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EDITORIAL 

Go Nuclear! 
If the United States is to survive as an industrial nat ion, 

we must go nuclear—and we must do it aggressively and 
fast. The only way to accomplish this is to mass produce 
standardized, medium and small-size modular nuclear units, 
using advanced reactor designs. 

The reason for going nuclear is not the yet-to-be-proven 
greenhouse effect—although many of the people who bur
ied nuclear power are now calling for its exhumation to 
save them from the warming of the atmosphere. The fact is 
that unless we begin now to mass produce nuclear power 
plants, it wi l l not be possible to sustain any real economic 
recovery in the United States. Wi thout nuclear energy, it 
wi l l not be possible to have anything remotely resembling 
our current l iving standards here, nor wi l l it be possible to 
prevent much of the world 's populat ion f rom succumbing 
to starvation and death. 

Electricity use is increasing at 4 percent per year nation
wide, and more in some regions. The conservation and 
austerity-motivated projections of the Carter years for 2 
percent electricity use growth rates up through the year 
2000 are far short of the mark. Unless we add to the power 
grid in the early 1990s—that's in the next five years—Amer
icans wi l l be thrown into the abysmal condit ions of the East 
bloc or of the developing sector, where there is little indus
try and where domestic electricity is so irregular that one is 
never sure if there wi l l be enough power to boi l water. 

As this issue's special report spells out, the only reason 
this nation has not been subject to more widespread 
brownouts in 1988 is that depression condit ions and the 
shutdown of heavy industry have cut down the real de
mands for power in an industrial nat ion. 

Mass Production 
Mass product ion of nuclear plants means designing and 

equipping factories to turn out on an assembly line num
bers of standardized, modular, medium-sized nuclear re
actors that wou ld be transported by rail, t ruck, or barge to 
prepared plant sites. It also means licensing a standardized 
design, so that each nuclear plant does not have to go 
through a lengthy licensing process. 

There is no problem in readying the science and engi
neering to produce such modular nuclear reactors. The 
problems are strictly pol i t ical: We have to overthrow the 
tyranny that kil led this efficient source of energy in the 
1970s and 1980s by turning routine seven-year plant con
structions into costly fifteen-year nightmares. 

Once the wor ld leader in developing civilian nuclear 
technology—from reprocessing, to reactor design, to fuel 

breeding—this nation has now taken a back seat. We are 
the only nuclear nat ion, in fact, that does not reprocess 
spent fue l , but stockpiles it instead (as a target for environ
mentalist propaganda). 

The United States has 35 years of experience wi th com
mercial nuclear power here and abroad. Al though we have 
the largest number of nuclear plants in any one country 
(106), this represents by no means the largest ratio of nucle
ar-generated power to total power. Here nuclear in 1986 
was about 16 percent of total power produced. Western 
Europe, in contrast, is 30 percent nuclear, w i th France lead
ing the wor ld at 65 percent. 

A Nuclear Renaissance 
Although the U.S. nuclear industry is now half-dead, the 

situation can be reversed. What's required is an unequivo
cal presidential policy statement on the necessity of going 
nuclear and the setting up of a presidential panel to plan a 
crash program for a nuclear renaissance. This includes a 
public education program that stresses the facts about nu
clear power and an adequate research budget for all the 
advanced nuclear technologies, for university research, and 
for training nuclear industry workers. 

Immediately, we can br ing on line the more than 14 giga-
watts of nuclear power now stalled in construction or licen
sing. Simultaneously, factories must be geared up to turn 
out quantities of standardized plants. In order to reap the 
benefits of shop fabrication, these nuclear plants have to 
be smaller in capacity than the typical 1,000-megawatt plant 
of today. The loss of the tradit ional economy of scale 
achieved by constructing larger plants is compensated for 
by the cost savings f rom assembly-line product ion, stand
ardization, sharing of facilities as two or more modular units 
are grouped together, shorter lead times for complet ion, 
and reduced financial risk. Further, experience f rom Navy 
reactors and other small mobile reactors suggest that there 
wil l be addit ional savings f rom the greater reliability of 
smaller reactors. 

In addi t ion, there wil l be cost savings f rom the use of new 
nuclear technologies under development, like General 
Atomic's high temperature gas reactor or General Electric's 
PRISM, a new modular breeder reactor, and, of course, 
fusion energy. 

If we start now, the factories can be ready in three years, 
and the first nuclear plants can roll off the assembly line in 
five years, ready to be installed at prepared construction 
sites. The alternative—not going nuclear—constitutes an 
immeasurable risk to the future of humanity. 
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NEWS BRIEFS 

SPACE SCIENCE TECHNOLOGIES CAN FEED THE WORLD 
21st Century Editor-in-chief Carol White led a panel on using new technolc-

gies to increase food production at the founding conference of the internation; I 
Food for Peace organization in Chicago, Sept. 4-5. "A serious national commil-
ment to colonizing the Moon and Mars would involve assembly-line productio 1 
of modular nuclear power plants and the rapid development of fusion power, 
White said. With these energy technologies we could increase world productio i 
for feeding 50 billion on Earth, she said. Joining White on the panel were Di. 
Frank Salisbury, a plant physiologist working on growing food on the Moon, 
and Dr. Martin Welt, a pioneer in food irradiation. 

INERTIAL FUSION PROVEN FEASIBLE, LLNL PHYSICIST TELLS CONFERENCE 
Dr. Erik Storm from Lawrence Livermore National Laboratory's inertial conl-

finement program told an international conference in August that a bomb|-
ignited experiment with the X-ray laser was used to demonstrate that a certai 
X-ray pulse could ignite the fusion process. Storm was participating in the annua]! 
Erice conference in Sicily on nuclear technologies. 

FORMER VENEZUELAN PRESIDENT PROMOTES FUSION AS SOLUTION 
Gen. Marcos Perez Jimenez, who served as Venezuela's president in tht 

1950s, promoted fusion power as the solution to the energy crisis in an intervievj' 
Aug. 30 with Elite magazine. "My government had reached the conclusion—a 
did the Shah in Iran before he was overthrown by Khomeini—that oil is mom 
valuable as a basic resource for petrochemicals than as a fuel," the general said 
"Man has succeeded in testing hydrogen explosions and . . . is working activel'' 
to achieve a controlled explosion that . . . will permit us to have a [source of 
controlled, inexhaustible, clean, noncontaminating energy." 

INDIA TO OPEN NEW ASTRONOMY AND ASTROPHYSICS CENTER 
An Inter-University Center for Astronomy and Astrophysics will open in Jul 

1989 in Poona, India, part of the government's decision to make astronomy anijl 
astrophysics a priority. The center, to be headed by Dr. Jayant V. Narlikar, wi 
conduct basic research and have an extensive visitor program. Narlikar is widel ' 
known for the Hoyle-Narlikar steady-state cosmology and the theory of confor 
mal gravity that he and Sir Fred Hoyle developed. "I think the cosmological issui i 
is quite open and one should try different approaches to see their limitation i 
and capabilities," Narlikar told 21st Century. 

ARGONNE LAB STUDY SHOWS MARIJUANA DAMAGE TO IMMUNE SYSTEM 
Smoking marijuana may damage the body's immune system by preventing 

the development of certain white blood cells, according to an in vitro study b' 
researchers at Argonne National Laboratory. The weakened immune system may 
then make the marijuana user more susceptible to disease, said Dr. Elieza 
Huberman, who coordinated the study. Although the depression of the immun* 
system was known to be an effect of smoking marijuana, scientists did not knov 
why this happened. In the Argonne research, cell cultures were inoculated witr 
the main psychologically active substance in marijuana, tetrahydrocannabino 
or THC. The cells did not develop to maturity, and the higher the concentratior 
of THC, the more severe the effect. The next step will be to test humans. 
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Philip Ulanowsky 

Carol White at the podium of the Food 
for Peace conference. Seated are (from 
left) Jonathan Tennenbaum, director of 
the European Fusion Energy Founda
tion, Martin Welt, and Frank Salisbury. 

Monocyte development 

Intermediate 

Mature 

Argonne National Laboratory 

Marijuana derivatives such as THC 
stimulate early development of mon
ocyte blood cells but prevent them 
from completing the maturation pro
cess, thus damaging the immune sys
tem. 
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The 
Lightning 
Ro8d 8 

My dear fr iends, 
Recently, the Soviet cultural journal 

Literaturnaya Cazeta expressed the 
wish that " the fate of the wor ld wil l be 
taken up by the two Michaels." That 
reminded me of a litt le fable. 

Once upon a t ime there was a boy 
named Michael—or maybe there were 
two boys. At any rate, there was a Bad 
Michael and a Good Michael. They 
were very dif ferent, but sometimes 
people said it was hard to tell them 
apart. (Maybe they were Siamese 
twins.) 

Good Michael was very concerned 
that people have clean, safe energy, 
use it wisely, and not have to pay too 
much for it. At least, that's what he 
said. 

Bad Michael wanted all the energy 
he could get, any way he could get it. 
He only cared about power. 

Good Michael was fervently op
posed to power—especially nuclear 
power. 

"We tr ied that once, " he explained. 
"We built our nuclear power plants 
wi th all these expensive safety sys
tems, in case anything went wrong . 
Then, one day, it d id . And we had to 
use the safety systems! What if they 
hadn't worked? I was terr i f ied." 

From then on , as far as Good Mi 
chael was concerned, all nuclear plants 
had to have catastrophe plans for when 
the safety systems didn' t work . How
ever he refused to participate in draw
ing up the plans. 

"What's the point of planning for a 
catastrophe?" he demanded. "That's 
just throwing money away. Besides, 
anything that's used to bui ld bombs 
has to be bad." 

Bad Michael hated nuclear bombs 
and missiles even more than Good Mi 
chael—he said. (However, when it was 
proposed that a new technology be 

used to "render nuclear weapons im
potent and obsolete," Bad Michael ob
jected violently. And Good Michael 
agreed wi th h im. You can see why peo
ple were sometimes confused.) 

Meanwhi le, Bad Michael bui l t nu
clear power plants like mad. One of 
them tu rned out to be a real bomb—i t 
blew up. (Just like Good Michael , Bad 
Michael d idn' t believe in safety sys
tems—so he hadn't built any.) 

"That does i t ! " Good Michael ex
claimed. " I 'm not go ing to le tany more 
of these dangerous things be built in 
my backyard." 

"I completely agree wi th your deci
sion," said Bad Michael, who went right 
on bui ld ing nuclear power plants in his 
own backyard and everybody else's, 
the same way he always had. 

Whereas Good Michael went back 
to the tr ied and true, tradit ional meth
ods of energy product ion—water 
wheels, sun-baked rocks, campfires, 
and other backyard generators. 

" I 've still got the first w indmi l l I ever 
owned , " he bragged. 

Unfortunately for Good Michael, 
things don' t always work out the way 
they're supposed to when you're a 
good boy in your own backyard. 
Sometimes being a good boy isn't good 
enough. 

There came a day when there was a 
severe power shortage in Good M i 
chael's backyard. To make matters 
worse, there was a heat wave that went 
on so long people were talking about 
a permanent change in cl imate—the 
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"greenhouse effect." 
"Too many campfires," some of 

Good Michael's best fr iends mut
tered. "No t enough energy, too much 
hot air." 

They began asking some embarrass
ing questions. Questions like "What
ever happened to nuclear power?" and 
"Why did we stop bui ld ing those nu
clear plants—they seemed to work 
pretty wel l for awhile there . " 

This upset Good Michael no end. 
" N o ! N O ! " he shrieked. "You can't f i t 
a nuclear plant into a greenhouse." 
Some people suggested he d idn ' t 
sound whol ly rational. 

But just when things were looking 
their blackest for Good Michael (and 
this was not entirely a metaphor), Bad 
Michael came to the rescue. 

"I 've got more power now than any
body," he declared. "That makes me 
the wor ld 's leading expert on the sub
ject. And my expert op in ion is, that no 
one has the right to ask Good Michael 
embarrassing questions that get h im 
upset. And if anyone does, I'll see that 
he (or she) is short-circuited—perma
nently." 

Bad Michael put his arm around 
Good Michael's shoulder and smiled 
beatifically. An eerie silence fell over 
everybody's backyard. 

Letters 
Damnation . . . 

To the Editor: 
. . . I have decided after thoroughly 

reading both the March-April and M; y-
June issues that I am not in agreeme nt 
w i th the content and right-leant ig 
stance of the articles presented. I p< r-
sonally don ' t th ink that science has tl le 
ability to solve mankind's problerr s, 
and certainly don ' t think that more d s 
velopment is the answer. 

Making a " l ivable" colony on Mats 
isn't where we should put our re
sources; stopping the wholesale d 
struction of the Earth's natural em 
ronment is where I think the emphas is 
should l ie. 

Wou ld you choose to live over a n l i -
clearwaste dump? I f o r o n e w o u l d p r ;-
fer to make do wi th less electricity 

Paul Kastne r 

President 
Consolidated Dutchwest Japan Co 

Japan 

. . . And Praise 
To the Editor: 

21st Century is an excellent repo r -
ing magazine covering the cutt ing 
edgetechno log ies thatwi l l leadus in ts 
the future. The July-August issue raise i 
the excitement of spaceflight, the 
promise of medical breakthroughs, 01 
environmental control abilities, antf 
more. . . . 

Every high school should get yo i 
magazine. 

Charles Schlemrfi 
Burns, Tenr 

The Church and the 
Copernican Revolution 

To the Editor: 
Carol White's article in the March -

Apri l issue oi21st Century ("Johannes 
Kepler: Voyager in Space," page 42) 
provided interesting historical docu-

LETTERS 

mentation on the Somnium of Johan
nes Kepler. However, on reading it I 
considered it useful to clarify some 
areas touched on in the article. In par
ticular, contrary to the impression giv
en in the article, Christian "theological 
considerations" provided the origin of 
the heliocentric hypothesis (the hy
pothesis that the Earth and other 
planets travel around the Sun) of the 
Copernican Revolution forward. 

The heliocentric hypothesis had 
been opposed for centuries by some 
of the chieftains among pagan ideo
logues. Thus, I believe that the asser
t ion in White's article, that Christians 
were "unable to accept that God did 
not create man at the center of the uni
verse" is in error. . . . 

In the 15th century, Cardinal Nicho
las of Cusa (1401-1464) put forward the 
heliocentric hypothesis based on 
"theological considerations" he de
veloped in his On Learned Igno
rance—as he wrote to Cardinal Julian, 
"a few deductions on the universe 
which many wi l l f ind unusual ." 

The Cardinal argued that the Earth 
could not be stationary, since it is a 
creature of God, and only the Creator 
is absolute, unchanging, and immo
bile. Only God can be motionless, he 
explained. His creations are all char
acterized by mot ion. Therefore, any 
astronomical theory based on inter
pret ing observations recorded on the 
assumption that the Earth is a f ixed, 
immobi le plat form, is fallacious. In 
Book II of On Learned Ignorance, he 
wri tes: 

" I t is now evident that this Earth real
ly moves, though to us it seems sta
tionary. In fact, it is only by reference 
to something f ixed, that we detect the 
movement of anything. How wou ld a 
person know that a ship was in move
ment, if f rom the ship in the middle of 
the river, the banks were invisible to 
h im, and he was ignorant of the fact 
that water flows? Therein we have the 
reason why every man, whether he be 
on Earth, in the Sun, or on another 
planet, always has the impression that 
all o ther th ingsare in movementwhi ls t 
he himself is in a sort of immovable 
center. . . . 

"[But] only in God are we able to f ind 
a center which is wi th perfect preci
sion equidistant f rom all points, for he 

Continued on page 15 
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RESEARCH COMMUNICATIONS 

Stuart Lewis 

A Nuclear Pioneer Discusses 
The Geometric Nucleus 

EDITOR'S NOTE 
This new section is intended to re

port hypotheses and notes on research 
in progress. The note below was sub
mitted by Ralf Schauerhammer, man
aging editor of the German-language 
Fusion magazine. Professor Erich 
Bagge, whose ideas Schauerhammer 
discusses, developed one of the first 
nuclear research centers in Germany 
after World War II and is the father of 
the first commercial nuclear-powered 
ship, the "Otto Hahn." He was a stu
dent of Arnold Sommerfeld and Wer
ner Heisenberg. 

Some weeks ago I explained the key 
features of Dr. Robert Moon's geo

metric model of the nucleus (see "The 
Geometric Basis for the Periodicity of 
the Elements" by Laurence Hecht, 21st 
Century, May-June 1988, p. 18) to Pro
fessor Erich Bagge of the University of 
Kiel. Al though he had doubts about 

some of the specifics of the geometric 
construct ion, he agreed wi th the basic 
concept ion. He is convinced, he said, 
that the atomic nucleus can only be 
understood geometrically and that the 
formal descript ion prevailing today 
does not explain much. 

Bagge to ld me the story of how he 
arrived at a geometric conception of 
the nucleus 40 years ago. 

When he read Maria Goeppert May
er's 1948 paper on the empirically dis
covered "magic numbers" [numbers 
of neutrons or protons that corre
spond to the most stable nuclei, and 
that are used to account for changes in 
the nuclear properties of the ele
ments], he concluded that there must 
be a geometrical explanation for these 
magic numbers. 

Goeppert Mayer's basic concept was 
published in Naturwissenschaften 
38:473 ff., 1948. * There are two rows of 
magic numbers: 2,6,14,28,50,82,126 

Dr. Erich Bagge (left) and Dr. Robert J. 
Moon at a 1985 seminar discussing the 
early years in fission research, in which 
they were both involved in the 1940s. 

and 2, 8, 20, 40, 70, 112. They result 
f rom the formulae: 

N(n) = (n3 + 5n)/3,n = 1 , . . . ,7 

G(n) = (n3 - /?)/3, n =2, . . . ,7. 

The series of magic numbers usually 
used is a combinat ion of both , namely, 
C(2) = 2, C(3) = 8, G(4) = 20, N(4) = 
28, N(5) = 50, N(6) = 82, N(7) = 126. 

The "break," which is responsible 
for the shift f rom one series to the oth
er, is tradit ionally explained as a result 
of the spin-orbital-force between nu-
cleons. Bagge, however, considers 
these forces unnecessary and concep
tually contradictory. 

The crucial idea came to h im one 
morning in January 1949 whi le shav
ing: What is important about the magic 
number formulae is that they reflect a 
three-dimensional geometrical struc
ture, which Bagge explains as "min i 
mal close packing of regular geometric 
sol ids." 

One of Bagge's students, Juergen 
Heinrich Vossler, experimented wi th 
packinggeometrical ly regular solids in 
a rubber skin, and he exactly repro
duced the series of the magic numbers 
when he used ell ipsoids. He approxi
mated the ell ipsoid by making a plane 
cut of less than a great ci rcle on a table 
tennis ball, and gluing a second such 
ball into this opening. Vossler report
ed these experiments in his thesis, 
"Neuere Modellvorstellungen uberd ie 
Schalenstruktur der A tome" (Recent 
Shell Models of Atoms). 

Two-Dimensional Packing 
A two-dimensional example of this 

packing can be demonstrated wi th 
coins. The number 1 is the first " two-
dimensional magic number" and 7 is 
the second one, since 6 coins fit around 
the one in the middle. The th i rd " two-
dimensional magic number" is the 
min imum number of coins that "pack" 
around the 7. 

I believe that Bagge thereby discov
ered an application to ellipsoids of 
a three-dimensional " isoperimetric 
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principle." The empirical reason Bagge 
gave for the success of the ellipsoids 
in reproducing the magic number se
ries is the predominant occurrence of 
even numbers of nucleons. A deeper 
reason, however, might be found by 
viewing the process of nucleus-
formation f rom the standpoint of con
ical functions and their elliptical inte
grals. 

The history of Bagge's discovery is 
itself noteworthy. In 1949, immediate
ly after getting the idea, he explained 
it to Hans Eduard Suess, the Austrian-
American physical chemist, and J. Hans 
D. Jensen, the German physicist, who 
were passing through on a tr ip f rom 
Copenhagen. (Jensen made trips to 
Copenhagen to visit Niels Bohr.) They 
had not previously worked on the 
structure of the nucleus, but they took 
Bagge's idea and reformulated it in an 
algebraic version.* This they sent to 
the journal Naturwissenschaften w i th
out any ment ion of Bagge! 

The referee for Naturwissenschaf
ten, Ot to Haxel [a collaborator of Jen
sen on this quest ion, either then or 
later—ed.] , delayed publication of a 
prior note by Bagge, so that it did not 
appear unti l the same issue that car
ried the article of Jensen and Suess, 
thus vei l ing Bagge's priority. 

This is all the more interesting be
cause Goeppert Mayer and Jensen lat
er received the Nobel Prize for discov
ering the so-called shell structure of 
the nucleus. 

In another journal , Physical Review, 
Samuel A. Goudsmit published Bagge's 
idea in an article on electron spin that 
again did not ment ion that the idea 
originated wi th Bagge. It was only after 
Bagge's intervention that a note was 
printed stating that Bagge had pub
lished " the same idea two years ear
l ier." 

It wou ld bewor thwh i le to take Voss-
ler's experimentation further using 
nothing more advanced than a micro
computer. If the major and minor axes 
of the ellipsoids are in the golden ra
t io , wou ld this not produce the magic 
numbers most exactly? 

VIEWPOINT 

Note-
Versions of Goeppert Mayer's papers appeared 
in English in the Physical Review in 1948 and 
1949, and a version of Jensen and Suess's paper 
appeared in the same journal in 1949. 

The Benveniste Affa 
Good News 
For Science 

r: 

J.M. Dutuit 

A t the end of June 1988, a scient fie 
matter burst into the wor ld Me

dia that ordinari ly wou ld be seen as 
an encouraging event, were he 
brains of our age not congealed i nd 
atrophied by dogma. In fact, the af
fair in question is tending to beco ne 
a scandal. It is l ike a burning or. or 
emanating f rom the back kitchens of 
biological research. 

If there is a flame smouldering it 
is because of theoretical considera
tions that are implicit in this w o k . 
The universally accepted rules of n-
tellectual investigation and the a in-
temporary view of "matter" ; re 
themselves in quest ion. Anyone in 
the university establishment whe is 
not afraid of ideas—knowing that 
they are the very foundation of sci
ence—has no doubt of this. Soine 
are sounding the alarm to annour ce 
the f ire. Many fear that rationality v 'ill 
be shipwrecked in the ocean of fa se 
science and the tempests of kooke y . 

The most radical have declared 
their rights and convened comrr is-
sions of inquiry that Torquemada 
wou ld not have d isowned—with si >r-
cerer and fraud specialist at the ready 
wi th their anathemas! What a pec 
iar t ime we live in. 

What I am referring to is, of course, 
the Benveniste affair.* Could this ?e 
the iceberg that transforms an " J n -

J.M. Dutuit, PhD and MD, is a pa
leontologist working with the Cen 
National de la Recherche Scier\ti 
fique in the Paris Museum of Natu 'al 
History. His viewpoint was translat id 
from the French by Claudia Annis 
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sinkable" sh ip—our body of physi
cal, chemical, and biological sci
ences—into a scuttled wreck? 

On the hypothesis that Jacques 
Benveniste may be neither a fraud nor 
an incompetent, do the develop
ments yet to come justify a panic? For 
if Benveniste were merely a fraud or 
an incompetent, surely there would 
be no need for so much commot ion. 

The principle of the Benveniste 
iceberg is simple. Its submerged 
mass—that is, the probable expla
nation for the phenomenon of de-
granulation in the absence of solute 
after sufficient di lut ion—is the en
tirety of the phenomena studied by 
optical biophysics, as I wi l l explain 
below. 

Molecular Materialism 
Current biomolecular science 

holds that in order for information to 
be transmitted to a metabolic chain, 
it is indispensable for there to be 
some "physical" transfer f rom one 
molecule to the other, or an ex
change of a group of atoms, of radi
cals, of electrons, wi th the enzymes 
being the transport workers. 

Benveniste dissolved in water a 
substance that we wi l l call 5. This so
lut ion set off an allergic reaction of 
degranulation in vitro upon the ba
sophils of the b lood, a reaction used 
frequently to test a great number of 
molecules. It is classically accepted 
that the mode of action of the aller
gen Scan only be molecular. It must 
be introduced into the solvent to set 
off the reaction of recognit ion, R. 

Let us not forget that we are work
ing in the context of a Cartesian, 
Newtonian physics, where the uni
verse is made of "so l id" individuated 
particles. These particles act upon 
one another according to linear 
chains of causality. In this system, 
every electromagnetic phenomenon 
is closely bound to a material, indi
viduated substrate. The presence of 
the substance is the condi t ion for ac
t ion , the latter being none other than 

Continued on page 20 

Note 
A news analysis of the Benveniste affair ap
pears on page 16. 
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Will Glasnost Sink 
India's Soviet Nuclear Deal? 
by Ramtanu Maitra 

More than 10years after Alexei Ko-
sygin, then Soviet pr ime minis

ter, made the offer to bui ld nuclear 
power stations in India, a deal was f i 
nally signed in Apri l 1988. However, 
one month later, a 30-page report by 
the late Soviet academician V. Lega-
sov, published by Pravda May 20 and 
now making the rounds of India's nu
clear establishment in English transla
t ion , may reopen the issue. The Lega-
sov testimonial, which exposes the 
weaknesses of Soviet nuclear power 
plant design, has given fuel to oppo
nents here of a nuclear deal. 

For more than a decade now the 
pressure on India to accept Soviet re
actors has been unrelent ing. First, 
pr ime minister Morarji Desai and later, 
in 1980, Indira Gandhi had flatly turned 
down the offer. Moscow renewed the 
offer wi th Prime Minister Rajiv Gandhi 
in 1985 soon after India announced a 
target of 10,000 megawatts-electric 
(MWe) of nuclear power by the end of 
the century. 

The Soviet offer, accepted after three 
years of negotiations that were de
layed in part by the Chernobyl inci
dent, includes installation of two 1,000-
MWe plants using pressurized water 
reactors on a turnkey basis. The reac
tors' enriched uranium fuel is to be 
supplied by the Soviet Union. Accord
ing to one report, under the terms of 
the contract India wi l l have at least five 
years' ready supply of enriched urani
um fuel stocked up prior to commis
sioning of the plants. The Soviet Union 
wi l l also take back the spent fuel rods. 

Unofficial reports indicate that the 
first Soviet reactor wi l l be installed in 
Koodankulam, a sleepy litt le town in 
southeast Tamil Nadu. 

Under the circumstances, Legasov's 
report is bound to cause a flutter. A l 
though it does not discuss the Soviet 

WER-type reactors to be supplied to 
India, the report does document the 
weakness of the Soviet design and op
erating system for nuclear power 
plants. For example, referring to the 
hazard probabil i ty analysis developed 
by Prof. Rasmussen at the Massachu
setts Institute of Technology and used 
routinely in the United States, Legasov 
admits: "I have not seen in the Soviet 
Union any scientific group, which even 
wi th the slightest competence could 
examine these problems." 

Curiously, the expose is a kind of 
suicide note. Legasov, who was in 
charge of the nuclear power plant pro
gram in the Soviet Un ion , took his own 
life after issuing the report. 

The quality question adds an entire

ly new dimension to the arguments 
raised so far against the import deal. 
Indian opposit ion to the nuclear im
port op t ion—from the Soviet Union or 
anywhere else for that matter—is based 
on past experience and the claim that 
India's own nuclear program wi l l be 
disrupted. 

A Bad Precedent 
India acquired two light water reac

tors (LWRs)—boiling water type—from 
the United States in 1963 under an 
agreement that specif ied, among oth
er things, that these reactors wou ld be 
operated on no other fuel except that 
supplied by the United States. Then, 
in 1978, dur ing the antinuclear heyday 
of the Carter administration when the 
infamous Nuclear Nonproliferation Act 

India Information Service 

Exchange towers at the heavy water plant at Kota, shown under construction. 
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The Bhabha Atomic Research Center in Trombay. In the background are tt i 
radiological, food irradiation, and processing laboratories. 

spearheaded by Senators Percy and 
Glenn was signed, fuel shipments were 
abruptly halted to India's Tarapur nu
clear power station. 

India—a nonsignatory to the Non-
proliferation Treaty on grounds that it 
discriminates against non-nuclear-
weapons nations—flatly refused to 
bow to the treaty's mandate to place 
the two American-made reactors un
der the "full-scope" safeguards in
spection system of the UN Interna
tional Atomic Energy Agency. More
over, New Delhi rightly insisted that a 
bilateral agreement between two na
tions cannot be simply brushed aside 
by passing new domestic legislation. 
After much haggling, the Carter 
administration authorized fuel ship
ments to India. 

But the matter did not end there. In 
1981, the United States once again 
threatened to cut off fuel to the Tara
pur plant after India announced it 
would reprocess the spent fuel. India 
pointed out that the 1963 agreement 
mandated that safeguards be applied 
to reprocessing but did not refer to the 
issue of whether reprocessing should 
be undertaken or when. 

This controversy further fouled 
India-U.S. relations until, finally, in July 
1982, the late prime minister Indira 
Gandhi and President Ronald Reagan 
worked out a compromise formula 
whereby India would continue to re
ceive supplies of enriched uranium fuel 
from France. 
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This bitter experience convinced 
many that a nuclear tie-up with the Sc -
viet Union—the other prominer t 
member of the London Club of ni -
clear weapons powers and a similar y 
crusading power against "nuclear pre -
liferation"—is asking for trouble. 

Other Worries Legitimate 
India's own nuclear program is abot t 

three decades old and is from all a< -
counts a sound one. But it is a prograt i 
in which LWRs and enrichment plants 
do not play any role. Since India has a 
small amount of uranium reserves--
assured reserves are around 30,000 
tons—the Indian program is based o i 
using natural uranium as fuel in t h ; 
first stage, and then moving quickly t D 
breeder reactors. 

More important, the program 
planned to utilize the country's largj 
thorium reserves, with U-233 (pre -
duced by irradiating thorium-232) as 
the future fuel. India has so far pu -
sued this program to the letter, an i 
has already succeeded in converting 
Th-232 to U-233, although commerci; I 
fuel rod-making and the rest of it is ye t 
to be achieved. 

Influential Indian nuclear scientist;, 
including the past two heads of t h ; 
Atomic Energy Commission, have hel i 
the line against importing LWRs on th 3 
grounds that too many varieties of re -
actors will mix up the power prograr i 
and effectively derail it. They are als > 
uneasy that further inclusion of LWR s 
will foster a lobby within the countr / 
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insisting on building LWRs indige
nously. These scientists believe such a 
situation will set back the program fur
ther, since master LWR technology will 
take away a significant amount of man
power and time. 

By all accounts it was the yawning 
power gap in the country that prompt
ed the present administration, with its 
explicit heavy investment in rapid eco
nomic growth, to overrule these ad
mittedly weighty considerations. There 
is no question that the target of 10,000 
MWe of nuclear power by 2000 will be 
impossible to meet indigenously, and 
little doubt that buying tested power 
plants that are to be operational by 1997 
will give an important boost to the 
economy. 

Quality Questioned 
Whether or not they were aware of 

the problems, Indian nuclear scien
tists never questioned the quality of 
Soviet reactors publicly. The blow-up 
of the graphite-moderated RMBK-type 
reactors at Chernobyl caused some 
apprehension, but the gross negli
gence by the operation crew, as de-

Continued on page 21 
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Local communities across the nation 
experienced voltage reductions, 

temporary brownouts, and interrupt
ed electrical service this summer. Yet, 
unfortunately, the worst is to come— 
a guaranteed shortfall of available 
electricity for the next few years. The 
cause is straightforward: For the past 
10 years, nuclear power development 
has been sabotaged and U.S. utilities 
did not place into service more than 
100,000 megawatts (MW) of new gen
erating capacity that had originally 
been scheduled. 

The picture looks even worse for the 
coming decade. The North American 
Electric Reliability Council (NERC), 
which monitors the U.S. electrical grid, 
forecasts that between 1987 and 1996, 
only 79,300 MW of new capacity are 
supposed to come on line, according 
to a survey of the electric utilities. This 
is an average annual growth rate of 
about 1 percent, while the projected 
average annual growth rate in demand 
is double that. 

Both of these projections, however, 
are quite unrealistic. 

The only reason we have not yet ex
perienced widespread blackouts is that 

Bob Jones 

economic depression conditions have 
masked the real shortfall in generating 
capacity. A healthy economy that is in
creasing the physical output of manu
factured goods, agricultural products, 
and infrastructure would drive an elec
tricity growth rate that is double that 
of today. For example, a 7 percent an
nual rate of growth was the norm dur
ing the 1960s industrial buildup to send 
man to the Moon. 

Predicting Growth 
The takeover of economic policy by 

the "postindustrial society" crowd in 
Washington in the 1970s substituted 
"service" industries and fast food joints 
for steel and power plant production. 
Under the Carter administration, con
sumers were told that conservation 
(austerity) was the latest "source" of 
energy, and that burning wood and 
garbage would replace nuclear ener
gy. Austerity, combined with skyrock
eting prices after the Mideast oil em
bargo, sent electricity growth below 4 
percent per year. 

Even with the collapse in energy-
intensive real production, the growth 
in population in the United States and 
the summer heat wave and drought 

Today and tomorrow's shortage of 
one of the things all Americans take 
for granted, electricity, is the prod
uct of a decade of demonstrations, 
legal challenges, and regulatory ob
structionism by the antinuclear Mal-
thusians. Here, the North Anna nu
clear plant in Virginia. 

have been enough to keep the growth 
in electricity peak demand between 3 
and 4 percent in most parts of the na
tion. 

Yet, even this underestimated 4 per
cent per year growth rate is a far cry 
from the 2 percent that is being pre
dicted for the next decade. How did 
the utilities decide on this extremely 
low rate of growth? 

The utility companies have been sty
mied at every turn in their attempt to 
put new capacity into service. For the 
first time since the Depression, a utility 
company, Public Service Company in 
New Hampshire, has been driven into 
Chapter 11 bankruptcy. Given exorbi
tant interest rates, it could not raise the 
amount of money required to com
plete a nuclear plant project. 

Construction and licensing times for 
both coal-fired and nuclear plants have 
increased to the point of absurdity, be
cause of the complicity of federal and 
state regulators in allowing "interven
ers" to sabotage the completion oi 
projects, and the antinuclear grand
standing of political figures, like New 
York governor Mario Cuomo and Mas
sachusetts governor Michael Dukakis. 

For these reasons, it has taken twice 
as longto build and license New York's 
Shoreham nuclear power plant as it 
took to build the Panama Canal! 

As they look down the road to the 
next decade, utilities are trying every
thing possible to avoid building large, 
baseload power plants. They are hop
ing that a minimal growth rate, com
bined with pleadings to consumers to 
cut consumption, will allow them to 
continue to provide reliable service 
with little new capacity. 

Because of the gap between new ca
pacity and demand, according to the 
utilities' own projections, the capacity 
margin in every regional reliability sys
tem will be lower at the end of the next 
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decade than it is now. This margin is 
not "extra" capacity, but the flexibil ity 
the companies have to cont inue unin
terrupted power deliveries through 
weather extremes, emergencies, and 
unscheduled plant outages. 

