




Stuart Lewis 
Students today must relive the process of 
discovery of new physical principles 
made by past discoverers , and learn the 
method for making valid new discover­
ies of principle, as La Rouche discusses 
(p. 46). Here, a model of Ampere's Sec­
ond Equilibrium Experiment,  con­
structed by Bob Bowen for the Schiller 
Institute. 

On the cover: A view of the Mir, taken from 
the Space Shuttle Atlaniis, just before dock­
ing, in July 1995. Photo courtesy of IMAX 
Corp'/Lockheed Martin; Sputnik image cour­
tesy of RSC Energia, Korolev, Russia. 
Cover design by Rosemary Moak. 
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EDITORIAL 

PUT MAN IN SPACE! 

The Extraterrestrial 
Imperative. 

The fact that mi l l ions of people around 
the world have been watc h i n g  the 

Mars Pathfi nder m i ssion, which began 
on Ju ly 4, with great interest and excite­
men t, shou ld not be a b i g  su rprise to 
close observers of the human spirit. 

Throughout the l ast 20 years, w h i l e  
the media and Hol lywood have worked 
tirelessly to replace enthusiasm for space 
exploration with stories about al iens, be­
ing stranded in space, or the prevalence 
of U FOs, 1 0  mi I I  ion people a year have 
been visiting the N ational Air and Space 
Museum in Washi ngton, learn ing about 
man's conquest of the skies and of space. 

The Pathfi nder lander sitting on Mars, 
wi th its d i m i n ut ive compa n io n ,  So­
journer, roving about the landing site, re­
m i nds Americans, that as d iffi c u lt as a 
task m ight seem, it can be accompl ished. 
There are whole new worlds to explore, 
a bout which we know rel atively l ittl e .  
There is enough exploring to do in space 
to keep the next hundred generations of 
humans busy. 

We also have wel l -thought-out p lans 
for how to accompl ish such exploration 
and colon izati o n .  Eco n o m i st Lyndon 
LaRouche, for example, has described in 
deta i l  a Great Project to establ ish a sci­
ence-c ity on Mars i n  the next 40 years 
(see 21 st Century, Winter 1 996-1 997, p. 
1 6) .  As he notes, th is  wou ld c reate 
ski l led jobs and an economic recovery; 
but  its greatest benefit wou Id be the 
beauty of d i scover ing  the ideas that 
make such a program poss i b le,  and 
which is  the true i n s p i rat ion of ent i re 
peoples. 

In the same spirit, space scientist Krafft 
Eh ricke, 25 years ago, coi ned the term 
"extraterrestrial imperative," to convey 
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the idea that such exploration i s  not an 
arbitrary activity for mankind, but a nec­
essary one. " If G od had wanted man to 
explore space, He wou ld have given him 
a Moon," Ehricke often stated in  his writ­
ings and publ ic presentations. 

Ehr icke's l i fe's work, which is �ot as 
widely known as it should be (he died in 
1 984), is  a technological and phi losoph­
ica l  treas u re that n eeds to be brought 
back to l ife, especi a l ly now. (A memoir 
on Ehricke appears in 2 1st Century Win­
ter 1 994- 1 995, p. 32.) 

Ehricke: No limits to Creativity 
Before a rapt aud i ence i n  N ew York 

C ity i n  N ovember  1 98 1 ,  E h ricke de­
scri bed how the Earth's b i osphere has 
faced two great crises d u ri ng its evolu­
t i o n .  These were overcome, he said,  
through the development of photosyn­
thesis, the abi l ity of a plant to produce its 
own " resources , "  a n d  the su bseq uent 
deve lopment  of m u l ti-ce l l ed l ife that 
cou ld m ake use of the new oxygen at­
mosphere that had been created by the 
p l ants. In each cris is ,  he said, " I i fe had 
only three choices: G ive up and perish, 
regress to a m i n i m a l  state of existence, 
or advance and grow." 

It was very c lear  to E h r icke that the 
h u m a n  race is now faced with those 
same three c h o i ces .  He showed, i n  
grap h i c  form, that t h e  a l ternative of a 
n o-growth pol i cy wou l d  l ead to the 
ki nds of catastrophic convulsions we are 
experiencing today: "geopol itical power 
pol i t ics ,  wars over natural  resou rces, 
waves of e p i d e m i cs, death-o r iented 
popu l a t i o n  stab i  I izat ion,  extreme 
poverty," and real ecological crises. In 
1 98 2 ,  he wrote: " I n  1 9 79, of a l l  th ings 
i n  the Year of  the C h i l d  of the U n ited 
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Nations, there were 1 2  m i l l ion ch i ld ren 
who d id not reach the i r  fi rst b i rthday . 
That's 5 0  percent more than a l l  battle 
deaths in Wor ld War I, i n  fo u r  years .  
And that i s  an outrage to a species that 
cal ls itself civi l ized." 

By the 1 960s, the concept of "growth" 
was being cha l lenged by a me lange of 
so-cal led envi ronmental ists and Malthu­
s ian zero growthers. Eh ricke developed 
the concept of the extraterrestria l  imper­
ative to confront head-on this attack on 
the unique nature of man.  

The central concept Ehricke developed 
is "the d i st inct i on be-
tween mult ipl ication and 
growth . "  In contrast to 
the L imits to Growth 
comparison of man's 
growth to the "mind less 
and senseless m u lt ipl ica­
tion of l i l l ies in a pon d "  
(or today, Prince Phi l i p's 
comparison of the growth 
of popu lation to cancer), 
Ehr icke stated in a 1 982 
article, " G rowth, in con­
trast to m u lt ip l ication, i s  
the increase in know l ­
edge, in wisdom, in the 
capacity to grow in new 
ways. "  As far as "I i m its" 
go, E h r icke pointed out 
that the Malthusians, who 
never consider space ex­
ploration as a domain of 
man's activity, 'see 'the 
Earth as a closed system. 
"I don't," he said.  "Hu­
man ity's action world is 
no more closed than it is  
fl at. "  Man is not the pol­
luter of the Earth, but the 
"naysayers" are "the pol­
luters of our future." 

In a 1 9 73 a rt i c l e  about h i s  m en to r, 
Hermann Oberth, E h r icke w rote, " Fo r  
me, the development o f  the idea o f  space 
travel was a lways the most logical  and 
most noble consequence of the Renais­
sance ideal,  which again p laced man in 
an organ ic and active relationship with 
this surrounding un iverse and which per­
ceived in the synthesis of knowledge and 
capa b i l i t ies its h ighest ideas . . . .  The 
concepts of ' l i m it' and ' i m poss i b i l ity' 
were each relegated to two cl early d is­
tinct regions, n a mely the ' l i m it' of o u r  
present state o f  knowledge and the ' i m­
possib i l ity' of a process running counter 

EDITORIAL 

to the well-understood laws of nature." 
Looking at the futu re from the stand­

point of the past, Eh ricke observed that 
"it is an extraord inary fact that we find 
ourselves at one of the very rare nodal 
points in an evol ut ionary h i story, in 
which the confluence of patient, negen­
tropic processes of eons accumu lates a 
tremendous g rowth thrust potent ia l  
whose acceptance and d i scharge w i l l  
c re at ively p l ay itse lf  o u t  over another 
eon ic period." This thrust wi l l  be toward 
an Earth-based system, that is no longer 
closed. 

Countering the anti-science desc rip­
tion of the view of the Earth as seen by 
the Apo l l o  astron auts on thei  r way to 
the Moon, as a "frag i l e"  g lobe that 
mankind is  destroy ing, E h r icke wrote, 
"Earth is not merely a spaceship .  It is  a 
member of the Sun's convoy traversing 
the vast ocean of our Mi lky Way galaxy. 
. . .  It is fortuitous that we need on ly to 
traverse open space to reach our remote 
terrestr ia l  resou rces . . . .  Our compan­
ion worlds are underdeveloped. Earth is 
the only luxury passenger l iner in a con­
voy of freighters loaded with resources. 
These resou rces a re for us to use, after 
Earth has hatched us to the point where 

we have the inte l l igence and the means 
to gain part ia l  independence from our  
planet." 

