the d rug 
and making it  ava i lable for t/;Je d i sease 
m ight not be recoverable from sales of 
that drug. 

The government a l lows the "orphan 
product" o n l y, one sponsor per med
ical i nd ication (that is, purpose), for a 

period of seven years from the govern
ment's d ate of designat i ng  the spon
sor. 
, ' Why is this designation so import�ht? 
It g ives the sponsor excl u s ive control 
over how much,  and how often ,  the  
drug is  produced . I t  makes the spon
sor's cl i nical work with such a d rug e l i
gible for (1 ) federal assistance in ih!;! de
velopment of (medical) study protocols; ' 
(2)  exc l u s ive market ing r ights; (3 )  tax 
c red its for c l i n i ca l  research ;  and  (4) 
c l in ical research grants to develop .'ior-
phan products." ' ,,, 

I n  add i t ion 'to wi n n i ng exc l us ive 
r ights to produce the two buty�ate
based drug, Vertex also negotiated a l u
crative fi nancia l  partnersh ip  with a�

,other  company; Alpha Ther'ap�ut ic  
, Corporation, to exclusively I' icent'e, �ne 

oral-derivative of the drug. 
In numerous press releases, a'nd in a 

prospectus  for Vertex i n vestors, the 
company led the publ ic  to bel ieve that 
it was commjtt�d to deve lopi p f5f>8pt b 
drugs. The company'paiAted its: w�'d% as 
" . . .  an opportun ity for Vertex to' de
velop products with demonstrated c l in
ical promise i n  an area where there i s  
an important medical need ." 

However, once i t  possessed exc lu
s ive  sponsorsh ip ,  Vertex abandoned 
its work with both d rugs, step-bycstep. 
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( I t  should be noted that operations at 
A l p h a  Therapeut ic  Corp.  a�e be ing  
scrutinized on an u nrelated matter: the 
recent scarcity of another  "orphan 
product" whose purchas i n g  price has 
now skyrocketted, immune globul in, or 
" I G . "  IG is  pr imari ly  used to treat l i fe
endanger ing i m m u n e  d efic iencies i n  
ch i ldren .  Its other medical  ind ication, 
as an "orphan product," is  also to treat 
sickle cel l  d isease.) 

N OW,t a l th o u g h  Vertex has aban
doned' \Vork with both a rg i n ine  bu
tyrate and i ts  ora l  derivative� the com
pany st i l l  h o l d s  exc l us ive r ights to 
l icense the d rugs for development and 
commercia l izat ion.  In fact, even Susan 
Perr i n � ' 'r ho designed both d rugs, is  

' Iegal l{' p' robibited from producing them 
in her lab.  To speak p la in ly, any c l i n i 
cian-scientist produc ing these drugs to 
perfect their  usefu lness in saving l i ves, 
is l iab le  to p u n i shment  as a cr im i na l ,  
even though t h e  company hold i ng the 
rights of production has abandoned de
velopment of the d rug.  
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The apparatus for infusing the 
Pharmaceuticals is refusing t 

'. develop th�· drug. " 

VIEWPOINT 

u ndetermi ned n u m ber of months, �nd 
stopgap measures are currently holding 
the Boston Med ica l  Center project to� 
, .'>;;., .' - • :' 
gether. However, a much better spl u-
t inn-a rea l  so l ut i o n - i n vo lves re
ass'essment and er,lforcemeht of specific 

, federal regu latiohs set down to prevent 
such occurrences, For example, Publ ic  
Law 1 00-290 ( 1 9 8 8 )  of the  Federal  
Food; Drug, and Cosmetic Act, states, 
" It 'requ i res spons9fs with orphan d�s
i g'nat ion to not i fy lhe Secretary of the 
Department of Health and Human Ser
vices ( D HHS) If they either discontinue 
active i nvestigat ion of the  product, or  

cture of  the prod;-
[eiTIphasl ear . "A1:\(; 

�I I ,  such predicaments re�j'r;d 
us our  Fou nd ing  Fathers, i n  antici
pation, framed the fundamental princi
ple from w h i c h  govern ment today 

kense to sl:iq,u l d  take i ts cue for approach i ng , a,. 
v. 'sc,yl'Oti<;>n, "To prdfrfbte the [health arii:lJ ( 

general welfare" of. a l l  citizens i n  prac� 
tice arid deed. 

Claret Richardson is a longtime politi
cal activist with the LaRouche move
ment,- and C/ sicklf:,:cell thalassemia Pf:i
trent participatiVfg in the · BO$tol1 
University Medi'C'Il1 Center sickle cell 
program. 

Roger HamiEIRNS 

. catheter Qfthe yascular AcceJr Device into the su
on for infu�li7g arginine butY(Ete directly into the e 

• The &ug can meliorate the symptoms of sickle cell disease and 
lessen the anemia of beta-thalassemia (major). 
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SCIENCE POLICY 

TH E R EC I PROC ITY O F  EXTREMES 

The Astrophysics of 
Gu rwitsch Rad iation 
by Lyndon H .  LaRouche, J r. 

NASA 
Inset: A.G. Gurwitsch, Das Problem der Zeflteifung (The Problem of Cell Division), 1 926 

"If a principle of action corresponding to Gurwitsch Radiation exists in this universe, what does that principle thus prove about 
the nature of the universe itself?" Here, the Andromeda galaxy. Inset is Gurwitsch's onion experiment, which demonstrated that 
mitogenetic radiation from one onion root increased the cell divisions in a second onion root. 

I n my experience with relevant c i rcles, 
both in ora l  excha nges and  wr i tten 

works, the most frequent, and often most 
devastating flaw in the mental l ife shown 
among today's ostensibly best-educated 
science profess ionals,  is  a stubborn re
fusal to accept what ought to be the most 
obvious, a n d  pers i st i ng c h a l lenges to 
thei r customary assumptions. Typical of 
the type of s u c h  prob lem met from 
among professionals of various specia l i 
t ies, is  an  ax iomatic problem from the 
domain of  one of  the most sign ificant, if 
relatively lesser known branches of sci
ence. I refer to a matter from the domai n  
o f  biology. I focus upon what should be 
perceived as the most obvious of the im
pl ications of the most elementary experi-

mental defin it ion of G u rw itsch Rad ia
t ion.  For my purposes here, I s impl ify the 
argument to be made, by defin ing the is
sue immediately at hand more narrowly: 
"the R iemann ian  i m p l icat ions  of G u r
witsch Radiation." 

The sett ing with i n  which the d iscus
sion is situated, is the same topic which 
has dominated my phi losophical and re
l ated concerns for s i.x  decades. It was, 
notably, the basis for my attacks against 
P rofessor N o rbert W i ener's hoax, so
cal led " information theory," five decades 
ago; it has been the centerp iece of a l l  
m y  own or ig ina l  d i scoveries a n d  the i r  
development and appl ication, s i nce that 
t ime. During the recent two decades, it 
has become, for readers of my publ ished 
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work, the most frequent ly  recur r i ng  
theme of  my pub l i shed work. Thus, no 
science profess iona l  presently fam i l i a r  
with m y  l i fe's work, wi l l  fail to recogn ize 
the theme. 

Although I had been occupied by re
lated topics from the work of Vernadsky, 
Rashevsky, and others s ince the middle 
to late 1 940s, the work of Gurwitsch was 
fi rst brought to my attent ion,  about a 
decade and a ha lf  ago, by my associate 
Jonathan Tennenba u m .  The l atter con
tact startled me; G u rwitsch's d i scovery 
agreed with the related work of Vern ad
sky in the most remarkable degree. The 
reports on G u rwitsch's work by Profes
sor Fr itz Popp, were our  i n it ia l  point of 
reference. As a result, in l ight of the im-
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portant bearing that work has on the en
t i re dom a i n  of opti ca l  b i ophys ics,  re
searches i nto' the area of Gurwitsch's d is
coveries became an i ntegral  feature of 
my own work and the work of the Fu
s ion E nergy Foundat ion  ( F E F) o n  the  
Strategic Defense I n it iative (501 )  during 
the middle of the 1 980s. S i nce the u.S .  
Department of justice's fraudu lent bank
rupt i n g  of F E F' s  Fusion magaz i ne, i n  
1 987, conti nued i nterest i n  G urwitsch's 
i mportant contributions to b i o l ogy has 
been revived by Fusion quarterly (Ger
many and France), and 2 7st Century Sci
ence & Technology. The poi nt of refer
ence for the  present treatment  of the 
latter topic, i s  a report on that subject ap
pear ing, as a series, i n  Vo l .  1 1 , Nos.  2 , 

and 3 of 2 7st Century Science and Tech
nology quarterly, in .which a report by a 
Gurwitsch associate, Michael L ipkind, is 
featured [Summer and Fal l 1 998] . 

Gurwitsch Radiation is an area of cru
c ia l  experimental issues, w h i c h  poses, 
impl icitly, some of the most fundamental 
questions of epistemology for science as 
a whole. Not only does G u rwitsch's and 
related a rgument  and ev idence i m p l y  
s u c h  q uestion s ;  i t  i s  i mpos s i b l e  to re
solve the crucial-experimental issues ex
cept by des igns of experi m ents wh ich  
address that epistemological issue most 
d i rectly. 

On those and  rel ated accou nts, the 
theme with i n  which the d iscuss ion of 
Gurwitsch Radiation is  properly situated, 
is the fol lowing. S ince Plato, the most el
ementary mathematical  concept ion  of 
a l l  scientific thought, has been,  as Luca 
Pac i o l i ,  Leo n a rdo d a  V i n c i ,  a n d  jo
han nes Kepler emphas ized this pr inc i 
ple,  the chal lenge of  recogn i z i ng both 
the d isti nction in  axiomatic principles of 
ordering, between l iv ing and non-l iv ing 
processes, and the sti l l-deeper impl ica
tions of the existence of such a d isti nc
tion with in  a un iverse which must be co
herent throughout. The very concept of 
Gurwitsch Radiation poses precisely this 
topic as typ ica l ,  ax iomat ica l ly ,  of the 
lead ing issue of al l  known problems of 
mathematical physics. 

To s u m  up the relevant sett i n g  i n  
which my own comment o n  G u rwitsch 
Radiation is situated, restate the situating 
argument in the fol lowing terms. 

Human ity's present knowledge of the 
un iverse recogn izes three axiomatica l ly  
distinct qual ities of ordering of processes. 
We recogn ize the ostensib ly "entropic" 
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order ing  usua l ly  associ ated with non
l iv ing processes. Secondly, we recognize 
the "ant i -entrop ic"  order i n g  of l iv ing  
processes. F inal ly, we recogn ize that the 
a rc heologica l-h istor ical  record of w i l l 
fu l l y  ordered i ncreases o f  t h e  potentia l  
relative popu lation-density o f  cu ltures, 
p l aces the qua l ity of "anti-entropy" of 
h u m a n  cognit ive processes apart from, 
and beyond the qual ity of ordering of a l l  
other l iv ing processes. As  P lato. a rgued, 
and as joliannes Kepler was the fi rst to 
give general ity to a fourth point respect
i n g  these order i ngs; as th i s  is demon
strated by the fact that the lawfu l order
ing of the Solar System as a whole is also 
anti-entropic pr inciples, the ordering of 
the un iverse as a whole, is underla in  by 
an anti-entropic principle. 

By corre l at ing  i ncreases in soc iety'S 
potent ia l  re lat ive pop u l at ion-dens i ty 
with the i mpact upon productivity of sci
entific, technological, and Classical-cu l
tural forms of progress, I have made two 
poi nts bear i ng u pon the fu ndamental  
questions of physical science. F i rst, that 
those forms of cogn i t ion wh ich  corre
spond to crucia l ly-experimenta l ly  val i 
dated d i scoveries o f  physical pri nciple, 
are expressed as the transmission of in
creased anti-entropy from the cognitive 
processes of the ind ividual human mind, 
to man's i ncreased power over the un i 
verse, as such i ncrease of  power i s  ex
pressed i n  per-capita and per-squ a re
ki lometer terms. Secondly, as the relevant 
work of both Plato and Kepler imply, the 
ostensibly geometrical characteristics of 
the process correspond to cont i n u i ng, 
successive such i ncreases of power, and 
therefore coincide with the fundamental, 
lawful characte'ristics of the un iverse as a 
whole. This, by impl ication, situates the 
process of development of h igher l iving 
species with i n  a R ieman n ian  form of 
mu ltiply-connected manifold. 

From this standpoi nt, we must begi n 
o u r  ep istemological  i nvestigat ion i nto 
the matter of G u rwitsch Rad iat ion,  by 
acknowled g i n g  fou r  d i st i nct order ing  
p r i n c i p les i n  natu re.  F i rst, the appar
ently entropic characteristics common ly 
att r i b u ted to so-ca l l ed " n o n - l i v i ng" 
p rocesses .  Second ,  the  contrast i ng,  
characterist ica l ly  anti-entropic orderi ng 
of I iv ing processes. Third ,  another anti
e ntrop ic  c h a racter ist ic,  u n ique to h u 
m a n  cogn i t ion ,  by means of w h i c h  
m a n k i n d  i s  enab led t o  i nc rease the 
power of i ts  species within,  and over the 

u n iverse at l a rge .  Fou rth ,  the a nt i -en
trop ic  order ing pr i nc ip le, as P lato and 
Kepler argue some of the relevant ev i 
dence, wh ich  subsumes the potential of 
man's cognit ive powers to increase our 
species' power over the un iverse. To re
state the latter point: the ordering princi
ple which corresponds to the successfu l 
expression of man's anti-entropic devel
opment of h i s  cognitive potentials.  

If we situate the d i scussion of the evi
dence bear ing  u pon  G u rwitsch Rad ia
tion, two general conc lus ions, of. rela
tively axiomatic authority, must govern 
o u r  read ing  of that evidence. F i rst, that 
the evidence of typ ica l ly  cru c i a l  phe
nomena of G u rwi tsch Rad i at ion com
pels us  to d i rect the investigation of l iv
i n g  processes' d i st i ng u i s h i n g  c h a r
acteristics, on the assumption that these 
are governed by the notion of a Kepler
ian  form of i nteract ion between l iv ing  
and non-l iv ing  processes. Second,  that 
the g loba l  order i n g  of development 
with i n  and among l iv ing species, as un
derla in  by the impl ications of such Gur
witsch-Rad iation effects, must be coher
ent with the notion of a Riemannian form 
of mu ltiply-connected man ifold.  Th i rd ly, 
that both of these engage no less than ' 
the fou r  d isti nct types of characterist ic 
ordering which I have l isted above. 

I n  the practical experience of today's 
putat ive ly  educated strata, the su n d ry 
ironies of the propos it ion which I have 
thus just restated, are expressed in two 
interconnected ways. 

The more immed iate obstacle thrown 
up as objection against G u rwitsch's ex
per i menta l  p r i n c i p l e, reflects the fact 
that we are l iv ing  presently in a global 
cu l t u re w hose most educated profes
sional strata a re m iseducated, predomi
nant ly, and  thorough ly  pol l uted by re
d uction ist ideologies. These ideologies 
are, i n  the fi rst instance, the intel lectual 
a n d  m ora l  degeneracy taught by the 
writi ngs of Aristotle; in  the second case, 
we have the more rad ica l ly  degenerate, 
more pop u l a r  of today's  red u c t i o n i st 
cu lts, of empir icism and its rad ical-posi
tivist offshoots. Relative to the issues imc 
p l i c i t  in the  centra l fact of G u rwi tsch  
R'ad iat ion,  the lead i ng obstacle to  a ra
t iona l  v i ew of G u rwitsch  Rad i at ion ,  
among mathematicians and  science pro
fessionals today, is the popu larity of the 
common,  e m p i r i c ist dogma of Isaac 
N ewton ,  Leon hard E u l er, August in  
Cauchy, et  a I ., that the physical un iverse 
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Nicholas of Cusa ( 1407  - 7  464) 

New York Public Library Picture Collection 

Carl Friedrich Gauss ( 1777- 7 855) 

Illustration by Jan van der Heyden, 
Courtesy of New York Public Library Prints Division 

Johannes Kepler (1577 - 7  630) 

Library of Congress 

Bernhard Riemann ( 1826- 7 866) 

"The issues posed by a Riemannian reading of Gurwitsch Radiation, prompt us to fo
cus upon the crucial distinction between the notion of an anti-entropic ordering 
. . .  and the higher standpoint which emerged, beginning with Cusa's De docta ig-. 
norantia, with the emergence of the process leading into the development of modern 
hypergeometric methods, by, successively, Kepler, Leibniz, Gauss, and Riemann. "  

must be regarded as l i near i n  the infi n i
tes ima l ly  sma l l .  That l atter assumption 
precl udes any serious consideration of 
the nature of the fundamental pri nciple 
upon which the mathematical "poss ib i l 
ity" for the existence of l ife depends. 

The second obstac le  is the fa i l u re of 
even many of those otherwise opposed 
to reduction ist ideologies, to recognize 
the relevance of a cru c i a l  con nection  
between the founding of  modern experi
mental physical science by N icholas of 
Cusa, and that original  d iscovery by Jo
hannes Kep ler which sets Kepler's e le
mentary v i ew of mod u l a r  funct ions 
above and beyond a l l  other, earl ier fol-

lowers of P l ato's study of the Go lden 
Section. Expressing this issue i n  the form 
of a question: If a principle of action cor
responding to Gurwitsch Radiation exists 
in this un iverse, what does that principle 
thus prove about the nature of the un i 
verse itself? 

The fi rst obstac le  is o n l y  genera l l y  
noted, a s  i t  must be, to put the s i  I I  ier, 
commonpl ace object ions to my argu
ment to one s ide.  The issues posed by a 
Riemannian read ing of Gurwitsch Rad i
ation, prompt us to focus upon the cru
c i a l  d i sti nction between the notion of 
an anti-entropic ordering, as pervadi ng, 
for example, P lato's Timaeus, and the 
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h igher standpo in t  wh ich  emerged, be
g i n n i ng Cusa ' s  De docta ignorantia, 
with the emergence of the process lead
i n g  i n to the  deve l o p m e n t  of modern 
hypergeometr ic methods, by, succes
sively, Kepler, Leibn iz, Gauss, and Rie
mann,  most notab ly .  Cusa's d i scovery 
t h at the generat i o n  of c i rcu la r  act ion 
was of a h igher card ina l ity than Arch i
medes had assumed, marks the point of 
conceptua l izat ion,  which separates the 
h ig h e r  mathemat ica l -phys ica l  sta nd
point of modern hypergeometry, as d is
t ingu ished q u a l itatively from the leve l 
of s u c h  fo l l o wers  of P l ato as Arc h i 
medes. I t  i s  a mo n g  t h e  impl ications of 
that latter d isti nction that the axiomatic 
i m p l i cations of G u rwitsch Radiation is 
lodged . 

A Discussion of Cusa's Point 
To beg in  the relevant d iscussion, take 

as a point of reference, the conventional 
standpoint of scientif ic op in ion  today, 
the heu rist ic view expressed i n  action 
by  the cooks work i n g  i n  sc ience's 
kitchens, that the " u n iverse began" i n  
s o m e  re lat ive ly  s i m p l e r  form, o u t  of 
wh ich  successively h igher forms of ex
i stence were generated . Some of those 
"cooks," a minority, go further. The lat
ter i n s i st, that a g loba l  d i rectedness of 
such successive development of h igher 
forms, i s  i m p l ic i t ly  adduc ib le  even i n  
c o n s i d e r i ng t h e  m o s t  rud i mentary of 
those forms conce ivable.  Th is  latter is  
the standpoint impressed upon us by Jo
h a n nes Kepler's a n d  Car l  G auss's ap
proach to astrophys ics, the standpoint  
i m p l i c i t  i n  the  genera l  not ion  of the  
Gauss-Riemann form of  a mu ltiply-con
nected man ifold. 

That "evol utionary" v iew of the un i 
verse flows d i rectly from the methods of 
modern experimental-physical progress. 
The point of reference should be identi
fied as fol lows. 

We have two points of reference. On 
the one s ide, look ing outward toward 
the presently known boundaries of as
trophysics, we must s ituate ou rselves, 
as observers at a point on the surface of 
the Earth, with respect to a l l  those mo
tions with i n  the u n iverse, with i n  which 
the Earth, and our  moving posit ion,  as 
observers, on it ,  are s ituated . On t h e  
other  s ide, w e  m ust s i tuate t h e  act ion  
with wh ich  we are dea l ing  i n  respect to 
a l l  of those .motions which i ntersect it, 
from the most d i stant sma l l ness of m i 
c rophys ics .  What most o f  t h e  "cooks" 
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of science have fa i led to do, is to recog
nize what shou ld be acknowledged as 
an unavo idable impl ication of the inter
action among the mutual ly  d istinct, in
teract ing,  cohabit ing types of order ing 
(processes ) .  Whether many among the 
"cooks" acknowledge that fact, or not, 
unt i l  now, i n  each and a l l  of these ob
servat ions,  we must take i nto account  
the ro l e  of m u l t i p l e-co n necte d n ess 
among ostensibly not- l iv i ng, l iv ing, and 
cognitive processes, and, also, we must 
situate the m u lt ip ly-connected relation
s h i p  a m o n g  those fou r  q u a l i t i es of 
processes ( "non- l iv ing,"  l iv i ng, cogn i 
t ive, u n iversa l )  w i th in  the i n c l u d i ng, 
defin ing framework of the un iverse as a 
whole. 

Cusa's d iscovery, that c i rcu lar  action 
represented a h igher cardinal ity than the 
Classical Greeks, including Arch imedes, 
had located with in  the bounds of i rra
t i o n a l - n u mber orderi ngs,  b roke the  
mathematical  barr iers sta n d i ng i n  the 
way of the subsequent emergence of hy
pergeometry. Kepler's response to the 
impact of his predecessors Cusa, Paciol i ,  
and Leonardo da Vinci, carried us to the 
beginning of a general notion of physical 
hypergeometries, as shown most clearly 
by the impl ications of the el l i ptical orbit 
of Mars. The progress from Cusa's proof 
of the h igher ("transcendental") card inal
ity of c i rc u l ar action,  l ed ,  thus ,  to the 
standpoi nt establ ished by Kepler's ap
proach to the problems of a m u l t i p l y
connected man ifold .  Kepler's work took 
the notion of the transcendental and sti l l  
h igher-order cardinal ities, out  of  the  for
mal-mathematical domain of the Golden 
Section,  i n to the h igher  d o m a i n  of 
phys ics .  It was Kepler  who, w i th h i s  
grasp o f  the impl ications o f  Mars's e l l ip
tic orbit, contributed the crucial fi rst step 
into that h igher domain of investigation. 
I n  that sense, i t  was Kep ler  who made 
possible the defin i ng of the physical, as 
d ist inct from merely formal-mathemati
cal, meaning of the source of the d istinc
t ion between non- l i v i n g  a n d  l i v ing  
processes. 

Al l  of the axiomatic issues respecting 
interactions  between I ivi  ng  and non
l iving processes are s ituated, i n  an e le
mentary way, with i n  that framework of 
epistemologica l  reference which is im
pl icitly provided by, ch iefly, the  further 
development of the notion of mu lt ip ly
connected manifolds, by, ch iefly, Leib
n iz, Gauss, and Riemann.  
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A Synopsis of the Point 
Let us assign a special impl ication for 

G u rwitsch's use of the notion of a bio
logical field. 

For our  fi rst approxi mation, here, let 
us employ the term, field, in  its included 
sense, as a term of d istinction employed 
to present the conception, that the d i s
ti nctions among the orderi ngs of l iv ing 
and non- l iv ing processes, the i nterac
tions of such orderings, and the i nterac
tions of a l l  with the impl icitly Keplerian 
ordering of the un iverse as a whole, rep
resent orderings which each designate a 
d i st i nct field. Let u s  go fu rther, to i n 
c lude a l l  four o f  those general types we 
h ave l isted above, among the i nteract
ing fields. 

As i n  the c ase of Cusa's  proof, that 
c i rcu lar  action is  elementari ly transcen
dental ,  rather than simply algebraic, the 
d ist inctions in ordering which separate 
one type of field from another, are con
gruent with the differences among such 
types to be recognized in terms of what 
Leibniz defined as the characteristical ly 
non-constant (non- l i near) cu rvature of 
processes i n  their  i nfi n ites ima l ly  smal l 
i ntervals of action .  From the standpoint 
of elementary epistemology, these 
"non-linear" differences must necessar
ily correspond to what modern conven
tion would oblige us to describe as rela
tively "very strong forces, " acting with 
global effects, upon the infinitesimally 
small. 

These "forces," which are expressed 
with global effects, must be located ex
peri menta l ly  among the smal l nesses of 
the microphysical scale. These are epis
temological conclus ions, not reflections 
of spec u l at ive guesswo rk .  These 
"forces" a re subtended as the in terac
t i o n s  between fields, as we have, for 
the moment, ass igned a spec ia l  mean
ing to the term field. We have, thus, the 
"strong  forces" w h i c h  refl ect the  
stresses of  i nteraction between ostensi
b le  l iv ing  and non-l iv ing processes, or 
the impact on both of the un iversal ,  or 
"Keplerian" field. 

This notion of "strong forces" has two 
p r i n c i pa l  i m p l icat ions for o u r  d i scus
s i o n .  F i rst, when one of the fields, as 
we have assigned special usage to that 
term h e re, " i m poses its w i l l , "  as  ex
pressed by its d isti nctive ordering prin
c iple,  on  another, there is  a "bend ing" 
action exerted by the one fie ld  on  the 
intersected fie ld .  It is as if the geometry 

of the un iverse represented by the latter 
were a l te red to conform, as s u bord i 
nated, to  the geometry of the  u n iverse 
represented by the former. Second, the 
not ion  of s u c h  " i m po s i t i o n  of w i l l "  
br i ngs u s  to Lei bn iz's  overl appi ng no
tions of analysis situs and monadology, 
as this was explored fruitfu l ly by Lazare 
Carnot and other associates of Gaspard 
Monge. 

To w i t :  from the sta n d po i nt of the 
thus-perplexed mathematical formal i st, 
what is the form of action expressed by 
t h e  re lat i o n s h i p  of m u l t i -con n ected
ness, as that relat ion s h i p  is  i ntegral to 
the Gauss-Riemann notions of a m u lt i 
p ly-con nected man ifo ld ,  as the astro
physical manifo ld?  This defines a set of 
q u est i o n s  w h i c h  m a y  be posed i n  
mathematical terms of the complex do
m a i n ,  but the answers a re to be found  
i n  the  domain  of cruc ia l -exper imenta l  
phys ics .  To wit :  the u n d i scovered por
t ions of the reach of the m u lt ip le-con
nectedness of the un iverse as a whole, 
both i n  the astrophysical large and m i
crophysical smal l ,  are acti ng efficiently 
upon the subject-matter of our i nqu i ry 
i n to a lesser d o m a i n  of m u lt i p l e-con
nected n ess .  T h u s ,  from t h i s  va ntage
po i nt,  by d efi n it i o n  of t h e  case :  T h e  
" n o n- l i n e a r" d i sc repancy  y e t  t o  b e  
measu red, is  reflected for measurement 
i nto the ever more extreme, yet to be 
d i scovered remotenesses of the i n.fi n i 
tes ima l ly  sma l l .  

With certai n  qua l i fications, each d is
ti nct l iv ing species and associated, sub
sumed type, must also be considered a 
field i n  such a m u lt ip ly-connected do
m a i n .  The cruc ia l  q u a l if icat ion,  i s  the 
i nterdependency pervad i n g  the l iv ing  
b iosphere i n  any present state. The  ex
istence of the representative of the i nd i
v idual  spec ies must necessar i ly  (episte
mologica l ly  speaking) depend upon not 
merely the superimposition of one such 
fi e l d  u po n  a nother, but  a rec i procal  
k ind of i nterdependency. 

That completes the statement of the 
general point I wish to i ntroduce at this 
time. 

L yndon H. La Rouche, Jr., is a mem
ber of the scientific advisory board of 
2 1  st Centu ry .  This statement was writ
ten in August 1 998. LaRouche's remarks 
on Gurwitsch 's method, written in 
March 1 987, appear on page 54 of this 
issue. 
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Africa:  Projects for Transformation 
by L inda de Hoyos 

I n Africa, the deficit in  infrastructure is 
far greater than that of the world aver

age. After ma laria, d iarrhea is the second 
biggest ch i ld-ki l ler in Africa; chi ldren are 
dying for the lack of clean water. C h i l 
dren can d i e  o f  fam i ne i n  o n e  part o f  a 
country, for the lack of a transport sys
tem to bri ng  food from another part of 
the country, where there is more than 
enough, to the place where it i s  desper
ately needed. In short, for every day that 
the infrastructure void persists in Africa, 
people are dying for the d i rect lack of it. 
There i s  no t ime to lose to beg i n  the 
types of projects that w i l l  a n swer th i s  
glaring requ i rement. 

But how, exactly, is that chal lenge to 
be met? What is the criterion for dec id
i ng upon which project w i l l  absorb re
sources? 

Aside from the actual techn ical feasi
b i l ity stud ies that must accompany any 
project, the answer must l i e  i n  the pro
ject's capac ity to tra nsform the land
scape of Afr ica .  I t  m ust l i e  i n  the  pro
ject's potent ia l ity to revo l ut ion ize the 
economies and i nternal production and 
trade flows with i n  a nation, br inging it 
up to 21 st century standards. It must l ie 
i n  the project' s effect, not o n l y  on the 
l ives of ch i ldren today, but on the l ives 
of their chi ldren and grandchi ldren. 

Two s u c h  projects a re the l o n g l e i  
Canal i n  Sudan, a n d  the Transaqua Pro
ject, which cuts across the Democratic 
Republ ic of Congo, the Central African 
Republ ic, and Chad. The explos ive po
tential of these projects reaches far be
yond borders of the mentioned cou n
tries. 

The Transaqua Project envis ions the 
construction of a canal, us ing the waters 
from the catchment bas in  of the Congo 
River, and bringing that water north i nto 
the Sahel region,  fi I I  i ng up  Lake Chad . 
As the project was developed i n  the early 
1 990s by the Ita l i a n  state energy firm, 
IRI ,  this would be accompanied by a su
perhighway stretch ing  from Mombasa, 
Kenya, to Lagos, N igeria. 

Sudanese Ministry of Information 

Construction on the Jonglei Canal in the early 7 980s. The Jonglei Canal was 75 per
cent completed, before work was halted by the war in southern Sudan in 7 983, a 
war which still continues. 

The purpose of the Transaqua Project 
is to reverse the desert if icat ion of the 
Sahel. The authors are IRI's Bon ifica In
stitute, who motivated their  project as 
fo l lows in 1 99 2 :  "The fi g u res of the  
tragedy of  the Sahel are by now known:  
tens of m i l l ions of persons with a per  
cap ita i ncome of u nder  $200 a year; 
hundreds of thousands of head of l ive
stock dying of thi rst or starving, several 
thousand m i l l ion dol l ars spent on gen
erous,  a l be i t  complex, operat i o n s  to 
save m i l l io n s  of h u m a n  be ings  w h o, 
every year, risk starvation." 

However, they cont i n ue, "spec if ic  
but piecemeal projects have their  pre
cise role and a clear pol itical and socia l  
rati o n a l e  . . .  But  our more than 30 
years' experience of the development of 
emerging nations-so miserably fa i l ing 
to meet the expectat ions of  the benefi
c iar ies-has amply demonstrated that 
any 'p iecemeal project,' however wel l  
implemented, i s  bound to prove an end 
in  itself; or worse sti l l ,  wi l l  not even at-

ta i n  its economic  and  soc ia l  take-off, 
un less closely tied i nto the regional and 
i nterreg iona l  context with so l id ,  long
lasti ng transport and commercia l  i nfra
stru ctu re." 

So, they say, why not solve the prob
lem of the Sahel ,  i n stead of l i v i ng-or 
rather, dying-with it? 

"Why not solve the problem 
of the Sahel, instead of 

living-or rather, 
dying-with it?" 

Transaqua's  p roposed " Iong l asti ng  
and  commerc i a l  i n frastructu re" com
plete ly  revol ut ionizes the  environment 
of  Central Africa, opening it to the rest of 
the world, for trade and for commerce. A 
new city is created at the junction of the 
h ighway and the canal in the middle of 
the Central African Republ ic-a country 
where today only 1 6  percent of the pop
u lation has clean water. Transaqua trans-
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forms the Heart of Da rkness i nto the  
crossroads of  Africa. 

S ince the h ighway goes right through 
Kenya and Uganda, all the way across to 
Lagos, N i geria, it is to be expected that 
industries w i l l  grow along the h i ghway 
and its accompany i ng ra i lways, j u st as 
the Un ited States was deve loped along 
the spine of the intercontinental rai l road 
in the mid-1 9th century. 

Jonglei Canal 
The Tra nsaqua Project had been ap

proved by the Presidents of the Central 
African Republ ic, Chad, and the former 
Zai re, but  i n stead of i ts construct ion,  
central Africa has been the scene of war. 
In  Sudan, war has also stopped the .con
struction of the Jonglei Canal, which was 
75 percent completed when the war i n  
southern Sudan brought the project to a 
halt i n  1 983.  

The Canal cuts through the swamps of 
the Sudd, br ing ing this area u nder agri
cu l tura l  p rod uct ion,  turn i n g  the r i c h  
delta of southern Sudan i nto a breadbas
ket for Africa and the Middle East. 

One suppo rter of the Jong le i  Cana l  
was John Garang, today the leader of  the 
Sudanese Peop les L i berat i o n  Army, 
whose war against the Khartoum govern
ment stopped the can a l .  B u t  i n  1 98 1 , 
Garang was at the U n iversity of Iowa 
and  wrote h i s  doctoral  thesis  on  the 
canal . H is very thorough, deta i led paper 
is designed to answer the question as to 
whether the longlei Canal's construction 
shou ld be used for the purposes of " im
proving" the l ives of the citizens l iving in 
southern S u d a n ,  or  to "tra nsform" i t .  
Garang concludes that transformation i s  
what is required. 

He wrote : "Two such strateg ies, the 
' improvement approach,' and the 'trans
formation approach,' are i n  contention.  
The i mprovement strategy emphas izes 
the modern ization of the present trad i
tional subsistence agriculture . . . .  Agri
cu l tura l  development wou l d  proceed 
with i n  ex isti ng  trad i t iona l  subs istence 
production u n its and i n st itut ions . . . .  
There is  no p h i l osoph ical comm itment 
in this strategy to bring about fundamen
tal changes in the socia l  and economic 
systems of the i nhabitants of the Jonglei 
Projects Area . Economic deve lopment 
accord ing to proponents of this strategy 
shou ld 'affect as l ittle as possible the ex
ist ing soc i a l ,  economic ,  and  po l it i ca l  
structure of  the people . . .  because too 
rapid c h a nge may have detr i menta l  

SPECIAL REPORT 

THE PROPOSED TRANSAQUA PROJECT 
The project takes water from the catchment of the Congo River into a canal 
beginning in the Kivus, then heading north into Central Africa, then dumping 
into the Chari River and then into Lake Chad. The diagonally shaded area is 
agricultural development using water from the newly filled lake for irrigation. 

Source: EIR Special Report, Peace Through Development in Africa's Great Lakes Region, Sept. 1 997, as adapt
ed from "Transaqua: An Idea for the Sahel," published by Bonifica, IRI, in 1 991 and 1 992 

repercussions.' It is argued that a sudden 
and d isruptive change of the 'Dinka way 
of l ife' shou ld be avoided. 

"The seco nd budd i n g  strategy," 
Garang wrote, "may be cal led the trans
fo rmat ion of trad i t i o n a l  subs i stence 
a g r i c u l t u re t h rough mechan ized or  
sem i -mechan ized modern agricu ltural 
schemes . . . .  This strategy embraces 
from the onset commercia l  agricu ltural 
p roduct ion with a large export poten
tia l .  . . .  Accord ing to th is  strategy, the 
best way that max imum benefit for the 
inhabitants wou ld be obtained from the 
cond it ions created by the cana l  l i es i n  
the transformation of the s imple subsis-

tence a n d  trad i t iona l  economy i nto a 
modern and complex economic system. 
Furthermore, proponents assert that the 
' i m p rovement approach '  fritters away 
scarce resou rces and effort to w ide ly  
scattered and u norgan i zed product ion 
u n its ,  and h e n c e  in the long run the 
'transformation approach' is  m uch less 
costly." 

This  point is  s i m i la r  to that of the au
thors of the Transaq ua Project: without 
transformation, economic resources are 
wasted . 

Garang continued:  "There appears to 
be sufficient pol itical commitment to the 
Southern Region to i m p lement funda-
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mental changes in the 
pol i t ica l ,  soc i a l ,  and 
economic institutions 
should these changes 
be req u i red for the 
ach ievement of the 
preced i ng  two re
su lts-creation of the 
B readbasket for the 
Middle East in  Sudan. 

"The i n h abitants of 
the J PA [Jong le i  Pro
jects Areal , a lthough 
poor and i l l i terate, are 
neverthe less i ntel l i 
gent, creative, and re
spons ive, and  w i l l  
participate i n  change 
of whatever magn i 
tude i f  they perceive 
such change to be i n  
their interests and that 
of the i r  poster ity .  I n
deed, the people i n  
the rural  a reas of the 

IRI 

The IRI artist's rendition of the river port that would be built at the point in the Central African Repub
lic where the Transaqua Canal intersects the Mombasa-Lagos highway. 

l PA appear to be more i nterested i n  
change than some o f  t h e i r  educated 
brethren who appear to be m i ss ion
bou nd to  protect the D i n ka, N uer, o r  
Sh i l l uk  'way of  l i fe, '  which they them
selves appear to have rejected." 

It was exactly because of the power of 
the longlei Canal project to bring about 
such transformation-to l ift the people 
of southern Sudan out of the drudgery of 
self-subsistence agricu lture i nto the 2 1  st 
century-that the Canal was considered 
a near casus belli by those who stand 
beh i nd such i n st i tut ions as the World 
Bank and the I nternat iona l  Monetary 
Fund. In  October 1 982, for instance, one 
year after Garang had submitted his doc
toral thesis, the Royal Geographic Soci
ety of Great Brita in,  sponsored a confer
ence in d i rect oppos it ion to the Canal ,  
titled, "The I mpact of the longlei  Canal  
in  the Sudan ."  Accord ing to the confer
ence speakers, the canal  wou l d  d rasti
cally affect the c l imate, destroy the fish 
of the region, and, most important, cause 
"dramatic changes in the l ifestyle of the 
N i lotic peoples." 

The Century Water Scheme 
In 1 950, a Century Water Scheme for 

the N i l e R iver bas i n  was for m u l ated , 
wh ich  envis ioned storage and regu la
tors at the l akes in  Uganda ;  the con
struction of the longle i  Canal  c i rcum
venting the Sudd; storage and  regulators 
at Lake Tana in Eth iopia and the Sennar 

Dam; and a flood control system for the 
Lower Ni le. 

It is noteworthy that a 1 996 report on 
the N i le River, by the Un iversity of Mary
land Center for Confl i ct Reso lut ion,  i n  
the United States, indicates that Eth iopia 
wou Id  l i kely take a larger share of the 
Ni le River waters, and that most of these 
projects in the Century Water Scheme 
wou ld be carried out. But, it is assumed, 
the report says, that the long le i  Cana l  
wi l l  never be fin ished. 

Th i s  is very odd (espec i a l l y  com i ng 
from a Confl ict Resol ution Center) , be
cause the longlei Canal wou ld increase 
the flow of the N i le by 1 4  percent, as it 
brings in the water from the swamps and 
reduces evaporation, while al l  the other 
projects of the Century Water Scheme do 
not i ncrease the flow of the N i l e  itse l f, 
and therefore lay the bas is for confl ict. 
The long le i  Canal  wou ld  add to the 
downriver N i le volume about 3.8 b i l l ion 
cub ic  meters yearly, as measured at 
Aswan, subtracting for losses in  transmis
s ion .  In other words, the longlei  Canal  
wou Id  otherwise be the centerpiece of 
the development of the N i le  River Basin, 
as the most efficient project for solving 
the bas ic problem of the N i le R i ver, 
which is that north of the Sudd, it is not 
fed by rai n,  presenti ng problems for 
northern Sudan and particularly Egypt. 

The Canal's draw-off of 25 mi l l ion cu
bic meters dai ly from the feed waters of 
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the Sudd wou ld reduce the swamp area 
by an estimated 36 percent, from an av
erage of 1 6, 800 s q u a re k i l ometers to 
1 0,800 square k i lometers. The designed 
f low rate is  3 . 5  km per hour, to i n h i bit  
weed growth. 

The red uct ion of the swamp means 
that  i ts  water i s  now usab le, and  the 
drainage of  the swamps thus  permits this 
area to become a real breadbasket, as it 
has some of the richest soi l  in the world. 

Furthermore, the longlei Canal opens 
up the N i le River for far greater naviga
t ion. With an extension to the southern 
Sudan town of Bor, the canal would run 
360 ki lometers, making the N i le naviga
ble from the Kabala  Fal ls  in Uganda, to 
Khartou m .  S i nce r iver transport is the 
least expensive method of transporting 
goods, especial ly bu lk  goods, it is  an es
sentia l  task that Africa's waterways be
come far more navigable. 

Combined, the Transaqua Project and 
the long le i  Cana l  would  i ncrease the 
productivity of the 200 mi l l ion people in 
central and east Africa by orders of mag
nitude-a leap that is by no means im
possible, if the pol itical wi l l  and a New 
B retton Woods system (supply ing low
cost cred it for i nfrastructu re, and the req
u i site m a c h i ne-tool or ientation )  a re 
there. 

Linda de Hoyos is the Intelligence Di
rector for Asia and Africa of Executive 
Intel l igence Review magazine. 
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Should the Laws 
Of Gravitation 

Be Reconsidered? 
by Maur ice Al la i s  

Anomalies in the behavior of a paraconical pendulum, 
observed continuously for months, suggest the existence 

of a previously unknown field. 