However, there is hardly any chance 
that even the paltry 79,300 M W of 
planned new generating capacity pro
jected to be put into service in the next 
decade wi l l materialize. And remem
ber, even this 79,300 M W is only half 
what is needed according to the uti l i 
ties' own low-growth projections. 

New Capacity Uncertainties 
Let's take a closer look at these 79,300 

new megawatts. 
Of this total , approximately 14 per

cent, or 11,717 M W , are supposed to 
be added not by reputable util ity com
panies, but by " independent power 
producers." Since the economic rage 
under the Reagan administration has 
been deregulation and "private enter
prise," in March 1988, the Federal En
ergy Regulatory Commission (known 
as FERC) promulgated new rules to al
low virtually anyone to bui ld "power 
plants." 

A large number of these unregulat
ed nonut i l i ty facilities are small, "alter
native energy" projects, which wi l l 
burn wood or biomass (garbage) or use 
solar energy. Half of the megawatts 
these mom-and-pop-style producers 
are supposed to bring on line are 
currently classified as " u n k n o w n " in 
or ig in . 

The proprietors of such plants are 
under no obl igation to provide power 
beyond the short-term contract they 
sign wi th consumers. If a small natural 

gas plant (to take one example) be
comes "uneconomical" when prices 
increase, the supplier wi l l disappe; 
Thus, in the fu ture, your electric ry 
could depend upon speculators who 
are literally here today and goi le 
tomorrow. 

According to FERC, electric util it i 
should be required to purchase wh 
ever power these " independent 
produce, even if it might be more ek 
pensive than the power the uti l i t i ;s 
generate themselves, and although it 
has the potential to throw the delica e 
regional transmission systems in io 
chaos. 

To deregulate electric power pro
duct ion and transmission would do o 
this industry what has been done ; I-
ready to the t ruck ing, te lephone, ar d 
airline industries—make it unreliabl ;, 
unsafe, and uneconomical. 

What about the other 67,800 M W < if 
planned new capacity? NERC repor s 
that 25 of the new coal-fired units th it 
are supposed to come into service in 
the next 10 years—35.8 percent of tr e 
total—are not yet under constructiot . 

NERC states that 9,800 M W of th e 
coal additions now under construi -
t ion are plants of 100 M W or more wi t i 
projected in-service dates that allow 
only 5 to 9 years for construction. Sine 2 
it typically takes 8 to 10 years to buil i 
and license large coal plants, NER Z 
states, " I t seems likely that much cf 
this new coal-fired capacity wi l l eithc r 
be completed late, or replaced wi t l 
shorter lead t ime [and more exper-
sive] generator types." 

In addi t ion, Congress has bee i 
threatening to pass more stringer t 

Type 

PROJECTED PLANTS NOT YET UNDER CONSTRUCTION 

% of total 
Total not yet under Number Thousands 

MW planned construction of units of MW 

Nuclear 

Coal 

Hydro 

Other utility 

Non-utility 
Total 

25.3 
22.7 

2.5 

17.3 

11.5 

79.3 

0 
35.8 

79.8 

90.0 

84.0 

44.6 

0 

25 

85 

145 

NA 

— 

0 

8.1 

2.0 

15.7 

9.6 

35.4 

Source: North American Electric Reliability Council 

Of the projected new capacity between 1987-1996, 44.6 percent is not yet 
underway. 
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pol lut ion control legislation, which 
wou ld make it uneconomical to con
t inue to operate older coal-burning 
plants in the industrial heartland. Ap
proximately 11 percent of the Midwest 
coal capacity available in 1986 wou ld 
go out of service. Pollution control 
gadgets that wou ld have to be added 
to newer operating plants wou ld lower 
their reliability and their output. 

NERC estimates that if these new 
regulations were enacted, the indus
trial heartland of the country wou ld 
have to add another currently un
planned 25,000 M W of new capacity. 

Nuclear Sabotage 
The concerned citizen might now 

ask, can't nuclear energy come to the 
rescue? 

The facts are that since 1974, half the 
nuclear plants that had been ordered 
(104 nuclear power plants) have been 
canceled. This missing megawattage 
wou ld have been the margin for real 
growth in the economy, as wel l as a 
defense-in-depth against heat and 
drought over the past decade and to
day. 

The sabotage of nuclear energy, 
however, not only left us short of ca
pacity, but also slashed the potential 
overall growth rate of the electrical in
dustry, because nuclear was the fast
est-growing component of the indus
try as a who le : Dur ing the 1970s, the 
amount of electricity produced by nu
clear plants doubled approximately 
every two years, whi le electricity pro
duced by burn ing coal—the second-
fastest growing source—grew by only 
35 percent dur ing the same t ime per
iod. Since 1977, the rate of nuclear-
produced electricity has not even dou
bled once. 

One might think that the death of 
nuclear power came because of public 
outcry in response to the March 1979 
incident at the Three Mi le Island nu
clear plant in Pennsylvania. Actually, it 
was the Mideast war and oi l embargo 
in 1973 that threw the util ity industry 
for a loop the fo l lowing year when, for 
the first t ime ever, electricity growth 
dropped to less than 1 percent. 

Al though demand growth rebound
ed after 1974, the antinuclear extrem
ists were on the offensive, and in 1976, 
they placed on the ballot in seven states 
the first proposit ions to stop nuclear 
plant construct ion. No state or local 
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Figure 1 
PEAK DEMAND AND PROJECTED RESOURCES: 

RANGES OF UNCERTAINTY 

Thousands of MW (summer) 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 

Source: North American Electric Reliability Council 

Americans may be shivering (or sweltering) in the dark if 
peak electricity demand continues to grow at double the 
projected 2 percent and if the planned new capacity is de
layed in coming on line. If the new electric generating re
sources that have been projected by the utilities do not 
come on line on time (hatched lines) and the peak demand 
grows faster than the projected average 2 percent per year 
(lower gray area), there could be a shortage of capacity by 
the early 1990s. 

Figure 2 
NUCLEAR PLANT ORDERS 

AND CANCELLATIONS 

More than half the 104 nuclear plants ordered 
by U.S. utilities since 1966 have been canceled. 

electorate has ever passed such a pro
posal (even in Sacramento, California, 
where the antinukes have tried 14 times 
to shut down an operating plant), but 
the result was to put the nuclear utili
ties and the nuclear industry on the 
defensive in a battle they are still losing. 

During the years of the Carter 
administration, and through the office 
of Energy Secretary James Schlesinger, 
every possible tactic was tried to stop 
advanced energy technology devel
opment. Nuclear waste was made into 
a political issue by the shutdown of the 
Barnwell nuclear reprocessing plant. 
The White House unsuccessfully tried 
to get the entire world to stop the de
velopment of fast breeder technology 
under the guise of stopping weapons 
proliferation, and the United States 
then killed its own breeder program at 
Clinch River. Fusion energy develop
ment was to be superseded by solar 
collectors. 

By the end of the 1970s, the die was 
cast. Intervenors had been successful 

in delaying projects at or near comple
tion. Wall Street had succeeded in 
making building nuclear power plants 
the kind of financial risk that no utility 
executive wanted to take. The last nu
clear power plant ordered by a utility 
in the United States was in 1978. 

Seabrook: Financial Waterloo 
In 1976, ground was broken to build 

two nuclear units at Seabrook, New 
Hampshire, near the Massachusetts 
border. The estimated cost of the two 
1,150-MW units was less than $1 billion 
at the time. What happened after that 
is worth telling in detail, because ittyp-
ifies the process by which an industrial 
nation is turned into a Third World 
country. 

In 1979, the New Hampshire state 
legislature passed a law prohibiting the 
utility from including the cost of build
ing the plants in its rate base. As a re
sult, the rates for consumers have been 
set as if Public Service Company of New 
Hampshire had invested only $600 mil
lion in the plant, although its share of 

the investment has equaled more than 
$2.9 billion. What drove up the cost of 
the power plant? 

Because the company could not raise 
the construction funds from the rate
payers, it was forced to resort to the 
Wall Street bond market. As interest 
rates soared, the projected cost of one 
unit (the second was canceled) was 
swollen by financing costs to $5.4 bil
lion. 

Almost four years ago, Public Ser
vice began to face financial difficulties. 
It staved off bankruptcy by suspending 
dividends on stocks and selling junk 
bonds. In May 1987, Public Service had 
to go back to the financial markets to 
borrow another $150 million to keep 
the plant ready to open, while Gover
nor Michael Dukakis was campaigning 
to keep the finished plant closed. 

Only $100 million of the needed 
money was raised, and that at a stag
gering interest rate of 9 percent over 
the prime rate, plus .25 percent for each 
month the loan was outstanding. This 
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brought the f inancing charge to a 
whopp ing 13 percent above the prime 
rate, which is classified as usury in most 
states! 

By fall 1987, the Wall Street Journal 
referred to Public Service as the "Brazil 
of ut i l i t ies," because the uti l i ty failed 
to make an Oct. 15 interest payment of 
$37 mi l l ion. In December, the New 
York Stock Exchange suspended trad
ing of the util ity's stocks and bonds for 
a brief per iod. Finally, in January 1988, 
wi th nowhere else to go, Public Ser
vice became the four th largest com
pany to file for Chapter 11 bankruptcy 
protection in U.S. history—and the first 
publ ic util ity to do so since the Depres
sion. 

How d id Governor Dukakis prevent 
the opening of the nuclear plant that 
wou ld have started to produce the rev
enue Public Service needed to stay 
alive? Part of the fallout f rom Three Mile 
Island was a requirement f rom the fed
eral Nuclear Regulatory Commission 
(NRC) that there be a plan to evacuate 
local communit ies w i th in a 10-mile ra
dius of a nuclear power plant. 

After the Soviet Chernobyl accident 
in Apri l 1986, Dukakis ordered his staff 
to halt all work on evacuation plans for 
the six Massachusetts communit ies 
wi th in the 10-mile radius of Seabrook, 
and this brought to a standstill the abil
ity of Public Service to obtain its NRC 
operating license. 

The story of Seabrook is not over, 
however, because in fall 1987, the NRC 
ruled that evacuation plans could be 
taken out of the hands of noncooper-
ative local polit icos, and that util ity 
evacuation plans that met NRC criteria 
wou ld be acceptable. Since then the 
Seabrook management has submit ted 
its own plan. 

Shoreham: 23 Years and No Power 
Like Michael Dukakis, New York 

Governor Mario Cuomo has made a 
polit ical career out of sabotaging nu
clear power. The Shoreham plant, 
owned by the Long Island Lighting 
Company (Lilco), remains ful ly com
pleted but shut down , whi le the uti l i ty 
tries to buy enough power and run 
auxiliary equipment to keep the lights 
o n . 

The ostensible reason the plant is 
not operating, as wi th Seabrook, is that 
local and state authorities refused to 
participate in an evacuation plan. And 
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Dukakis made the campaign promise 
to New Yorkers in Apr i l , just before he 
June presidential primary there, t lat 
even if Lilco had an evacuation plar to 
meet NRC guidelines, he would bl( ck 
the Federal Emergency Management 
Agency f rom cooperating wi th sue T a 
plan. 

Not to be outdone, Goverr or 
Cuomo came up wi th the ingenious 
plan of having a government agercy 
buy the completed nuclear plant or 
$1, so that it could be torn down ! It I as 
been estimated that the cost of c e-
commissioning the plant wou ld je 
more than $444 mi l l ion. And who v 'ill 
pay for this? Supposedly the cost v ill 
be met by enormous rate increases or 
consumers, and tax breaks for the u i l -
ity f rom the Internal Revenue Servic e. 

Because of constantly changing r< g-
ulatory requirements and years of n-
tervenor challenges to the pla i t , 
Shoreham's cost has escalated 80-fo d. 
Ready to operate since 1984, the pic nt 
is sitting there at only 5 percent of rat ;d 
power whi le Long Island residents s if-
fer brownouts and shortages. 

As wi th Seabrook, the Shoreh; m 
story is not over and the plant may) et 
produce power for the people'of Ne w 
York. 

Constitutional Issues 
Shoreham and Seabrook have t e-

come a national policy question t e-
cause of the constitutional issues n-
volved. In 1954, Congress passed t i e 
original Atomic Energy Act, wh i :h 
commit ted this nation to the develop
ment of civilian nuclear energy. On 
June 28, Governor Dukakis wrote a I it-
ter to President Reagan objecting to in 
executive order Reagan has been co n-
sidering, which wou ld put the respo ri
sibility for br inging nuclear plants on 
line back into the hands of the fede al 
government, where it belongs. 

The authority for protecting t i e 
"health and safety" of citizens rests 
wi th in states' rights, Dukakis said, ai d 
therefore he had the right to stop mi I-
tistate nuclear projects. In respons?, 
Scientists and Engineers for Secure E v 
ergy wrote a letter to the president n 
July, correctly stating that the Atorr ic 
Energy Act gives exclusive authority :o 
make safety judgments to the fedeial 
agencies, as "the U.S. Supreme COL rt 
has repeatedly reaff irmed." 

For the past eight years, the Unit) d 

States has drifted aimlessly without any 
plan to provide its citizens wi th relia
ble electric power. Luckily for Presi
dent Reagan, there have not been oi l 
embargos or major crises in energy 
during his term in office. However, luck 
is not going to get us through hot sum
mers, cold winters, and drought , and 
luck won ' t ensure a resurgence of real 
economic growth. For the near term, 
there wi l l l ikely be localized shortages 
as the utilities scramble to try to main
tain the integrity of the delicate nation
al electric grid wi thout enough base-
load capacity. 

Short-term solutions may be need
ed whi le the industry tries to gear up 
renewed construction on baseload 
power plants. These facilities, includ
ing gas turbines, wou ld be more ex
pensive than large plants. The alarm
ing facts are, however, that present 
U.S. manufacturing capabilities could 
not even keep up wi th any surge in 
demand for such systems. Already, 
high-voltage circuit breakers and in
terrupters are being imported. 

In developing countries, people live 
either w i th just a few hours of power 
each day or w i thout any electricity at 
all. Imagine what this wou ld do to daily 
life in the United States. Unreliable 
power wou ld throw the United States 
back to the condit ions of many Third 
Wor ld nations—a sorry place to be 
after two hundred years of industrial 
development. 

Letters 
Continued from page 5 
alone is infinite equality." 

Copernicus by the way, was also a 
man of the Church. Calling the uni
verse the "work of the Best and Great
est Art ist," he became a doctor of can
on law in 1503 and canon of the cathe
dral of Frauenburg on the Baltic in 1512. 
In 1530, he provided a preliminary out
l ine of his heliocentric system in the 
Commentariolus. 

This emendat ion I consider a useful 
one to the article on Kepler's Som-
nium, and on a broader level, one 
which helps guard against the notion 
that Christian theology was somehow 
hostile to the Copernican Revolution. 
Rather, it was sum and substance of it. 

Robert Gallagher 
Washington, D.C. 
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Nature Blasts New Experirnent 
On High-Dilution Effects 
by John Grauerholz, MD 

A singular illustration that we are liv
ing in a dark age occurred over the 
four-week period from June 30 to July 
28,1988. Forthose who missed the first 
performance of the Holy Inquisition, 
the editors of Nature magazine staged 
a rerun for the the benefit of those sci
entists who might be guilty of thinking 
and uttering forbidden ideas, or look
ing into forbidden areas. 

The initial event in this auto-da-fe 
was the publication of an article in the 
June 30 Nature describing biological 
effects of highly diluted solutions of 
antibodies on human white blood cells. 
The article wqs accompanied by an ed
itorial titled "When to believe the un
believable." 

The article itself, "Human basophil 
degranulation triggered by dilute anti
serum against IgE," reported on re
search conducted at the INSERM 200 
laboratory at the University of Paris 
(South) by Dr. Jacques Benveniste and 
his colleagues and subsequently con
firmed at three other laboratories in 
Milan, Toronto, and Rehovot, Israel. 
The data indicated that highly diluted 
solutions of antibodies retained their 
ability to stimulate a reaction by cer
tain white blood cells even at dilutions 
at which antibody molecules were no 
longer present. 

These results are truly remarkable, 
since they would overturn the hege
monic theory in the field of molecular 
biology today. Traditional theory holds 
thatthe immune system works accord
ing to a lock-and-key model, with the 
alerted antibody identifying, pursu
ing, and then binding foreign mole
cules, while simultaneously transmit
ting the message to the body to mass 
produce more of itself. If no foreign 
molecules exist and an immune reac
tion still occurs, then clearly some
thing other than direct physical inter
action between molecules is involved. 

The white blood cells used in the 
experiment are known as polymor
phonuclear basophils. The term poly
morphonuclear refers to the many-
shaped, irregular nuclei of these cells, 
while basophil refers to the fact that 
the cells contain granules that stain with 
basic dyes (from baso = basic and 
philia = attraction to). These granules 
contain histamine, a chemical with 
which hayfever and other allergy suf
ferers are all too familiar. 

Basophils carry antibodies, known 
as Immunoglobulin type E, or IgE, on 
their surface membranes. When these 
surface antibodies are exposed to 
antibodies against themselves, known 
as anti-lgE antibodies, they cause the 
cells to release histamine from their 
granules into the bloodstream, result
ing in the watery eyes, runny noses, 
itching, and sneezing characteristic of 
allergic reactions. This release of his
tamine also results in a change in the 
staining of the granules, which lose 
some or all of their affinity for basic 
dyes. 

The Experiment 
Benveniste and his colleagues inves

tigated the ability of progressively more 
dilute solutions of anti-lgE antibodies 
to cause the degranulation of the ba
sophils. The solutions were prepared 
by a process known as serial dilution 
in which a 10th part of one solution is 
diluted with 9 parts of water or other 
solvent and mixed thoroughly. A 10th 
part of this new solution is then mixed 
with 9 parts of solvent and so on. This 
results in dilutions of 1/10, 1/100, 1/ 
1,000, and so forth. Based on the mo
lecular weight of the antibody mole
cule and the initial concentration, once 
a dilution of 1 part in 10" had been 
reached, less than 1 molecule of anti
body was present in the system. Yet 
activity was still present at dilutions of 
1 part in 10120! 

The activity was measured by micro
scopic examination of the basophils for 
loss of staining of the histamine gran
ules. Not only were low dilutions (be
low the point at which antibody mole
cules could be present) capable of 
producing the effect, but the effect ap
peared, then disappeared, then reap
peared in a periodic fashion as the di
lution process continued. 

Similar periodic waves of degranu
lation of basophils were seen with oth
er substances such as monoclonal 
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antibodies against IgE, antibodies 
against specific antigen from allergic 
patients, certain toxins, and other 
chemicals. However, solvents in which 
such molecules had not been present 
at one t ime did not produce the effect. 
In other words, even though the mol
ecule might not be present at the high 
d i lu t ion, it had to have been present at 
a lower d i lut ion in order for the high-
di lut ion effect to occur. In addit ion 
vigorous agitation of the solution was 
necessary for the effect to appear at 
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high d i lu t ion. 
Benveniste hypothesizes that his e-

sults may be attributable to some fo m 
of organization being imposed up )n 
the solut ion—an imprint or tempi ; te 
if you w i l l , of the original molecul 
which is then transferred through silc 
cessive di lut ions, whether or not a p ir 
ticular degree of dilute solution evok es 
an active immune response. 

Upsetting Nature 
That these results were highly ub-

setting to Nature is evident f rom t le 
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Benveniste's reply to Nature's inquisi
tion, published July 28, concludes: 
"Salem witch-hunts or McCarthy-like 
prosecutions will kill science. . . . 
Never let these people get in your lab. 
The only way definitively to establish 
conflicting results is to reproduce them. 
It may be that all of us are wrong in 
good faith. This is no crime but science 
as usual and only the future knows." 

accompanying editorial it printed in the 
issue in which Benveniste's article ap
peared: 

"Inexplicable observations are not 
always signs of the supernatural," the 
editorial begins. 

"There is no objective explanation 
of these observations. . . . [F]or there 
is no evidence of any other kind to sug
gest that such behavior may be wi th in 
the bounds of possibil ity. Indeed, dur
ing the long period since this article 
was first submitted to Nature, it has 
been plain that Benveniste has been as 
puzzled—as many of those who have 
read his article—by the data he re
ports. On many occasions, he has re
sponded to referees' suggestions at 
great inconvenience to himself. When 
to ld , for example, that the experi
ments should be repeated at an inde
pendent laboratory, he arranged for 
this to be done. . . . 

"Certainly there can be no justifica
t ion , at this stage, for an attempt to use 
Benveniste's conclusions for the ma
lign purposes to which they might be 
put [homeopathic medicine, for ex
ample]. . . . 

"But, those of supernatural inclina
tions wi l l protest, is it not grossly un
fair that science should put aside, even 
temporari ly, some surprising and un
expected observations (such as these) 
whi le apparently welcoming others 
which are no less surprising (such as 
the recent suggestion that there may 
be a 'f i f th force' between material ob
jects)? The explanation is simple, but , 
perhaps for that reason, not widely 
understood. It is entirely possible for 
physicists to welcome the notion of the 
f i f th force because it wou ld be a novel 
happening which could nevertheless 
be accommodated wi th in the accept
ed framework of science. Benveniste's 
observations, on the other hand, are 
startling not merely because they point 
to a novel phenomenon, but because 

November-December 1988 17 



they stri ke at the roots of two centu ries 
of observation and rationalization of 
physical phenomena. Where, for ex
ample, wou ld elementary principles 
such as the Law of Mass Action be if 
Benveniste is proved correct?" 

Unorthodox 
Obviously, the implications of these 

results are perceived as threatening to 
a view of science that has become he
gemonic over the past 200 years. They 
are, in other words, unorthodox, which 
is to say they contradict "r ight opin
ion , " (from ortho = right and -doxy = 
doctr ine or opinion). These particular 
results were so unorthodox, in fact, 
that although Nature received the pa
per on Aug. 24,1987, it did not accept 
it for publication unti l June 13, 1988. 
During this t ime, the experiments were 
rerun at a number of other laborato
ries by request of the referees review
ing the paper. In addi t ion, dur ing this 
per iod, Benveniste repeatedly re
quested Nature to come to the labo
ratory to observe the experiments and 
redo them. 

"Where would elementary 
principles such as the Law of 

Mass Action be if 
Benveniste is proved 

correct?" 

Nature finally agreed to publish the 
paper in its July 14 issue, after a visit by 
an investigation committee was to have 
been made to evaluate Benveniste's 
laboratory. Then, suddenly, Nature 
decided to publish the article earlier, 
on June 30. Publication wou ld then oc
cur before the investigation commit
tee was to come to the laboratory. 

Now it might seem a bit odd that 
after taking nearly a year to accept a 
paper for publication, Nature could not 
have waited two more weeks until its 
investigating committee had finished 
its work , especially since there were 
such serious reservations about the re
sults. As Nature itself noted in its June 
30th editor ial , Benveniste himself was 
puzzled by the results and had sought 
assistance in f inding an explanation for 
them. 

The Hidden Agenda 
That there was a different agenda 

than the search for t ruth became evi
dent when the composit ion of the 

committee became known. It was to 
consist of John Maddox, editor of Na
ture; James ("The Amazing") Randi, a 
professional magician; and Mr. Walter 
Stewart, who has made his reputation 
hunt ing down scientific " f raud. " 

Randi, a highly talented professional 
magician, has carved out a niche for 
himself as a debunker of so-called 
paranormal, or as the editors of Nature 
put it, "supernatural" phenomena. 
One of Randi's favorite targets is Uri 
Celler, the Israeli mystic, about whose 
alleged psychic powers Nature had 
once published an article that drew 
some crit icism. Randi's forte is detect
ing the sorts of sleight-of-hand that 
might escape the scientifically trained 
observer. 

Stewart is a scientist at the National 
Institutes of Health in Bethesda, M d . , 
and is one of a group of crusaders for 
integrity in experimental science 
whose qualifications were best de
scribed by editor Maddox: "They have 
no substantial scientific publ ished re
cord of their own . . . they are self-
appointed keepers of the scientific 
conscience." Even more interesting, 
Stewart was one of the referees of Ben
veniste's paper, who , wi th the raw data 
and statistics in his hands, had cleared 
the paper for publ icat ion. 

Conspicuously absent f rom the 
group was any scientist w i th actual lab
oratory experience in the area in ques
t ion . When Benveniste became aware 
of the composit ion of the committee, 
he experienced a well- justif ied appre
hension that was borne out in spades 
by subsequent events. 

The Inquisition 
This intrepid group of "ghostbust-

ers" descended upon Benveniste's 
laboratory to exorcise the malign spir
its of high aqueous d i lu t ion, once and 
for all. Unfortunately, dur ing the first 
three days of the inquisi t ion, the high-
di lut ion degranulation effect occurred 
in three out of the four trials. And in 
the fourth tr ial , degranulation did not 
occur even at high concentrations of 
the antibody, indicating a problem with 
that particular specimen as opposed to 
a statistical variation in the method. The 
samples were examined "b l i nd , " that 
is, the identity of the particular sample 
was unknown to the person analyzing 
the sample. 

Investigator Stewart then declared 

these results "valueless" and proceed
ed to alter the experimental procedure 
so as to obtain a trial in which the effect 
did not occur. In order to facilitate this, 
magician Randi employed his profes
sional talents to distract the laboratory 
technician assigned to observe Stew
art while Stewart prepared the samples 
for analysis. Having obtained one such 
"unsuccessful" tr ial, Stewart and his 
fel low t ruth seekers then packed their 
bags and issued a report reeking wi th 
innuendoes of incompetence and wi l l 
ful misconduct on the part of Benven
iste and his laboratory staff. 

In t rue inquisitorial fashion, editor 
Maddox then offered not to pr int the 
report if Benveniste wou ld recant his 
heresy. Benveniste decl ined this k ind 
offer and wrote a response, which was 
published along wi th the report in Na
ture July 28. 

The report concluded that Benven
iste's results were not to be believed 
because they were not reproducible 
and were "based chiefly on a series of 
experiments which are statistically ill 
contro l led, f rom which no substantial 
effort has been made to exclude sys
tematic error, including observer bias, 
and whose interpretat ion has been 
clouded by the exclusion of measure
ments in confl ict wi th the claim that 
anti-lgE at 'high d i lu t ion ' wi l l degran-
ulate basophils." 

This might all sound very damning 
unti l one considers that magician Ran
di apparently detected no sleight of 
hand on the part of the laboratory per
sonnel and in fact used his own abil i
ties on that score to help investigator 
Stewart produce one trial that d id not 
work after three that d id . 

As for the statistics, Stewart had them 
in hand when he refereed the paper. 
If they were so bad, why was the paper 
cleared for publ ication wi thout be
forehand informing Benveniste of the 
problem? 

Then what about the other labora
tories where the effect was repro
duced? It is hard to escape the convic
t ion that a precommitment to get a cer
tain result was greater on the part of 
the investigating team than on the part 
of Benveniste's group. 

Now, Benveniste's results may rep
resent an artifact, an uncontrol led 
condi t ion or practice in a given labo
ratory—or they may not. If they do , 
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such practice is common to at least four 
laboratories in dif ferent parts of the 
wor ld and may be affecting other stud
ies in these and other laboratories. If 
so, an effort to identify it is vital to en
sure the accuracy of other such assays 
in these laboratories. Such an effort 
wou ld require one or more experi
enced laboratory scientists wi th exper
tise in the particular techniques and 
equipment being used. 

From the composit ion of the inves
tigating team, however, it is obvious 
that the gameplan was to document 
f raud, and when that fai led, the fallr 
back was a series of scattershot accu
sations and innuendoes. In retro
spect, it wou ld appear that a decision 
was taken to rush the article into print 
and then pr int a devastating attack on 
it as the most effective method of de
stroying not only this experiment, but 
also Benveniste and his collaborators 
and the general line of research into 
high-di lut ion effects. 

Homeopathy Not the Target 
The target of this wi tch-hunt may ap

pear to be homeopathy, a branch of 
medical practice based on the efficacy 
of highly di luted solutions of various 
drugs. However, although Benveniste 
is interested in phenomena occurr ing 
at high d i lu t ion, he holds no particular 
brief for homeopathy. In fact he pub
lished an article in the March 5, 1988 
issue of the medical journal Lancet re
port ing a study that proved that two 
wel l -known homeopathic drugs, Op
ium 15CH and Raphanus 5CH, had no 
effects on the clinical condit ions for 
which they were prescribed. 

The real threat represented by Ben
veniste's data is that they relate to the 
immune system, an area that so far has 
proved refractory to adequate expla
nation by molecular biology, the ac
cepted method of rationalization of 
physical phenomena in the area of liv
ing processes. Molecular biology is 
based on the premise that life arose on 
the basis of a statistical f luke in the ran
dom interaction of molecules, and it 
rules ou t any higher-order causal pro
cesses. Obviously, these ideas are 
based upon broader philosophical 
conceptions of the meaning of life. 

For example, the high priest of mo
lecular biology, Jacques M o n o d , who 
won the Nobel prize for studies de
signed to squeeze the phenomena of 
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Reuters/Betlmann News Ph tos 

Jacques Benveniste in his laboratc ry: 
"Science flourishes only in freedon ." 

biology into the straitjacket of inf 3r-
mation theory, characterized life in 
these terms: 

"Life appeared on earth; what >e-
fore the event, were the chances t lat 
this wou ld occur? The present str jc-
ture of the biosphere far f rom ex
cludes the possibility that the decis ve 
event occurred only once. W h ch 
would mean that its a prior i probabi ity 
was virtually zero. . . . The unive se 
was not pregnant wi th life nor the b o-
sphere wi th man. Our number caine 
up in the Monte Carlo game. Is it i ny 
wonder if, like the person who has j ist 
made a mil l ion at the casino, we I iel 
strange and a litt le unreal?" 

Selective Persecution 
Another clue to explain the behav or 

of Nature comes from a story t h a t ; p-
peared in the same )une 30 Nature in 
which Benveniste's experiment was 
first reported. This story by edi ior 
Maddox appears in a News and Vie vs 
co lumn t i t led, "Can a Creek Tragedy 
Be Avoided?" It reports accusations 
against the work of a leading molec u-
lar biologist, Dr. David Baltimore, 3y 
the same Walter Stewart who w as 
brought in to Benveniste's laboratoiy. 

It is instructive to compare the w jy 
the two cases were handled by Natuie. 
Baltimore's work involved the use of 
transgenic mice, produced by i nse t -
ing genes f rom one strain of mice into 
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the embryos of another mouse strain, 
to study diversity in antibody forma
t ion . These particular mice were cre
ated in 1984 and used in experiments 
at the Whitehead Institute in Massa
chuse t ts in 1986. 

Problems arose when a postdoctoral 
s tudentat theWhi tehead Institute, Dr. 
Margaret O'Toole, testif ied before a 
congressional committee that the data 
publ ished in 1986 could not be exper
imentally reproduced. Subsequently, 
Stewart and his partner at N IH, Dr. Ned 
Feder, jo ined in the attack on the as
says and statistical analyses used by 
Baltimore's group. 

To understand the relevance of this 
story to Benveniste's work , it is nec
essary to explore the "Greek tragedy" 
that Nature editor Maddox was so con
cerned to avoid. This "tragedy" was that 
Stewart et al. was r ipping to shreds 
work by David Baltimore, wh ich , as 
Maddox wrote, "offers the particular 
promise of an understanding of the 
regulation of the immune response in 
mammals in the language of molecular 
biology, not just in the phenomeno-
logical language of immunoassays." 

That this attack on one of the high 
priests of molecular biology was dis
pleasing to the gods and might have 
unwholesome consequences was stat
ed quite plainly by Maddox: "A l 
though O'Toole has left research, at 
least for the t ime being, she as well as 
Feder and Stewart could be hurt by 
what lies ahead, even if their criticisms 
turn out to be correct [emphasis 
added]." 

Maddox also explained how selec
tive rigor must be applied to or thodox 
research: "The chances are that the 
1986 article in the dispute is f lawed in 
some of its analyses, but that it has also 
demonstrated that transgenic mice are 
an interesting way of learning how the 
immune system is regulated. That pro
cess wi l l cont inue, uninhibi ted by the 
errors (alleged or otherwise) in the 1986 
paper. W h o , in ordinary circum
stances, wou ld complain of that, error 
(unproven) notwithstanding?" 

Is it not relevant to inquire whether 
Maddox might have persuaded Stew
art to reduce his chances of getting 
"hur t " (to quote Maddox) by turn ing 
his "ni t-picking persistence" (again 
quot ing Maddox) onto a more accept
able target? Certainly his sweetly rea-
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sonable tolerance for Baltimore's 
questionable results is in sharp con
trast to Maddox's personally super
vised hatchet job on Benveniste. 

Benveniste's heresy is not the more 
obvious case of "forbidden ideas" but 
the more profound one of having wit
nessed, and reported, "forbidden 
events." It is these forbidden events 
that mock politically powerful, but 
epistemologically flawed, scientific 
paradigms, since there is no way to 
compass the events within the para
digm. Inthisparticularcase, if thefind-
ings do not represent an artifact or ex
perimental quirk—and they well may 
not—then the explanation must be 
sought elsewhere than on the molec
ular level. 

Structured Water 
The closest point of comparison 

would be to the spin coherence of nu
clei in the "structured water" found in 
living tissue. By comparing the varying 
time of relaxation of tissue in different 
conditions, through the use of nuclear 
magnetic resonance (NMR) technolo
gy, diagnosis of tumors and other 
pathogenic conditions is made possi
ble. Such "structuring" of water, which 
involves a collective molecular effect, 
does not, however, involve shaking as 
a precondition. Benveniste's results 
would involve the transmission of sub
atomic rather than molecular magnet
ic resonances in an ordered manner 
throughout the solution, and the per
sistence of this resonance in the ab
sence of the original molecule that in
duced it. 

Such transmission of organization i n 
the absence of molecules has been 
documented in studies of mitogenic 
radiation by the Russian scientist Alex
ander Gurwitsch and his student V.P. 
Kaznocheev. In the Kaznocheev ex
periment, uninfected cell cultures 
separated from virus-infected cell cul
tures showed degenerative changes 
when the glass barrier between the 
cultures permitted the passage of ul
traviolet light, despite the fact that no 
virus was present and no molecular ex
change could take place. 

Benveniste's results present the 
possibility that new and fruitful open
ings may be found out of the present 
dead end of molecular biology. These 
openings will be explored and devel
oped by optical biophysics, which is 

uniquely capable of examining the liv
ing process as a process, as opposed 
to the molecular-biological approach, 
which is analogous to smashing a watch 
into pieces and then trying to figure 
out how it works by looking at the in
dividual pieces. 

The real Achilles heel of current bio
logical science is that the statistical in
formation theory model, based on the 
Second Law of Thermodynamics, by 
its nature is incapable of dealing with 
singular events, such as life, which, as 
Jacques Monod states, it necessarily 
regards as highly improbable. 