On to the Moon; and Mars 
Krafft Ehricke spent 20 years proving 

in exqu isite detai l ,  that man indeed does 
have the "intel l igence and the means" to 
begin the creation of a new c ivi l i zation 
on Earth's nearest neighbor, the Moon . 
F ro m  the re, the n ext target is the most 
E a rth- l i ke p l anet in the Sun's  con voy, 
traversing the ocean of space: Mars. 

After we have gath ered fi rst-hand 
knowledge about how to l ive i n  space 

on the Intern at i on a l  
Space Stat ion, w e  w i l l  
b e  we l l -pos it ioned to 
return to the Moon and 
set up shop there, fo r 
scientific observation, 
and to l ea rn how to 
" l ive off the land," us­
ing the resou rces on the 
Moon with revo l ution­
ary new technology de­
veloped on Earth, to es­
tab l ish cities and a new 
civil ization. 

It is on ly natu ral that 
the expectation of most 
of those who have fol­
l owed the extraord i­
n a ry Pathfinder  m i s­
s ion,  i s  that afte r a 
series of necessary pre­
c u rsor m i ss ions there 
w i" be a program in 
place to send people to 
Mars .  At the p resent 
t ime,  there i s  no such 
plan in  place. There are 
some promoting a "get­
r ich-qu ick"  manned 
Mars m ission,  to go as 

soon as possible, regardless of the dan­
ger to the c rew or the l i m ited sc ience 
and tec h n o l o g i c a l  deve l o pment that 
wou ld resu lt. 

Four months after he took office, Pres­
ident John F .  Kennedy announced the 
Apo l l o  p rogram, in May 1 9 6 1 , which  
had a different, long-term vision for this 
nation's space program.  He said, "Now 
it is t ime to take longer strides, t ime for a 
great new American enterprise, t ime for 
this nation to take a clearly leading role 
in space ach ievement, which  in many 
w ays  h o l d s  the key to o u r  futu re on 
Earth ." 

Now is also such a ti me. 
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Letters 

Why Not 'Mars Direct'? 

To the Editor: 
While I norm a l ly enjoy Marsha Free­

man's writings, I was very distu rbed by 
her review of Robert Zubrin's book, The 
Case for Mars ,  in the Spri ng 1997 issue. 
For the record, I am not associated with, 
or even have spoken to, Robert Zubrin .  

F reeman m i sstates t h a t  the concept 
w i l l ,  " require a stay o n  the M a rs s u r­
face of 5 5 0  d ays . "  This i s  t h e  w h o l e  
poi nt: t o  design a m i ssion that spends 
most of the t i me on Mars, not i n  transit .  
Further, i t  i s  not a fu nction of the type 
of ve hic l e  or p ro p u l sion system that 
dictates the 550 days; it's the posit ions 
in orbit of Mars and Earth on a conju nc­
tion type fl ight . . . .  

What comes t h rough i s  that this re­
view is a b l ind,  knee-jerk response to 
the fact that Zubrin  is proposing a way 
to initia l ly  get to Mars that she doesn't 
like: Without  a n u c lear  e n gine, and 
without massive Moon base and space 
stations .  B ecause of this, she does not 
read his book with an objective eye. He 
c l ear ly states t h at a n uc lear  e n gine 
wou ld be better for exploration of  Mars. 
The p ro b l e m  is, we don' t  have o n e .  
We're not likely t o  get one, either, i f  the 
reaso n  for i ts deve lopment is to go to 
Mars. That requires overcom ing two ig­
nora nt opposition g ro u ps (ant i -space 
and anti-nuclear) .  It a i n't gonna happen 
in  the foreseeable future. 

Freeman d is l ikes his 1 O-year concept. 
However, Zubrin is  simply facing politi­
cal reality . . . .  

Art Han ley 
Sacramento, Cal if. 

Marsha Freeman Replies 
It is very easy, if you are i nterested in 

and excited by space exploration, to be­
come enticed by Bob Zubrin's "get-rich­
quick" manned Mars mission, which he 
cal ls "Mars D i rect." Especial ly since the 
landing of the Mars Pathfinder spacecraft 

Robert Zubrin wrote about fusion rockets and interstellar ramjets in this June 27, 
7 982, article in New Solidarity newspaper. 

on Ju ly 4, the question is once again be­
ing asked, when a re we go ing  to send 
people to Mars? 

Before Z u brin became demoralized 
by the lack of vision exhibited by most 
of the past decade's national leaders, he 
was an enthusiastic promoter of pushing 
the outside of the envelope of science 
and e ngineeri ng, to deve lop the tec h­
nol ogies for future space exploration. 
Then, he was not propos ing  to use 20-
year-old expendable chemical rockets, 
but interstel lar fusion ramjets and explo­
ration of other galaxies. 

I n  h i s  19 82 a rtic l e  on t h i s  s u bject, 
published in  New Solidarity, Zubrin proc 
posed that while it might take 50 years 
to start the colonization of the galaxy us­
ing an interstel lar ramjet, nearer-term fu­
sion powered rockets "are more than ad­
equate for complete mastery of the Solar 
System." 

Indeed, it is the development of d ra­
matica l ly  new propulsion technologies 
that wi l l  make colon ization of our Solar 
System safe and scientifical ly productive. 
Mr.  Han ley is m is i nformed . The a lign­
ment of the planets is only a critical fac­
tor, when the propu l sion system being 
used is limited to chemical or fi rst-gener­
ation nuclear propulsion technology. 

Were we to deve lop the constant­
thrust thermonuclear fusion rockets Bob 
Zubrin was writing about in the 1980s­
as was, also, space pioneer Krafft Ehricke 
and Lyndon LaRouche-we wou ld be 
free to come and go between the E arth 
and Mars, much more often than at 26-
month i ntervals, and wou ld not have to 

stay on the 'su rface for 550 days, which 
is a l l  that is possible with Zubrin's chem­
ical rockets. 

More than a convenience, this poss i­
b i l ity to quickly end a mission, if  neces­
sary, and return to Earth within a reason­
ably short period of time, is the level of 
safety any astro n a ut making the trip 
wo u l d ,  a n d  s ho u l d ,  expect . Zu brin's  
Mars Direct a i ms to replace technologi-

, ¢al in novat i o n  a n d  greater safety with 
expediency. 

Do not kid you rself. There wi l l  be no 
man ned m issions to Mars if there is not 
the commitment to take on a fight with 
the anti-space, ant i -nuclear movement 
in t h i s  cou ntry .  Peop le  who represent 
that point of view a lso bel ieve that sci­
ence and technology are dangerous, that 
the government should not be wasting 
money on such endeavors, and that a re­
t u r n  to a more " p rimitive" time, with 
many fewer peop l e, wou ld solve the 
world's "problems" ( l ike a l l eged global 
w arming, l i mited resou rces, o r  other 
hoked-up scare scenarios). 

Facing political reality does not mean 
giving up you r principles to garner sup­
port from the I ikes of budget balancers 
l ike N ewt G i n g r i c h  (wh o  is pictu red 
with Zu brin i n  h i s  book) .  It means u n­
derstand i ng that the fight for a man ned 
M a rs p rogra m ,  a n d  t h e  return  to the 
Moon, wil l  require a political mobiliza­
tion to change the cu ltural pessimism in 
the cou ntry-the kind of pessimism that 
res u lts  in a rtic les  say i n g  that NASA 
never l a nded the Pat hfi nder spacecraft 

Continued on page 7 
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The 
Lightning ROd 

My Dear Friends: 
Encou raged by your kind response to 

my return as a co l u m n i st in t h i s  f ine  
publ ication, I a m  cont i n u i ng m y  com­
ments on some old and nasty v iews that 
seem, unfortunately, to have taken on a 
new l ife tod ay. As you u ndoubt-
edly know, I am an ardent practi­
tioner of hearty eating and a wel l­
balanced diet. So, it is with a la rm 
that I have v iewed the i nc re as ing 
po lemics  aga i n st p rote i n, es pe­
c i a l l y  those aga inst meat.  Of 
cou rse, tastes vary: Some prefe r  
fowl o r  ven ison, and others beef; 
some j ust p la in  do not l i ke m eat. 
Such diversity is to be expected. 