Figure 1 
GENERAL VIEW OF THE APPARATUS AT SAINT GERMAIN 

EDITOR'S NOTE 

theory of physics. II Maurice A llais, who won the Nobel Prize in Economic 
Science in 1 988, began h is professional career as a state 
mining engineer in France in the 1 930s, sim u lta neously 
working on economics and history. From April 1 948 on, he 
devoted his time to teaching, research, and writing, working 
in both physics and economics. Although he retired in 1 980, 
he has continued to work actively in all these areas. As AI
lais wrote in an autobiographical essay in 1 988, " . . .  [Olver 
the past 50 years, I have never stopped reflecting and work
ing on the problems involved in the elaboration of a unified 

This article on Allais's experiments during the 1 950s, was 
originally published in English by the American Institute of the 
Aeronautical Sciences, at the recommendation of space scien
tist Wernher von Braun. It appeared in Aero/Space Engineering, 
September and October 1 959 (Vol. 1 8, Nos. 9 and 1 0), and is 
reprinted here, in edited form, with permission. Allais's article 
liThe Experiments of Dayton C. Miller ( 1 925- 1 926) and the 
Theory of Relativity" appeared in the Spring 1 998 issue of 
2 1 st Century. 
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PART 1 : ABNORMALITIES IN THE MOTION 
OF A PARACONICAL PENDULUM 
ON AN ANISOTROPIC SUPPORT 

Whenever a physical theory is revised or transformed, it 
is revealed that, nearly always, the observation of one or 
several facts which could not fit within the framework of 
the theory in its then current form is at the base of the 
changes. The facts always remain the keystone on 
which the stability of any theory depends, no matter 
how important it may be. 

For a theoretician really worthy of the name, it may 
be said in passing that nothing could be more interesting 
than a fact which runs counter to a theory until then 
held to be sound; for him, the real work begins at that 
point. -Max Planckl 

The m ot i ons  of a pend u l u m ,  suspended on a ba l l  and 
rest ing on an an isotropic support, have statistical ly sig
n ificant ampl itude and period ic components, of periods 

approaching 24 and 25 hours .  
The i n sta l l at ion  a n d  the  exper i 

menta l  tec h n i q u e  are b r i ef ly  de
scribed. The observed motions result 
from four  conjugate effects: the Fou
cault effect, an effect of the suspen
s ion release, the a leatory [chancel 
infl uence of bal l s, and, f inal ly, a pe
riodic influence. 

The observed per iod ic  structure 
cannot be considered as the result of 
the disturbances of an aleatory order. 
Neither can it be considered as pro
duced by an i n d i rect i nf luence of 
known factors (temperature, pressure, 
magnet i sm,  and so o n ) .  F i na l ly, it 
cannot be identified with periodic lu
n isolar effects resu lt ing from the ac
tual theory of gravitation. 

A remarkable d isturbance has also 
been observed at the t ime of the to
tal solar ec l ipse-June 30, 1 954. 

At this stage of the d iscussion, the 
observed effects must be considered 
as produced by the d i rect action of a 
new field. 

Findings. From 1 95 3  to 1 957, I carried out various exper
imental research projects on the motion of a pendu lum rest
ing  on an an isotropic support Sf! through a stee l ba l l ,  th i s  
an isotropic support being characterized by very sma l l  d iffer
ences i n  i ts  e l as t ic ity as meas u red i n  two recta n g u l a r  
planes.2 

1. Initiation to Physics, French transl. , page 40; Flammarion, Paris. 
2. My findings and the investigations to which they gave rise are dealt with in 

six notes of the Academy of Sciences: C.R.AS., Vol. 245, 1697; C.R.AS., 
Vol.  245, 1 875; C. R.AS., Vol. 245, 2001 ; C.R.A.S., Vol. 244, 2469; 
C.R.AS., Vol. 245, 2467; C.R.AS., Vol. 245, 2170. The reader may refer 
to these for useful data which cannot be quoted here for lack of space. 
The object of the present paper is to reveal only the general philosophy of 
the results achieved. It is but an abstract of a general report which will be 
published shortly. 
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Even though various types of pendulum were used in suc
cession, I shall limit m yself to a brief description in the 
arrangements used and the results obtained during the series 
of continuous observations which were run for 30 days in 
June and July of 1 955. 

Description of the Pendulum. The paracon ical pend u l u m  
used was a n  asymmetr ica l  one ,  c o n s i s t i ng  o f  a vert i c a l  
bronze d isc weigh ing 7 .5  kg, attached to a bronze rod hung 
from a bronze sti rrup E rest ing on a steel ba l l  6 .5  mm in d i 
ameter, free to ro l l  i n  any d i rect ion  on  a horizontal p lane 
su rface S. 

The latter was itsel f  on a hol lowed-out c i rcular support S:  
made of  aluminum, with an extension A, 4.5  cm thick. This de
sign (hol lowed-out part) made it possible for the pendulum to 
rotate while in  motion, over a total angle of 2 1 0  centesimal de
grees.* Th is circular support S'final ly rested on three micromet
ric screws V. The pendulum rod and its stirrup weighed 4.5 kg 
so that the total weight of the pend u l u m  was 1 2  kg and the 
length of the equ ivalent elementary pend u l u m  approximately 
83 cm. 

Figure 2 
THE MEASURING CIRCLE 

The steel bal l s  in use were h igh-prec is ion SKF bal l s ,  with 
bearing surfaces of tungsten carbide and cobalt. 

The experi ments were conducted i n a basement, and the 
center of gravity of the pendulum was moving at a level of ap
proximately 1 .5 0  m below the surface of the natural ground .  
Support Sf! was bolted to  a beam, pressed against the cei l i ng by 
a set of beams. 

The pendu lum and hanging device are shown in Figures 1 -4 .  
Experimental Process. The pend u l u m  was released from a 

resting position every 20 minutes, using an in itial ampl itude of 

• In the centesimal system of measuring angles, the right angle is divided into 
100 degrees, each degree into 1 00 minutes, and each minute into 100 sec
onds. In French, a centesimal degree is a grade.-Ed. 



Figure 3 
THE SUSPENSION 

about 0 . 1 1 rad ian, by the burning of a thread. Its motion was 
then observed for about 1 4  m inutes by a iming at a needle at
tached to its lower extremity. 

Genera l l y  speaki ng, the p o i n t  so observed 
generated a curve comparable to a flattened el
l ipse, the plane of the major axis of which was 
observed with an aiming system placed on a c ir
cle C centered on the axis of the pendu lum,  as 
defined at rest, and equ ipped with a scale grad
uated in  centesimal degrees and a vern ier. Th is 
system made i t  poss ib le  to d etermine  the az
imuth of the p lane of osc i l lation with a precision 
of about 0.1 centesimal degrees. 

After 1 4  m inutes, the pendu lum was stopped, 
and it was agai n  released in the plane of the last 
observed azimuth. Thus the successive series of 
observat ions  were connected, with releases 
every 20 m i n utes, day and n ight, so that each 
24-hour period was made up of 72 series of con
nected azimuth observations. 

In  order to ru le  out any systematic effect, the 
steel b a l l  w h i c h  carr ied the pendu l u m  was 
changed after each experiment, every 20 m i n
utes, and surface 5 was changed at the beg in
n ing of  each week of  observations. 

A curve showing the azimuths observed from 
J u ne 7 to 1 2, 1 95 5 ,  is given i n  F i g u re 5 .  Each 

point represents the release azimuth correspond
ing to each series of 1 4-min  observations, equal 
to the azimuth of the plane of osc i l l at ion estab-
l ished after 1 4  m inutes in the above experiment. 

Anisotropy of the Support. S i n ce support 5" 
was characterized by a very small d ifference i n  
its elasticity values i n  two rectangular p lanes, the 
mean position of the plane of osc i l lation tended, 
u nder th i s  i nfl uence, to locate itself para l le l  to 
the plane of greatest elasticity of the support indi
cated by vector PQ in F i g u res 1 and 3 ,  the az
imuth of which was approximately  1 7 1 centesi
mal degrees, measuring azimuths from the south 
in the d i rect sense. Here aga in ,  the overall ten
dency was to generate ellipses when the pendu
lum was released in a plane other than po. These 
influences were determined more accurately by 
re l ea s i n g  experi ments i n  var ious  az im uths,  i n  
e l i m i n at i ng  t h e  i n f l u ence o f  the  epoch w i t h  a 
random choice of the release azimuths. 

Observed Phenomena. Dur ing  a cont i n uous 
series of  observations, however, the osc i l l at ing  
p lane had not evi nced any tendency to  settle in  
the vic in ity of  d i rection PQ, as  m i ght have been 
expected-allowing for the Foucault effect-and 
the variation of the azimuth as a function of t ime 
was found to be an osc i l lation which appeared to 
be very i rregular, at least at fi rst glance, about the 
mean d i rection PC!. The deviations observed over 
a given 24-hour period were very large; azimuth 
variat ions occas iona l ly  reached and  exceeded 
1 00 centes imal  degrees. The mean observed az
imuth P'Q: as a matter of fact, was 1 50 centesi -

mal degrees on  June-Ju ly  1 955 ,  less than the azimuth of  PQ by 
22 centesimal degrees. 

Figure 4 
DETAIL OF THE SUSPENSION 
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Figure 5 
OBSERVATIONS FROM THE JUNE-JULY 1 955 SERIES 

The pendulum was released from a resting position every 20 minutes, and its motion observed for about 14 minutes. 
After 14 minutes, the pendulum was stopped, and it was again released in the plane of the last observed azimuth. The 
releases continued every 20 minutes, day and night. The curve shows the successive azimuths observed from June 7 
(6 a.m.) to June 1 2  (2 p.m.), 1 955. Each point represents the release azimuth corresponding to each series of 14-minute 
observations. 
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Figure 6 
HARMONIC ANALYSIS WITH 
THE BUYS-BALLOT METHOD 

The harmonic analysis of the June-July 7 955 series, for 
the 25-hour wave, using the Buys-Ballot method. Other 
methods of harmonic analysis-periodogram, correlo
gram, and adjustment to a given group of waves by the 
Darwin or the least squares method-were also used, 
producing results in remarkable agreement. 
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1 9.99 1 1 .66 1 4.01 1 .20 0.29 

Table 1 
THE PERIODIC EFFECT IN THE 

J UNE-JULY 1 955 SERIES 

0.35 

The periodic effect-the very striking aspect of the phe
nomenon reviewed-is seen in the time series of ob
served azimuths, using a number of techniques of har
monic analysis whose results were in remarkable 
agreement. 

L is the typical deviation in the time series made up of 
the values of the azimuths observed, and R is the radius 
of the wave which corresponds to the analysis made 
with a Buys-Ballot filter. 

The azimuth rates corresponding to the amplitudes 
(2R) of the two major periodic components revealed in 
the series-the periods of which are close, respectively, 
to 24 and 25 hours-are each of an order of magnitude 
equal to one-tenth of the Foucault effect. However, the 
disturbing influences observed and recorded are, on an 
average and as a whole, about twice the Foucault effect. 

The values are given in centesimal degrees. 

It is noteworthy that the tangent to the start of the mean of 
the various cu rves that correspond to the 2 , 1 60 series of 1 4-
minute elementary observations making up the monthly series 
for June-Ju ly  1 95 5 ,  is an accu rate representation of the Fou
cault effect. 

Factors Influencing the Motion. In the present condition of 
my information, it may be assumed that the observed azimuth 
movements are the result of four conjugated effects: the Fou-



cault effect, a " retu rn" effect caused by the 
suspens i o n ,  the random i nfl u ence of  the 
spherical bal l ,  and, fi na l ly, a period ic effect. 

This periodic effect, which constitutes the 
very striking aspect of the phenomenon re
viewed, was revealed, i n  the t ime series made 
up of the azimuths observed over a given pe
riod, by a number of techn iques of harmonic 
analysis, the results of which were in remark
able agreement: Buys-Ballot fi lter, adjustment 
to a given group of waves by the Darwin  or 
the least squares method, periodogram, and 
correlogram.  

F igure 6 shows the  adjustment graph ob
tained by the appl ication of the Buys-Bal lot 
method to the Ju ne-Ju ly  1 95 5 ,  series for the 
25-hour wave. 

Defi n ing  I as the typical deviation of the 
time series made up of the values of the az
imuths observed, and R as the rad ius  of the 
wave which corresponds to the analysis made 
with a Buys-Bal lot fi lter, we give (in Table 1 )  
the results obtained for the series of observa
tions of June-Ju ly 1 95 5 :  

Order o f  Magnitude o f  Effects Noted. The 
azimuth rates which correspond to the ampl i
tudes of the two major period ic  components 
revealed in the J u ne-J u l y  1 95 5 ,  series-the 
periods of which are c lose, respectively, to 
24 and 2 5  hou rs-are each of an order of 
magnitude equal to one-tenth of the Foucault 
effect. However, the d i stu rb ing  i nf luences 
noted are, on  an average and as  a w h o l e, 
about twice the Foucault effect. 

Abnormality Noted during Total Solar 
Eclipse. Let us point out, fi na l ly, that an ab
normal  l u nar  and  so l a r  i nfl uence a l so be
came apparent i n  the form of a remarkable 
disturbance of the motions of the paracon ical 
pendu lum (wh ich gave the very defin ite im
pression of a screen effect) d u r i ng the total 
solar ec l ipse of June 30, 1 954.  The plane of 
osc i l l at ion  of the paracon i c a l  pen d u l u m  
sh ifted approx imately  1 5  centesimal degrees 
during the ecl i pse (see F igure 7).3 The forces 
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Figure 7 
ANOMALOUS ROTATION OF THE PENDULUM'S PLANE DURING 

THE TOTAL ECLIPSE OF JUNE 30, 1 954 
Azimuths of the paraconical pendulum observed from June 28, 8:00 p.m., 
to July 7, 4:00 a.m., are shown by the solid line in 7(a). Note the spike at 
the onset of the eclipse. No such variation of the azimuth curve has been 
observed in any other continuous observation period. The dashed line is 
the mirror image of the curve on the other side of the approximate axis of 
symmetry at June 30, 0 hours. A more detailed graph of the excursion is 
shown in 7(b), which runs from 9:00 a.m. to 3:00 p.m. on June 30. 

3. Figure 7 shows an azimuth curve tracing for the period extending from 
June 28, 1 954 (8 p.m.). to July 1 ,  1 954 (4 p.m.), as well as a curve sym
metrical to the left part of the curve, which represents the azimuth referred 
to, about the vertical straight line for June 30 (midnight). Just at the begin
ning of the eclipse, the azimuth of the plane of oscillation suddenly was 
raised 5 centesimal degrees above the trend which first characterized its 
motion. Twenty minutes before the maximum of the eclipse, which was 
recorded at 1 2:40, this deviation reached a maximum of 1 5  centesimal de
grees and then decreased progressively-but more suddenly than it had 
increased. The deviation was no more than 1 .20 centesimal degrees prior 
to the end of the eclipse. 

approximately 28 hours. If we assume, as is likely, that this symmetry cor
responds to a physical reality independent of the disturbances created by 
the contact between the steel ball and the surface, it is notable that noth
ing in the branch of the azimuth curve which precedes the time corre
sponding to the center of symmetry is in any way comparable to the very 
strong deviation noted during the eclipse. 

It must be further underscored that, during all continuous observation 
periods, no variation of the azimuth curve similar to branch BC, corre
sponding to the solar eclipse of June 30, 1 954, was ever observed. 

It should be noted that the maximum deviation resulting from the 
eclipse took place 20 minutes prior to the maximum of the eclipse. Thus, 
there is a measure of dissymmetry in the effect noted. A similar dissymme
try has been observed for terrestrial magnetism, but in the opposite direc
tion, the maximum of the effect having been observed after the maximum 
of the eclipse. (Lion, C.R.AS., 1 851 , T. 33, p. 202; Lion, C.R.AS., 1 852, T. 
34, p. 207; Lion and Muller, C.R.AS., 1 874, T. 74, p. 1 99. For the terrestrial 
electric field: Nordmann, C.R.AS., January 1 906, p. 40; Chevrier, C.R.AS., 
1 933, T. 197, p. 1 1 43; Rouch, C.R.AS., 1 954, T. 239, p. 465.) 

It will be noted that, to such an extent as may be ascertained, the 
shift of the plane of oscillation resumed, after the eclipse, the appearance 
of a motion CD, analogous to AB, which had been noted prior to the said 
eclipse-Figure 7(b). 

Figure 7(a) reveals an approximate symmetry of the azimuth curve 
with respect to the vertical for June 30, at 12 midnight. This symmetry, 
which can be ascribed to the periodic structure of the motion, is noted for 
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Values (H - H') 

Series June-Jul� 1 955 

24H 25H 

1 + 2 + 3 + 4 oHosmn oH02mn 

1 + 2 - 1 H09mn oH02mn 
3 + 4 +oH43mn +oH1 5mn 

1 - 1  Hosmn - oH33mn 

2 +oH59mn +2H20mn 
3 - 1 H23mn -oH5smn 

4 +oH59mn +oH57mn 

Table 2 
AGREEMENT BETWEEN THE SINE-CURVE PHASES 

OF THE EXPERIMENTAL PERIODS 
Sine curves are obtained from the data by the method of 
least squares. If the sine curves really exist in the raw se
ries, the Buys-Ballot method must give, for each ele
mentary period, a sine curve having phases that are 
comparable for both the crude and the computed series. 
The table shows the difference (H - H') between those 
two phases in hours and minutes. The periods are de
noted at the left-the numbers represent individual 
weeks. Each week is also treated as an individual exper
iment. The agreement between the phases must be 
deemed to reveal the existence of true periodicity. 

involved were of the same order of magnitude as those which 
correspond to the Foucault effect. 

Here, reduced to essentials, are the facts noted to date. 

Four Basic Questions 
The i nterpretation of the experimental resu lts leads to the 

fol lowing four  basic questions, to be raised in the order given. 
First Question. Do the monthly series of observations con

tain statistical ly sign ificant period ic terms, with periods in the 
vicin ity of 24 and 25 hours? 

Second Question. If so, can the period ic effects so noted be 
identified with those resulting from the current theory of grav
itat ion (as derived from the double pr inc ip le  of i nerti a and 
un iversal gravitation, which is  assumed to apply with respect 
to the whole set of Ga l i lean frames of reference) as comple
mented (poss ibly) by correct ions derived from the theory of 
relativ ity, and such as this current theory of gravitation is  ap
pl ied with i n  the framework of the cu rrent theory of relative 
motions? 

Third Question_ If not, can the existence of period ic terms 
which are of sign ificance in the series so obtained, be ascribed 
to an i n d i rect i nfl uence of a known period ic phenomenon, 
specifical ly, to one of the fol lowing phenomena:  

( 1 )  Deviation of  the vertical (terrestrial tides). 
(2) Variation in  the intensity of gravity. 
(3) Thermal effect: 

(a) General (temperature at Le Bourget) .4 
(b) Local (laboratory temperature). 

(4) Barometric effect: 
(a) General (pressure at Le Bourget). 
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------ 2R -----

12H30 

June-July 1 955 1 4.01 1 1 .66 3.71 2.69 

Table 3 
AMPLITUDES OF THE WAVES 

The amplitude (2R) of the 25-hour wave is of the same 
order of magnitude as that of the 24-hour wave, and 
very much larger than the amplitude of the 72- and 
72.5-hour waves. This structure does not correspond to 
variations in such factors as barometric pressure, mag
netic effects, cosmic rays, thermal effects, and others, 
and so these factors are ruled out as causes of the peri
odicity. 

(b) Local (pressure i n  the laboratory). 
(5) Magnetic effect: 

(a) Normal effect (terrestrial magnetic field as recorded at 
Chambon la  Foret) .4 

(b) Magnetic agitation (K  numbers of Bartels). 
(6) Microseismic agitation :  

(a) Industria l  microseisms. 
(b) Wind effects. 
(c) General microseismic agitation.  

(7)  Cosmic rays. 
(8) Periodic character of human activity. 
(9) Periodic modification of the structure of the device. 
Fourth Question. If a negative answer to the th i rd question 

is in order-namely, if we must conclude that the effects noted 
are the resu l t  of the d i rect action of a new field-shou l d  the 
origin of this field be assumed to be solar, lunar, l unar and so
lar, or spatia l ?S 

Answers to the Four Basic Questions 
Answer to the First Question. Any d iscrete series of 2 n + 1 

numbers may be represented by the sum of a constant and n 
sine waves. 

The obta i n i ng of a s i ne wave of a g iven per iod by a n y  
method of harmonic analysis can, therefore, be of real sign ifi
cance only if its rad ius is  sufficiently large and if the period ic  
structure noted is  fou nd aga in  i n  the various elementary peri
ods into which the period of observation u nder review can be 
broken down. 

(a) The general ization of the Schuster test& leads to the con
clusion that, for the two month ly series of November-Decem
ber 1 954, and June-Ju ly  1 955,  the ampl itudes of the waves (or 
groups of waves) which have periods close to 24 and 25 hours 
must each be considered to be very sign ificant statistical ly (the 
sign ificance level is at least 1 0-4). 

(b) The periodic structure of the month ly series must be con
sidered to hold for the two periods of one fortn ight, and even 

4. Observatory nearest my Saint-Germain laboratory. 
5. By this, I mean a field which could not be related to the Sun or to the 

Moon. This could be, for instance, a field resulting from a dissymmetry of 
the inertial sidereal space. A possible period would then be 24 sidereal 
hours. 

6. See Note 2. 



Corbis-Bettmann 

Foucault's pendulum experiment to prove the rotation of the Earth on its axis, as depicted in an 1 870 woodcut. Foucault used a 
28-kg ball suspended on a 60-meter wire in the Pantheon in Paris. The wire constrained in the vertical direction only. The bob 
is set swinging along a meridian, and over a 24-hour period, completes a 3600 circle (clockwise in the Northern Hemisphere). 
As Professor Allais notes, nothing in his experiments runs contrary to the Foucault results, and "all the earlier results, on the con
trary, consistently show that there are abnormalities with respect to which we were quite remiss up to date so far as the investi
gation of them is concerned. " 

for the periods of one week, i nto which each one-month series 
can be broken down, for the fol lowing reason :  

S imu ltaneous ana lysis, by the method of the least squares, 
for 1 3  waves of the tide series, gives 1 3  sine curves, the sum of 
which can be found with the help of Lord Kelvin's tide predic
tor. The calculated series so obta ined, which is the sum of the 
1 3-sine curve, can be ana lyzed, for 24 and 25 hours, by the 
same method of the Buys-Bal lot fi lter. 

If the sine cu rves obtained really exist in  the raw series, the 
Buys-Bal lot method must give, for each elementary period, a 
s ine cu rve hav ing phases that are comparable for both the 
crude and the computed series. Table 2 shows the results ob-

7.  Much store has been set in the defects of the equipment used-imperfect 
steel balis, imperfect horizontal positioning of the support, and so on. I 
cannot stress enough that the only possible effect of imperfections in the 
equipment are effects of a systematic or random type and that, under no 
circumstances, could they entail, whatever they be, the existence of any 
real periodicity. 

tained for the value H- H' representing the difference between 
those two phases in hours and minutes, for the series of June
Ju ly 1 955 .  

Notation 1 represents the fi rst week; notation 1 + 2 repre
sents the fi rst 2 weeks, and 1 + 2 + 3 + 4 represents the whole 
of the month. 

Al lowing for the fact that each week can be cons idered an 
independent experiment, such agreement between the phases 
must be deemed to reveal the ex istence of true period ic ity. 
This leads us to the conclusion that the month ly series of J une
Ju ly  1 955,  actually conta ins  period ic e lements with periods 
close to 24 and 25 hours.  

Thus the answer to the fi rst q u estion must be "yes" i n  a l l  
certainty.7 

Answer to the Second Question. The cu rrent theory of 
g rav itation  (be i n g  the resu l t  of the app l icat ion,  with i n  the 
framework of the cu rrent theory of relative motions, of the 
principles of i nertia and un iversal gravitation to any one of the 
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G a l i lean spaces), complemented or not by the correct ions 
suggested by the theory of relativity, leads to orders of magni
tude for l u nar  and solar action (wh ich are strictly not to be 
perceived experimental ly) of some 1 00 m i l l ions of times less 
than the effects noted.8 

These effects are so small  that none of the 1 9th-century au
thors who worked on the theory of the pen d u l u m, some of 
whom were excel lent mathematic ians, ever had a des i re to 
compute them. 

The extreme smal l ness of the effects computed c'an read i ly 
be accounted for if we al low for the fact that, in  order to obtain 
the true gradient -r of the Moon and Sun attraction at a point, 
on the surface of the grou nd,  with respect to the Earth, we 
must take the difference between the attractions at this point 
and at the center of the Earth, respectively. G radient -r is of 
the order of 1 0-8. 

Furthermore, the plane of osc i l l ation of the pendulum can 
rotate, under the i nfl uence of the solar and lunar  attraction, 
only because of the variations of the grad ient about the poi nt 
considered. Therefore, the d ifference �-r between the value 
of -r at the mean pos it ion of the pendu l u m  and its magni
tude at a nearby point m ust be cons idered . It9 i s  of some 
1 0- 1 3 .  

Furthermore, noth ing i n  the current theory o f  gravitation can 
be considered l i ke ly  to account for the screen phenomenon 
observed duri ng 1 954. 

Therefore, the answer to the second question must be no, 
and this in all certainty. 

Answer to the Third Question. The very pecul iar periodic 
structure of the series observed (ampl itude of the 25-hour  
wave of  the same order of  magnitude as that of  the 24-hour 
wave and very much larger than the ampl itude of the 1 2- and 
1 2 .5-hour wave) leads to the e l imination, as possible causes of 
the observed abnormal ities, of all the phenomena noted above 
under the order numbers 1 to 9. (Table 3 shows the results ob
tained for the series of June-Ju ly 1 955, the periodicity of which 
is  sign ificant.) 

Indeed, for a l l  these phenomena, the total of the ampl itudes 
of the waves having periods close to 25 hours is small as com
pared to the total of the ampl itudes of the d iurnal  solar wave 
group, the semid iurnal  solar wave group, or the sem id iurnal 
lunar wave group. lO" , 

The answer to the th i rd question therefore must be, for ele
ments 1 to 9 as l im itatively l i sted above, that the effects ob
served cannot be assumed to arise ind irectly out of the action 
of any of these elements. This statement can be made categori
cally. 

8. On the order of 10-'3 instead of the periodic effects noted of some 10-5 
radians per sec. 

9. See the accurate expression of the effect in my paper to the Academy of 
Sciences (Dec. 16, 1 957). 

10. Thus, for instance, for the lunar and solar gravitational potential, the total 
of the amplitudes of the waves having periods of close to 24 hours is ap
proximately 1 8  times greater than the total of the amplitudes of the .waves 
with periods of close to 25 hours. 

1 1 .  Aside from the general argument of the specific periodic structure of the 
results obtained, which, of itself, is enough to rule out causes 1 to 9, a cer
tain number of additional arguments may be presented, some of which are 
of considerable value and lead to the same conclusion but, for lack of 
space, are not presented here. 

12. I believe I should point out that nothing else can be the case. I can give my 
answer only with regard to the phenomena which I considered or which were 
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As long as a phenomenon other than those listed above has 
not been proposed as a possible explanation, it will be neces
sary to assume that the phenomena observed are the result of 
the direct action of a new field. 

Thus, the answer given to the th i rd quest ion is a qual if ied 
one. 1 2  

Answer to the Fourth Question. If, i n  the present condition 
of the d iscussion, we must answer the th i rd question with a hy
pothesis of the d i rect action of a new field, there wi l l  arise the 
question of determin ing whether this field is  derived from the 
action of the Moon, from that of the Sun, from their conjugated 
action, or, again,  from a spatial i nfluence. 

Two remarks are in  order: 
(a) In reviewing monthly series, there is  no way of specify

i ng, when a wave wi th  a per iod of 2 4  hours is revea led, 
whether one is deal ing with a solar or sidereal 24-hour period. 

(b) S imi larly, when dea l ing with a period close to 24 hours, 
50 minutes, nothing justifies the claim that one is dealing with a 
lunar-rather than a solar-effect. The mean synodic rotation of 
the Sun about its own axis is 27 .275 mean days, whereas the 
sidereal revolution of the Moon is 27 .321  days. As for the mean 
solar day, it is very close in value to the mean sidereal day. 

In order to reach a defin ite decision, it would be necessary 
to use far longer periods of observation. 

Thus it appears to me that it is  imposs ib le  to conclude with 
defi n ite certa i nty that the periods revea led,  of an order of 
magnitude equal to 24 and 25 hours, are derived respectively 
from a solar and a lunar action. In the current status of avail
able information, such an action only appears to me as very 
likely. 1 3  

The answer given to the fourth question, therefore, has to be 
of the qual ified type. 

PART 2 :  EXPERIMENTS IN CONNECTION 
WITH THE ABNORMALITIES NOTED 

The i rregularit ies observed in the motion of a paracon ica l 
pendu lum on an an isotropic support, whose order of magn i 
tude is of  approx imately a few m i l l ionths of  gravity, do  not in  
fact d isagree with any of  the experimental results arrived at  ei
ther in  the astronomical domains or on the Earth's su rface. 

The periodic irregular components of the pendulum motion 
appear to be in  connection with the irregularities encountered 
during the study of mu ltiple mechan ical, optical, and electro
magnetic phenomena-particularly i n  Michelson, Morley, and 
Mi l ler's tests-and all  these i rregu larit ies can probably be at
tributed to the same single source. 

suggested to me as being such as to account for the effect noted. It is quite 
possible that an explanatory phenomenon be propounded very soon which 
would definitely prove decisive when investigated. However, in the present 
condition of the discussion and allowing for all the factors already reviewed, 
the existence of such a phenomenon seems at least to be unlikely. 

1 3. The only known phenomenon related to the rotation of the Sun is that of 
the spots. It really seems quite unlikely that the variations in the radiation 
resulting from the spots can have effects of an order of magnitude similar 
to that of the suppression of radiation during the night. As a matter of 
fact, there is no connection at all between the observed azimuths and 
the Wolf numbers, which are characteristic of solar activity (for which, 
unfortunately, we have only one value per diem). 

However, it cannot be claimed that there are no other effects related to 
solar rotation. This is enough to rule out a fully certain and unequivocal 
conclusion. 



It wou ld  be advisable to continue the experimental study of 
these phenomena by continuous measurements over a period 
Df at least one month. Such a study is  of great i nterest for the 
development of a un itary theory on gravitation, electromagnet
ism, and quanta. 

Theory 
Part 1 outl i ned the very remarkable abnormal ities evi nced 

by the motion of a paracon ical pendu l u m  with an anisotropic 
support. These abnormalities appear to reveal some shortcom
ings in the currently accepted laws of gravitation.  

When theory has been verified by countless facts, it is  im
possible to modify it sl ightly. I n  the first place, an attempt must 
be made at re lat ing the new facts observed to the a l ready 
known phenomena. If this appears to be impossible, which in
deed is the case as I ind icated, one is j ustified i n  wonderi ng 
whether the abnormal ities so noted can be assumed to be iso
lated or, again, whether they can be related to other abnormal
ities a l ready noted elsewhere. 

(A) Abnormalities Noted In the Classical 
Foucault Experiment 

The bibl iography of experimental research on the Foucault  
pendulum is extensive, but any search through it cannot fai l  to 
reveal two facts : 

( 1 ) There is a great scarcity of rea l ly  sign ificant papers. 
(2) The numerical data on the results obtained are very few. 
The on ly  important experi ments on the conical pendu lum 

with nu merical data on  the f ind i ngs a re, to  o u r  knowledge, 
those of B ravais ( 1 851 ) ,  W i l l igen ( 1 866),  Kamerl i ngh Onnes 
(1 879), Longden ( 1 9 1 9), and Dasannacharya ( 1 937-1 939). 

The experiments conducted by B ravais bore on the motion 
of the c i rcu lar  pend u l u m ;  those of W i l l igen, on the con ical 
pendu lum;  those of Kamer l i ngh Onnes, on the asymmetrical 
pen d u l u m ;  those of Longden, on various types of supports; 
whi le  those of Dasannacharya bear on the i nfl uence of the 
support .  The very best study by far, both from the experi
mental and theoret ica l  standpo i nts, i s  that of Kamerl i ngh 
Onnes . 1 4  

Taken a s  a whole, these i nvestigations strike us b y  the rela
tive scarcity of observational d ata. To my knowledge, the mo
tion of the Foucault pendulum never was observed continu
ously, day and night, over a period of time of about a month. 
Foucault h i mself never pub l ished the resu lts of h is fi nd i ngs 
other than in a general form, 15  and it is tru ly surprising to read, 
in the very hand of so eminent an experimenter: "Even though 
the ampl itude of the osci l l ations decreases rather rapidly, they 
are sti l l  l arge enough, some five or six hours later, to reveal a 
deviation which is, by then, of 60 to 70 degrees, "1 6 or aga i n :  
"Watch i n  hand, i t  can b e  seen that, in  Paris, the deviation i s  
one degree i n  five minutes ." 16  

14. Bravais, J. d e  Math. pures e t  appl., Vol. XIX, 1 854, pp. 1 -50; Wil l igen, 
Arch. Musee Teyler, I ,  1 866, pp. 341 -363; Kamerlingh Onnes, Nieuwe Be
wijzen voor de Aswenteling der aarde, Dissertation submitted to the Uni
versity of Groningen, July 10, 1 879 (this remarkable work was analyzed in 
detail by J. Stein in the second appendix to the work of Hagen, La rotation 
de la terre, ses preuves mecaniques anciennes et nouvelles, Tipographia 
POliglotta Vatican a, Rome, 1 9 1 1 ); Longden, Phys. Rev. XI I I ,  1 91 9, pp. 
241 -258; Dasannacharya and Hejmadi, Phil. Mag. XXI I I ,  1 937, pp. 65-88; 
Dasannacharya and Balram Singh Gantom, Phil. Mag. XXV, 1 938, pp. 
61 0-622. 

Even though a n u m ber  of spectacu l a r  experi ments have 
been carr ied out ( 1 852,  the Pantheon, Paris; 1 852,  Cologne 
Cathed ra l ;  1 902, the Pantheon,  Paris; 1 904, H a l l  of Justice, 
B russels; about 1 930, St. Isaac Cathed ra l ,  Len i ngrad; 1 95 1 ,  
Hal l  of Justice, Brussels;  1 955, U n ited Nations bu i ld ing, New 
York1?), nowhere could I fi nd the numerical series correspond
ing to the observations made. This is a detai l  which, to say the 
least, is  surprising. 

The only series I was able to fi nd were fragmentary, but they 
all include substantial abnormalities, which are genera l ly  as
cribed to defects in the support. They do give a Foucault effect, 
but only on an average.18 

F ina l ly, and to such an extent as m ight be poss ib le  on  the 
strength of the i nformation cu rrently ava i l able, nobody ever 
ach ieved a perfect -00 s i n  A. rotation  other than on averages 
derived from numerous series of observations. 

All the n u mer ica l  series of observat ions now ava i lab le
and, i ncidenta l ly, there is a very smal l  number of them-re
veal, on the contrary, some variations in the rate of rotation as 
a function of time. 

Having brought out these facts, I do not bel ieve it wou ld be 
amiss to clarify the fol lowing: 

( 1 ) The mean cu rve of our  elementary experiments bearing 
on a connected series has exactly the Foucaul t  slope as its tan
gent at the origin, when the osc i l lation is in  a plane. 

Thus our experiments are not by any means in  contrad iction 
with the general result of Foucau lt's experi ment as has been 
claimed all too often .  

(2 )  The support used for the pendu lum is anisotropic, and i t  
tends, on the whole, to br ing back the plane of  osc i l lation to a 
given d i rection. 

The effect of this an isotropy is, on the one hand, to compen
sate for the Foucault  effect on an average d u ri ng a 1 4-minute 
experiment and, on the other hand, to cause the development 
of el l ipses, whereas, in Foucau lt's c lassical experiment, these 
are nearly planes. 

Now there is  every reason to bel ieve that the phenomena 
noted, if they are not the result  of e l l i ptical osc i l lations, are at 
the very least ampl i fied by them, so that it is ent i rely possible 
for the d isturbance to have a zero effect when the trajectory is 
plane, and a substantia l  effect as soon as the trajectory is e l l ip
tica l .  

(3 )  The pendulum used is  a short one, the  length of  which i s  
about 1 meter agai nst several meters, i ndeed several tens of 
meters, as in the experiments conducted by Foucault and those 
who fol lowed h im .  It is a known fact that it is very d ifficult to 
achieve the Foucault effect with short pendu lums. Abnormal i 
ties are nearly always noted . 

(4) The pendu lum used can rotate about itself, whereas, i n  
the Foucau lt pendu lum,  it is  bound to the wire which carries 
it . 

1 5. L. Foucault, C.R.A.S., 1 851 , pp. 1 35-1 37; Set of Scientific Works, Gauthier 
Villars, Paris, 1 878. 

1 6. Set of Scientific Works of Leon Foucault, Gauthier Villars, Paris, 1 878, p. 
386. 

1 7. Haringx and Suchtelen, Philips Technical Rev., Vol. 1 9, 1 957-1 958, pp. 
248-254. 

18 .  The reader also will find a number of interesting references in Hagen, op. 
cit., Part 2; and in C. Wolf, Bibliographie du Pendule (1629- 1885)-A Set 
of Memoranda, Published by the French Society of Physics, Vol., IV, Pa
pers on the Pendulum, Gauthier Villars, Paris, 1 889, pp. B1 -B21 6 .  
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(5) The motion of the pendulum used 
was observed without any single inter
ruption, day and n ight, for periods run
n ing to about a month. This never was 
the case with the Foucault pendulum. 

From a l l  these indications, it is qu ite 
c lear that nothing in the result of my 
experiments runs contrary to those ob
tained earlier. Al l  the earl ier results, on 
the contrary, cons i stent ly  show that 
there are abnormal ities with respect to 
which we were qu ite remiss up to date 
so far as the i n vestigat ion of them is 
concerned. 

(8) Abnormalities Noted in the Realm 
of Mechanics 

may come as a great surprise, but a l l  
the  treat i ses of mechan i cs and  as
tronomy remain notoriously si lent on 
this fu ndamental  q uest ion.  Th is  is  a 
very s ign i f icant  g a p  i n  o u r  know l 
edge and a n  obvious deficiency from 
the standpoint of scientific discipl ine. 
Any law i s  devo id  of s ign ificance i f  
we do not  know with  what degree of 
accuracy it has been verified. 

The abnormal it ies noted in  the mo
tion of the paraconical pendulum strike 
me as being closely related to the diffi

The author in his office in 7 958. 

(a) Accuracy of the Astronomical 
Verification of the Postulates of Me
chanics. The fundamental laws of me
chan ics at the su rface of the Earth are 
the resu l t  of an extrapo lat ion of the 
results obta ined in astronomy; it is not 
without interest, therefore, to ascer
ta i n  the accu racy wi th which these 
laws actually are verified. 

cu lties or abnormalities encountered when one has to account 
for a number of dynamic phenomena, which,  unt i l  now, sti l l  
have to be  explained : 

( 1 ) Abnormal ities i n  the tide theory. 19  
(2 )  Motions of the top of the E iffel Tower.2o 
(3 )  S ize of the deviat ions  to the South noted on fa l l i ng 

bodies.21 
(4) Variations in  the ampl i tude of the deviations to the East 

noted on fal l ing bod ies.21 
(5)  Abnormal ities noted in the act ion of terrestr ial  rotation 

on the flow of l iquids (Tuml i rz's experiments).22 
(6) Abnormalities noted in the motion of the horizontal gyro

scope of Foppl .23 
(7) Abnormal ities noted in the experiments carried out with 

the isotomeograph.24 
(8) Abnormal it ies noted in experiments carried out with a 

suspended pul ley.25 
(9) Various abnormalities noted in the geophysical measure

ments, ascribed unt i l  now to experimental errors. 
( 1 0) The apparently unaccountable results obtained by Louis 

Pasteur (General, French Medical Corps) in  h is  experiments on 
the osci l lation of the pendulum ( 1 954).26 

( 1 1 )  Remarkable c h a racter ist ics of the so lar  system,  for 
which there has been, unt i l  now, no satisfactory explanationY 

To these abnormal iti es-whic::h are related to motion-we 
shou ld add the static types: 

( 1 ) The abnormalities of gravity. There is an excess of gravity 
over the ocean and a deficiency above the continents. The the
ory of isostasis provided only a pseudoexplanation of th is, in  
my view.28 

(2) The abnormal ities in the experiments on Newtonian at
traction. There is, on the one hand, some absorption of gravity 
(experiments of Majorana29), but a lso-and main ly-a varia
tion of the Newtonian force accord ing to the medium in  which 
it is exercised (Cremieu's experiments30). 

Accuracy of the Verification of the Laws of Gravitation 
It is not without interest, at this point, to investigate the ac

curacy with which the laws of gravitation are verified, both in  
the real m  of  astronomy and on the surface of  the Earth. This 
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Unfortunately, this discussion is  not 
g iven anywhere, for i t  is  stated as a m atter of pri nc ip le  that 
Newton's laws are accurate ly  verified . Without going in to a 
deta i led d iscussion which wou ld  go beyond this article, it is 
relatively easy to determine what this degree of accuracy is. 

A consideration of the remainders left by the adjustments in 
keeping with the least squares method, as used to draw up the 
tables currently employed in  astronomy, shows that the order 
of magnitude of the deviations noted for angular d isplacements 
between observation findings and theory is of some 1 sexages
imal second of arc, giving a relative error of some 

1/90 x 1 /60 x 1 /60 "" 3 x 1 0-6. 
Such is the order of magnitude of the accuracy with wh ich 

Newton's laws have been verified astronomical ly. These laws, 
as all experimental ones, are verified with only some approxi
mation. This conclusion runs cou nter to the ideas which are 
commonly accepted-without a true d iscuss ion, to be sure; 
but it seems to me that it must be accepted. 

(b) Accuracy of the Verifications of the Postulates of Me
chanics at the Surface of the Earth. The mechanical experi
ments at the su rface of the Earth which have been carried out 
with the greatest precision are those bearing on the pendu lum 
which  gives 1 second.  These exper iments, i n  effect, assume 
the well-known formu la  

T = 21t ..JJ/Mgl 
w h i c h  i s  deduced from the postu l ates of mechan i cs .  The 
quotient J/MI i s  computed from the length measurements; T 
is measu red and g deduced . The experiments of M. Volet at 
the Pavi l ion  de B reteu i l  at Sevres-which enable us to mea
sure g d i rectly by the photograph of the fa l l  of i nvar metal 
rulers-enabled us to confirm the va l ues deduced from the 
observations of the pendu l u m  to 1 0-5 .  Such is  the order of 
magnitude of the accuracy with which the principles of me
chan ics appear to be verified at the su rface of the Earth . 

Order of Magnitude of the Abnormalities Noted 
In the Motion of the Paraconical Pendulum 

It is  of interest to relate these figures to the order of magni
tude of the abnormalities noted . This order of magnitude is that 
of the Foucau l t  effect, wh ich ,  in the case of the pend u l u m  
used, is  itself some 3 x l  0 - 6  o f  the gravity. The effects noted, 



therefore, are of an order of magnitude smaller than, or equal 
to, the order of magnitude with which we may consider that 
the principles of mechanics are verified at the surface of the 
Earth or in the field of astronomy. 