It is useful to remember that when 
the 19th century physicist Bernhard 
Riemann predicted the existence of 
acoustical shock waves, many years 
before their empirical demonstration, 
a number of eminent physicists of the 
politically dominant Newtonian-Max-
wellian school proved, according to 
their mathematics, that such shock 
waves were "impossible." That they 
were later proved wrong did not alter 
their view; it simply motivated them to 
suppress and distort Riemann's work. 

More recently, these same arbiters 
of "acceptable" science have attempt
ed to coverthe inability of theirflawed 
mathematics to explain certain sub
atomic phenomena with a shower of 
quarks. 

The great physiologist Claude Ber
nard, a colleague of Louis Pasteur, once 
described a scientist as a man asking 
questions of nature. There are no un
successful experiments, he said, be
cause whatever the answer, knowl
edge is obtained that forms the basis 
for further questions. Nature editor 
Maddox apparently believes that na
ture gave a wrong answer and that it is 
the job of Nature to correct nature, or 
at least punish the asker of the bad 
question. 

The gods of orthodoxy can always 
eliminate ideas by assassinating, phys
ically or otherwise, those who es
pouse them. But natural phenomena 
are a consequence of that underlying 
lawfulness of the universe that pro
ceeds with—to use an appropriately 
French term—"la belle indifference" 
to the wishes of the self-styled gods of 
Olympus who think they run "the sys
tem," or to the wishes of their func
tionaries, like Mssrs. Maddox, Stew
art, and Randi. 

Viewpoint 
Continued from page 7 
an effect upon other substances. 

This materialism—with its capabil
ity of endowing each part of the uni
verse with individual existence as an 
object—protects the objectivity of the 
latter, and that of our consciousness 
as well. But the price we pay for such 
materialism is the uncertain character 
of the universe; in this scheme, sci
entific prediction can do nothing but 
announce the global future of molec
ular units in accordance with Boltz-
mann's laws of probability applied to 
thermodynamics. In practice, this 
means the increasing entropy of the 
physical universe with life giving way 
to entropy, for it is then nothing but a 
graft, living at the expense of the phys
ical universe. (This is the view of llya 
Prigogine, for example.) 

Benveniste and the scientists who 
verified his experiments repeatedly in
creased by a factor of 10 the propor
tion of waterto solute. They continued 
to test the allergenic power of S by the 
same biological technique. Even when 
very high dilutions were reached, 
where the chance that the solution 
contained even a single molecule of 
the substance S became infinitesimal, 
the "solution" still setoff the reaction 
R. This therefore proved that the ac
tion is not dependent on the apprecia
ble presence of S, but rather on the 
"imprint" that S left on the solvent. 

Benveniste therefore posed the hy
pothesis that certain electromagnetic 
events took place while S was in the 
solution, modifying the behavior of this 
water in a lasting way that was specific 
to S. Thus, certain information was 
being transmitted throughout the pro
cedure of dilution inamannerthatwas 
purely active and not material. One can 
imagine the door—or rather the im
mense gates—that open suddenly, 
and, as most will think, onto the un
known. 

Those who know even the general 
findings of optical biophysics, how
ever, will be less astonished and less 
scandalized. 

Benefits of the Benveniste Affair 
My purpose here is to review suc

cinctly the general findings and the 
useful consequences that can be ex
pected from this Benveniste affair, as 
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much for the benefit of fundamental 
science as for technological applica
t ions. The enormous value of Benven-
iste's work is that it demonstrates me
ticulously that the entire body of the 
biochemical disciplines is indissolubly 
l inked to that of optical biophysics. His 
work therefore cannot be to the detri
ment of science but to its enrichment. 
Please, do not panic! 

It may seem disagreeably outmoded 
to some to refer to Louis Pasteur. Yet 
we must do him the justice of recog
nizing that he founded optical bio
physics when he demonstrated the 
specific dissymmetry characteristic of 
organic molecules, by showing their 
differential action upon l ight. Through 
these experiments, one could already 
conceive of the inseparability of bio
chemical properties f rom properties of 
action upon l ight, in this case its polar
ization. Pasteur had no "spectrome
ter" at his disposal other than tartrate 
crystals. 

Today the only bounds we can im
pose on optical biophysics are arbi
trary ones for merely technical pur
poses. This is so because the sum of 
veri f ied and reproducible experimen
tal work demonstrates that every met
abolic activity is accompanied by the 
emission and reception of ultraweak 
electromagnetic waves of variable 
wavelengths, or else by the generation 
of electrical or magnetic fields. These 
waves and fields have at least one fun
damental property: specificity. A giv
en molecule, a complex of molecules, 
or a tissue, has an electromagnetic sig
nature. The molecular representation 
of life is therefore very incomplete, and 
has fallen behind w i th respect to what 
is known in optical biophysics. 

What is missing in molecular biolo
gy is the vast domain of electromag
netic phenomena. Al though simplis
tic, one can say that the same step has 
now been taken in biology as in phys
ics since the discovery of supercon
ductivity. 

For anyone who is a bit acquainted 
wi th the various avenues of research 
in optical biophysics, at least one th ing 
is already proven: An intense, coher
ent, active and passive electromagnet
ic activity accompanies metabolisms 
that heretofore have been able to be 
conceptualized only in terms of their 
biochemical characteristics. 

BIOLOGY AND MEDICINE 

vince a government of the imper^ tive 
necessity for the creation of an Insti
tute of Optical Biophysics? 

The stakes are high. The entirely of 
biological science requires ren na
t ion . At issue directly are current :co-
logical and physiological laws. In ad
d i t ion, pharmacological and mec ical 
science are concerned, as well as ag
riculture and food science, epiden iol-
ogy, and the study of infectious dis
ease. 

To take one example, it has been 
demonstrated in the United States that 
one can tune electromagnetic p i lses 
to exactly the right frequency to q i ick-
ly, effectively, and cheaply kill loci sts. 
From this experiment, one can < on-
ceive that explanations for hereto ore 
inexplicable ecological phenorrena 
wi l l begin to mult iply. 

The Choice 
The choice for science there ore 

cannot be clearer: Either one cor sid-
ers that everything essential ha< al
ready been discovered and that one 
must therefore put curses on any sci
entif ic work that might disturb this 
wor ld view. (In this case, this m< ans 
taint ing the discoverers w i th som ! al
leged crime.) Or , one could welcome 
in what is probably a scientific rev DIU-
t ion . 

Let me restate this clearly. W h i t is 
upon us is not the wrecking of biol >gy, 
but very much the contrary; nor is it 
the death sentence of molecular >iol-
ogy. What we face involves the oj >en-
ing up of the f ield of biology. The jn ly 
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death involved is the death of a dog
ma—the dogma of the intangibil i ty of 
DNA. To be sure, this revolution in sci
entif ic approach involves tremendous 
technological upheaval: man becom
ing capable of acting upon the bio
sphere wi th extraordinary precision. 

And so, instead of panic there should 
be rejoicing. If all goes we l l , in history 
the Benveniste affair wi l l come to be 
remembered as the signal of a great 
revolut ion in science and technology. 

New Delhi Report 
Continued from page 11 
scribed by the Soviets themselves, has 
been accepted as the main reason for 
the Chernobyl catastrophe. Legasov's 
critical appraisal, however, points to 
deeper problems. 

Referring to the poor quality of some 
of the equipment developed for Soviet 
nuclear plants, Legasov said that it 
happens because "either there were 
no materials or no organization wh ich 
would have taken up the work of de
veloping a non-trivial compressor, a 
non-trivial heat exchanger. . . ." 

Soviet Safety 
Legasov was also sharply critical of 

Soviet safety systems. He pointed out 
that the fuel safety rods, which are 
lowered to absorb neutrons and thus 
cut off the possibility of a runaway 
atomic reaction wi th in the reactor, are 
manually operated in Soviet reactors 
and that no system is available in wh ich 
the safety rods go down automatically 
to kill the neutrons. This and many 
other improvements, Legasov said, 
"were not rejected but they were being 
considered very slowly. . . ." Legasov 
also po in ted to the deteriorating qual
ity of engineers recruited to do the 
oeprational and maintenance jobs. 

No doubt the picture of the Soviet 
nuclear establishment presented by 
Legasov is disturbing and unworthy of 
a nation that bui l t the world 's first 
commercial nuclear power reactor. In
dian nuclear scientists wi l l do well to 
insist on making sure exactly what they 
are gett ing. At least academician Le
gasov has given them fair warning. 

Ramtanu Maitra, a nuclear engineer, 
is editor-in-chief of the magazine 
Fusion Asia. 
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Microscopes Beyond the Limit 
by Charles B. Stevens 

Currently we are celebrating the 
third century of what, according to Sir 
Isaac Newton, should have been a dark 
age. Three centuries ago Newton cal
culated that telescopes had reached 
their ult imate size and none could be 
constructed wi th greater resolut ion, 
because of the limits imposed by ab
errat ion, which he had theoretically 
determined. 

In a similar mode, contemporary 
naysayers have found that micro
scopes are also theoretically l imited. 
But just as scientists over the centuries 
have found the means to push back 
the apparent limits for telescopes, sci
entists today have begun to break 
through the supposed limits more re
cently proposed for microscopes. 

In recent years major advances have 
been made in visible light micro
scopes and in the development of mi
croscopes that utilize other forms of 

radiation and even particle beams. 
Among the latest developments is 

the scanning tunnel ing microscope, 
called the STM. The STM works like a 
bl ind man's cane, feeling out the sur
face of a microscopic sample on which 
the bumps and corners are made by 
atoms and molecules. 

Scanning Tunneling Microscope 
A t iny metal t ip is passed along the 

surface of the sample. The tip is kept 
at a constant distance of a few ang
stroms (1 angstrom is a hundred-mi l
l ionth of a centimeter). This constant 
distance is maintained by keeping a 
constant voltage between the t ip and 
the sample and observing the quan
tum tunnel ing current. This current 
depends on the distance between the 
t ip and the surface. Therefore, keep
ing the current constant ensures that 
the distance is always the same. The 
result is that movements required to 

keep the distance constant reveal the 
atomic-scale hills and valleys of the 
surface of the microscopic sample 
(Figures 1-2). 

Recent applications of the STM have 
included the imaging of biological 
molecules submerged in water. Even
tually it is hoped to be able to actively 
image these molecules in water whi le 
they are reacting. This could reveal the 
fine details of reactions and give cru
cial insights into how the reaction of 
two compounds is catalyzed by a th i rd . 
Another potential application current
ly being pursued is to f ind the actual 
sequences or codes for DNA. 

The STM is not l imited to recording 
just the physical shape of a surface. 
Other microscopic properties can be 
detected. H. Kumar Wickramasinghe 
of IBM has developed a technique for 
recording the magnetic and thermal 
properties of surfaces. 

Figure 1 
THE SCANNING TUNNELING MICROSCOPE 

The scanning tunneling microscope (STM) works like a blind man's cane, feeling out a surface on which the bumps 
are made by individual atoms or molecules. A tiny metal tip carrying a voltage scans the surface and electrons 
"tunnel" to it in spite of strong repulsion—a phenomenon understood only in terms of quantum mechanics. 

Shown at left is an STM image of atoms of BiuTe„Sw a semi-metal. The atoms are 3 angstroms apart. The units on 
the image are nanometers, and the scale shows depth in nanometers in terms of light and dark. 

At right is the same image in a surface perspective, after computer processing. These images and that in Figure 2 
were made on a Digital Instruments (Calif.) NanoScope II scanning tunneling microscope. 
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Resolution Below the Wavelength 
In general, the resolution of a micro

scope is determined by the wave
length of radiation it utilizes. Because 
of this, scientists are developing mi 
croscopes that util ize the shortest 
wavelengths practicable. 

For example, X-rays have wave
lengths 50 t imes shorter than visible 
l ight, so that X-ray microscopes give 
up to 50 times better resolut ion. Elec
tron microscopes are 25 times better 
than the X-ray microscope. Yet in both 
cases these systems are very l imi ted, 
because the sample must be specially 
prepared and is damaged dur ing the 
exposure. To fol low important pro
cesses in living tissues, scientists would 
like to have a microscope wi th the res
olut ion of the X-ray microscope but 
using visible l ight. 

Scientists at Cornel l University are 
developing a system that promises to 
do just that—the near-field scanning 
optical microscope. It can already make 
out details smaller than 0.1 the wave
length of visible light. The fundamen
tal concept of this new system is to do 
away wi th the lens altogether. A tiny 
cylindrical probe, which has a diame
ter of less than one visible-light wave
length, could be brought very close to 
the sample. Then, by scanning the 
probe across the surface of the sample, 
an entire picture wou ld be generated. 

In practice the Cornell team does not 
uti l ize a tube quite that small. Instead 
the researchers arrange for their elec
tronic detector—the system that sees 
the l ight—to be l imited to seeing only 
a subwavelength spot. The micro
scope consists of a hol low, needle-
shaped tube made f rom glass wi th an 
opening 150 bi l l ionths of a meter 
across. The inner diameter of the tube 
is 50 bi l l ionths of a meter. The outside 
of the glass tube is coated w i th alumi
num and the tube is connected to sen
sitive photodiodes. 

The near-field scanning microscope 
should f ind major applications in im
aging biological processes and sys
tems such as viruses, chromosomes, 
and molecules in vivo. The micro
scope can also be used to examine the 
surfaces of integrated circuits w i thout 
damaging them as scanning electron 
microscopes do. 

Philosophers and psychologists have 
long noted the selectivity of human 
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percept ion. Now, researchers are 
making electronic eyes do the s ime 
th ing, w i th major technological and 
scientific implications. Electronic t an-
sient detectors are everywhere nc wa-
days, f rom the supermarket to the air
port. Air traffic controllers have c j m -
puter systems that automatically re
move images they do not want to s low 
up on their radar screens, such as sta
tionary buildings and trees. This is c one 
by having a computer remove a stc red 
image f rom the active signals bsing 
picked up by the radar. 

Transient Detection Microscope 
Scientists at the University of So Jth-

ern California in Los Angeles havi in
corporated this technique in a new Lind 
of microscope—the transient de tec-
t ion microscope. The system im; ges 
only those elements of the f ield that 
are in mot ion , and is intended for ob
serving moving biological systems < uch 
as microscopic protozoa. 

The advance by these researche rs is 
that they have developed a techni que 
uti l izing nonlinear optics in p lac ; of 
electronic computers for dist ingi ish-
ing between moving and nonmo 'ing 
elements of the f ield. 

The image consists of a hologram 
(three-dimensional picture) of the 
sample. For the transient detectior mi 
croscope, the hologram is recorded 
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and maintained in a crystal of barium 
titanate. The hologram is cont inuously 
being re-recorded and updated in real 
t ime. Simultaneously, the old image is 
being subtracted f rom the new image. 
If the two do not differ, no th ingwi l l be 
visible. 

The technique involves nonlinear 
optical processes: In simple terms, two 
laser beams are used to create the 
hologram in the barium titanate crys
tal. The crystal has optical properties 
such that the image, once generated, 
is stored. A second image of the sample 
is generated wi th in the crystal, and the 
crystal then subtracts the first image 
f rom the new image in terms of the 
throughput of laser l ight. That is, the 
laser light that emerges f rom the crys
tal has had the first image subtracted 
f rom the second. This altered laser 
beam creates the display for the user. 

Unlike analogous systems that use 
spatial l ight modulators or computer 
processed images, the transient detec
t ion microscope does not break up the 
image into discrete elements or pixels. 
Therefore, the resolution of the image 
is not degraded by the subtraction 
process. The system can also be used 
to enhance the imaging of stationary 
specimens, particularly in cases where 
the sample must be observed in sub
dued light. 
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Plasma Focus Achieves 5-fold Increase 
In Fusion Output 
by Charles B. Stevens 

A new method that has increased the 
fusion output of the plasma focus 
technology by a "factor greater than 
5," has been reported by the plasma 
focus research team at the Stevens In
stitute of Technology (SIT) in Hobo-
ken, New Jersey. 

Most exciting is the report f rom Pro
fessor Vit tor io Nardi, who heads the 
plasma focus team, on the possibility 
of near-term technological applica
tions of this advance. 

Nardi says that fusion and high-en
ergy particle beam outputs of the plas
ma focus could be util ized in a wide 
range of systems, including the pro
duct ion of medical radioisotopes, ma
terials testing facilities, and various 
types of diagnostics both for applied 

engineering and basic science. 
According to the Stevens research 

team, this increase in output results 
f rom a more efficient acceleration of 
high-energy particle beams wi th in the 
machine's plasma, and f rom increased 
trapping of these beams in neighbor
ing regions that maintain extremely in
tense magnetic fields—greater than a 
hundred mil l ion gauss. (The Earth's 
magnetic field is just a fraction of a 
gauss.) 

The New Method 
The new method consists of intro

ducing a field-distortion element in the 
gap between the electrodes of the 
plasma focus device. 

The plasma focus fusion device is of 
a simple design that looks like a large 

Winston Bostick 

A plasma filament photographed in a 
1970s version of the plasma focus de
vice at the Stevens Institute of Tech
nology. Recent experiments have 
demonstrated that such filaments are 
probably the way high energy particle 
beams are generated and trapped in 
the device's plasma. 

Plasma Focus Provides Clues to Formation of Cosmic Dust 
The experiments on the plasma fo

cus machine may explain how cosm
ic dust forms. Interstellar dust is 
thought to be a prerequisite for the 
formation of stars and planets, but it 
is not known how interstellar dust is 
formed f rom gas. 

The Stevens Institute plasma focus 
team reports that it has detected the 
formation of ion clusters in the plas
ma focus device. The device uses 
very high current and magnetic field 
densities compared to those in
volved in other techniques of ion 
cluster format ion, and the resulting 
ion clusters are found to be much 
more stable. 

The plasma focus has currents in 
excess of one mil l ion amperes. Al
ternative techniques uti l ized until 
now to form ion clusters have been 
(1) low-current discharges with im
mediate extraction of the ion cluster 

in a high-vacuum drift chamber, and 
(2) cooled hydrogen gas jets in a high-
vacuum chamber, where neutral 
molecular clusters condense and are 
later ionized by an oscillating elec
tron c loud. The supercluster com
ponent found in the plasma focus 
has a remarkably longer lifetime than 
those produced by these alternative 
techniques. 

Intense Magnetic Fields 
A possible explanation of this 

longer l i fetime is the presence of the 
very intense, 100-megagauss mag
netic fields, which could hold these 
superclusters together. Apparently 
some of the fi lamentary, force-free 
plasma structures seen in the plasma 
focus current sheath before the plas
ma pinch takes place somehow sur
vive the explosive pinch breakup. 
These surviving plasmoids, which are 
seen to have a closed toroidal con

f igurat ion, seem to eventually fo rm 
into clusters. The apparent means for 
transformation is cyclotron radiation 
cool ing. 

Because of the high magnetic 
f ields, these plasmoids generate 
large cyclotron radiation outputs. 
The higher coherence of cyclotron 
radiation over more ordinary 
bremsstrahlung X-radiation could 
account for the rapid and effective 
cool ing of these clusters. 

The Stevens group notes: " I t is 
conceivable that this high-rate cool
ing and related ion/neutral-atom 
cluster condensation is a major fac
tor also in the formation of interstel
lar dust out of gas that—from direct 
observational evidence—was origi
nally free of sol ids." The experi
ments may also begin to uncover the 
fundamental processes responsible 
for crystal format ion. 
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radio tube, with two electrodes shaped 
like hol low cylinders, one inside the 
other. The cylinders are inside a vac
uum chamber filled with hydrogen gas. 
A compressed current pulse generates 
a large electric f ield between the elec
trodes, ion iz ingthe hydrogen, making 
it an electrically conductive plasma. 

Wi th the f low of electric current be
tween the electrodes, plasma nodules 
form that can sustain enormous ener
gy densities. Fusion reactions result, 
w i th an output of bursts of X-rays, re-
lativistic electron and ion beams, and 
neutrons. (See "The Plasma Focus Fu
sion Device," 21st Century, Sept.-Oct. 
1988, p. 37.)* 

The field-distortion element is a small 
piece of solid material placed in the 
gap between electrodes. It concen
trates the interelectrode current into a 
thin plasma current sheath. This pro
cess is init iated at the beginning of the 
discharge and effectively eliminates 
diffuse distr ibutions of current behind 
the high-density plasma current 
sheath, greatly increasing its power 
density. 

Another advantage of the f ield-
distort ion element is that it virtually 
eliminates bad shots—misfires of the 
device. There are relatively small fluc
tuations of the fusion energy yield f rom 
shot to shot wi th the f ield-distort ion 
element. However, this reflects more 
the randomness of the processes in
volved in the pinch disintegration and 
fine-structure decay than the disper
sion of a sizable fraction of the current 
in a diffuse low-density f low behind 
the pinching plasma current sheath. 

Fine Structure Detected 
The pinch is formed by a mult ipl icity 

of fi laments wi th diameters of about .5 
mil l imeter, which have been observed 
in the Stevens laboratory. The exis
tence of a f ine structure in these plas
ma current fi laments on an even small
er scale, less than .1 mil l imeter, has 
been detected wi th new high-resolu
t ion techniques. 

Experiments have demonstrated that 
the plasma filaments are probably re
sponsible for the generation of high-
energy particle beams through induc
tive-field acceleration in the plasma 

Note 
*A full report on these results can be found in IEEE 
Transactions on Plasma Science. June 3,1988 pp. 
368-378. 
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The vacuum chamber from an early plasma focus device at Stevens Institute. The 
particle beams produced by the pk sma focus are measured in the magnetic field 
created by the Helmholtz coils at k ft. Two ports to the plasma focus are visible. 

focus. These filaments have also b ;en plasma focus filling gas, and of carbon 
found to be responsible for trapf ing and boron-nitrogen solid targets has 
high energy particle beams within the been measured. The activation is due 
plasma. to the bombardment of these ele-

Nuclear activation of carbon anc ni- ments by the high energy particle 
trogen that have been mixed with the beams. 



An economist examines the task of building cities that are beautiful and will 
last through a thousand years of technological progress. 

Designing Cities 
In the Age of 
Mars Colonization 
by Lyndon H. LaRouche, Jr. 

P lanning the colonization of Mars gives deeper mean- new kinds of stresses associated with prolonged exposure 

ing to the ages-old task of rendering man's habitation to the alien environments of space, 
of unfriendly natural environments fruitful, healthy, We must take into account, in a new way, both the phys-

and as agreeable as possible. We must consider features of iological and psychological importance of the architectural 
the artificial Mars environment other than merely the mo- design of the local environment in which the explorers and 
lecular-biological requirements of the human being. We colonists work and perform their normal personal func-
must take into account the importance of immunizing the tions away from the workplace. Admittedly, the permanent 
psychological well-being of the colonists against the eerily colonization of Mars is probably 40 years ahead; yet, even 



now, in the early stages of planning that colonizat ion, and 
dur ing the coming months and years, we must set some of 
the architectural guidelines for planning the future geom
etry of the new cities, the work ing space and the ordinary 
l iving space, in wh ich space explorers and colonists wi l l 
work and live. 

Increasing fascination w i th space-exploration, especially 
among the young, ensures that whatever we announce as 
necessary features of the colonization of the Moon and 
Mars wi l l have an increasing impact in reshaping the pol i
cies governing life here on Earth. Even in the stages when 
only a handful of Earthlings are actually venturing into space, 
increasing port ions of the Earth-bound populat ion wi l l shift 
the popular sense of human identity toward the idea of 
mankind as a space-explorer and space-colonist. This wi l l 
br ing about an adjustment in popular values, a change in 
the way human beings th ink about human beings. 

Dur ing the coming years, whi le flights deeper into solar 
space are still mainly in the planning and development 
phases, more and more people on Earth wil l look at life 
here on our home planet through eyes which are becom
ing, in the informed imagination, the eyes of the space-
explorer. Wi th ever-greater frequency, the suggestion wi l l 
be made, that what we can accomplish in spacemightpo in t 
toward the best solut ion for problems here on Earth. 

This spillover of space planning into practice on Earth is 
a sometimes indispensable, as well as a likely result of the 
growing populari ty of space colonization programs. 

Thus, over the years immediately ahead, increasing at-

Figure 1 
KEPLEROPOLIS: 

A PROPOSED CITY DESIGN 
FOR MARS 

Kepleropolis, shown here in the construc
tion stage, is designed to support 500,000 
individuals. Its main dome, 1 mile in di
ameter, is built in a crater. The construc
tion material for the dome is not yet in
vented; it would be transparent yet block 
cosmic rays. The ecliptic of the dome is at 
ground level. On the surface level is a large 
educational and recreational park. Im
mediately subsurface are administrative 
offices, and on levels below that are trans
portation and storage facilities and a cen
tral fusion power plant. 

Atop the dome is a 1-mile high astro
nomical observatory and communica
tions station. Surrounding the main dome 
are 10 smaller domes, each capable of 
supporting neighborhoods of 50,000 in
dividuals. These domes are linked to in
dustrial buildings along the outer part of 
the radii extending from the central dome, 
and the areas between the industrial 
buildings are devoted to terra-forming, 
agricultural and industrial activities. 
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'Human Engineering' 
My first gainful employment began before my 16th b i r th

day, in a sumi ner job as what is called a "hand-dinker"—at 
25tf an hour— in a sl ipper-manufacturing f i rm. It represent
ed about as k w a level of skill as one might f ind in such a 
place. My assi gnment was to stand at a wooden block, w i th 
a die in the k ft hand and a shoe-cutter's mallet of several 
pounds weight in the right, and to punch out as many of 
the same obje ct as I cou ld , over and over again, each hour. 
At first, that work seemed to me about as bor ing as one 
might imagine. I quickly realized that it need not, and should 
not, be bor inj . 

My thoughi s at that work-bench were on the subject of 
what is called motion-study. The object of my inquiry was 
to discover h< >w I could accomplish the maximum of the 
desired result w i th the least ef for t ; soon, I added, w i th the 
least painful a tereffects experienced overnight and the fo l 
lowing day. T le mental image I adopted, was of the ord i 
nary p e n d u l i m of a grandfather's clock: to achieve a 
rhythmical m< vement, in which my body fought itself the 
least in bringir g about those motions, with the proper force, 
to achieve the optimal result. 

My father h id secured this lowly employment for me as 
part of his pre gram for training me as a management con
sultant in the shoe-manufacturing industry. Indeed, this 
did help to im| >el me toward the consult ing profession. The 
scientific pr in :iple 1 confronted in seeking to master that 
lowly, repet i t i /e toi l was an experience which guided my 
attention to t l e character and importance of "human en
gineer ing" of the operator's workplace, and of the traffic 
f low of mater als and work-in-progress through the pro
duction center locally and the production facility as a whole. 

No person, >ut one who has developed the habit of look
ing at every e> perience in this way, should be considered 
quali f ied for t l e profession of "economist." Do not tel l me 
silly money th ;ories of how objects are bought and sold; 
tell me exactly how they are produced and how they are 
physically distr ibuted. Tell me how much labor, of how 
many people, working under what condit ions, is required 

ceptable standard of market-basket of goods 
for one household. Tell me not the importance of a certain 
amount of money in a salary or wage; tell me not merely 
the money pri< es of things. Tell me what kind of a life a year 

or w i l l , on the average, buy for his family 
I me how you propose to effect economies 
wil l help to improve that l ife. 

of a man's lab 
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Only one who understands the importance of these 
questions, and has acquired the skills for answering them, 
is qualif ied to become an economist. These attitudes and 
skills are not sufficient, by themselves, to qualify a person 
as an economist; but, no person who lacks these rudimen
tary skills wi l l ever be better than useless as an economist. 

In recent decades, industrial " t ime studies" by teams of 
so-called efficiency experts have become notor ious, as the 
higher-priced, trained industrial engineering was replaced 
by the cheaper fel low hired off the street for his skill in 
wearing a whi te shirt whi le using a stop-watch and clip
board on the factory f loor. Today, " t ime studies" are noto
rious, because the drift has been away from capital-inten
sive investment in economy of labor, toward increasing the 
labor-intensity of the workplace. As my own view of "hand-
d ink ing" experience indicates, the purpose of industrial 
engineers' "human engineering" practice was directly the 
opposite to policies of labor-intensif ication; the purpose 
was to achieve greater productivity and quality with less 
effort by the operative. 

The benefits of "humanistic engineer ing" (a better term 
than "human engineering") include such obvious econom
ic gains to employer and employee as lower rates of indus
trial accidents, less cardiovascular and other illness, and so 
on . 

The skil led industrial engineer did not need to refer to a 
stop-watch very of ten. The norms of movements of eyes 
and l imbs, once established, gave the industrial engineer 
handy reference tables of a sort he understood, because 
he had learned to construct such tables as part of his profes
sional education. He worked essentially as I had, when I 
thought through the best methods for hand-dinking. He 
thought about the physical geometry of the movements of 
man, machine, and work-in-progress; once he had mapped 
those qualitative features of the job, he could assign al
lowed times for each required mot ion wi th far greater ac
curacy than a platoon of t ime study boys studying the same 
workplace. 

As a youth , I saw this problem expressed in a brutal way 
each t ime I stood in a shoe-manufacturing payroll l ine-up 
myself, or observed the operatives punching out and leav
ing the plant at the end of the day. I could identify accurately 
the nature of the occupation of the older operatives, merely 
f rom observing their bodi ly movements as they passed the 
time-clock. Their bodies were distorted by the combinat ion 
of labor intensity wi th the peculiarities of the organization 
of the workplace; so, one could spot the lasters, the wel
ters, and so fo r th , f rom the posture of their arms, torsos, 
and way they walked. 

Sadly watching that parade, one recognized the human 
importance of making operatives more the masters of their 
machinery, less an increasingly crippled appendage of the 
machine. 

For this reason, I learned to hate technological stagnation 
bitterly. In "humanistic engineering," we work to change 
the geometry of the workplace, to the effect of simplifying 
the motions and reducing the effort required of the opera
t ive, w i th special emphasis on el iminating the kinds of re
petitive motions which are unhealthful . We recommend to 
the employer: "bui ld this . . . change the l ight ing, so . . . 

make this change in the tool ing of the workplace," and so 
on . In a climate of investment in technological progress, 
there is gain in prof i t and quality by the employer, and 
personal and income advantages to the operative, too. 

Trading so many dollars' wor th of unnecessary exertion 
by the operative, against an investment which costs actually 
less per unit of output than the amount saved in terms of 
unnecessary operative's exertion avoided, is the normal 
way in which productivi ty increases wi th gains to the oper
ative as well as the employer. This is true up to the point 
that paid-out dividends become too large a port ion of gross 
earnings, or bor rowing costs for new investments in capital 
stocks become much too high. 

The humanistic professional might measure his personal 
satisfaction f rom his work by reflecting on the image of 
twisted bodies of middle-aged operatives parading past the 
t ime-clock. The personal conscience of the true profession
al is: that saddening spectacle, and everything akin to it, 
must be eradicated systematically f rom our product ion. 

The gains effected so are not merely physical ones; the 
mental ones are more or less as important. In the longer 
t ime, it is the mental gains which are of the utmost impor
tance. The employer who says to his employee, "I don' t pay 
you to th ink , " is no t the genius-laden tycoon he might th ink 
himself to be. The secret of the superior productivi ty of 
U.S. labor, in times dating f rom earlier than our recent 20 
years of "post industr ia l" drift into technological stagnation, 
was precisely that U.S. farmer's and industrial operative's 
superior abil ity to think whi le work ing. 

Every good industrial manager agrees. He might inform 
you of the steady gains in quality of product and productiv
ity which industrial f irms obtained through the employees' 
suggestion box. He might also instruct you on the subject 
of increased accident-proneness among operatives for 
whom a lower premium is placed on th inking as integral to 
the operative's role at the workplace. A more pro found, 
more valid general argument could be made: The biophys
ics specialist might suggest that we correlate brain alpha-
wave activity in persons wi th their ability to sustain cont in
uing technological progress eff iciently—and to avoid acci
dents on the job or whi le dr iv ing a motor vehicle. 

In general, as the level of skill and technology are in
creased, product ion depends increasingly upon a more ac
tive role by the operator's capacity for effective kinds of 
problem-solving innovations, as an integral part of the 
workplace. 

Think of space colonization as what it is: essentially, very 
high levels of skill and technology by every person in
volved. 

The chief flaw in the relatively better sort of industrial 
engineering practiced up to about 20 years ago was the lack 
of attention to what should have been recognized as the 
underlying principles of mot ion theory. Industrial engi
neering education should have included at least two years' 
span of study of the relevant work of Leonardo da Vinci , 
Albrecht Di i rer, Raphael, and Johannes Kepler. Had such 
studies been promoted as they should have been, a good 
industrial engineering graduate would have understood the 
principles which govern economy of labor. He wou ld have 
mastered also, the rudiments of applying classical pr inci-
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pies of aesthetics to architecture and urban design, and 
understood these subjects properly f rom the standpoint of 
"humanist ic engineer ing." 

General Design of a City 
At the end of Wor ld War I I , significant numbers of the 

leading scientists in Germany were gathered into a pool at 
Aachen, awaiting reassignments. Some of these applied 
their skills to planning the reconstruction of the war-ruined 
Ruhr district. Part of their design was implemented. Other 
elements, if not implemented, nonetheless inf luenced 
th ink ing about reconstruction policy. 

Since about 1977, I had been engaged in studies for the 
economic development of Africa, including the urgent need 
for bui ld ing cities of a new type in black Africa, as an indis
pensable, central f eatu re of any successful effort to develop 
black Africa in a general way. My own work in the latter 
connection gave my associates an advantageous standpoint 
for recent examination of the work of the Aachen circles; 
leading features of the Aachen designs coincided on key 
points wi th principles of design I had come to view as ele
mentary through my own work. 

Such is science. Different groups of investigators, in dif
ferent times and places but work ing f rom the same general 
store of knowledge, converge on the same result. The right 
principles of design of cities are not matters of local tastes; 
they are as universal as is the nature of the individual human 
being w h o , as the inhabitant of the city, is the measure of 
its proper design. The unchangeable principle governing 
the proper design of a city is elementary; it is the same for 
a city on Earth as it is for a permanent colony on Mars. 

The proper design for a city is a study of mot ion of people, 
the goods they use, and thei r activities. The general scheme 
for design is therefore the principle of least act ion—which 
I shall describe at a later point in this report. It is sufficient, 
for the moment , merely to state as an assertion that the 
def in i t ion of least action required for this purpose is har
monic orderings cohering w i th those determined by the 
golden section of the circle. For reasons to be made clearer, 
the significance of the golden section suffices to show that 
the general design of a city is implicit ly a proposit ion in 
Gauss-Riemann topology. 

I shall develop this theme by stages, after I have de
scribed the general arrangements. 

The simplest form of result has three features: (1) The 
paradigmatic form for approximately level regions is spher
ical, w i th one hemisphere lying above the surface and the 
other below the surface. Let us term the circular cross-
section of the sphere at the surface-level the ecliptic, as in 
the ecliptic of the solar planetary orbits. Then, (2) the har
monic organization of the ecliptic is analogous to Kepler's 
arrangement of the orbits of the Sun and its eight major 
solar planets, as divided by the domain of the shattered 
ninth planet, today's asteroid belt lying between the orbits 
of Mars and Jupiter (Figure 2). 