But the vehemence with wh ich  
the anti-meat, anti-protein d i atribe 
is waged today; the fu l l -page ads 
d i rected at turn i ng people, espe­
c ia l ly  ch i ldren, away from eat ing 
the meat of  "animals  with faces"; 
the ever-shifting, so-cal led scien­
t if ic resu lts on w h at i s, or w h at i s n 't, 
good for one-a l l  this brings me to the 
inescapable conclus ion that the attack 
on a prote in  source that is essential  for 
human g rowth and deve l opment has  
other motives. 

I am rem inded of what the English so­
cial commentator Charles Dickens, had 
to say about d i et in h i s  1 837 novel,  
Olive r Twist. Poor O l i ver, a young or­
phan apprenticed to an undertaker, and 
fed the table scraps considered u nfit for 
the fami ly  dog, one day rebel led agai nst 
h is  unj ust treatment. Alarmed, the l ad y  
of the house, a Mrs. Sowerberry, cal led 
on the workhouse beadle, Mr. Bumble, 
for help. (Mr. B u mble had arranged for 
Ol iver to l eave the workhouse for the 
Sowerberry apprenticeship.) 

The rebe l l i o u s  O l i ve r, however, 
locked in the ce l lar, screamed uncoop-
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eratively at Mr. Bumble. 
D i c kens descri bes the scene th u s :  

" 'Oh, you know, M r .  Bumble, h e  m ust 
be mad,' said Mrs. Sowerberry. 'No boy 
in half h is  senses could venture to sp�ak 
so to you. '  

"'It 's not Mad ness, ma'am,' repl ied 
M r .  B u mb l e, after a few m ome nts of 
deep meditation. 'It's meat.' 

" 'What?' exclaimed Mrs Sowerberry. 
" 'Meat, m'a'am, meat,' repl ied Bum­

b l e  with stern emphas is .  'You've over­
fed h im, ma'am. You've raised an artifi­
c i a l  so u l  and spi r i t  in h i m, ma'am, 
u nbecoming a person of h is  cond ition : 
as the board [of the workhouse], Mrs.  
Sowerberry, who are practical ph i loso­
phers, wi l l  tel l  you. What have pau pers 
to do with sou l  or spirit? It's qu ite enough 
that we let 'em have l ive bod ies. If  you 
had kept the boy on gruel, ma'am. This 

would never have happened .' 
" 'Dear, dear! '  ejaculated Mrs. Sower­

be rry, p i o u s l y  ra i s ing  her  eyes to the 
kitchen cei l ing: 'this comes of being l ib­
eraI!'. . . 

" 'Ah!' sa id  M r .  B u m b le . . . .  'The 
only thing that can be done now, that I 
know of, is to leave h im i n  the cel lar for 
a day o r  so, t i l l  he's  a l i tt le starved 
down ; and then to take h i m  out, a n d  
keep h i m  on g r u e l  a l l  through h i s  ap­
prenticeship.'  " 

Let Them Eat Gruel 
This gruel phi losophy, as described by 

D i c kens, predom i n ated i n  E n g l a nd, 
when, i n  1 834, the government ended 
welfare-or what was cal led "outdoor 
re l i ef," w h i c h  had s u pplemented the 
poor wages of l a bo re rs with fam i l ies .  
Those paupers who were u nfortu n ate 
enough to l a nd in a workhou se, were 

put on a d i et of 1 1/2 p i nts of gruel  per 
day and a total per week of 1 2  ou nces of 
b read, 1 4  o u  nces of s u et o r  r ice pud­
d i ng, a n d  2 ou nces of  cheese.  B a re l y  
enough to susta i n  " l ive bod ies," t o  use 
Bumble's term inology. 

Now, dear readers, to come back to 
cu rrent t i mes, consider how th is  gruel  
phi losophy fits so n icely with that odious 
senti ment, put forward in  The Times of 
London as recently as Jan .  5, 1 995, by 
S i r  W i l l iam Rees-Mogg (a modern ver­
sion of Mr. Ch ief-Bumble): Namely, that 
the post-i ndustrial society requ i res only 
5 percent to be the edu cated e l ite "on 
whose su ccess we sha l l  a l l  depend," 
w h i l e  the oth e r  95 percent can l a bor 
without benefit of education-and, pre­
sumably, without benefit of the " meat" 
d iet for those deemed worthy enough to 
have "sou l  and spirit." 

Well, dear friends, as you know, such 
ph i losophy, in my day, was why we re­
bel led against the British crown to estab­
l ish this republ ic .  

SAVE YOUR COPIES OF 
21st CENTURY 

These custom·made titled cases 
and binders are ideal to protect 
your valuable copies from damage. 
They're designed to hold two years' 
issues (may vary with issue sizes), 
constructed with reinforced board 
and covered with durable leather· 
like material in blue, title is hot· 
stamped in gold, 
cases are V ·notched 
for easy access, 
binders have 
special spring 
mechanism to 
hold individual 
rods which easily 
snap in. 

CaMs: 1-$7.95 3-$21.95 6-$39.95 
Blnde,.: 1-$9.95 3-$27.95 6-$52.95 
21st Century Science & Technology 
Jesse Jones Industries. Dept. 21 C 
499 East Erie Ave .. Philadelphia. PA 19134 
Enclosed is $ for __ Cases; 
__ Binders. Add $1 per case/binder for 
postage & handling. OutSide USA $2.50 per casel 
binder (US funds only). PA residents add 6% sales 
tax. 
Print 
Name' ___________ _ 

AddreSS'---;;N;:';O PO;.O". Boi::'''N;;:;um::::b::: ... ''P;.::lo.:::-.o:----

City ___________ _ 

S1atelZip, __________ _ 
CHARGE ORDERS (Minimum $15): Am Ex, Visa, 
MC, DC accepted. Send card name. N, Exp. date. 
CALL TOLL FREE 7 days, 24 hours 

1·800·825-6690 
. 

___ SATISFACTION GUARANTEED __ _ 

21st CENTURY Fal l  1 997 5 



6 

VIEWPOINT 

Fal l  1 997 21 st CENTURY VIEWPOINT 



Scientifically Illiterate vs. Politically Clueless 
FoIlooou\Jrd ... SovinIa....a.""Sp.tn,k.�I'tII(>Cf'd<d.aWI'C'fC�'..."j,rdlnolocT PJlIn ...... Uni,cdSu.r .. bypouinatheN .. i<>NI �&kor""'Attdu!Ii.ordcd_ OCOOfIU ..... ,h.an:lIc:n;cn� I'f'OIBl"i ;.,� achooU. lu one collqc p<e>i· tIom lIJUt"Iinu...l 9600: cdlrtn """ unj....w iu--= """' "'ba;t( ioNd"""dotfmo< ... 
........ ial .. . .. IlIJ:'OI'>DNC �· Today.�.cnt:lcfTKhnDIorrPPl .... \OIe'OINol<f'licallyby.rwion_ 
c"""'nnt<!.;d.t."I"",hcftdm.!dniciloh>n..,lhr,&h, ... cam"""'I ......... r, ... b..tdr· ud.ocf""""""ion<dr..knl""""""f .. ..:Itnc.wdn ..... boood ..... ,fia,iDncf"""',· � .""'1'<";.0.;.., ..... ocicruU'oc """",...ury ""'" �ndo 1 .. Ion,,,.nn bmtf'm �.u..,cd ..,.in>l ....... tampt.. ..... '*-"cdbr·prMouod..tt, .. cfclvNatiDNISCIm<.ro..n. 
da<ion."t .... doyocf""--..-...,<Wft.hc ... IlIft_.·SOf: ... ..... �cf,hc K..".;r .. "-""'l "' ..... dunc<;.,�chrnM.lwbomwll<ly oneoldrnL&l. FooI • ......... .,... � .... ;.,. ... ... choow ,,)I.l.mo ...... pibli<·.�lr.""� ... ion b ..... .....n on , ...... ·"' ..... k mtt..,.,. · rr......bIr.iI ,l-t poorle had ...Jr boen .;l!· 
q""o.chour ....... ........,. inph�tho"'is>ry. an:I ........ tt.. m=> on ..... f!<'hIi< in ............ ,inbookmemh-..Ubeobriouol:qonJ ..... rtqU"" ........ cf •• pbno ....... 