As a matter of fact, it shou ld be pointed out that the abnor
malities noted have a periodic structure and· that, on an aver
age, they a re cancel led.  If new forces must be considered, 
therefore, they apply only with i n  the framework of the so lar, 
the sidereal, or the lunar day. In the field of astronomy, where 
p l anetary mot ion is dealt  with,  it is therefore necessary to 
match them with forces, the integral of which would add up to 
zero over the path of these planets. Thus, the i r  order of magni
tude is i n deed comparab le  to the order of magnitude with 
wh ich it may be thought that Newton's laws are verified dur
ing a revolution.31  

From this it will be seen that the abnormalities that have 
been revealed do not in any fashion run contrary to the earlier 
experimental data, either on the surface of the Earth or even in 
the field of astronomy. 

1 9. For instance, the western coasts of the continents, all other things being 
equal, are subject to far higher tides than the eastern coasts. 

Similarly, the full tide does not coincide with the passage of the Moon 
at the meridian, but rather follows it by about 3 hours. At the syzygies and 
quadratures, the maximum or minimum tide is encountered only a day and 
a half after that of the relevant syzygy or quadrature. This happens any
where on the Earth. It is to be noted that these two phase shifts are very 
different although the solar force is no more than a fraction of the lunar 
force. I t  should also be underscored that the delay is the same at the 
quadratures, where the solar action, instead of being added to that of the 
Moon as it is as the syzygies, is deducted from it. 

Let us further point out that no satisfactory theory of marine cur
rents has been given as yet, although some of their characteristics are 
very remarkable, such, for instance, as the preponderance of an easterly 
trend. 

It is not without interest to note that mechanical effects of the tides 
are relatively large when compared to the tide-inducing forces due to the 
Moon and Sun, which cause them and which represent, at most, the fol
lowing fractions: 

2(M/M,)(r,3/d I3) = 1 1 .2 x 1 0-8 
2(MsIM,)(r,3/ds2) = 5 . 18  x 10-8 

of  the gravity. 
This abnormality has been accounted for by mentioning the possibil

ity of oceanic areas of resonance, but this assumption, quite plainly, is en
tirely gratuitous. 

20. Hagen, op. cit., p. 24. See also Inst. Geo. Nat., Report on Control Mea-
surements of the Eiffel Tower Stability (1893-1951), May 1 , 1 952. 

21 . Hagen, op. cit., pp. 22-40. 
22. Ibid., pp. 1 1 0, 1 1 1 .  
23. Ibid., pp. 94-96. 
24. Ibid., pp. 1 42-1 47. See also the second appendix to this work, pp. 36, 37, 

and 46. 
25. Ibid., pp. 1 66, 1 67. 
26. The objection has been raised that the experimental equipment used by 

Gen. Louis Pasteur could not be viewed with any degree of confidence. I 
must stress that his pendulums start only in the east-west direction and in 
the presence of some close obstacles arranged in a certain fashion. This 
rules out a great many hypotheses. ( In  the same sense, see the results 
obtained by Victor Panisetti, Cosmos, 1 856, p. 503.) 

27. These numerous characteristics cannot be the result of chance. The 
reader is referred to Gaussen, C.R.A.S., Vol. 90, 1 880, p. 5 18; Gaussen, 
C.R.AS., Vol. 90, 1 880, p. 593; Belot, C.R.AS., Vol. 1 43, 1 906, p. 1 1 26; 
Belot, C.R.A.S., April 1 907, p.  885; Delauney, Lois des distances des 
satellites du soleil, Gauthier Villars, Paris, 1 909; Butavand, Les lois em
piriques du systeme solaire, Gauthier Vi l lars ,  Paris, 1 91 3 ; Ollive, F . ,  
C.R.AS., Vol. 1 57, 1 91 3, p. 1 50 1 ;  M .A .  Blagg, Roy. Astr. Soc., Vol. 73, 
1 91 3, p. 41 4; Demozay, Relations remarquables entre les elements du 
systeme solaire, Gauthier Villars, Paris, 1 91 9; Delauney, Problemes As
tronomiques, Gauthier Villars, Paris, 1 920; Vilar, Notes sur les distances 
des planetes au soleil, Jouve, Paris, 1 923; Bourgeois and Cox, G.R.AS., 
Vol. 1 98, 1 934, p. 53. 

28. The reason mentioned in this case is about equivalent to the "sleep-induc
ing virtue" of opium as mentioned in Moliere's play! 

29. Majorana, C.R.AS., Vol. 1 73, 1 92 1 ,  p.  478; J. de Phys. et Rad., Vol. I ,  

(C) Abnormalities Noted in Some Optical 
And Electromagnetic Phenomena 

The abnormalities revealed in the motion of the paraconical 
pendu lum with an an isotropic support strike me as having an 
obvious relationsh i p  with the  abnorm a l i t ies revea led by 
Michelson, Morley, and M i l ler i n  their experiments designed 
to show the absolute motion of the Earth with respect to the 
ether,32 by Esclangon on the d issymmetry of space,33 by Fizeau 
in  his experiments on the polarization of l ight,34 and by J .  Hely 
and P .  Malsal lez in thei r electromagnetic experiments on the 
anisotropy of space.35 

It wou ld  str ike me as d i fficu l t  not to be i mpressed by the 
s imi larity in  the appearances of the curves derived by M i l ler 
and others, and I can hard l y  refrai n  from conclud ing that a l l  
these  phenomena a re the  res u l t of o n e  a n d  the  same 
cause.36,37 

It appears to me that the phenomena I have revealed are 
such as to suggest a thorough and reward i ng reappraisa l ,  on 
the experimental and theoretical planes, of the findi ngs made 

1 930, pp. 31 4-324; Phil. Mag., Vol. XXXIX, 1 920, pp. 488-504; Schlomka, 
Zeit. filr Geophys., 1 927, p. 397. 

30. Cremieu, C.R.AS., Dec. 1 906, p. 887; Rev. Gen. Sc. Pur. et Appl., Vol. 
1 8, 1 907, pp. 7-1 3. Accord ing to Cremieu, everything takes place as 
though gravitation measured in water were greater than that computed by 
means of the theory of attraction from a distance, the difference being 
about 1/10. Therefore, it is a considerable difference. 

3 1 .  In other words, if, to the New10nian effects, we added actions 1 0-6 times 
smaller, and which would have a zero value on an average during the rev
olution of the planet, these would probably remain undiscovered. 

32. One should read, in particular, the remarkable paper by Miller, "The Ether 
Drift Experiment and the Determination of the Absolute Motion of the 
Earth," Rev. of Mod. Phys.,  1 933, p. 203, the findings of which-derived 
from 200,000 observations-are remarkably consistent; the "Proceedings 
of the Mount Wilson Conference of 1 927," The Astrophysical Journal, 
1 928, p. 341 .  One should also consult the references given by Miller at the 
end of his paper. It is startling that the findings published in this paper 
should have been ignored for 25 years. The outright pigeonholing of 
Miller's paper strikes me as one of the scandals of contemporary physics. 

33. "Sur I'existence d'une dissymetrie optique de I'espace," J. des Obs., Vol. 
XI, pp. 49-63. Here again, the internal consistency of the results obtained 
goes beyond any and all doubt. By the same author, "La dissymetrie de 
I'espace sideral et Ie phenomene des marees," C.R.AS., Vol. 1 83, 1 926, 
pp. 1 1 6-1 1 8; "Sur la dissymetrie mecanique et optique de I'espace en rap
port avec Ie mouvement absolu de la terre," C.R.A.S., 1 926, pp. 921 -923. 

It has been possible to relate satisfactorily the results obtained by 
Miller and Esclangon (see E .  Carvallo, "Vitesse de la terre mesuree par 
des experiences purement terrestres," C.R.A.S., 1 934, p.  247; "Vitesse de 
la terre et Relativite," Rev. Scientif., 1 934, pp. 405-41 0; "Les lois absolues 
de la lumiere et la loi de relativite," Rev. gen. Electricite, Vol. XXIX, pp. 
493-546). The results obtained by Esclangon at Strasbourg have not been 
found again in Paris (C.R.AS., 1 935, p. 1 1 65), but the experimental setup 
was not the same. 

34. Ann. de Chim. et Phys., 1 860, p. 1 29. 
35. Mesures, 1 937, No. 1 1 ,  pp. 1 3- 17, and No. 12, pp. 1 9-21 .  
36. There is no doubt, i n  our view, that the phenomena which I have revealed 

are such as to support Miller's papers indirectly in such a way as to con
firm their validity. The very bases of the theory of relativity thus could again 
come under scrutiny. 

37. That some of the experimenters (A. Piccard and E. Stahel, Georg Joos for 
the Miller effect; B. Strasser, D.B. Brace for the Fizeau effect) should not 
have found the same results is perfectly accounted for, in our opinion, by 
the fact that, at some time, the total lunar and solar effect, as actually noted 
in the case of the paraconical pendulum, is very small (Piccard and Stahel, 
J. Phys. Vol. IX, 1 928, pp. 49-60; C.R.AS., Vol. 1 85, 1 927; Joos, Ann. der 
Phys., 1 930, pp. 385-407; Strasser, Ann. der Phys., 24, 1 907, pp. 1 37-144; 
Brace, Phil. Mag., 1 904, pp. 31 7-329; Phil. Mag., 1 905, pp. 591 -599). 

As a matter of fact, no parallel can be drawn between the Piccard and 
Stahel experiments carried out from a balloon, and the 200,000 observa
tions by Miller carried out in a very well organized laboratory, with every 
possible precaution (see Brylinski, et al. C.R.A.S., Vol. 1 85, 1 927, p. 1 1 98). 
Finally, the experiments carried out by Esclangon reveal that some small 
modifications in the equipment, which are of no apparent significance, 
might cause a cessation of the effects observed (see Note 33 above). 
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as the outcome of the various experiments mentioned above. 
The lunar and solar components revealed would  indeed have 
remained undetectable if we had not carried out continuous 
observat ions, and the temptat ion wou ld  have been great to 
ascribe the d ifferences observed to s imple acc idental d istur
bances, as was the case, for i n stance, in the i n terpretat ion 
given to the results of Mi l ler by h i s  critics.38 

I m ust ins i st once more on the remarkable abnormal it ies 
mentioned by J .  Vignal .39 Level ing operations revealed system
atic errors having to do with the d i rection in which the work 
progressed. These systematic errors behave as accidental er
rors as soon as series of stretches over a few tens of ki lometers 
in length are considered. They doubtless bear a close relation
ship to the results obta ined by Mi l ler. 

I believe the same appl ies to the systematic lateral refraction 
errors observed in triangulation operations. 

F rom a l l  these data it wou ld appear, in my opin ion, to be 
of the greatest i nterest to carry out the various mechan ical 
and optical  experi ments mentioned above with the utmost 
care, with all the accuracy which the equ ipment now ava i l
able can provide, and with continuous observations over a 
period of at least a month .  I n  such  a case, it wou ld  seem 
l ikely, if not actual ly  certai n, that we should note, in the phe
nomena so observed, some periodic infl uences which are en
t irely s imi lar to those I bel ieve I have revealed i n  the case of 
the paracon ica l  pen d u l u m .4o,41 These s imp le  observations, 
which unfortunately cannot be developed in deta i l  here, ap
pear to throw the fu l lest l ight on the scientific interest of my 
findings. 

(D) Significance of the Abnormalities Discovered 
From our exami nation of the abnormal ities mentioned and 

the d iscussion of the accu racy with which the pr inc ip les of 
mechan ics have been verified, it is  p la in that these principles 
do not have, by any means, the absolute value which an a l l 
too-prevalent body of  opin ion appears to ascr ibe to them.  
These principles have acqu i red a sort of  metaphysical qual ity 
which places them above the rea lm of d iscuss ion.  In real ity, 
mechan i cs is  not at a l l  a perfect science, a pure science i n  
which we have noth ing else to fi nd. I t  is, and remains, a n  ex
perimental science which can and shou ld be improved. 

The t ime has come, indeed, when one shou ld go over a l l  
these phenomena once aga in .  Th is  re-exam ination man ifestly 
seems to be of considerable interest for the development of a 
un ified theory which could embrace, in one synthesis, the the
ories of gravitation, electromagnetism, and quanta. It is not at 
a l l  the same th i ng to state 

or to state 
fiG + 41tl-ld = 0 Eq. ( 1 )  

fi G  + 41tl-ld(1 + £) = 0 Eq. (2) 
where l e i  � 5 x 1 0-6 
i n  which G is the Newtonian potential ,  d the density, and 1-1 is 
the constant of universal gravitation. 

Whoever has worked on these d ifficu l t  questions knows 
that Eq. ( 1 ) cannot be substituted for Eq. (2) without a consid
erable measure of danger for, i n  the integration of partial de
rivative equations, the corrective terms a re very i mportant. 
Thus, at a t ime when the development of a consistent unified 
theory of physics might appear to offer more d ifficu lty than 
ever before, an examinat ion in depth, on the experimental 
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and theoret ica l  p lanes, of a l l  the abnormal it ies mentioned 
above stri kes me as being of the greatest i nterest; for i t  ap
pears to be of such a type as to cal l  for the revision of some 
postulates, the rigorous val id ity of which was accepted with
out true experimental support. 

Facts alone must gu ide us, rather than m u m m ified pr inc i 
ples, even though they may be most useful for a fi rst approxi 
mation.  We learn on ly  through experiment, a n d  any thought 
which permanently withdraws i nto a set of abstract principles 
thus sentences itself automatical ly to a form of sclerosis. 

CONCLUSIONS 

The whole set of data given in  Parts 1 and 2 seems to me to 
lend itself to the fol lowing summary: 

( 1 )  The motion of the paraco n i ca l  pend u l u m  u s i ng an  
anisotropic support is  made up of  periodic components having 
a sign ificant statistical ampl itude, of the order of the Foucault 
effect, with periods in  the vicin ity of 24 and 25 hours. 

(2) These period ic components can not be ident if ied with 
those due to the gravitational effect of the Moon and Sun, such 
as they may be computed from the double principle of inertia 
and of un iversa l attraction, for those are approximately one 
hundred mi l l ion times smal ler. 

(3) The very pecul iar period ic structure of the phenomena 
observed, being due to the re lative importance of the wave 
having a period of about 25 hours, ru les out any explanation 
based on  one of the a l ready known per iod i c  p henomena 
which had been taken into consideration as  possible explana
tions for the periodic nature of the phenomena. 

In the present status of the discussion, the abnormalities ob
served can be accounted for only by considering the existence 
of a new field-namely, by envision ing the existence of com
plementary terms which unti l  now had remained unnoticed . 

(4) The effects observed, the order of magnitude of which is  
about a few m i l l ionths of gravity, are not actual ly i ncompatible 
with any of the earl ier experimental fi ndings, for the accuracy 

38. See, in particular, R.S. Shankland, SW. McCuskey, F.C. Leone, and G. 
Kuerti, Rev. of Mod. Phys. ,  Vol. 27, 1 955, pp. 1 67-178, and the appended 
references. The authors ascribe the effects obtained by Miller to the conju
gate effect of random disturbances and temperature disturbances. How
ever, this criticism does not account for the extraordinary consistency of 
Miller's results with the motion of the Earth about the Sun (see Figures 23 
and 28 of his paper, pp. 232, 237). Similarly, it does not account for the re
markable adjustments with phases which agree with sidereal time, as 
shown on p. 235 of his work. It also leaves out the agreement between 
Miller's and Esclangon's results (see the papers by Carvallo already men
tioned in Note 33 above). 

39. "Evaluation of the Accuracy of the Leveling Method," Bull. Geod., Vol. 
53, 1 936, and "Precision Leveling," Publ. de I'lnst. Geog. Nat., Paris, 
1 948. 

40. The fact that the abnormalities noted in most of the phenomena mentioned 
are distributed according to the normal law cannot by any means be inter
preted by ascribing the effect to an accidental cause. I was thus able to 
note that the sum of the 1 1  sine curves obtained in the analysis of my nu
merical series by the method of the least squares is distributed according 
to the normal law. Yet we are dealing indeed with 1 1  sine curves, thus with 
a periodic magnitude. The random aspect of a numerical series does not 
by any means thus rule out the possibility that it may represent a periodic 
phenomenon. 

41 . A remarkable fact is that the relative order of magnitude of the different de
partures noted (whether we are dealing with Miller effects, systematic er
rors related to the leveling or triangulation operations, abnormalities in the 
fall of bodies, or again abnormalities in the motions of the para conical pen
dulum) always remains the same-namely, 5 x 10-6. Every1hing happens 
as though all these phenomena had one and the same cause. 



with which these results have been obtained does not exceed 
a few m i l l ionths. 

(5) The abnormal ities noted are not isolated.  Many abnor
malities have been observed by other workers i n  a number of 
geophys ica l  phenomena, and it seems l i kely,  if not certa in ,  
that they are derived from one and the same cause. 

EDITOR'S NOTE 
After the crucial experiments of june and july 1 958, Maurice 

Allais published a second article in November 1 958, in French, 
which was later printed in English in Aero/Space Engineering, 
November 1 95 9  (Vol. 1 8, No. 1 1). These new results con
firmed in a striking way the validity of the conclusions of his 
first article, which appears in the preceding pages. This Com
plementary Note is reprinted with permission of the American 
Institute of Aeronautics and Astronautics. 

In 1 997, A llais published a 750-page book, L'anisotropie de 
I '  espace (Paris: Editions Clement juglar), in which he gives a 
general and complete presentation of his experimental and 
theoretical research. 

COMPLEMENTARY NOTE 

The experiments which I have made s imultaneously (during 
June and Ju ly  1 958) on two identical i nsta l lations i n  my labora
tory at Saint-Germain and i n  a new laboratory at Bougival, i n  
a n  underground gal lery 5 7  meters deep, have shown that the 
previously observed anoma l ies are sti l l  present and that they 
possess, in both cases, period ic  structures which are i nterre
lated in a remarkable manner.1 

For i l lustration purposes, I give i n  Figure 8 a graph represent
i ng the resu lts of harmo n i c  a n a l ys i s  obta i ned by the B uys
Ba l lot f i l ter method over a period of 24 hours, 50 m i nutes, 
starting from day and n ight observations made s imu ltaneously 
in both laboratories dur ing a month (from J u l y  2, 0 hour Un i 
versal T ime to  Ju ly  3 1 ,  23 hours, 40 m i nutes, Universal T ime) 
under the conditions identical to those of my experiments dur
ing the period of J u ne-Ju ly 1 955 .  

This graph permits a comparison of  results obtained in  both 
the Saint-Germa in  and Bougival laboratories. The d ifference i n  
the ampl itude o f  both waves is  very smal l , a n d  they possess a 
remarkable concQrdance of phase. 

These para l le l  experiments made at the same time and u n
der the same cond itions a l low the i ntroduction i nto my earl ier 
argument of e lements of great value for the e l imination, with a 
high probabi l ity if not absolute certainty, of a lmost the totality 
of proposed explanations for the observed periodic effects. I 
wi l l  simply indicate that: 

1. The reader could usefully refer himself to the four following notes which I 
presented at the Academy of Sciences at the end of 1 958: 

"New Experiments on the Paraconical Pendulum on an Anisotropic 
Support," C.R.AS., Vol. 247, 1 958, p. 1 428. 

"Periodical Structure of the Motion of the Paraconical Pendulum at Saint
Germain and Bougival, July, 1 958," C.R.AS., Vol. 247, 1 958, p. 2284. 

"Experimental Determination of the Effect Produced by the Anisotropy 
of the Support on the Motion of the Paraconical Pendulum," C.R.A.S., Vol. 
248, 1 959, p. 764. 

"Experimental Determination of the Effect of Inclination of the Support on 
the Motion of the Paraconical Pendulum,' C.R.AS., Vol. 248, 1 959, p. 359. 

2. In particular, the explanation presented by Mr. Goguel ("Remarks on the 
So-Called Paraconical Pendulum,' C.R.AS., Vol. 246, No. 1 6 ,  April 2 1 ,  
1 958, p .  2340), attempting to explain the observed phenomena by the com
bined effect of the wind and building cannot be accepted. 
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SIMULTANEOUS EXPERIMENTS AT BOUGIVAL 
AND SAINT-GERMAIN CONFIRM THE ANALYSIS 

Shown are the results of harmonic analysis (Buys-Ballot 
filter) using a period of 24 hours, 50 minutes, for both 
month-long, simultaneous experiments Uuly 1 958). Oe
viations are in centesimal degrees. Solid lines represent 
tests at Bougival; dashed lines represent tests at St.Ger
main. Of these, the thin lines represent mean cycles; the 
heavy lines represent adjustment sinusoids. 

( 1 ) Alone, the practical identity of the periodic effects of 24 
hours, 50 minutes, observed at Sa i nt-Germa i n  and Bougiva l  
permits the e l imination of  any explanation by a casual cause. 

(2) In the same way, the practical l y  i nvariable temperature 
conditions realized in the Bougival l aboratory permit the el im
i nation of any thermal effect. 

(3) The paral lel ism of the periodic effects observed at Bougi
val and Saint-Germai n  leads to the e l i m in ation of any effect 
based on the i nfluence induced by the b u i ld ing or on that of 
any superficial cause.2 

(4) The relatively large variab i l ity with time observed in the 
ampl itude of the periodic effects permits the e l im ination of any 
explanation based on the actual ly  admitted laws of gravitation. 

Thus, the results of my experiments Uuly 1 958) confirm, in a 
striking manner, my earlier argument leading to the conclusion 
that there exist in the motion of a paraconical pendulum on an 
anisotropic support anomalies of the periodic character which, 
at  this point of the discussion, cannot be tied to any known 
phenomenon. 

Did you miss other articles on Allais ' s  work? 
"The Experiments of Dayton C. Miller (1925-1926) and the Theory of Relativity' 

"On My Experiments in Physics, 1952·1960' by Maurice Allais 
both in 21st Centrlry, Spring 1998 

"Undennining the Foundations of Relativity' by Remi Saumont 
A review of Allais's book, L'anisotropie de /'espace 

(The Anisotropy of Space) in 21st Centrlry, Summer 1998 
Back issues are available at $; each postpaid ($6 foreign) 

Send check or money order to: 
21st Century · P.O. Box 16285 • Washington, D.C. 20041 
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EDITOR'S NOTE 
In part I, which appears in the Summer 1 998 issue of2 1  st 

Century, p. 37, virologist Michael Lipkind presents the history 
of Gurwitsch's work, and his development of the theory of the 
biological field, from successive models describing the devel
opment of specific tissues during embryogenesis, to the forma
tion of dynamic molecular constellations. L ipkind also de
scribes Gurwitsch 's discovery of the emission of coherent 
photons from cells in mitosis, which could trigger mitosis in 
other neighboring cells. 

In part 2, Lipkind sets forth Gurwitsch's postulates of the bio
logical field theory, and raises again the question of what orga
nizes the unique properties of living systems. "What accounts 
for the evident fact that chemical processes in living systems 
proceed differently than those in vitro (outside living sys
tems)?" The field theory acts as a guide to experimentally an
swer this question, and Gurwitsch demonstrates that the bio
logical field is vectorial and anisotropic, which creates 
singularities within living systems. 

Lipkind also addresses Gurwitsch's approach to the singular
ity of the function of the brain cortex, and the failure of the 
classical neuron theory to explain the "break of continuity" be
tween receipt of stimuli and the generation of thought. 

The author is currently a research professor of virology at the 
Kimron Veterinary Institute in the Volcani Center for Research 
in Agriculture in Israel. Lipkind also works at the International 
Institute of Biophysics in Neuss, Germany, whose main re
search focus is biophotonics, which is a continuation of Gur
witsch's mitogenetic radiation, and is a member of the board 
of directors of the Institute. 

Future 2 1  st Century articles will report on current research 
in the field of biophysics. Lipkind's two-part series was edited 
by Colin M. Lowry and David Cherry. 

POSTULATES OF THE TH EORY AND 
NATURE OF THE FIELD 

The basic postulates of G u rwitsch's theory of the vectorial 
biological f ield are these: 

1 .  Each cel l is a source of the field. 
2 .  The field is vectorial i n  nature and the vectors are d i rected 

centrifugal ly  from the source. 
3. The generation of the field is  associated with processes in  

the nucleus, related to transformations of  chromati n (D NA). 
The choice of chromatin as a source of the field relates to its 
strict conti nu ity throughout the l i fe cycle, and its transfer by 
hered i ty, as wel l as its i ncred ib le  stab i l i ty in v ivo as a sub
stance, compared with al l  other materia l  components of the 
l iving system. 

4 .  There a re e lementary "flashes" of the generated fie ld,  
which are connected with certai n  events i n  the metabol ism of 
the chromatin .  It is suggested (without strong obl igation) that 
these events involve i nteractions of the chromatin with certain  
kinds of  proteins. The total number of  flashes per unit time, des
ignated as field intensity, depends immed iately on the intensity 
of chromatin metabol ism and on general cel l  metabolism. 

5 .  The elementary flashes of the generated field associated 
with chromatin metabol ism can occur only with in  the al ready 
existing field. Essentia l ly, this is the expression of the succession 
of processes in l iving systems, or the proclamation of the princi-

pies declared by Wi l l iam Harvey ( "omne vivum ex ovo") and i' 
Louis Pasteur's rejection of the spontaneous generation of l ife. . 

6. The field vectors originating from the nucleus result from 
the distribution of elementary field flashes at any given moment. 
Therefore, the field intensity is a completely dynamic, fl uctuat
ing parameter, which reacts subtly to metabol ic changes. 

7. The field is spatia l ly  anisotropic, and this is the main pos
tu late. This means that the isodynamic su rface at which a l l  the 
vectors a re equa l  is not spher ica l ,  but  e l l i ps o i d a l .  The 
an isotropy of the e l l ipsoid can be expressed as a ratio among 
its three axes, and such ratio, being species-specific, is  consid
ered an invariant species constant. An infin ite number of possi
ble axis ratios covers a l l  the potential species. 

8.  The field vector decreases in  strength with i ncreasing d is
tance from the field source. It is  reasonable to assume that the 
value ( length) of the vector depends on the square of its distance 
from the source, but the true function is a matter of empirical ex
amination. In spite of the decrement, the influence of the field is 
not l imited by the cel l  boundary, but spreads beyond it. 

9. F ield vectors exert i nfluence upon excited protei n  mole
cu les, transforming a portion of the excitation energy i nto d i 
rected kinetic energy, and  the d i rection of  the movement is de
termi ned by the fie ld vector. Th is  is expressed either i n  the 
d i rected movement (flow) of the excited protei n  molecu les 
along the vector, or i n  specif ic deformations of the prote in  
molecule, espec ia l ly  when  they are i n  a state of  stable poly
merization. This means that in the l iv ing state the field works 
against the chaotic movement of prote in  molecules. 

1 0. The intensity of the field at a certai n  point (the length of 
the vector at th is  poi nt) determines what share of the whole 
molecular excitation energy is  transformed i nto the d i rected ki
netic form. This can be represented as the ratio between the d i
rected k i netic energy and  the total exc itat ion energy of the 
molecules.  The intensi ty of the field does not depend on the 
amount of chromat in :  It depends on its metabol ic turnover. 

1 1 .  The vectors from separate f ie ld  sou rces can be com
posed geometrical ly, and the result ing vector w i l l  determine 
the d i rection of the kinetic energy at the point of composition. 
In  a mu lti-celled embryo, there is an i ntegral actual field resu lt
ing from the geometric composit ion of a l l  the vectors issu ing 
from al l  sources (nuclei ) .  I n  such a composition, both the field 
i ntensity and the f ie ld an isotropy make contribut ions to the 
value of the resulting vector. 

Although the nature of the b iological fie ld is not defined i n  
these postulates, two comments concern ing this problem are 
in order. 

F i rst, Gurwitsch's biological field cannot be reduced to any 
known physical  fie l d :  It is an i mmanent property of l iv ing  
th ings. Accord ing to  postu late 5 ,  the  elementary flash of  the 
field is  induced only by the existing field, so that it is  succes
sive and cannot originate de novo. This is the fu l l  expression of 
the vita l ist principle. 

Second, Gurwitsch's biological field is  not energetic, which 
means that no spec ia l  energy i s  focussed i n  the field source. 
The field vector transforms a portion of the metabol ic  energy 
accumulated i n  the exc ited protei n  molecu les i nto d i rected 
ki netic energy, moving or deform ing the molecules.  The en
ergy is  not suppl ied by the fie ld to the s ite of its act ion,  in 
stead the field vector employs the  local energy accumulated 
at the site. 
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i' THE ANALYSIS OF ACTUAL I NTEGRAL Fi ElDS 

• The above postulates express the logical basis of the con-
ception of the vectorial biological field, which i s  presented as 
a universal ,  fundamental, biological (vitalistic) invariant princi-
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Figure 1 
FIELD CONFIGURATION OF A 

CEll OF OBLIQUE SHAPE 
The side walls of the cell are symmetric to the axes of 
field anisotropy, while the top and bottom walls are 
asymmetric to the axes. This causes the straightening of 
the cell (dotted lines). 

Source: A.G. Gurwitsch 1 944 
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FORMATION OF THE NUll ZONE 
The nuclei of adjacent cells, 01  and 02' are the 
sources of isotropic fields whose intensities are propor
tional to the diameters of the circles. Drawing I shows 
the vectorial calculation for some particular points. 
Drawing /I provides the general picture. The borderline 
between the cells is A-S, and M1-M2 is the null zone. 
The resulting vector at point N is zero, and elsewhere 
along M1-M2 the resulting vectors are tangentially di
rected; at points P and Q, beyond the null zone, the 
resulting vectors are directed towards the null zone. 

Source: A.G. Gurwitsch, Analytical Biology, unpublished; the figure is reproduced 
from Beloussov 1 963 
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pie .  In this form, the conception is ba lanced logica l ly, and  
conta ins  no i nternal contradictions or tautologies. However, 
Gurwitsch developed h i s  theory further, hav ing i ntroduced a 
notion of actual integral field which serves as a working princi
ple. Descriptions and some schematic i l l ustrations of the for
mation and action of the actual fields  at the molecular, cel lu
lar, and supracel lu lar levels are presented here. 

Molecular level 
In a single cel l, if the nucleus is considered the field source, it 

wi l l  have a repuls ive action on the excited protein molecules in  
the cytoplasm. Th is  results i n  increasing the concentration of 
excited molecules towards the cel l  periphery. Simultaneously, 
a "counterflow" i n c reases the concentration of non
excited molecules in  perinuclear zones. G iven such conditions, 
the most balanced position of the nucleus would be in  the geo-

Figure 3 
INTERACTION OF THE FIELDS OF TWO CEllS 

The cells are initially of spherical form. The anisotropy 
of their fields is indicated by the inscribed ellipses. Mu
tually perpendicular orientations of the ellipses ' long 
axes are shown. 

Source: A.G. Gurwitsch 1 944 

Il .lli 
I 

.. 

Figure 4 
ACTUAL INTEGRAL FIELD FOR CEll lAYERS 

OF VARYING CONFIGURATION 
Flat, convex, and concave configurations of cell layers. 
Values of the resulting vectors are given in relative units 
at four equally spaced points. 

Source: A.G. Gurwitsch 1 944 



metric center of the cel l .  Any oblique shape, being unbalanced, 
would eventual ly become a symmetric one (Figure 1 ) . 

The interaction between two field sources (not only between 
the nuclei  of adjacent cel ls, but also between chromatin-con
tain ing organel les l i ke m itochondria and ch loroplasts, or be
tween the nucleus and centrosome with i n  a cel l )  w i l l  result i n  
the geometric composition o f  the opposing vectors. This leads 
to the formation of a "zero zone" where the value of the result
ing vector is equal to zero. Since the excited molecules are dri
ven together i nto these zones by the opposing vectors of the 
two i nteracti ng sou rces, the concentrat ion of exci ted mole
cu les wi l l  be maximal i n  these zones (Figure 2) .  Such "conden
sation zones," according to G u rwitsch, favor various molecu
lar interactions. 

However, the essential result of the field action is the forma
t ion of u n b a l a nced molec u l a r  conste l l at ions .  I n sofar as the 
conste l l at ions  form an  u nba lanced conti n u u m  i n  a defined 
space, the actua l  fie ld with i n  th is  space can have a complex 
configuration corresponding to the local geometry of field vec
tors, which,  i n  turn, depends on the i nterre lations among the 
fie ld sources. Therefore, the character of the unbalanced mole
cular conste l lations (their  steric configuration) depends on the 
actual fields. On the other hand, the conste l lations are not only 
the result of, but also the object of, the actual f ield action. 

The faci l itation of the molecu lar reactions occurring with in  
the "zero condensation zones" can  promote the  formation of  
stable submicroscopic structures (cal led vestigia by  Gurwitsch) 
which may become vis ible by being constituents of i ntracel lu
lar  structural format ions .  These structu ral "vest ig ia" can be 

Figure 5 
LONGE-RANGE EFFECT OF THE 

ACTUAL I NTEGRAL FIELD 
This depicts the long-range effect of the actual integral 
field from a cell layer of unlimited extent. Within angle 
ex the field vectors do not deviate much from the per
pendicular to the cell layer. At increasing distance from 
the layer in direction B -t A, the decline in field 
strength is compensated for by the contribution of field 
vectors from cells within a larger area, denoted here as 
the ring MN. 

Source: A.G. Gurwitsch. Analytical Biology, unpublished; figure is reproduced 
from Beloussov 1 963 

considered as traces of i ncreased molecular activity i n  specific it 
"hot" points of the condensation zones, with the specificity be- . 
i ng  determi ned by the particu l ar configuration  of the actual  
field. 

The analysis of the formation of the actual i ntegral fields and 
the i r  actions at the molecular level seem rather speculative, al
though it i s  based on the concept of u nbalanced molecu l ar 
conste l lations, which, i n  turn, is based on the phenomenon of 
degradational mitogenetic radiation .  However, the analysis of 
the actual field formation at the cel l u lar level is supported by 
more experimental evidence, and is more eas i ly  demonstrable. 

Cellular and Supracellular Level 
Transference (movements) and deformations of cel ls and nu

clei  u nder the i nfluence of the actua l  field vectors, should be 
considered as a resu l t  of the transference of the i nternal cel l 
molecular content. Gurwitsch performed h i s  analysis of the ac
tual i ntegral f ie lds us ing  the formal  ru les of the geometrical 
composition of the field vectors, and found some remarkable 
regularities. 

The simplest case of the formation of the actual field is that 
presented by the i nteraction  of two s ingle cel ls (nuclei ) .  It can 
be seen (F igure 3), that the m utual  i nfluence of the opposite 
vectors results in both the d ivergence and deformation of the 
nuclei of the cel ls .  These effects decrease with the i ncrease in 
d istance between the i nteracting cel ls .  

The formation and action of i ntegral actual fields i n  epithe
l ia l  layers and large three-d imensional  ce l l  complexes are of 
particular interest, because these developing parts are realized 
through morphogenesis .  The remarkable pecu l iarity of the ac
tual  field of the epithel i a l  l ayer is that the synthetic field i n  
each of its cel ls i s  much stronger (the result ing vector i s  longer) 
than the field vector of the local s ingle cell would be. Accord
ingly, the actual field outside the layer (external field) depends 
on both the extent and configuration of the layer (Figure 4). It 
can be seen (F igure 5), that the larger the extent of the layer, 
the stronger the external actual field (the longer the field vector 
at the same d istance from the layer). This means that the actual 
field in th is  case is practical ly without decrement, and hence 
the notion of the long-distance effect of the actual field should 
be accepted (Gurwitsch's model of the "effective cone"). 

As to the actua l  fields of large cel l  complexes, there is a dif
ference between flat and spherical cel l  complexes. I n  the for
mer case, a lmost a l l  the cel l s  (except the marginal  ones) have 
s imi lar  fie ld cond itions: The actual fie ld in each cel l  does not 
depend on the coord i n ates with i n  the complex. I n  contrast, 
with i n  a spherical complex, the field vectors differ consider
ably, depending on the changing coord inates (Figure 6). 

The models considered above describ ing  some regularities 
of the actua l  field formation are static ones.  G u rwitsch a l so 
considered some dynam i c  s i tuat ions.  I n  partic u l ar, he ana
lyzed the mechanism of the curving of epithel ia l  layers, one of 
the m a i n  phenomena of morphogenes i s .  Appl ication of the 
vectorial  composit ion shows that an  apparently i n s ign ificant 
i n itial d isplacement of one of the cell nuclei relative to an ad
jacent one is sufficient to start the formation of a continuously 
growing concavity ( F igure 7) .  A s im i la r  consideration can be 
appl ied to the opposite case, the protrud i ng of the epithel ia l  
layer (for example,  development of the sea u rc h i n  gastru la, 
Figure 8). 
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Figure 6 
ACTUAL INTEGRAL FIELD OF SPHERICAL AND 
'FLAT' THREE-DIMENSIONAL CELL COMPLEXES 

In a spherical cell complex with surface LaMb, the re
sulting vector V at point A, being composed of cell vec
tors originating from the cells within volume LaMN, is 
directed toward the right: The field influences on A of 
cells located within two equal volumes, ALNM and 
ALbM, which are equidistant from A, cancel each oth
er out. In the ellipsoidal cell complex with surface 
bPaQ, vector V at point A results from the field influ
ences of cells within volume PaQN. In the completely 
"flat" cell complex aReS, the field influence on point A 
comes from the cells within volume RaSN. Since vol
ume RaSN is greater than PaQN, which, in turn, is 
greater than volume LaMN, and since the center of 
gravity of the cell complex exerting influence from the 
left, moves away from point A, along with the "flatten
ing" of the complex, vector V decreases. This means 
that, along with the "flattening" of the cell complex, a 
cell maintaining the same location relative to the com
plex center, "feels" its asymmetry to a lesser degree. 

Source: A.G. Gurwitsch, Analytical Biology, unpublished; figure is reproduced 
from Beloussov 1 963 

The next model demonstrates the s ign ificance of the field 
anisotropy for the configuration of the actual fie ld .  It is evident 
that even sma l l  d ifferences in the ratio of the e l l ipsoid axes, 
designated as an anisotropy index, can have a sign ificant influ
ence on the actual field.  

ANALYSIS OF LIVING PHENOMENA 
WITH THE VECTORIAL BIOLOGICAL FI ELD THEORY 

Accord ing to G u rwitsch's epistemological  pr inc ip les, the 
fru itfu l ness of a theory l ies only in its service as the basis for 
working hypotheses ava i l able to experimental exami nation .  
Gurwitsch carried out a tremendous attempt to  make the the
ory of the biological field "work" by applying it to an incredi
bly wide scope of biological phenomena (Gurwitsch 1 944) .  In  
addition to morphogenesis, the midwife of  the field theory, the 
range embraced such d iffering biological problems as d ifferen-
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I II 

Figure 7 
CURVING OF THE EPITHELIAL LAYER AS A RESULT 

OF FIELD VECTOR COMPOSITION 
The influence of field vectors from the cells marked 
A on the larger cell B, is seen in drawing I: The resulting 
vector, directed toward the concave side of the layer, 
prevails over the opposite one. Further progress of the 
process is seen in drawing II. 

Source: A.G. Gurwitsch 1 944 

o 
Figure 8 

ACTUAL FIELD AT THE EXTERIOR SURFACE 
OF THE CONVEX LAYER 

The vectors show the probability of the cell protruding. 

Source: A.G. Gurwitsch 1 944 

tiation and h i stogenesis, mitosis, metabol ism, neuromuscular 
function, dynamic functional organ ization of the bra in  cortex, 
and some aspects of the psychic sphere (somato-psychic con
nections) including the phi losoph ical problem of psychic inde
termin ism. 

In  the previously described morphogenesis of the triton pha
lanx (An i ki n  1 929),  the cel l  coord i nate-dependent deforma
tions of cel l  nuclei were explained by means of an abstract in
variant field construction su itable for this case (see Figures 1 2  
and 1 3  in  Part 1 ) . The same morphogenic phenomenology can 
be analyzed by means of the vectorial field conception, which 
eas i ly  exp la ins both the deformations and the movements of 
the cel l s  (nuclei), the model of the interaction between the two 
cel ls  (F igure 3) bei ng an obvious i l l ustration (compare F igure 
1 2, Part 1 ,  p. 47 with F igure 3) .  Construction of the actual field 
of the phalanx leads to the same resu lts as An ik in's calcula
tions from an abstract formula.  



Figure 9 
I NFLUENCE OF FiElD ANISOTROPY ON THE 

ACTUAL I NTEGRAL FiElD 
Here two cells are shown with the long axes of their nu
clei at right angles to each other. The influence of the 
integral field of the cells on points 7, 2, and 3 depends 
on the ratio between the long and short axes of the re
spective ellipses. 

Source: A.G. Gurwitsch 1 944 

The most demonstrable example concerns the development 
of the cerebral vesicles from the i n it ia l ly smooth neural tube of 
the chick embryo. This model has much in common with Gur
witsch's classic work, "The Mechanism of Form I n heritance" 
(1 9 1 4) ,  in which the notion  of "dynamical ly  preformed mor
ph a" was fi rst i ntroduced . F rom the construction of the exter
nal actual fields from the opposite epithel ial wal ls of the tube, 
it was possible to predict the local ization of the changes in the 
curvature of the wal ls ,  these points becoming more and more 
expressed. As a resu l t  of th i s, the d iv is ion of the neura l  tube 
into the anterior, med ial ,  and posterior bra in  proceeds (F igure 
1 0). F rom the confi g u rat ion of the actua l  f ie ld ,  a l l  the de
scribed phenomena, such as the ind icative turn ing of the axes 
of the nuclei ,  the i r  reorientations, and cel l  movements cou ld 
be very well described (F igures 2-7, Part 1 ) . 

Except for these two objects w h i c h  served earl ier for the 
development of his early field conceptions ("dynamical ly pre
formed morpha"), Gurwitsch carried out a vectorial field con
struction of the more un iversal early stage of development
gastru lation-using the sea u rch in  embryo (Gurwitsch 1 944). 
Although the blastula of the echinodermata is  ideal ly  symmet
ric relative to a l l  axes, the cel l s  in the region of the future en
doderm are a l ittle larger than those of the future ectoderm, 
and correspondi ngly, the ir  n uc le i  a re located a l ittle farther 
from the blastu la  surface than those in  other regions. These d if
ferences are sufficient for the local i nvagination, which is  de
termi ned to proceed accord ing  to the schemes grounded on 
the basic field postulates ( F igures 7, 8, and 1 1 ) . It is clear from 
these schemes that even a low degree of field anisotropy leads 
in this s imple case to significant morphological consequences. 
After completion of the i nvagi nation, the mesenchymal cel l s  
migrate out  from the endoderm, that is newly formed as a re-

2 

Figure 1 0  
SIMPLIFIED DIAGRAM OF THE SYNTHETIC 

ACTUAL FIELD OF CEREBRAL VESiClES 
IN THE CHICK EMBRYO 

The inner contour is a medial section through the brain 
of a chick embryo 40 hours old. The field interaction 
among areas indicated by points A J, A2, and A3 is des
ignated conditionally by three vectors: one is perpen
dicular to the point under consideration, and two are at 
45° to the perpendicular. The values of the resulting 
vectors predict the external contour of the following 
stage, which divides the vesicle into anterior (7), medial 
(2), and posterior (3) brain. 