The Sun, tuned to a Keplerian C, is the central education
al park of the city. The orbits of Mercury, Venus, Earth, and 
Mars correspond to the administrative and residential areas 
of the city. F to F-sharp, the asteroid belt, is the boundary 
between the inner city and the outer, " industr ia l" planets. 

Since the d js ignof the city is based on least-action move
ment of hurran activity (per capita, per hectare), it is the 
transport sysl em—for persons and f re ight—which appears 
as a del imit in > feature of the internal design. In the modern 
form of the c ty, this movement is on distinct levels: walk
ing, passenger rapid transit, subsurface transit of freight, 
subsurface tr insit of activities by uti l i t ies. 

Thus, the subsurface hemisphere is def ined in terms of 
subsurface rr ovements of people and freight, and in terms 
of stores of e ssential goods; the density of the subsurface 
structure inc eases as a funct ion of per capita mot ion per 
hectare as w >. proceed inward f rom the "asteroid bel t" to 
the "Sun," tr e educational and classical cultural activities 
situated wi th n a large, educational and recreational park. 
So, wi th in the inner part of the "solar complex," the density 
of activity inc 'eases as we near the "Sun. " 

Beyond the asteroid belt, the per capita density of activity 
per hectare i i industrial use again increases, initially rela
tive to the av ;rage for the inner port ion of the complex as 
a who le , and then diminishes again, as the eye travels to
ward the out ;rmost orbit of these "outer planets." 

Throughoi t the complex, the density of movements per 
capita per hectare is harmonically distr ibuted as in plane
tary orbi ts; tr ese are def ined in terms of transport systems, 
especially the subsurface rapid transit, freight, and util it ies. 
The spokes a nd rims of these transport orbits are cut by a 
plane, self-si nilar spiral of movement, radiating f rom the 
"Sun" and intersecting the spokes and wheels of the out
ward and late ral movements. 

The spoke: are 12 in number, and the inner orbits are 
four. So, the pokes are named Nor th , Northeast by Nor th , 
Northeast, Nartheast by East, and so on . The orbits are 
named for rr usical tones, Kepler-style. The spiral-way is 
known as the Gaussway. 

This signifi ;s that such a city has a f inite maximum pop
ulat ion. If m?re populat ion is to be accommodated, an 
addit ional cit t must be developed, l inked to others by high
speed magn< tic-levitation rapid transit l inks—at nominal 
speeds of ab< iut 300 miles per hour. ( Indeed, magnetic lev-
itat ion is use i throughout the surface transit systems for 
movement o persons and freight.) How large is that f ini te 
maximum? 

At first glar ce, three factors appear to decide this: (1) the 
unit-area and volume required by an average person's mean-
free-path mo ion wi th in the city: the congestion factor; (2) 
the ratio of apsed t ime expended in normal travel by a 
person wi th i l the city, to t ime spent in other activity; (3) 
the size of th >. "Sun." 

These thres factors must take two other sets of factors 
into account The first of those two other sets of factors is 
that each de ;ign of a city is del imited by my six primary 
constraints f< ir a Riemannian representation of technolog
ical progress (1) level and rate of improvement of per cap
ita market-ba sket content, in quality and quantity; (2) den
sity and rate < >f increase of usable energy available per per-
capita unit of per hectare populat ion density; (3) level and 
rate of impr jvement of effective energy-flux density of 
modes of ap j l i ed technology; (4) ratio of rural to urban 
labor force employment in the region in which the city is 
functionally I seated; (5) ratios of employments of the urban 

21st CENTURY November-December 1988 29 



labor force, in terms of scientists and kindred professionals 
per hundred members of the labor force employed as op
eratives, and in terms of capital-goods producing to house
hold-goods producing operatives; and (6) the general level 
and rate of advancement of technology in practice. These 
six factors define the true basis for measuring individual 
activity levels wi th in the city as a whole. 

This is also affected in obvious ways by the second addi
tional set of factors, the demographic factors centered 
around the bir th rate per female of child-bearing age-inter
vals and life expectancies. 

All three sets of factors, taken together as part of a single 
funct ion, are the primary determinants of the city's proper 
choice of maximum populat ion levels. 

In all these considerations, the irreducible quantum of 
action is the activity scale required for the average individ
ual. The individual person's level of activity, per unit of 
populat ion density, becomes the def in i t ion of scale, w i th 
respect to which all other measurements are def ined. 

A good design for a beautiful city is one which wi l l be 
durable through a thousand years of technological prog
ress. This presumes that the city is designed such that it 
easily adapts to the effects of technological progress. 

It adapts so, in terms of increasing of the energy-density 
per per-capita uni t of populat ion density. It adapts so, in 
terms of raising the level of effective energy-flux density 
per square centimeter cross section of target area of work. 
It adapts so, to related increases in mobil i ty of persons. It 

Figure 2 
RENAISSANCE STUDIES OF THE 
PRINCIPLE OF LEAST ACTION 

Leonardo studied the principle of least action in the human body and in animals 
in order to design machines that would ha ve maximum work efficiency. In these 
sketches (a), he shows the estimated human muscular effort of the arm, with the 
help of a "dynamometer." This device measures force, representing the lifting 
capacity of the group of muscles under scrutiny. 

Albrecht Diirer's 1518 pen and ink study of motion (b) shows a young man, a 
journeyman joiner, leaning forward as he works with a large drill. 

Source: ladislao Reti and Bern Dibner, Leonardo da Vinci—Technologist 
(Norwalk, Conn.: Bumdy Library, 1969), p. 69. (b) 
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adapts so, to the increase of the ratio of time expended in 
creative leisure, to that required for labor. 

What remains constant is man. The biology of the person 
requires daily about six to eight hours of sleep, two to three 
hours expended in eating. We know today, or should know, 
that—for what might be termed psychobiological rea
sons—no acceptable substitute for the "nuclear family" as 
a mode of development of new individuals will ever be 
discovered. We know that maturation will never be briefer 
than a span of between 20-odd and 25 years, of which at 
least between 16 and 18 years must be within the setting of 
the family household. 

From this, the design of the dwelling unit follows. The 
size of sleeping and bathing quarters, the need for dining 
areas and their dimensions, and so forth, are defined in an 
elementary way. Improvements in privacy of thoughtful 
activities, and other advances in quality of dwelling places 
are desirable, and will become more demanded as society 
progresses. Yet, walking through some better maintained, 
older areas of cities in Europe and elsewhere, and from 
scholarship in the same matter, we see that the elements of 
design of a good space organization of the dwelling unit 
have not changed much over centuries, even thousands of 
years. 

If we learn from those studies by applying principles of 
"humanistic engineering" to what we learn, we can do much 
better today than any preceding generation of mankind, in 
building a city today for whose design we will be thanked 
by its inhabitants a thousand years into the future. 

Natural Human Movements 
As I stated earlier, 20th-century industrial engineering 

wasted much of its efforts and contributed a few important 
mistakes, by neglecting the rigorous study of the natural 
movements of the human body associated with such pi
oneers as Leonardo da Vinci, Diirer, Raphael, and Kepler 
(Figure 3). 

Since classical Athens of Plato's time and earlier, it has 
been the central principle of classical aesthetics, that beau
ty of form and movement is limited to those harmonic or-
derings of form which are coherent with a harmonic series 
based upon the construction of the golden section of the 
circle. Classical Western aesthetics defines this as a rigor
ously definable standard of beauty for the form of music, 
poetry, painting, sculpture, and architecture. 

This standard was embedded in Western civilization by 
such writings of St. Augustine as hisDeMus/ca. In the wave 
of city building unleashed by Charlemagne, what were called 
"Augustinian principles" were the guide to the develop
ment of cathedral towns around such "Augustinian" works 
in light, acoustics, and form, as the famous cathedral at 
Chartres. Classical aesthetics was defended during the "New 
Dark Age" by such influentials as Dante Alighieri and 
Petrarch, and became the central theme of the Golden Ren
aissance at about the time of the 1439 Council of Florence. 
Brunelleschi's successful invention in architecture, com
pleting the construction of the dome on the cathedral at 
Florence, was a signal point of reference throughout that 
century. 

Thesingle most influential scientific thinker of that entire 

period was C ardinal Nicholas of Cusa. Cusa's revolution in 
scientific m< thod first appeared in published form in his 
1440 theolog ical text, De Docfa Ignorantia (On Learned Ig
norance). Tr is text included a revolution in ideas about 
geometry ard physics, solving several classical problems 
left over froi i the work of such as Parmenides, Plato, and, 
most immec iately, the Archimedes whose work on the 
quadrature ( f the circle Cusa directly corrected in his own 
1440 book. 

What Cus; i actually accomplished was the establishment 
of a true noi-Euclidean geometry. Instead of a system of 
deductive tr eorems, based on a set of axioms and postu
lates, Cusa ; howed that the physical laws of the universe 
could be ref resented by means of nothing more than geo
metrical con structions, constructions all based on no more 
than a single principle of physical geometry. This principle 
of Cusa's is rightly described as a "Maximum Minimum 
Principle." I -> geometry, it is recognized as including the 
so-called isc perimetric theorem of topology, as that was 
elaborated I y Bernoulli and Euler at St. Petersburg during 
Benjamin Fr inklin's lifetime. In physics, it is recognized as 
the Principle of (Physical) Least Action, as this was variously 
defined, geometrically, in various stages, by Fermat, Leib
niz, and the */ork of Karl Gauss and his successors. 

Following the publication of his De Docta Ignorantia, 
Cusa devoted a number of other published writings to mat
ters of scien ific method. Leonardo da Vinci was brought to 
systematic s udy of Cusa's scientific work through Leonar
do's Milan c Dllaborator, Fra Luca Pacioli, of De Divina Pro-
portione fan e. From the collaboration between Pacioli and 
Leonardo, n;arly all of modern science was set into motion, 
together wit i several revolutions in painting and music. 

Briefly, to assist the layman in following this, the part of 
Pacioli and L sonardo's collaboration which is of direct bear
ing upon understanding what we have identified as "the 
scale of indi /idual human activity," is the following. 

In one of his most influential dialogues, the Timaeus, 
Plato presents and discusses the fact that in visual space 
only five regular solids can be constructed. These—the 
tetrahedron the cube, octahedron, the dodecahedron, and 
the icosahe Iron—have been known since as the five Pla
tonic solids or, simply, the Platonic solids (Figure 4). Plato 
ascribes the proof of this to a collaborator working at the 
Cyrenaic tei nple of Ammon. 

The impo-tance of the "five Platonic solids" is that they 
are a crucia proof that visual space—as our eye-brain de
fine the ima >e of space for us—is not empty space stretch
ing infinitel', in straight lines of Albertian perspective, to 
beyond the furthest imaginable extremes of the very, very 
large and ve ry, very small. What might appear, wrongly, to 
be empty sp ace and time has an efficient geometrical shap
ing, and th i : in a way which contradicts all of our childish 
intuitions aDout the universality of extension in straight 
lines. 

Thus, we say, physical space-time is self-bounded. This 
does not msan that our universe has some sort of fence 
around it. It means what is already clearly stated by the 
report that, in visual space, the only regular solids which 
can be cons tructed, excepting the sphere, are the five Pla
tonic solids 
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Plato already emphasized this not ion of "self-bounded-
ness" of visual space. For example, in his Republic, he sup
plies the usually misunderstood reference to what we call 
today "Plato's Cave." He warns that what we imagine our
selves to see, as images in visual space, are like shadows 
cast by firelight upon the wall of a darkened cave. Through 

our senses, we are able to know reality, but what our senses 
show us directly is merely the shadow of the reality. 

Today, after the work of Gauss, Dir ichlet, Weierstrass, 
Riemann, and so for th , we say, "Of course, that is t rue. " 
Today, as especially in the case ofnonlinearsorts of electro
magnetic processes, we know that cause and effect occur 

Figure 3 
TWO SCHEMATIC VIEWS OF KEPLEROPOLIS 

This proposed plan for a future city on Mars (or here 
on Earth) follows Kepler's harmonic view of the solar 
system. A cross-sectional view of the city, corre
sponding to the ecliptic in the solar planetary orbits, 
is shown in (a). The Sun is at the center, tuned to the 
note C, and is the location for the educational and 
recreational activities of the city. The orbits of Mer
cury, Venus, Earth, and Mars define the residential 
and administrative areas of the city. The asteroid belt 
at notes F-sharp to F is the boundary between the 
inner living areas and the agro-industrial orbits. The 
self-similar spiral from the Sun to the asteroid belt is 
called the Caussway. 

A vertical cross section of Kepleropolis is shown in 
(b), with the functions of various levels identified. The 
city will be built from the bottom up, with the surface 
level added when the deep substructure is complete. 
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outside the limits of our ideas of visual space. Cause and 
effect occur efficiently in what Gauss and Riemann enable 
us to define as a ful ly constructible geometry of the "com
plex domain . " W e can show also that the "shadows" rec
ognized by our senses are a t rue, if distorted ref lect ion, 
into "Euclidean space" of what actually is occurr ing wi th in 
the physically real wor ld of the complex domain. 

Therefore, the study of the reasons for the uniqueness of 
the Platonic solids is the most fundamental line of inquiry 
in the physical sciences. What is the reason, that visual 
space should be "se l f -bounded" in the way this proof dem
onstrates? It should be obvious that no amount of interpre
tat ion of empirical evidence, stated in terms of the physical 
space-time of Descartes, Newton, Laplace, or Maxwel l , is 
sound physics, unless we show that our observation of 
visual space has taken into account the reasons for the self-
boundedness of the visual representation of physical space-
t ime as a whole. Competent physical science begins, there
fore, w i th rigorous proof that we have discovered the rea
son for this "self-boundedness" of visual space. 

Pacioli recognized the importance of reconstructing the 
proof of the Platonic solids. He succeeded in producing a 
model of such proof which was improved upon by scientists 
such as Euler and Gauss dur ing later centuries, but which 
that more advanced work shows to have been in the proper 
di rect ion. Pacioli's and Leonardo's work shows that they 
properly grasped Cusa's contr ibut ions to the founding of 
modern scientific method. Leonardo, and Durer, Raphael, 
and Kepler after h im, established the basis for revolut ion
izing our approach to architecture and urban design, as well 
as establishing, in a related way, the principles of "human
istic engineer ing" which ought to inform the work of the 
qual i f ied industrial engineer. 

A scientist comes away f rom a study of Cusa's work as a 
whole wi th the sense that the proper descriptive name for 
"science" is "an intell igible representation of the lawful
ness of the universe." This was what study of Cusa's work 
imparted to Pacioli and Leonardo, and Kepler later. Al
though our subject matter here is the principles of architec
tural fo rm which must govern the design of new cities, i t is 
also urgent—especially if it is our goal to design cities to 
endure for a thousand years—that we show that those pr in
ciples are premised upon unassailable t ru th . Therefore, we 
should sum up the proper meaning of " intel l igible repre
sentat ion." 

Go to a blackboard. Draw upon that board all sorts of 
shapes of lines, including the most arbitrarily irregular ones 
you are able to produce. These are "representations." 

Now turn to face the classroom. Can you meet any chal
lenge members of the class might pose to you , on the sub
ject of these representations? Can you show under what 
circumstances each of those representations might neces
sarily exist? In other words, can you start f rom a single, 
most elementary principle of a purely constructive geom
etry? Can y o u , w i thout aid of any addit ional assumptions 
(axioms, postulates), and wi thout any resort to formal de
ductive reasoning, show how constructive geometry gen
erates each and all of those representations you have drawn? 

If you can succeed in meeting that challenge, in the fu l l 
est of its implications, you have met, in that degree, the 
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challenge of 'intelligible representations," as distinct from 
mere "repre entations." The most troublesome question 
you must fac ! is the very first question: What is the correct 
choice of "rr ost elementary principle"? If you grasp what 
that questior implies, you are prepared to appreciate the 
genius of Cu ;a's work. 

Two examples which 1 have frequently employed, over 
the years, br ng the idea of "elementary intelligible repre
sentation" to bear with full force. I challenge you to supply 
me an intelligible representation of two terms, "creation" 
and "life." T nese are terms common in our vocabulary, 
especially the latter. In modern civilization, all serious 
thinkers hav< recognized that these two terms have a con
nected mear ing. Yet, I challenge you: If you can put such 
a word into ' our mouth, can you also supply me with an 
intelligible re presentation of what you mean by that word, 
or even any r ̂ presentation at all? 

If you use is system of reasoning such as that of Euclid's 
Elements, th ;se two words correspond to ideas for which 
you have no possible representation, and certainly no in
telligible representation. Yet, already, Cusa did have an 
intelligible re presentation of both, and, Pacioli, Leonardo, 
and Kepler, i more elaborated such representation. This 
representatie n is the fundamental idea underlying a mod
ern form of t i e science of classical aesthetics, and under
lying the pri iciples of functional form for design of new 
cities. 

In formal I jgic, "creation" does not occur; it is merely 
asserted to h we occurred. "Creation" is implicitly situated 
between twe successive moments of existence, such that 
something which does not exist in the first, exists in the 
second. The e is no representation of that which occurs 
between the two moments. 

Perhaps th i most famous case of use of formal logic to 
deny the exi tence of "creation" is that expressed by Im-
manuel Kant most emphatically in his Critique of Judg
ment. Kant asserted that no intelligible representation of 
creative men :al action, such as that responsible for funda
mental scien ific or artistic discoveries, is possible. Kant did 
not assert that "creation" does not exist; he argued that 
since the hut lan mind is, according to his view, incapable 
of providing in intelligible representation of an act of cre
ation, mankind can not know "creation" as an idea. 

Kant's argu ment is absurd, with one qualification. In de
ductive logic it is axiomatically impossible to provide even 
a representat on of the idea of "creation," and certainly not 
an intelligible representation. 

The word ' life" encounters exactly the same difficulties 
as the repre entation of the word "creation." In formal 
logic, or in n olecular biology, it is impossible to provide 
even a repre; entation of "life" per se, let alone an intelligi
ble represem ation. 

Today, intelligible representations of "creation" are 
available to u ; even in mathematical physics, as the case of 
the Riemann surface illustrates this most directly and sim
ply. The sam S Causs-Riemann physics, applied to a more 
advanced rep resentation of the work of Pacioli, Leonardo, 
and Kepler, p ermits us to provide an intelligible represen
tation of "life ' per se, as molecular biology cannot. More
over, in the s ime context, we can show that both notions, 
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"creation" and "life," are of the same characteristic. 
This is no digression from the principal subject matter of 

the present article. A correct understanding of these two 
terms is essential for a rigorous definition of what architec
ture must measure as "human activity," for the work of 
designing cities which will be of durable worth for a thou
sand years yet to come. That connection will become clear
er as we progress. 

Functionally, there is only one Platonic solid, the dodeca
hedron, each of whose 12 equal facets is a regular penta
gon; the other four, the tetrahedron, the cube, the octa
hedron, and icosahedron, are simply and directly derived 
from the dodecahedron, rather than the proof of their ex
istence being derived separately from that for the dodeca
hedron [Figure 4(b)]. So, we must say that the dodecahed
ron expresses adequately the self-boundedness of visual 
space. 

The construction of both the regular pentagon, and the 
dodecahedron, depends upon the prior construction of the 
golden section of the circle. So, the construction of the 
golden section represents the self-boundedness of visual 
space. In other words, the limit of constructibility of intel
ligible representations in visual space is constructions de
pendent upon the construction of the golden section. 

This point is traced to its elementary root by aid of Cusa's 
solution to the problem of the intelligibility of the problem 
of attempting to square the circle, a solution whose result 
is reflected in a central way within his 1440 De Docta Ignor-
antia. Cusa implicitly eliminates the use of deductive meth
od in geometry and in physics, and also eliminates all need 
to base geometry and physics on an initial set of axioms and 
postulates. From this point on, in the history of develop
ment of modern physical science along a pathway of prog
ress, through the work of Leonardo, Kepler, Leibniz, Gauss, 
and Riemann, circular action is the only elementary con
ception upon which geometry and physics are premised. 

Circular action is defined, topologically, as the least 
amount of perimetric action required to generate the rela
tively largest area or volume. Since volume exists, circular 
action must be understood as acting upon circular action 
in every interval, reciprocally. For purposes of identifica
tion, we call this "doubly connected circular action." The 
analysis of possible constructions in visible space requires 
us to employ the notion of "triply connected circular ac
tion." 

That is the definition of the term least action, not only in 
constructive (or, "synthetic") geometry. It is also the basis 
for definition of "least action" in the physics of Kepler, 
Fermat, and Leibniz. It is the point of derivation for the 
work of Gauss, Riemann, et al., in defining the form of least 
action in the complex domain: multiply connected, (coni
cal) self-similar spiral action. Understanding the way in which 
the two definitions of physical (multiply connected) least 
action are connected, is the mathematical-physics premise 
for those measurements of human activity central to proper 
architectural designs. 

Pacioli and Leonardo already knew this universality of 
(circular) least action from the work of Cusa. For that rea
son, it was possible for Pacioli to elaborate a most respect
able approximation of the stricter proof for the uniqueness 



of the Platonic solids. If universal cause-effect action is rep-
resentable as mult iply connected circular action, all action 
in visual space is fundamental ly underlaid by this form of 
physical least action .Hence, the self-boundedness of visual 
space, as shown by the Platonic solids, must be a construc
t i v e "property" of universal least action of this form. Hence, 
the golden section of least act ion, a construction itself de
rivable f rom noth ing but this fo rm of least act ion, is a suffi
cient demonstrat ion of the necessary characteristic of the 
self-boundedness of visual space. 

The most famous immediate application of this result, by 
both Pacioli and Leonardo as collaborators, was their defi
ni t ion of the form of l i fe: All l iving processes are distin
guished f rom ordinary nonl iving ones, in respect to mor
phology of growth and func t ion , in the respect that that 
fo rm is ordered as an harmonic series consistent w i th the 
harmonic series def ined by the golden section. 

Today, we qualify that discovery. Between the limits of 
the very, very large (astrophysics), and of the very, very 
small (microphysics), any process which is harmonically 
ordered in congruence wi th the golden section is either a 
l iving process, or is a special class of work done by a l iving 
process. Kepler, who based his founding of a comprehen
sive mathematical physics chiefly upon the combined work 
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of Cusa and P icioli-Leonardo, was the first to prove that the 
universe as i whole is governed by the same harmonic 
ordering. Soi ie leading scientists among the writer's col
laborators art proving that a Gauss-Riemann correction for 
Keplerian law s of astrophysics also rules on the scale of 
organization }f atoms and smaller scales of physics. With 
that qualifica ion, Pacioli's, Leonardo's, and Kepler's geo
metrical (leas -action) definition of living processes is con
clusively dem >nstrated today to be fully as accurate as Pacioli 
represented t his to be at the beginning of the 16th century. 

Thus, all of the movements and related functions of the 
human physi )logy are harmonically ordered least-action-
based moverr ents of this sort. 

This standp oint governed several aspects of the work of 
Leonardo. In matomy, he explored the golden section har
monics of th« physiology of persons, horses, birds, and so 
on. In pioneering the principles of design of machinery, 
and the desij n and use of weapons, the same principles 
predominate I. He revolutionized the science of perspec
tive by emph; sis upon anomalies of visual space associated 
with the perif fiery of vision, rather than an Albertian, linear 
vanishing-po nt. This we note in viewing the originals of 
such master \ /orks of Raphael as the famous murals in the 
papal apartrri' ;nts and the "Transfiguration" in the Vatican. 

Figure 5 
LIVING PRC CESSES, PENTAGONAL SYMMETRY, 

M D THE GOLDEN SECTION 
Living processes, c lant and animal, are characterized by pen
tagonal symmetry, while inorganic matter (like the snowflake 
shownj is characte ized by hexagonal symmetry (a). As Leo
nardo and Pacioli d >monstrated, living processes grow accord
ing to the golden s action ratio. That is, a line will have golden 
section proportion when it is divided into two parts such that 
the ratio of the firs to the second part is equal to the ratio of 
the second part to i um of the two parts. 

The pentagon is closely related to the golden section, and 
one example ofthii is shown in (b). Beginning with an isoce/es 
triangle whose two iqual sides are each 1, and whose two equal 
angles are 36°, the longer side will be the golden mean, ap
proximately 1.618, i value designated by the Creek letter phi, 
<J>. Identical triang es can be added to form a pentagon, as 
shown. Thus a pen agon with sides equal to 1 will have diago
nals equal to the go den mean. The 36" angle is generated when 
a circle is divided ir to 10 sections by inscribing a decagon. 



It can also be shown that his general approach to appli
cation of hydrodynamics to not only water movements but 
also phenomena of electromagnetic radiation (including 
propagation of sound!) is based on the same principles of 
constructive geometry. 

Thus, must "humanistic engineering" be reformulated in 
terms consistent with these principles of human physiol
ogy. Thus, must the design of new cities be adapted. 

The Form of Mental Activity 
This is also true of the most characteristic form of human 

mental life, the aspect of human mental life which abso
lutely separates mankind from the beasts. The form of de
sign of the city must be agreeable to the form of this aspect 
of human mental behavior, as well as the functional re
quirements of form imposed by human physiology other
wise. It happens that the form of mental behavior is also 
congruent with the harmonics of the golden section. We 
must make clear the most relevant points involved. 

Man is the only living creature who is capable of willfully 
changing the form of his species' behavior for the better, 
and does this through creative discoveries bearing upon 
laws of nature. Scientific and technological progress are 
but the paradigmatic expressions of human existence. 

Today, we know how to construct an intelligible repre
sentation of the creative mental processes involved in either 
scientific discovery or valid works of classical forms of art. 
However, there is no principle in this (Riemannian) branch 
of mathematical physics to this effect which was not already 
stated in another way by the dialogues of Plato. Looking at 
the Socratic method retrospectively, in examples of such 
dialogues from the pens of Plato and Leibniz, the work on 
representation of nonlinear functions by Gauss, Dirichlet, 
Weierstrass, Riemann, and Cantor permits us to show that 
Socratic method is such a nonlinear method. 

The reason that creativity is not an intelligible idea in 
formal logic—Kant's argument—is readily illustrated by 
reference to the case of any scientific discovery of a new 
principle. 

If the previous state of scientific belief is represented in 
a deductive way, there is no way that the new discovery can 
be represented as a deductive action in those terms of ref
erence. A new deductive schema, representing scientific 
belief consistent with the discovered new knowledge, can 
be constructed; however, there is no deductive method by 
which the transition from the first to second deductive 
schema can be represented. 

This is Kant's problem. 
If we compare the two deductive schemas directly with 

one another, a crucial difference is exposed. There is a 
difference among one or more of the postulates of the two 
arrays. The act of creative thought is reflected in the form 
of the changes in postulates which have occurred. 

That is the characteristic of the Socratic method. In that 
method, every proposition considered is driven to deeper 
and deeper levels of critical examination, until the axiomat
ic basis underlying the proposition is exposed. An inappro
priate, or otherwise false postulate is exposed to light and 
the appropriate change in postulate effected. The correct 
proposition is then constructed on this new basis. 

The two cases, the case of the deductive mathematical 
representation of two successive schemas and the altera
tion of underlying postulates of propositions in Socratic 
method, are equivalent. The changes so encountered, in 
both cases, cannot be made intelligible, or even represent
ed directly, in deductive method; they have the form of a 
mathematical discontinuity. By definition, formal logic does 
not permit the construction of a continuous function which 
includes such a kind of discontinuity. This is Kant's prob
lem. 

For such cases, we require continuous "nonlinear" func
tions of a sort which exist only in the mathematical physics 
of Gauss, Dirichlet, Weierstrass, Riemann, et al. Consider 
as much explanation of this as bears directly on the scope 
of this article. 

Like the physics thinking of Cusa, Leonardo, Kepler, and 
Leibniz, the physics of Gauss and Riemann is not based on 
the methods of deductive geometry or algebra. It is based 
on the method of constructive geometry. We may say, that 
it differs from earlier forms of synthetic geometry because 
it is the constructive geometry of the complex domain, 
rather than of visible space. However, although that state
ment is an accurate one, we must restate it differently, for 
our purposes here. 

The difference is that the mathematics of visible space's 
(shadow) images is based upon multiply connected circular 
action, while Gauss-Riemann physical space-time is repre
sented by a constructive geometry based upon multiply 
connected (conic) self-similar-spiral action. A doubly con
nected form of least action, in the latter case, immediately 
defines continuous functions which generate discontinui
ties without losing their quality of being continuous. Such 
functions are the minimal precondition for representing 
intelligibly notions corresponding to "creation" and "life" 
perse. 

This implies immediately the question, where does the 
golden section fit within Gauss-Riemann physical space-
time? The answer is elementary. To illustrate this in the 
simplest way, project the image of a cone's self-similar-
spiral onto a flat surface, enclosing that spiral within a circle 
corresponding to the perimeter of the cone's base (Figure 
6). Divide the circle into 12 equal sectors by radii. Then, 
observe how these radii divide the lengths of the spiral's 
arm, and also how the spiral arm divides the length of the 
radii. The divisions are those corresponding to the golden 
section. 

Since creative mental activity, as typified by the genera
tion and assimilation of fundamental scientific discovery, is 
the characteristic form of human mental activity to be con
sidered in the design of cities, what we have identified as 
the principle of measurement for human physiology is also 
the principle of measurement for human psychology. 

Why Keplerian Harmonics? 
I have reported earlier that the design of the city is based 

upon Keplerian harmonics, with the qualification that we 
must employ the correction of Kepler's calculations sup
plied by Gauss-Riemann physics. Since nearly all university 
textbook and classroom instruction on the subject of Kep
ler's work is rather savagely incompetent, that matter must 
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be cleared up immediately, before indicating how Kepler-
ian harmonics apply to the design of cities. 

Kepler informs us that his solar hypothesis was built en
tirely around two central sets of notions, those of Cusa and 
those of Pacioli and Leonardo. The hypothesis around which 
the entirety of his work was organized was Cusa's solar 
hypothesis as ampli f ied by the work of Pacioli and Leonardo 
to wh ich I made reference above. 

Whether Kepler had access to the relevant sermons of 
Cusa, as well as the works of Cusa printed for publication 
dur ing the 15th century, I cannot say at present. He certain
ly knew very wel l the work of Archimedes to which Cusa 
referenced his own discovery of what we term today the 
isoperimetric theorem. In crucial parts of his construct ion 
of the solar system, Kepler worked as if he knew how Cusa 
had treated the problem stated by Archimedes' theorems 
on the quadrature of the circle as a maximum-min imum 
prob lem. 

Kepler applied to Cusa's solar hypothesis the work and 
associated theological, cosmogonical standpoints repre-

sented (chief y) in Pacioli's De Divina Proportione. Hence, 
the golden s€ ction was central in his work, and the role of 
the Platonic solids subsumed by the golden section. Kep
ler's system j ives us nine orbits for the principal planets: 
four inner planets, four outer planets, and a ninth planetary 
orbit lying be ween the two sets. 

Gravitation occurs in Kepler's astrophysics as a charac
teristic of the self-bounded character of the visual form of 
physical spac ;-time. So, Kepler's laws implicitly state the 
mathematical function for universal gravitation, which he 
links to electiomagnetism as defined by Gilbert's De Mag-
nefe. If we e amine this feature of his physics from the 
standpoint of the later work of Gauss, Riemann, etal., Kep
ler's gravitatk n is not a force acting between physical bod
ies, but the p lysical effect of the geometry of least action 
in self-bound ;d physical space-time. 

In other words, Kepler's space is not empty space, not 
mere distance between interacting bodies; it is not the 
space of Desrartes, Newton, or Laplace. Kepler's space-
time is an effii ient agency. Indeed, looking at Kepler's con-

Figure 6 
HOW THE GOLDEN SECTION FITS IN GAUSS-RIEM/ ,NN PHYSICAL SPACE 

While visible space is based on multiply connected circular action, Cai ss-Riemann physical space-time is repre
sented by multiply connected conic self-similar spiral action. The re/at onship of the two can be illustrated very 
simply by drawing a self-similar spiral (here one that grows by a factor o'2) on a cone (a) and then projecting that 
spiral down to a circle on a plane that corresponds to the perimeter of the base of the cone. 

If the circle is then divided into equal segments by 12 radii (b), the i piral will divide the length of the radii in 
accordance with the golden section. For example, the length of the spi al arm from radius 12 to radius 3 is to the 
length of the arm from radius 3 to 7 and is to the length of the arm from 7 o 12 approximately as the golden section, 
(p. The radii from 12 to 3, 3 to 7, and 7 to 12 grow in the same proportior . Another way of putting this is that if the 
lengths of the first three radii are a, b, and c, respectively, then alb: 6/fa 4 b): cl(b + c) = the golden section. 

If the 12 radii are thought of as the musical halftones, the intervals correspond to those between C and E-flat 
(minor third), E-flat and G (major third), and G and C-sharp (the fourth) oi their musical inverses. 



struction of his three laws wi th the eyes of Gauss or Rie-
mann, there is no distinction among matter, space, and 
t ime in Kepler's physics. Matter is physical space-time. In 
that specific sense, but only that sense, we may say that 
space-time acts directly on matter. We cont inue to relate 
our references to Kepler's work as that work wou ld be ex
plained f rom the standpoint of a student of Gauss and Rie-
mann. 

All of the 17th and 18th century opponents of Kepler's 
methods and results were proven to be incompetent 
through the work of Gauss at approximately the beginning 
of the 19th century. Since these opponents of Kepler based 
the fundamental principles of their physics on the same 
premises used to attack Kepler, Gauss's proof showed not 
only that Kepler's physics was correct, relative to the erro
neous arguments of Gali leo, Descartes, and Newton; this 
proved also that the entire physics of Gali leo, Descartes, 
and Newton was axiomatically wrong throughout. 

The center of Gauss's empirical proof for Kepler, and 
against Gali leo, Descartes, and Newton was the case of the 
asteroids' orbi ts. 

Kepler had insisted that a planet had once existed be
tween the orbits of Mars and Jupiter. Kepler had given both 
the location and harmonicorbi ta l values for th is planet. The 
factthat unti l the end of the 18th century, no rubble f rom a 
destroyed planet was found in such an orbi t , was consid
ered evidence of Kepler's error. Indeed, if it could have 
been proven that no planetary body had ever occupied that 
posi t ion, this wou ld have shown a pervasive flaw in Kepler's 
work as a whole. 

In each case, fo l lowing the discovery of Pallas and Ceres, 
Gauss recognized that these were fragments of Kepler's 
missing planet. He used Kepler's orbital values for that planet 
to predict the next relevant appearance of each asteroid. 
This successful predict ion vindicated the entirety of Kep
ler's work on pr inciple; after that, there was no scientific 
basis for cont inuing to regard the work of Gali leo, Des
cartes, and Newton as competent physics. 