To"'lp <Id'.nJ """"Iva opinst r... .... fimJ.nc ohcnWb. .." h .. " ind,cnamly ....... 
........ nlwi,h.li,_of ...... plabhowKitra .... �DuI'_it..,.Wh;IcNU ..... """"""'.-....."..m.u.,do&c<qu<:Slioru.bour .. -h, ""Nv...,.. fo.md""'"'iDn •• ou:h ....... inll, .. rnpk,... �pn:>bI<f�"_' dufnal .... ur.ol huanh..onddlldK 
..... 'ruI.l"""""' .... .." ab:o ,, ... ' ...... jm,if"'pnxaoantlc�'hejmpr ....... .... 'aur ..... h •• , • ..,.nnlhat ... ,.,..Jro...U'i ...... Bu' .. itnccio"",abo.KprD"Idl",:aNwen'ooockry·,probknu. Rod.,. ocimc�1'">' ............ y 'o odln:oo ..,.. ...... 'ican,probInnoon u... bas.. ol:m undrnundlnccf ........... ...J...,.1d. Eath(Dndu"an;'mmllyoh.be><h�lOfu wa",jlablc.uu. When .... drbaI.IwJl ...... -.narion>IoecurilT.Othrahhimploafions. ...... �b«omc ..."tqo.t.Otioono,..;"'''''''''...n.!>Ieo.onl,.fnrol .. -hidI _ be><Kntif' .... �I .. "'In. H'r:h·Ln,.! "",,'-.-.. fix oumpk . .. ,U "'" br � unJ.r I.bnh..tun. no _ .... how,..;ublcthc....,Lory.Iu .. ;..,rnu".." ... gIlN""""raftnd'hcbool ....... "'" d....cf, .. ..-\thinpold:io:al-w.-.loc;anom"'�-..L.iani.lutlv�""'" di'lono ;n..v,ubI, rJ>one<.ociont .... _to� • .n. ....,j Ia T ........ an.n.�"., ' .... veny. anJ th.c pul>l.c. ...cdon in frust .. 'bl. l.lncambubk wi'h ....... 1 I...p,a.iano antl ... ""'ft>dJInCnu . ... "'lnllnoutli<!<ehe .... i:utro ... " .... drcl ......... alciftCwollow 
roIi<'· .... �.ntol<1 th.c�..rul< .... uitlcu" fram 01 ... n."""mcnlln«IRIn\K • .J 
r..,�><Im,jr"'.l!"l!"cn,cnow.....,..j .. If ... "'lnC.aroI""r.ndouroo:l>Ttarnunc, ... foI�eI .. ....,. .. 'hctrlun' ... I .. ..J.n. Why .... ,� hraJ ",� Enlri_n .. l f'rooOC'lion .... C<1""f.'� .... mlwoa;b 10 � ... (.COINfT.....n ClOllU1N O ...... �oil,.......a,.ndn""lear<an .. "'i· 
........ l.anJoh.cha..-.olthtHcut<SCi<na:c-...i"tttlOl .. im,bu!Wh, ... .."tIOl 
In'''inl Klnvi ... Ior .... lndrnhiprul' ..... '''''' ''' � affttI '''''' futur.1 hllorU .. iIh�� ... :cnahao" ... oric;o"'bttn"'hin'<deluo.cll"'"· • w ..... _ .. .w.- ...tdi.ci;>hn<>. Counn Ior ..........,.,.. _fn:q.orn,Iy� ... d,Mn< • • lono. anJ .. ......,., ...t.o dcpan tlv ..,....,.]Ie<J .......d .... d tO punu<�in� .. roI .. ,·rnal< ....... fruomodup.m.T'Iw1bq1n>d .. ""�.,..k:BriQ.,>O>d=udotlOl_ ..:i<nct ... w., . o , ... d, �ioNoileadmhlp,..JtCi<na:..,s... brI;a...., doow "' Jc-J.'· .hic>;ul.1ono ..... 1"'10 nl'<'rimc� .... th 1C 1mu. OUr Lonc·'nm fu" .... drpmcllon<;.i>:mS�lICondOWR'Cm .... 'htrolo:" 
.. ionc.lnoor ooclcty . No (m'<lrq>Orf.""� u""'�k.antl"" .... l!..,_,n:I lobbyillcanrnal<�.hooo"'l""""' .. f.ot\l$.lnth. ..... 'l<"<r.o,M>n,_ .. ;II.....d""'anly 
ocicl'l,i",...t.o"."'r<1U in """""",,iahin, but 0100"""'" "ilh. broar;l undrntondll\llel o<imc. and. bui< lucnq in ottonnmkl, int.rn.llon.l:o/f:ain. """ poIiq·dlrc. In ...... mel. our rtn'''' ,tw .. ....,. tIOI' be: oh. ........ !tic ,U,....,.., 01 , ... public. b<o< .... p:oIuocal 
iII�,ol ....... ..u. 

VIEWPOINT 

Letters 
_ continued from page 4 

21 st CENTURY 

on Mars on July 4, or that we never landed 
astronauts on the Moon.  

Weber's Aphorisms 
And St. Augustine 

To the Editor: 
I just read the "Aphorisms" by Wilhelm 

Webe r, tra n slated by Jonathan Tennen­
baum, in  the Summer 1 99 7  issue. They re­
minded me of something t h at St. Augus­
t ine w rote around t h e  year  4 0 0 ,  t h e  
Confessions. The 1 1  th  b o o k  o f  t h at vol­
ume is ded icated precisely to a phi losoph­
ical d iscuss ion of what i s  t ime . 

Augustine ' s  conc lusions  a re sim i lar  to 
those which Weber reac hed . This is  par­
ticularly c lear  in  paragraphs 1 1  to 26 of 
the 1 1  th book .  Perhaps  your readers 
would be interested in looking at this, as a 
follow-up to the Weber "Aphorisms." 

Leonardo Servad io 
Milan, Italy 

Protein Vs. 
Carbohydrates 

To the Editor: 
Whoever wrote the articles in the Special 

Report, Summer 1997 ["We Can Feed the 
World"] has little experience with farming, 
and even less knowledge of nutrition .  N o  
doubt they are followers o f  the calorie the­
ory, which is fine for the feeding of labora­
tory animals, but is of no use in the feeding 
of humans. 

As fo r w h at genet i c s  has done for our 
gra i ns, consider th i s :  When I was a boy in 
the 1920s, Kansas wheat would run 18 per­
cent protein,  and the best of it would be 28 
percent protein .  Today, for a l l  the improve­
ments in the wheat breed i ng, Kansas wheat 
now runs 12 percent protein ,  and the best 
of it wi II go to 1 8 percent. The same prob­
lem comes up with corn. About World War 
I, field corn analyzed from 9 percent to 10 
percent protein .  Today, the corn will run 
near to 4 . 5 percent to 5 percent protein .  
Even with the increased yields i n  bushels, 
the amount of protein produced per acre is 
no better now than it was 50 years ago. . . . 

The cruci al problem in food is the pro­
tein content.  The feeding p roblem in the 

Continued on page 82 
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Sandia National Laboratory 

Electrical discha rges illuminate the su r­
face of the Z machine, the world's most 
powerful X-ray sou rce, du ring a recent 
accelerator shot. 

NASA 

Crista -Spas, the Cryogenic Infra red 
Spectromete rs and Telescopes fo r the 
A tmosphere (Crista), housed on the 
Shuttle Pallet Satellite (Spas), is shown 
here in a check-out phase on the robotic 
a rm of the Space Shuttle. 