Source: A.G. Gurwitsch 1 944 

suit of invagination. This is  explained by the field influences of 
the neighboring cel l s  (F igure 8).  F rom this fol lows the further 
arrangement of the mesenchymal cel l s  in the form of the ring 
located around the i nvagi nated pr imary gut. Taking i nto ac
count the asymmetric ( incl ined) arrangement of the axes of the 
invagination, it is possible to expla in  the further transformation 
of the spherical gastru l a  (F igure 1 1 )  i nto the b i l atera l l y  sym
metric pluteus (a larval form of the ech inodermata). 

Differentiation and Histogenesis 
The appearance of d ivergence in the development of embry

ona l  ce l l s  belong ing to the same cel l  com plex (somet i mes 
these are the neighboring cel ls) is designated as d ifferentiation. 
The d i fferences among the ce l l s  become more d isti n ct, and 
lead toward specific cel l  types acqu i ring special  functions. The 
whole course of the processes occurring in the d ifferentiating 
cel ls ,  lead i n g  to acqu i s it ion  by the ce l l s  of a certa i n  t issue 
specific ity and type, is  designated as h istogenesis. 

The differentiation phenomenon presents insuperable obsta
cles for the preformist conception. Hans Driesch's principle of 
equ ipotential ity declares the dependence of the cel l 's fate on 
its position in the whole, mean ing that any d isplacement of the 
cells with in  the whole wi l l  not change the fi nal result, only the 
fate of an i n d i v i d u a l  ce l l .  T h i s  fate is rea l i zed espec i a l l y  
through differentiation. Therefore, equ ipotentia l ity i n  this case 
means the "actual ity", of the observed d ivergence between the 
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Figure 1 1  
SECTION THROUGH THE SEA URCHIN GASTRULA 

AT THE LEVEl OF THE MESENCHYMAL RING 
Curwitsch suggests that this section through the sea 
urchin gastrula corresponds to the "zero level" of the 
resulting vector of all the cells of the ectoderm and en
doderm. 

Source: A.G. Gurwitsch 1 944 

Figure 1 2  
AN ISOLATED MITOSIS I S  SYMMEJRIC (AXOLOTl) 

The mitotic figures are symmetric in this isolated mito
sis in the cerebral vesicle of the axolotl. 

Source: Puchalskaya 1 947 

differentiating cel ls (the absence of predetermined entities re
sponsible for the observed d ifferences). 

Thus, the epigenetic principle in this case comes forward in  
the most en igmatic form, even more i ncomprehensible than 
that in  the case of morphogenesis. The latter case could be re
al ized through the action of some forces (vectors) moving the 
cel ls  "mechan ica l ly" (that is also mysterious, but presents a 
simpler imagination of the mode of action of any hypothetical 
"organiz ing factor," even such an i ndetermi nable one as ent
elechia) .  In the case of differentiation, the position with in  the 
whole is realized through the involvement of different intracel
lu lar processes determi n ing the pathway of h istogenesis. 

The theory of the vectorial field describes the problem of dif
ferentiat ion by means of relatively s imple assumptions (Gur
witsch, Analytical Biology). The "actual ity" ( in  contrast to the 
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Figure 1 3  
SYMMETRIC TELOPHASE I N  THE PRESENCE OF 

A CELL IN PROPHASE (AXOLOTl) 
The long axis (heteropolar vector) of a neighboring cell 
in prophase, does not intersect the mitotic figure in 
telophase, which remains symmetric (axolotl cerebral 
vesicle). 

Source: Puchalskaya 1 947 

preformist determination) of the apparent divergence between 
the cel ls under differentiation is caused by continual evolution 
of the actual i ntegral field of both the cel l  complex and each 
i nd iv idual  cel l .  G u rwitsch considers the actual  field of each 
cel l  as a "microfie ld" composed of the neighboring cel ls,  on 
wh ich  the " macrofi e l d "  of t h e  whole complex is super i m
posed . Although the results of such interaction can be un l im it
ed ly  different, Gurwitsch considers the two main types of the 
actual field configurations: (a) the sharp prevalence of one vec
tor (an isotropic character of the field), and (b) a relatively ho
mopo lar  actua l  fie l d .  The former type of the actua l  fie ld  i s  
compat ib le with the epithel ia l  layers i n  which the cel l s  are 
spatia l l y  bound,  and the an i sotropic character of the actual  
field can persist for a certai n  period of t ime.  This is realized at 
the marginal zones of the actual "macrofields" (at the surfaces 
of the mu lt i layer cel l  complexes) and, thus, zonal d ifferences 
in the actual  f ield of the complex can be expected . Accord
i ngly, with i n  the same zone there can be d i fferences among 
the actual fields of the i nd ividual cel ls ("microfield") which are 
expressed in the appearance of "condensation (zero) zones" 
(F igure 2), with the h i gh concentrat ion of the excited mole
cules faci l itating certai n  chemical reactions and the formation 
of i rreversible "vestigia." 

Thus, the actual fields of homogenous complexes consisting 
of equ ipotential cells can induce d ifferences both at the level 
of cel l  layers and in ind ividual cells, and these differences may 
become irrevers ible.  Hence, the phenomenon of d i fferentia
tion is described here from the epigenetic poi nt of view, com
patible with the experimenta l ly  proven concepts of equ ipoten
t ia l ity and equ if ina l ity. The above considerat ions about the 
origin of the divergence as the cause of d ifferentiation are sup
ported by the evidence that both zonal and i nd ividual d ifferen
tiation are observed i n  the marg ina l  zones, for example, the 
d i fferent iat ion of ret i n a l  rods and cones (zona l )  and that of 
neuroblasts ( individual) .  
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Figure 1 4  
ASYMMETRIC TELOPHASE I N  THE PRESENCE OF 

A PROPHASE CEll (AXOLOTl) 
The long axis of the adjacent prophase cell intersects 
the mitotic figure in telophase, leading to displacement 
of the closer daughter telophase figure (axolotl cerebral 
vesicle). 

Source: Puchalskaya 1 947 

The most i nteresting phenomenon of h istogenesis, accord
i ng to G u rwitsch, is the i n creas i n g  d ivergence from the cel l  
principle (meaning that the phenomena are not s imply the re
sult of changes i n  ind ividual  cel l s) which is so evident dur ing 
the early embryonal period, before d ifferentiat ion. This diver
gence can be expressed i n  either an i n it ia l  construction of a 
new type of cel l  organ ization, or the formation of extracel lu lar 
structural elements (for example, col lagen fibers). 

The basis for the description of the latter case by the theory 
of the biological field, is demonstrated by one of its main pos
tulates, declaring the spread ing of the cel l field vectors beyond 
the cel l borders. This  postu late is strengthened by the concl u
sion that there are long-d istance field effects from the epithel ial 
layer (Figures 4, 5) .  The actual fields in the extracel lu lar  areas 
may form not only the "zero points" but "zero l i nes" and "zero 
surfaces," which, being condensation zones, promote the syn
thes is  of the peptide cha ins  oriented accord ing  to the d i rec
tions' of the condensation surfaces. Gurwitsch emphasizes that 
all of these considerations seem to be "very s imple," but they 
permit us to understand the strict regu larity in the orientation 
of the fibri ls in  bone plates, the cornea, and different cuticular 
and skeletal formations of invertebrates. 

As to the construction of the cel l  organ ization, G u rwitsch 
accepts the assumption that there may be more than one field 
source in  certa in  types of cel l s .  This assumption i s  supported 
by evidence for the presence of chromati n-conta i n i ng struc
tures (field sources) in  the cytoplasm, such as m itochondria or 
ch loroplasts, or the centrosome (cons idered a nuc leus-de
rived stru ctu re ) .  The presence of add i t iona l  f ie ld  sou rces 
with in  the same cell leads to the formation of the intrace l lu lar 
actua l  fie l d ,  w h i c h  breaks the  sta b i l i ty of the  sett led 
"macrofield" and becomes a factor of further i rreversible evo
lution with in  the intrace l lu lar range, whi le  the whole complex 
is completing its morphogenetic development. This helps ex
pla in  the cont inuous  ce l l u la r  changes occurr ing dur ing  the 
process of h istogenesis .  

The best example of the field analysis appl ied to the subcel- ... " 

Mitosis t' lu lar level was the adequate description of mitosis which pre- ,: 
sents a h ighly compl icated chain of events real ized i n  an in-
cred ibly strict sequence and coord i nation i n  space-ti me. A l l  , 
the stages of the " m i raculous phenomenon of karyoki nesis" 
(Gurwitsch 1 941 ) were analyzed by Gurwitsch i n  every detai l  
by means of the vectorial field postulates, and described in  his 
unpubl ished work, "The Theory of Mitosis" ( 1 954). However, 
these model constructions were supported in a bri l l i antly i l l us
trative way by the studies performed by E. Puchalskaya, under 
the d i rect guidance of Gurwitsch.  

The studies were carried out on cerebral vesicles of amphib
ian embryos, meristems of onion roots, and microsporocytes of 
larch (Larix sp.). It was found that i n  a high number of the mi
toses i n  the late stages, such as anaphase and telophase, the 
karyokinetic figures are asymmetric .  The asymmetry was ex
pressed in  d istortion of the mitotic spindle which is "normal ly" 
rect i l i near, and in d isplacement or rotation of the m itotic fig
ures in late anaphase and telophase. Further observation of the 
asymmetry showed that in some of the cases, there were mi
toses in  the neighboring cells, but at  an earl ier stage (prophase 
and metaphase), wh i l e  in the case of i solated m itoses, these 
were usual ly symmetric (F igure 1 2) .  The existence of m itoses 
at an early stage in the neighboring cel l s  was not always a con
d ition for the occurrence of asymmetry. However, the asym
metry was found to depend on a certain  specific steric orienta
tion of the prophase or metaphase figures in the neighboring 
cel ls (Figures 1 3  and 1 4) .  

An "ord inary" explanation would be that the observed asym
metry is the result of mechan ical factors : The cel ls with earl ier 
mitoses have a h igher turgor which would be a cause for me
chan ical pressure. As to the amphibian bra in  cel ls, the asym
metric d isplacement of the mitotic figure was not usual ly fol
lowed by any changes in  the cell boundaries, but the absence 
of strict cel l  boundaries, and the small size of the cel ls, made it 
impossible to total ly exclude the mechan ical factor. However, 
in the p lant cel ls ,  espec i a l ly i n  the mer istems of the on ion  
roots, with thei r  thick, r ig id  cel l  wal ls, clear-cut cel l  contours 
remained unchanged i n  the cases of heavy asymmetry, which 
permits the exclusion of the "mechan ical" hypothesis .  The im
portant fact was that the ex istence of neighboring cel l s with 
prophase or metaphase m itotic figures was not the only condi
tion for the i nduction of asymmetry: the mitotic figures of the 
prophase and metaphase cel l s  were specifica l ly  oriented rela
tive to the cel ls in  anaphase and telophase in which the mitotic 
asymmetry was observed . 

The analysis of this puzz l ing phenomenon by means of the 
vectorial field postulates, was based on the fol lowing working 
hypothesis. The field an i sotropy, expressed as a specific ratio 
of the e l l ipsoid axes of the elementary field flashes, relates also 
to the vectors originati ng from the nucleus as a field source. 
S im i l arly, the same an i sotropy pr incip le is appl icable to any 
chromatin-conta in ing derivatives which can be field sources, 
and the mitotic figure is an example of this case. 

Calcu lations show that if one takes into account the specific 
horseshoe- I i ke form of the c h romosomes i n  p rophase a n d  
metaphase, t h e  res u l t i n g  f i e l d  vector o f  t h e  ce l l  w i l l  pass 
through its geometric center, and t h rough the "navel , "  the 
p lace between the arms of the horseshoe-shaped chromo-
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t" somes. Accord ingly, this vector is characterized by heteropo
. . l arity, which means that, 'although it is oriented along the axis 

• of the metaphase ce l l ,  the vector i s  cons iderably stronger 
, ( longer) in one preferred d i rection, coinciding with the "navel" 

site of the chromosomes, Also, chromatin metabol ism substan
t ia l l y  i ncreases d u r ing m itos is ,  as the D N A  i n  the chromo-
somes becomes condensed and tightly packed, reach ing its 
maxi mum at metaphase, and dec l i n ing considerably duri ng 
anaphase and telophase. Therefore, insofar as the value of the 
field vector depends on the chromatin's metabol ic activity, the 
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Figure 1 5  
ASYMMETRIC TELOPHASE I N  THE PRESENCE OF 

A CELL IN METAPHASE (AXOLOTL) 
The long axis of the adjacent metaphase cell intersects 
one of the daughter mitotic figures, which corresponds 
to its displacement (axolotl cerebral vesicle). 

Source: Puchalskaya 1 947 

Figure 1 6  
ASYMMETRY AND SYMMETRY I N  TELOPHASE 

AND ANAPHASE (AXOLOTL) 
An asymmetric telophase is intersected by the axis of a 
cell in metaphase (above); a symmetric anaphase (be
low) is not intersected by the same axis (axolotl cerebral 
vesicle). 

Source: Puchalskaya 1 947 
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prophase and  metap h ase ce l l s produce very strong fie l d  
sources. Thus, because of both the an isotropy law and the h igh 
intens ity of the chromatin metabol ism, the resu lting vector of 
the metaphase and prophase cel l  is a strong heteropolar vector 
"shooti ng" preferent ia l l y  in one d i rection .  Th is  working hy
pothesis was used by Puchalskaya ( 1 947), with the fol lowing 
results. 

It was observed that the asym metry i n  anaphase and  
telophase cel l s  was found in  those cases in  which the prophase 
or metaphase figures in the neighboring cel ls were oriented in  
such a way, that the d i rection of  the result ing heteropolar field 
vector crossed the anaphase and telophase figures (Figures 1 4-
2 3 ) .  A l l  of these i l l ustrations, obta i ned i n  d i fferent objects, 
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Figure 1 7  
INFLUENCE OF PROPHASE CELL ON A TELOPHASE 

MITOTIC FIGURE (ONION) 
The heteropolar long axis of the cell in prophase inter
sects the telophase mitotic figure: One of the daughter 
figures is displaced (onion root). 

Source: Puchalskaya 1 947 
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Figure 1 8  
INFLUENCE OF PROPHASE CELL ON AN ANAPHASE 

MITOTIC FIGURE (ONION) 
The heteropolar long axis of the prophase cell (left) in
tersects the anaphase figure: One of the daughter fig
ures is displaced (onion root). 

Source: Puchalskaya 1 947 



demonstrate the same regularity. On the contrary, i n  a l l  cases 
where the prophase or metaphase figures i n  the neighbori ng 
cells are oriented such that the result ing vector does not inter
sect the anaphase and telophase cel ls, there i s  no asymmetry, 
even though these field sources are in close proximity (Figures 
1 2 , 1 3 , and 2 1 ) . F igure 21 poi nts toward the tr iumph of the 
working hypothesis :  It shows two prophase figures i n  adjacent 
cells, whose resulting vectors are "missing the target," with the 
telophase figure remain ing perfectly symmetric. 

The statistical treatment of d ata obta i ned from onion root 
meristems produced the fol lowing resu l ts :  (a) from a total of 
339 cases of isolated mitoses, 35 were asymmetric ( 1 0 .3 per-

Figure 1 9  
MORE DRASTIC I N FLUENCE OF PROPHASE CELL 
ON AN ANAPHASE MITOTIC FIGURE (ONION) 

The heteropolar long axis of the prophase cell (right) in
tersects the anaphase mitotic figure, which corresponds 
to its displacement (onion root). 

Source: Puchalskaya 1 947 

Figure 20 
INFLUENCE OF PROPHASE CEll ON A TELOPHASE 

MITOTIC FIGURE (ONION) 
The long heteropolar axis of the prophase cell intersects 
one of the daughter telophase figures, which corre
sponds to its displacement (onion root). 

Source: Puchalskaya 1 947 

cent); (b) from the total of 1 1 5  cases i n  which the d i rection of t' 
the res u l t i n g  vectors of the  n ei gh bor i ng  prophase and  . , 
metaphase cel ls intersected the later m itotic figures, 1 1 3  were : 
asymmetric (98 .3  percent) ; (c) from the total of 303 cases i n  
which the d i rection o f  the resu lt ing vectors of the neighboring . 
prophase and metaphase cel l s  d i d  not intersect the later mi-
totic figures, only 2 showed asymmetry (0 .7  percent). S imi lar 
data were obtained for the other objects studied. 

These results present demonstrative evidence supporting the 
principal postulates of the vectorial biological field conception 
concern ing the correlation between field i ntensity and that of 
chromati n metabo l i sm.  Dramatic changes i n  morphology of 
the mitotic figures are remarkably exp la ined by the repu lsive 
action of the vectorial  field of prophase and metaphase cel ls, 
which have a strong resu l t ing vector, resu lt ing from the h igh 
i ntensity of the chromat in  metabo l i sm, . and  the sharply ex
pressed field anisotropy. 

These u n ique data, wh ich  were pub l i shed i n  Russ ian in a 
smal l  col lection of a rt ic les on m itogenes i s  and the theory of 
the biological field (Puchalskaya 1 947),  have escaped a l l  at
tention of Western science.1 

Reversible Physiological Processes 
Although Gurwitsch's e laboration of the b iological field the

ory was based on fundamental problems of developmental bi
ology, the revers ible processes had to be i ntently considered, 
i nsofar as the theory began involving a l l  of the levels of biolog
ical organization, inc lud ing the molecu lar leve l .  G u rwitsch's 
keen interest in  the processes of nervous excitation and regu
lar it ies of bra i n  cortex funct ion had appeared ear l ier  (Gur
witsch 1 929) : It was part of h i s  general interest i n  reversible re-

1 .  Experiments by Herbert A. Pohl, in the early 1 980s, measured the dielectric 
. field strength at the exterior of living cells, and found that the field intensity 

was greatest during mitosis, specifically metaphase. This result clearly sup
ports Gurwitsch's hypothesis (HA Pohl, ed. 1 987). -Eds. 

I 1l 
Figure 2 1  

I NFLUENCE O F  SPATIAL ARRANGEMENT 
OF MITOTIC FIGURES ON 

THEIR MORPHOLOGY (ONION) 
The long heteropolar axis of the prophase cell intersects 
one of the daughter anaphase figures, causing distortion 
(I). The long heteropolar axes of two adjacent prophase 
cells (II) do not intersect an adjacent telophase figure, 
which remains perfectly symmetric (onion root). 

Source: Puchalskaya 1 947; reproduced from Beloussov 1 963 
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a'· actions as physiological processes, which he tried to compre.. hend on the basi s  of the same supreme pr inciples of equ ipo
tentia l it� and .eq� ifinal ity. The d !scovery of degradational mi

' . togenetlc rad i at ion (A. G .  G u rwltsch 1 93 7 b, L . D. G u rwitsch 
1 93 7a) gave an experimental basis for the conception of un
balanced molecular constel lations, which appeared to be the 
main  "working" pr incip le for the appl ication of the vectorial 
biological f ield theory to reversible processes. 

The logical thread of Gurwitsch's considerations in this area 
is as fol lows. 

I n  the ind ividual l ife cycle, "unrestrained" embryonic devel
opment, result ing from i nteractions of continuously evolving 
actual synthetic fields, fi na l ly fades away, and gives way to a 
stabi l ization of the result ing field of the whole. Thus, progres
sive, i rreversible processes gradual ly cease and are exchanged 
for stationary, reversible ones. Para l lel  to this, the actual syn
thetic fields cease evolving, and identical and invariant i nd i 
vidual cel l fields become independent and dominant. Th i s  is  
not a "field background" for the reversible processes proceed
ing independently, but the field is a species-specific invariant 
factor that determines the conservative character of the current 
revers ible "acts" or reactions. 

Central Metabolic Processes 
Because metabol ism is one of the central problems of both 

classical biochemistry and modern molecu lar biology, it is the 
very image of the tremendous advances made by the analytical 
trend domi nant in  the biological sciences. At fi rst sight it seems 
to have no deficiency in its theoretical basis, and there is doubt 
whether a l l  of the above-mentioned "supreme" principles can 
be appl ied to the metabol ic processes. Accordi ngly, enzymol
ogy, which serves as a basis for metabol ic biochemistry, is one 
of the most elaborated branches in biology. The modern und is
puted dogma "gene � enzyme" seems to serve as a magical 
bridge between the h igher sphere of determi n ing (and regulat
ing) factors and the inferior layer of executive agents. 

The situation is  not, however, so harmon ious.  I ndeed, the 
whole ed ifice of metabol ic biochemistry rests on the funda
mental notion of the enzyme as a h igh ly  spec ific b io logical 
catalyst, which is  believed to provide at the molecular level a l l  
the compl icated specificity of the observed l iving phenomena. 
However, the enzyme's high specificity, to correspond to the 
observed l iving phenomenon, must be projected onto a h ighly 
compl icated network of the enzyme-di rected metabol ic  path
ways. The schemes of these pathways a re composed on the 
basis of the results of stud ies of each particu lar enzyme reac
tion. However, any particular l iv ing phenomenon proceed ing 
at a h igher level  (ce l l u lar  or suprace l l u la r) ,  if  resu lt ing from 
events occurring at a lower (molecular) level ,  must be deter
mined by a h igh number of enzymatic reactions h ighly coordi
nated in space-time. It becomes evident that precisely this co
ord ination is what determines the observed specificity of the 
l iving phenomena. 

The cond itions of the enzymatic reacQons defined in  purely 
chem ical terms are absol utely i nsuffic ient for explai n i ng the 
specific ity of the I ivi ng phenomenon observed at the h igher 

. level. Thus, any attempt to infer the coord ination of enzymatic 
acts from the cond itions of the same molecular level is  a fai l
u re, and evidently needs the i nvolvement of factors of q u ite 
another k ind .  An attempt to ascribe the coord i nating condi-
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Figure 22 
I NFLUENCE OF ORIENTATION OF MITOTIC 

FIGURES ON THEIR MORPHOLOGY (LARCH) 
In the case of two maternal microsporocytes, one of the 
daughter telophase figures is intersected by the long ax
is of the other cell nucleus in early anaphase, and is dis
placed. 

Source: Puchalskaya 1 947 

tions to cel l  membrane structures or surfaces (Golgi body, en
doplasmic reticulum, cytoskeleton, and so on), meets the same 
logical obstacles.  The specific "arch itecton ics" of the mem
brane structu res w h i c h  are to prov i d e  the spec i fic  spat i a l  
arrangement of the chemical processes i n  vivo does not pre
exist in a completed form, but itself is  constituted as a result of 
some specific synthetic reactions. 

The i nvolvement of the genomic l evel d oes not solve the 
problem either, because the problem of the coordination of the 
enzymatic reactions is  replaced by that of the coordination of 
on-off switching of the respective genes, with the same logical 
dead end.  Thus the prob lem is merely transferred to a more 
and more remote level, so that it begins to look l ike one of the 
eternal nature-phi losophical q uestions; that is, beyond scien
tific analysis :  Further inqu iry would  seem simply indecent (l ike 
vain  discourses about fi n ite or i nfin ite d ivis ibi l ity of elementary 
particles), s ince it wou ld i nevitably lead to a tautological an
swer. However, very often the tautology may be i maginary or 
temporary, and such a situation was clearly i l l ustrated by Gur
witsch i n  h is  Analytical Biology: 

To the question : What accounts for the evident fact 
that chemical processes in  l iv ing systems proceed 
d ifferently than those in vitro? The answer wi l l  be that: 
This is because of specia l  conditions existi ng in  the 
l iving systems. To the next q uestion : What is  the essence 
of these cond itions? The answer wi l l  be: The conditions 
are the result of not yet ascertai ned, but in pr inciple 
ascertainable, particular combinations of molecu les in 
l iving systems. To the next quest ion : What brings about 
these particular combinations of the molecules?  The 
only possib le answer, from the conventional point of 



Figure 23 
MUTUAL DISTORTION OF TWO MITOSES 

PROCEEDING IN A SINGLE 
MATERNAL MICROSPOROCYTE 

The asymmetry is seen in the upper parts of the mitotic 
figures; that is, in the parts closer to each other. This 
shows the influence of the field anisotropy. 

Source: Puchalskaya 1 947 

view, wi l l  be: The special conditions i n  the l iv ing 
systems. 

In  such form the tautology is  qu ite evident, but it 
fol lows from the immovable conviction that everyth ing 
which can be observed i n  l iv ing systems resu lts i n  the 
final instance from canonic properties of the involved 
molecules. Any other assumption beyond the l i m its of this 
assertion is declared to be tautological, because 
accord ing to the definition, it cannot be reduced to a mol
ecular scheme. The vicious cycle of such argumentation 
is evident: Although being non-conventional,  the d isputed 
assumption, if defined in a restrictive way, can escape the 
tautology. It wi l l  seem incomprehensible only from the 
canonic point of view. 

The "non-conventional  d i sputed assumption" defined in a 
restrictive way, and not reduced to the canon ic properties of 
the molecules, is  the field factor, which coordinates the (enzy
matic)  processes w i th i n  the molec u l a r  l evel and "subord i 
nates" the  coord i nating cond it ions of  the  molecu lar  level to 
the field conditions at the h igher levels (cel lu lar  and supracel
lu lar). Using the glossary of the theory of the vectorial biologi
cal field, the specific conditions for the chemica l  processes in 
l iving systems are realized through the unbalanced molecular 
conste l l at ions (Gurwitsch 1 944).  The constel l at ions inc lude 
excited protei n  molecu les whose spec ific or ientation with i n  
the complex is  determined b y  the result ing vectors o f  the ac
tual synthetic fie ld .  The specific orientation of chemical ly non
bound molecu les with i n  the conste l l at ions prov ides the fol
lowing special conditions: 

1 .  Para l lel orientation (along the result ing field vectors) of 
the excited protei n  molecu les with i n  the conste l lations, i n it i-

ates common energetic levels. Accordi ngly, a quantum of en- i' 
ergy absorbed by one of the molecu les belonging to the con-
ste l l ation c i rcu lates with i n  the l im its of the whole conste l la- � 
tion. This means that a l l  the quanta of energy absorbed by the ' .  
excited molecules flow i nto the common energetic pool .  (pre-

. 

cisely this energy is needed for the continuous maintenance of 
the unbalanced state of the conste l lations, and hence this en-
ergy is  l iberated in  the form of degradational mitogenetic radi-
ation after the conste l l at ion breaks down. )  Obvious ly, these 
common energetic levels can substantia l l y  favor the real iza-
tion of certai n  reactions. 

2. The specific orientation of the excited molecules with in  
the  conste l l at ions can cause specif ic (and m u  I t iform) ster ic 
cond itions for faci l itat ing or h indering certai n  chemical reac
tions, which in vitro are either of low probabi l ity, or per con
tra, proceed without l im itation. 

3 .  As a result of the rea l ization of certai n  enzymatic chemi
cal reactions i n  vivo, due to the specific spatial orientation of 
the excited prote in  molecu les with i n  the conste l lations, certain  
stable compounds and structures a re formed ("vest ig ia ,"  ac
cord ing to Gurwitsch) which play a role  in the regulation and 
coordi nation of chemical reactions. For example, they regulate 
the specific intrace l l u l a r  d i str ibut ion of various membrane
bound enzymes prov i d i n g  a l a rge n u m ber  of coord i n ated 
chains of enzymatic reactions. 

The above-mentioned conseq!lences of the field-driven ori
entation of the molecules within the unbalanced conste l lations 
("unbalanced molecular orderl iness," accord ing to Gurwitsch) 
are essentia l ly  expressions of those notorious specific cond i 
tions which determine  the  particu lar path of chemical reac
tions in l iv ing systems, which are not due to the canonic prop
erties of the molecules involved. Here the notion of "specific 
conditions" is devoid of any tautology, because it has a restric
tive spatial parameter. 

The substantiation of the competence of the vectorial field 
conception for the ana lysis of the revers ib le processes is d if
ferent from that for the ana lysis of morphogenesis .  I n  the lat
ter case, the cr iter ion for the appl  icabi  I ity of the f ie ld con
cept i o n  is based on d ata of t h e  d i rect geometr ic 
configu rat ions of d ifferent parts of the d eve lop ing  embryo 
which can be model led us ing the basic vectorial  f ield postu
lates. In the case of the revers ib le  processes, the argumenta
tion is  based on the appl icabi  I ity to the problem of the con
cept of the u n bala nced molec u l a r  conste l l at ions,  wh ich  is 
i n ferred from the exper imental  ev idence of degradat ional  
m i togenetic rad iat ion .  In  th i s  case,  the postu lated f ie ld ac
tion fol lows as a necessity, as wel l as th is defin ition : The ex
istence and renewal of the u n balanced molecu lar  conste l la
tions is  possible i n  the presence of  a factor which is  external 
to the conste l lat ions, and is  not the i r  intr ins ic property. The 
character of the actua l  vectorial f ield and the dependence of 
the field i ntensity in turn on metabol ic  activity makes the ac
tual f ield a powerfu l too l ,  which not on ly  is a " lead ing fac
tor" of morphogenesis, but also is a coord i n at ing  and regu
lat ing factor in the rea l izat ion of the revers i b le metabo l i c  
processes. 

These considerations open a terra incognita for experimental 
studies on the coord ination of metabol ic processes in connec
tion with the non-eq u i l ibr ium state of the molecular substrate 
in l iving systems. 
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t NEUROPHYSIOLOGY AND GENERAL REGULARITIES ,'. OF THE BRAIN CORTEX FU NCTION . '  

The field concept was appl ied by G u rwitsch to the neuro-. 
physiological sphere for the fi rst t ime i n  h i s  paper, "Der Be-
griff der Aqu ipotentia l itat in seiner Anwendung auf Physiolo-
g i sche  Probleme" [The Concept of Eq u i potentia l ity in i ts 
Appl ication to Physiological Problems] ( 1 929) .  Later on, h i s  
interests i n  neurophysiology were closely connected with the 
progress and achievements made in the studies of mitogenetic 
rad iation .  The methods used to study m itogenetic rad iation, 
espec ia l ly the mitogenetic spectral analysis, tu rned out to be 
powerfu l too ls  for the analysis of the molecu lar substrate of 
the neuromuscular  system, us ing the vector ia l  f ield concep
t ion.  It was precisely th is  field which became the favorite of 
Anna Gurwitsch (A.G.  Gurwitsch's daughter), who became a 
recognized leader in "mitogenetic physiology." 

All of the developments in the appl ication of the field con
ception to the analys is  of the neuromuscular  system w i l l  be 
considered in detai l  in a later section. Here, some general con
s iderations concern ing  the vector ia l  f ield conception, as ap
pl ied to th� function of the brain cortex, wi l l  be elaborated in  
brief. 

In Gurwitsch's 1 929 paper, the notion of "bra in  continuum" 
was suggested with i ncred ib le profundity .  Accord ing  to th is  
concept, the cortex presents a th ree-d i mensional cont inuous 
non-structural conste l lat ion,  and al l  the structural h i sto-ele
ments a re i mmersed i n  it, and impregnated by it .  The func
tional state of the conti nuum is  determined by its own imma
nent characteristics (related to it as a whole) on which current 
afferent excitations are superimposed. However, the fi nal  re
su lts, such as vol it ional impu lses or reflex actions, are deter
mined by the state of the cont inuum, which, thus, reacts as a 
whole. 

In the case of the optical functional complex, each state of 
the cortex continuum in  the visual area of the cortex is a corre
late of visual perception. Gurwitsch writes: 

However, the continuum state is determined by the 
excitations of the related neurons only to a certain  degree, 
s ince the excitation correspondi ng to the perception of 
the whole, or the image perception (Gestalt), cannot be 
considered as an associative connection of the excitations 
of s ingle neurons. The evidence is that the elementary 
excitations flow into the continuum as a common 
reservoir [Gurwitsch 1 929] . 

The above abstract conception of the bra in  continuum was 
revived and concretized when the theory of the vectorial bio
logical field was establ i shed (Gurwitsch 1 944). I n  l ight of it, 
the dynamic cel l  field spreading beyond the cel l borders to ex
tracel lu lar  space, cont inuously constitutes a current connec
tion between the cel ls, and the result ing i ntegral field is a s in
gle, general ,  ind issoluble, continual  whole, interspersed with 
"points of condensation" or maxima, which are i ntracel l u lar 
areas of the cel l fields. The actual i ntegral field i n  brain areas is 
now the express ion of the above abstract continuum.  It has 
constant ( invariant) characteristics which, it is suggested, deter
mine the general character of the i nd ividual organism, includ
ing psychological phenomena. 
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The Psychic Sphere 
Strictly speaki ng, the psychic  sphere, a lthough c lose ly  re

lated to the physiological activity of the bra in  cortex, does not 
belong to revers ib le processes as other functional activities of 
the bra i n  or a n y  other phys io log ica l  syste m .  I ndeed, i rre
versible psychological "maturation" continues throughout the 
l ifetime of the individual.  

Accord i ng to G u rwitsch, the attempt to make a biological 
analysis of the psychic processes provides a touchstone for the 
l i m its of biological thought (Analytical Biology). The analysis 
used the concepts derived from observations of l iving systems. 
The fact that G u rwitsch performs such an attempt, us ing the 
same "working" pr inciple as was used for the analys is  of me
tabol ism and mitosis, shows the unprecedented universal ity of 
his vectorial field conception as a working i nstrument. 

According to Gurwitsch's basic principle, the psychic sphere 
can be the object of b iological  ana lys is  o n l y  so far as it de
pends on somatic processes. The goal of the analysis is to es
tab l i sh  u nequ ivQca l con nect ions  between both spheres. 
Progress along this research path w i l l  depend on the l ucky 
choice of the "acts" (phenomena) of the psychic sphere which 
are to be analyzed. Gurwitsch chooses two such activities. The 
fi rst is the con nection between the external  sti m u l i  and the 
psychic phenomena which can be designated as fee l ings. The 
second concerns the i n cessant stream of c h aotic thoughts 
which i s  a certain  background for a l l  the other psychic activi
ties. These two evidently d ifferent phenomena have a common 
basis, which is as follows. 

Analysis of both cases inevitably reveals what i s  designated 
by G u rwitsch as "the break i n  continu ity" or "the gap i n  the 
enti rety"; these are, perhaps, i mperfect translations of the no
tion introduced by Gurwitsch in Russian in the original manu
script of Analytical Biology. This "break in continu ity" is meant 
to be found whi le  analyzing the somato-psych ic and psycho
somatic chains of processes: Such a chain is considered to be 
cont inuous as soon as at least one parameter is common to 
both its parts.  Both the "c lass ica l"  po int of v i ew and G u r
witsch's own viewpoint accept as evident "the break in conti
nu ity," but d iffer in principle in  the further analysis. 

From the classical point of view, all of the events with i n  the 
somatic part of the chain-from the excitation of the receptor 
up to the last event just before the "break in continu ity"-do 
not d iffer in pri nc ip le from each other. The same considera
tion can be appl ied to the psychic part of the chain in  the op
posite d i rection:  psychic fee l ing � effector reaction of the cor
respo n d i n g  orga n .  Accord i ng l y, the  task is to esta b l i s h  
unequ ivocal relations between the content (matter) o f  the last 
event in the somatic part of the chain and the essence (con
tent) of the correspond i ng feel i ng at the psych ic end of the 
chain (and vice versa). I n  such a case, the somatic part of the 
chain can be reduced to j ust the conduction of the stimu lus  
from the receptor to  the p lace of  the "break i n  conti n u ity ."  
The latter i s  so drastic that, in  Gurwitsch's opin ion, there i s  no 
basis  for any hope to establ ish the u nequ ivocal connections  
between the two spheres, so that the above-formulated task i s  
a mere declaration. 

On the contrary, G u rwitsch considers that, i ntu itively, we 
suspect that the processes of the somatic part of the chain get 
more and more compl icated, and the last one before the "break 
in continu ity" must be fundamental ly  d ifferent from the earl ier 



events. However, in the arsenal of physico-chemical notions, 
there is no adequate means for the description of th i s  funda
mental d ifference. Precisely here the theory of the vectorial bi
ological  fie ld  can offer the adequate non-class ical  notions .  
Gurwitsch confronts the c lass ica l  defi n it ions concern i ng the 
essence of fee l i ng as a psyc h i c  act in its causal con nection 
with somatic st imu lus. The classical formu la  is: "We feel (are 
conscious of) the origin, rise, and proceeding in our bra in cor
tex of certain  somatic processes wh ich, in principle, are analo
gous to the other known processes occurring i n  the organism." 
Gurwitsc h ' s  formu l a  is :  "The processes in the bra i n  cortex 
which we feel (are conscious of) are d ifferent in principle from 
any other processes in the organ ism, and can be designated by 
a non-tautological defin ition." The substantiation of this asser
tion by Gurwitsch starts from the analysis of the general struc
ture of the bra in  cortex as the somatic ground for the psychic 
activities. 

Characteristics of the Cortex As a Whole 
The analysis is based on the attempt to d isti nguish the basic 

characteristics of the cortex as a whole, as opposed to the prin
ciple of its reduction into e lements. Accord i ngly, G u rwitsch 
takes into account the fol lowing un ique characteristics of the 
brain cortex organ ization : 

1 .  The number of cel l s  i n  the cortex area corresponding to a 
certain  receptor considerably exceeds (perhaps by several or
ders of magn itude) the n u m ber of nerve fibers con nect ing it 
(through a set of intermediate centers) with al l  the elements of 
the receptor. 

2. The cortex is characterized by compl icated specific archi
tecton ics, which includes regular spatial arrangement and ori
entation of the neurons (elements); this leads to the conclusion 
that interrelations among the cel l s  are characterized by spatial 
(geometric) parameters. 

3 .  The d i fferent types of cel l s  in the cortex have pecu l ia r  
spec ific configurat ions of  the  cel l body and cel l  projections 
(axon, dendrite). 

4 .  The cel l s  of the cortex are rich in chromati n-conta i n i ng 
organelles (mitochondria), which can be found i n  the most d is
tal parts of neuron fibers. 

5. The cortex is h ighly sensitive to toxic  agents and to oxy
gen deficiency, which cause severe d isorders at concentrations 
which do not strongly affect other systems of the organism. 

Al l  of these data are employed by Gurwitsch in  his theoreti
cal considerations, w h i l e  the c lass ical  conception does not 
employ such cortex characteristics as specific configurations of 
d i fferent cel l  types, nor the a rc h itectonics  of the cortex as a 
whole. I nstead, it pays a lmost a l l  of its attention to synapses, 
which became the basic point of the c lass ic  neuron theory. 
Therefore, the classical conception is grounded upon the spe
cific anatomic connections correspond i ng to functional com
plexes. The latter, studied by physiological methodology, has 
led to a situation where many d iscrete acts are under research, 
and the problem of conduction became the central one in ex
perimental efforts. Thus, the main content of the intri nsic corti
cal processes, which obviously does not consist in conduction 
of impulses to and from the cortex, escapes consideration i n  
classic neuron theory. The idea o f  cortex function is reduced to 
interactions and i nterre lat ions among neurons (elements) by 
means of strictly determined connections. 

In  contrast, Gurwitsch accepts the inseparable, i rresolvable 
someth ing of the cortex considered as a whole, and constructs 
h is  conception of the psych ic  functioning of the cortex, us ing 
the postulates of the vectorial biological field, i n  the following 
way. 

1 .  Each neural cel l  is the source of the field, and as a result 
of their vectorial i nteractions, the actual i ntegral field is estab
l ished. 

2. Geometric parameters of the field of each ind ividual cel l 
depend on its configuration, inc lud ing the cell projections, as 
they contain cytochromat in  (m itochondria), which is a poten
t ia l  source of the  e lementary f ie ld  f lashes .  Arch itecton ics 
(stereometrical configuration) of the actual field of the cortex i s  
the result of  three parameters: the number of  cel ls, the i r  spatial 
a rrangement, and the  c h a racte r i st ics  of the i r own ce l l u l ar 
fields. 

3. The field of the cortex i s  of h igh i ntensity .  In part icu lar, 
this is ind icated by the extraordinary richness in cytochromatin 
(mitochondria), which i s  known to produce a h igh rate of ener
getic metabol ism. 

4. As a result  of the wide and dense d i stribution of the den
drites which are rich in cytochromatin (m itochondria), the ac
tual field in any point of the cortex is of a stab i l iz ing  nature, 
because of the field's high intensity. This means that there is a 
h igh degree of vectorization of molecu lar  processes; that is, a 
h igh degree of the non-equ i l ibr ium state of the molecular con
stel lations. 

The whole complex of these conditions constitutes the state 
of the "field tension ." Such a state would correspond to a ficti
tious situation in which the cortex "is left to its own resources" 
(very stationary metabol ism), as if isolated from any external  
stimu l i .  However, i n  real ity, the cortex i s  under d iverse, con
tinuous, excitational influences, coming from extero-, entero-, 
and proprio-receptors, caus ing changes in the state of the cor
responding cortical neurons. The important th ing is that these 
changes are superimposed on a momentary state of the cortex 
actual field, which is a quas i-stable (dynamic) i ndependently 
existing factor. 

The vectorial field conception presents a dual istic confronta
tion between the field sources and the substrate of the i r  infl u
ence. In  th is  respect, the interference of the impu lses coming 
from the receptors may have two poss ib le consequences: (a) 
The i m p u l ses i n terfere o n l y  w i th the state of the su bstrate, 
caus ing a d isharmony between the f ie ld and the state of the 
substrate; (b) The impu lses a lso i nfluence some field parame
ters, so that the changes i n state of the substrate causi  ng the 
disharmony are the resu lt of both the immed iate i nf luence of 
the impu lses and the impu lse-caused modification of the field.  