Thus, it was proven experimentally that our universe is 
not organized on the basis of " forces" through which bod
ies act upon one another at a distance. It was proven that 
our universe is not made up of separate qualities of matter, 
space, and t ime; only physical space-time exists, and to the 
effect that it must appear to our senses as if the geometry 
of empty space acted efficiently on ponderable, discrete 
bodies wi th in it. 

There are three features of Kepler's work which have the 
greatest relevance for the design of cities. (1) Al though 
Kepler's calculations for orbits are not precisely accurate, 
his three laws are. These laws apply to the orbits of lunar 
bodies and to modern discoveries in astrophysics in other 
matters. Kepler's discoveries were all essentially sound, if 
imperfect ones, and his general hypothesis is correct. The 
Gauss-Riemann corrections in Kepler's physics point the 
way to refining the laws and the calculations. (2) Physical 
space-time is harmonically ordered according to a universal 
principle of least act ion, rather than organized by means of 
action-at-a-distance interactions through forces. The cor
rect measurement of least action for visible space is the 
projection of Gauss-Riemann least action's effects upon the 

manifold of visible space. (3) The universe as a whole is 
negentropic, not entropic. 

It is the last of the three points listed to which we turn 
our attention immediately. 

All functions which have an harmonic order ing consist
ent wi th the golden section represent reflections of mult i 
ply connected self-similar-spiral action occurr ing in the do
main of the complex manifold. These occur only in two 
kinds of cases wi th in our universe. Either they are the prod
ucts of action by l iving processes, or they represent least 
action as expressed at the extremes of astrophysics and 
microphysics. 

All processes which are harmonically ordered in a way 
congruent wi th the golden section belong to a single class 
of phenomena. They are processes which statistical ther
modynamics classes as "negentropic." Unfortunately, al
though we can explain, on the basis of Gauss's constructive 
geometric basis for probabil i ty, why such processes should 
appear to be "statistically negentropic," the usual statistical 
analysis of such processes is intrinsically an incompetent 
one. 

Curiously, Isaac Newton was one of the first to warn of 
the incompetent results which result f rom attempting to 
explain fundamentals of physics f rom the deductive stand
point in mathematics, on which the statistical methods of 
Laplace, Boltzmann, e ta l . , are based. The superimposit ion 
of a deductive mathematical schema upon the analysis of 
phenomena wil l seem to show that our universe is running 
d o w n , in the sense of a mechanical t imepiece. This fact, of 
which Newton warned the readers of his work , is the sim
plest, adequate def in i t ion of what statistical thermody
namics calls "entropy." 

It is assumed, on such a statistical basis, that our universe 
is running down. It is widely assumed, that this is proceed
ing to such effect that the increase of the u niverse's entropy 
as a whole is both the direct ion and ult imate, natural mea
surement of the passage of t ime. 

That assumption of "universal entropy" is directly con
trary to the astrophysical evidence, as the construction of 
Kepler's three laws proves the case. 

W e must measure negentropy and entropy in a different 
way. We must discard deductive mathematics, statistical 
methods included. We must employ the only available al
ternative, constructive geometry. In the latter case, we have 
the fo l lowing relevant results: (1) The sense of "negentro
py" is supplied as processes undergoing harmonically or
dered growth congruent w i th the golden section's order ing 
of the visible manifold. (2) This means that "negentropy" 
can be measured in terms of the increasing number of dis
continuit ies generated by the cont inuing process of such 
harmonically ordered growth . Mathematically, this is ex
pressed in the form of Cantor's transfinite functions as a 
harmonically ordered increase of the density of discontin
uities wi th in some arbitrarily small interval of action adopt
ed as a unit of measurement. (3) This means that "entropy" 
must be measured as reversed "negentropy." As life is the 
paradigm of "negentropy," death and decomposit ion are 
the paradigm of entropy. Yet, entropy harmonically occurs 
in dif ferent geometric order ing than for negentropic pro
cesses. 
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That is sufficient description of the background to permit 
us to proceed to the matter of applications to the design of 
new cities. 

Cities As 'Negentropy Machines' 
Successful economic processes belong to the class of 

negentropic processes. 
O n first examination of its physical characteristics, a suc

cessful economic process is typif ied by a continuous pro
cess of increase of the combined quality and quantity of the 
standard market-basket of physical goods consumed per 
capita. This presumes a corresponding increase of output 
by the operatives producing these physical goods. It pre
sumes technological progress causing such increases of the 
productive powers of labor and improvement of the vari
eties and qualities of products. 

It is also an improved mastery of land area. This occurs to 
the effect that less land area per capita is required to sustain 
a populat ion in a higher standard of living than the land 
area required to produce a relatively poorer standard of 
l iving at an earlier t ime. 

So, the proper mathematical funct ion in the science of 
physical economy is expressed in terms of rate of increase 
of the populat ion's potential populat ion density. This func
t ion is elaborated in terms of the set of constraints identi
f ied earlier. It is a "nonl inear," cont inuous funct ion of the 
general fo rm of a Riemann surface funct ion. 

Assume that a city satisfying this function's requirements 
has reached the l imit of populat ion growth built into that 
city's design. Let us consider the "equi l ibr ium cond i t ion" 
so def ined. 

First, as to population. The fecundity remains constant, 
at the same rate after the populat ion l imit is reached, as 
earlier. So, the l imit of populat ion growth is expressed in 
terms of the number of households, and the number of 
persons l imited only by the number of households com
prising the total census of households. The "excess popu
lat ion" is deployed to populate new cities, including some 
on Mars. 

Second, as to employment. The labor force is defined as 
a funct ion of the total populat ion of labor-force age. Of 
this, initially, on Earth, about half should be employed as 
operatives employed in product ion of household goods, 
producers' goods, or development, maintenance, and op
eration of basic economic infrastructure (transportation, 
water management, communicat ions, product ion and dis
t r ibut ion of energy supplies, and basic urban sanitation). 
About one-tenth or more are employed as scientists, engi
neers, in direct management of product ion as such, medi
cal professionals, or in teaching of the young. Unemployed 
members of the labor force and persons in other occupa
t ions, combined, are kept wi th in the l imit of less than 40 
percent of the total labor force, preferably less than 35 
percent. 

Wi th in this composit ion of employment, several inter
related shifts occur as both the level and rate of technolog
ical progress are advanced. A smaller percentage is em
ployed in product ion of households' goods, relative to 
growth in the ratio employed in the product ion of produc
ers' goods. In product ion of producers' goods, there is 

increased enphasis on employment in the machine-tool 
class of product ion. The ratio of scientists and related 
professional to the total size of the labor force rises. Grad
ually, there i i a shift of employment f rom operatives' cate
gories into s( ience categories. 

In social HI i. As technology advances, the average school-
leaving age r ses in the direct ion of equivalence to a termi
nal degree in physical sciences. As the work ing day is short
ened, the lei ure so generated is consumed largely in adult 
educat ion; this is aimed significantly at upgrading the tech
nological co npetencies of the labor force as a whole, but 
also for the < nriched development of the character of the 
adult individual, through scientific "leisure hobbies" and 
participation in the life of classical forms of art, in addit ion 
to travel. 

Hence, th : "Sun" of our city is at the city's center, a 
complex of facilities for secondary and higher education, 
for conduct >f classical f ine art, and similar activities, situ
ated in a pai k and garden zone in the center of the city. 
Knowledge i i the form of science and fine art are the heart 
of the city, tl ie dr iv ing force of the city's development. By 
aff irming thi: in such a fashion, we make the development 
of the charac ter of the citizen to the fullest of its potentials 
the mainspri i g of life wi th in the city. 

Such design of the city defines a knowledge-intensive 
society and k nowledge-intensity as the driving force of the 
city's mainte iance, growth, and economic as wel l as cul
tural develor. ment. The energy driving the city is produced 
in the outer < irbit of the "outer planetary" region. This sup
ply of e n e r g ' is constantly increasing, per capita and per 
hectare, for he city as a who le . The effective energy-flux 
density wi th vhich this energy is applied to the target areas 
of wo rk is als o increasing. Yet, these energy supplies, their 
growth, and the shaping of their application, are always 
under the c< ntrol of knowledge radiating f rom the city's 
"Sun . " 

The admin stration and commercial functions of the city 
are most prcximate to the central park. Here, the density 
of land usag; , per capita unit of human activity, is at the 
highest, and the structures, correspondingly, generally the 
tallest. 

As we mov > outward, the density of movement per square 
hectare atter uates harmonically. 

Beyond th i F to F-sharp orbit separating the inner f rom 
outer city, v\e reach first the orbi t of densest land use by 
the labor fo ce's productive activities. The three farther 
orbits each r 'present a less dense employment per unit of 
product ive a :tivities, including the power-generating com
plex for the city. 

Beyond ths last orbi t , there is permanent agricultural, 
forest, and n fated uses of land, unti l the outer boundaries 
of the next ci y or township are encountered. No suburban 
sprawl is to \ e permit ted, for ecological reasons as well as 
economic or es. 

Agriculture is at the verge of a fundamental revolut ion, 
and the agric ultural needs of permanent colonies on Mars 
wi l l be a goad to more rapid advancement in this direct ion. 
The amount 3f agricultural product per hectare is about to 
increase by a i order of magnitude, through methods which 
popular opir ion today wou ld , somewhat inaccurately, as-

21st CEr ITURY November-December 1988 39 



"Christmas in Selenopolis," an illustration by space scientist Krafft Ehricke of life in the major urban center on the Moon. 
At left, the Hall of Astronauts; at right, an elevated monorail train; behind the transparent insulation are a nodal dome 
with supplies, life support, and climatizing equipment. 

sociate wi th large, mult istory "hydroponics" factories. The 
social system which has served the United States so we l l , 
family- and intra-family-operated entrepreneurial farming, 
should be protected and preserved, thus ensuring the best 
rate of improvement of quality of product, together wi th 
the highest rates of effective innovation. 

Yet, we know that the maintenance of highly productive 
biomass, in the forms of crops, pasturage, water manage
ment, and well-managed woodlands, is essential to main
taining the general environment. The best way in which to 
accomplish this is to entrust this work to entrepreneurial 
farmers, count ing this maintenance of cultivated farm, pas
ture, and forest land as part of the necessary cost of agri
cultural product ion as a whole. 

It must be our object to break the pattern of suburban 
sprawl, driven only by speculative gains, which is destroy
ing so much of the land area of the United States today. We 
can effect all the qualities of beauty, privacy, and funct ion, 
which might be sought through modes of surburban sprawl, 
in well-designed new cities, designed to remain viable for 
up to a thousand years or more. The initial investment per 
cubic meter of volume of dwell ing constructed wil l be much 
higher (at f irst), but the average annual cost of possession, 
in terms of maintenance and amortization combined, wi l l 
be much less. 

The judicious channeling of very low cost public credit, 

loaned through the banking system and governmental cap
ital improvements agencies and authorit ies, wi l l make this 
change in construction policy feasible. The accelerated de
mand for the new types of materials and other products 
used for such construction wi l l expand the turnover and 
investment rates in such industries to the point of fostering 
a rapid rate of technological advancement in those indus
tries. This increase in productivi ty, in a large sector of the 
economy as a whole, wi l l rapidly lower the effective average 
physical costs of construct ion, for the city-building and 
kindred programs as a who le ; the expansion of investment 
in advanced technologies in that sector wi l l spill over into 
the economy more generally. Wi th in less than a genera
t ion , perhaps, the costs of housing and other construction 
for new cities' designs wil l fall to levels of per capita social 
cost below those of today. 

The heaviest increment of cost in the bui ld ing of the city 
wi l l be the emphasis upon bui ld ing the deep substructure 
first, and then putt ing the upper port ion of the city upon 
that prepared substructure. This is the cheapest way of 
bui ld ing the substructure of a city. Wi th the proper designs 
and use of the proper materials, this substructure wil l be 
cheaper to maintain, and to improve technologically, than 
present alternatives. The cost of amortization and mainte
nance of this substructural investment wi l l drop to below 
that of what is now considered a conventional city. 
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The util it ies bui l t into the city wi l l last for centuries, and 
wil l be cheap to maintain for per capita unit of activity which 
those util it ies support. The savings in movements of per
sons and goods wi l l be greater than the apparent added 
initial costs of amortization of the investment, w i th none of 
the costs which the cities and their inhabitants of today 
endure in the forms of street traffic congestion, po l lu t ion, 
t ime delays, and costs. 

It is not necessary, in this location, to detail the technol
ogies involved in bui lding the city. We know that such things 
can be done wi th technologies existing or in sight today. It 
is sufficient to supply the architects and their fel low profes
sionals the set of criteria to be met, and leave it to such 
professionals to do what they do best. 

We know, wi th a fair degree of certainty, the general 
nature of the scientific advances likely to occur dur ing the 
next hundred years. A glance at some of the leading facts 
this involves, guides our attention to those principles which 
show why our new city should endure in its original design 
for a thousand years, or perhaps even two or more thou
sand. 

For the coming 50 years, inorganic physics wi l l be domi 
nated by the development of control led thermonuclear fu
sion as mankind's new energy source, and by increasing 
use of the technologies of nonlinear electromagnetic radia
t ion . Dur ing the first half of the next century, the new levels 
of technology wi l l be associated wi th per capita increases 
in energy consumpt ion by up to 1,000 times that of today: 
space colonization wi l l wr i te "terawatts" for power units, 
where the largest power-producing units today measure 
output in "gigawatts." Technologies of product ion wi l l in
crease the energy-flux density of process applications to 
the levels of coherent gamma-ray pulses, and coherent par
ticle beam radiation in the direction shown by the free 
electron laser: effective energy-flux density wi l l increase 
more rapidly than the quantity of energy consumed per 
capita. 

For thousands of years to come, biological science wi l l 
be dominated by the now emerging new science of optical 
biophysics. By the middle of the next century, mankind 
shall leap beyond the limitations of fusion energy, to more 
powerful technologies based upon what are now termed 
matter/antimatter reactions. Gigantic radio telescopes, many 
miles in diameter of effective aperture, placed in or near 
the orbi t of Mars dur ing the middle of the coming century, 
wi l l enable astrophysicists to explore the most anomalous 
astronomical objects wi th in our galaxy and beyond, and to 
assist thus in proving the discovery of new physical pr inci
ples, previously unknown to physical science. 

Powerful fusion engines wi l l enable mankind to reach 
any destination wi th in the region of the inner planets with in 
days of f l ight. However, even the extraordinary efficiency 
of fusion power involves a del imit ing factor of fuel load on 
spacecraft. 

Special tricks would permit l imited forms of manned ex
ploratory f l ight into the region of the outer planets, and 
development of deeper space terminals based on the logis
tics of the Mars colony wou ld assist the exploration of the 
outer region of the solar system. Yet, manned deep-space 
flights beyond the solar system must wait upon the devel-
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opment of a r lo re powerfu l , more efficient propulsion sys
tem. The ma< tery of what we call the matter/antimatter re
action is the \ isible pathway for developing techniques for 
deeper space explorations. 

So, the ne<t 100 years' technological progress can be 
summed up a 5 shaped by two successive singularities in the 
cont inuous c evelopment of improved "energy technolo
gies." This irr plies, as I stress now, that there exists a non
linear contin IOUS funct ion, through aid of which we can 
project, bey >nd a th i rd and a four th singularity, into 
hundreds of ^ears yet to come, and might do this wi th as 
much accural :y as would be of any practical use to us in the 
coming decai les' planning of the design of new cities to be 
bui l t wi th in o j r solar system. 

Wi th that i i view, one can return attention now to the 
subject matte r of foreseeable changes in the life of our new 
city, as a resu It of such technological progress. 

We k n o w t v o things: 
(1) We k n c v that the def in i t ion of man, as man is properly 

defined by Imowledge up to the present t ime, wi l l not 
change. Thrc ugh aid of optical biophysics' mastery of the 
spectroscopy of the mitotic process, we wi l l be enabled to 
improve grea tly the maintenance and repair of the human 
organism, to contro l the aging of tissue to significant de
gree, as well is achieving early conquest of cancer and the 
most challen ;ing kinds of viral infections. The increase of 
mean life exp ectancies to the age of 120 years or more, and 
kindred exte ision of the upper age limit for def ining the 
active labor f( irce, are likely changes. However, no foresee
able change v o u l d change the required mean free-pathway 
of the mot io rs of human beings. The nuclear family house
hold must persist, unchanged, for thousands of years to 
come. 

For such re isons, the spatial organization of the new city 
need not be changed f rom those specifications of spatial 
organization vhich are optimal for today's technologies. 

(2) Current y developed levels of knowledge in the Leib-
nizian sciencs of physical economy enable us to foresee 
how the foreseeable directions of advance in technology 
wi l l i n t rodua modifications of technologies integral to the 
funct ioning ( f the city as such. The six constraints, cited 
above, for t le LaRouche-Riemann funct ion in physical 
economy, pe mit us to foresee these changes wi th as much 
accuracy as is required for the design of the new city. 

Essentially, the spatial requirements of organization of 
the city wi l l n at change. What wi l l change is the per capita 
(and per squ i re meter and per cubic meter) quantity of 
energy consi med and the effective energy-flux density of 
the use of the t f low of energy supplies. 

Think of th ; spatial structure of the new city as the basic 
structure of a machine. This does not change. Think of the 
changes intrc duced as analogous to alterations of the tools 
developed fo attachment to that machine, in company wi th 
rather contin lal increases in energy flows into the machine 
as a whole. 

All of the c langes wi l l take the fo rm of a combined, in-
terdependen increase of energy density and energy-flux 
density per c jb ic meter in the volume of structure repre
sented by the new city as a unif ied machine for l iving. 

In designin > the new city today, the architects must th ink 



clearly of both the kinds of modifications to be introduced 
to the city's spatial organization of structure over the com
ing centuries, and think also of how we can ensure that the 
needed kinds of improvements in energy and energy-flux 
densities can be installed with the least time and effort. 

Consider again some things that will not change. The 
physical-geometrical function of a chair, a bed, a table, and 
of personal "space for mean-free-action" by persons, in all 
functions, will not change. The amount of fresh water re
quired will not exceed the proper design limits specified 
for a new city today, even though there may be qualitative 
changes in the technology of fresh water management. The 
amount of air required will not change, although cleaner 
air will be achieved by aid of qualitative changes in tech
nologies. 

Within the city, and in travel to nearby population cen
ters, a maximum speed of about 300 miles per hour, achiev
able with magnetic levitation, will remain acceptable spec
ification for generations yet to come. It is probably the case, 
especially on Mars but also probably on Earth, that super
sonic or even hypersonic speeds of continental travel of 
pressurized cabins through long reaches of evacuated, sub
surface tube may appear during the next century. This will 
not affect the internal and nearby requirements for the new 
city itself. 

The spatial design impact of the changes is foreseeable. 
Today's architects must simply leave room for installation 
of such changes within initial structures, and must provide 
the ready access needed for effecting such installations 
with the relatively greatest economy of labor. 

The harmonics of the design will never change. What will 
change is the level and rate of increase of effective negen-
tropy, per capita and per cubic meter. 

A Beautiful City 
The general requirement must be that wherever each 

function of human activity is to be served, the form of de
sign employed shall be the principle of harmonic ordering 
congruent with the golden section. 

This includes the proportions of rooms, the relative scales 
of the rooms of a dwelling place, the relations of windows 
to room sizes, and everything else blended into a harmonic 
unity. Here, the architect must become at once a composer 
of classical polyphony, a painter with the informed eye of a 
Leonardo, a Raphael, a Rembrandt, and a physicist in the 
spirit of Kepler. 

Such harmonic composition will coincide with the opti
mal agreement with the physiology of human least action. 
It will provide the optimal acoustics, the optimal distribu
tion of light, of air movement, and so forth. The physiolog
ical requirements, so addressed, are consistent with the 
psychological ones. 

Contrary to the cults of Romanticism and Modernism 
which have spoiled our great Western European tradition 
of classical art, nothing is beautiful unless it is consistent 
with harmonic orderings based on the golden section. Such 
is the beauty inherent in all living animals and plant life. Art 
must emulate the principle of life on this account, but it is 
not art unless it does something more than that. 

The composer of classical fine art must start with princi

ples of beauty, and must never conclude with any result 
which is not congruent with beauty. Yet, this defines the 
character of the particular medium in which the artist works; 
it does not suffice to define the stirring of that medium of 
beauty as art. Art is not a business of selecting by mere 
intuition those random stirrings of the medium seen to 
have the pleasing quality of beauty. 

Beautiful art is art because it is composed by an accom
plished artist. What defines such a composer of art is the 
exact same mental quality which defines the accomplished 
scientific discoverer: the development of the composer's 
creative powers of mind, together with the composer's moral 
character. The composer of great art works in the medium 
of beautiful harmonic orderings as the scientific discoverer 
works in his or her medium. The same powers of mind, 
perfected to such work in the one medium or the other, are 
at work. 

It is this creative endeavor, in the medium of beauty, 
which defines great art. 

For that reason, the general quality which all great art 
shares in common, in whatever artistic medium, is that it 
contains nothing not fully susceptible of intelligible repre
sentation, as I have identified "intelligible representation" 
above. Furthermore, the entire composition is itself sus
ceptible of such intelligible representation, to such effect 
that the uniquely creative features of the development of 
the composition are the kernel of the artistic idea. 

There is never anything arbitrary, "Romantic," in classical 
art. It is always delimited by the principles of harmonics 
associated with the golden section in visual space, and per
fect well-tempering in classical musical composition. No 
principle contrary to that definition of classical beauty, no 
deductive sort of arithmetic principle (for example, the 12-
tone system of the musical "modernists"), must be toler
ated. The "idea" associated with classical art is never akin 
to what we encounter so often in the Romanticist "program 
notes" of the concert program, record jacket, or art exhi
bition. The idea of a classical artistic composition is the 
elaboration of the specifically creative feature of the com
position's development. 

A great architect, like a great classical painter—such as 
Leonardo or Raphael—is thus a professional who might 
have become a great musical composer or performer, who 
applies the same intelligible creative principles to a differ
ent medium. The architect's medium is the humanistic sci
ence of physical economy expressed as art, governed by 
the same principles as great classical art. 

We must free ourselves of the heritage of both Kant's 
Critique of Judgment and the evil Prof. Karl Savigny's arbi
trary, irrationalist separation of science (Naturwissen-
schaft) from the arts (Geisteswissenschaft). This means, in
clusively, that in architecture, there is no proper distinction 
between "art" and "function." It means, as I have stressed 
throughout this article, that the principles of classical artis
tic composition are always in implicit agreement with the 
best solution to a problem of function, so much so that 
wherever a purported functional design deviates from the 
rigorous standards for classical beauty in artistic composi
tion, the deviation represents an elementary error in the 
principles of functional design adopted. 
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All architecture is a machine for use by human beings. It 
must agree wi th the requirements of the whole human 
being. This wholeness is expressed by human activity in its 
wholeness. All human activity is activity directed by the self-
developmental characteristics peculiar to the human mind. 
As I have shown as a matter of principles, both the physi
ology of individual mean-free-pathway least act ion, and the 
characteristic human creative mental activity are forms har
monically ordered in congruence wi th the golden section 
in visual space. That architecture which is defective as clas
sical art, is therefore also defective in funct ion. 

Reference Johannes Kepler's famous dissertation on the 
subject of the snowflake. Focus, wi th in that paper, on the 
discussion of the constructions by the bees, constructions 

These two urban designs 
by Leonardo da Vinci show 
towns with a two-level 
construction. The lower 
level of the houses would 
be accessible by a network 
of canals, allowing com
plete separation of ser
vices and utilities from the 
living activities above 
ground. The drawings are 
from the Institut de France, 
manuscript B (folio 36). 
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In the experiencing of the organization of visual space, 
our minds draw upon the same kinds of powers of judg
ment we experience in the beauty of wel l -performed clas
sical polyphony. Today, because of important researches 
into the organization of the relationship between the eye 
and the visual cortex of which it is functionally an integral 
part, we can understand the validity of Leonardo's princi
ples of hemispherical perspective in a refined way. A l 
though, to the extent of my present knowledge, the study 
of the acoustical functions of the brain are less well mapped 
than those for the visual cortex, we know that Riemann's 
approach to the physiology of hearing was sound on pr in
ciple; and, f rom knowledge of wel l- tempered polyphony, 
we know that the principles adduced for vision are con
gruent wi th those for the sense of beauty in hearing. 

So, we know that the same principles of creative com
posit ion expressed by such as Bach, Mozart, Beethoven, 
Schubert, Chop in , Schumann, Verdi , and Brahms—al
though not those of Romantics such as Liszt and Wagner— 
express in a musical medium the same underly ing, proper 
principles of a great architectural composi t ion. We should 
speak, wi thout a sense that we might be indulging our
selves wi th mere metaphor or even hyperbole, of architects 
as composers. We should say this wi th an eye cast directly 
toward Leonardo and Raphael, but also wi th a sense that 
the musical reference is not merely analogy. 

The standard should be: " intel l igible representation of a 
beautifully artistic ful f i l lment of nothing but the functional 
purpose of the construct ion." The architect must start w i th 
funct ion. By applying "Kepler ian" harmonics to the under
standing of that human funct ion as an integrated whole, 
the problem to be solved, funct ion, is stated also, and by 
no accident, in precisely the form which transforms a sci
ence of architecture into a practice of classical artistic com
posi t ion, w i thout moving one mil l imeter f rom science. 

The creative solution is always in response to a problem 
posed in terms of satisfying the need of a human funct ion, 
rather than decoration superimposed, as a kind of f lamboy
ance, upon the structural "cake." No arbitrary sort of 
"pleasing effect" is to be sought as mere decorat ion. 

Since the architect is a human being, as the great classical 
composer is a musician, the architect designs by aid of 
traveling in his imagination through each mean-free-path
way activity of the persons inhabit ing the city. He visualizes, 
in this imagination, using each part of the city for one or 
another of the functions of which the totality of their lives 
are each composed. He does this wi th a refined eye, doing 
f rom his more advanced standpoint in professional knowl
edge, more or less what I first learned to do in economic 
science standing, still at the age of 15, at the dinker's bench 
in that slipper factory. 

The principles of beautiful harmonics he carries wi th him 
on this tour of the imagination, th inking of these principles 

"Brunelleschi's successful invention in architecture, com
pleting the construction of the dome on the cathedral at 
Florence, was a signal point of reference throughout the 
15th century." Here, the dome as it appears today. 

not so much as ideas of beauty but rather in terms of the 
harmonics of least-action movements of human individu
als. The examination of each of the movements along this 
tour f rom the standpoint of golden section harmonics de
fines for h im an array of problems in geometric topology. 
The summation of these problems is the total problem of 
this same fo rm, the topology of the city as an integrated 
who le . 

So, the composit ion of architectural design occurs in such 
a way that it could be explained entirely as creative solution 
to the functional problem of topology so def ined. It could 
be provided an accurate intell igible representation so. 

Nonetheless, the result is a classical artistic composit ion 
in the strictest sense. 

The successful solution to the topological problem of 
order ing human least act ion, wi l l always be a "Kepler ian" 
kind of harmonic order ing, w i th the included types of qual-
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ifications I have noted earlier in this report. The optimal 
result wi l l seem to bor row f rom classical strophic forms of 
poetry, as does classical musical composi t ion. Every human 
movement w i th in the city w i l l have a characteristic harmon
ic value in a "Kepler ian" system; the idealized, least-action 
form of movement facilitated by the design is susceptible 
of being stated in terms of "Keplerian" harmonics. 

Consequently, the coherence of design, incorporat ing 
all of the topological solutions included, can be expressed 
in the manner of classical musical composi t ion. This is more 
or less the same as to say that we can represent the com
posit ion of major paintings by Leonardo and Raphael in 
terms of principles of classical musical composi t ion. 

The architect intrudes personally, as a classical artist, into 
the composi t ion as a whole—puts the artist's signature on 
the composi t ion—by the way in which he elaborates the 
composit ion as a whole. 

The most fa nous case of this f rom classical music is the 
history of corr posit ions based on treatment of a collabora
t ion between Frederick the Great and Johann Sebastian 
Bach, "The Mi isical Of fer ing. " This represents a solution to 
a central problem in wel l- tempered polyphony, a solution 
which played a leading role wi th in the later development 
of classical co nposi t ion. 

Major comp osers based some of their outstanding works 
on this: M o z i r t , Beethoven, Schubert, and Chopin, for 
example. A fe v examples f rom this history are sufficient to 
illustrate the f o int I have made on the architect's personal 
artistic signati re on a design. 

Mozart 's in ensive study of Bach's method of composi
t ion is reflected most strongly among composit ions pre
sented beginr ing 1783. He took up Bach's "Musical Offer
ing" discover,' directly in his famous keyboard sonata, 
K. 457. Then, i e improves greatly upon Bach's discovery in 
his "Dissonar t " quartet, and sums up that result in the 
Fantasy (K. 4', 5), which he prefixed to the sonata K. 457 
(Figure 7). M )zart's principal musical-scientific advance
ment beyond 3ach, on this point , is his introduct ion of the 
"Kepler ian" F- sharp, omit ted in Bach's treatment and in his 
own K. 457. Tl le implications of this F-sharp addition shaped 
the treatment af this Bach subject by later classical compos
ers. 

Mozart 's ac vancement in treatment of this appears fa
mously in Bee thoven's "Pathetique" fortepiano sonata and 
in other w o r k ; , including his last fortepiano sonata, Opus 
111. The Opu 111, in tu rn , supplied Chopin the reference 
point for his Funeral March" sonata. Schubert's posthu
mously publ i ihed C-minor fortepiano sonata is another 
treatment of t le same subject. 

From the s andpoint of the topology of a "Kepler ian" 
harmonic domain, the subject to which each composer 
addressed h inse l f was the same musical-scientific prob
lem. Yet, each introduced different sets of consideration in 
musical-scien ific knowledge to the treatment of the sub
ject. The corr positions each differed thus, not only f rom 
those of othe composers, but f rom the same composer's 
other settings of the same subject. 

The most inmediate difference among these composi
t ions is showr by comparing the K. 475 wi th the K. 457 to 
which Mozart prefixed it, or between Beethoven's "Pathe
t ique" and his Opus 111. There is, in these compared cases, 
a different ch< ice of pathway of development. So, in those 
indicated case s, as in the others which might be ci ted, the 
creative ment il activity, although applied to the same gen
eral subject, \ 'as elaborated along a different pathway, to 
the effect that each of the compositions represents a unique 
sort of constri ctive geometric intell igibi l i ty. 

The archite :t's imbuing artistic coherence into the raw 
form of soluti i n of the topological problem is in no sense 
"mere decorct ion." The mind of the city's inhabitant re
quires that tht city as a whole have the quality of intell igible 
coherence. 

The human individual has, f rom b i r th , a double charac
ter. In the on : aspect, the newborn infant is l ike a beast, 
seemingly cot trol led by what British philosophical l iberal
ism denotes b t "original and immediate instincts," as Adam 
Smith puts it, or "seeking of [sensual] pleasure, and avoid-
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Renaissance Architecture and the Golden Section 
"Wherever each function of human activity is to be served, the form of design em
ployed shall be the principle of harmonic ordering congruent with the golden section." 

Here, the temple that forms the 
backdrop of Raphael's painting "The 
Marriage of the Vi rg in, " signed and 
dated 1504, when the artist was only 21 
years o ld . 

The composi t ion is based on the oc
tave, the 2:1 ratio that is the first ratio 
of the Fibonacci series, a series that 
rapidly converges on the golden sec
t ion . This ratio isgiven bythe rectangle 

in the bui ld ing, as def ined clearly 
across its short side by the placement 
of the artist's signature, which is a 2:1 
rectangle. All the other rectangles of 
the structure are related closely to this 
propor t ion , wh ich , by its repet i t ion, 
gives the sense of self-similarity. 

As seen in the project ion, the bui ld
ing as a whole is divided by this same 
octave ratio, wi th the cornice of the 
bot tom story rising f rom the platform 
the same distance as the height of the 
upper story up to the springing of the 
dome. Likewise, the height of the dome 
(as a ratio on the surface of the paint
ing) is equal to the height of the steps 
that lead to the p lat form, giving anoth
er "octave" between the lower story 
plus the steps, and the upper story plus 
the dome. 

Throughout the Renaissance peri
o d , architects calculated the visual ef
fect of their creations as seen in pro
ject ion, which makes our observations 
based on the linear surface ratios per
fectly legitimate. The height of the 
painting is also divided into octaves, as 
the imaginary line separating the ar
chitecture f rom the group of figures 
occurs exactly halfway up. 

The ratios of 2 : 1 , 3:2, 5:3, and so 
for th , converging on the golden sec
t i on , were always employed by Leo
nardo da Vinci to create the outer 
boundaries and major internal divi
sions of his paintings. The most fa
mous example, "The Last Supper," be
gins f rom the 2:1 ratio, which defines 
the rectangle of the picture as a who le . 
The architect Bramante, a close fr iend 
of both Raphael and Leonardo, bui l t a 
small, two-story circular monument 
known as the "Tempiet to" in Rome in 
1501, which also pivoted around this 
octave ratio. It is often compared to 
Raphael's 16-sided bui ld ing in this pic
ture, and ranks as one of the few cre
ations of the High Renaissance archi
tectural style that was not only con
ceived, but actually bui l t . 

—Nora Hamerman 
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Figure 7 
KEPLERIAN SOLUTIONS IN 
MUSICAL COMPOSITIONS 

The harmonic ordering that 
characterizes a successful so
lution to a topological prob
lem in architectural design is 
the same as that for solving 
problems in musical compo
sition. The three examples 
here demonstrate a problem 
in well-tempered polyphony 
and its harmonic solution by 
Bach, Mozart, and Beetho
ven. Mozart took up Bach's 
"Musical Offering" (a), and 
used a Keplerian F-sharp to 
shape his treatment of the 
theme in his Fantasia K. 475 
(b). The implications of Moz
art's added F-sharp were then 
developed in Beethoven's 
"Path&tique" fortepiano son
ata (c). 

ance of pain." The emotional correlative of this in the child 
and adult, is what we associate w i th the erotic impulse— 
something which explains Sigmund Freud, bu twh ich Freud 
is incapable of comprehending except in a perverted way. 
Yet, that same child or adult has a directly opposing char
acter, associated wi th an opposing quality of emot ion, des
ignated in classical Greek by agape—love of God, love of 
mankind, love of beauty, and love of t ru th . 

The development of the individual character requires that 
the person become conscious of the dist inction between 
the two qualities of experienced emot ion, strengthen the 
agapic, and subordinate the erotic impulse entirely to those 
restricted occupations in which it is deployed under f i rm 
control of the agapic. 

This agapic emot ion is easily recognized in a chi ld at 
constructive play. When that chi ld discovers for the first 
t ime a solution to a type of prob lem, the normal chi ld is 
elated. "A light seems to turn on inside the mind of that 
elated ch i ld . " Insightful adults observing this may f ind 
themselves close to "tears of joy." In contrast, the chi ld, 
instead of solving the problem in , for example, block bui ld
ing, may strike angrily at this construct ion, scattering the 
blocks in his rage; that is erotic. 