SANDIA DEMONSTRATES TECHNOLOGY FOR DRIVING FUSION ENERGY 
In J u l y, scientists at the Sandia Nation a l  Laboratory in A l b u q uerque, demon­

strated that thei r Z accelerator is capable of dr iving inert ia l  confinement for the 
production of fusion energy. The accelerator, which is comparab le  to a scaled­
up Leyden jar, generated a 2 1  O-tr i l l ion-watt pu lse of X-rays from an input 50-tr i l ­
l i on-watt e lectrica l pu lse.  These X- rays can be used to i m p l ode m i n ute fusion 
fuel pel lets to the high densit ies and temperatu res needed to i gn ite n uclear fu ­
s ion reactions. As in Benjamin F ran kl in 's  appa ratus, the Sand i a  " Leyden jar" is 
d i scharged into wires. But this pu lse i s  far greater-m i l l ions of volts and tens of 
m i l l ions of amperes of cu rrent. In J u ly the accel erator ac h i eved tem peratures of 
1 . 5 m i l l ion degrees C by this method, c lose to the 2 to 3 m i l l i on degrees needed. 
In the preceding 1 0  months, b reakth ro ughs had en ab led the machine to more 
than qu intuple its output to this leve l .  Three hundred th in wi res form a cylindri­
cal  configuration the size of a th imble ,  in  which  the fusion fuel pel let is to be 
p l aced . 

I NDIA'S EXPERIMENTAL FAST BREEDER REACTOR JOI NED TO POWER GRID 
India's experimental Fast Breeder Test Reactor (FBTR) was formal ly  joined to the 

power transmission grid on July 1 2, working at 1 1  MWt. Placid Rodrigues, di rector 
of the Indira Gandhi Center for Atomic Research ( IGCAR) at Kalpakkam, in the state 
of Tam i l  Nadu, termed the latest success a historic ach ievement that wi l l  pave the 
way for the country's fi rst SOO-MW prototype fast breeder reactor, a step toward de­
veloping commercial ly viable breeder reactors domestically. 

CFC REPLACEMENTS IN AIR CONDITIONERS CAUSE L IVER DAMAGE 
Workers in a Belgian factory suffered l iver damage from air conditioners that were 

leaking hydrochlorofluorocarbons (HCFCs), repl acements for CFCs. Nine workers at 
the same plant were diagnosed with acute hepatitis, according to the Aug. 23 issue 
of The Lancet, the British medical journal .  The CFC replacements, HCFC-1 23 and 
HCFC-1 24, were known to be highly toxic, unl ike the now-banned freon-which is 
virtual ly harmless-but were rushed into production without the usual testing that 
chemical products such as pesticides are requ i red to have. 

CRISTA-SPAS SHOWS NO OZONE CRISIS, GERMAN DAILY SAYS 
There is no ozone hole crisis, accord ing to data from the Crista-Spas experiment 

taken aloft by the Shuttle in December 1 994. This is the message of an Aug. 1 0  arti­
cle, "Is the Ozone Hole a Fiction?" in the German dai ly, the Hessische-Niedersach­
sische Allgemeine Zeitung, occasioned by the second lofting of Crista-Spas by the 
Shuttle in August 1 997.  An analysis of the earl ier Crista data, wh ich was the cover 
story of 2 1 st Centu ry, Spri ng 1 9 96, showed that m eteo rological,  not chem ical, 
processes determine the appearance of ozone holes.  The data from Crista make it 
possible, for the first time, to construct a continuous picture in three di mensions of 
ozone density between heights of 1 5  and 70 ki lometers. 

The newspaper article, by Sepp Spiegl, quotes Prof. Klaus G rossmann, of the Uni­
versity of Wuppertal, who heads the Crista-Spas experiment: " Data about the ozone 
layer [prior to Crista] come from about 40 stations around the world .  If you simply 
extrapolate these data . . . you have a pretty good guarantee to be completely off 
with your computer models .  Also, cu rrent sate l l ite devices measure in so spotty a 
fashion, that structures such as actua l ly  exist in the ozone layer cannot be found." If 
the 1 994 Crista data are confirmed by the new fl ight, Spiegl says, "envi ronmental ­
ists, scientists, and above a l l  polit icians, around the world, must th row overboard 
the i r  c l i mate models, ozone hole theories, and espec i a l ly their  long-range fore­
casts ."  
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POPULAR SCIENCE BLAMES OZONE BACKLASH ON 21ST CENTURY, LAROUCHE 
The October issue of Popular Science magaz ine features an article that laments 

the "sti l l  ragi ng" debate over the ozone-depletion theory, and credits 2 7 st Century 
and Lyndon LaRouche for this continuing "ozone backlash ." The article, "Attack on 
Ozone Science" by Arthur  F isher, opens with the fact that pickets from the "Schi l ler 
Society" (actua l ly  the Sch i l l er Institute) greeted F .  Sherwood Rowland, inventor of 
the ozone-depletion theory, when he arrived at the Stockholm Concert Ha l l  in De­
cember 1995 to receive his Nobel Prize for Chem istry. The rest of the article is a re­
hash of Rowland's and the Environmental Protection Agency's propaganda, h igh­
l ighting, i n  red type, the skin cancer scare story. The main l i ne of Fisher's argument 
is the cla im that the majority of scientists agree with Nobel Prize winner Rowland 
and other "Nobel Prize-cal iber" scientists! How is it ,  he asks, that a "tiny majority of 
scientists has man aged to keep a l ive the ozone d ebate ?" F i sher q u otes Steve n 
Schneider sayi ng that the prob lem is the tactic of "arranging what seems to be an 
even-handed presentation," with both sides being heard. 

CHINA ASKS UNITED STATES: PLEASE EXPORT NUClEAR POWER! 
During preparations for the fal l  summit of Presidents B i l l  C l i nton and J iang Zem in, 

Beij i ng u rged the U n ited States to l ift sanctions on sales to China of nuclear eq uip­
ment, d igital ly  control led machinery, and other advanced technology. "There is a 
'shortcut' to qu ickly enlarge b i lateral trade. That is to e l imi nate the exports sanctions 
towards Chi na," accord ing to Zhou Shij ian, an expert on Sino-U.S .  ties, quoted i n  
China Daily's Business Weekly, Aug. 1 7 . "U .S .  compan ies are competitive i n  both 
technology and price, but they lack these opportun ities," Zhou said, referring to the 
sanctions. S i nce 1 989, China has bought or contracted for about $8 b i l l ion of nu­
clear reactor equ ipment from France, $3 b i l l ion from Canada, and $4 b i l l ion from 
Russia, Zhou said .  (See this issue's Special  Report, p. 1 0, for more on China's nu­
clear energy plans.) 

GHOST OF GALTON: NATURE PROMOTES HERITABILITY OF IQ 
A new statistical analysis of fam i l ia l  IQ correlations is promoted in a commentary 

in the Ju ly  31 issue of the B ritish journal  Nature, arguing that intel lectual abi l ity is 
largely determ i ned by genetic i nf luences ("The Democracy of Genes," by Matt 
McG ue, U n ivers i ty of M i n nesota) .  The study, by B. Dev l i n , M. Danie ls, and K. 
Roeder, in the same issue of Nature, compared data on twins separated at birth with 
those raised in the same household, and concluded a "broad-sense heritabi l ity esti­
mate" of 48 percent, and a "narrow-sense heritabi l ity" of 34 percent. Such claims by 
eugenicists were most recently d i scredited when s imi lar stud ies at Harvard in the 
late 1 960s by Arthur  Jensen and Richard J. Herrnstein were shown to rest on fraudu­
lent data. McGue praises the 1 9th centu ry B ritish fou nder of the modern eugenics 
movement, Sir F rancis Galton, noting that this racial ist was also a founder i n  1 869 
of the journal Nature. 