The final conclusion from these considerations is as fol lows. 
In the somato-psychic chain of processes, the last event in the 
somatic part of the chain before the break in continu ity, after 
which the feel ing (psychic part of the chain) becomes evident, 
may be defined in two ways: either as the origin of the d ishar
mony in the field substrate, or s imply as the momentary state 
of the actual field of the cortex. We "feel" the states of the ac
tual field of the cortex. S i m i l arly, the chaotic stream of inco
herent thoughts can be i magined as the fee l ing  of the quasi
stationary state of the actua l  field (cont inuous fl uctuations of 
the field tension), not depending on any d iscrete excitations or 
vol itional acts. 
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t However, the basic thesis that "we feel the state of the cor-
e . •. tex actual field," may seem too general and dim (perhaps a bit 

. ' mystifying), not giving the satisfaction of understanding. There
fore, Gurwitsch gives it a more l im ited interpretation and con
fronts it with other conceptions. 

Return i ng to the cortex arch itecton ics, G u rwitsch empha
sizes its h igh regu larity (mostly absent in the histological orga
n ization of the subcortical centers) expressed by the three pa
rameters :  homogeneous structu re and configu rat ion of the 
cel l s  preva i l i ng in a given area (pyramid cel ls, for example), 
lamellar character of their spatial arrangement and, especial ly, 
strictly paral lel orientation of the cel l axes. The combination of 
these three parameters is specific for certain  cortical areas (cy
toarch itectonic areas) characterized h istological ly and physio
logical l y  (functional connections with certa in  receptor or ef
fector zones ) .  Therefore, the actua l  f ie ld  of such  areas i s  
designated a macrofield by Gurwitsch. The macrofields of the 
various cytoarchitectonic areas constitute the general actual 
field of the whole cortex. 

Although any sharp changes in the momentary states of the 
macrofie l d s  of certa i n  cytoarch itecto n i c  a reas affect the 
macrofields of the neighboring areas, causing changes in  the 
general cortex field, the general field, being conservative, acts 
counter to ("smoothes out") the changes i n  the macrofield of 
the exc ited area. Th is  conservative character of the general 
cortex field, i nfluencing its parts (macrofields of cytoarchitec
tonic areas), can be correlated with a personal d isposition, to 
which the notions of decomposition and "more- Iess" estima
tion are not applicable. At the same time, the d isposition influ
ences the ind ividual fee l i ngs and acts, which agrees with the 
idea of the general cortical field influencing the macrofields of 
the cytoarchitectonic areas. 

The idea of a common ind ication in the ind ividual's behav
ior and the cortical processes related to the cortex as a whole, 
is not a l ien to the classical conception. However, Gurwitsch 
exposes a d i fference in pri nc ip le  between the two concep
tions. 

In the c lassical conception, interactions, connections, and 
assoc iat ions-apart from the a n atom ica l  con nections be
tween s ingle cel ls and cel l complexes-are comprehended as 
a spread ing  of the state of exc itation from the pr imari ly af
fected cel l s  to the more remote cel l s .  Certa in ly, the d i rected 
spread ing of the excitation, which essent ia l ly  is a process of 
conduction, is an establ ished fact, but Gurwitsch emphasizes 
that o n l y  that w h i c h  has been decom posed can be con
ducted . Therefore, i n  order to bind the conducted excitation 
with the fee l i n g  at the other (psych ic)  end of the somato
psychic chain,  the first act of conduction toward "feel i ng for
mation" must be fol lowed by the stage of join ing up the con
ducted elements of that someth ing which was decomposed, 
and to which the final fee l i ng at the psychic end corresponds. 
However, in the class ical  conception, there i s  no adequate 
apparatus for jo in ing up the elements : This would be possible 
if one accepted the existence of qua l itative d i fferences be
tween the exc itat ions of each ce l l ,  but t h i s  contradicts the 
clear equ i potentia l ity of the cel l s  with i n  each cytoarch itec
tonic area. 

Alternatively, the vectorial field conception : The conserva
tive ind ivis ible whole (general cortical field) composed of the 
macrofields, and the local d iscrete deviations of microfields 
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caused by afferent impulses, are responded to by the whole a r
ch itecton ics with certai n  gradients . 

The final confrontation of the two conceptions in an abstract 
mode is as fol lows: (a) The i ntegral fee l i ng is a resu l t  of the 
compos ition of discrete elementary excitations into a certai n  
whole (the c lassical conception); (b) The i ntegral feel i ng i s  a 
modification of the pre-ex isting whole under the influence of 
the d iscrete excitations (G urwitsch's conception). The impor
tant inference from this confrontation is that, accord ing to the 
classical conception, the brain cortex is an exclusively reacting 
apparatus which is compatible only with those feel ings which 
are bound to the acts as reactions to the impu lses. Thus, there 
is no apparatus for any other feel i ngs; for example, those asso
ciated with mental operations not bound to the observed acts. 
On the contrary, the general actual field of the cortex, in Gur
witsch's expression, "has its independent l ife," and its state
regard less of current perturbations brought by the afferent im
pulses-may be designated as unbalanced labile tension. Fluc
tuations of this tension caused by the complex ity of the cortical 
field arch itectonics, are expressed (are felt) as il chaotic stream 
of i ncoherent thoughts. 

A special problem considered by Gurwitsch concerns vesti
gia (vestiges), or traces of fee l i ngs which a re preserved in  the 
cortex and can be reproduced. Thus, the vestigium is a kind of 
preserved mold from that configuration of the loca l actual mi
crofie ld which exi sted at  the moment when the fee l ing  was 
generated.  Evident ly,  th i s  prob lem i s  c losely related to the 
problems of memory and recol lection. The analysis i s  l im ited 
to those feel ings which are immediately connected with recep
tor activity (afferent impu lses). 

All the above schemes concerning somato-psychic chains of 
events originating in  receptors and (through the break in conti
nu ity) ending with feel i ngs, were based on the complete re
vers ibi l ity of the processes considered. However, the notion of 
the vest ig ium demands that the scheme must i nc lude a new 
parameter, a certai n  seldom realized value, which results in i r
reversibi l ity of the last event, which is the vestigium.  The arse
nal of classical biology offers two possible ways for the real iza
tion of th is  scheme on the molecu lar  level : either chem ica l  
cha in  reaction or conduction of  the electric potentia l .  Neither 
one, however, is compatible with the inference about the qual
itative d iversity of the exc itements in the same neura l  fiber. 
Purely chemical and electrical parameters are not sufficient for 
an adequate description of the enormously variegated types of 
exc itat ions d i ffer ing i n  their  content. Therefore, G u rwitsch 
comes to a conclusion (on the basis of data on the mitogenetic 
analysis of the nerve impulse) that the chain processes spread
ing along the neural fiber are not l im ited to chemical parame
ters, but are also characterized by steric parameters. These pa
rameters are thought to operate as fol lows. 

Certain  molecular "functional un its" in the neural fibers are 
assumed to be peptide molecules of certain  sizes. As members 
of non-equ i l ibr ium conste l lations, the molecu les acqu i re cer
ta in specific (mutual) orientations and undergo reversible steric 
deformations which are transferred along the somato-psych i c  
cha in .  A s  opposed to chemical variants, the degree of the de
formation and the d iversity of the deformations are practica l ly  
un l imited . Thus, the nature of  the impu lse moving from the re
ceptors to the cortex i s  associated with the wave of deforma
tions spread i ng in the neura l  fiber along the somato-psych i c  



chain. If this chain passes through an area with a high field in
tensity (for example, an a rea with a h igh density of neurons) 
the deformations may u ndergo some changes. On the other 
hand, the wave of deformat ions  can i nvo lve some cel l u la r  
components i nc l u d i ng cytochro m ati n ,  wh ich  wou ld  cause 
changes i n  some field parameters. 

As a resu l t  of s u c h  con j ugated and  i nterdependent  
processes, i n  certa i n  rare cases some deformations may be
come steady and i rrevers ible,  and these are vestig ia .  Activa
tion of the vest ig ia is thought to be a molecu lar  analogue of 
the psyc h i c  phenomena of reco l l ect ion  a n d  remi n i scence. 
The act of activating the vestigia is  assumed by G u rwitsch to 
be connected with the process of their self-reproduction.  The 
same assumption is  employed by G u rwitsch in i n terpret ing 
the mechan ism for conducting various excitations i n  the same 
nerve fiber. Th is is  an unprecedented assu mption, having no 
analogies in biology and chemistry, but it does not contradict 
the fundamentals of the physics of energy, s i nce the deformed 
protei n  molecu le has a h igher energetic potential that can be 
transferred to a non-deformed molecu le  with a lower poten
tial.  Insofar as such a transfer proceeds with i n  the vectorial bi
ological fie ld,  it wou ld  transfer not only the energy, but a lso 
the deformation. 

The i ntens ity of the self-reproduction of the deformations 
may vary, so that in  the case of low intensity, the newly formed 
vest ig ium exists for a short period and then van ishes; i n  the 
case of a moderate i ntensity, the vestigium persists in a latent 
state (memory), and in the case of high i ntensity, the latent ves
tigium can be activated by an  impu lse analogous to the i n it ial  
one (recol lection). In the case of h igh i ntensity, the activation 
leads to changes in the macrofield expressed by a correspond
ing feel ing. 

Gurwitsch's 
laboratory in 
Moscow in June 
1 948. Gurwitsch is 
second from right 
in first row. The 
third from right is 
his daughter, Anna. 

In further analysis, G u rwitsch changes the notion " latent" 
(vestigium) to the more specific "subl imina l ."  It should then be 
accepted that the subl i m ina l  vestigia, stored and continual l y  
accumulated in  the cortex, exert i nfluence on certain  parame
ters of the correspond i ng local m icrofields. These sl ight, negl i 
g ib le changes slowly and progressively lead to sti l l  slower but 
inevitable changes in the macrofield. The slow changes do not 
lead to the  fee l i ngs w h i c h  res u l t from the sharp  d iscrete 
changes of the macrofie lds, but they may exert i nfl uence on 
feel ings by imparting to them additional t ints. Therefore, such 
s u b l i m i n a l  vest ig ia  s lowly change the a rc h itecton ics of the 
general field of the cortex. Insofar as the state of the latter is as
sociated by Gurwitsch with the total ity of psychic phenomena, 
includ ing individual d isposition, the above considerations per
mit us to describe the slow, progressive evol ution of the ind i
vidual d isposition (psychic maturation) as the evolution of the 
cortical field depending, in turn, on the accumu lation of the la
tent sub l iminal vestigia. 

Psychic Indeterminism 
The problem of psychic i ndetermi nism seems to go beyond 

the pure ly  biological  prerogative, and grows into the ph i lo
soph ical sphere associated with its basic problem : the spir it
matter re l at ionsh i p .  The i nvolvement of "ex act sc iences" 
such as physics i n  th is  problem ( l i m ited to a purely specu la
tive level )  can be seen from the utterances of such emi nent 
thinkers as Niels Bohr, Erwin Schrtidinger, and in general ,  the 
ideas on the connection between psych ic  indetermin ism, on 
the one hand, and the indetermi n ism and "free wi l l "  of the el
ementary particles, on the other, a re widely d iscussed in the 
l iterature on the ph i losophy of m i nd (Rensch 1 976) . As to the 
a b i l ity of the b io log ica l  sc iences to add ress t h i s  p roblem,  
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t" complete feebleness is a l l  that can be demonstrated, even on 

, I the specu lative leve l .  C lassical neuron theory is not capable 
of even attempting to expla in  the vis ibly i ndetermin i stic phe
nomenology. 

As opposed to the purely specu lative character of the prob
lem itself, G u rwitsch's analysis is fou nded on h isto-morpho-
logical  and physiological  grounds, to which he appl ies the 
theory of the vectorial biological field (Gurwitsch 1 944). F irst, 
true to his pecul iar approach i n  attacking a scientific problem, 
he tries to formulate a particular defin ition of psychic i ndeter
min ism which would permit a non-tautological analysis of this 
immanent, eternal problem. He raises the fol lowing question :  
Can any impu lses be transmitted from the cortex to the effector 
organs if a l l  the receptors of the o rgan i s m  are abso l u te l y  
blocked? Although such a n  experiment is  not possible, the pre
sumably positive answer to the q uestion does not seem to be 
absurd or nonsensical. 

However, Gurwitsch attempts to formu late the question i n  
another form. I f  one supposes' that an i nd ividual is  under stim
u lation by a monotonous afferent i mpulse, and his reactions to 
this impu lse (acts) are cont inuously registered, there a re two 
alternative poss ib i l ities, corresponding to the existence or ab
sence of i ndetermi n ism. In the fi rst case, a l l  the registered reac
tions (acts) of the individual are statistica l ly  equal ly probable, 
without any prevalence of either of them (true i ndeterminism). 
In  the second case, a specific kind of reaction prevai ls, and de
viations from this k ind wi l l  be arranged accordi ng to the Gauss
ian distribution (the absence of i ndetermi n ism) . Although the 
performi ng of such an experiment in pure cond itions is  also 
beyond real possibi l ity, there is hardly any doubt that the sec
ond alternative is the case (assuming the san ity of the individ
ual under study). Therefore, true indetermi n ism in the sense of 
the definition given above shou ld be rejected. Its resemblance 
to Gurwitsch's view results from certai n  probab i l ities for differ
ent variants, meaning the absence of "obl igation" for the most 
probable of them. 

However, in  biological real ity, the hypothetical possibi l ity of 
psyc h i c  i ndeterm i n i s m  is u nderstood as  the q uestion  of 
whether there is  an u nequ ivocal connection between an i n
coming  afferent impu lse and the fol lowi ng effector act. Pre
cisely this notion of indetermin ism was used by Gurwitsch for 
the analysis. Certa in ly, insofar as psychic activity is postulated 
to be associated with the processes i n  the bra i n  cortex, th is  
question does not concern a s imple stimu lus-response cere
bro-spina l  reflex arch, whose determi n i st ic nature is  beyond 
any question. 

F rom the c l ass ica l  point  of v iew, the absence of the u n
equ ivocal connection between afferent and efferent impulses, 
is explained as a result of the extraord i nary complexity of the 
processes in  the cortex, which is  essential ly an evasion. 

The vectorial  biological f ield concept gives the problem a 
new, non-tautological description . The proclaimed "extraordi
nary complexity" of the processes in  the cortex, which obscure 
and pervert the postulated u nequ ivocal connection between 
the afferent and efferent processes, can be considered the re
sult of the total actions of the h ighly numerous, simu ltaneous, 
and i mmed iately preced ing impu lses, inc luding a great many 
of those coming from enteroreceptors not reach i ng the con
sciousness. These obscuring impu lses prevent the dominant 
impu lse from being fu l ly d isp layed, and hence, prevent the 
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demonstration of the determi n istic nature of the psychic  phe
nomena. However, c lassical neuron theory does not ind icate 
with what morphological apparatus or substrate these obscu r
ing sidel i ne i mpulses come into contact. 

I ndeed, taking i nto account the m u lt ip l i city and diversity of 
the s idel i ne impu lses, it is  imposs ib le  theoret ical ly to relate 
them to a d i fferent effector apparatus (and there is  no h i sto
anatomica l  evidence for it). The only model somehow m a n i 
fested b y  real ity i s  connected with the organization of the cen
tral nervous system of many i nvertebrates, which is  constituted 
of a general non-segmented gangl ionar center into which a l l  
afferent impu lses flow, and from which a l l  effector impu lses 
flow in turn. However, this model is  not su itable for the case 
u nder d iscussion, s ince it leaves no p lace for the postu lated 
preva i l i ng connections responsible for the typical reactions. 

The theory of the vectorial biological field helps to establish 
a certain  h ierarchy i n  the functioni ng of the afferent and effer
ent  c h a i n  processes, i n  the  fo l low i n g  way. A l though the 
anatomical neuronal connections are dominant, they are not 
isolated with i n  the bra in  cortex. The i ncom ing  afferent im
pu lses (the correspon d i ng cha in  processes) i nterfere with the 
chain processes spread i ng in the u nbalanced molecular con
ste l lations, whose configurations are determined by the corre
sponding local m icrofields and area macrofields, by their in
tens i ty and confi g u rat ion .  The i nf luence of the in terfer i n g  
chain processes o n  the in it ial  receptor-caused afferent impu lse 
can obscure and d istort the i n itial impulse. The resulting field
induced deformations of the substrate, which wil l  final ly deter
mine the specificity of the effector act, may appear to be nu
merous and qu ite different, so that a number of  d ifferent acts in  
response to the same afferent impu lse wi l l  become man ifest, 
compatible with the i ndetermin istic conception. 

Tak ing i nto acco u nt the purely specu lative background of 
the problem of psychic  i ndetermi n ism, G u rwitsch's ana lysis, 
made from the i ntrinsical ly biological point of view on the ba
sis of rational scientifi c  methodology, can be considered an  
unprecedented, courageous attempt. 

Embryogenesis of the Psyche 
The statement of this problem is based on the fol lowing con

siderations by G u rwitsch .  There is  an immanent (conti nuous) 
connection between the psychic and somatic spheres, and the 
former develops i n  para l lel  with the embryonal development 
of the soma. This thesis sounds qu ite i nnocent, u nt i l  it is  sharp
ened by its s imple logical extension, which now takes the form 
of an audacious postulate: Psychic elements are present at any 
stage of the embryo's development. However, an important 
reservation is  made about what type of elements is  meant. It is 
clear that the psychic elements of the developing embryo are 
thought to be rather rud imentary, and evolve (or develop by 
jumps) along with the embryo's development. 

If, in  general, the psychic sphere is the total ity of current tran
s ient fee l i ngs, cont inuously changing, m ixed in their content 
and only partly dependent on the envi ronment, all these fleeting 
fee l i ngs originate and proceed on a certa i n  background (a lso 
slowly developing) which can be designated as our ind ividual
ity. Gurwitsch's postulate about somato-psychic immanent con
nections concerns on ly  th is  background.  Accord i ng ly, G u r
witsch considers as i nscrutable the idea that this "background" 
originates at a certain  stage of embryogenesis "out of noth i ng," 



without a rud imentary source. The path of the analysis is to cre
ate a concept of this source by examin ing the embryonic stages 
in reverse, and i magin i ng a gradual  i nvol ution of the psychic 
sphere up through any conceivable rud imentary state. However, 
such an idea in itself may seem rather utopian, si nce the notion 
of the rud iment means preservation of the main  analogies be
tween "feel i ng" as a fu l ly developed psychic phenomenon of 
the adult organism, and its embryon ic counterpart. 

Whi l e  confronting both (the mature form and its rudiment) 
one often resorts to comparison by means of estimations such 
as "more-Iess" and "s impler-more complex."  Are there any 
kinds of fee l i ngs, as psychic phenomena, which permit such 
estimations? Gurwitsch assumes that a positive answer to this 
question is  possible if such a psychic phenomenon as "knowl
edge" is concerned. I ndeed, knowledge is that basis of the psy
chic sphere wh ich  develops, grows, and becomes complex 
starti ng just after birth. However, if such a conceivable analy
sis of psychic i nvolution can be described by means of com
prehensible notions, it wou ld  be logical to continue it further 
by inc lud ing i ntrauterine l ife. Moreover, strictly speaking, it is 
impossible to stop this mental operation, and to ind icate any fi
na l  point  i n  the retrospective a n a lys is  w h i c h  wou l d  be the 
"point of orig in  of the psyche." 

Gurwitsch uses the concept of knowledge i n  a l i mited sense, 
identify ing  it, essentia l ly,  with the not ion of "fee l i ng," and 
avoid i ng the usage of  the notion of  "consciousness" as more 
equivocal and uncerta in .  Then, according to such a concept of 
knowledge, the latter means knowledge about one's momen
tary state, and its changes, and th i s  notion of knowledge is 
identical to the state of feel i ng. 

However, as described previously, feel i ng  is  the fi rst event 
after the "break in cont inu ity" that is  compatible with the last 
event before the break, which is the state of the actual field of 
the correspond ing cortex area. This consideration permits one 
to offer the fol lowing pre l im inary defin ition of the rudimentary 
psyche at any stage of embryogenes is :  The rud imentary psy
chic feel i ng of an embryo is l i m ited to the knowledge of the 
momentary state of its actual fie ld .  

However, together with the feel i ngs, the psychic sphere in
cludes what can be cal led "actions" or "deeds." Does th is  no
tion permit their reduction to the rud iment, as with the notion 
of feel i ng? Gurwitsch accepts that the psychic concept of "ac
tion" is d ifficu lt  to define, even in the "normal" case, so that 
the defin ition of the rud imentary case m ight not be poss ib le .  
Nevertheless, G u rwitsch suggests the fol lowing defi nit ion of 
"action":  If a certain  observed phenomenon appears as the last 
event from d ifferent chains of events, this phenomenon is a re
sult of action. Thus, the essence of the problem is associated 
with the "act of choice" of one of the possible paths (chains of 
events) among a number of them, where the other paths are 
also poss ib le .  Gurwitsch appl ies this to the processes of em
bryogenesis, emphasizing that it is  not evident a priori that the 
embryogenetic processes can be designated as "actions." 

However, Driesch's concept of equ ipotential ity of the em
bryonic elements, based on his experiments on harmonic reg
ulation, leads to the concl usion that the behavior of the embry
onic elements under experimental conditions su its the above 
defin ition of "action ."  Together with this, as Driesch h i mself 
noted, it would be unnatural to think  that embryos d isplay ac
tions only when they undergo gross experimental i nterference: 

If  act ions of the embryo are manifested u nder extraord i n ary t' 
circumstances, it must be concluded that u nder "normal" con-
d itions, it also acts i n  reaction to a l l  the i nevitable fl uctuations 
of the parameters of development. 

Accord ingly, the fi na l  concept of the embryon ic  rud imen
tary psyche i s  defi ned as  fol lows : The embryo " knows" the 
state and changes of i ts actua l  f ie ld  and "acts" in o rder to 
smooth the tension arising from the changes. 

However, Gurwitsch admits that his idea of embryonic psy
chic actions essentia l ly  coincides with Driesch's general con
cept of "harmonic regu lation," which concerns the same phe
nomenon of embryonic behavior in response to experimental 
interference. Perhaps, it may be answered, the designation of 
the known phenomena of harmonic regulation as psychic acts 
is s imply a battle over terms. Indeed, the problem of the bio
logical basis of the "normal" psyche exists whether we l i ke it 
or not, and it may only be our attitude toward the problem that 
is arbitrary, such as that any rational investigation is utterly im
possible. Or it may be said that the problem of the embryonal 
psyche is just a mental construct, a i m i ng to relate the facts of 
embryonal regulation to the sphere of psychic phenomena. 

Gurwitsch convincingly demonstrates that the problem of the 
embryonic psyche is not j ust a far-fetched play on words. F irst of 
al l ,  Gurwitsch's analysis, based on the principle of "reduction to 
an absurdity," leads i nevitably to recogn it ion of the objective 
existence of the embryon ic  psyche. Second, the poss ib i l ity of 
apply ing the same concept of the tension of the actual field to 
such different phenomena as embryonal regulation and psychic 
feel ings of the mature individual, seems to be fru itfu l .  

Moreover, the consecutive analysis o f  the processes of em
bryonal  regu l at ion, l eads to the same conc l u s ion  about the 
"break in cont i n u ity" as in the case of the somato-psych ic  
cha i n .  The on ly  d i fference i s  that i n  the l atter case, the first 
event after the break relates to "feel ings," whi le  in the case of 
embryonal regu lation, the first event relates to "acts." There
fore, the assumption that the embryonic "acts" are determined 
by the immediately preceding "fee l ings" may seem to be arbi
trary. However, insofar as the embryonic "acts," accordi ng to 
the defin ition given above, originate in the embryo's "choice," 
it must be a certain "factor of choice" which essentia l ly is des
ignated by Gurwitsch as related to "fee l ings." 

The last objection confronted by Gurwitsch (his sty l istic pe
cul iarity was a kind of d ialogue with the devi l's advocate) was 
that the identificat ion of embryonal  reg u l at ion with psychic  
"fee l i ngs" d oes not i ntro d u c e  a n y  new not ion beyond 
Driesch's c lassic formu lations, and hence, the whole concep
tion of embryonic psyche is fut i le  and vapid .  However, this is 
not true. 

The point is, that the essence of embryonal regu lation was 
defined by Dri esch as an u rge towards return to a "norm ."  
However, i n  th is case, the  notion of  the "norm" coincides with 
the whole total ity of that which, in fact, is  the organism itself, 
so that the defin it ion  of the " norm" is tauto log ica l .  A non
tautological defin ition must contain some l i m iting parameters, 
and such parameters are formu lated by the conception of the 
actual field.  

I ndeed, not ions l i ke state o r  tensi o n  of the actual  f ie ld,  
which are employed for description of the embryonic psyche, 
do not coi ncide with the notion of the organism or embryo. 
Therefore, the assoc iat ion of the not ion of psyc h i c  fee l i ng 

21 st CENTURY Fal l  1 998 51 



tii with the state of the actual field escapes tautology. The com
, parison between two defin itions which fol low is qu ite demon

strative: "The embryo 'knows' the momentary state of its ac
tua l  f ie ld"  a n d  the paraph rase defi n i t ion  of Dr iesch, lithe 
embryo 'knows' its momentary state. "  The latter defi n it ion 
cannot be appl ied to everyone's i nd ividual ity, because every-
one "feels" only part icular  partial states, not seizing the psy
ch ic  sphere i n  a l l  its tota l ity, G u rwitsch's conception of the 
actual field, in its appl ication to the embryo psyche, has the 
same l im it ing sign ificance. 

CONCLUDING REMARKS 

Gurwitsch always emphasized that l iving p�enomena of any 
sort, and at any level of organization, belong to systems which, 
at any moment of observation, are at some stage of the ascend
ing-descending curve of thei r  l ife cycle. Contemporary biolo
gists have usual ly missed this, or at least, not used it in their the
oretical conceptions.  The pr inc ipal  purpose of biology is to 
elucidate the regularities of the processes which constitute the 
l ife cycle.  Accord ing to "classical" b io logy (and to the over
whelm ing majority of biologists), the l ife cycle is a phenome
non of a qu i te unequ ivocal " i ron regularity" (Gurwitsch's ex
press ion) la id  in the egg, but current attendant c ircumstances 
continuously distort its realization, and it remains hidden , Such 
an " i ron regularity" is  realized through the rigid, unequivocal 
connections among all essential processes, and the main task of 
scientific analysis is to cast away a l l  contingencies, i n  order to 
reveal these connections i n  their naked purity. 

Hence, the classical point of view is that the "norm" coin
cides with a l l  the possible m in imal and maximal deviations. In
deed, the undoubtedly i ntrinsic observable property of the l ife 
cycl e  is  its conservativeness and, accord i ng to the dominant 
views, it is  precisely this conservativeness that is  an expression 
of the postulated unequivocal regularity determining the l ife cy
cle.  However, the facts related to developmental mechan ics 
(Roux and Spemann), harmonic regu lation (Driesch) and the in
fluence of centrifugation on egg cleavage (Gurwitsch) testify 
agai nst r igid, u nequivocal connections. The concept of "nor-
mating," introduced by Gurwitsch, presents a factor organizing 
the specificity of the processes at a l l  levels, leaving a consider
able degree of freedom in the behavior of the ind ividual ele
ments i ncluded in  the realization of these processes. 

As an i l l ustration of the action of such normating factors, 
Gu rwitsch uses a metaphor conce ived by V i rchow who, i n  
h i s  famous theory o f  cel l u lar  pathology, considered the or
gan ism (the whole) as a cel l  repub l ic  (Vi rchow, 1 858) .  The 
main  condit ion for the optimal function ing  of any repub l ic  
i s  to  e laborate a constitution wh ich  combines order and sta
b i l i ty of the state as a who le, w i th the m i n i m u m  poss ib le  
l i m itat ion of the  freedom of  a l l  the  cit izens as  i nd iv idua ls .  
Th i s  defi n it ion  exact ly  reflects the concept of  normat ing .  
Conti n u i ng wi th  th i s  a l l egory, one shou ld  state that the  re
publ ic's constitution is based on certa i n  pr inc iples of soc i 
ety which a re its lawfu l notions, such  as ru les, codes, and  
c usto m s .  S i m i l a r l y, the  n o r m at i n g  p r i n c i p l e  i n  b i o l ogy 
sho u l d  a l so "work" on  certa in  spec if ic parameters (wh ich 
a re to be normated) common to d ifferent b io log ica l  phe
nomena, otherwise this notion becomes a mere tauto logy, 
and  loses any  va l u e. Therefore, G u rw i tsch c lear ly  deter-
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m i nes these l awfu l parameters u pon  wh ich  the normatin g  
pri nc ip le  acts : These a re p u re ly  spat ia l  (vector ia l )  para m e
ters of cel l  behavior, and th i s  is, essentia l ly, the basis of the 
const i tut ion of the ce l l  rep u b l i c .  H owever, by d efi n it i o n ,  
a n y  factor act ing with i n  the l i m its o f  ster ic parameters a n d, 
hence, mak ing the e lements' behav ior  depend on the i r  co
ord inates with i n  the whole, is  a field factor. 

In  this connection, it should be emphasized that the notion 
of "field" i ntroduced i nto biology by Gurwitsch, was used by 
others in  the 1 920s and 1 930s, without any strict defin ition of 
the concept, and often without common sense. In  certain  cases 
i nvolv ing demonstration of equ ipotent ia l ity of the elements, 
the presence of a field was just declared in a vague and emas
c u l ated form (see revi ew by C . H .  Wad d i n gton,  1 966) . Evi
dently, such groundless declarations of the presence of a field 
were not a step forward from the o r i g i na l  conc lus ions  of 
Driesch, and hence, the usage of the concept of field in  such 
cases was just a matter of semantic tautology. 

The field conception developed by G u rwitsch, was based 
fi rst on the elaboration of particular models of morphogenesis 
using specific i nvariant laws (dynamical ly preformed morpha) 
and then on the development of the unitary vectorial field con
ception, using specific, strictly defined postulates. This marked 
substantial progress towards the creation of the epigenetic con
ception of development as a working principle. This, in itself, 
is a great advantage as compared to the other general concep
tions concern ing embryonal development, such as the classi
cal genetics of Mendel, and the developmental mechanics of 
Roux and Spemann .  

Driesch's conception (considered logical ly beyond reproach 
by Gurwitsch), based on remarkable experiments, was led by 
its author to a deadlock by i ntroduc ing the concept of ent
elechia, which was beyond rational scientific analysis.  There
fore, the great ach ievement of Gurwitsch was that he brought 
his theory from the heavens of an immaculate logical structure 
to the grounds of a "working" instrument, he lp ing to exp la in  
the phenomenology d isplayed at  a l l  the levels of  biological or
ganization.  It is precisely the concept of actual fields that can 
serve as such a working tool .  

The relationship of G u rwitsch's field to physical laws, and 
the principles of field action, were comprehensively d iscussed 
in Gurwitsch's last work, which was publ ished in Russian 37 
years after the author's death, and is  sti l l  practical ly  unknown 
in the West (Gurwitsch, Principles of Analytical Biology and 
the Theory of the Cellular Field, 1 99 1 ) .  The fol lowing quota
tion from th is work is  worth noting. 

The dominating conviction is that different chains of 
events i n  the analysis of observed l iving phenomena wil l ,  
in  some d istant future, boil down to the level of those data 
and notions which are used in physics and chemistry. I n  
opposition to this conviction, our suggestion i s  that the 
confluence wi l l  occur at a higher level, specific to the 
l iving phenomena, which means that biology can possess 
its own specific fundamental notion, not contradicting the 
fundamental notions of physics and chemistry, but also 
not reduced to them. The field theory is an attempt to 
formulate such a fundamental notion . . . .  The field 
conception is not based on physico-chemical notions, but 
on physico-chemical possibi l ities. These possibi l ities are 



designated by physical terms, and the theory of the 
biological field using these terms makes from them an 
unparalleled combination. Yet it does not contrad ict the 
basis of physical thought and experience which underlies 
all the constructions for sequences of events of various 
observable, phenomenological ly i ndependent processes 
of embryogenesis, as wel l  as of repeated (periodic or 
aperiod ic) processes cont inuously proceed i ng during the 
whole l i fe cycle. 

However, even though we attribute to the field the 
sign ificance of a basic "fundamental notion," specific to 
l iving systems, to which, hence, a property of universal i ty 
is imparted, the whole conception is a l ien to an idea that 
everything occurring in l iv ing systems is unequ ivocal ly 
determined or even depends on the field . Such a prim itive 
idea would be equivalent to a mere tautology. On the 
contrary, the field defin ition is strictly outli ned and 
l imiting. The field . . .  has a sign ificance of a normating 
invariant factor of steric parameters on processes proceed
ing in l iving systems at a molecular level . 

Thus, the succession of developments of the field concep
tion, reviewed above, from the first abstract models describing 
single morphogenic phenomena, to the general theory of the 
vectorial biological f ield, covering, by its explanatory power, 
a l l  the levels of organization of the l iv ing organism, is one of 
the superb efforts of the human mind in the attempt to compre
hend the fundamental regu larities of the development, organi
zation, and function of l iv ing systems. 

Returning to the question posed in  the introduction, whether 
there is any connection between G u rwitsch's theory of the bio
logical field, and modern trends of contemporary theoretical 
biology, we come to the conc lus ion that there i s  a deep d i s
crepancy between the two. G u rwitsch's theory of the biologi
cal field i s  practically unknown in  the West. However, fi nding 
a consonance between Gurwitsch's ideas and modern theoret
ical constructions cou ld be a fascinating task. 
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a Remarks on 
G urwi tsch' s 
Method 
Part 2 

by Lyndon H .  LaRouche, J r. 

An economist comments on the importance 
of Gurwitsch's method for physical economy. 

EDITOR'S NOTE 
Part 7 of LaRouche's comments appeared in the Summer 

7 998 issue of 2 1 st Century, p. 52. As noted there, LaRouche's 
remarks were written on March 75, 7 987, when Michael Lip
kind's work on Alexander Gurwitsch was being discussed and 
edited for publication in Fusion magazine, the predecessor of 
2 1  st Century. Fusion was summarily shut down in April 7 987 
and put into forced bankruptcy by a corrupt faction of the U.S. 
federal government, as part of their "Get LaRouche" campaign. 
We are happy to present this long-delayed commentary on 
Gurwitsch's work. 

In Part 7,  LaRouche discusses the fact that healthy living 
processes are characterized by a kind of harmonic ordering, as 
known since the work of Luca Pacioli, Leonardo de Vinci, and 
Johannes Kepler, and as developed in the work in mathemati
cal physics by Carl Gauss and Bernhard Riemann. 

Here, LaRouche reviews the connection between the bio
logical origin of human mentation and the successful growth 
of the physica l economy. Readers a re a lso referred to 
LaRouche's more recent comment, "The Astrophysics of 
Gurwitsch Radiation, " which appears on page 76 of this is
sue. 

The Transfinite As Ontologically Existent 

A lexander Gurwitsch apparently first elaborated the ap
proach of most specific interest to me in a 1 929 paper, 
"Der Begriff der Aquipotentia l i ltat in seiner Anwendung 

auf Physiologische Probleme" (The Concept of Equ ipotential ity 
in Its Appl ication to Physiological Problems). In this, Michael 
L ipkind emphasizes, "the notion of 'brain continuum' was sug
gested and considered with the i ncred ible profund ity so char
acteristic of Gurwitsch."l 
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Stuart LewisiEIRNS 

LaRouche discussing his triple-curve economic collapse func
tion at a January 7 998 meeting in Washington, D .C. Real 
physical production is declining hyperbolically, at the same 
time that financial and monetary aggregates are soaring hyper
bolically. 

"Accord ing to this concept," Lipkind writes, "the cortex pre
sents a three-d imensional, continuous, non-structural constel
lation and a l l  the structural h isto-elements are immersed in it 
and impregnated by it." He then quotes Gurwitsch :  

However, the continuum state is determined by 
excitations of the related neurons only to a certain  degree, 
s ince the excitation corresponding to the perception of 
the whole or the image perception (Gestalt), cannot be 
considered as an associative connection of the excitations 
of s ingle neurons. The evidence is that the elementary 
excitations flow into the continuum as a common 
reservoir [Gurwitsch 1 9291 . 

This is precisely what is read i ly demonstrated for the func
tion of creative scientific d iscoveries with in  the developmen-



tal  processes of ent i  re econom ies .  Th is  
can be no  mere co i nc i dence, s i nce i t  i s  
precisely the h ighest order of  bra i n  func
tions which determine this relationsh ip of 
microcosm to cont i n u u m  (macrocosm ) .  
Lipkind continues: 

The above abstract conception of the  
bra i n  cont i n u u m  was rev ived a n d  con
cretized when the theory of  the vector ia l  
biological field was establ ished (Gurwitsch 
1 944) . In l ight  of th i s  idea,  the dynamic  
cel l f ield spread ing  beyond the  cel l  bor-
ders to extracel l u lar  space, cont inuous ly 
constitutes cu rrent connectio n  between 
the cel l s, and the result ing i ntegral field, is  
a si ngle, genera l ,  i nd i sso lub l e, cont inua l  
whole, i nterspersed with  "points of  con
densat ion," or maxima, which are the in 
trace l lu lar areas of the cel l  fields. [An  inter
esti n g  observat ion,  respect i n g  recent 
researches i nto A IDS dementia . ]  The ac
tual integral field of bra in  areas is  now the 
express ion of the above abstract cont in 
uum.  It has  constant ( i nvariant) character
istics, which final ly are suggested to deter
m i ne the  general  c h a racter of the 
ind ividual organ ism, inc lud ing physiologi
cal manifestations. 

My own epistemological i nvestigations 
into memory and the Riemannian physics 
of ordering of technological advances, sug
gests t h at h u m a n  memory is esse n t i a l l y  
geometr ica l l y  ho logra p h ic ,  rathe r  t h a n  
"digita l . "  W e  do not "reca l l "  a part icu l a r  
memory, but, rather, regenerate ( recon
struct) that which i s  presented as a recol
lection, holographical ly. Th is bri ngs us  to 
another of Lipkind's key points: 

Strictly speaking, the psychic sphere, a l
though closely related to the physiological 
activ ity of the bra i n  cortex, does not be
long to revers ib le  processes, as do other 
functional act ivit ies of the cortex or  any 
other phys iological  system.  I ndeed, i rre
versible psychological "maturation" con
t inues throughout the l i fetime of the ind i 
vidual. 

From my standpoint  in physical econ
omy, Lipkind's description of Gurwitsch's 
concept echoes my own knowledge of the 
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THE PHYSICAL-ECONOMIC PROCESS 

In LaRouche's depiction of the physical economic process, new modes of 
production, engendered by scientific discovery and technological innova
tion, force non-linear transformations of the internal composition of the 
whole. 

The vertical bars represent 1 00 percent of population (left) and produc
tion (right). The internal divisions represent the critical ratios, or inequali
ties, that define productivity, capital intensity, and rate of profit of an econ-
omy. 

Free energy is represented by 5'. C represents capital goods consumed 
by the production process, including the physical infrastructure of physical
goods production. V represents the portion of total physical-goods output 
required by all households from which industrial and agricultural labor 
comes. 5 is gross operating profit of the entire agro-industrial process of the 
economy, from which 0, total overhead expense, must be deducted. 

For an economy to prosper, the ratio of the economy's free energy to its 
energy of the system must not decline. 

role of cu lture in the technological progress of society. The in
dividual's development is shaped by culture, but the individual 
who contributes or otherwise d i stributes val id scientific-tech
nological progress, mod ifies the culture of the society in  that 
respect and degree. The ind ividual's abi l ity to mod ify the cul
ture in  this way is conditioned by the cu lture; the modification 
of the culture so effected, determines the behavior of the soci
ety thereafter. 

appear to be a d i rected series of cu ltural transformations, each 
associated with i n  a corresponding enhancement of potential 
population-density. Culture defined in  terms of such i nterac
tion of m icrocosm and macrocosm, corresponds to the u nify
ing morphogenetic princ ip le of G u rwitsch .  Cu lture is to soci
ety, in t h i s  respect, what  G u rwi tsch's  p r i n c i p l e  i s  to the 
continuum of the brain-function. 

L ipkind emphasizes that the empirical study of brain func
tions from the vantage-point of Gurwitsch's principle must take 
i nto account two d istinguishable classes of phenomena. 

Cultures which are transformed in a way correspond ing to 
increase of potential popu lation-density manifest what m ight 
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it. The first is the connection between the external stimu l i  and 
the psychic phenomena which can be designated as fee l ings. 
The second concerns the i ncessant stream of chaotic thoughts, 
which is  a certai n  background for a l l  the other psychic activi
ties.2 These two, evidently qu ite different phenomena have a 
common basis, which is as fol lows. 

Ana lys i s  of both cases i nevitab ly  revea ls  what is des ig
nated by Gurwitsch as "the break i n  cont inu i ty" or "the gap 
in the enti rety"; these are, perhaps, i mperfect translations of 
the notion i ntroduced by G u rwitsch in Russian i n  the origi
nal manuscript of Analytical Biology. Th is "break i n  continu
ity" is  meant to be found  w h i le analyz i n g  the somato-psy
chic and psycho-somatic cha ins  of processes: Such a chain 
is  considered to be cont inuous as soon as at  least one para
meter is common to both its parts. Both the "classical" point 
of view and G u rwitsch's own viewpo int  accept as evident 
"the break i n  cont inu ity" but d iffer i n  pri nciple i n  the further 
analysis .  

Here I introduce an important qual ification. Where Lipkind 
writes "the gap in the enti rety," I read "singularity" in the sense 
of Riemannian physics. Where he writes "the break in continu
ity," I read "discont inu ity" in the sense of D i richlet's principle 
of Gaussian topology, and as defined by Weierstrass: another 
aspect of the singularity. 

One of the  conven ient  measures of " n egentropy, " as I 
choose to define it in physical economy, is as an i ncrease of 
the density of d iscontin u ities per i nterval of action .  The rele
vant Cantorian theorem, on enumerabi l ity of d i scont inu it ies 
within an arbitrari ly small  interval of action, appl ies; this Can
tor ian theorem must be read not only from the standpoint of 
Weierstrass, but as a proposition in  Riemannian potential the
ory, as viewed, generated from radically constructive Gaussian 
synthetic geometry. 

This has a simple demonstration in physical economy, where 
the structure of the d ivis ion of labor becomes richer in si ngu
larities in  correspondence to rais ing of the level of technology 
and productivity, and where the density of such s ingu larities of 
process-structure d im in ishes under the i nfluence of economic 
devolution. 

The remainder of Lipkind's account of this matter, respecting 
Gurwitsch's work, speaks for itself. With one important excep
tion, to be stressed next, my views are already impl icitly identi
fied above, or else the report is  of such a nature that I should 
add no embel l ishments to it. There is one subsumed point, on 
the subject of "feel i ng," in which Lipkid's account oversimpl i
fies the problems to be considered. 