All creative mental activity is not merely associated w i th 
the agapic quality of emot ion , but is energized by that emo
tional force, w i thout which the "m ind wou ld turn off" and 
the solution not be discovered. Contrary to some mystical 
speculations, the agapic emot ion does not occur wi thout a 
task or ientat ion in real i ty—although the erotic often does. 
It is a task orientation associated w i th ideas of love of God, 
of t ru th , of beauty, and of mankind, which evokes this 
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higher quality i >f emot ion wi th in us. 
To produce ; citizenry which is capable of greater use of 

these creative mental potentials, it is urgent to create a 
physical space t ime for them in which the dominant ideas 
expressed by I uman activity are those in agreement wi th 
the agapic fore i. 

At this point , I can report wi thout further argument of 
the point that he agapic corresponds to the negentropic, 
and the erotic to the entropic. The city must be a visual 
space, so com| >osed as to envelop the activities of its resi
dents in a sen: e of artistic beauty. It achieves this not by 
decorat ion, b i t by means of beautiful solutions to topo
logical problen is of essential functions. 

A citizenry si lould have the means to speak only beauti
fully literate pr jse and poetry, as Dante Alighieri famously 
argues the importance of this. It should be subjected to 
nothing musica but the mastery of beautiful music. It should 
be surrounde i wi th inspiring scientific and historical 
knowledge. Th s character of its young should be nurtured 
to the highest level of youthful potentials, by a classical-
scientific, non: pecialized secondary education along the 
lines out l ined I iy Wi lhe lm von Humboldt . It should be im
bued wi th fami iarity of principles of beautiful artistic com
posit ion in visi al space and should be enveloped visually 
in such beauty. 

The physical :ause for the effect known as man's increase 
of society's pctential populat ion density, and for the ac
companying in :rease of the productive powers of labor, is 
"purely psyche logical" : It is the product ion of advances in 
ideas in a way :onsistent with scientific and technological 
progress. It is the manner in which such progress in ideas 



reshapes human practice that the power to perpetuate hu
man existence is derived. Whatever increases the devel
opment of the individual character, such that agape and 
scientific creativity are fostered, is the greatest force which 
society might summon to solve all the so-called practical, 
physical problems of life. 

Nothing could be greater folly than to act on the assump
t ion that agapic beauty is not essential to architecture, but 
merely spiritual, psychological. How could man exist w i th 
out command of that wi th in himself on which the existence 
of society depends absolutely? 

Artistic beauty, thus deployed, enriches the mental pow
ers of the populat ion, fosters the strengthening of the agap
ic quality in human relations, and adds greatly to the strength 
of the city as a negentropic machine for promot ion of ad
vancement in the quality of human existence. 

A Sense of Purpose 
A city must not degenerate into a mere place for l iving 

and work ing. A city's existence must be ennobled by a 
higher purpose, as President Charles de Gaulle sought to 
upli f t the French citizenry f rom cattle-like chewing of its 
own national cud, to a sense of France's unique purpose in 
service of the cause of civi l ization. Back to Cusa's De Docta 
Ignorantia: The city is a microcosm, which must conscious
ly locate the meaningful purpose of its existence in the 
macrocosm. 

Among all new cities, a ci t izen, asked what the city does, 
wou ld respond automatically to the general effect, "We are 
essential for making the wor ld and mankind better." The 
products of the city enrich the nation and the wor ld . The 
citizen's contr ibut ion to the city's contr ibut ion, to the na
t ion and civilization generally, imbues the simplest of his 
or her contr ibutions with the moral and efficient qualities 
of universality. 

We wish that no person be homogenized by a city. We 
must impart the sense of the wor th of individual, personal 
uniqueness in service of the universal, durable good. The 
citizen must have sound grounds to say, "I am unique, and 
I exist so because the general good needs the service of my 
uniqueness." This uniqueness is practically situated, not an 
arbitrary choice of "being di f ferent." There is always anoth
er task to be undertaken in the work of perfecting service 
to the good ; there is always needed yet another person, 
peculiarly suited by commitment and development, to mas
ter the work of serving that unique, added need. What if 
that particular sort of work were no longer needed? The 
citizen wou ld reply, "Then I should f ind something which 
required my unique dedication to service of the good . " 

The image of the work ing scientific seminar is a useful 
one in further clarification of this point. In general, true 
scientific workers assemble in such seminars, not so often 
for a previously wel l-def ined task; more of ten, the best 
practical results emerge simply f rom assembly to the vague
ly defined common sense of sharing contr ibutions to what
ever useful purpose this process of sharing might itself 
suggest. The right quality of such seminars is recognized 
among all accomplished scientific workers—at least, that is 
generally so. The exchange of published scientific papers 
approximates such seminars in some degree, but there is 

no adequate replacement for what such seminars contr ib
ute. 

In the most frui t ful seminars, what is exchanged is a dis
cussion of prel iminary experimental hypotheses. Finished 
results are brought in as they bear upon th is ; but it is the 
discussion of preliminary hypotheses which is the most 
essential activity. The presentation of completed work , or 
work in progress, is usually the means for sparking the 
discussions; it is the discussions themselves, often moving 
in directions not anticipated by any among the participants 
beforehand, which are often the most notable benefit. 

Unfortunately, in academic liberal arts today, one finds 
nothing comparable to the quality of such scientific semi
nars. In academic liberal arts today, there is no rigorous 
principle of reasoning comparable to that in serious scien
tific work , and few trained in the liberal arts' professions 
are wi l l ing to tolerate the attempt to introduce Socratic 
standards of rigor into the deliberative process. The new 
city must be designed to foster a change in that and to 
spread the benefits of such change into the habits of ex
changes of ideas among the citizenry generally. 

The work of each and all of the citizens of the city must 
be integrated in a fashion akin to that of work ing scientists 
f rom various specialties attacking the problems of a com
mon subject of interest in the most productive sorts of 
scientific seminars. This is another way of saying that the 
agapic mood must rule: love of C o d , of t ruth rigorously 
sought and served, of mankind, and of beauty, is the shared 
motivation which binds social relations at higher levels of 
quality and which thus fosters true f reedom: the commit
ment to serving the common agapic purpose in one's own 
best way. 

I do not recall a case of a fr iendly, serious exchange 
wi th any person along such lines f rom which I d id not 
benefit in useful knowledge. Like my adolescent expe
rience wi th the dinker's bench, there is nothing useful 
f rom which something of value is not to be learned, 
sometimes wi th beneficial results far beyond what the 
circumstances might initially suggest. I love and treasure 
the uniqueness of each individual person when the 
uniqueness is located in such a way. 

That is the proper general mood and sense of social 
values in the new cities I wish to promote. 

Do we wish to assemble forces for mastery of some 
important scientific problem? Build a new city wi th dedi
cation to that and to future related sorts of tasks. For each 
other sort of important kind of purpose in service of the 
nation and humanity, bui ld such a new city dedicated to 
that kind of work . Build new cities so to uplift the quality 
and pride of entire nations, entire regions of this planet. 
We shall bui ld new cities on Mars around precisely such 
conceptions of funct ion and purpose. Now, therefore, let 
us begin to design and bu i ld . 

Lyndon LaRouche recently authored a videotape, "The 
Woman on Mars," which presents a 40-year plan for col
onizing Mars and the beneficial effects that such a mission 
will have here on Earth. A version of this article appeared 
in the Executive Intell igence Review, Sept. 11, 1987. 
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Jacob 
Legacy 
A Synthetic 
Geometry 
Curriculum for 
All Ages 
How can we develop 

genius in children? 

Teach them to think 

geometrically, 

by Robert Gallagher 

If the recent surveys documenting the scientific illiteracy 
of American youth have you worried, this constructive ge
ometry curriculum developed by Jacob Steiner in the 19th 
century provides an antidote. American science and math
ematics education has see-sawed over the past 50 or more 
years from the so-called basics to New Math and now back 
to basics, but the underlying problem has remained con
stant: a methodology based on rote learning of facts and 
formulas and logic chopping. Even the excitement of the 
space program, which sparked a kind of renaissance in sci
ence education and student performance, failed to correct 
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c jrriculum in synthetic geometry, based on 
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INTRODUCTION 

T he great Swiss geometer Jacob Steiner (1796-1863) led 
a revolut ion in the teaching of geometry and science 
in Prussia early in the 19th century, as part of the 

education reform movement initiated by J. G. Fichte, Baron 
vom Stein, and Prussian Education Minister Wi lhelm von 
Humboldt . The reformers targeted the stuffy Prussian aca
demic establishment and overthrew its prevailing reaction
ary teaching practices that emphasized memor izat ion— 
"dr i l l and gr i l l . " Instead, the reformers promoted a pro
gram for the many-sided development of the cognitive 
powers of the student via the Socratic method of instruc
t ion . The leading feature of the new approach was the 
teaching of "synthetic geometry" as a language for concept 
format ion, distinct f rom verbal language per se. Synthetic 
geometry is based on demonstration by construction rather 
than deductive "proof . " 

Wi th his fresh out look, Steiner also produced a grand 
synthesis of all the work of geometry and mathematics up 
to his t ime, under a unif ied conception of human creative 
mentat ion. The impact of his work swept across the Euro
pean cont inent like a tidal wave, reverberating in the labors 
of Bernhard Riemann, Georg Cantor, Ludwig Prandtl, and 
many others. When Steiner d ied, Ludwig Crelle's journal 
for Pure andApplied Mathematics praised him as "the great
est geometer of his t ime. " 

The Swiss Steiner came to prosper in Berlin only because 
of the educational reform movement launched by Fichte 
after Prussia's devastating defeat by Napoleon's armies in 
1806. The reformers argued that the soldiers of the Prussian 
army turned and ran when the f ighting started because they 
had no conception of what they were f ight ing for, and that 
this was the underly ing cause of the defeat. The reformers 
went to the heart of the matter: It is necessary to teach our 
citizens how to think. They called for introducing into Prus
sia the Socratic teaching methods of the Swiss educational 
reformer Johann Heinrich Pestalozzi in order to instill pa
tr iot ism in the citizens of the next generation. 

Their reasoning was that if the student can be guided to 
experience the creative power of his own mind , he wi l l 
appreciate the value of a republic and the need to defend 
its f reedom. Fichte went so far as to say that applying Pes-
talozzi's pedagogical principles wou ld "awaken the civic 
and military spirit of the nat ion" and that it was " the only 
possible means of saving German independence." All of 
these goals were anathema to G.W.F. Hegel, who was en
trusted by the Vienna powers to use his influence in edu
cation to suppress republicans across the cont inent. Pes-
talozzi's fol lowers became Hegel's chief opponents. 

The Pestalozzi Method 
Pestalozzi placed emphasis on bringing out the capabili

ties of the individual student through instruction in syn
thetic geometry. "All knowledge is to be earned, discov
ered, produced by the student himself; the teacher is only 
to guide the independently th inking student in the right 
direction," wrote the mathematician and educator Felix Klein 

on the Pestalozzi method. To guide the students, the teach
er asks questions in order to promote their reflection on a 
problem in precisely the same way that Socrates uses this 
method in the Meno dialogue to lead a slave boy to discover 
the solut ion of the Pythagorean theorem. Pestalozzi wro te : 

Ignorance is better than knowledge that is but prej
udice, a glass through which to view the wor ld . To 
arrive at knowledge slowly, by one's own experience, 
is better than to learn by rote, in a hurry, facts that 
other people know, and then, glutted wi th words, to 
lose one's own free, observant and inquisitive ability 
to study. . . . 

The higher purpose of education is to prepare the 
individual to make free and self-reliant use of all the 
faculties w i th which the Creator has endowed h im, and 
then to direct these faculties that they may perfect all 
human l i fe. 

Fichte, Vom Stein, and Humboldt sent many of their fo l 
lowers to Pestalozzi's institute in Yverdun, Switzerland, to 
master his method. In addi t ion, some of Pestalozzi's own 
assistants emigrated to Prussia to join in the reform move
ment, work ing at its centers in Berlin at the Cauer and 
Plamann educational institutes and the Friedrichs Werder 
trade school, all established by disciples of Pestalozzi and 
Fichte. 

Into the middle of this reform movement in Switzerland 
and Prussia walked Jacob Steiner at age 18. The young Swiss 
farmer had finally got the support he required for beginning 
his formal education at Pestalozzi's Yverdun academy in 
1814. Felix Eberty, whom Steiner later tutored at the Cauer 
Institute, described how Steiner displayed his inherent ap
t i tude for th ink ing in the language of synthetic geometry 
when he was a student wi th Pestalozzi: 

That he already as a youth saw eight triangles, 
where the teacher had asked for only one, is, so 
to speak, a typical example of his method. His mind 
possessed wi th respect to geometrical proposit ions, 
one might say, a kaleidoscopic power. The simplest 
one shaped itself before his inner eye into a many-
sided harmonic vision. One hexagon became 15 
hexagons, whose radiating rays met again at nodal 
points, and these points connected by further lines, 
form new figures. He could construct most of his 
theorems only in the head, because no il lustration 
was able to adhere to its complexity. 

After a year and a half of study, Steiner was appointed 
by Pestalozzi to a teaching posit ion at his institute. At this 
t ime, Fichte's 10 fol lowers who were to found the Cauer 
Institute in 1817 were studying at Yverdun, and they may 
have then recruited Steiner to join them in Berlin. In 1818, 
Steiner left Yverdun for the University of Heidelberg to 
familiarize himself w i th the formal branches of mathe
matics in preparation to jo ining the reform movement in 
Prussia. 

As a teacher, Steiner did not lecture in the ordinary way. 
In accordance wi th Pestalozzi's method, he conducted his 
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classes in the form of a Socratic dialogue wi th his students. 
Typically, Steiner wou ld present a problem in construction 
to his class; for example, how to map one circle onto 
another, so that for each point of one circle, there could 
be found a definite corresponding point of the other. The 
entire attention of the class would be directed toward gen
erating the solut ion. Steiner wou ld intervene only to direct 
a process of education through problem solving, largely 
carried out by the students themselves. The outcome was 
a process that made the most ordinary student capable of 
th ink ing wi th scientific rigor. 

Geometry and Socratic Dialogue 
The primary result of instruction was not that the 

students mastered individual problems, but rather that 
in solving problems, they began th inking in terms of 
relationships instead of fixed objects. Steiner empha
sized that the relationships discovered to exist between 
geometrical constructions were primary to the individual 
constructions themselves. In order to encourage the 
students to make ful l use of their imaginations, Steiner 
"used no figures in his classes," Felix Klein reported. 
"The active th inking of the listener was supposed to 
generate such a clear picture in his imagination that no 
material image wou ld be needed." 

Already whi le a student at Yverdun, Steiner had sought 
to advance the method of teaching geometry as well as 
the subject matter itself. He described the early evolut ion 
of his th ink ing in applications for financial support he made 
later in 1826 and 1827: 

The method brought into practice at the Pestalozzi 
Institute to treat the mathematical truths as subjects of 
free reflection (Nachdenken), caused me, as a student 
there, to search in place of the proposit ions put for
ward in the instruct ion, for other, where possible more 
profound grounds than those which my teachers at 
that t ime advanced, and in which I was often so suc
cessful that the teachers preferred my proofs to their 
own. . . . My many-sided occupation wi th mathemati
cal instruct ion, combined wi th my own intense scien
tific efforts, gave my activity in this domain a direct ion 
which began early to depart f rom the usual one. 

As a student, what was thrust upon me, after I stud
ied several textbooks of geometry, was the arbitrary 
nature of the order that, f rom the want of substantive 
connect ion, arose f rom relating individual proposi
tions as such: I found somewhat arbitrarily, somewhat 
empirically, that the necessity of science is proven from 
its substantive content, and—according to a feeling 
mysteriously enl ivening me—that the entire manifold 
of material must fo l low from its general unity and must 
be exhausted accordingly. 

It was clear to me, that so long as the synthetic meth
od was sought in this external, arbitrary connection of 
individual proposit ions, we mislead the student in the 
presentation that the individual proposit ions as such 
were the object of science, and to him the perception 
of its general synthetic unity is so obscured, that he 
learns to comprehend its evidence always only as the 
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From left: Johann Heinrich Pestalozzi (1746-
1827), the Swiss educator whose emphasis on 
the Socratic method was at the center of the 
Prussian educational reforms; Johann Gottlieb 
Fichte (1762-1814) who led the reform move
ment; and Wilhelm von Humboldt (1767-1835), 
the Prussian education minister whose sweep
ing reforms included Steiner's constructive ge
ometry curriculum. 

t i on , even though he was accredited by the other exam
iners. Steiner then tutored privately and at the Cauer Insti
tute until offered a permanent position at the Pestalozzian 
FriedrichsWerder trade school in 1825. In 1827, he received 
financial support for his research f rom the Berlin Academy. 
Beginning that year, the young geometer's essays account
ed for fully one-third of the papers published in the leading 
scientific periodical of the t ime, Crelle's Journal. 

After Steiner's 1832 book, Systematische Entwicklung der 
Abhangigkeit geometrischer Cestalten von einander (Sys
tematic Development of the Interdependence of Geome
trical Forms), received wide acclaim, a special professor
ship in geometry was established for him at the University 
of Berlin. There Steiner educated an entire generation of 
German scientists, and laid the basis for the great advances 
in mathematics and mathematical physics carried out after 
h im. 

Elementary Synthetic Geometry 
With in geometry, one of Steiner's main contr ibut ions 

was to unify the existing body of theorems and geometrical 
constructions into a "general theory" based on relations 
among circles and spheres. He achieved this in the mid-
18205 in his Allgemeine Theorie Ober das Beruhrens und 
Schneiden der Kreise und der Kugeln (General Theory of 
Tangency and Intersection of Circles and Spheres), which 
was published after his death. Aspects of Steiner's General 
Theory appear throughout his work , such as his essay "Ei-
nige geometrische Beobachtungen" (Some Geometrical 
Observations). (Unfortunately, only one of the works cited 
here is available in English.) 

The constructions wi th compass and straight edge devel
oped below out of his General Theory, can form the basis 
for a series of four to eight 1-hour classes conducted with 
students who have no previous study of geometry. I taught 
such a class to high school students in order to develop a 
pedagogy for the teaching of Steiner's geometry to persons 
of all ages. 

The young men and women who attended this first series 
of classes lacked the inhibit ions that adults acquire against 

asking questions and against accepting what a teacher may 
say at face value. I n the fi rst class I was pelted wi th questions 
and comments f rom all directions. I quickly learned that 
the only way to teach anything under such circumstances, 
was to place the responsibility for the progress of the class 
upon the work of the students themselves. I became the 
questioner and they the questioned. Of course, this is 
nothing other than "the Socratic method of teaching." 

I wou ld give a brief-as-possible exposition and then be
gin to pose problems. The students became intensely ab
sorbed in solving the problems. In fact, they invented new 
solutions and developed new constructions that do not 
appear in Steiner's work. 

Next, I applied the same technique to teaching adults. 
This is a harder job, for adults are afraid to reveal their 
ignorance in f ront of their peers, but the Socratic method 
changed the psychology of the classroom for the adults as 
wel l . Persons w h o had previously never been able to th ink 
geometrically were cured by Steiner's method. The stu
dents also learned to teach each other. 
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FIGURE 

Constructing the External Point 
of Similarity of Any Two Circles 

Constructing Parallel Lines anc 

A CONSTRUCTIVE GEOMETRY 
CURRICULUM 

Steiner's development of synthetic geometry in his Gen
eral Theory begins wi th this elementary construct ion: Draw 
two circles, M and M', and draw tangents common to both 
circles—straight lines that touch each circle only at one 
point (Figure 1). The tangents intersect at a single point, 
which Steiner called the "external point of similarity,"A. 
Notice that the axis drawn through the centers of both 
circles intersects this point of similarity A. With the po in to f 
similarity, we can relate or map one circle to the other. For 
example, the point S in the smaller circle M corresponds to 
the point B' in the larger circle M wi th respect to the external 
point of similarity A. We can f ind corresponding points in 
the circles using the property of the similarity of all circles 
to each other. 

Take an arbitrary point P wi th in the smaller circle M. How 
do we rigorously construct or determine the corresponding 
point P' wi th in the larger circle M'? Draw an arbitrary line 
(or secant) through P intersecting the circumference of the 
circle at two points, B and C [Figure 2(a)]. We then must 
f ind the corresponding secant in the larger circle M'. Cor
responding point P' must lie on this corresponding secant, 
according to the principle of similarity of circles. From the 

Similar Triangles 
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external point DT similarity, project points B and C, the 
endpoints of the secant in M, up to the large circle and 
determine po i i t s B' and C at the intersection wi th the 
circumference >f circle M ' w i th the lines of projection f rom 
A through 6 and from A through C. Then draw the corre
sponding secar t B'C in the larger circle, as in Figure 2(b). 

Wi th this con i truct ion we have constructed parallel lines 
and similar triangles using only the property of similarity of 
circles. Lines E'C and BC are parallel because they are 
corresponding secants of the two circles. Thus, there is no 
need for the pa allel postulate in synthetic geometry! 

Triangles ABC. and AB'C are similar because parallel se
cants make the same angles wi th the lines of projection AB' 
and AC. We th ;refore have also constructed equal angles. 
Wi th these sim :le steps, we have determined an elemen
tary mapping of circle M onto M', wh ich is "conformal , " 
that is, a mappi i g that preserves the sizes of angles of fig
ures mapped fr >m one surface to another. 

Little remain; to determine the corresponding point P' 
on circle M'. Craw projection line AP through the larger 
circle to interse :t wi th the secant B'C to f ind point P', as in 
Figure 3. 

This same pre cedure can be carried out to map any point 
in either of the circles onto its corresponding point in the 
other circle. Tr at is, we can map either circle onto each 
other wi th no joints of exception. And all this is based 
solely on the pr aperty of the similarity of all circles and the 
determination c f the external point of similarity by drawing 
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Locating Similar Points 

the common external tangents to two circles. We have used 
no axioms in making the construct ion in Figure 3. The only 
geometric property we have used is the property of the 
similarity of all circles to each other. 

The reader may object and argue, "No, we have also used 
the ability to draw tangents to the circles, and since the 
location of a tangent in a construction can vary wi th the 
placement of a straight edge, the determination of the point 
of similarity is not r igorous." 

However, Steiner showed in a very simple construction 
in his General Theory that the concept of tangents is rigor
ously based on relations among circles. The tangent to a 
given circle M from a point Pis determined by another circle 
M' whose diameter is the distance f rom the point P to the 
center of the given circle, as shown in Figure 4. The f igure 
shows that the two points on either side of a circle M to 
which tangents can be drawn f rom the point Pare the same 
as the intersections of M and a circle wi th diameter of length 
PM. 

The projective relationship that we have established be
tween the two circles extends outside of them. We can f ind 
points of correspondence that lie outside of them. In other 
words, the relationship between the two circles can be used 
to map the entire surface onto itself. For example, we can 
f ind for a point P that lies outside the smaller circle M, a 
corresponding point lying outside the larger circle M' (Fig
ure 5). The method for extending the mapping outside the 

Constructing Tangents 

circles is the same as presented in Figures 1-3. Choose an 
arbitrary point P outside of circle M. We wi l l f ind the point 
that corresponds to it, w i th respect to the circle M'. Draw 
an arbitrary line through the circle M intersecting the point 
P. That extended secant intersects the circumference of 
circle M at points 6 and C. 

Project those points f rom the external point of similarity 
A on to the larger circle M ' to f ind the corresponding points 
6 ' and C . Then draw the secant B'C extending out of the 
circle as shown, and draw the line of project ion AP that 
intersects the extended secant B'C at the desired corre
sponding point P'. This construction combines the steps of 
Figures 1-3 into a single f igure. 

Now examine the properties of our original mapping 
construct ion. We begin wi th two circles and establish a 
projective relationship by which we can map the entire 
surface on which they reside onto itself. For every point on 
the surface taken in relation to one of the circles, there is a 
corresponding point that can be determined in relation to 
the other circle. In this way, the circles impose a metric 
upon the space of the plane surface. The mapping also has 
the interesting property that there is one point that has itself 
as its image or corresponding point under the mapping, 
namely A, the point of similarity. 

Based on the construct ion of similarity wi th two circles 
(Figure 1) and the construction of similar triangles (Figure 
2), we see in Figure 5 that distance AB is in ratio to distance 
AB' as the distance BC is in ratio to B'C. In other words, 
corresponding points in the mapping are distant f rom the 
point of similarity A in proport ion to the relative sizes of the 
two circles. Therefore, distance AP' is to distance AP as the 
diameter of the large circle is to the diameter of the small 
circle. 

For any two circles we can f ind other points of similarity; 
for example, the " internal point of similarity," as Steiner 
named it, which is determined by drawing the tangents 
common to the two circles that cross internally between 
them, as shown in Figure 6(a). The internal point of similar
ity / is the intersection of these two common internal tan-

54 November-December 1988 21st CENTURY 

FIGURE FIGURE 



FIGURE FIGURE 

Mapping Surfaces onto Surfaces 

gents. Like the external point of similarity, it also lies on the 
axis connecting the center of the two circles. We can use 
the internal point of similarity to map one circle onto the 
other using the same principles as in Figures 1-3, but wi th a 
slightly different result. By using the internal point of simi
larity, we produce a "mi r ror " mapping of the circles, where 
the left half of circle M is mapped onto the right half of the 
larger circle M', and vice versa. 

To map point P on circle M, draw through it an arbitrary 
secant BC, which intersects wi th the circumference of circle 
M at two points [Figure 6(b)]. Then project these points 6 
and C through the internal point of similarity to f ind corre
sponding points B' and C on the circumference of circle 
M', and draw the secant there that corresponds to BC and 
intersects the circumference of M'at points B' and C . Fi
nally, project point P through the internal point of similarity 
to intersect wi th the secant of the larger circle B'C, deter
mining point P'. 

As in the previous constructions, this demonstration also 
provides a rigorous def ini t ion of the notion of parallel lines 
as well as equal angles and similar triangles. Also, as in 
Figures 1-3, the mapping produces a conformal mapping of 
circle M onto circle M'. 

Two circles need not lie outside each other, as they do in 
Figures 1-3, to fo rm the basis for establishing a mapping of 
a surface onto itself. A rigorous mapping can be defined 
just as wel l if the circles intersect or lie inside of each other. 
There are four distinct cases, shown in Figure 7: (a) two 
concentric circles; (b) two circles whose centers are eccen- Constructing I he Internal Point of Similarity 
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FIGURE 

(a) Concentric circles (b) Nonconcentric circles 

Concentric, Nonconcentric, Tangent, and Intersecting Circles 

(c) Tangent circles 

tr ie, that is, one circle is completely inside the other but not 
concentr ic; (c) two circles tangent to each other internally; 
and (d) two circles intersecting. Each of these cases corre
sponds to a distinct type of projective transformation that 
comes up in wave propagation, as discussed below. Exam
ining their properties enables us to broaden our under
standing of the nature of conformal mapping. 

The first task in these four constructions is to identify the 
location of the points of similarity. In the case of Figure 
7(d), the method used in Figures 1-5 can be applied to de
termine the external point of similarity, but wi th Figure 7(a), 
(b), and (c) it is not perhaps obvious how we can f ind a point 
of similarity since we cannot draw a pair of tangents com
mon to the two circles. 

Let's start wi th Figure 7(b), nonconcentr ic circles, to illus
trate the method of solut ion. First, refer back to Figures 1-
3. Notice that in these constructions, any lines connecting 
any pair of corresponding points intersect at the point of 
similarity. To f ind the points of similarity in Figure 7(b), it is 
only necessary to f ind pairs of corresponding points and 
connect t hem; they wi l l intersect at a point of similarity. 

The axis M'M connecting the centers of the circles can 
serve as one such " l ine of similarity," as Steiner called any 
line connecting two points that correspond. We need f ind 
only one other line of similarity. Since circles are self-simi
lar, their radii mark off similarly proport ional arcs along 
their circumferences. Figure 8 shows a construction that 
illustrates this. 

Using a compass, open it to the radius of the small circle. 
Then we place its foot on point 6 of the small circle and 
mark off on the circumference, the point P where the com
pass intersects it. Then open the compass to the radius of 
the large circle, place its foot on point 8' which corresponds 
by the axis connecting the centers of the circles, to point B, 
and mark off on the circumference the point P' where the 

(d) Intersecting circles 

compass intersects it. Points P and P' are corresponding 
points. By connecting them, we f ind the external point of 
similarity of the two nonconcentr ic circles A, wh ich , as can 
be seen in the f igure, lies inside both circles. (By external 
point of similarity, Steiner means one that does not lie be
tween the centers of the two circles.) 

In a similar way, we can f ind the internal point of similarity 
/ of the two circles. Recall that project ion wi th the internal 
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Finding the External and Interna' 
Points of Similarity for 
Nonconcentric Circles 

Mapping Corresponding Points 
Between Nonconcentric Circles 

point of similarity, produces a mirror-image mapping of 
one circle onto the other, so that points along the axis on 
opposite sides of the two centers correspond, such as points 
B' and B" in Figure 8. We now open the compass to the 
radius of the small circle, place its foot on point B" and mark 
off point P", on the opposite side of the axis f rom point ?'. 
In the mapping of one circle onto another via the internal 
point of similarity, corresponding points that do not lie 
along the axis, lie on opposite sides of it. The line connect
ing points P' and P" intersects the axis at the internal point 
of similarity. 

We map the surface onto itself when the circles are inside 
each other in the same way as when they are outside of 
each other (Figure 9). Point Pof the smaller circle is mapped 
onto point P' of the larger circle by constructing parallel 
secants BCand B'C and then projecting point Ponto secant 
B'C to f ind point P'. 

Hydrodynamic Applications 
In the progression f rom Figure 7(a) to 7(d), the external 

point of similarity migrates f rom the common center of the 
circles 7(a); to a point wi th in them along the axis connecting 
their centers 7(b); to the intersection of this axis wi th their 
single common tangent 7(c); to the intersection of their 
two common tangents 7(d). 

Hydrodynamics, the propagation of water waves, pro
vides an example of the occurrence in nature of the series 
of projective transformations shown in Figure 7. Figure 7(a) 
represents concentric or spherical waves propagating out-
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Any Two Circles Determine 
Harmonic Proportions 

ward f rom a fix :d point M. Figure 7(b) represents spherical 
waves emanati ig f rom a source moving f rom M' to M and 
whose speed is slower than the speed of wave propagation 
in water so tha the waves always move out in front of the 
source. Figure'. '(c) represents spherical waves produced by 
a source movin g f rom M' to M at the speed of wave propa
gation in wate i , so that the waves propagate at the same 
speed as the sc urce. The source is moving too fast for the 
waves to prop; gate in front of it. They pile up and form 
what is called 'a surface of discont inui ty" at the source, 
where they all aecome tangent to each other. Figure 7(d) 
represents wav s propagation where the sou rce of the prop
agating waves i: moving faster than the speed of wave prop
agation in wate r, and the source moves out in f ront of the 
spherical wave; that it produces, forming a conical bow 
wave the way a motor boat does. 

In each of t rese cases the source can be conceived of 
simply as a sticl poked into a stream of water that is station
ary as in Figurt 7(a), or moving as in Figures 7 (b-d). The 
location of the source at any instant is that of the external 
point of similai ity of any two wave-circles as they exist at 
that instant. In he case of concentric waves, this coincides 
wi th their comr i on centers. For waves produced by a mov
ing source, the source is at any t ime always at the external 
point of similar ty of the waves. 

The Harmony of Vision 
Steiner's elementary projective synthetic geometry be

gins wi th const uctions that develop the intrinsic relations 



between two circles. If we draw two circles M and M' that 
lie outside each other (Figure 10), these circles wi l l deter
mine two unique pairs of tangents. These are the pair of 
tangents that crosses between the two ci rcles and intersects 
at point /, and the pair of tangents that envelops the circles 
and intersects at point A. These two points / and A, the 
internal and external points of similarity, and the centers of 
the two circles, form what Steiner called "a harmonic range." 
The points / and M divide the distance AM', so that AM:Ml 
• • AM':IM'. This relationship corresponds to the recession 
of the size of objects in harmonic proport ion that we ex
perience in vision. 

For example, when we look down a railroad track of 
equally spaced railway ties, the eye and brain contract the 
distances between the ties so that the proport ion or ratio 
of the distance from the first tie to the second (AM) to the 
distance f rom the second to the third (Ml), equals the ratio 
of the distance from the first to the horizon (AM') to the 
distance f rom the third to horizon (IM'). The distances re
cede toward the horizon in such harmonic propor t ion. 

This geometric relationship is ordinarily defined algebra
ically. Four points are considered harmonic, if they satisfy 
the relat ion: AM:MI •• AM'JM'. Steiner's simple construc
t ion shows how the property of "opt ical" harmony, directly 
fol lows f rom the intrinsic relations between two circles. 
This is the point of constructive synthetic geometry: It dis
penses wi th Euclidean albegraic "proof" through the meth
od of direct construct ion. It defines the sought-for geo
metric relation wi th a construct ion, not a formula. (Those 
who seek the algebraic "proof" that this does produce a 
harmonic range, can notice that this can be shown by the 
fact that AM:AM' :: D:D' :: IM:IM'.) 

Steiner developed all of geometry in this fashion, by in
vestigating elementary relations among circles, spheres, 
and other geometrical objects. 

In his General Theory of Tangency and Intersection of 
Circles and Spheres, Steiner presents two particularly im
portant and interesting cases of projective relations among 
circles. In one case, one circle is " inf initely large" and the 
other f inite; in the other case, one circle is "infinitely small." 

Imagine that circle M' in Figure 10 grows in size indefi
nitely whi le the po in t / \ ' , where its circumference intersects 
the axis connecting the centers of circles M' and M, remains 
f ixed. As circle M' grows, its radius lengthens and its center 
is pushed farther and farther away from the smaller circle. 
Ultimately, the center is infinitely distant, the radii are inf i
nitely long, and the circumference of the circle, which is 
itself infinitely long, is perpendicular to the axis connecting 
the centers at point A' as shown in Figure 11. The founder 
of modern synthetic geometry, the great Cardinal Nicholas 
of Cusa, writes in his On Learned Ignorance: 

Now, as the curve of the circumference becomes 
less curved as the circle expands, the circumference of 
the absolutely greatest possible circle wi l l have the 
smallest possible curvature; it wi l l be, therefore, ab
solutely straight. . . . In the infinite there is the abso-

Locating the External and Internal Points of 
Similarity Between Finite and Infinite Circles 

lute maximum of straightness wi th the absolute mini
mum of curvature. 

In this transformation of circle M', how are the positions 
of the points of similarity affected? As circle M' becomes 
larger and larger, the angle a between the external tangents 
becomes larger and larger as they open up to accommodate 
the growing circle M' (Figure 10). The f ini te circle M fits 
more and more into the apex of the angle made by the 
tangents as that angle widens. The external point of similar
ity consequently moves closer and closer to the circumfer
ence of circle M. 