LARGE BINOCULAR TElESCOPE MIRROR CASTING NEARLY COMPLETED 
The temperature in the oven where the Large B i nocular  Telescope's first m i rror 

blank is being cast reached 44°C on Sept. 1 ,  and the expected date for peeking into 
the oven is Sept. 1 0, with a more ceremon ial  open i ng on Sept. 1 2 . After the in it ial  
cool ing was complete i n  Apri l, additional glass was added to compensate for u nex­
pectedly large leaks, and there was partial reheati ng to fuse the new glass to the old.  
John Hi l l ,  d i rector of the Large B i nocu lar Telescope project at the Steward Observa­
tory Mi rror Lab, told 2 7 st Century, "If it is in one piece, we wi l l  declare victory." 
Readers can get an update at http://medusa.as.arizona .edu/lbtwww/l bt .html, and a 
story wi l l  appear in the next issue. 

Popular 
Science: 
What's 
popular is 
science? 

University of Arizona 

The mirror oven at Steward Observatory 
Mirror Lab spins, to produce a parabo­
loid surface on the molten glass. 
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Chi na Is Goi ng N uclear! 
by Jonatha n  Tennenbaum 

Qinghai 

Operating reactors 

Under construction 

Inner Mongolia 

Lingao 1 and 2 
Hong Kong 

>r:r.jitinan �n 
NUClEAR POWER I N  CHINA 

Quinshan 2 and 3 

China's nuclear construction plans include two 600-MWe units at the Qinshan site, two 950-M We units at the L ingao 
site, near the existing Cuangdong plants. Other sites under discussion are two I,OOO-MWe plants, in cooperation with the 
Russians, at Wufangdian, and possible sites in Jiangsu and Fujian provinces, in cooperation with the South Koreans. 
Provincial projects under discussion include one unit on the island of Hainan; up to four units in jiangxi; two or four units 
in Zhejiang; and two units in Jiangsu at the port city of L ianyungang. 

Coal is now the chief source of energy 
for C h i na 's  eco nomy. Although 

C h i n a  has l a rge reserves of coa l ,  the 
enormous costs of m i n i ng, transporting, 
and burning more than 1.3 b i l l ion tons of 
coal every year-in terms of d i rect eco-

nomic cost as wel l  as costs associ ated 
with pol l ution and other side effects­
d i ctate the u rgent need to develop nu­
clear energy as the decisive option fo r 
the future. 

Ch i na's own capabi l ities in the field 

1 0  Fal l  1 997 21st CENTURY 

of n uclear energy were init ia l ly  deve l­
oped i n  connection with m i l itary pro­
jects.  Although p l a n s  to build nuc lear 
reactors for c iv i  I ia n power generation 
go back to the ear ly  years of C h i na's  

Continued on page 15 
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INTERVIEW WITH DR. RONALD L. SIMARD 

China's Nuclear Program Has 
Tremendous Potential for the u.s. 

UNDP 

China 's Cuangdong nuclear plant at Daya Bay. The first two Cuangdong units were begun in 7 986, with the participation of 
Hong Kong, France, and the United Kingdom. 

Ron Simard is the 
Director of Suppli­
ers and Interna­
tional Programs for 
the Nuclear Energy 
Institute, the U.S. 
trade association of 

the nuclear energy industry. He has 25 
years of experience in the commercial 
nuclear power industry, and is responsi­
ble for managing issues tha t  concern 
maintaining an international leadership 
role for U.S. nuclear technology. 

Simard was interviewed by Associate 
Editor Marsha Freeman in July. 

Question: At a press conference on May 
29, Marvin Fertel, vice president of the 
Nuclear Energy Institute, discussed the 
potential for u.s. nuclear exports to 
China. Would you go through some of 
the history, and explain what obstacles 
U.S. companies face now in selling nu­
clear reactors to China? 

There are two obstacles, both legisla­
tive: a 1 9 85 Congress iona l  resol u t i o n  
a n d  a 1 990 act. Congress said i n  those 

SPECIAL REPORT 

two items that before trade with China in 
the nuclear area can resume, the Presi­
dent m ust make some certifications. The 
Pres ident has to send a report to Con­
gress that says, bas ical l y, the C h i n ese 
have assu red us  that they are not going 
to transfer the materials that we provide 
them to a th i rd cou ntry, that they're go­
ing to act in accord with non-prol ifera­
t ion  agreements,  and so forth .  So, to 
change the s ituation, step numbe r  one 
is, that the President forward this certifi­
cation to Congress; and step number two 
is, that if Congress takes no action, after 
3 0  days of conti nuous session, then the 
current restrictions are l ifted. 

Question: Since 1 985, has any President 
submitted this certification report to the 
Congress? 

No. Cu rrently, the admin istration and 
the Chinese are involved in negotiations 
and,  accord i n g to the Department of 
State, C h i n a  has made cons iderable 
progress toward some of the agreements 
and pr inc iples that are at stake here. If 
that progress continues, there is a chance 

that the Pres ident w i l l  be able to m ake 
the necessary certifications by the fal l  of 
th is year. 

Question: At the current time, China has 
only about 2,000 MW of nuclear capac­
ity. Can you describe what the Chinese 
are planning in terms of increasing their 
nuclear capacity, and why this is an im­
portant question for the United States? 

You probably understand what is d riv­
ing them to consider nuclear-the prob­
lems they've got with where their coal is 
located, wh ere the i r  hydro is located, 
and where they need the electricity the 
m ost. On the bas is  of the i r  p l a n ned 
economy, they have spec if ic comm it­
ments .  As you sa id ,  they have 2 g i ­
gawatts (GW) i n  operat i o n  today.  B y  
2 0 1 0 , t h e y  a r e  com m i tted t o  h ave 2 0  
G W  o f  nuclear. 

Let me give you three dates to put th is 
i n  perspective. The Chi nese are comm it­
ted to have 20 GW by 201 0 . In the fol­
lowing 1 0  years, by 2020, they are going 
to raise that two and a half  ti mes, to 50 
GW. And then, i n  the fol lowi ng 30 years, 
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to 2050,  they a re go i n g  to t r ip le  it ,  to 
1 50 GW. 

That's a tremendous growth. Even the 
United States in  the 1 970s, and France­
which relies on nuclear energy for about 
80 percent of its e lectricity-d id n't ex­
pand that qu ickly.  There is  tremendous 
potential there for the U n ited States, not 
on ly  in terms of trade, but a lso in terms 
of being able to i nfluence the safety and 
rel iabil ity of these plants. 

Question: When the Chinese Minister 
for Science and Technology was in the 
United States earl ier this year, dis­
cussing Chinese plans for building nu­
clear power plants, he mentioned their 
work with the French, Canadians, and 
the Russians, and then said, "But really 
what we would like is U .S. technology." 

What do we have to offer the Chinese 
in terms of the new generation of nu­
clear reactors developed here? 

The N E I  had the press briefing in May 
because we had reached a major m i le­
stone here. Today we have 1 09 pl ants, 
with wide variations in both design and 
the way they are operated. They a re a l l  
ru n n i ng safely-if they weren't, the Nu­
c lear  Reg u l atory Com m i ss i o n  ( N RC) 
wou ld shut them d ow n .  But any t ime 
that a potent ia l  safety i ssue  comes up ,  
one of  the  fi rst th i ngs that the  industry 
and the N RC have to do is  dete rm i n e  
whether that particular problem exists at 
each one of these plants, because of the 

variety of designs and operation. 
What we have done for the future is 

standardize three designs, and we have 
a l ready completed a sign ificant amount 
of design detai l .  We have some thirty 3-
i nc h  b i nders-3 feet worth-that de­
scribe the design deta i l  that has been re­
v iewed and approved by the N RC .  I n  
addition, there i s  a stack of detailed sys­
tem d rawings that must be about 3 or 4 
feet tal l .  

"The Chinese are committed 
to have 20 GW nuclear by 
2010. In the fol lowing 10 
years, by 2020, they are 

going to raise that two and a 
half times, to 50 GW. And by 
2050, they are going to triple 

it, to 150 GW." 

What we have to offer the international 
ma rkets-right now-is a n  essenti a l l y  
complete design, where the safety issues 
have a l ready been reviewed and a p­
proved, and where there is a demon­
strated margin of safety about 1 00 ti mes 
greater than the plants in operation today. 