The Matter of 'Feeling' 
The c lass ica l  G reek recogn izes two d i st i nct q u a l it ies of 

"fee l i ng." Th is  is typified by the use of two d i fferent terms, 
"eros" and "agape," to correspond to the domain of one Eng
l i sh  term, " love ." In rea l i ty, a purely contemplat ive form of 
knowledge does not exist. All thought perta in ing to the qual ity 
of rational knowledge involves what are potentia l ly extremely 
strong degrees of emotion.  A l l  thought is a d i sposition either 
for act ion,  or relative i nactio n .  I t  i s  the "fee l i ng" aspect of 
thought which suppl ies the qual ity of action or i naction . The 
most important feature of this connection of thought to "feel
i ngs," is  the proper d iscr imination among the two qual ities of 
fee l ing avai lable. 
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The woman challenges her lover, "Do you love me for 
my body or my mind," and shou ld be qu ite sorely 
d isappointed-sooner or later-if either option is strictly 
the case. "Male chauvin ism" is a product of the 
preponderance of the former, "eros," and nothing but 
"agape" brings the woman's recommendation that her 
mate m ight be happier in cel ibacy. 

A certai n  combination of both is requ i red, but such that the 
former feel ing is  altogether dominated by the latter. 

This issue bears most d i rectly on Lipkind's portrayal of G u r
witsch's views, when we pose the d istinction i n  a more univer
sal frame of reference. The domination by a compulsion akin 
to "eros," is the prototype of i rrat ional  behavior, just as effi
c ient act ion promptly subsumed by rat ional  thought, is the 
ha l lmark of the rational,  soc ia l ly  respons ib le  personal ity. The 
relevant question, is  whether the i nd iv idua l  locates his emo
tional sense of personal identity more efficiently in "eros" or i n  
"agape." T h i s  h a s  d i rect bear ing on  read i n g  the account of 
Gurwitsch's treatment of "Psychic I ndeterm i n ism." My poi nt  
here, is to show that  what appears a mora l  d istinction, must 
a lso be a phys io logical  d istinction, bear ing upon the self-de
veloping contin u um-pri nciple of morphogenesis of develop
ment of the human mind .  

The rational person is ,  first of  al l ,  a patriot, but a lso a "world
cit izen," without there being any contrad ict ion between the 
two. The mortal ind ividual 's c i rcumstances are such, just be
cause his mortal i nd ividual existence is a brief and fragi le one, 
that he must depend upon his society to foster, and give mean
ing to the good he contributes through his l ife's work. He a lso 
requi res, that as he, as microcosm, shou ld be a positive factor 
i n  the relevant macrocosm, that h i s  nat ion,  as m icrocosm, 
finds true mea n i ng in its contribution to the advancement of 
civi l ization . Thus, the proper pol ic ies of his nation, assure the 
merit of world-citizensh ip to the outcome of his otherwise frag
i le, ind ividual existence. 

To be a person for mankind's advancement, causes a shift i n  
the sense of personal identity, from the erotic ind ividual ist, to 
the agapic sense of patriotism and world-citizenship. The per
son who reta i n s  an i nfant i le  sense of persona l  ident ity, the 
erotic one, wi l l  select his fee l ing for certai n  choices of action, 
and of personal  self-development, accord i ngly.  The same is 
true of the person who rises out of the infanti le-erotic sense of 
identity, to the agapic. These are two d istinct kinds of continua 
of morphogenetic development of the personal ity. As such, 
each must have its own pecul iar  physiological substrate. 

II An ordered succession of higher-order 
phase-spaces is itself a continuous function, 

but one 'transfinite' with respect to each and 
all of the discrete manifolds associated with 

the successive phase-spaces." 

I read the accou nt of G u rwitsch's "psych ical  i ndeterm i n 
ism," to signify that the morphogenetic process is  "non-l i near" 
in the R iema n n i a n  sense, as the notion of a "R iemann S u r
face," for example. This sign ifies, axiomatically, that no mech
anistic determin ism prevai ls, for reasons a l ready stipu lated by 
Riemann in his 1 854 inaugural dissertation, "On the Hypothe-



ses Which Underl ie  Geometry." Or, as i n  the case of the fa
mous 1 859 paper, "On the Propagation of Plane A i r  Waves of 
Fin ite Magnitude," the driving of a process to its apparent d is
crete-manifold l imit, defines a s ingularity which transforms the 
terms of statement of the continu ing  action relative to the d is
crete manifold.  Both Riemann references are essentia l ly equiv
alent, and are c lassic i l l ustrations of tru ly non-l i near processes. 

Th i s  may be restated.  The emergence of h igher phys ical  
states, generates behavior which is not comprehensible, deter
mined i n  terms of a d i screte-man ifo ld  representat ion of the 
preceding state. This does not imply " indeterminacy" i n  the fa
mi l iar  sense of Bohr-Heisenberg, but only that h igher states of 
d iscrete manifold are not comprehensible in terms of the lower 
ones. Th is seeming paradox is removed, by recogniz ing that an 
ordered succession of higher-order phase-spaces is  itself a con
tinuous function, but one "transfin ite" with respect to each and 
a l l  of the d i screte man ifo lds  associated with the successive 
phase-spaces. 

In consequence of this fact of ordered states, we must shift 
causa l ity from the d i screte m a n i fo l d  to the h i gher  doma i n  
which continuously subsumes the successive lower, d iscrete
man ifo ld  states.  This  sh ift i n  the e lementary location of effi 
cient causal ity demands that a correspond ing shift i n  the loca
tion of ontological real ity, away from the d iscrete (Cartesian or 
quasi-Cartesian) man ifold, to the continuous, transfin ite mani
fold .  This  admits of empi rical  demonstration, just as the Rie
mann Surface has empi rical demonstrations. 

There is noth ing mystical in the notion of "vita l ism" attrib
uted to G u rwitsch. If the matter i s  stated in the proper terms 
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of Riemannian physics, the defin i teness of its causal and on- t: 
tological effic iency is located i n  the wel l-defi ned transfin ite . ... 

domai n .  • 
A most attractive feature of Gurwitsch's reported work deals 

with the nature of the kind of "memory" which guides an em-
,. 

bryo to produce the proper form of its species. This is not a d is-
crete memory, simply genetic-mechan ical, but rather some de
velopmental impulse with i n  the l iving process which fol lows a 
least-act ion pathway i n  respect to its rel ationsh ip  to its own 
previous development and its sett ing .  Th is, aga in, is  precisely 
what we find in  physical economy. 

Conventions of language oblige us to use either such terms as 
"potential" and "equi l ibrium," or to resort to such qual ifying ne
ologisms as "meta-potentia l" and "meta-equ i l ibr ium .. The phe
nomena are more or less read i ly demonstrable, and thei r demon
stration obl iges us to find new, more precise terms to d istinguish 
these phenomena. Perhaps, if we but define the proper, Kepler
i an-geometric mean ing  of the phenomenon of "negentropy," 
and construct our  functions and exper iments to reflect such 
Gauss-Riemann defin itions of negentropy as the proper defin i 
tion of  a universal principle of  least action, the formal represen
tation of these conceptions were better accompl ished. 

Economist Lyndon H. LaRouche, Jr., is a member of the sci
entific advisory board of2 1  st Century. 
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The cults of 'political correctness', the world of make 
believe, are no longer the unchallenged wave of the 

future. The back-ta-reality cultural paradigm-shift, is 
the changed political opportunity to which wise 
statesmen will hitch the destiny of their nations. 

-LYNDON H. lAROUCHE, JR. 
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SPIRAL EDDIES 
The Discovery That 
Changed the Face 
Of the Oceans 

by Dr. Robert E .  Stevenson 

The ocean's surface is a vast, 
nonlinear array of spiral eddies, 
which defies all attempts at 
modelling by a veraging tech
niques. Here, America 's pioneer 
space oceanographer tells how 
the Skylab and Shuttle observa
tions revolutionized our knowl
edge of the oceans. 

We've just seen the b iggest o i l  sl ick you cou ld possibly 
imagine-off the coast of Argentina.  It has spectacu lar 
i ridescent colors in  the Sun's reflection, and there are 
eddies and a l l  k inds of meanders. It must be at least 1 ,500 
m i les long-it extends as far as we can see. 

-Skylab-4, November 1 973 
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Th is  observation, which appeared in Joh nson Space Cen
ter's weekly "Skylab Updates," in  early November 1 973, 
was transmitted by the crew of Skylab-4. The astronauts 

had obviously observed a massive bloom of phytoplankton i n  
the Falkland Current-a conclusion shortly made by the Sky
lab crew, Cols. Gerald Carr and Wi l l iam Pogue, and Dr .  Ed
ward G ibson.  I t  was the first major plankton bloom observed 
from space, it lasted continuously throughout the 84-day mis
sion, and it gave the first verification of shearing eddies along 
a current boundary. 



�A low-oblique photograph taken by Capt. Robert "Hoot" Gibson, Spacecraft Commander of the Endeavor, looking northwest 
across the western Black Sea, toward Turkey and the Bosporous. This spiral-eddy field was in that location throughout the mis
sion, and was caught in several photos over three days, although individual eddies could not be identified one day to the next. 
There is no explanation for the absence of eddies in the waters east and northeast from the Black Sea mouth of the Bosporous. 

The observations of "eddies" i n  the Falkland Current so im
pressed the Skylab-4 crew, that i n  December 1 973, Col . Carr 
transmitted an "oceanography lecture" from Skylab. Featuring 
real-time views of the bright chartreuse Falkland Current, with 
its meanders and eddies, the lecture provided evidence of the 
creation and extent of current-boundary eddies. 

This "breakthrough" i nformation piqued the i nterest of two 
Navy oceanographers, Pau l  S c u l l y-Power and  me, both of 
whom were i nvo lved i n  attempt i ng  to u nscramble  u nusual  
acoustic s ignals  from underwater and mobi le acoustic survei l 
lance p latfo rms .  If  there were eddies routi ne ly  "spun-off" 
along the edges of major ocean currents, the solution of these 
questionable signals would be obvious. 

W h i l e  Sky lab was st i l l  in orb it, a long-ranged U .S .  Navy 
Orion a i rcraft was flown from J ac ksonv i l l e, F lo rida ,  to the 
western Caribbean Sea. F lying on  the western boundary of the 
major Caribbean Cu rrent, the air crew d ropped expendable 
temperature probes along a prescribed track beneath the or
bit i ng  space stat io n .  F rom the temperature d ata, and  from 
space, it was clear that edd i es were being spawned from the 
current's edge. 

The sol ution for the u nusual  acoustic s ignals was evident. 
Of greater importance, however, was the probabil ity that ed
dies were formed along the sheari ng boundaries of every sig
nificant ocean current around the world !  My paper, publ ished 
shortly thereafter, in 1 974, expressed that concept. 

THE OCEAN EFFORT DURI NG THE 
ApOLLO-SOYUZ TEST PROJECT 

The concept that edd ies, with d iameters up to 1 00 ki lome
ters, were be i ng c reated con t i nu o u s l y  a l o n g  the edges of 
ocean currents greatly i ntr igued the N avy's oceanograph ic  
and  acoustic com m u n it ies.  As a resu l t, the  oceanograph ic  
support program for the  Apol lo-Soyuz Test Project was large. 
We selected four  sign ificant ocean sites, and the Apol lo fl ight 
crew was trained thoroughly for the observations, as were the 
crews of ships and ai rcraft from the U .S .  Navy, the Royal Air  
Force, the Royal Austra l i an  N avy, and the New Zealand De
fense Establ ishment. 

A lthough extraord i n a ry d ata were obta i ned,  the c l ea r  
"breakthrough" came from the magnetic tapes of infrared im
agery prov ided by the m eteoro log ist  aboard the U.S.S. 
Kennedy, transmitted from the Defense Meteorology Sate l l ite 
(a U .S. A i r  Force system). 

. 

The Kennedy was in the Mediterranean Sea at the time, and 
taped the imagery that covered the sea from Italy out i nto the 
eastern Atlantic Ocean. The sate l l ite center aboard the ai rcraft 
carrier d id  not have the capabi l ity of resolv ing imagery from 
the Defense Meteorology Sate l l ite's infrared sensors. For that 
reason, the tapes were sent to the new sate l l i te-receiving fac i l
ity of the Navy Weather Service, at North Is land, San D iego. 
There, Chief Petty Officer Robert' Writner prepared, for the 
first time i n  h istory, thermal i nfrared images of the sea's sur
face; in particular, the sea surface west and east of the Strait of 

Gibraltar. These images not only fit perfectly with the photog
raphy of the Gu lf of Cad iz, taken by B rig. Gen. Tom Stafford, 
Apol lo commander, but a lso provided the first ever i nforma
tion of eddies in the western Mediterranean Sea. (The images, 
and the accompanying d ata, were pub l i shed in my H u elva 
Front and Antipodal Seas papers, 1 977, 1 979.) 

Knowledge of Eddies Proliferates: 
During those winter months of 1 974-1 975, the images were 

brought to the attention of Dr. Robert " Buzz" Bernste in  at the 
Scripps I nstitution of Oceanography. Buzz was worki ng on  
the intra-annual and  i nter-annual  variab i l ity of  the  Cal iforn ia  
Current, and  i t  seemed logical that he shou ld obta in  i nfrared 
i magery of those waters off the western U n ited States. The 
USAF Space D i v i s i o n  agreed, and  gave perm i ss ion  to the 
Navy's North I s land Fac i l ity to prov ide  B u zz with i magery 
whenever possible. 
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It was soon apparent that the Cal iforn i a  Cu rrent was far 
more complicated than anyone had previously imagined. Fur
thermore, it seemed to Buzz and me that there were eddies in 
the eastern Pacific Ocean out to the Hawai ian Islands-as far 
as the imaged "view" from the Defense Meteorology Satel l ite 
reached from the " I i ne-of-sight" transmission to North Is land. 
It was important, however, that other physical oceanogra
phers be aware of what we perceived, especia l ly  those who 
were faci le in  the field of oceanographic theory. 

At a "brown-bag" l u nch meet i n g  at Scr i pps i n  Febru ary 
1 976, Buzz Bernstein made 
an i n formal  p resentat ion,  
with i l lustrations and ocean 
data, conc l u d ing with the 
comments that: "Mesoscale 
edd ies, 1 00 to 1 5 0 km i n  
d iameter, appear to cover 
major areas of the oceans.  
These are d i sti nctly d iffer
ent from the 'p i nched-off' 
ri ngs coming from the Gulf 
Stream and  the K u rosh i o  
Current off Japan." 

practici ng, descriptive oceanographers, about half that many 
theoreticians, and several dozen cadre of surve i l lance acousti
cians who were rather sure that ocean edd ies, with d iameters 
of several tens of ki lometers, were more common than not. 
Each of us was becoming unacceptable to the model lers;  par
ticularly to those modellers at Princeton, Yale, and the Massa
chusetts Institute of Technology. After a l l ,  the data-point i n ter
vals of the models in those days were too far apart to do more 
than intersect an unknown eddy, which helped only to screw
up the computer run .  

There were more than  a 
few moments of s i lence .  
Buzz had !\lade a rather  
staggeri ng suggest ion .  F i 
n a l l y, Dr .  Wa l ter M u n k, 
who had been at Scr ipps 
s i nce 1 940, and  who was 
the scient ist to whom we, 
and  everyone in  the 
ocea nograph ic  com m u 
n ity, looked for "yes o r  no," 

Or. Walter Munk (left) and Rear Admiral}. Bradford Mooney at the 
Scripps Institution of Oceanography in July 1 985. Munk was di
rector of the Institute of Geophysics and Planetary Physics at the 
University of California at San Diego, and Mooney was Oceanog
rapher of the Navy. Both are now retired, but remain active in 
ocean affairs. 

Al so, through an i nte l l  i 
gence "back door , "  we 
l ea rn ed that open-ocean 
edd i es were a "hot top ic" 
among key oceanographers 
in the Soviet Un ion, under 
the leadership of Dr. Kon
sta n t i n  Fedorov, a prag
matic, i nventive, and qu ite 
d e m a n d i n g  phys ica l  
ocea n og rapher, who was  
the  new d i rector of  the  
Space Oceanography Divi
s i o n ,  Sov i et Academy of 
Sciences. With in  the c i rc le 
of our Navy oceanogra
phers, there was the bel ief 
that Fedorov had learned 
about current-shearing ed
d ies we l l  a head of us, and 
that the information was a l 
ready in  tactical use by So
v i et s u b m a r i nes .  Because 

rose, folded h i s  lunch bag,  and remarked : " I  don't th ink that 
can rea l ly be the case. After a l l ,  if there were so many eddies, 
there'd never be any hope of model l ing the ocean." 

( I n  that regard, Munk was perfectly correct. Even though 
General C i rcu lation Models, GCMs, have improved by a few 
orders of magnitude i n  the past 20 years, for many reasons 
there is  yet to appear a practical, predictive model .  There are 
edd ies, of sca les from the "meso"-1 00 to 1 50 km-to the 
"sub-meso"-Iess than 50 km" i n  d iameter. None are l i near, 
and even tryi ng to bypass them with Fourier transforms has 
not been satisfactory.) . 

The next week, I received a cal l  from Walter Munk asking 
me to bring some of the space photos showing eddies for him 
to see. I qu ickly ascerta ined that Buzz had also been asked to 
bring his imagery, so we went together, that afternoon. Walter 
exami ned a l l  of the photos and imagery, thoroughly, without 
a word. Then, lean ing back from his desk, Munk asked, "Can 
you leave these with me for a few days?" We left them all with 
h im, along with repri nts of papers we had i nd iv idual ly pub
l ished . 

As was-and sti l l  i s-usual  with M u n k, there was no re
sponse, for some months. We just hoped that he was macerat
ing edd ies. 

I don't  want to leave the i mpression that in the spr ing of 
1 976,  Scu l ly-Power, Bernste i n , and I were stand ing  a lone 
against an army of non-eddyites. There were at  least a dozen 
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we knew Federov to be 
both ingen ious and purposefu l, we were not surprised that he 
was able to convince the Soviet F leet; he was a strong, con
vincing person .  From our point of view, the necessity of con
t inuing our research was unquestionable. 

( I  learned, some 1 2  years later, that Konstantin was my sec
ond cousin, a grand-aunt of mine having married h is  grandfa
ther.) 

In early summer 1 976, probably about mid-June, Munk an
nounced that he wou ld give an informal  semi nar at the Insti
tute of Geophys ics and P lanetary Physics ( IG PP) at Scripps, 
which he d i rected, in the large c lassroom, overhanging the 
coastal ocean of La Jo l l a .  He  i n d icated that he wou l d  offer 
some of h i s  thoughts that he p l a n ned to report to the Jo int 
Oce,anograph ic Assembly i n  Ed inburgh,  Scotland, that com
ing August. 

I need to set the stage a bit. Beg inn ing  in 1 959, the Scien
tific Committee for Ocean Research of the I ntergovernmental 
Ocean ic  Com m iss ion,  had i n it i ated Jo in t  (that i s , i ntern a
tional) Oceanographic Assembl ies to permit marine scientists 
to communicate with each other more d i rectly, and more of
ten, than in the past. Remember, at that time, communication 
sate l l ites, E-ma i l ,  and facs i m i le machi nes were but d reams, 
and commercia l  jet-ai rcraft were yet to be i n  routine opera
tion. There had been jo int assembl ies in  New York, Moscow, 
and Hal ifax. Now was the propitious time for Ed inburgh :  The 
occasion wou l d  commemorate the 1 00th ann iversary of the 



Now, what do surfactaAts do for u's observers'? , , 
The effect thf surfactant Wm hat ()i1" :aircsea' i hter��tion is, 

of most s ign ificance to remote sens i ng; or viewiAg,/ of the 
ocean from space. In addition to d i m i riishrng th' e response 
of the sea su rface to the energy transfer from the w ind, a 

, fi lm retards evap(;Jration.  I n .so ,doingi t��"micro�conye,ctioo 
at the a i r�sea i nteiface is eitHer prev�5J'ed,' or ;reduc�d,' pre-' 
venting the formation of th� cold thertniIl f i lm that'extends, 
in theory, to a depth of a few'centimeters. 

Were th i s  the'on ly  effect of the fi l m; a therrnal i nfrared 
m�as,�rement ot th,e ,sea su�face w,��lq \nd icat�'} r ' ' . 
tha(l a'dual water 'terriperatd�

re. But: ��f fi ltn a l�O' ? #v 
the thermal emissivity from , the surface', to the extent that a 
therm a l  i nfrared measurement i s  usua l l y  m uch  ·I ess than 
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return of the HMS Challenger from its 3 .5-year, world-circl ing 
oceanographic exped ition . That monumental cruise had been 
the begi n n i ng of the field of "oceanography," and, as the re
turn port had been Ed inburgh, what better p lace for the an
niversary celebration? 

Everyone would  be there-no one cou ld possibly miss the 
occasion. All fields of oceanography wou ld be represented, in 
the many and l arge c l assrooms of the u n iversity. For each 
field, the present-day " leader" wou ld  be the keynote speaker, 
presenting the total ity of our oceanographic knowledge after 
1 00 years of research. Walter Munk was scheduled to give the 
opening address to the physical oceanographers. 

There were some of us who were l oo k i n g  beyond Dr .  
M u n k's speech . Fedorov wou l d  be there, and  wou ld  be 
elected the President of the Scientific Committee for Ocean 
Research. Maybe we could ply him with enough Gu inesses to 
learn some deta i l s  of the Soviet eddy stud ies (Although Fe
dorov did drink wel l  after his election, he adamantly decl ined 
to d iscuss eddies.) 

Now, back to June 1 976, when Munk addressed about 50 
oceanographers at Scripps. Munk began by expressi ng his ap
p·rec iation to Buzz Bernstei n  and the Navy for provid ing the 
i nfrared imagery of sea-su rface temperatu res. He had a l so 
seen the photographs from Skylab and the Apol lo-Soyuz Test 
Project, "that Bob Stevenson has been able to obta in . "  After 
going through a descriptive and theoret ical "maze" of the up
per layers of the ocean, Munk final ly got to his punch l ine: 

I real ly th ink  it is becoming rather clear, you see. 
There are surely a lot of eddies in the ocean; more than 
j ust the rings p inching off the major currents. I think they 
probably represent a major part of motion in the near
surface ocean.  

Wa lter then concl ud�d, seem ing ly  apologet ica l l y, "You 
know, I'm must tel l  this to a l l  of the people in Ed inbu rgh."  
Coffee-break t ime that afternoon was not qu iet! 

Edinburgh University, Aug. 1 0, 1 976, 0805 Hrs 
In the huge, banked aud itorium, 600-plus oceanographers 

and guests sat crowded cheek-to-cheek. Dr. Walter Munk had 
been i ntroduced and the c lapping had subs ided . I n  the last 
row, h igh above the room, I · sat a long with Buzz Bernste in ,  
Pau l  Scu l ly-Power, Dr .  Denny Kirwan (former Navy oceanog
rapher, now at Texas A&M), and Joe Reid (from Scripps). We 
a l l  knew, basica l ly, what was comi ng, and we were smi l ing, 
despite the early hour, as we looked over the crowd. You see, 
ever s i nce the Challenger retu rned 1 00 years earl ier, with 
new, profound i nformation on  the majestic ocean cu rrents 
flowing  through the worl d ' s  oceans, and  the flow of cold, 
dense water masses through the ocean deeps, the pr inc ipa l  
calcu lation of  the kinetic energy of  the ocean had been from 
measuring these grand motions. Most of the study of the phys
ica l  ocean i n  the preced i ng century had centered around 
these ponderously moving masses of water. 

Walter, with a tweed sports coat, worn over a wool sweater, 
a n d  h i s  u s u a l  khak i  pants,  had stepped to the s ide  of the 
pod i u m  and leaned on  it ,  s lowly cross ing  h i s  legs. (Denny 
chuckled, " He's i n  h i s  pontificat ing stance. It's goi ng to be 
good.") 
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The author in Edinburgh, June 1 976, for the Joint Oceano
graphic Assembly, visiting the birthplace of Robert Louis 
Stevenson. 

S m i l i ng, looking over the assembled audience, first to the 
left, then to the right, with microphone in hand, Munk began :  

Good morning, lad ies and gentlemen. I t  i s  a great 
honor for me to be here today as we celebrate the 1 00th 
Ann iversary of the Challenger Exped ition. I have been re
viewing the state-of-our knowledge about the ocean 
rather thorough ly over the past several months. To do 
this, I 've had the support of many col leagues from 
around the world. 

I want to start by tel l i ng you that it is  now clear that 99 
percent of the kinetic energy in the ocean is bound up  in 
mesoscale edd ies. 

Munk stopped tal king, as the shock of h is statement began 
to register among the large aud ience. When the murmurs qui
eted, Walter went on:  "Gentlemen, for the past 1 00 years, we 
have been dea l i ng with a 1 percent proble m ! "  S ix  hundred 
oceanographers sat bolt upright. F ive of them, in the upper
most row of the aud itorium, were grinn ing broadly, and shak
ing hands. 

Munk cou ld have said, then "Thank you, lad ies and gentle
men," and departed the platform. He'd given the bottom l i ne, 
shaken 600 of the world's lead ing oceanographers, and made 
h i s  point .  B ut, that was not h is way. So, for the rest of the 
hour, Munk presented h is  data and analyses to the assembly  
i n  his in im itably thorough fashion. 

The study of the world's oceans and seas wou ld never aga in  
be the same. M u n k's determ i n at ion of the dynam ics of the 
oceans was as much a watershed in  oceanography as plate tec
tonics was to the fields of geology and sol id-Earth geophysics. 



NASA 

Solitons, one of the other ocean phenomena first imaged from space, here in the Strait of Gibraltar, photographed by Dr. Paul 
Scully-Power from 7 90 nautical miles, with a 70-mm modified Hasselblad camera and a 60-mm lens. These solitary wave 
groups travel at speeds up to .J 0 km/hour, maintaining their form and integrity for hundreds of kilometers. 

Remember, too, that at that time, no one knew of the oc
currence, or even of the exi stence, of sp i ra l  edd ies .  Know
ing today that these strange, ever-present, cyc lon ica l ly  spi
ral l i ng waters occ u r  i n  a l l  oceans,  we m u st cons ider  the 
obvious:  They represent a s ign ificant port ion of the k inetic 
energy in Walter Munk's "edq ies." Without question, there
fore, to u nderstan d  the dynamics  of the u pper ocean, it is  
essent ia l  that we u nderstand the i nherent characteristics of 
spiral eddies. 

THE NONLINEAR SPIRAL EDDY SAGA 

Of a l l  the ocean features d i scovered by observations and 
photography from the Space Shuttle, spiral eddies in  the open 

ocean are the most surpris i ng and of greatest importance to 
oceanography. Not o n l y  were they u n known pr ior  to the 
"breakthrough" observations i n  1 973;  they were not even sus
pected ! Today, we know that spiral  edd i es a re ubiqu itous i n  
the world's oceans. 

Of course, the oceanographic l iterature was fu l l  of reports 
of sp i ra l l i ng w h i r l pools  i n  stra its,  i n  entrances to bays, or  
streaming  from is lands  or  the  submerged i rregu l ar i t ies of  a 
sha l low sea floor. Those i n  the Stra i t  of Mess i na between. 
Scyl la and Charybd is not only are wel l known from h istorical 
accounts, but the i r  oceanography was described in detai l  by 
Albert Defant i n  1 940.  And, i n  the 1 980s, they were exam
i ned i n  deta i l  by D r .  W. A l pers from some spectacu l a r  
SEASAT (Oceanograph ic  Sate l l ite) imagery. 
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There is a l so Edgar A l lan  Poe's "Maelstrom" off Norway's 
Loften I s lands, and the less famous, but equa l ly  impressive, 
"Old Sow" in the Bay of Fundy, between New Brunswick and 
Nova Scotia. The Bay of Fundy, owing to its shape and length, 
experiences the greatest tide range of any coast in the world. 
As the tide floods, the "Old Sow" whi rls and foams with a ma
l icious rumbl i ng from which it gets its name. As Poe claimed 
for the Maelstrom, the "Old Sow" alternately engulfs and dis
gorges tree tru nks, remnants of p iers, and even boats, as it 
churns and roars. A cyclonic rotation, s i m i lar to, but far less 
intense than that in  the Bay of Fundy, is  formed from the large 
tidal exchange i n  the northern Gu lf of Cal iforn ia.  It is known 
well to the Mexican fisherman in those waters, and has been 
observed and photographed from space. 

A l l  of the "whi r lpools" and spira l l i ng wllters documented 
before 1 98 1 , however, are in narrow straits or passes. There 
the ebb ing  and flood i ng t ides produce a large exchange of 
water through the confined channels, resulting in fast currents 
and extreme tu rbu lence from the i nteraction with shore and 
bottom i rregularities. I ndeed, such features are so wel l  known 
in oceanographic l iterature that the fi rst spiral eddies observed 
from the Space Shuttle were thought to be formed from coastal 
and island i nteractions with local currents. 

Then came the observations and photographs of spirals i n  
the open ocean, and i t  was a "whole new bal l  game." 

The Events of Discovery 
It's worthwh i le to recapitu late the events that led to the re

al ization that spiral eddies in the open ocean are sign ificant to 
oceanography; albeit, a su rprise. It is strictly a story of obser
vations by Shuttle astronauts.  

In 1 980, I was prepar ing an oceanographic pr imer for the 
U .S .  Fleet units deployed i n  the Arabian Sea.  The basic infor
mation avai lable was infrared images from data taped aboard 
the National  Oceanographic  and Atmospheric Adm i n istra
t ion's meteorological  sate l l i tes and prepared at the Scripps 
Satel l i te Fac i l ity in La J o l l a .  The d ata were "stre.tched" as 
much as possible to permit the best 
analysis of the relative temperature 
gra d i ents across therm a l  bound
aries, espec ia l ly  i n  the  waters near 
the Arab ian  pen i ns u l a  and in the 
Gulf  of  Oman .  F rom the enhanced 
images, relative temperature d iffer
ences of 0. 1  °C were apparent when 
the atmosphere was "moisture free"; 
ma in ly  in the late fal l ,  winter, and 
early spri ng.  

saw and photographed as the Columbia orbited down the 
Gulf of Oman i n  Apri l  1 981 . 

Although it was of some interest to confirm the thought that 
sl icks were the tracers of the Oman Eddy, and were respond
ing in  the infrared, the existence of an eddy there was consid
ered a natural reaction to the currents and shorel ine configu
ration. 

On its second fl ight in November 1 98 1 , the Columbia had 
a modified SEASAT, cal led S I R-A (Shuttle I maging Rada r-A, 
the first flown in  the Shuttle), in the cargo bay. Designed as a 
geological  exper iment, with few ocean areas sched u led for 
radar imaging, the S I R-A plan was scrapped when proble'ms 
with the Shuttle's systems requ i red that the time on orbit be 
reduced from five to two and a ha lf  days. To get as  much im
agery as poss ib le, the S I R-A was operated on lengthy passes, 
with the result  that more imagery of the ocean was acquired 
than that of land.  

Most of the ocean i m aged was "flat," there bei ng thou
sands of mi les of sea su rface that did not even exh ibit  ocean 
swe l l .  But, in the Caribbean Sea, j ust north of Aruba, and i n  
the channel between Cuba and the Bahamas, near Squaw Is
land, the SI R-A imaged spiral eddies. Both were about 1 5  km 
in  d iameter, and the one off Aruba had several s l icks (dark on 
the radar image) rotati ng i nto a smooth central core. A lot of 
dark b lobs on the i mage were i nterpreted as b i l ge d u m ps 
from ships head ing towards Maracaibo, especia l ly  th ree i n  a 
l i ne beh ind an obvious sh ip .  It was logical to assume there
fore, that there was p lenty of o i l  a ro u n d  to h e l p  form the 
s l icks i n  the eddy.  And, as the eddy was so c lose to Aruba, 
the best guess was that it had probably spun off from the is
land . 

An is land eddy was a lso the l i ke ly or igin of the eddy near 
Squaw Island, but the S IR-A image provided some i ntrigu i ng 
information not seen before. Two stern ship wakes crossed the 
eddy. That part of the wake meet ing an eddy s l i ck was bent 
toward the center of the eddy, as if the sl ick was moving at a 
h igher speed than the surrou n d i n g  water. (That confirmed 

D u r i n g  those months,  an  eddy 
appeared repeated ly in  the Gulf of 
Oman, with ri ngs representing tem
perature differences of 0 . 1  0c. There 
was no rationa le for the gulf waters, 
or any water for that matter, to be 
chopped i nto vert ica  I sl ices of 
0 . 1 °C. The l i kely explanation was 
that the ri ngs were from the changes 
in e m i ss iv ity of the sea's su rface 
caused by s l  icks. That was exact ly 
the scene that Capt.  John Young 

Paul Scully-Power (left) and the author (right) with Capt. John W. Young, head of the As
tronaut Office, at Mission Control, Johnson Space Center in November 7 987 ,  during the 
flight of STS-2. 
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The sea surface in the southwestern Indian Ocean, Sept. 2, 1 983. This is the view noted by Capt. Richard Truly, showing well 
the clockwise rotation of the spiral eddies in the Southern Hemisphere. The long interlinking sea-surface slicks represent the 
flowing lines in the near-surface ocean as the waters flow in and out of the spirals. Capt. Truly's observations and his series of 
photos gave us the first firm indication that spiral eddies were influenced by the Earth's Corio lis effect. 

some aerial observations made by Stevenson off southern Cal
ifornia, of ship wakes cross ing the streaml i nes of edd ies spin
ning off Cata l ina Is land.)  

The SIR-A images were certain ly interesting. Ocean features, 
including refracting swel l  and i nternal waves, cou ld be studied 
from L-band (2-meter wavelength) radar images. But, unless ed-

d ies i n  is land wakes piqued you r  senses, the isolated spirals 
caught by the SIR-A were not going to create much of a stir. 

Shuttle Flights STS-7 and 8 
The emphasis of the oceanographic observations from STS-7, 

in June 1 983, was placed on the tropical Pacific Ocean, from 
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Hawai i  to the Equator, because of the effects a strong EI N ino 
event was having on those waters. Spira l  edd ies were part of 
the crew's pre-fl ight briefings, but no more so than were the 
i nternal waves that cou ld be expected around the borders of 
the South China Sea. 

Photography and observations from the Pacific were great, 
and as expected . B ut, from the I n d ian  Ocean, south of the 
Equator, came the spectacu lar  "breakthrough" observat ion!  
Dr .  Sal ly R ide and Co l .  John Fabian saw and q u ickly pho
tographed two sets of sp i ra l  edd i es,  rotat i n g  cyc lon ica l ly, 
c lockwise! Although isolated, with no apparent interconnect
ing  stream l ines, the edd i es were 1 ,000 ki lometers from the 
nearest land, and in  water depths approaching 7,000 meters. 
There was no chance of any topographic  i nfluence on thei r 
origin .  They were clearly dynamic features of the open ocean 
and, furthermore, thei r  cyclonic rotation indicated a response 
to the Earth's Coriol i s  effect! 

I'm looking at the most complexed ocean you can 
. possibly imagine. Tel l  those oceanographers that there 
are eddies just as far as we can see-al l  along the flight 
path in the Indian Ocean. They are a l l  spiral eddies-we 
see them in  the Tasman Sea and over in  t�e Pacific east 
of New Zealand, too. 

("Those oceanographers," Scu l ly-Power and I; were then in  
England for the Navy. We learned the "news" in  a telephone 
call from Mission Control in  Houston.) 

Capt. Dick Truly, commander of STS-8, in  August 1 983, re
ported to Mission Control i n  Houston later that the field of ed
d ies was seen through the remai n i n g  th ree days of the m is
sion. He said also that "as far as I can see" meant about 1 ,500 
k i lorrieters. It was the fi rst ind ication that sp ira l  edd ies were 
not isolated, ind ividual features in the surface ocean. 

STS-8 was the first n ight launch of a Shutt le miss ion.  The 
spacecraft wou ld  be over the southern I n d ian Ocean near 
midday, local t i me, with perfect l ighti ng conditions to view 
the ocean .  Everyone was eager to learn whether or not the 
sightings of spiral edd ies in  that ocean from STS-7 had been 
simply a chance view of a few short- l ived, isolated edd ies. It 
was not! 

Throughout the last five days of STS-8, the crew observed 
and photographed a tremendous expanse of comple�, spi
ral l i ng turbu lence. Covering the entire southern I ndian Ocean, 
at latitudes north of about 30°5, sp iral edd ies rotating clock
wise were connected to each other by long, para l le l  s l i cks 
(stream l i nes) with lengths of from two to th ree eddy-d iame-
ters. 

The observations from STS-8 were as startl ing as those from 
STS-7 .  Not only were spira ls  reacti ng dynamical ly to the ef
fects of Coriol is ,  but they cou ld occur  i n  huge fields of inter
connect ing edd i es as wel l  as s i ngle, isolated features. These 
observations sti mulated a lot of computer time at N USC (the 
Navy Underwater Systems Center), in Newport, in an attempt 
to fit i nterconnected spira l  edd ies with d iameters of 1 5  to 20 
ki lometers into non l i near equations; there was l ittle success. 

An Oceanographer's Observations from Orbit 
Scu l ly- Power reported from the fl ight deck during Shuttle 

m ission 4 1 -G to me in  Mission Control, October 1 984: 
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There are i nterconnected spiral eddies from one end of 
the Mediterranean to the other. They've been there every 
day of the mission. I 've also seen th�m,iD many other 
parts of the ocean-on the edge qf the Gu lf Stream, in the 

. South Atlantic, and off Cal iforn ia  and Mexico. 

Th is  was the fi rst i nformation that sp i ra l  edd ies occ u r  i n  
more than one area of the ocean a t  the same t ime, a n d  that 
they persist in  those parts of the sea for at least a week. 

Even though observations of spirals scattered through vari
ous ocean areas had come from the missions fol lowing STS-8, 
it was from Scu l ly-Power that the next sign ificant views were 
obta i ned . As the fi rst oceanographer to fly in space, it was 
planned that he observe, catalog, and document the eddies in 
as many parts of the ocean as possible. The effort turned out 
to be a spectacu lar. 

The entire Med iterranean Sea was covered with i ntercon
necting spiral edd ies throughout the m ission. S imi lar eddy se
quences, but cover ing lesser ocean areas than those i n  the 
Med iterranean ,  were observed a long the north wa l l  of the 
Gu l f  Stream, off the coast of Braz i l ,  off southern Cal iforn i a, 
and west of Mexico. I n  each area,. the eddies were associated 
with possible shears, either along a coast l i ne or the boundary 
of a major current. 

It seemed l ikely from these observations that the prime gen
erating forces were strong horizontaL shears, a long coasts i n  
margina l  seas, a n d  a long cu rrents i n  the open ocean .  Sp i ra l  
edd ies probably exist, we concluded, i n  a l l  seas where such 
shears take p lace. Furthermore, it was qu ite clear that surfac
tants (see box, page 60) spread over great areas of the sea's 
su rface were essentia l  to observations either v isua l ly  or  by 
L-band SAR. 

From Scul ly-Power's cogent efforts, it was clear, too, that 
su rfactants on the ocean surface were far more widespread 
than had been h itherto suspected . Consequently, microplank
ton i c  and other mar ine b io logic activity in the near-surface 
oceans must be greater than previously estimated . As a result, 
the Office of Naval Research i n it iated a substantial  research 
program on biological productivity. · And, the computers at the 
Newport l aboratory of N U SC were continuously in use, ad
dress i ng of the theory of sp i ra l  eddy dynam ics. (No, to th is  
day, i n  1 998, there has yet to be a su itable solution.) 

I yel led for the p i lot to get up here [from the Shuttle's 
mid-deck to fl ight deck] and grab the other camera. It 
was a fantastic sight-they just popped up sudden ly
we'd been flying over a pretty flat, cloud-scattered North 
Atlantic-I never expected to see such a huge plankton 
bloom that far north. 

This is  from the post-fl ight d iscussion with the commander 
and pi lot (Cols.  Bob Overmyer and Dick Gregory) of Shutt le 
mission 6 1 -B as they described the 400-ki lometer patch of a 
br i l l i ant p lankton b loom, swi r l i ng i n  a sp i ra l -eddy f ie ld  at 
45°N in  the m id-Atlantic Ocean. It was the first observation of 
a major plankton bloom at such a northern latitude, and i n  the 
Gulf Stream Extension. 

It was a lmost as if you cou ld "see" the Mozambique 
Current roaring through the venturi, the restricted 
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Col. Brewster Shaw, USAF pilot of the STS-9, in November-December 7 983, using a "space-modified" Hasselblad 70 mm
format camera, observing the Earth through the overhead window of Columbia's flight deck. Shaw retired from NASA after 
commanding four Shuttle missions, and now works for the United Space Alliance as head of Shuttle operations. 

channel between Madagascar and the coast of Africa. 
There were some eddies to the north and a lot more 
south of the is land. In  the channel, though, the eddies 
were separated by long streaml ines. I was surprised to 
see any edd ies there at a l l .  

This perceptive observation, b y  the commander (Co l .  Gor
don Fu l lerton) of Shutt le m iss ion 5 1 -F,  provided previously 
unknown i nformation on the hydrodynamics of spiral edd ies 
in currents flood ing through broad channels. 

Through the spring of 1 985, we were comfortable with the 
concept of sp ira ls  forming along major vertical shears in  the 
ocean .  My paper describing our knowledge at that time, was 
finally publ ished in  early 1 985 .  It was the first scientific report 
in which photographs a nd a d i scuss ion of the edd ies were 
presented, and it concentrated on the observations made from 
STS-7 and STS-8. Later i n  1 985, Scul ly-Power's report of h is  
observations from 41 -G was publ ished and d istributed widely 
throughout NASA, the U.S. Navy, the Royal Navy, and all the 
large oceanographic i nstitutions in the country. 

Great enthusiasm came from both the Secretary of the Navy 
and Ch ief of Naval Operat ions.  At their  suggestion, Scul ly
Power went on to br ief the N ASA Adm i n i strator, the White 
House Science Advisor, the Chief of the CIA and his top staff, 

" 

var ious u n its of the Atlant ic  F l eet, and  oceanographers at 
Woods Hole,  Scripps, and  other mar ine  i n st itut ions.  I n  the 
meantime, I was briefing the Commander of Naval Air Forces 
Pacific and his staff, the Commander of Submarine Forces Pa
cific, the Naval Oceanographic Center Pearl Harbor, the An it
Submarine Warfare A i r  Wi ngs Pacific, and perti nent person
nel at the Naval Ocean Systems Center, San D iego. 

Then Came the Eager Astronaut Observers 
Not excluded from a l l  of this excitement were the astronaut 

crews preparing for missions in 1 985 and 1 986, and all of the 
astronauts in the corps. 