Finally, when circle M' becomes "inf ini tely large," the 
angle between the two tangents opens up to 180 degrees, 
and the two tangents collapse into a single tangent: a straight 
l ine perpendicular to the axis M 'M where that axis intersects 
the small circle at A (Figure 11). It wi l l touch the infinite 
circle at only one point—a point at inf inity. Point A at the 
intersection of the circumference of circle M and the axis 
connecting the centers of both circles, is the external point 
of similarity. 

In the same way, the angle p made by the internal tan
gents also must open up to 180 degrees (Figure 10); these 
tangents also collapse into a single tangent, perpendicular 
to the axis connecting the centers of the circles, at point / 
(Figure 11). This point / on the other side of circle M f rom 
point A, is the internal point of similarity of the f inite and 
infinite circles M a n d M'. 

This extreme case leads to some interesting results. In 
moving f rom the f inite to the infinite circle, we have passed 

FIGURE 
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FIGURE 12 

(a) (b) 

Mapping Corresponding Points Using Corresponding Radii 

through a discontinuity. We now have the fo l lowing situa
t ion : 

(1) Straight lines in either circle (except for radii) corre
spond to curves in the other circle. 

(2) There seems to be no way to construct secants that 
correspond to each other between the two circles. A secant 
through the f ini te circle M wou ld correspond to a curve 
connecting two points of the infinite circumference of in
finite circle M', but there seems to be no way to determine 
the path that that curve would take. 

(3) Thus we must map corresponding points by using 
corresponding radii or arcs or some other method besides 
mapping corresponding secants. Radii intersecting the cir
cle at only one point can still be found that correspond 
between the two circles. But the third sign that we have 
passed through a discontinuity is that corresponding radii 
are not parallel, as they are in mappings between finite 
circles. All the radii of the inf inite circle radiate f rom its 
infinitely distant center. As a result, all are perpendicular to 
the straight line that forms the visible port ion of its circum
ference and intersects the axis connecting the circles at 
point A ' (Figure 11). On the other hand, the circumference 
of the f inite circle is not straight; its radii are therefore not 
parallel to each other. 

(4) Last, but not least, only half of the points on the axis 
connecting the infinite and f inite circles can be mapped 
onto each other. 

First, how do we now map points wi th in and on the circles 
so that they correspond? Figure 12(a) shows how to map 
points of f inite circles onto each other through the internal 
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point of s imihr i ty , by means of constructing the corre
sponding radii on which they lie. We wi l l use this technique 
to map the inf nite circle onto the f ini te. To map point P of 
circle M into circle M' in Figure 12(a), draw the radius MB 
on which it l ie : , then project the point 6 at which that radius 
intersects the : ircumference, through the internal point of 
similarity to fir d on the circumference of circle M' the point 
B' to which B c orresponds. Then draw the radius that inter
sects B', and d aw al ine f rom the poi nt P in ci rcle M th rough 
the internal p )int of similarity to intersect radius M'B' in 
circle M' at th< point P' that corresponds to P. 

We wil l use this method to map the infinite circle onto 
the f inite circ e, keeping in mind that in this case corre
sponding radi wil l not be parallel. Figure 12(b) shows how 
to map a point P' in the infinite circle onto its corresponding 
point P in f ini e circle M. Figure 13(a) shows this method 
applied to pro ect triangle P'R'T f rom the infinite circle into 
the f inite circli i. 

The first thir g to notice is that the points that correspond 
to points P', C ', R' and P', S', T, which lie on straight lines 
in the inf inite :ircle, do not lie on straight lines in the f inite 
circle; they lie on curved arcs. This reflects the discontinu
ity in passing f om the f inite to the inf inite. 

The mapping procedure in Figure 13 is identical to that 
used in Figure 6(b) wi th the exception that corresponding 
radii are not parallel. Points P', Q' and R' in the inf inite 
circle are conr ected to its circumference via perpendicular 
lines, segmen s of the infinite radii on which they lie. The 
points where t lese radii intersect the circumference X', Y', 
T are then pro jected through the internal point of similarity 



FIGURE 13 FIGURE 14 

Straight Lines Map into Curves 

/ on to the circumference of the f ini te circle to f ind corre
sponding points X, Y, and Z. The radii of the finite circle 
that correspond to radii P'X', Q'Y' and R'Z' of the inf inite 
circle, must intersect the circumference of the f inite circle 

at points X, Y, and Z. Now draw these radii MX, MY, MZ 
f rom the center M of the finite circle. The points that cor
respond to P', Q' and R' of the infinite circle, are found by 
projection through the internal point of similarity onto these 
corresponding radii. 

The project ion, if done on a large enough scale, wi l l show 
that straight lines (other than radii) do not project to straight 
lines in going f rom the inf ini te circle to the f inite circle. The 
project ion is not conformal (angle preserving). The right 
angle Q'R'T in the inf inite circle is projected to the obtuse 
angle QRT in the f inite circle. The projection models in a 
simple way what Leonardo da Vinci called the "natural per
spective" of v is ion, where linear features are actually 
mapped onto the inner surface of the eye, or retina, as 
curved ones; the brain, of course, corrects for this, and we 
see linear structures as linear. 

Haven't we assumed the ability to draw perpendiculars 
through an arbitrary point inside the infinite circle, to carry 
out this construction? These perpendiculars to the circum
ference of the inf inite circle are constructible by drawing 
about the point a circle that intersects the circumference of 
the inf inite circle at two points [Figure 13(b)]. Then, using a 
compass, bisect the segment of the circumference so de
termined. The line connect ingthe midpoint of this segment 
wi th the given arbitrary point is perpendicular to the cir
cumference of the infinite circle. 

There is another important case of a discontinuous map
ping between two circles that is related to a series of im
portant geometrical propert ies, namely, the case in which 
one of the two circles has shrunk to a single point and 
become infinitely small [Figure 13(c)]. The point-circle en-
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The Power of a Point with 
Respect to a Circle 



FIGURE 

Constructing the Line of Equal Powers 

closes both internal and external points of project ion, as 
well as its own center and circumference; every point of 
the f ini te circle is mapped onto its one point. 

Steiner called the projective relationship of the point-
circle to the f inite circle its "power. " Any point P has a 
"power" that is constant wi th respect to a given circle (Fig
ure 14). The product of the distance from the point Pto the 
circumference of the circle, times the distance from the 
point through the circle, is constant for any line drawn 
through the circle. As shown in Figure 14, PA x PB = PC x 
PD = the square of the length of the tangent PTfrom point 
Pto the circle. 

This can be easily seen based on similar triangles: Trian
gles PBC and PDA are similar because their angles are equal. 
They share angle P, and angles PBCand PDA are equal since 
they encompass the same arc of the circle. If two angles of 
the triangles are equal, then the third pair of angles, PCB 
and PAD, must also be equal. The lengths of corresponding 
sides of similar triangles are in a constant ratio, so that the 
short sides are in the same proport ion as the long sides, 
that is, PC/PA = PB/PD. By simple algebra therefore, PA x 
PB = PC x PD, for any positions of lines PAB and PCD. 
Steiner did not view this construction algebraically, how
ever, but rather as another simple definition of similar t r i 
angles. 

For any two circles, M and M', we can f ind points that 
have the same power w i th respect to both circles (Figure 
15). Simply draw a third circle that intersects both circles M 
and M'. Then draw the lines AB and CD through the four 
points of intersection of the three circles. These two lines 
intersect at point P. We already know that PA x PB is the 
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power of P w i t i respect to circle M', and that PC x PD is 
the power of P with respect to circle M. But these two lines 
PAB and PCD also exactly intersect the third circle we have 
drawn. Then P nas the same power wi th respect to all three 
circles. The third circle links circles M and M' so as to de
termine "a point of equal power." 

We can find an indefinite number of points that have 
equal power w ith respect to two circles M and M'. They 
form a line call ;d " the line of equal powers" by Steiner, or 
the "radical axi \" by Cremona [Figure 15(b)]. Each point has 
equal power w th respect to the circles, but their individual 
values are not :qual. Three circles are used in Figure 15(b) 
to show how tc construct Steiner's " l ine of equal powers." 

In order to ta ke this discussion of Steiner's "power" con
struction fur th ;r, we must examine simple projective rela
tions among tr ree circles. Figure 16(a) shows three circles 
to which we ha 'e drawn the external tangents that each pair 
determines an I have located the three external points of 
similarity, AUA ,AV in the same way as this is done in Figure 
10. These three points lie on a straight l ine. Steiner derived 
this fact by con sidering the projective relationships among 
three spheres. 

Given any th ee spheres, their three centers wil l all lie in 
a single plane. Construct planes tangent simultaneously to 
all three spher :s. Such planes wi l l intersect the plane de
termined by the centers of the spheres at a line of similarity, 
either the line determined by the three external points of 
similarity [Figu e 16(a)], or one of three lines of similarity 
determined by an external point of similarity and a pair of 
the internal po nts of similarity. 

Figure 16(b) i idicates for one case the points of internal 
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Projective Relations Among 3 Circles 
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Constructing Tangent Circles 

similarity for two pairings of the three circles. Notice that 
these two internal points of similarity lie on a straight line 
with one of the external points of similarity constructed 
from another pairing of the circles. 

Steiner's Influence on Cantor 
The line connecting the three external points of similarity 

in Figure 16(a) is called a "line of threefold similarity." By 
means of it, the three circles form a closed projective sys
tem. Map a point P from circle M to circle M' and find its 
image P' with respect to external point of similarity A3; then 
map that image point P' onto the third circle M" and deter
mine its image point P" by means of external point of simi
larity A,. Finally, map that image point P " back to the first 
circle from which we started, circle M. We find that we end 
up at the same point P from which we started the series of 
projections. This illustrates that the space determined by 
three circles (or spheres) or any number of circles (or 
spheres), projectively related in this way, is closed—some
thing upon reflection we would expect from the similarity 
of all circles to each other. 



FIGURE 18 

The Common Power of Two Circles and Supersonic Flight 

The case of relations among three circles enables us to 
easily introduce a concept that Steiner developed and that 
inspired Ceorg Cantor in his development of the theory of 
thetransfinite: If two circles are touching, the point at which 
they touch is one of their two points of similarity; it is a 
point at which they have a common tangent. If they are 
touching externally to each other, this point is their internal 
point of similarity. In Figure 17, circle N has been brought 
close to the two other circles, M and M', so as to touch them 
at points A and A'. The two points of tangency of the circles 
must lie on a straight line wi th the external point of similar
ity P of circles M and M', since they are internal points of 
similarity among circles M and N, and M' and N [see Figures 
16(b) and 17]. 

Such tangent circles provide one way of representing a 
"counter-corresponding" mapping of circle M onto M' in 
which point A is mapped onto point A' rather than p o i n t s ' , 
as we have mapped circles wi th their external point of sim
ilarity up to now. Any line PBAA'B' that we draw through 
circles M and M, determines counter-corresponding points 
A and/4 ' , which determine circles tangent to M a n d M'. To 
f ind such circles (N), draw radii out f rom M through A and 
f rom M' through A'; these two radii wi l l intersect at a point 
N, the center of a circle wi th radius NA = NA', tangent to 
M a n d M'. 
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Steiner empha sized that this construction has the follow
ing remarkable property: any tangent drawn from the ex
ternal point of s milarity P, to all such tangent circles, will 
touch their circu mferences at points that form a circle with 
P as its center. Ixternal point of similarity Pwill have the 
same power with respect to all circles tangent to circles M 
and M'. This pov 'er, PA x PA' = PT2, is called the common 
power of circles \4ar\d M', and assigns a definite numerical 
magnitude to th(ir projective relationship. 

This common )ower characterizes the mapping of circle 
M onto circle M' If given the value of the common power, 
the external poir t of similarity, and one of the two circles, 
we can generate the other circle. If given circle M, point of 
similarity P, and t he common power C, we can generate the 
locus of all count 2r-corresponding points A' of circle M' for 
any point A of M ;ince 

PA' = CI PA = PTVPA. 

Georg Cantor later credited Steiner and his concept of 
the common pov 'er of projectively related surfaces as hav
ing played a key role in the development of his theory of 
transfinite manifolds. Cantor wrote that two manifolds have 
the same "powe " if they can be mapped onto each other 
so that there is ; one-to-one correspondence of all their 
points. 

file:///4ar/d


FIGURE 

Projective Properties of 'Power' 

The common power of two circles (or spheres) wi th re
spect to their external point of similarity, provides a way to 
measure the degree of wave differentiat ion in waves gen
erated by a source moving faster than the speed of wave 
propagation in water, or moving faster than the speed of 
sound. At any instant, for any two wave-circles generated 
by a moving source, the location of that source at that in
stant is always the external point of similarity of the wave-
circles. 

The common power is zero for waves generated by a 
source moving at the speed at which waves propagate in 
water, or the so-called sound barrier. (Therefore, zero is 
the first "transfinite number.") The common power in
creases as the source exceeds the speed of sound. Figures 
18(a) and 18(b) show that the common power C is related 
to the Mach angle a, the angle made by the two external 
tangents that enclose the envelope of spherical waves, as: 

C = (PH cos a)2 = PP. 

As the Mach angle decreases, the intensity of conical 
action increases; the common power and the Mach num
ber—the multiple of the speed of sound at which the source 
is traveling—increase. The value of the common power 
designates the relative intensity of conical action. This dem

onstrates that conical action is the differentiation of spher
ical action. 

The generality of the projective property "power" is also 
illustrated by the fo l lowing: The line of equal powers of any 
two circles M and M' that similarly touch circles N and N', 
pass through the external point of similarity of N and N' 
(see Figure 19); and for any two such circles M and M', their 
external point of similarity lies on the line of equal powers 
of N and N'. In yet another way, the notions "power" and 
projective correspondence prove to be complementary. 
Relationships, not objects, rule geometry. 

Steiner wrote in the introductory remarks to his System
atic Development: 

The present work has attempted to uncover the or
ganism through which the heterogeneous phenomena 
of the wor ld of space are bound to each other. It yields 
a handful of entirely simple fundamental relationships, 
by which the schema is expressed, after which the re
maining mass of theorems follows and develops wi th
out diff iculty. By the proper assimilation of these few 
fundamental relationships, one masters the host of the 
entire subject; it introduces order into seeming chaos 
and one sees how all parts grasp each other in accord
ance wi th nature, arrange themselves in a most beau
ti ful order in sequence, and are transformed to be un
ified in a wel l-def ined body. In this way, one arrives at 
possession of the elements f rom which Nature pro
ceeds, in order to be able—in the simplest way wi th 
the maximum economy—to teach the countlessly many 
characteristics of figures . . . the interdependence of 
forms on each other and the types and methods are 
discovered, as their characteristics propagate f rom the 
simpler figures to the compound ones. This connec
t ion and blending is the proper origin of all isolated 
statements of geometry. 

This curr iculum gives the reader a taste of Jacob Steiner's 
synthetic geometry. Even the slightest effort applied to the 
material listed in the bibl iography wi l l show that this opens 
a whole new vista of conceptual development—as intend
ed by Steiner and his fel low reformers of Prussian dri l l -and-
gri l l education. 
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S pace medicine can best be compared with medical 
care in a large hospital, the difference being that the 
patients who are in the intensive care unit are perfect

ly healthy people. Space medicine involves using every 
available tool needed to f ind out if people suffer f rom any 
observable or hidden ailments, to prevent them from be
coming sick under the extreme condit ions of space fl ight, 
and to f ind a fast and effective cure if they are found to be 
sick. 

The most important task of space medicine is to explore 
those sources of danger to the life and well-being of astro
nauts that derive f rom condit ions of outer space. This is the 
type of front ier medical and scientific research that wi l l 
necessarily lead to new insights into the funct ioning of the 
human body and produce novel ways of treatment for dis
eases that are now deemed incurable. 

Before mankind can venture out to live in space, impor
tant questions on the effects of zero gravity and gravities 
smaller than the Earth's one-gravity (1 g) must be answered. 
Preliminary research has shown that there are deleterious 
effects f rom microgravity, and it is not yet known if these 

Payload specialist Reinhard Furrer after a blood sample 
was taken aboard a Shuttle flight in 1985. 

Space 
Medicine— 
Getting Man 
Ready to 
Live on Mars 
Space medi 
benefit future 
help make 
as an astroibaut 

cal research not only will 
space colonists but also will 

every Earthling 'as healthy 

by Wolfgang Lillge, MD 

effects are i r r ce rs ib le . The answers wi l l be provided by 
accelerated res< larch, both aboard the planned internation
al space station and in variable-g laboratories orbit ing the 
Earth that can si nulate the one-seventh gravity of the Moon 
and the one-thi rd gravity of Mars. These answers wi l l help 
determine whe 1 and how we colonize the Moon and Mars. 

Space medici i e has established clearly defined standards 
for what a heal hy individual is and how his health can be 
maintained anc improved, because an astronaut in space 
cannot afford I D be sick. This approach, using the most 
advanced technologies to keep people healthy, gives us 
hope that in the future everybody wil l enjoy the medical 
achievements t lat are today available only to a small part of 
humanity. Our goal as a nation should be to soon ensure 
that we are all ap healthy as an astronaut! 

Sol\ ing the Mysteries of Microgravity 
After more t l an three decades of manned space travel, 

the National At ronautics and Space Administration has an 
accumulation of knowledge that leads to an informed guess 
as to which pro j lems may pose a real threat for astronauts 
dur ing long-te m flights in space, and which physical 
changes wil l be tolerated after a period of adaptation or wi l l 
even normalize in zero gravity (Figure 1). 
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Figure 1 
PHYSIOLOGICAL CHANGES ASSOCIATED WITH PROLONGED WEIGHTLESSNESS 

Data from three decades of space travel have given scientists a picture of what happens to man in the zero gravity of 
space. Calcium loss, loss of lean body mass, and possible effects from cumulative radiation appear to increase 
continually. Other physiological processes undergo changes early during flight—not necessarily simultaneously— 
but stabilize about six weeks into the flight at levels different from those ofpreflight conditions on Earth. 

Source: A.E. Nicogossian and J.F. Parker, Space Physiology and Medicine, NASA, 1982, p. 134. 

However, NASA scientists and other researchers in
volved in these projects wor ldwide are still in the dark on 
many questions. For example, what causes space mot ion 
sickness, what causes the continuous decalcification of the 
bones in zero gravity, what causes changes in the immune 
system and the significant loss of red blood cell mass? 

NASA's Life Sciences Division, which coordinates the re
search and the medical care for the astronauts, has identi
fied several areas that must be researched more intensively 
if people are to survive in space for prolonged periods of 
t ime. These include the effects of zero gravity on the vesti
bular system; the effects on the immune system, blood 
regeneration, and f luid balance; on the heart and the cir
culatory system; and on bones, tendons, and muscles. New 
ideas and conceptions of how exactly the different condi
tions in space affect the human body—especially the causal 
relations involved—must be encouraged and developed. 

The centerpiece of NASA's space medical efforts is a sys
tem of health tests and supervision for astronauts designed 
to monitor and evaluate all critical physiological processes. 
Before an astronaut candidate is accepted into the small 
circle of active astronauts, he is channeled through a com
prehensive physical examination program developed by 
NASA physicians, based on the experience of training air 
force pilots and the proven principles of preventive medi
cine. 

In 1958, when the first U.S. astronauts were selected to 
be launched into space dur ing Project Mercury, a special 
task force of experts was convened to develop general 
guidelines and mission tasks for the age of manned space
fl ight. The panel defined three basic condit ions that had to 
be ful f i l led to make manned space exploration a feasible 
undertaking: First, man in space has to be able simply to 
survive. It had to be demonstrated that astronauts could 
live in space and return safely to Earth. Second, it had to be 
demonstrated that man could perform useful work under 
condit ions of zero gravity. And last, astronauts must be able 
to gather more scientific information than can be transmit
ted by unmanned satellites. 

Later, dur ing the Apol lo and Skylab projects, it became 
necessary to define several other standards of qualifica
tions as other specialists and scientists were to be launched 
into space in addit ion to the pilot. 

As soon as a candidate was found competent for the job 
of astronaut, he was the subject of strict and continuous 
medical supervision, which included supervision of his 
family in order to minimize the possibility of close relatives 
transmitt ing infectious diseases. In all U.S. space missions 
to date, a strict medical program began 30 days before 
launch, along wi th the other preparations. Medical check
ups were conducted dur ing the countdown before launch 
on days 30,15, 5, and 4-0, to establish the immediate fl ight 
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competency of the astronauts and, if necessary, to begin 
emergency treatment. 

The data f rom these tests then served as the basis of 
comparison for all inf l ight and postfl ight fo l low-up ex
ams. Only in this way could minor but significant changes 
in organ functions of astronauts be detected. Despite 
this intensive supervision, in almost all flights of the 
Apol lo series ( including the first Moon mission of Apol lo 
11) there were occurrences of illness in crew members, 
either shortly before launch or in fl ight. According to 
NASA, 57 percent of the astronauts suffered f rom such 
illnesses, although in most cases the astronauts had only 
minor f lu-type symptoms. 

Just before the launch of Apol lo 13, however, one of the 
reserve astronauts came down wi th rubella (German mea
sles) and came into contact w i th the f l ight commander, 
who was not immune. The Apol lo 13 commander then had 
to be replaced on very short notice. As a result, NASA 
instituted a Health Stabilization Program, beginning wi th 
Apol lo 14, whose basic feature was to isolate crew mem
bers f rom any possible infectious agent dur ing the critical 
phase before takeoff. 

The Astronauts' Health Stabilization Program 
This layered quarantine program involved basic inocula

tions for the astronauts and their families, a comprehensive 
protect ion program against infectious diseases, and a sys
tem of rapid medical diagnosis and treatment. Dur ing the 
last three weeks before launch, the crew was housed in 
isolated quarters on the premises of the Johnson Space 

EFFECT OF HEALTH STABILIZATION PROGRAM ON 
INCIDENCE OF ILLNESS IN PRIME APOLLO CREWMEN 

Mission Illness 

Number of 
crewmen 
involved Mission phase 

Source: Johnston, Dietlein, and Berry, Biomedical Results of Apollo, NASA, 1975, p. 53. NASA 
Mission specialists Dr. William E. Thorn
ton (right) and Cuion S. Bluford test a 
treadmill exercise device at the Johnson 
Space Center. 
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Center, and the following quarantine procedures were es
tablished: 

• Throw-awa' utensils and separate headsets, micro
phones, and so an were used. 

• The air supaly was controlled using ultrasensitive fil
ters in the air o mditioning systems of the living quarters, 
and a slight exo :ss pressure was generated so that used air 
was directed ou tward and only fresh air could enter. 

• The food for the astronauts was purchased in special 
shops under th< i supervision of a hygiene expert. Random 
microbiological tests of all the goods purchased were done 
routinely, as w« II as daily inspections of the kitchen areas 
for cleanliness. 

• Separate w; iter supply systems were established for the 
work and living areas of the astronauts, and water samples 
were taken daif • from all water fountains for microbiologi
cal tests. 

• Personal a ntacts were limited during the critical pe
riod before launch, especially in the area where the crew 
was permitted t o stay. Only approximately 100 persons in
volved in immediate launch preparations were allowed to 
be in contact v ith the astronauts. These primary contact 
persons were u ider tight medical supervision to make sure 
that they wouk not inadvertently bring in infectious dis
eases. No visito rs were allowed to come close to the astro
nauts, and durii ig the last three weeks before launch, even 
the astronauts' children were not permitted to see their 
fathers, becaus; experience had shown that children are 
frequent carrieis and transmitters of upper respiratory and 
intestinal tract c iseases. 



Epidemiological control also included the families of pri
mary contact persons. The schools attended by astronauts' 
children provided daily reports about sickness, and the 
local health commissioners were asked to analyze any con
spicuous case of sickness that erupted in the neighbor
hoods of primary contact persons. 

The Health Stabilization Program was highly successful, 
and Apollo flights 14-17 showed a dramatic reduction in the 
outbreak of diseases in astronauts, both preflight and in 
flight (see table). 

For a journey to Mars, medical precautions will assume 
an even greater role because the space travelers will be on 
their own once they have been launched on the trajectory 
toward Mars, and a serious illness could potentially doom 
the whole enterprise. 

The Immune System and Zero Gravity 
The effects of zero gravity on the human immune system 

may be the most significant problem for the long-term sur
vival of man in space. For example, it has been observed by 
U.S. and Soviet researchers that microflora in isolation in 
the spacecraft undergo pathological changes that favor the 
development of potentially dangerous organisms. We must 
be sure that such a process will not get out of control and 
overwhelm the immune defenses of space travelers at a 
point where they already suffer from immunosuppression 
for other reasons. 

Man will always carry his peculiar microflora into space, 
since complete sterilization from all microorganisms is not 
possible and, in fact, not even desirable. We must therefore 
know more about the interchanges between the human 
immune system and the conditions of an artificially created 
environment. Several important observations about how 
the immune system reacts to zero-gravity conditions have 
been made during the Space Shuttle and Skylab missions: 

• The sensitivity of peripheral lymphocytes has been sig
nificantly depressed (39 percent to 82 percent) postflight in 
almost all Skylab crew members; this group of immune 
cells showed a diminished ability to react appropriately to 
invading microorganisms. This decreased blastogenic sen
sitivity of lymphocytes was detected after stimulation of 
these immune cells by mutagenic substances. 

• Increased levels of neutrophils (another group of white 
blood cells) observed in many astronauts were maintained 
up to seven days postflight. 

• Cum inflammation (gingivitis) developed in several 
Skylab astronauts. 

• There were decreased counts postflight of lympho
cytes, eosinophils, and monocytes—all immune system 
cells. 

• Sporadic bacterial contamination of air and drinking 
water occurred. 

All of the measurements were made on astronauts after 
they returned to Earth, because the equipment needed to 
do the blood analysis was not carried on board. 

Soviet investigations during the Salyut 6 program of 1977-
1981 confirmed the U.S. findings concerning the reduced 
sensitivity of lymphocytes. Soviet researchers also reported 
other immunological changes in cosmonauts postflight, in
cluding decreased counts of T-lymphocytes and dimin-
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Before man went into space, monkeys tested the effects of 
spaceflight. Here, monkeynaut Sam, in a protective suit, is 
lifted out of his flight container after a 1959 flight. He was in 
perfect health. 

ished reactivity and proliferating capability of these cells. 
At the end of a 185-day spaceflight, blood tests of cosmo
nauts showed decreased values for T-helper and killer cells. 
Again, the reactivity of lymphocytes after blastogenic stim
ulation was depressed. Additionally, lymphocytes showed 
a decreased production of alpha-interferon, a key sub
stance in the coordination of the human immune system. 

It should be noted that blood analysis of AIDS patients 
shows similar patterns of change, in part. As a conse
quence, infections that are rare or almost nonexistent in 
healthy humans become deadly killers for AIDS-infected 
people. Whatever the biological-immunological dynamic 
that leads to an AIDS-like syndrome in space, it is obvious 
that no HIV virus as currently conceived is necessary to 
effect the changes that are closely associated with the HIV-
caused AIDS syndrome. Although it would be absurd to say 
that space travelers may die of AIDS, space medical re
search should concentrate further efforts to uncover the 
biological process that leads to an apparent immune incom
petency in space. 

Many experts tend to explain changes in blood cell counts 
as caused by astronauts' increased stress during critical 
phases of flight. Increased levels of cortico-steroids and 
"stress hormones" like epinephrine are mooted to be the 



main cause of decreased counts of monocytes and macro
phages or the increase of neutrophils postfl ight. Al though 
these substances are shown to account for changes in im
mune system responses and there is also evidence for di
rect interaction between the nervous system and immune 
system, this theory falls short of explaining the fact (among 
others) that several parameters of b lood analysis remain 
altered for a significant period of t ime postfl ight. It seems 
that such theories are presented because of a lack of a more 
convincing approach and the diff iculty, at present, of con
duct ing the many onboard experiments needed to clarify 
the f indings. 

Even if there have been no serious health problems on 
U.S. space missions so far, the findings concerning im
mune system changes are of major significance and must 
be fo l lowed up closely. The question might arise, can astro
nauts w h o have been in a zero-gravity environment such as 
the space station safely return to Earth? In July 1985, an ad 
hoc work ing group convened by the NASA Life Sciences 
Research Off ice expressed a similar view: "The good health 
of space crews may be deceptive because patients wi th 
severe neutrophi l dysfunction can go months or even years 
wi thout a major infect ion, only to die of an overwhelming 
microbial infection at a later date." 

The panel of scientists f rom the fields of biology, medi
cine, and immunology referred also to the cases of gingi
vitis observed in several Skylab astronauts, which could 
reflect a neutrophi l dysfunct ion, such as an impairment of 
cell-surface adhesion reactions. Patients wi th recurrent, se
vere bacterial infections associated wi th functional defi
ciencies of their neutrophils have severe gingivitis. "I t is 
important to determine whether abnormal neutrophi l 
funct ion occurs in spaceflight, for, in long-term missions, 
impaired neutrophil function could be disastrous," the panel 
said. 

Other findings of microbiological studies after long-term 
spaceflights were published by Soviet researchers in 1979. 
The observations inc luded: changes in the number of rep
resentatives of normal microflora and increased number of 
foci of pathogenic microflora on the skin of carriers; the 
appearance on upper respiratory tract mucous membranes 
of organisms not normally present; the temporary coloni
zation by pathogenic staphylococci on mucous membranes 
of previous noncarriers by intracrew microbial exchange; 
a tendency toward increased virulence of pathogenic au-
tof lora; increased concentration of microorganisms in
cluding certain pathogens in cabin air and on internal sur
faces; and an apparent development of microbiological and 
immunological condit ions favoring increased susceptibility 
to postfl ight infections. Al though there had not been such 
dramatic changes dur ing spaceflights in the past, Soviet 
researchers in 1980 reported that a certain hypersensitivity 
to microallergens of the normal flora of the body had de
veloped in cosmonauts dur ing a 175-day space fl ight. 

The Soviet f indings, similar to those in U.S. spacecraft, 
indicate the dynamic adaptability that bacteria, viruses, fun
gi , and other microorganisms have when brought into a 
new environment. Microorganisms potentially dangerous 
for man, but checked by the immune system under normal 
condit ions, may suddenly f ind a more favorable environ-

Figure 2 
$LOOD CELL MASS IN CREW^ 

OF 3 SKYLAB MISSIONS 
All astronauts and cosmonauts showed a significant 
decrease in ted blood cells. Production of red blood 
cells begins t -> slow down after30 days in space. Shown 
here are the recovery curves for red blood cell mass, 
based on bo\h inflight and postflight measurements. 

Source: A.E. Nicog< ssianandJ.F. Parker, Space Physiology and Medicine, NASA, 
1982, p. 213. 
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ment that coulc improve even more when there is an ad
ditional impairrient of the human immune system. Since 
man cannot sur/ive in an absolutely sterile condition, the 
question is, ho\ i can man control the microflora he brings 
into space in avay that is beneficial? 

Interesting re iearch about life in total isolation from nor
mal microflora (sterile air, water, and food) concluded that 
such conditions lead to a significant simplification of intes
tinal microflora where some species disappear altogether. 
At the same tim< i, the remaining intestinal flora are increas
ingly less able t ) suppress the proliferation of pathogenic 
strains. 

In a hypothet cally extreme case of simplification of the 
intestinal flora, i pace travelers returningto Earth could suf
fer a microbial s nock that was described by a researcher as 
"the precipitous and harmful action of microorganisms and/ 
or their produc s on the host." Maintenance of a normal, 
diversified intes tinal microflora is considered essential as a 
host defense mi ichanism, and apparently this requires pe
riodic reexposu e to microorganisms in order to stimulate 
the immune sys em. 

Two well-researched situations paralleling conditions in 
a spacecraft are the crews of nuclear submarines during 
typical 60-day p; trols and personnel of South Pole stations 
who live in tota isolation for several months. In one such 
station, outbre; ks of common colds occurred 17 weeks 
after complete solation, that is, long after the accepted 
incubation periods of human respiratory viruses and at a 
time when the i Production of new viruses was apparently 
impossible. There are also two reports of mid-patrol out
breaks of respira tory infections in nuclear submarine crews. 



Astronaut Charles Conrad, Jr., commander of Skylab 11, exercising on a bicycle ergometer in crew quarters. Inset: This 
"Exer-Cenie" is a physical conditioning aid used by astronauts in spaceflight. Within the cylinder, the nylon cords rotate 
around a shaft, developing controlled resistance for more effective body-building. 

These observations raise important questions about the 
possible persistence and reactivation of respiratory (and 
other) viruses in spaceflights of long durat ion, especially if 
immunosuppression reduces the resistance of crew mem
bers. A minor malfunction of the garbage disposal system 
or the toi let could lead then to an explosive prol i feration of 
microorganisms. 

Changes in Blood and Bodily Fluids 
A general f inding in all astronauts and cosmonauts is a 

significant decrease of red blood cells (Figure 2). It is un
clear so far whether the decrease in red cell mass is a result 
of intravascular hemolysis (destruction of red blood cells in 
the blood vessels) or of an increased decomposit ion in the 
spleen and liver. 

There are also indications that the reproduction of eryth
rocytes in the bone marrow may be depressed under con
dit ions of zero gravity. Several physiological feedback 
mechanisms seem to result in a deficient stimulation of 
b lood cell reproduct ion. Only after approximately 60 days 
in space does the decrease in red cell counts slow down 
and an equi l ibr ium on a lower level set in. 

There is a close correlation between these changes in red 
b lood cell mass and the observation that under zero gravity 
the whole f luid volume of the human body decreases and 
is redistributed toward the upper body. This is combined 
wi th a shift in the electrolyte composit ion of cells. 

At the same t ime, the heart, because of lack of gravity, 
has to perform less work in order to maintain adequate 
blood circulation and pressure. This process, including the 
shrinkage of heart muscle, has been termed cardiovascular 
decondi t ioning. Immediately after entering weightless
ness, a shift of up to 2 liters of b lood and interstitial f luid 
f rom the lower to the upper half of the body occurs because 
of the absence of orthostatic pressure. 

In this early phase, the heart and the pulmonary vessels 
experience a major increase of b lood circulation. Pressure 
in the jugular vein increases, whi le venous pressure in the 
legs decreases. As a reaction to this f luid shift, the body 
loses up to 10 percent of its volume of fluids wi th in the first 
10 to 11 days in f l ight. Astronauts report head "ful lness," 
nasal stuffiness, nasal voices, and slender legs, a syndrome 
astronauts have termed "puffy faces and birdlegs." 

The major concern here is not so much that coronary 
complications may arise in space—although there was an 
incident of arrhythmia in one Skylab 2 crewmember—but 
that such complications may arise after return to the 1-
gravity condit ions on Earth. 