The second t h i n g  we h ave to offer 
them is this concept of standard ization, 
the fact that the design detai ls  are locked 
in by the N RC in terms of ru le-making, 
so they wil l  remain  standardized across 
the f i rst p l a nt, the second p l a n t, the 

e ig hth p l ant .  Eventu a l l y, when we've 
bui l t  the tenth plant, these plants will be 
nearly identical in their design as well as 
in the i r  operat i o n s .  So there w i l l  be a 
tremendous advantage i n  assuring safe 
operation, i n  terms of regu lating safety, 
and i n  terms of the econom ics of bei ng 
able to run these p lants. 

These p l ants w i l l  be m uch more cost 
com petit ive, i n  terms of being ab le  to 
s h a re the same p roced u res, the same 
p l ant  s i m u l ator fo r t ra i n i ng,  the same 
crews of people to go from one plant to 
the other to do refuel i ng o utages. Those 
a re the advantages the C h i n ese see to 
our designs. 

Question: Is  there a projected gain in ef­
ficiency, in addition to safety? 

The reason we see an improvement in 
that area is because i t  was designed in 
from the beg inn i ng. About 1 5  years ago, 
a group of U .S .  uti l ity executives got to­
gethe r  to l oo k  a h ead to when they 
thought they m i ght n eed to reconsider 
n uclear p lant orders, when there would 
be a need for new generating capacity. 
They started to thi n k  of the problem from 
the point  of v i ew of the customer, the 
uti l ity i ndustry, and they developed what 
is cal led "uti l ity requ i rements." 

So right from the begi n n i ng, the uti l i­
ties, the future customers, told the pl ant 
designers that they wanted assu rances 
that these three new plant designs wou ld 
m eet d eta i l ed s pec i ficat ions: They 

w anted assu rances that 
this plant could be built in 

N UCLEAR ENERGY MARKET POTENTIAL IN CHINA t h ree-and-one-half  years 
(for the 600-MW passive 
design),  or fou r-and-one-

1 2  

Plant 

Under construction 
or in advanced 
negotiations 
Qinshan 2,3 
lingao 1 ,2 
Qinshan 4,5 
L ianyungang 1 ,2 

Proposed stations 
Li ngao 3,4 
Yangj iang 1 -6 
San men 1 ,2 
Fujian 1 -4 
Shandong 1 -4 
Jiangxi 1 -4 
J iangsu 1 , 2 
Hainan 1 ,2 

Source: Nuclear Energy Institute 

Size (MWe) 

600 
985 
740 
1 ,000 

1 ,000 
600 or 1 ,000 
700-1 ,000 
700-1 ,000 
700-1 ,000 
1 ,000 
700-1 , 000 
700-1 ,000 

Province 

Zhejiang 
Guangdong 
Zhej iang 
J iangsu 

Guangdong 
Guangdong 
Zhejiang 
Fujian 
Shandong 
J iangxi 
J iangsu 
Hai nan 
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Completion/Status 

2001 -2002 
2002-2003 
2004-2005 
2005-2006 

Site expansion 
New site 
New site 
Pre-feasib i l ity study 
2004-20 1 0  
Pre-feasibi l i ty study 
2001 -2005 
Pre-feasibi l ity study 

h a l f  years, for the bigger 
p l a nt des igns .  They had 
specif ic  and detai l ed 
(th ree b i nders' worth) re­
qu i rements on safety, eco­
nomic performa nce, and 
so o n .  So, the p l ant  de­
signers started from those 
bas ic  specifi c ations as 
they began worki ng out 
the design details.  

The other thing that i s  
key to the evol ut ion of 
these d esigns, is that the 
ut i l ity executives set up a 
comm ittee, through the 
Electr i c  Power Research 
Institute, and that commit­
tee has been meeting with 
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the des igners th ree ti mes a year for the 
past 1 5  years. At every meeting, the de­
signers report on where they a re .  They 
may say: "we h ave fi n i shed the spent 
fuel pool system.  Here is the verification 
that the design meets y o u r  req u i re­
ments." So there has been a steady itera­
tion a n d  ongoing process between the 
des igners of these p l a n ts a n d  the u lt i ­
mate c u stomers, to make s u re that  the 
design was dr iv ing toward the requ i re­
ments that we had put in for safety, rel ia­
bil ity, economics, and other measu res of 
performance. 

Question: It may not be obvious to peo­
ple why China-which is a·developing 
country even though it is one of the _f ew 
nuclear weapons states and laul)C�eli its 
own rockets and missiles-would be go­
ing ahead with nuclear power at the 
pace that you mentioned. China sees it­
self as a centerpiece of a series of pro­
jects involving more than a dozen coun­
tries in Asia, Central Asia, and into the 
Middle East, described as the Eurasian 
land Bridge, looking back in history at 
the old Silk Road, to connect the Pacific 
to the Atlantic. 

China is starting with transportation, 
such as completing and extending re­
gional rail road projects, but envisions 
the construction of whole new cities 
along the Silk Road. The agriculture and 
industry, along with the new cities, will 
require tremendous amounts of energy, 
and specifically, electricity. So it would 
seem that the Chinese are determining 
their need for energy in the future based 
on this plan for broader economic devel- _ 
opment. Have you discussed this larger 
economic project with any of the people 
you have been talking to in China? 

Only with respect to the point that you 
touched on. This kind of growth is going 
to requ i re a huge i ncrease in the use of 
electricity. There are so many i nteresting 
facts about C h i n a' s  c u rrent  cond i t ion  
and its planned growth, as  you just men­
tioned. 

If you take China and I ndia a lone, for 
example, if they were able to l i n k  u p, as 
you suggested, and bring their gross na­
t iona l  product j u st up to the l evel  of 
Po land tod ay, that wou l d  represent an 
increase in energy use that is  equivalent 
to today's e n ergy use b y  Japan,  a n d  
Western Europe, a n d  the U n ited States. 
We're aware that they have tremendous 
plans in terms of growth, and there is a 
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we l l-estab l  i shed I i n k  between growth 
and the use of electricity. The use of en­
ergy m atches the growth of gross n a­
tional product al most one-for-one. If you 
fol low their l i ne of reasoning, you recog­
n ize their  p lans for growth, you u nder­
stand why they are going to need more 
electricity. Then, you get i nto what their 
options a re. That helps you u nderstand 
why they h ave got such an ambi t ious  
program i n  nuclear. 

You mentioned the rai l road infrastruc­
ture. Today, China is the world's largest 
producer and user of coa l .  The problem 
is, most of their coal i:; i n

' 
rel atively re­

mote a
-
reas, an� a

"
pout 40 perce�t of the 

rai l road track i n
' 
China is used for trans­

port ing coal .  When you look around the 
cou ntry, and where the growth w i l l  oc­
c u r-w here the e l ectri c i ty w i l l  be � . . . 
needed the most-you are looking at the 
southeast and coastal regions, which are 
fa r from coal  resou rces. Nor-do they 
have the p i pe l i ne i n frastructu re to get 
n atura l  gas there .  You can beg i n  to u n ­
derstand w h y  China i s  relying so heavily 
on nuclear energy. 

"W hat concerns us is that if 
the United States doesn't act 
soon to open up the market, 

the Chinese will move to 
standardize on a design, and 

it won't be ours." 

Those areas are very heavi ly pol luted 
now, and n uc lear gives them the c lean 
energy that they wou ld not have if they 

_ went to coal  or  oi I .  I f  you look at the 
world's 1 0  most pol l uted cities, th ree of 
them are Chi nese. There a re some 500 
major Chi nese cities that don't meet the 
World Health Organization gu idel i nes 
on clean air.  So they are motivated, too, 
by concerns about their  environment. 

You're beginning to see in  some of the 
cities in  Chi na, l i ke Beiji ng-and also i n  
Tokyo-kiosks on the street that wi l l  sel l  
you fresh oxygen .  You can actual ly get a 
whiff from a facemask of pure oxygen for 
a few cents! I th i n k  you are right on tar­
get when you point to their  ambit ious 
p lans  for growth, which req u i res e l ec­
tr ic i ty, w h i c h  req u i res the use of coal  
where they can, hydro where they can, 
and nuclear, where it 's appropriate. 