The idea that spiral  edd i es were restricted to those ocean 
areas exh ibit i ng strong hor izontal shears began to be ques
tioned after the commander and pi lot of Shuttle mission 6 1 -B 
retu rned with photographs and observat i o n s  of the sub
mesoscale features i n  the Ph i l i ppine Sea, the western Gu lf of 
Mexico, and the North Atlantic Ocean .  A lthough the spectac
ular  sequence in the North Atlantic was in waters l i kely i nflu
enced by the northern edge of the Gulf  Stream Extension, the 
other observations were in seas where no currents of any sub
stance were known to exist. 

A d i m l y  l i t  l ight seemed to switch on in the depths of our 
col lective brains .  Are spiral edd ies common features of all sur-
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face waters, we'asked ourselves? Are they everywhere in the 
ocean, the observat ions l i m ited on ly  by the presence or ab
sence of surfactants, and an appropriate Sun angle? 

As the crews returned from m ission after mission with pho
tographs from nearly every ocean area that cou ld be viewed, 
the answer became a comfortable "yes. "  Sp i ra l  edd ies were 
observed in the s luggish, central gyres of the Atlantic, Ind ian, 
and Pacific oceans, the Sargasso Sea, the Caspian Sea, again  
i n  the South Indian Ocean and the slow, gentle Brazi l  Current. 
I n  fact, it was obv ious .  S p i ra l  edd i es,  l i ke the f ict i t ious  
"Chicken Man,"  are everywhere! They are, essentia l ly, ubiq
u itous ! !  

Ah, but with one exception-near the Equator, even despite 
the strong shea r i ng action created from the equator ia l  cur
rents. The best observation ava i lable had been made by Maj . 
Gary Payton during the Shuttle fl ight of S l -C when he caught 
at smal l, S-km spiral 1 J °S of the Equator in the I ndian Ocean, 

So, arose the "closest-eddy-to-the-Equator" contest among 
the astronaut crews (spurred, in part anyway, by a fi rst prize of 
a case of Coors beer, offered by me). From calcu lations Scu l ly
Power and I made on the back of an a i rl i ne t icket envelope, 
we predicted that spirals wou ld  reach no closer to the Equator 
than 6° of l atitude, as the res u lt of the d i sappearance of the 
Coriol i s  effect. 

We were pretty busy the first three days of the 
m ission. We made a few attempts to observe eddies 
near the Equator-without success. The Sun angle 
d id n't give us any decent gl itter pattern. We were 
supposed to land on the fourth day-yeah, you knew 
that-but anyway, we'd used a l l  of our  fi lm by then. 
When we got extended for another day and a half, there 
wasn't much to do. So, everyone d id as much observing 
as possible.  We al l  saw them-we had no fi lm left. Not 
even 3S-mm stuff. I punched the computer for the 
position. That whole field of spirals was between S and 
6 degrees south. 

These were comments by the Shutt le  commander (Capt. 
Robert "Hoot" G ibson) during the "quick-look" photo session 
after the Shutt le fl ight of 6 1 -C, in January 1 986.  Four of the 
five-man astronaut crew (Hoot, Char l ie Bolden, Steve Haw
ley, and P inky Nelson) had seen the spiral  edd ies, but there 
were no photographs. 

The tight Crew Activity Plan and the short fl ight scheduled 
for 6 1 -C, combined to wipe out any photography of the tropi
cal oceans. Respond i ng perfectly to the routine pre-flight ad
monition, "Don't return with any u nexposed fi lm," a l l  of the 
70 and 3S-mm fi l m  had been expended, as planned . But, the 
unexpected happened . Poor weather at Edwards A i r  Force 
Base delayed the landing for a day. Now with avai lable time, 
and good gl itter patterns at the Equator, particularly in  the In
dian Ocean, the whole crew participated i n  the "closest-to
the-Equator" derby. 

Every member of the 61 -C crew saw the eddy field .  F ingers 
reached immed i ately to punch the on-board, computer for a 
precise nad i r  posit ion. There rema ins a mystery as to whose 
finger was first on the button.  With no unexposed fi lm aboard, 
the crew members were relegated to the time-honored obser
vational task :  a written composition of the scene. Of passing 
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in terest is that the th ree post-fl ight d rawi ngs ava i l ab le  (the 
"artists" c la iming anonymity), a re nearly identica l .  depicting 
an i nterconnected series of three (or fou r?) spiral  eddies rotat
ing cyclonical ly-clockwise-and centered around 6 degrees 
south of the Equator in the Ind ian Ocean .  

(Everybody shared the case of  Coors beer, includ ing the Di
rector, F l ight Operations D ivision.) 

Post-Discovery 
The saga of the d iscovery of spiral eddies in the open ocean 

is an outstanding example of the oceanographic information  
that comes from c l ose i nteract ion between astronauts a n d  
space oceanographers, the keen perception of the observers 
in orb i t, the prec i se attent ion  by the S h u tt le  crews to the 
rapidly moving scene i n  the Sun g l i tter, the ever-growing ex
pert photograph ic capabi l ity of the fl ight crews, the i ntensive 
interpretation and analysis by the space oceanographers, the 
timely tu rnover of the interpreted i nformation to crews of up
coming fl ights, and the i nvolvement of marine scientists from 
several d iscipl ines i n  the oceanograph ic evaluations. 

Spiral edd ies cont inue to be observed, and photographed, 
from the fl ight deck of the various space Shuttles. They have 
also been photographed by U .s .  astronauts, us ing U .S .-modi
fied Hasselblad, 70-mm cameras, from the observation port of 
the Russian M I R  space stat ion .  It i s  not known whether the 
Russian cosmonauts have observed and/or photographed the 
ocean features. There has been no i nte'rn�tional commun ica
tion to that effect. 

Such edd ies have been observed in ocean regions where 
there have been ongoi ng, someti mes cont in uous, oceano
graph ic  exped it ions.  I t  seems certa in ,  now, that i n  the open 
ocean, away from current boundaries, the d i stribution, i nter
connections and/or isolation of the spiral edd ies are related to 
the underlying topography of the thermoc l i ne .  They are con
fined to the "near-surface ocean," as defined by the late Kon
stantin Fedorov, which is  clearly the domain of the ubiqu itous 
spira l l ing edd ies. 

SPIRAL EDDIES TODAY 

Most of what we know about spiral edd ies comes from ob
servations and photography by Shuttle astronauts. There are a 
handfu l  of images from SEASAT's SAR and the S IR-A carried 
on STS-2 and the S EASAT i mages recogn ized i n  retrospect. 
(The c u rrent ly  o rb i t i n g  SARs, on Canad i an and E u ropean 
satel l ites, are used for landform i nvestigations and, therefore, 
have not produced i mages of edd ies.) 

An equal ly small  number of pre-Shuttle photographs caught 
spirals. Once aga i n, it was only after spirals became obvious 
from Shuttle observat ions that we perused and i nterpreted 
them from Apol lo and Skylab photography. From a sequential 
set of spec i a l l y  enhanced infrared i mages, u n usual  edd i es 
were noted that later tu rned out to be spirals .  Because of the 
un ique algorithms used-at the Scripps Institution of Ocean
ography Sate l l ite Fac i l ity-no other infrared images of  which 
we know depict spiral edd ies. 

Oceanographic data of the edd ies are few. Measurements 
from a Royal N avy exper iment dur ing a 4 1 -G S IR-B cross ing 
caught an  upper-ocean shear that probably led i nto a sp ira l .  
The best i nformation comes from a Norwegian exped ition i n  
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A low-oblique photograph, looking south toward the coast of Libya, taken Oct. 9, 1 984, by Capt. David Leestma, USN, mission 
specialist aboard the Challenger. In this portion of the eastern Mediterranean Sea, a large, sea-going tanker ship was sailing to 
the east, leaving a bright stern wake in the Sun's glitter pattern from the discharge of the ballast tanks. The ship was just entering 
the "off-edge" of the Sun's reflection as the Challenger passed overhead. The bending of the ship's wake around a spiral eddy is 
easily noted. 

the Green land Sea, when s i m u ltaneous data were gathered 
from both a research vessel and an overflying a i rcraft. For the 
most part, therefore, the oceanograph ic eva luations of spiral 
eddies have been i ntu itive and deductive. 

With those caveats in  m i nd,  therefore, here's what we know 
about spiral edd ies : 

( 1 ) The d iameters are less than 30 k i lometers, the preferred 
range bei ng between 5 and 1 5  km. Diameters smal ler than 5 
km have been measured from vertical photographs, although 
the determination of the boundaries is  subjective, but no spi
ral eddies larger than 30 km have been observed in  the open 
ocean. 
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(2) The rotation is i nvariably cyclonic; counterclockwise i n  
the Northern Hemisphere, clockwise south o f  the Equator. N o  
ant i -cyc l o n i c  sp i ra l  e d d i es h ave been observed, or  pho
tographed, or  i maged i n  any part of the ocean .  Even where 
" interference eddies" are formed, as a current streams around 
an is land, that eddy formed beh ind the left end of the is land 
(looking downstream i n  the Northern Hemisphere), beginn ing 
as an anti-cyclonic rotation, becomes cyclonic within one or 
two eddy d iameters downstream.  There have been no obser
vat ions of "von Karman" p a i  red vort ices a nywhere i n  the 
ocean, i n  contrast to those in  the mar ine atmosphere, down
wind from oceanic islands. 

(3) The dominant visual feature of the edd ies is  the stream
l i nes of narrow s l icks that outl ine the sp i ra l l i ng motion and 
are horizontal shears with i n  the eddy. There have been no in 
situ measurements of the speeds of rotation, but a number of 
ca lcu la t ions  h ave been made based on  the magn itude to 
which sh ips' wakes have been d isplaced, especia l ly along the 
streaming s l icks. From such evaluations, it is  clear that the ro
tation velocity ranges u pward from 20 cm/sec and probably 
reaches 1 00 cm/sec i n  the stream l ined s l icks near the center 
of the spira l .  

I n  o n e  sequence of photos from the western Mediterranean 
Sea, where s imu ltaneous ly gathered data from the NOAA-7 
sate l l ite showed a 5°C thermal boundary, the velocity d iffer
ence across a strea m l i n e  was est imated to be 200 cm/sec
again ,  from the displacement of sh ip wakes across the shear. 
On the other hand, an enti re field of spira l  eddies in the north
east Arabian Sea was observed being destroyed as it was over
run by a coastal current flowing at velocities in excess of 800 
cm/sec, as determined by the oceanographer aboard the u.s.s. 
Enterprise as the a ircraft carrier sai led through the interface. 

(4) If the edd ies rotate, they must have a depth d imension. 
Data are sketchy, but those that ex ist i nd icate that spira l  ed
d ies a re not superfic i a l  su rface featu res . The serend ip i tous 
measurements by the Royal Navy i n  the Bay of B iscay, Octo
ber 1 984, showed the current shear to a depth greater than 50 
meters. Even i f  they extend no deeper than that, spira ls  are 
certa i n ly  s ign ificant to the k inetic energy of the near-surface 
ocean. 

B ut, consider the extraord i nary d ata from the Norwegian 
examination of a spiral  i n  the Marg ina l  I ce Zone off Green
land in Apri l  1 985.  An eddy with a diameter of about 50 km 
was photographed and imaged with an a i rborne SLAR (side
looking active radar). Masses of pack-ice fragments permitted 
an easy recogn ition of the spira l l ing streaml ines. From the ac
company i n g  researc h  vessel ,  temperatu re profi les encoun
tered a cold-core eddy extend i ng to depths greater than 300 
meters; as deep as the casts were made. The isotherms of the 
cold-cone of water became horizontal at depths between 75 
and 1 00 meters, bend ing  upward toward the surface i nto a 
shal low "bathtub" of warm, 4.5°C, water! There was no other 
water that warm with in  200 km of the eddy! Despite the sur
face warm core, the rotational d i rection remained cyclonic. 

(5)  From manned spacecraft, sp i ra l  edd ies have been ob
served i n  al l  oceans, and marginal and in land seas, from 45°S 
to 5 5 ° N .  There is  no "magic" in those l at itudes; it is s imply 
that  the Sun's  e levation and the Shuttle's orbital parameters 
have precl uded su itable viewing at sites more poleward than 
that. They've been observed to with in  6 degrees of the Equa-
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tor, but none closer than that, despite good viewing and pho
tographic conditions. 

Spira l  edd ies may dom inate the near-su rface ocean .  They 
may appear as vast fields of interconnecti ng eddies, coveri ng 
the entire su rface of a marginal  sea-the Mediterranean, G u l f  
o f  Mexico, G u lf o f  Oman, B lack Sea, Japan Sea, or even the 
land- locked Caspian Sea. In the ocean,  s i m i lar fie lds  h ave 
been observed frequently, as wel l ,  in confi ned waters, such 
as, the Mozambique Channel and Tasman Sea. 

In the open ocean, well away from any land configuration, 
and in waters too deep for any influence by sea-floor topogra
phy, there are extensive spiral-eddy fields. In those parts of the 
ocean where major shearing action from currents is unl ikely, i n  
the central areas o f  the great ocean ic  gyres; for example, spiral 
edd ies a re there. Once the astronaut crews became fam i l ia r  
with the  typica l  sea-surface expressions  of the  edd ies, pho
tographs and observations come routinely from every mission. 

There is no q uest ion about the u b i q u ity of sp i ra l  edd ies .  
Wherever the sea-surface characterist ics were su itable; such 
as,  winds speeds less than 4 m/sec and even a m in imal pres
ence of surfactants, and there was a usefu l Sun-gl itter pattern, 
spirals are seen and photographed. 

(6) The oceanograph ic  condit ions u nder  which sp i ra l  ed
d ies are generated are not known, a lthough it seems certa i n  
that they must b e  i n itiated b y  some horizontal shearing action .  
Because of  the i r  s ize, less than 30 km, the spirals wou l d  not 
respond to the Coriol is  effect if they conformed to l i near-wave 
theory. Yet, they do. Attempts to model them using non l inear 
equations have yet to be successfu l .  

We know virtua l ly  noth ing o f  the " l ife h i stories" o f  the spi
rals .  Although they are seen repeated ly i n  many areas, with 
one- "to th ree-day observational  i ntervals, the "same" field is  
observed, but never the "same" eddy, or its recogn izable twin .  
I t  is  reasonable that the spi rals, once formed, have l i fetimes of 
days, as in the case of the G reen land Sea eddy. They surely 
remain relatively fixed for the 1 0  to 1 5  hours of a sh ip's transit 
from the innumerable photographs of wakes through the eddy 
fields. 

THE DYNAMIC, COMPLEX OCEAN 

It became c lear, i n  1 984 (from the space observat ions by 
Paul Scu l ly-Power), that the ocean is far more complex than 
previously thought. As Scu l ly-Power and I wrote i n  1 987:  

No longer can the ocean be considered to be 
homogeneous, or u n iformly stratified; it is dynamic at 
a l l  scales. Yet, a lthough the ocean is not homogeneous, 
it is  not un iformly complex. Furthermore, these 
complexities tend not to be static;  they meander around 
the ocean.  Therefore, on a day-to-day basis, particu lar 
areas of the oceans can be more complex than 
surround ing areas . . .  ! 

Most of the "complexiti es" Scu l l y- Power and  I were d i s 
cussing were spiral  eddies.  So, now that we know such  fea
tures to be spread around the oceans, and the margina l  and in
land seas of the world, what do we make of their  existence? 
Do we consider the kinetic energy bound up in the spiral l i ng  
waters? We could then add the amount to that proposed by  Dr. 



Walter Munk in 1 976. It is possible to calculate the kinetic en
ergy of a spiral eddy, by making a couple of knowledgefu l as
sumptions. The d iameter of any eddy can be determi ned from 
a space photograph, or from a SAR image. There is enough 
serendipitous i nformation to permit a logical depth to be as
signed; it is  not going to be deeper than the prevai l i ng thermo
cl ine. It is a lso possible to calcu late the amount of kinetic en
ergy in a given field of spiral eddies at a given time. The "given 
field" is the one that has been observed, or photographed, at 
the particular time noted from orbit, or along the orbital track 
of the space Shuttle through several m inutes of time. 

Both of these calcu lations were made by Scu l ly-Power and 
me: fi rst, qu ickly on the back of a paper napkin over a Lone 
Star beer i n  The Outpost near the Johnson Space Center; then 
again,  from a strikingly good computer s imu lation .  The num
ber of ergs of k i  net ic energy  from each t ry were c lose 
enough-an i nteresting bit of esoterica, we thought. The total 
ki netic energy i n  them represents about 50 percent of the 
grand percentage noted by Munk i n  Ed inburgh i n  1 976, even 
though he may have exaggerated a bit .  Perhaps. G iven the en
tire ocean, there are probably about 5 m i l l ion (or thereabouts) 
spiral eddies rotating at any given t ime .  The problem in using 
the energy numbers from spi ra l  eddies is  that the features are 
individual ly ephemeral, a lthough the field of spirals may per
sist for days, weeks, or longer. 

Consequently, to try .and separate the contributions of spiral 
edd ies from mesosca le  edd ies i n  a n y  G e neral  C i rcu lat ion 
Model not only would be fruitless, but senseless. The question 
of the sp i ra l  edd ies' impact on the in teractions between the 
oceans and the atmosphere is  someth ing  e lse. Spi ra l  edd ies 
rotate cyclon ical ly, in both hemispheres. They have cold-wa
ter cores, therefore, and the cold water is r is i ng from depths. 
The rising waters are richer in nutrients than the su rround ing 
ocean ,  foster ing  great g rowths of p l a n kton . F rom both the 
physical and biological actions, the surface waters are some
what depleted in both oxygen and carbon d ioxide. For a s in
gle spiral eddy, the effect i n  any predictive computer model is  
l i ke that of the f lea on the elephant; not even a "butterfly in 
Beij ing." For a field of spiral-edd ies, such as that observed by 
Capt. Richard Tru ly  on STS-8, 2,000 km wide, and extend i ng 
across the Ind ian Ocean i nto the southwestern Pacific Ocean, 
the flux of heat and gases is  huge. 

At this moment in  our h istory of scientific d iscovery, no one 
has a clue of how to make any calculation on the role of spira l  
edd ies i n  any weather  or  c l i m ate pred i ct ive mode l ;  even 
though the i nfl uence must  be major .  Computer  models ,  
whether they are addressing  weather, c l imate change, or the 
influence of man on the state of the "greenhouse," must know 
(1 ) precisely the i n it ia l  cond itions, in both the ocean and at
mosphere, (2 )  the temperatu re-regu lat ing capa b i l ity of the 
ocean, (3)  the amount and d i rection of the fl ux of gases and 
particu lates relative to the ocean, (4)  the scale and variabi l ity 
of these fluxes in time, as wel l as (5) quantify ing the effect of 
sunspot activity and the changes in the Earth's orbit. 

(You' l l  notice, perhaps, that I d id not mention the "compo
nent of the equation" about which we are bombarded day af
ter day: man-made greenhouse gases. Why? Because it is the 
smal lest part of the "equation . "  The greenhouse gases of the 
atmosphere are 96 percent water, none of which we can con
trol .  The inputs by man, carbon d ioxide and methane, and/or 

freon, are so m inor that no one can ascertain their  function i n  
the Earth's temperature-regu lating function.)  

I n  time, the scientific method may give us  enough knowl
edge of the dynamics of the Earth's su rface and atmosphere to 
permit us to construct consistent weather, c l imate, and ocean 
predictive models .  We aren't there yet! A favorite comment 
by my close friend, Professor Ben J. Cagle, whenever we re
viewed the progress of computer models is, "Once a scientist 
has the physical facts, h i s  general knowledge wi l l  permit  h im 
to  make an i ntu itive concl us ion that is  better than any com
puter modeL" The emphasis is  on "scientist. " 

Robert E. Stevenson, an oceanography consultant based in 
Del Mar, California, trains the NASA astronauts in oceanogra
phy and marine meteorology. He was Secretary General of 
the International Association for the Physical Science of the 
Oceans from 1 987 to 1 995, and worked as an oceanographer 
for the U.S. Office of Naval Research for 20 years. A member 
of the scientific advisory board of 2 1  st Century, he is the au
thor of more than 1 00 articles and several books, including 
the most widely used textbook on the natural sciences. 
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SPACE 

Space Station to Open N ew 
B iomedical Frontiers 
by Marsha F reeman 

I n the fight against d i.s
ease, every weapon I n  

the sc ient if ic  arsen a l  
must b e  m a rs h a l l e d .  
S i nce the start o f  the 
Space Shuttle program in  
1 98 1 , the un ique micro
gravity e n v i ron ment of 
space has added a new 
capabil ity in the quest for 
understand ing human bi
o logy and i m p rov ing  
health. Short Space Shut
t le  fl ights, combi  ned 
with longer-term stays on 
the Russian M i r  stat ion,  
have g iven  sc ient ists a 
g l im pse of what w i l l  be 
possib le when the I nter
national Space Station is  
operational-and it is an 
exciting future. 

Michael  E .  DeBakey, 
M . D . ,  renowned heart 
surgeon, and chancel lor 
and chairman of the De
partment of S u rgery of 
the Bay lor  Co l lege of 
Med ic ine, gave h i s  view 
of the i m portance  of 
space b iomed i c a l  re
search in  test imony be
fore the House Commit
tee on S c ience,  Space, 
and Tech nology i n  J u ne 

All photos are courtesy of NASA 

In November 7 998, the Russian Space Agency is scheduled to launch the first element into Earth orbit 
to begin assembly of the International Space Station (ISS), being built by the space agencies of the 
United States, Europe, Russia, Canada, and Japan, with contributions from Brazil, Argentina, and hope
fully many other nations. It is the largest and most complex international project ever undertaken. 
When completed at the beginning of the next century, the ISS will provide scientists the first full-time, 
year-in year-out world-class set of laboratories ever built in space. 

1 993 : "The Space Stat ion is not a l ux
ury, any more than a med ical research 
center at Baylor Co l lege of Medic ine is 
a l uxury . . . .  P resent tec h n o l ogy on  
the  [Space] Shutt le  a l l ows for stays i n  
space o f  o n l y  about two weeks . . . .  
[On Earth] we do not l i m it med ical re
searchers to only a few hours in the lab
o rato ry a n d  expect c u res for cancer .  
We n eed much longer  m i s s i o n s  i n  
space-months to years-to obta i n  re
search resu l ts that may lead to the de-

ve lopment  of our knowledge a n d  
breakthroughs." 

The I nternational  Space Stat ion ( ISS)  
w i l l  provide sc ient ists with a fu l l -t ime 
laboratory in  space. 

Unlocking Secrets of Proteins 
There are more than 300,000 proteins 

in  the human body, and scientists know 
the structure of fewer than 1 percent of 
them.  Many are d i fficu l t  to artifi c i a l l y  
produce and study o n  Earth, because the 
protei ns'  weight d i storts thei r i n terna l  
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structure, so researchers have gone i nto 
space to study prote ins.  Using the spe
cial ized equ ipment that has been devel
oped for th i s  pu rpose, researchers can 
grow crysta l l i ne forms of prote i ns  and  
other biological substances there. 

Under the guidance of the NASA Cen
ter for Macromolecu lar Crysta l lography 
at the Un iversity of Alabama in B i rm ing
ham, d irected by Dr. Larry DeLucas, sci
entists have taken advantage of the mi
crogravity e n v i ro n ment of space,  to 

SPACE 



The ability of the Vapor Crystal Growth System equipment to grow protein crystals, 
seen here, was tested during the International Microgravity Laboratory Space Shuttle 
mission in early 1 992. 

produce superior protei n  crysta ls  to a id 
i n  research on cancer, d iabetes, emphy
sema, i m m u n e  system d i sorders, and  
other a i l ments. I n  seven years of  short
duration, space-based prote i n  c rystal 
growth experiments on the Space Shut
tle, the structu res of 3 0  prote i n s  have 
been defined. 

Delucas had fi rsth and  experi ence 
conduct ing exper iments i n  space, as a 
payload spec ia l i st on the fi rst U . S .  Mi
crogravity Spacelab mission in  1 992. 

The most advanced too l with wh ich  
scientists study the structure of  crystals  i s  
X-ray crysta l lography .  When passed 
through a crystal, X-rays produce diffrac
tion patterns that correspond to the loca
tions of atoms and of clouds of electrons. 
By combining patterns from d ifferent an
gles, scientists can determ i n e  the struc
ture of the crystal .  If the internal structure 
of the crystal is d isordered, as is often the 
case with gro u n d-based c rysta l s ,  a 
"fuzzy" pattern is produced. 

Insu l i n  is one of the crysta l s  that has 
been intensively stud ied i n  space, in  or
der to produce a more effective d rug for 
diabetics. Diabetes, the inab i l ity of the 
body to regulate blood sugar because of 
i neffective production of i n su l i n, often 
leads to serious complications, and is the 
th ird lead ing  cause of death i n  the 

Un ited States. An estimated 5 to 1 0  mi l 
l ion Americans suffer with Type 1 d ia
betes, where the immune system d i rects 
the body to k i l l  its own beta cel l s  i n  the 
pancreas. (Beta cel l s  sense sugar levels  
and produce insu l i n .) 

The Hau ptman-Woodward Medical  
Research Institute of Buffa lo New York 
i s  work ing with E l i  l i l l y  and Company, 
us ing data from space crystals  of human 
i nsu l i n  to design a d rug that w i l l  a l low 
the body to absorb insu l i n  more effec
tively. They hope patients wi l l  only need 
to i nject i nsu l i n  every th ree days or so, 
i n stead of one to three times a day. It i s  
expected that the "h ighs" and "lows" of 
b lood sugar levels  that d iabetics suffer 
in between injections wi l l  be smoothed 
out, e l im inating many of the debi l itating 
compl ications from the disease. 

"Space-grown crystals of 
insulin provide scientists with 

a view of its structure 
equivalent to seeing a grain 

of powdered sugar from 1 80 
miles away! "  

Space-grown crysta ls  o f  i n su l i n  pro
vide scientists with a view of its structure 
equ ivalent to seeing a grain of powdered 

This h igh-definition crystal of insulin 
was grown in 1 99 1 , aboard the Space 
Shuttle. With a detailed map of this 
complex protein, scientists hope to de
sign new treatments for this crippling 
disease. 

sugar from 1 80 mi les away! Detai ls  have 
been resolved down to 1 .4 angstroms, 
less than 2-m i l l ionths the width of a hu
man h a i r .  NASA has grown h u man i n 
su l i n  crystals  on two Space Shuttle mis-
sions. 

"What we're looking for, long-term," 
Dr. Marianna long, associate d i rector of 
the Center for Macromolecu lar Crystal
lography, exp la i ns ,  " is  a t i me- release 
formu lation of insu l i n . "  Insu l i n  comes in 
two forms, monomer and hexamer. The 
first i s  absorbed rap id ly  in the body but 
is not stable when stored.  D iabetics in
ject inactive hexamer molecu les, which 
grad u a l l y  d i ssolve to d e l i ve r  the 
monomers i nto the b loodstream to be 
absorbed. Insu l in  is so complex that even 
the hexamer form has  three d i fferent 
configurations. 

" Insu l i n  has this phenomenal property 
cal led a l l oster ism," commented Dr .  G .  
David  S m ith  from H a u ptman-Wood
ward : it can c ha nge its shape sponta
neously and sti l l  be the same molecule. 
One variation of insu l i n hexamer, T3 R3, 
s l ows down the d e l i very rate to the 
b loodstream, and could spread out the 
delivery of the monomers over time, pro
viding a stable blood sugar level for three 
or four  days. 
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High mutation rates of the influenza virus have hindered the devel
opment of new drugs or vaccines. Using data from space-grown crys
tals, shown here, researchers have mapped the virus's structure, and 
are designing drugs to bind with the flu's surface proteins, to prevent 
it from spreading to other cells. 

I n  1 994; on the STS-60 Space Shut
tle m ission, wel l-ordered crystal s  were 
produced d u ri ng e ight days in space . 
Work ing  under grants from NASA and 
the  N at iona l  I n st i tu tes of Hea l th ,  Dr .  
G.  David Sm ith  was the pr inc ipa l  i n 
vest i gator o f  t h e  expe r i ment .  X-ray 
c rysta l lograph ic  tec h n iques produced 
an except iona l l y deta i l ed map of the 
molecule in  the T 3 R 3  hexamer for m .  
Scientists pi  an to study the detai Is  o f  its 
structure, i n  order to design chemicals 
that wi l l  spontaneously generate T3 R3 
hexamers that are stab le  when stored, 
yet d i ssolve at just the right rate in the 
body. 

At least three years of research and tri
a l s  must fo l low before the new knowl
edge translates into i mproved therapies, 
DeLucas sa id  recently.  U lt imately, he  
sa id ,  "a more steady release of  the  in 
su I i n  may decrease the  compl  icat ions 
due to d iabetes." 

Treating a Host of 
Infectious Diseases 

I n  J u l y  1 997 ,  NASA 
flew the Microgravity Sci
ence Laboratory 1 (MSL-
1 )  mission, which was the 
3 5th fl ight for the space 
prote i n  c rystal growth 
progra m .  There were 
t h ree prote i n  crystal 
g rowth exper i ments on 
MSL- 1 , with a record 
number of 1 ,500 prote in  
crystal samples. DeLucas 
was the principal i nvesti
gator for the Vapor Diffu
s ion  Apparatus on the 
mission.  

The faci  I i ty processed 
1 1  d ifferent proteins in  80 
crystal I ization chambers. 
These i ncl uded two pro
teins related to Chagas's 
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Figure 1 
3-D1MENSIONAL PROTEIN STRUCTURE 

Proteins are long chains of amino acids, and 
these chains can assume several secondary 
shapes, such as a helix, a sheet, or a loop. Oe
picted here is a protein chain in the secondary 
structural form of an alpha-helix. A protein may 
assume several different global shapes, but the 
secondary structure of its various domains re
mains relatively stable, and the variation in glob
al shape results from the different possible ways 
of folding the domains together. 

X-ray crystallography of proteins reveals the 
overall shape and three-dimensional structure, 
which may appear to be irregular. Within this ir
regular appearance, there are other geometri
cally regular levels of organization that influence 
the global structure. 

Source: Courtesy of the estate of Irving Geis. Reproduced from Struc· 
ture and Action of Proteins (page 29) by Richard Dickerson and Irving 
Geis; ©1969 by Irving Geis. 
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d i sease, a trop ica l  d i sease that affects 
more than 20 m i l l ion  people i n  Lat in  
America, and  1 5 0,000 peop l e  in  the 
Un ited States. The space-based research 
is in col laboration with scientists i n  Ar
gentina, Brazi l ,  Chi le, Costa R ica, Mex
ico, and Uruguay. 

Chagas is a cripp l ing  paras i t ic  i n fec
tion carried by the blood-suck ing cone
nose ("ki ss i n g  bug"), and is i m mu ne to 
treatment. It wastes muscle t issue u nt i l  
the patient d ies. Scientists are grow i n g  
crystals o f  chemical specimens fou nd i n  
the rai n  forests, to fi nd a compound that 
blocks a key protein in  Chagas. 

i ng u pon the particu lar  strai n  
t h at i s  ta rgetted . T h e  d rug  
wou ld  not cure the f lu ,  but  i t  
would prevent the symptoms 
from gett ing  worse, a l lowing 
the i m m u ne system to' moQi
l ize aga inst the d i sease. 

Another d isease targetted for drug de
sign is influenza, which ki l ls  up to 20,000 
people a n n u a l l y  i n  the U n ited States 
alone. V i ruses have been described as 
"bad news wrapped i n  a prote in , "  and  
one key to  stopping a virus is to block its 
protein coating from a l lowing it to i nject 
itself into a healthy cel l ,  where it rep l i 
cates and then spreads to other cel ls .  Sci
entists have fou nd two prote i n s  on the 
surface of the flu virus that a l low the virus 
to escape from the cel l  and attack other 
cel l s .  A l though the v i ru s  m utates, to 
change its appearance and fool the im
mune system, these two proteins rema in  
unchanged. 

Scientists have a lso stud ied 
space-grown crysta l s  of 
Staphylococcus aureus, a ba"c
ter ium that is immune to most 
d rugs .  It was fou nd that t h i s  
staph has several amino acids 
on its surface which al low it to 
attac k  a ce l l ,  and  that i f  any 
one  a m i no ac id  i s  d i sabled,  
the ent i re mechan ism i s  d i s
rupted. The next step in  the re
search is  to design a drug that 
wi l l  mimic the cell's col lagen, 
and b ind to at least one of the 
s u rface a m i n o  ac ids  of the 
bacter ium,  which w i l l  keep it 
out of other cel ls .  

Tinh Trinh readies the space bioreactor for its first 
trip into space in 1 988. He is one of three patent 
holders for this technology. 

Researchers are now deve lop ing  an  
inhibitor that prevents the spread of  the 
virus to other cel l s .  It has been fou nd to 
b lock every stra i n  of the f l u ,  b u t  t h e  
amount o f  d r u g  needed varies depend-

In a May b r i efi ng  for re
porters on the I nternat ional  Space Sta
t i o n ,  at the  Joh  nson Space Center i n  
Houston, DeLucas gave a status report 
on market-viable drugs developed from 
data provided by space-grown crystals. 
Drugs that are currently undergoing tri
a l s, and are expected to be ava i l able i n  
the n e x t  two t o  s i x  years i f  they pass 
Federa l D ru g  Adm i n i strat i o n  tests, 
wou ld be used in  the treatment of psori
a s i s ,  contact dermat i t i s ,  rheu m ato id  

The difference in complexity observable between space-grown (left) and Earth
grown (right) crystals, is clear from these images. The crystal is of protein isocirate 
lyase, an enzyme that could be used to discover more potent treatments for crop 
disease. 

a rt h r i t i s ,  T-ce l l  l y m p homa,  f l u ,  and  
stroke. 

It took several fl ights, over a n umber 
of years, DeLucas exp la i ned, for scien
tists to learn the best methods for crystal 
growth . "Only  20 percent of the speci
mens flown succeed, partly because sci
entists are sti l l  learn ing the ideal growth 
cond it ions,  wh ich  vary with each pro
te i n ,  a n d  part l y becau se a two-week 
S h utt l e  f l i g h t  i s  o n l y  enough  t i me for 
some crystals to just start growi ng . . . .  
To determ i n e  a c rysta l ' s  structu re,", 
DeLucas sa id,  "you need a conti nuous 
supply, maybe even for an ent ire year, 
a n d  even more to d es i g n  a d r u g  that 
works with it .  We need a constant sup
p ly  of crystals to determine the three-di
mensional structure." 

The Opposition 
The exc i t i n g  resu l ts from the space 

crysta l l i z a t i o n  expe r i ments,  a n d  the 
great prom ise the fru i t  of that research 
holds for the near future, are not with
out pol itical crit ics.  The American Soci
ety for Cel l B iology, based in  Bethesda, 
Maryland, released a review of N ASA's 
l i fe sc i e n ces progra m ,  J u l y  9, w h i c h  
stated flatly :  " N o  serious contributions 
to knowledge of prote in  structures or to 
drug d iscovery or design have yet been 
made in space. Thus, there is  no justifi 
cat ion for a N ASA prote i n  crysta l l iza
t i o n  p rogram,  and t h i s  c o m m i ttee 
stro n g l y  recommends  that no f u rther 
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Figure 2 
SCHEMATIC OF ROTATING WALL VESSEL BIOREACTOR 

Shown is the electric motor that rotates the culture vessel, the pump drawing 
air from the chamber through a filer for the culture, the chamber where the 
tissue is grown, and the membrane-covered central shaft of the cylinder, 
which feeds the tissue and removes waste. 

funds be spent on crystal l ization of pro
teins  in space." 

The t iming of this incred ible report was 
not accidenta l ;  it was released just prior 
to Indiana Democrat Rep. Tim Roemer's 
annual press conference to call for termi
nation of the I SS, held th is  year on ju ly  
1 5 . Scientists fam i l iar with the  s ituation 
bel ieve that the only explanation 
i s  that the report was "pol it ical ly 
motivated," because it was based 
on no data, and is outside the area 
of scientific expertise of the soci
ety. 

Many sc ient i sts have refuted 
the soc iety's attack. As Delucas 
noted: "The key advantage of the 
ISS is the fact that we wi l l  be able 
to do sc ience a l l  year long.  We 
won't have just a g l impse at it, as 
we do with the  S pace Sh utt le .  
You put your experiment up there 
and  for a l o n g  period of t i me 
we' l l  be able to do successive ex
periments, j ust as we do here on 
Eart h .  That's the o n l y  way to 
make rapid progress in  any scien
tific fie ld." 
Growing 3-Dimensional Tissue 

s ions .  T issue and organs in the human 
body, of cou rse, grow i n  th ree d i men
s ions, and t issue grown otherwise does 
not rep l i cate many of the most impor
tant d i fferent iat ion,  i nterce l l u la r, and 
other characteristics of  human cells.  

The bioreactor, used for t issue cu lture 
experiments in space, has proven to be a 

rem a rkab le  research device both i n  
space, and i n  laboratories on Earth .  The 
device was developed by a team at the 
johnson Space Center, inc luding astro
naut David Wolf, and people in i n d us
try, i n it ial ly  to protect del icate cel l  c u l 
tu res for s p a c e  exper iments from t h e  
relatively h i g h  shear forces generated by 
changes in  the force of gravity dur ing the 
launch and land i ng of the Space Shuttle. 

In  an i nterview with this author (Exec
utive Intelligence Review, March 1 3 , 
1 998), astronaut David Wolf expla i ned 
that it was dur ing the down-time i n  the 
Sh uttle program, after the 1 986 C h a l 
lenger accident, (and seven years before 
he was an astronaut) ,  that efforts of the 
team to s i m u l ate m icrogravity on the  
grou n d  led to  the development of the  
b ioreactor. "Three of us  came up  with  
the approach to spin the  [ce l l ]  cu lture on 
the ground," Wolf explained, " in  a cyl i n
der  of c u lture med i a, l i ke b lood,  and  
bu i ld  a mac h i ne t h at acted as a heart
lung machine, a k idney, a digestive sys
tem-essentia l ly  bu i ld i ng a rud imentary 
art ifi c i a l  [ h u man]  body to support the 
cel ls that were growing i n  th is rotati ng, 
or spinn ing, cyl i nder." The ground-based 
device is cal led a rotating wal l vessel .  

T h e  ce l l s  are su spended i n  a fl u i d  
med i u m  that fi l l s  the cu lture chamber, 
with an  i n ner  co-rotat i n g  cyl i nder  that 
has  a membrane that a l lows nutr ients 

and oxygen to pass to the ce l l s, 
and waste products to be removed . 
Through rotation, the cel ls remain 
suspended, out  of  contact with the 
wa l l s  of the chamber, wh ich  cre
ates a constant state of free fal l .  
The ce l l s rotate a s  a so l i d  body, 
with m i n i ma l  d i s ru pt ive s h e a r  
forces produced. Us ing  t h e  rotat
ing wall vessel device on Earth, re
searchers have produced three-d i
mensional  h uman tissue up  to an 
inch and a half i n  size, with h igher 
fidel ity to in vivo tissue than cou ld  
be produced i n  any two-d imen
sional growth container. 

U nt i l  recently, sc ient ists and 
m e d i c a l  researc h e rs a i m i ng to 
u n derstand, treat, and cure, d i s
ease were l i m ited to look ing at 
tissue grown only i n  two d i men-

Astronauts Carl Walz and jay Apt analyze a bovine 
cartilage tissue sample grown in a bioreactor on the 
Space Shuttle. The experiment was then transferred, 
along with astronaut john Blaha, for a long-term stay 
on the Russian Mir space station. 

One of the purposes of produc
ing tissue outside the human body 
is to aid in the development of new 
d rugs for the treatment of d isease. 
In the past, new drugs were tested 
aga inst cancer cel l s  grown on the 
ground in  two d imensions on p las
tic, or in mice. But, as Dr. john jes
sup, at the U n iversity of Pittsburgh 
Med ical Center, notes, both these 
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NASA-Mir bioreactor Ground-based bioreactor 

Spherical, 
less dense, 

immature 
cartilage 

Mechanically 
weak but 

compressible 

Figure 3 

Disk-shaped, 
more rigid 
cartilage 

Mechanically 
stronger and 
less compressible 

CARTILAGE GROWN IN SPACE AND ON EARTH 
Bovine cartilage tissue grown on the Mir (left), and on Earth. The space-grown tissue was less mature and less dense than 
the ground-based tissue, seeming to mirror the effect microgravity has on the human body. Such tissue may be beneficial 
for transplant to patients on Earth. 

media are "poor representatives of the 
human system.  Drugs that k i l l  ce l l s  on 
plastic may not k i l l  cancer cel l s  in the 
patient." 

Jessup found that cancer cel ls  grown i n  
the laboratory i n  two d i mensions do not 
produce the substances that many colon, 
breast, stomach, and other cancers pro
duce in vivo, and because prote ins  and 
other substances bear on  the way can
cers spread throughout the body, better 
methods of tumor growth were requ i red. 
His cancer tissue experiment flew on the 
Space S hutt le  STS-70 m iss ion  in J u l y  
1 995,  wh i c h  was t h e  f i rst f l  i g h t  o f  the 
bioreactor techno logy carry i ng human 
cel ls .  In  on ly  a four-day fl ight, he found 
that the microgravity tissue was more vi
able than ground-based cu ltu res. 

3-D Model of Breast Cancer 
Dr. Jeanne Becker, Assoc i ate Profes

sor in the Department of Obstetrics and 
Gynecology at the U n ivers ity of South 
Florida, has been researc h i ng the char
acterization of three-d imensional  mod
els for breast and ovarian tumor growth 
using rotating wa l l  vessel m icrogravity 
technology. She has been very enthusi-

SPACE 

ast ic about u s i n g  the gro u nd-based 
b i o reactor tec h n o logy, because both 
ova r i a n  and breast cancers a re ex
tremely d ifficu l t  to cu lture outs ide the 
h u m a n  body .  Models of tumor growth 
based on t i ssue grown in the rotat ing 
wal l  vessel reactor are now being evalu
ated for their usefu lness in  testing sensi
tiv ity to chemotherapeutic and biologi
cal agents, inc luding hormonal therapy, 
which is particu larly important as treat
ment for breast and ovarian cancer. 

At a May 21 symposium sponsored by 
George Washington University in Wash
ington, D .C., titled "NASA Research and 
H u man Health ,"  Becker reported that 
she is studying why and how drug resis
tance develops against cancer, which i s  
the m a i n  problem with chemotherapy. 
She is a l so measur ing the hormone re
sponsiveness of tumors as they grow i n  
t h e  rotat ing wal l vessel-an effect that 
cannot be stud ied in t i ssue cu ltu red i n  
two d imensions. 