All astronauts and cosmonauts have exhibited some de
gree of cardiovascular decondi t ioning upon their return to 
Earth, regardless of their mission length. Characteristic fea
tures are inappropriate heart rate and blood pressure re
sponses when standing upright, when negative pressure is 
applied to the lower half of the body, and when other stress 
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experiments are carried out. 
The responses include tachycardia (increased heart beat), 

a drop in systolic b lood pressure, and narrowing of pulse 
pressure. Also fatigue, presyncopal signs and symptoms, 
reduced exercise tolerance, and impaired locomotion have 
been documented. Echocardiographic measurements of 
Soviet cosmonauts after long space missions showed a mean 
25 percent decrease in left ventricular volume. 

It is unclear up to which point these symptoms of cardio
vascular decondi t ioning can be regarded as physiological 
adaptation and when there wil l be a risk that crews wil l 
suffer major complications returning abruptly to a gravity 
environment after spending an extended period of t ime in 
space. 

Another concern is whether the cardiac muscle itself suf
fers irreversible damage after a long t ime of decondit ioning 
in weightlessness. The basis of such concerns is animal 
experiments showing that the hearts of monkeys and rab
bits that were immobi l ized horizontally for a long t ime to 
simulate weightlessness had certain histopathological 
changes. Even more alarming have been unconf i rmed re
ports f rom the Soviet Union about atrophic changes in the 
hearts of the three cosmonauts who were subsequently 
ki l led in their spacecraft in June 1971 because of a sudden 
pressure decrease. 

Space Motion Sickness 
Almost half of all the astronauts suffer f rom "space mo

t ion sickness" in varying degrees dur ing their stay in space. 
Al though space mot ion sickness has similar symptoms to 
seasickness, its cause is apparently more complex. Usually, 
space mot ion sickness begins shortly after entering weight
lessness, lasts for three or four days, and has a multipl icity 
of symptoms, including dizziness, headache, apathy, and 
anorexia, wi th pallor, cold sweating, nausea and vomit ing 
being the cardinal symptoms. On short Space Shuttle mis
sions, the sickness of astronauts for the first one or two 
days has a serious effect. In the space station, the loss of 
one or two days is not a disaster, for astronauts wi l l be 
spending three months aboard and can have a light sched
ule on arrival unti l they adapt to the zero-gravity environ
ment. 

Space mot ion sickness was observed for the first t ime 
dur ing the lunar fl ights. Compared to the Mercury and 
Gemini astronauts who were buckled to their seats, the 
Apol lo astronauts had a large habitable volume in their 
spacecraft and could move around freely. The prevailing 
theory explaining mot ion sickness is that the increased mo
bil ity of the astronauts involves the f looding of eye, vesti
bular organ (ear), and proprioceptive (sensory) receptors 
wi th sensory input that the brain is not able to process so 
rapidly. After a couple of days, once the vestibular system 
has adapted to the new environment, all the symptoms of 
space mot ion sickness disappear. 

This " f looding theory" is the most accepted explanation 
for the development of space mot ion sickness to date. 
However, research about the underlying mechanism is still 
in its beginning phase, and other explanations are possible. 
One such theory is that of the West German researcher, 
Professor R. von Baumgarten, who thinks that small innate 
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Mission day 
Figure 3 

GRADUAL LOSS OF WEIGHT IN FLIGHT 
The continuous loss of bone and muscle atrophy, in addition to fluid losses, lead to a gradual long-term loss of body 
mass in flight. Measured here is the weight of the scientist-pilot on the Skylab 3 mission. 
Source: A.E. Nicogossian andJ. F.Parker, Space Physiology and Medicine, NASA, 1982, p. 205. 

sion experienced pronounced illusory reactions postfl ight. 
Several Soviet researchers have concluded that the degree 
and duration of these postfl ight symptoms are proport ional 
to mission length. 

A variety of approaches attempting to prevent or control 
space mot ion sickness has been int roduced, but only l im
ited success has been achieved so far. Four techniques are 
in different phases of experimentat ion: training, by in
creasing the level of stress to the vestibular system leading 
to a heightened level of adaptation; pharmacological coun
termeasures, using a variety of anti-motion-sickness drugs 
whose effectiveness varies individually and with the amount 
administered; biofeedback procedures that interrupt 
symptoms by voluntary control of the autonomic nervous 
system; and mechanical devices, such as head restraints to 
reduce movements of the head and neck (these were used 
mainly by the Soviets). 

Bone and Muscle Atrophy 
One of the most striking biomedical changes dur ing 

spaceflight includes the cont inuous, progressive loss of 
bone substance and muscle atrophy that cannot be pre
vented even by very intensive physical training. This loss 
and additional f lu id losses amount to a gradual long-term 
loss of weight in fl ight (Figure 3). Those bones and muscle 
groups affected are the ones that carry the most weight 
under gravity condit ions—the spinal co lumn, and lower 
extremities. Large amounts of calcium, but also ni trogen, 
potassium, and phosphorus are mobil ized in the body and 
excreted through the kidneys and intestines (Figure 4). 

Changes in the bone structure and mineral metabolism 
are thought to be the most threatening biomedical risks 
dur ing long stays in space. Countermeasures used dur ing 
space travel—intensive exercises on the treadmil l , ergo-
meter, and other equipment—are designed to simulate 
gravity condit ions for bones and muscles. 

The calcium content in urine samples starts to rise rapidly 
immediately after launch and reaches a plateau after ap
proximately 30 days. But the calcium content in fecal samples 
increases throughout the whole mission continuously, 
w i thout reaching a plateau or decreasing in anyway (Figure 
5). After returning to Earth, urine calcium was back to nor
mal after approximately 10 days, whi le fecal calcium, in 
several cases, did not come down before 20 days postfl ight. 

Metabolic balance studies based on calcium loss dur ing 
the first 30 days in fl ight of three Skylab 4 crewmen resulted 
in a project ion of a loss of 300 grams, or 25 percent of the 
initial body pool of calcium during one year of space travel. 
Others project that man in space wi l l lose almost 1 percent 
of his bone substance every month , even wi th very inten
sive exercising. It is not clear if these mineral losses wi l l 
continue unchecked dur ing very long spaceflights or if the 
bone wil l regenerate. 

From animal experiments it is known that bones become 
fragile when they have lost 20 to 25 percent of their mineral 
content. Especially in the travecular areas of the bone (the 
interior f ine structure), the individual traveculae become 
thinner and thinner w i th t ime and ultimately disappear. 
Once they reach this point , they cannot regenerate, and it 
may well turn out that much of the loss of travecular bone 

72 November-December 1988 21st CENTURY 



Figure 4 
CHANCES IN CALCIUM METABOLISM INDUCED BY 

SPACEFLIGHT 
Skylab metabolic studies showed increased fecal and 
urinary calcium associated with constant calcium in
take. Most of the increased excretion is due to actual 
bone mineral loss. The heavy arrows indicate mea
sured changes associated with space flight. Serum 
calcium is tightly controlled by regulating the calcium 
absorbed through the intestine and excreted in feces 
and urine. Bone, as the fourth important site for cal
cium, is in equilibrium with plasma calcium. 

Source: C.S. Leach, Acta Astronautics, 1981. 

is irreversible. 
Thus the question becomes, if a bone fracture occurs 

dur ing spaceflight, wi l l the fragments grow together in 
weightlessness? 

Apart f rom the consequences of continuous calcium loss 
in the bones, another complicat ion seems to arise f rom the 
risk that kidney stones are formed in the calcium-overload
ed urine. As soon as the concentration of mineral salts in 
the kidney tubul i becomes too high, these salts form crys
tals and grow into stonelike formations. Besides the danger 
that the f low of urine may be interrupted, there is the pos
sibility that extremely painful kidney colics might occur, 
which could disable the astronaut. 

The Effects of Natural Radiation 
In addit ion to all the possible deleterious effects noted 

above, another reason for getting space crews to Mars as 
quickly as possible (in days or weeks, rather than years) 
using fusion-powered f l ight, is the level of potential ly dead
ly natural radiation in space. 

U.S. and Soviet space missions to date have demonstrat
ed that there is not a major radiation risk for the crew on 
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p< sal was made by the space scientist 
un years ago: Provide the spacecraft wi th 

w ; 
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electromagnetic shielding against energetic charged parti
cles f rom the Sun. 

Surviving a Round Trip to Mars? 
The Apol lo missions demonstrated that man can fly to the 

M o o n , perform work there, and return safely to Earth. The 
next major goal of manned space exploration must be to go 
to Mars to establish permanent colonies. Wi th current tech
nology, a round tr ip to Mars wou ld be a three-year mission. 
Today's planners proceed f rom the assumption that such a 
tr ip is, in fact, feasible for man; the question is, how great 
a risk are we wi l l ing to incur concerning the health and 
well-being of the crew? 

We must be bold in p lanningto reach such newfront iers, 
but we must never do this carelessly. The most advanced 
knowledge must be applied to prevent disease dur ing 
spaceflight, including any problems that may arise because 
of detr imental changes under condit ions of zero gravity 
and the intense radiation environment. 

The endurance record in space, held by a Soviet cosmo
naut, is 326 days, and it has been assumed that flights up to 
one-year duration wi l l be of no life-threatening conse
quence for crews in terms of bone demineral ization, mus
cle atrophy, and cardiovascular decondit ioning. However, 
it wou ld seem more sensible to avoid the problems already 
known to exist under extended periods of zero gravity and 
use the most advanced future technologies to get colonists 
to Mars as quickly as possible. 

Wi thout any doubt , the Soviets have accumulated vastly 
more knowledge in space medicine than the West because 
of their space station efforts. However, despite Glasnost, 
detente, and official U.S.-Soviet cooperat ion, the informa
t ion we have from the Soviets concerning key areas of sci
entif ic investigation is little more than scarce. Even NASA 
officials have only a cursory overview of Soviet f l ights, and 
published reports and studies released to the West are con
tradictory, censored, and incomplete. Those findings that 
wou ld allow a realistic assessment of risks and dangers, 
and thus lay the basis for strategic decisions, are kept top-
secret. 

How grave are readaptation problems when crews return 
to gravity condit ions after prolonged stays in weightless
ness? What was the actual reason for the abort ion of the 
Soviet Salyut 7 mission on Nov. 21,1985, when cosmonaut 
Vasyutin became ill and needed urgent hospitalization? Is 
it true that another cosmonaut suffered a bone fracture 
after return to Earth, and what were the exact circumstances 
of this incident? Many more such questions are unan
swered f rom the Soviet side, although sharing such knowl
edge wi th the West might save the lives of future astronauts 
and cosmonauts as wel l . 

Despite these questions, there have long been concrete 
plans for sending human beings to Mars. A recent docu
ment by Nicogossian and his collaborator, Victoria Gar-
shnek, is positive about such a possibility. They wr i te: 

The problem at hand is not that humans are too frag
ile to pursue a mission to Mars or colonize the planet 
at some point in the future, but that we should direct 
our efforts and ingenuity toward providing the neces

sary condit ions and protection that wi l l enable humans 
to survive the voyage, work effectively on the Martian 
surface, return safely to Earth, and readjust to terres
trial condit ions. 

One approach for generating artificial gravity to counter
act the problems of cardiovascular decondi t ioning and 
muscle and bone problems would be to rotate the space
craft dur ing its t r ip . This has been proposed, for example, 
by the National Commission on Space. However, providing 
artificial gravity in this manner may have some undesirable 
effects on the human vestibular system, due to complex 
Coriolis forces when head movements occur against the 
main axis of the spacecraft's rotat ion. Much more severe 
symptoms than those of today's space motion sickness could 
develop and the mobil i ty of the crew could have to be 
curtailed significantly. 

The most promising alternative for creating artificial grav
ity is to develop a rocket engine that wou ld accelerate the 
spacecraft at 1 g or a fraction of 1 g and thereby prevent the 
development of major physiological problems. In addit ion 
to generating a constant gravitational force, this approach 
would have the added advantage of reducing the duration 
of the tr ip to Mars to only a couple of days! Such a rocket 
propulsion system could be realized wi th a fusion power 
reactor. 

There is no doubt that mankind wi l l return to the M o o n , 
and then goon to colonize Mars. Space medicine wi l l make 
the adventure possible, and wi l l provide new medical sci
ence and technology that all of mankind wi l l need, in the 
21st century. 

Wolfgang Lillge, a physician, is on the staff of the Euro
pean Fusion Energy Foundation, based in Wiesbaden, West 
Germany. 
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Cheerleading for General Relativity 
by B.A. Soldano 

EDITOR'S NOTE 
Reviewer Ben Soldano is the pro 

ponent of the only theory today that 
can account for the empirical evidence 
that Newton's gravitational constant is 
in facta variable quantity. Readers may 
be familiar with the subject matter 
through the popular press accounts of 
the so-called Fifth Force, a concept re
cently invented to evade the basic 
problem with Newton's "constant." 
Soldano, however, has elaborated his 
own theory of the nonequivalence of 
gravitational and inertial mass over 
many years. His work has received a 
good deal of covert attention in top 
scientific circles, but has been stu
diously ignored in the scientific press. 

Soldano, the president of Crenridge 
Corporation, taught university physics 
for 20 years and has also been a NASA 
Fellow at the Coddard Space Flight 
Center. He is writing a major article ex
plaining his theory, which will appear 
in a future issue or"21st Century. 
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Was Einstein Right? 
Putting General Relativity to the Test 
by Clifford M. Will 
New York: Basic Books, 1986 
$18.95, 274 pp., hardbound 

P rofessor Wi l l , a physicist who er 
joys the reputation of a leading e) 

pert on the theory of general relativity 
has wri t ten an extremely lucid an i 
masterful exposit ion of the nature c f 
the experiments designed to test th 
theory. Further, he clearly demor 
strates throughout the book that hs 
has the ability to translate the comple x 
mathematical equations of this theoiy 
into clear prose. In that regard he h 
made the best case possible for th|e 
validity of general relativity. 

However, Wi l l does at times ove 
state his case; for example, when his 
claims that Einstein was confused by 
his unnecessary requirement that th = 

equivalence principle and the concept 
of space-time curvature be inextrica
bly interrelated. Wi l l claims that the 
sole funct ion of general relativity is to 
provide physics wi th a method of 
quantifying the curvature of space-
t ime. It should be noted, however, that 
only because inertial and gravitational 
mass are equal to each other, can the 
fundamental undefinables of dynam
ics, such as mass, length, and t ime be 
reduced to geometry. Otherwise, one 
wou ld have to separately account for 
the inertial and gravitational dynamic 
properties of mass. 

Wi l l presents details of the classic 
tests of general relativity, such as 
" l ight" bending, gravitational redshift, 
the t ime delay of speed of l ight, and so 
o n , in an extremely informative and 
i l luminating fashion. It fol lows, there
fore, that this work is must reading for 
anyone interested in obtaining a de-

B.A. Soldano speaking a 

21st CENTURY 

Stuart Lewis 

ta 1986 scientific conference. 
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tailed conceptual knowledge of gen
eral relativity and the challenges en
countered when physicists go about 
testing the theory. The author also 
provides interesting historical vi
gnettes of the life and philosophy of 
many of the scientists engaged in this 
effort. 

Without challenging Will's knowl-
edgeability or competence on the sub
ject of general relativity, I must ques
tion his objectivity as implied in the 
book's subtitle, "putting general rela
tivity to the test." In point of fact, his 
book is written from the viewpoint of 
a "cheerleader." That was his own 
expression in a recent one-hour ad
dress on the testing of general relativ
ity before the Southeastern Section of 
the American Physical Society in Mem
phis, Tennessee. 

A True Believer' 
His selection of material to be con

sidered in the book, and the glaring 
omission of a successful—albeit un

popular—counterinterpretation pre
sented to him at that same meeting (see 
table for an example of the informa
tion presented there) bears out his cit
ed admission of serving as a cheer
leader for general relativity. I shall show 
that it was a true believer and not an 
objective scientist who collated the 
testing information included in Will's 
book. I shall follow, for the most part, 
Will's chapter order. 

On the subject of light-bending tests 
of general relativity, Will clearly details 
the experimental problems encoun
tered in improving upon the original 
eclipse studies of Arthur Eddington. He 
shows that both the "visible light" 
bending tests and those "light" bend
ing tests based upon radio waves, have 
validated general relativity to an accu
racy of 1 percent. He then attributes 
the 1 percent limit to experimentally 
uncontrollable properties of the Sun, 
such as its violent gas emissions. 

The fact that visible light and radio 

waves exploit two different portions of 
the electromagnetic spectrum and yet 
give the same validity limit never leads 
Will to wonder whether or not this 1 
percent may be a real "light" bending 
limit to the validity of general relativity. 
Moreover, as a visiting expert or 
"judge" in the aforementioned Mem
phis talk, Will is well aware of the ex
istence of a theory based on nonequi-
valence between inertial and gravita
tional binding mass, that requires that 
the limit of validity of general relativity 
relative to the bending of light be pre
cisely 0.955 percent. 

In addition, the same spin-depend
ent nonequivalence term that sets a 
0.955 percent validity limit on general 
relativity's light bending validity, leads 
to the prediction that about two-thirds 
of the number of solar neutrinos oth
erwise expected to be emitted during 
fusion should be missing, since, to the 
extent that nonequivalence exists, 
neutrino emission is not required for 

EARTH 'DRAGS' THE METRICAL FRAME OF A SATELLITE 
General relativity predicts that the metrical frame of a satellite orbiting the Earth is "dragged" by the Earth's moment 
of inertia and spin. An elaborate, two-satellite gyroscope experiment has been designed by a Stanford University 
team to test the prediction. Reviewer Soldano has no doubt that the prediction will be confirmed. 

A fused-quartz gyro the size of a ping-pong ball and spherical to within 0.4 millionths of an inch will be coated 
with superconducting niobium. In a superconducting state, a field of 0.5 volts will suspend it in weightless space 
(right). The telescope locks onto a guide star to keep the axis constant. 

For the gyro whose axis is parallel to Earth's, general relativity predicts a rotation of 7 seconds of arc per year (left). 
For the gyro whose axis is perpendicular to Earth's, a rotation of 0.05 arc seconds per year is predicted. 
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the purpose of conserving energy and 
spin. 

Further, the identical nonequiva
lence term used in setting the light 
bending general relativity validity l imit 
requires that the real port ion of CPin-
variance (charge and parity invariance) 
be violated to about 2.3 x 10 3. At 
present, each of the above problems 
is being treated as one of three, appar
ently independent, major theoretical 
diff icult ies facing the physics commu
nity. 

Throughout, the book Wi l l makes 
much of Occam's razor, the minimi
zation pr inciple, as a justif ication for 
his strong partiality for general relativ
ity. It appears that this principle ap
plies only when it reinforces the sci
entifically and polit ically popular point 
of view in favor of general relativity. 

Redshift Experiments 
Wil l clearly points out that gravita

tional redshift experiments in relativity 
are a test of the equivalence principle. 
They are the gravitational analogue of 
the wel l -known Doppler principle. 

He discusses in detail the Vessot 
rocket test of the gravitational red-
shift, and he lucidly describes the clev
er computer-control led electronic 
techniques that were employed to null 
out the much larger Doppler electro
magnetic effects encountered when a 
clock in an accelerating rocket must be 
compared wi th its ground-based 
equivalent. Wi l l concludes that the 
Vessot upper l imit o f « 2.5 ±70 x 1 0 6 

constitutes one of the most sensitive 
confirmations of the validity of general 
relativity. Wi l l also describes in detail 
the other famous gravitational redshift 
test conducted by Rebka and Pound in 
their "d ropp ing" tower located on the 
Harvard campus. In essence, Rebka 
and Pound were able to weigh a "fal l
i ng " pho ton , thereby setting a 1 per
cent upper validity l imit to general 
relativity. This Rebka-Pound experi
ment is clearly normalized to the Earth. 
W i l l , however, remains mute concern
ing the gravitational redshift results of 
Turneaure et a l . , that are normalized 
relative to the Sun. 

In the Turneaure tests, an upper va
lidity l imit of 2 percent was estab
l ished. From a general relativity stand
point , there should exist no difference 
in the validity l imit in any reference 
frame. In a theory based on nonequi-
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valence in gravitational b inding, h o v -
ever, it is profoundly important wh; it 
reference frame is used for normal -
zation of the gravitational redshift re
sults. This fol lows f rom the fact th; t 
the packing fraction that quantifies th e 
gravitational b inding energy on eacn 
planet, and therefore the l imit of valic -
ity, can vary widely. It fo l lows, ther< -
fore, that the limits of validity set by 
nonequivalence in gravitational binc-
ing should vary widely depending upo l 
the normalization frame used. 

Specifically, the nonequivalence i i 
gravitational b inding for the Sun re-
qui res a validity l imit to general relat i \ -
ity of 2.045 percent, a value in c l os ; 
agreement wi th the Turneaure expei -
imental result. O n the other hanc, 
gravitational redshift experiments 
normalized to the Earth should er -
counter a nonequivalence validity lirr -
it to general relativity of 1.2 x 1 0 " " , » 
value far smaller than those found b f 
both Rebka-Pound and Vessot. 

In fact, if one makes the reasonabl j 
assumption that the Vessot rocket tes t 
at the rocket's apogee was in real i t / 
normalized to both the Sun and th ! 
Earth, then the geometric average of 
the two nonequivalence validity l imit > 
(that is, for the Sun 2.04 percent ami 
for the Earth 1.2 x 10-" ) should con
stitute the true general relativity valid • 
ity l imit for the Vessot test. This calcu • 
lated nonequivalence validity l imit of 
0.49 x 10~6 compares very favorabl ' 
w i th the experiment upper l imit of 2. > 
± 70 x 1 0 " set by Vessot. 

In point of fact, the Vessot experi
ment, because of its high degree o'' 
accuracy, might well constitute a stron]; 
conf i rmat ion of the fact that nonequi • 
valence in gravitational b inding is l im • 
i t ing the validity of general relativity ii 
these gravitational redshift experi • 
ments. 
Planetary Gravitational Binding Energy 

Wil l is wel l aware of the importance 
of testing the applicabil ity of th( 
equivalence principle to the gravita 
t ional b inding energy of the planets 
In his book he devotes considerabU 
attention to Professor Nordtvedt 's ex 
amination of this quest ion. He de 
scribes how Nordtvedt, a member o 
the California Institute of Technology 
group that dominated the testing o 
general relativity, evolved in the earl) 
1970s a phenomenological mathemat 
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PRESENT EXPERIMENTAL LIMITS OF VALIDITY OF GENERAL 
RELATIVITY AND THOSE REQUIRED BY NONEQUALITY BETWEEN 

INERTIAL AND GRAVITATIONAL SELF-BINDING MASS 

Table columns are: 
(a) experiments 1-8, described below; 
(b) principle tested [strong or weak equivalence (SE or WE), metric of general relativity 

(GRM), time reversal invariance (TRI)]; 
(c) fractional theoretical and (c') experimental deviations from values predicted by 

general relativity; 
(d) fractional derivation from general relativity result required by nonequivalence the

ory;* 
(e) description of the nonequivalence corrections in column (d). 

Rows give the experiments: 
(1) Nordtvedt test of lunar motion relative to Sun and Earth; 
(2) Dicke-Braginski-Edtvos type; 
(3) solar redshift (location dependence) ;4§ 
(4) Rebka-Pound terrestrial gravitational redshift; 
(5) Vessot rocket, gravitational redshift (normalized to both Sun and Earth because 

of altitude); 
(6) Shapiro time delay test, in reality a solar normalized test of time reversal invariance 

(A77T)0; 
(7) quasar "light" deflection by Sun; 
(8) advance of Earth's perihelion. 

ical technique of testing the various 
forms of general relativity. 

According to Wi l l , Nordtvedt 
"p roved" that the behavior of the grav
itational binding energy of the planets 
was also consistent wi th general rela
tivity. In this regard it is significant that 

Wi l l makes only a one-l ine ment ion of 
the 1976 Viking Lander experiment 
conducted by Shapiro et al., that tested 
the gravitational b inding energy of the 
Sun, Earth, and Moon . Shapiro claimed 
that his three-body test of the equiva
lence pr inciple as applied to their grav

itational b inding energies was null to 
an upper validity l imit of =£ 7 x 10~12. 
He did acknowledge, however, that his 
results actually deviated f rom null by 
two standard deviations. 

The theory of nonequivalence in 
gravitational b inding originally posit
ed in 1969, and to which I have been 
continually referr ing, requires the ex
istence of a universal fractional non-
equivalence between inertial and 
gravitational self-binding mass equal 
to 5.05 x 1 0 " , a value comparable to 
Shapiro's " n u l l " 7 x 10~12. 

The overall magnitude of this effect, 
therefore, in any experiment is the 
product of the gravitational packing 
fraction 4 a n c l t n e universal [(m, - mc)/ 
mc] = 5.05 x 10 -12. The quantity fglcan 
vary f rom about —10 -72 for two nu-
cleons to about - 8 x 10 - 4 for a highly 
collapsed, massive star. 

Time Variation 
Will 's selectivity continues in his ex

amination of the question of a possible 
t ime variation in Newton's gravitation
al constant G. He not only bril l iantly 
outl ines the theoretical consequences 
of a t ime variation in G, that is, dGldt, 
but he is one of the few general relativ
ists w i l l ing to admit the t ru th ; namely, 
that general relativity is incompatible 
wi th dC/dt. In attempting to f ind any 
manifestation of dC/dt, he searches for 
effects such as a decrease in the Earth's 
spin that wou ld obtain if the relatively 
large effect, 

(dG/df)/G = (1/20bil l ion)(1/year), 

posited by van Flandern, did exist. 
Wi l l shows that the experimentally 

measured fractional decrease in the 
spin of the Earth, (ACO/CD)^ = 1.5 x 10 - 3 

sec/century, and a related decrease in 
the orbital motion of the Moon are both 
too small to be compatible w i th the 
magnitude of (dCldt)IC posited by van 
Flandern. He further concludes that 
any remaining doubt about a constant 
G lies in the wel l -known diff iculty of 
def in ing the proper mix of body and 
oceanic tidal effects that are required 
to quantify the decrease in the spin of 
the Earth. 

Wi l l 's posit ion is extremely interest
ing because he is wel l aware of the up
per fractional l imit for (c/G/dt)/G set in 
1983 by Hei l ing et al. at « (1/ 500 bi l -
lion)(1/year). Why does he ignore this 
far more stringent upper limit? I wi l l 
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posit a possible explanation. 
The cited theory of nonequivalence 

in gravitational b inding requires the 
existence of a local fractional terrestri
al t ime variation in G of (dC/dt)/Cx = 
(1/ 458.7 billion)(1/year) that accounts 
in part for the —0.7 percent range de
pendence of G. This theory also re
quires that the fractional t ime depen
dence of G be planetary dependent. 

Significantly, the terrestrial variation 
in G required by nonequivalence leads 
via Equation (1) to a fractional terres-

Au)e = y2(0)ffi - 0)[(dG/dt)/GJ 

x (P = 173 days) (1) 

trial spin decrease, (Au/u) f f i = 1.61 x 
10 - 3 sec/century, a value that is com
parable to the best estimates of (Aoo/ 
uOe, based on long-term astronomical 
evidence. The 173 days in Equation (1) 
is the wel l -known oscillation period of 
the Moon's orbital plane arising f rom 
its interaction wi th the Sun and Earth. 

The use of this sharply def ined pe
r iod describing a three-body interac
t ion enables one to avoid the body-
oceanic tidal fractional diff iculty en
countered in the conventional tidal 
three-body descript ion. 

Further, the related product , 

2n(dG/dt)/G„ = 2".825 x 10-"/century 

precisely agrees wi th the astronomi
cally measured drift in the orbital mean 
mot ion of the Moon that should ac
company the slowing down of the 
Earth's spin. We therefore can con
clude that the fractional t ime depend
ency of C required by nonequivalence 
not only fits the astronomical obser
vations, but also is the only value that 
has been independently conf i rmed by 
He i l i nge ta l . 

The Two-Satellite Experiment 
In one of the final chapters, Wi l l out

lines future experiments designed to 
test general relativity. He discusses in 
great detail the Lense-Thirring two-
satellite gyroscope experiment. This 
extremely expensive, albeit ingenious 
test, whose preparation has occupied 
the better part of the last two decades, 
is designed to search for a general rel
ativity predict ion that the metrical 
frame of any satellite orb i t ing the Earth 
is "dragged" by the Earth's moment of 
inertia and spin. 

Since the nonequivalence in gravi-
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tational b inding term depends upon 
both the spin of the Earth and its orbit
al mot ion about the Sun, it should con
stitute a perturbation of the general 
relativity Lense-Thirring term and its 
related solar geodetic effect. In fact, I 
can f i rmly predict the results of the 
proposed experiment. They wil l con
f i rm the existence of both the Lense-
Thirr ing and the geodetic solar term. 

Because this nonequivalence spin 
orbital term is t ime-l ike and represents 
a perturbation of the t ime-l ike Lense-
Thirring metric drag term, I predict that 
the resultant product wi l l be found to 
be quantitatively l inked to the square 
of its space-like Schiff metric drag an
alogue, through the intervention of a 
space-like, terrestrial nonequivalence 
antigravity effect (Ag/g)e = 0.68 x 
10"10. This anti-acceleration term wil l 
be found to be common to all objects 
fall ing to the Earth's surface. 

In closing, I suggest that Wi l l has al
ready presented us (pp. 120-121) wi th 
an explanation of his general phi lo
sophical approach to "the scientific 
search for t ru th . " Muhleman and 
Reichley discovered the existence of a 
speed-of-light t ime delay predict ion 
wi th in the mathematics of general rel
ativity pr ior to its independent identi
f ication by I. Shapiro in an article in 
Physical Review Letters. Will claims that 
prior i ty for discovery clearly must go 
to Shapiro, since his work was refer-
eed by another expert and therefore 
bears the imprimatur of those who at 
present control the American Physical 
Society. 

This standard for discovery of t ruth 
is comparable to that employed by the 
Roman church in the case of Galileo. 
Since Galileo's work did not possess 
the papal imprimatur, it could not pos
sibly represent t ru th . 

Coming in 
the next issue of 
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A Man Who Loved Both the 
Stars and Great Music 
by Warren J. Hamerman 

A Man Who Loved the Stars: The 
Autobiography of John A. Brashear 
John A. Brashear 
Pittsburgh: Univ. of Pittsburgh Press, 1988 
190 pages, $19.95 cloth, $9.95 paperbound 

This is the inspiring autobiography 
of John Brashear, an extraordinary 
mi l lwr ight of Pittsburgh dur ingthe late 
19th century, who , after ful l days in the 
iron mills, worked late into the night 
in his home workshop bui ld ing tele
scopes, gr inding astronomical lenses, 
and studying the heavens. Brashear so 
revolutionized the technology and 
precision in astrophysical instrumen
tat ion, that he became the world 's 
foremost bui lder of astronomical in
struments of his day. As his fame grew, 
he collaborated directly wi th most of 
the leading astronomers of America 
and Europe. 

Brashear lived f rom 1840 unti l 1920, 
and by the end of his career, his pre
cision telescopes, stellar spectro
scopes, mirrors, and scientific optical 
instrumentation were the prized pos
sessions of observatories, colleges, and 

other learning institutions throughout 
Europe and the United States. 

Before his astronomical avocation 
became his day's work as we l l , he typ
ically rose at about 5:30 in the morning 
to get to the mill on t ime. He would 
arrive back home at 6:00 in the eve
ning, and then , after supper, he wou ld 
work wi th his devoted wife well past 
midnight, gr inding lenses or observ
ing the stars. Despite becoming a friend 
to all the leading astronomers of his 
t ime, he nonetheless always del ighted 
in patiently giving ordinary laborers, 
chi ldren, and common people their 
first look at the beauties of the skies 
through one of his telescopes. 

Brashear wrote , "For not only did I 
desire the privilege of seeing the beau
ties of the heavens myself; I dreamed 
of a day when all mankind, every boy 
and girl, might have that privilege, too . " 

Besides his passion for astronomy, 
Brashear was an enthusiastic devotee 
of classical music. He was the choir 
leader of his church chorus and the 
organizer of a citywide cantata society, 
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Superconductors—Conquering 
Technology's New Frontier, by Randy Simon 
and Andrew Smith. Plenum Press, 1988. 
Hardcover, 326 pp., $23.95. 
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and he composed several musical 
pieces. He was a tenor and his wife a 
soprano who sought out musical 
friends all their lives. 

Brashear's autobiography is a work 
in the tradit ion of Benjamin Franklin's 
classic autobiography because of the 
way in which it unifies the pursuit of 
scientific t ruth wi th a broad vision of 
morality that is based upon the joy of 
upl i f t ing one's fel low men to a higher 
state of knowledge about the beauty 
of our universe. Were our nation to 
rededicate itself to a mission of space 
exploration again, men and women in 
this mold wi l l not seem such a rarity. 

Brashear wrote : "Perhaps some of 
the good people wi l l read these remi
niscences who have been fel low work
ers in the domain of our beautiful sci
ence of astronomy and astrophysics 
and who have helped me to 'push for
ward the frontiers of human knowl
edge.' . . . But, after all, my one big 
hope is that my humble effort in jot t ing 
down these items f rom life's memo
randum book may help some strug
gling soul to master some of the prob
lems of life and of the beautiful in sci
ence, which wi l l contr ibute new chap
ters of discovery to the now unknown 
and help to make this old oblate sphe
roid move smoother on its axis." 

Brashear's autobiography first ap
peared in 1924, four years after his 
death. Readers of this work wil l be 
richly rewarded by a man who makes 
your vision swell and your hopes soar. 
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AS HEALTHY AS AN ASTRONAUT' 
The mission of space medicine is to study the effects of factors like wei 
to prevent and treat diseases, and to create the conditions that wi l l enhance 
the functioning of man in space. However, as Wolfgang Lillge explains, one 
spinoff of this intensive medical study is that everyone on Earth could be made 
"as healthy as an astronaut": Resolving the problems identified by U.S. and 
Soviet space scientists wi l l require breakthroughs that touch on every aspect 
of the body's functioning. 

STEINER'S SYNTHETIC GEOMETRY 
AND CREATIVE THINKING 

Education reformers in 19th-century 
Prussia designed a curriculum to 
produce thinking citizens, in which 
the synthetic geometry of Jacob 
Steiner was a central feature. The 
reformers threw out "dr i l l and gr i l l " 
memorizat ion of axioms and 
substituted Steiner's curriculum of 
constructions with a compass and 
straightedge, taught using the Socratic 
method. Robert Gallagher presents a 
synthetic geometry curriculum based 
on Steiner's work that is suitable for 
beginners of all ages. 

WHEN WILL THE LIGHTS GO , 
Electricity availability may soon hav-
to be rationed in the United States 
as it is now in Third World countries 
Marsha Freeman reports that the grin 
state of the U.S. power grid is thi 
predictable outcome of 10 years o 
attacks on the electricity system b< 
antinuclear extremists and austerity 
minded regulators and financia 
interests. Electricity demand i 
projected to increase at double th 
rate of the planned increase i i 
capacity over the next decade. For th 
first time in history, the United State 
is headed for unpredictable powe 
outages. 

If the beleaguered Shoreham nuclear plant in 
New York is demolished as the antinukes plan, 
Long Island residents will pay more for elec
tricity and suffer guaranteed brownouts. 