Becker has also made a most impor
tant d i scovery: She found that an ovar
ian tumor rlJade up in vivo of heteroge
neous  m ixed cancer ce l l s, when 

cultured i n  the bioreactor, repl icated the 
mixture of cel l s  from the or ig inal  tumor 
t issue, thus prov i d i n g  sc ienti sts with a 
h igh-fidel ity model of the actual cancer. 
Tumor  ce l l s  g rown in a conventiona l ,  
two-d i mens ional  fl ask, however, rep l i 
cated on ly  o n e  k i n d  of ce l l ,  a n d  the  
complexity of  the  tumor was  lost. 

A b i o reactor exper iment that at
tempted to dupl icate the growth of blood 
vessels i n  cancerous tumors was carried 
out on the last mission of U.s .  astronauts 
to the Russ ian M i r  space stat ion,  in the 
fi rst half of 1 998. Astronaut Andy Thomas 
was responsib le for th is  Co-Cult experi
ment (growing more than one ce l l  type 
together), which involved breast cancer 
cel l s  and a fib roblast l ayer, made up  of 
angiogenic cel ls that wi l l  form blood ves
sels. David Wolf said of the experiment: 
"These are two types of cel ls whose rela
t ionship is very critica l .  A tumor attracts 
b lood vessels  j ust to feed the cel ls, and 
this is a key area of cancer research." In
terfering with the vascu larization process 
in tumors cou ld  halt their growth. 

Although a problem arose in  Thomas's 
(Continued on page 79) 
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Wernher von B ra u n ,  to i n terest the  
public in  space exploration. 

In  1 984, S hepard, the other  su rviv
ing Mercury astronauts, and G u s  G ri s
som's widow, Betty, founded the Mer
cury 7 F o u nd a t i o n  in order  to ra i se  
scholarsh i p  money for scienCe and en
g i neeri ng  students. Shepard h i mse lf  
ra ised a h a lf-m i l l i on  d o l l a rs for the  
foundatio n ,  by  p lay ing  golf  wi th  en
thusiasts who hoped they  c o u l d  beat 
on the green the man who had taken 
two golf shots on the Moon .  

Shepard a l so p a rt i c i pated in  the  
Marsha l l  Space F l ight Center's Space 
Camp i n  H u ntsv i l le, Alabama. 

Alan S h e p'a rd d ie d  on j u l y  2 1  of 
leukem i a at age 74. Spea k i n g  of h i s  
death, Da�. G o l d i n  sa id : "A lan S h ep
ard w i l l  be remembereq, a l ways, for 
h is  accomp l ishments . . . .  H e  shou ld  
a l so be remembe red a s  s o m eh ow 
who, even i n  h i s  f inal  days, never lost 

'. Always looking toward the future, Alan Shepard met and talked with Boy 
from Franklin, Virginia, on :june 1 9, 1 96 1, a t  the NASA Langley Space Flight 
Center. 

-

sight of the future ."  than a month later, on Aug.  25. and i ntegrity that characterizes the best 
of what the space program is,  and �':'7:',. 
plains it accompl ishes what it does: 

. 
Sad ly, S hepard 's wife of more than What A l a n  Shepard eml:lOd i ed was 

50 years,  Lou i se', d i ed a l i tt l-e m o re .the spir it, ded ication,' sense .of h umor, 
. � . . ,J*�,:� '<��w� •. _. �"'�: ,,» 

New Biomedical Frontiers 
(Continued from page 77) 

Co-Cult experiment on M i r, where bub
bles formed i n  the bioreactor, this d id  not 
i nterfere with the growth of the t issue.  
(See photo, back cover.) 

Wolf poi nted out that u nderstand ing  
how tissue stimu lates the growth of  blood 
vessels is important for another reason :  
One aim of three-d imensional tissue en
gi neering is  to grow rep lacement t issue 
for diseased or in ju red t issue, and u lti
mately, to grow entire healthy organs for 
transplantation. To do this, the organ tis
sue wou l d  h ave to be a b l e  to a l so d e
velop its own vascular system. 

Cartilage Experiments 
Experiments us ing the bioreactor can 

also provide new i nsight i nto the effects 
of microgravity on the physiological sys
tems of space explorers . Dr .  L isa Freed 
of the Massachusetts I nstitute of Tech
nology, has been studying the growth of 
carti lage t issue, with the hope of pro
ducing engi neered t i ssue that  can  be 
used for rep lacement and  transp lanta
t ion. In September 1 996,  when astro
naut John B la h a  boarded M i r,  he 
brought with h i m  bovine carti lage cel l s  

to  be  grown i n  the bioreactor on the sta
t ion .  The type of cel l s selected for th is  
fi rst long-term bioreactor experiment, as 
noted by Dr.  Neal  Pel l is ,  Program Di
rector for B iotechnology Cell Science at 
the Johnson Space Center, can be found 
at any meat counter, because any cut of 
beef contains carti lage, the white fibrous 
tissue between the ribs. 

The bov ine cart i lage cel ls  stay a l ive 
up to two weeks after s laughter, Pel l i s 
sa id ,  and are very rugged, d u rable tis
sue, which is  why they were chosen to 
go i nto space. Less than two months af
ter the 1 0  carti l age samples arrived at 
M i r, and were placed in  the bioreactor, 
researchers reported that the samples 
were l a rger than  those i n  the gro u nd 
control  u n its .  But  there was a fi nd i ng 
that proved to be as important for peo
ple in space as for people on Earth : It is 
wel l  documented that astronauts suffer 
muscle atrophy in space, as wel l as ad
verse effects on bone and cart i lage. So 
when Freed found that her space tissue, 
g rowi n g  for about 1 40 days on M i r, 
proved to be mechan ica l ly  weaker and 
less dense than matu re cart i  l age ce l l s  
g rown on  Earth,  i t  was not surpr i s ing ;  
the bioreactor cartilage tissue seemed to 

be suffer ing from the same microgravity 
effects suffered by the astronauts. 

Space-grown tissue w i l l  a l l ow scien
t i sts to look at weakened cart i  l age for 
the fi rst t i me,  a n d  in d o i n g  so, cou l d  
lead to new solutions to the problems of 
the human adaptation to space. In addi
t ion,  Pel l is poi nts out, i mmatu re carti
lage grown in space may be found to be 
wel l su ited for transplantation,  because 
stu d ies i nd i cate i t  forms a better bond 
with existi ng cartilage. 

When astronaut David Wolf  reached 
the Mir space station in  September 1 997, 
b ioreactors had been flown aboard M i r  
for about a year. His  conclusion was that 
the previous experiments "verified that 
space is the absolutely ideal environment 
to unlock the secrets of the emerging field 
of t issue engineeri ng:  . . .  This type of 
work takes a whole team of researchers 
many years in the laboratory, and what 
we h ave [on M i rl i s  a s m a l l  a rea of a 
sma l l  space stat ion, with one astronaut, 
part t ime. We're rea l ly  in our i nfancy." 
When the ISS i s  operat ion,  real b reak
throughs w i l l  occu r, Wolf sa id .  "We' l l  
have more extensive faci I ities and con
tinuous time, for many years, in  the labo
ratory." 
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PEDAGOGY 

SPEC IAL FOR YOU N G  SCI E NTISTS 

Getti ng to the Square Root 
Of the Math Problem 
Part 2 

by E l ijah  C .  Boyd 

Before we jump into squares again,  let 
me q u ick ly rem ind you of what we 

covered in Part 1 ,  in the Spring 1 998 is
sue of 2 1st Century, p. 84. There, we d is
covered that the act of constructi ng a 
square, also involved the construction of 
the square roots of that  same square :  
Two s id es of a squ a re con nected at a 
corner (a lso ca l led a vertex), are the  
square roots . We d iscovered that  the 
term the square roots of a square identi
fies a concept, and  not a n u m ber, or  
even a series of  numbers. 

This geometrical identification of these 
two sides (as being the square roots), al
l ows u s  to see that this covers all the 
number-pairs (2 x 2, 3 x 3,  4 x 4, and so 
on,  as we l l  as the fract ions,  1 /2 t i mes 
1 /2 ,  and so forth) .  We a l so d iscovered 
that the l ine and the square may use the 
same numbers, but the numbers describe 
different geometrical objects, even if the 
numbers look the same. 

Now, l et us  take a c loser look at our  
second example from Part 1 :  2/3 x 3/4, 

3/4 

I-,-..j......,-+----l 

' ." . 
2/4 1,,_ ! ,;' " 
1/4 1,,+_ .� 

o '/3 2/3 3/3= 1 2 

which, we d iscovered is 6/1 2 .  We divide 
this up  into two pi les, 6 on one side and 
the 6 colored squares on the other side. 
So, we can say that 6/1 2 is also one half. 

The author (right) and friends, working on three-dimensional geometric construc
tions. 

But  wait! Someth i ng is a l i ttle  b i t  f ishy 
here. 

I n  our first example, where we mu lti
pl ied 1 /2 x 1/2, we started with a square, 
and we ended up with four  l ittle squares, 
with our answer being one I ittle square 

D 
Square Rectangle 

out of the four, or 1 /4, but, all the objects 
were squares. 

Here, we start with a square, and end 
up with 1 2  rectangles, and our answer, 
6/1 2,  or 1 /2 ,  is  a rectangle.  Now, how, 
exactly do we make a square, with a n  
area o f  1 /2 ?  Not a rectangle, as we have 
now, b u t  a squ a re with  the a rea 1 /2 ?  
What to do? 

I f  you find and read the story of poor 
Meno, and h is adventure with Socrates, 
you wi l l  see that we have the same prob-

2 x area 

? 
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lem that Meno, and the l ittle s l ave boy, 
had to tack le-we l l ,  a l m ost the same 
problem. We actu a l l y  have the i nverse 
of the Meno problem . Meno's problem 
was to start with one square and con
struct another one that is twice as large. 
In our problem, we are starting with one 
square, and we have to construct a new 
square that is half the size of the original 
square. 

Let's do this by attacking an even more 
interesting problem-the much d readed 
monster, (gasp) the Pythagorean Theo
rem. 

This one has been around for several 
thousands of years, and there are proba
bly many books i n  your l ib ra ry wh ich  
tel l  the  story of  Pythagoras, h i s  school, 
and his students. Some are fi l led with in
teresting d rawings and (sometimes) very 
complicated looking equations, and al
gebraic formu lae. B ut, let's just play with 
the essentials here. 

First, we wi l l  go back to the problem, 
1 /2 x 1 /2 ,  and p lace some new squares 
at our zero point, as in the figure. 

. 

Now, d raw a l i n e  from the bottom 
point marked 1 /2, up to the point marked 
1 /2 on the l eft s ide .  T h i s  new l i ne i s  
called a diagonal. The diagonal l i ne cuts 

o '/2 2/2 

our l ittle  square i n  ha lf  by making two 
triangles out of one l ittle square (whose 
area, we already know, is 1 /4). 

Perfect Squares from a Circle 
Let us pause here, and  make a "per

fect square"-by fo l d i ng up a c i rc le .  
Fi rst, we fold  it  i n  h alf, c reat ing  a l i ne 
called a diameter, which makes the c i r
cular area fold  over i nto a sem i-c i rc le .  
Then fold th is  semi-c i rcle i n  ha lf, creat
ing a second d iameter, 90 degrees from 
the first d iameter. If we open the c i rcle 
back up, we see a cross i n  the m idd le, 
formed from the intersection of the two 
d iameters. So, fo l d  the c i rc le  back up  

PEDAGOGY 

and lold  it  a th i rd ti me, across the arc, 
as sh )wn.  

N c  w, when you open u p  the c i rc le, 
you'l see inside it a perfect square-and 

fou r  triangles, and fou r  l ittle arcs of the 
c i rc l e  as borders to the s ides of the 

8�) 
squ a re. Are th i ngs becoming perfectly  
clear yet? 

� (3) 
Fold in half 

Now return back to our  fi rst square, 
with its two extra I ittle squares stuck to 
the "zero start ing poi nt, "  and with o u r  
diagonal l i ne drawn across the 1 /2 point 

(4) 
Fold again 

at the bottom, up to the 1 /2 point up on 
the left s ide.  We now complete o u r  
work, b y  drawing the other three d iago
n a l s  i ns ide  each of the other t h ree 

(5) 
Fold across the arc 

sq u a res-an d  see that the diagonals 
m a ke up a new square, i ns ide the fi rst 

�(6) 
Open 

squ are. What is the area of the square 
we made out of the d iagonals? 

N ow we can state the Pythagorean 
Theorem : If we arrange th ree squares in 
a tr iangle, with the sides of the triangle 

made up  by the sides of the squares-we 
may add the areas of two of the squares 
that are connected by a right (90-degree) 
angle, and that area wi l l  be equal  to the 
area of the thi rd square. 

The "easier" way of saying th is is "A 
squ a red p l us B squ a red equ a l s  ( 
squ a red. The "formu la"  is written A2 + 
B2 = (2, and is just another one of the l it
t le tricks of a lgebra, which can be used 

I� 
0 '/2 2/2 2 

1 
to a l low students to convince themselves 
that they do not possess the brainpower 
to become "real scientists" or participate 

i n  i mportant  matters of i ntel lectua l  
"heavy l i fti ng." I repeat: Parents beware: 
most textbooks a re entire ly m is lead i ng 
on th is account. 

2 

The most glaring and obvious problem 
is  that there a re no squares in the text
book examples-only algebra! 

B laauggggggggggugh! ' 
B ut, if we return to the circle, in wh ich 

we have inscribed a square, we can tame 
this l ittle monster with geometry. Let us 
cut  o u t  the sq u a re, a n d  then cut  the 
square along its d iagonals. Now we have 
fou r  t r iang les .  P l ace the square on a 
p iece of paper and  trace i ts out l i ne .  
Now, take  two of the  t r iangles and  
a rrange them i nto a sma l l  square, and 
arrange the remain ing two triangles i nto 
another square. 
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Now reconstruct the pattern, and write 
labels on the resu lt ing parts of our l ittle 
puzzle: Square A + Square B = Square C. 
If we look at the sides that touch, which 
make up the i nside triangle, we can cal l  
the s ide of the fi rst l i ttl e square a, the 
s ide of the second I ittle square b, and the 
side of the la rgest square c. Then,  re-

Square 
A 

Square 
B 

membering that the side of a sq uare is  
merely the border of the area enclosed 

a 
tJ2 b 

b 

by the square, and that the area was con
structed by dragging the side up to cover 
the su rface needed , that operat ion  i s  
written a2 . Now, we can go back  and  
see that in  our  very fi rst example, we can 
write 1 /2 x 1 /2 in this way: 1 /22, or one
half squared. 

'/4 

'/4 

Now we see what Al, or a2 (A squared) 
means. We also see that the whole for
mula A2 + B2 = C2 means cutting up two 
smaller squares and fitting them together 
to make a b i g  square from the l i ttl e  
pieces. 

Mathematicians, i nvestigate whether 
this is always true. It is not true that Al + 
B2 = C2 if we try to do this on a sphere! 
(To see why, read the a rt ic l e  " H ave a 
Ba l l  with  a Lenart Sphere, " by Susan 
Welsh  i n  2 1 st Century, Su mmer 1 997,  
Vol .  1 0, No. 2 ,  page 87). 

'/4 + '/4 = '/2 Side = ..f1T2  
1 + 1 = 2 Side = V2 

So, now we have tamed our monster. 
Or have we? Let's see if we rea l ly  have 
tamed this beast. 

'/4 '/2 3/4 1 V2 2 

The square root of 1 /2 is not an i nte
ger; 1 /4 in area is not equal  to 1 /4 of a 
l i ne. We are compi l ing a series of para-

2 
3 

2 

1 2  

1 

2 

V2 

4 
3 

'2 2 

doxes and en hanced perspectives for 
viewing numbers, and our ideas about 
what numbers (and our mental powers) 
are. 

To be continued 

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

1 .  "Meno," translated by W.K.C. Guthrie, in Plato, 
Gollected Dialogues, eds. Edith Hamilton and 
Huntington Cairns (Princeton: Princeton Univer
sity Press, 1 989). 
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BOOKS 

The Man ic Sun and Its Role  
I n  C l imate Change 
by Brian A. Tins ley 

The Manic Sun 
Nigel Calder 
London: Pilkington Press, 1 997 
Hardcover, 2 1 1 pages, $24.95 

The Role of the Sun in Climate Change 
Douglas V. Hoyt and Kenneth H. Schatten 
New York: Oxford University Press , 1 997 
Paperback, 279 pages, $29.95 

These two books a re reviewed to
gether beca u se they c o m plement 

each other i n  a curious way. Whi le  both 
d iscuss ev idence that so la r  activ ity, i n  
the form of violent events o n  the surface 
layers of the S u n ,  affects c l i mate on  
Earth, each book focusses on completely 
different mechanisms to account for the 
apparent Sun-Earth connection .  Th is d i 
chotomy brings out  the  uncertai nties i n  
the present u nderstand i ng of solar activ
ity i nf luences on c l i m ate, and  of the 
mechanisms i nvolved i n  global warmi ng 
i n  the 20th century, as part of a g reater 
uncertai nty in pred ict ing the amount of 
global warm i ng to be expected i n  the 
2 1 st century. The c l i m ate u ncerta i nties 
include the factors i nfluencing the radia
tion balance of the Earth, especia l ly  the 
effects of clouds. 

History of Solar Activity and Climate 
Hoyt and Schatten are solar physicists 

who have been immersed i n  the l itera
ture on so lar  act iv i ty a n d  c l i mate for 
many years. The Role of the Sun in Cli
mate Change is their review of the field, 
written for non-spec i a l i sts,  with 1 1 9 
black-and-white i l l ustrations and several 
tables and append ices. They descr i be 
centuries of observations of the face of 
the Sun ,  and  w h at th i s  h as revea led 
about solar act ivity.  They then d iscuss 
the i m p l i cat ions of more than a thou
sand papers, most of which have been 
published in the last two centuries, that 
report corre lat ions  between c l i m ate 
change on Earth and  the level of so lar  
activity. 

BOOKS 

. 

The m a i n  theme i n  Hoyt and Schat
ten ' s  book is the quest ion of whether 
these c l i mate changes, wh ich  i n c l ude 
decada l  changes in reg iona l  tempera
ture and  prec i p itat ion as wel l  as long
term changes in global mean tempera
tu re, can be the resu l t  of changes in the 
solar brightness. More exactly, they are 
c o n s i d e r i n g  changes in the rad ia t ive 
component of the Sun's output, known 
as total solar i rradiance, or the output of 
photons in the form of u l traviolet, v is i 
b le,  and infrared radiation, which is  the 
d i rect heat i nput of the Sun to the Earth. 
I t  has been spec u lated for at least two 
centu r i es that  the s o l a r  i rrad i ance i s  
variable and  affects c l imate, but on ly  in  
the last 1 7  years or so have there been 
rel iab le  i rrad i ance measu rements that 
beg i n  to defi ne a rel at ions h i p  to so la r  
activity. 
Sunspots As Indicators of Solar Activity 

H i storical solar  activity can be eva lu
ated i n  two ways. The fi rst, described in  
some detai l  by Hoyt and Schatten, is by 

mon itoring the number and appearance 
of the sunspots v is ib le at any one time. 
Records h ave been m ade by as
tronomers a l most d a i l y  for 400 years, 
and there i s  a wel l -esta b l i s hed cyc le  
wi th  average per iod 1 1  years i n  the  
number present. 

There are essent ia l ly zero sunspots at 
the m i n i m u m  of the cycle, and  1 00 to 
200 present in maxima in the latter half 
of the 20th centu ry. But the number at 
maximum varies on a t ime scale of tens 
of decades; for about 30 years around 
the turn of the 20th century, there were 
on ly  about 60 to 80 spots at maximum,  
and for about 50 years i n  the late 1 600s, 
there were hardly any spots to be seen at 
a l l .  T h i s  "Mau nder M i n imum" of so la r  
activity coincided with the  coldest part 
of a genera l l y  cool per iod i n  Eu rope 
known as the Little Ice Age. 

Cosmic Rays As Indicators 
The second way of eva luating h istori

cal solar activity i nvolves the solar wind 
and cosmic  rays, and is descri bed i n  
some detai l  by N igel Calder. Calder i s  a 
science writer who writes for general au-
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Images from Japan's Yohkoh spacecraft in The Manic Sun, p. 109 

X-ray images of the Sun at maximum activity in 7 99 7  (left) and with diminishing activity in 7 994 (right). The large, dark, rela
tively cool areas are the source of the steady solar wind; the bright features are hot and unstable active regions. Eruptions from 
active regions violently perturb the solar wind magnetic fields, and reduce the cosmic ray flux to Earth. 

d iences on the impl ications for humanity 
of new scientific results in astronomy, bi
o logy, and the geosciences. H is  hand
some book The Manic Sun is a journal is
t i c-sty l e  n arrative,  l av i sh ly  i l l u strated 
w ith co lor  a n d  b lack-and-wh ite pho
tographs and  d i agrams.  It i n c l u des re
markably up-to-date resu l ts from recent 
space m iss ions  a n d  c l i m ate a n a l yses, 
with a focus on cosmic rays and their  ef
fects. 

Calder gives excel lent descriptions of 
how the outer layers of the Sun generate 
the so lar  w i n d ,  which is an extremely 
hot (2 m i l i ionOC), h igh ly  conducting gas 
that flows outwards from the S u n  i nto 
the i n terste l l a r  med i u m  beyon d  the 
planets. 

Changes in the solar wind cause mag
netic storms and aurorae on Earth .  The 
magnetic field i rregu l arities embedded 
i n  the so lar  w i nd cause a var i ab le  
amount of attenuation of the  fl ux of cos
mic  rays comi ng into the Earth's atmo
sphere. The amount and strength of these 
i rregu larities of the solar wind magnetic 
fields increase with solar activity, so that 
the fl ux of cosm ic rays varies approx i 
mately inversely with solar activity. Cos
m i c  rays are extremely h igh energy nu
c l e i  of atoms that a re energ ized by 
supernova explosions i n  the ga laxy.  A 
variety of possible cosmic ray effects on 

clouds has been debated in the l iterature 
for at least 30 years, as alternative expla
nations for correlations of weather and 
cl imate with solar activity .  Cosmic ray 
particles have enough energy so that nu
clear reactions occur  as they enter the 
atmosphere and col l ide with atomic nu
clei in  a ir  molecules, producing �adioac
tive isotopes. The tra i ls  of ion ization they 
produce also permit the otherwise i nsu
lat ing air to become a weak conductor 
of electricity. 

Calder describes the detai led and rel i
able records of solar  w ind and cosmic 
ray f lux variations that are recorded i n  
the annual deposits of the carbon-1 4 ra
d ioisotope in tree rings, and of both car
bon-1 4  and beryl l ium-l 0 isotopes in an
nua l  layers of polar ice, wh ich  can be 
read i l y  retrieved as po lar  ice cores.  
These proxy records of solar activity go 
back for thousands of years. They agree 
with the sunspot records in the region of 
overlap, and provide a wealth of data on 
the long term variations of solar activity 
and cosmic ray flux. 

The tree rings and polar ice cores also 
provide d i rect records of regional  and 
g loba l  c l i mate cha nge, which can be 
compared with the record of so lar  
changes. Work by Eddy i n  1 97 6 1  
showed a t  least five cycles of correlated 
variations of cl imate and solar activity in  
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the last 1 ,000 years, as inferred from car
bon- 1 4 and sunspot records and a vari
ety of c l imate records. 

Correlations with Solar Activity 
I n  the 1 9 70s and  1 980s, m u c h  i m 

proved data bases o f  global c l imate be
came ava i l able in a form that cou l d  be 
readi ly analyzed by computers. Correla
tions with day-to-day changes in the so
l a r  w i n d  were shown by Roberts and  
Wi lcox and others.2 Some very convinc
ing correlations of atmospheric tempera
ture and pressure with the decadal solar 
cycle were shown by Labitzke and van 
Loon.3  The "l l -year" sunspot cycle  has 
only an average period of 1 1  years, with 
the actua l  period ranging from about 9 
years when the ampl itude of the cycle is  
h igh, to about 1 3  years when the ampli
tude is  low. 

In 1 991 , Fri is-Christensen and Lassen4 
showed a very stri k i n g  corre lat ion be
tween Northern Hem isphere land tem
peratu res and so lar  cycle lengths, from 
1 860 to 1 985. In 1 995, Lassen and Fr i is
ChristensenS extended the cyc le length 
and c l imate relat ionsh ip back to 1 600, 
using data from Chinese records, such as 
the earl ier or later arrival of spring. (This 
res u lt i s  d i scussed in deta i l  by Ca lder, 
but is not mentioned by Hoyt and Schat
ten, who give few references to papers 
after 1 993) .  
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Variations of cosmic ray flux at Climax, Colorado, showing the approximately in
verse relationship to sunspot number, another indicator of solar activity. In addition 
to the solar activity cycle of average length 7 7  years, the cosmic ray flux shows 
broader peaks at alternate solar minima, for a superimposed cycle, averaging 22 
years, as well as short-term decreases caused by solar eruptions. 

The corre lations of cycle ampl itude or 
length with regional  or global tempera
ture pr ior to the 20th centu ry-that is ,  
before any significant r ise in  greenhouse 
gas concentrations-al l ow one to esti
mate how much of the 20th century rise 
in global mean temperatu re can be at
tributed to a purely solar effect ( irrespec
tive of the mechanism). A number of in
dependent  stud ies  i n d icate t h at 
essentia l ly a l l  of the warmi ng up to 1 970 
(about 0.3°C) can be attributed to the ef
fects of solar activity, but that the warm
ing (about O.3°C) s ince 1 970 could not, 
and is presumably caused by greenhouse 
gases.6 

The 1 99 1  study of Fr i i s-Ch r i stensen 
and Lassen suggested that  even the in
crease after 1 970 was due to solar activ
ity, but this is  in confl i ct with the other 
stud ies.  Also, a recent ana lys i s  by van 
U lden and van Doo r l a n d 7  c o n c l udes 
that the method used by F r i i s-C h r is
tensen and Lassen to est i mate the solar 
cycle length is  unrel iable after 1 975 .  Un
fortunately, Ca lder  has  accepted the  
Fri is-Christensen and Lassen resu lts un
critica l ly, and uses th is  as an  a rgument 
that the h u m a n  prod uct ion of g reen
house gases has  had s m a l l  i m pact on  
global c l imate compared to  solar  activ-

ity. By contrast, most of the atmospheric 
sc ient i sts that have been eva l u ati ng 
greenhouse gas effects and contributing 
to the I ntergovernmental Panel on C l i 
mate Change reports o n  c l imate change 
have been mai ntai n ing  that any effects 
of solar activity on global warming in the 
2 0th  century a re sma l l  compared to 
those of human activity. 

Possible Mechanisms 
The major stu m b l i ng b lock for gen

eral acceptance of the above resu l ts 
po int ing to s ign ificant solar activity ef
fects on  weather and c l i mate i s  that i t  
has  not been poss i b l e  for sc ient ists to 
reach  agreement on the mec h a n i s m .  
H oyt a n d  Schatten d iscuss solar i rrad i
ance as their only serious cand idate, but 
point out a number of problems and in
cons istenc i es with th i s  i nterpretation,  
and come to no fi nal  conclus ion .  They 
are not even prepared to say whether 
they consider that the correlations rep
resent a real physical response to so lar  
activity, rather than an accidental coin
cidence of i ndependent variations. One 
of the problems is  that the solar  i rrad i
ance variations, as measured during the 
last 1 7  years by sate l l i tes, and also as in
ferred from astronomical measurements 
of changes in Sun-l ike stars, produce ef-

fects between a factor of 2 and 1 0  too 
smal l ,  when used as i nputs in global c l i
mate models. 

Hoyt and Schatten choose not to d is
cuss a lternative mecha n isms as a sol u 
tion to these problems. They d o  not refer 
to the l iterature on  changes i n  solar u l 
trav i o l et rad iat ion  affect i ng g l obal  
ozone. Th is  acts as a greenhouse gas and 
is a mec h a n i s m  for c l i mate c h a nge.8 
O n l y  in a br ief sect ion do they refer to 
" n on - ra d i at i ve methods by w h i ch the 
Sun  cou ld  affect weather and c l imate," 
describing them as "compl icated mech
anisms." Although they include 30 pages 
of references a n d  b i b l iography u p  to 
1 993 ,  there is no d iscussion of work on 
short-term (day-to-day) responses of at
mospheric temperature and dynamics to 
solar wind changes,2,9 which can be un
derstood on ly  i n  terms of non-radiative 
mecha n i s ms, such  as those i nvo l v i ng 
clouds.lO 

Cloud Cover Variations 
I n  1 99 7 ,  Svensmark and Fr i is-Ch r is

ten se n 1 1 p u b l i shed the  resu lts of an  
ana lys is  that showed a stri k ing correla
tion between low lat itude c loud cover 
changes and cosmic ray flux changes for 
the period 1 984-1 991 . The cloud cover 
was 3 to 4 percent g reater at su nspot 
min imum (cosmic ray maximum) than at 
sunspot max imum.  Calder p laces much 
emphas is  on this resu lt .  The change i s  
large enough t o  produce i mportant c l i 
mate effects, b y  changing the amount of 
solar rad iat ion that is reflected back to 
space, i n stead of reach i ng the su rface. 
When a correspond ing cloud cover de
crea!ie is  related to the i ncrease in solar  
activity d u r ing  the 2 0th centu ry, it i s  a 
large enough effect to account for a l l  of 
the observed global warmi ng. 

H owever, a cr i t ica l  exa m i n at ion  of 
th is  resu lt aga i n  raises many uncerta in
ties. Kuang, J iang, and Yung1 2 have ana
lyzed the same cloud data, and although 
they confirmed the 3 to 4 percent varia
tion of c loud a rea, they found  that the 
c l o u d  opt ic a l  th i ck n ess (affecti ng the 
fraction of backscattered I ight) decreased 
when the c loud area i ncreased, so that 
the  a m o u n t  of reflected su n l ight ,  a n d  
hence effects on global temperature, re
mained approximately constant. 

Also, the changes in cloud area corre
l ated to some extent with the EI N i iio
Southern Osci l l ation I ndex. An analysis 
over a cons iderably longer period than 
the less than one solar cycle exam ined, 
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wil l  be requ i red to clearly separate cos
m i c  ray effects from other  sources of 
cloud cover variations. 

N e i ther  Ca lder  nor Svensmark and  
Fr i is-Chr istensen add ress the  deta i l s  of 
a n y  mec h a n i s m  by w h i ch cos m i c  ray 
particles might affect clouds, or the vari
ous objections that have been raised i n  
the l iterature concerning the poss ib i l ity 
of a d i rect effect. The product ion of 
cloud droplets in a Wi lson Cloud Cham
ber by cosm i c  ray part ic les  is wel l 
known, and is described by Calder as if 
it were app l i cab le  to the atmosphere. 
However, the air in  the chamber must be 
supersaturated by several hundred per
cent before d ro p l ets wi l l  form around 
the ions, and the supersaturation i n  the 
atmosphere is  almost always less than 2 
percent. 

Indirect Cosmic Ray 
Mechanism Needed 

An indirect mechan ism for cosmic ray 
effects on c louds  is ca l led for .  Such  a 
mechan i sm has been developed by the 
author of this review, in a series of pa
pers begi n n i ng in 1 99 1 ,9, 1 0  and i t  i n 
volves changes i n  c louds b y  a process 
cal led e lectrofreezi ng, that is, the freez
i n g  of a l ready exist i ng  l iq u i d  d rop lets 
that a re below OCC i n  temperatu re. I n  
th i s  hypothes i s, the rate o f  freez ing  i s  
corre lated w i th the acc u m u l at ion  of 
electrostatic charge on the d roplets at 
the tops of c louds.  Charge is  known to 
flow down from the ionosphere, which, 
on average, i s  250kV pos it ive with re
spect to the su rface, w i th the cu rrent 
dens ity being determ i ned not o n l y  by 
cosmic ray ion ization, but by relativistic 
e lectron prec i p itat ion from the Earth's 
rad iation belts, and also by other so lar  
w ind  i n puts affecti ng  the ionospher ic  
potentia l .  

The cu rrent dens ity, which i s  a few 
p icoamperes per square meter, is de
noted as Jz ,  with the  z i n d icat i ng  the 
vert ica l  d i rectio n .  The Roberts effect, 
w h i c h  is a short-term decrease i n  the  
vorticity of  Northern Hemisphere winter 
storms, is assoc iated with a short-term 
decrease in the cosmic ray flux as a so
lar eruption i ntroduces magnetic i rregu
larit ies into the solar  wind .  The reduc
tion of cosmic ray fl ux and atmospheric 
conductivity produces a correspond i ng 
decrease i n  Jz.  

The Wi lcox effect is  a very s imi lar de
crease in the vorticity of winter storms, 
but i t  i s  not associated with systematic 

cosmic ray flux changes. It is, however, 
associated with decreases in J z, appar
ently caused by decreases i n  relativistic 
e lectron flux and the associated 
B remsstra h l u n g  X-ray fl u x  i nto the 
stratosphere . 1 3  Changes i n  atmospheric 
temperatu re and dynamics associated 
with  s ix  i ndependent var iat ions in J z  
were reviewed b y  this author i n  1 996,9 
with two of them being i ndependent of 
cosm ic ray f lux changes. These resu lts 
are consistent with an i n d i rect cosmic  
ray effect, but not a d i rect one. 

Uncertainty in Cloud Physics 
Freezing of droplets in clouds is a fun

damental process lead ing  to prec ip i ta
tion and cloud d iss ipation, but it is  one 
of the least wel l  understood areas i n  me
teorology, and that of e lectrofreez i n g  
processes i n  clouds has even more u n
certa inties. There are a number of can
d id ates for spec if ic  e lectrofreez i n g  
processes that have been d i scussed i n  
the l i terature,9, 1 0  but s o  far, a defin it ive 
account of one appl icable to the atmo
sphere is not avai lable. Current work on 
some promis ing processes seems l i kely 
to provide such an account i n  the next 
few years-if support for the research 
can be found .  I t  cou ld  have i m portant 
consequences for meteoro logy gener
al ly, as wel l  as for the question of solar 
i nfl uences on global warmi ng. 

Another important uncertai nty in pre
d icting future global warm i ng is  the ef
fect of su lfate aerosol s  from human in
dustrial activity on clouds. The aerosols 
act as condensation nuclei ,  and increase 
the number of cloud d roplets wh i l e  re
ducing their size, which increases the re
flectivity of the clouds. The uncertainties 
in eva l uat ing t h i s  coo l i n g  effect have 
been found to be larger than previously 
thought, 1 4  so that aerosol cool i ng cou Id 
be cance l !  i ng out much of the  green
house gas warming from the same indus
trial activity. 

Conclusions 
Calder  c l a i m s  that so lar  effects on  

g loba l  warm i n g  a re c l ear,  caused by 
changes i n  the fl ux of cosmic rays, and 
large enough to i nva l id ate the work of 
others, who attribute most of the warm
ing to human effects. Hoyt and Schatten 
d iscuss much evidence for solar bright
ness changes and for apparent effects on 
c l imate, but come to no firm conclusion 
as to whether they are real .  This review 
has argued for the role of both solar vari
ab i l i ty and h u man effects on g loba l  
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warming, but has poi nted to the many 
remain i ng uncertai nties, especia l ly con
cern ing clouds, that need to be resolved 
before rel iable pred ictions can be made 
of the amount of g lobal  warm ing  to be 
expected in the 21 st century. 
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tive in a number of international scien
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A New Look at Post-Polio Syndrome 
by Katherine Ransohoff N otley 

The Post-Polio Syndrome: Advances in 
the Pathogenesis and Treatment 
Marinos C. Dalakas, Harry Bartfeld, and 
Leonard T. Kurland, Eds. 
New York: The New York Academy of 
Sciences, 1 995 
412 pages, hardback, $1 00 

Post-pol io  syndrome occu rs i n  some 
ind iv idua ls  who were str icken with 

paralytic pol i omyel i t is, and who, after 
an average of 30 years of sta b i l ity and  
sometimes complete apparent recovery, 
undergo new symptoms of fatigue, joint 
and muscle pa in ,  fu rther weake n i n g  i n  
affected musc les,  a n d  new weakness 
even in  unaffected or recovered muscles 
(referred to as post-pol io muscular  atro
phy) . Some have new prob lems wi th 
breathing and swal lowing (dysphagia). 

Th is book is comprised of papers sub
mitted to a conference on the subject i n  
Apri l  1 994, a n d  is  clearly not meant for 
the layman.  Nonetheless it offers much 
insight to those who suffer from, or are at 
risk, of this syndrome. I recommend it to 
laymen who have had pol io, because, in  
general the authors a re optim i sts, who 
avoid some of the "psycho-babble" pit
fa l l s  of ear l ie r  mater i a l .  It is not " I i ght 
read ing/, but it is "en l ightening." I n  the 
gecade or so that I have fol lowed the l it
erature, + was gratified that this book an
swered many of the questions I had had. 

When post-pol io  syndrome, specifi
cally the new muscle weakness, first be
came a topic of concern, frighten ing hy
potheses included whether it was some 
accelerated form of an  ag ing  process, 
whether the d i sease itself was return i ng 
to strike its once-tr iumphant victims, or  
whether i t  was a slowly progressive, non
fatal form of amyotrophic lateral sclero
sis (Lou Gehrig's d isease). All were mer
cifu l ly disproven . 

What Is Known 

In the recovery phase of acute para
lytic pol io, motor neurons that a re u n
damaged, or sl ightly damaged, sprout to 
reinnervate nearby muscles whose mo
tor neurons have been k i l led or severely 
damaged. Researchers, led by Mar inos 
Da lakas at the N at iona l  I n st i tutes of 
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Health,  d iscovered that new weakness 
tended to occur  roughly 30 years after 
pol io (regardless of age during the acute 
i l l ness), when overextended motor neu
rons,  i n nervat i n g  ever- la rger musc le  
groups, "gave out ."  It was i n it i a l l y  not 
c lear  why these neurons wou ld  them
selves succumb, and comparative stud
ies on aging controls (normal ly, ind ivid
uals beg in  to lose motor neurons about 
age 60)  o n l y  made the question more 
perplex i n g :  Desp ite the loss of motor 
neurons,  i n d iv idua l s  over 60 show no 
progressive muscle weakness. 

Several papers i n  th i s  vo lume docu
ment that, i n  fact, the affected muscles of 
post-pol io victims are being reinnervated 
and  denervated constantly, wh ich  im
pl ies that, in  time, remain ing motor neu
rons become overextended, especial ly if 
they were subc l i n ica l ly  damaged in the 
acute d isease. Such a process would also 
accou nt for the fact that muscu lar  atro
phy can strike l imbs that, to a l l  appear-

: ances, had been u naffected, as wel l  as 
those that, to a l l  appearances, com
pletely recovered fu l l  strength. That sti l l  
does not exp la in  why these motor neu
rons are dying in  the first place. 

Th is  book is the first I have read, that 
addresses the question of subclinical ef
fects of the acute i l l ness: S imply put, dur
ing epidemics str iking up to 50,000 indi
v i d u a l s, med ica l  concern centered on 
restoring atroph ied l imbs, providing ven
ti lation (the infamous " i ron lungs"), and 
the long road to rehah i ! i ta t ion .  In part, 
because patients who survived the acute 
i l l ness, progressed in their  therapy and 
stab i l i zed, someti mes to fu l l  recovery, 
there was no u rgency to i n vestigate 
whether there m ight a l so be problems 
with w h at cou ld n't be see n .  Now, be
cause of advances i n  d i agnostics,  the 
subc l i n ical damage can be tagged, even 
decades after the d isease has left. It is ab
solutely to the credit of these researchers 
that they were never satisfied with cata
logu ing the mechanics of the phenome
non,  b u t  con t i n ued to d ogged l y  seek 
why it was occurring. There is a sense of 
optim i sm-patient i mpatience-i n  the 
contri but ions  to t h i s  book, that I have 
not seen i n  other papers, over the years. 

Individualizing Rehab and Exercise 
Another element to the post-pol io syn

drome, less devastating than the muscle 
atrophy, but a lmost un iversa l ly common 
and sti l l  qu ite deb i l itati ng, is  the wear
and-tear on soft t i s sues,  j o i nts, other 
muscles, which must compensate for ar
eas of para lysis. There are many papers 
that address various types of rehabi l ita
tion therapy, in order to m in imize further 
damage, and in some cases, reverse it. 

One of the best papers I have ever 
read that covers both elements of what is 
now c a l led post-po l i o  syndrome, ap
pears i n  this book, "National Rehabi l ita
tion Hospita l  L imb Classification for Ex
ercise, Research ,  and C l i n ical Tr ia ls  i n  
Post- Po l i o  Pat ients," b y  L a u ro S .  H a l 
stead, Anne Carrington Gawne, a n d  Bao 
T. Pham. As the authors point out, when 
faced with weaken i ng musc les, the in i 
t i a l  react ion was to avo id  overstress, 
mea n i n g  "either no  exerc ise or, at the 
most, very l i m ited exercise. II 

What H alstead (who, h imself, suffers 
from post-pol io muscu lar atrophy), et a l .  
point  to, however, is  that carefu l l y  tai
lored exercise regimens are effective i n  
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treat ing and even revers ing some com
ponents of the syndrome as a whole. "It 
is now becoming clear that new muscle 
weakness in many persons may have a 
reversible or 'treatable' component that 
responds we l l  to certa i n  types of exer
c i se.  However," they stress, "it i s  a l so 
c lear  that the same exerc i se program 
cannot be prescribed to each ind ividual 
because the extent of involvement and 
possibly the cause of new weakness may 
vary from ind ividual to i nd ividual as wel l  
as from l imb to l imb with in  the same per
son ."  

I n  order  to  expand such necessary 
"customizing" in rehabil itation and exer
c ise, the team developed "a l imb-spe
cific exercise classification to make exer
cise prescriptions . . .  more rational and 
systematic .  In addition, it is  anticipated 
that such a c lassification wou ld be very 
usefu l i n  c l i n ical  research tri a ls  test ing 
the i mpact of var ious medicat ions or  
new exerc i se protocols .  I t  i s  our  hope 
that use of this classification wi l l  give us 
a common language and make it possi
ble to compare more accu rate ly  the re
su lts of d i fferent types of i nterventions 
appl ied to the same c l ass of l i mbs-i n 
other words to compare l i ke with l i ke." 

To order these books, (24hrs, 365 days) 
please call (800) 962-6651 (Ext. 3800) 
or visit us at http://www.booksnow.com 
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