Question: Periodically there are accusa­
tions in the press that China is giving 

various kinds of weapons and mil itary­
related material to countries that we 
may not approve of. I s  the trade con­
straint very specific, applying only to 
nuclear material China is buying from 
the United States, or does it have a 
broader application, in China's having 
to meet non-proliferation requirements 
in other areas? 

The concern that led to these trade 
constrai nts re lates to n u clear p ro l ifera­
tion. For example, there is the Ju ly  1 985 
n uclear cooperation agreement, t it led, 
liThe -Ag reement fo r Cooperat ion  Be­
tween the Government of the U n ited 
States and the G overnment of the Peo­
p l e' s  Repu b l i c  of C h i n a  Co ncern i ng 
Peaceful U ses of Nuclear Technology." 
Congress approved that agreement, but 
passed a resol ution i n  December 1 985, 
which says, fi rst of a l l ,  that any transfer of 
nuclear technology u nder that agreement 
wou ld be solely for peacefu l purposes. 

Then,  the resol ut ion  ta lks about the 
broader po int  that you mentioned,  that 
China  m ust provide assurances that it is  
not engaged i n  the "proh ibited transfer 
of n uclear weapon technology to a non­
nuclear weapon state." There have been 
concerns about Chi na's transfer of chem­
ical  weapons and m i s s i l e  techno logy, 
but the restrict ions that we a re tal k ing  
about, that keep u s  from export ing our  
advanced reactor designs, are specific to 
the peacefu l use of nuclear energy. 

Question: How did the 1 991 legislation 
change the stipulations from 1 985? 

I t  expand ed o n  it .  The Foreign Rela­
t ions Authorization Act was passed i n  
1 990.  Because of concern over what had 
happened at Tiananmen, there were six 
restrictions p laced on trade with China.  
F ive of these dealt rather broadly with fi­
n a n c i n g  and iss u i ng of export l icenses 
for m i l itary p roducts, but the s ixth was 
specific to n uclear. Again,  it requ i res that 
before we could resume trade in nuclear 
m ateri a l s  with  C h i n a, the Pres ident  
wou ld have to certify to Congress that 
China has provided clear and u nequ ivo­
cal assurances that it is not assisting any 
non-nuclea r-weapon states i n  acqu i ring 
n uclear devices. It's similar in i ntent and 
language to the 1 985 resolution. 

Question : Many of these questions are 
very technical and there wil l  be an 
amount of judgment in  determining 
whether countries are adhering to vari-
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ous treaties. It seems to me that the Clin­
ton administration has made it very 
clear that its policy toward China is one 
of engagement, and that there will be ar­
eas where the United States and China 
will disagree, and will agree to disagree, 
but other areas where they will work 
closely together. This is really not that 
different from our relationship to Russia, 
in many ways. One potential area for 
cooperation is in the economic sphere. 

In his press conference, Mr. Fertel 
stated that there was significant progress 
that the U.S. administration had seen in 
China's addressing non-prol iferation 
concerns. If  this progress were to con­
tinue, he said, "we're hopeful that when 
the President of China and President 
Clinton meet this fal l  for their summit 
meeting, the President will be prepared 
to make all the certifications to Con­
gress, that wil l  then allow the 1 985 
agreement to become effective. Our tar­
get is either this fall, or, if things are not 
wrapped up by then, the summit the fol­
lowing spring that will  take place be­
tween the two heads of state, in China." 

Is there any update? Will  this be on 
the agenda in the fall for the meeting 
between the two heads of state? 

We understand that they a re sti l l  on 
track. That is the target they're working 
toward . You sa id  that there are some 
s u bjective j u dgm ents that have to be 
made. You' re r ight to some extent, but, 
actual ly, there is  a pretty fa ir  amou nt of 
obj ective d ata that the Pres ident can 
poi nt to .  Remember, the resolution and 
the legislation that we were talking about 
go back to 1 985 and 1 990. 

Since then, i n  1 992, China joi ned the 
treaty o n  non-pro l ife rat ion of n uc l ear 
weapons. So, separate from any interac­
tions that the Chi nese have been having 
with our State Department and people 
in the administration, with in  the world­
wide com m u n ity, they are partici pating 
through the I nternational Atom ic Energy 
Agency in a l l  the i ntern ational  nuc lear 
safegu a rds agreeme nts, so there i s  a 
pretty good record of progress that the 
adm i n istration can point to, s ince these 
two sanctions were put in place in 1 985 
and 1 990. 

Then, specific to what the President 
needs to certify, the admin istration con­
tinues to talk to the Chi nese, getting the 
data that they need to provide the rea­
sonable  assu rances [on non -prol ifera­
tion], and from all we hear from the peo-

IAEA 

Chinese nuclear specialists brief an Operational Safety Review Team of the Interna� , 
tiona I Atomic Energy Agency during a visit to China's Qinshan nuclear power plant, 
the nation 's first. 

pie involved, China has provided some 
pretty s ign if icant evide nce, and sti I I  
seems to be on track. 

Question: What does the United States 
have to do in terms of financial policy, 
such as the Export-Import bank, or other 
ways to make it easier for China to buy 
U.S. nuclear technology? 

I ' l l  g ive you one exa mple .  If you go 
back to the legis lat ion from 1 9 90, as I 
mentio ned, there were s i x  specific re­
str ictions on trade with Ch ina .  One of 
those has to do with issu ing any new in­
s u rance or reinsu rance, prov i d i n g  any 
loans or guaranteeing any fi nancing or 
any other kind of fi nancial support with 
respect to the People's Republ ic of China 
by the Overseas Private Investment Cor­
po ratio n .  One specific th i ng that the 
U n ited States wou ld have to do, is  that 
when the President certifies to Congress 
that China has met the non-proliferation 
conditions, he also has to address these 
five other restrictions that were in that 
Act, i nc lud ing th is one on fi nancing of 
nuclear projects. 

The President has two choices. F i rst, 

he can report to Congress that it is okay 
to l i ft those restr ict ions because China 
has made progress on a program of pol it­
ical reform, and that is what was driving 
Congress after Tiananmen. Or, the Presi­
dent can waive those restrictions in the 
national interest. 

Question: There are many possibilities 
for more advanced nuclear technology 
to be developed. One of the most 
promising is high temperature reactors, 
where the waste heat that does not go 
into electricity production can be used 
for industrial and other applications. 
Are the Chinese looking at these new 
nuclear technologies? Are we cooperat­
ing with them in any R&D? 

I t h i n k  they proba b l y  are looking at 
h i gh tempe ratu re gas-cooled reactor 
concepts. I know that they have at least 
one research institute that is  looking at a 
n u m be r  of opt ions .  I can te l l  you that 
the U n ited States is not interacti ng with 
them on such a p rogra m .  The support 
fo r that h e re has v a n ished .  Con gress 
deleted all fu nd ing  for further develop­
ment on that reactor concept from the 
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appropr iat ions  b i l l s last year,  so the 
U n i ted States has no effort to d evel op 
that concept any further. 

Question: What other countries in Asia 
are you looking at, for the export of nu­
clear technology? 

We c erta i n l y  a re i nterested i n  the 
Asian m arket, overal l .  The Japanese are 
also i nterested i n  o u r  tec h n o l ogy, and 
are, in  fact, bui ld ing i t .  They have two of 
the advanced boi l ing water reactors i n  
com merc i a l  operat ion n ow, they have 

China Is Going Nuclear 
Continued from page 7 a 

n u c lear  program,  the f i rst fu l l -s c a l e  
c i v i l i a n  reactor project fol l owed o n  the 
heels of the i n it ia l  economic  and pol iti­
cal reforms of Deng X i aopi n g  in 1 97 8-
1 9 79. Th is  resu l ted i n  the construction 
and successfu I operat i o n  of the 3 0 0 -
MWe Q i nshan n uc lear power stat ion,  
on the basis of domestic technology de­
vel oped by convers i o n  of m i l i ta ry- i n ­
dustria l  potentials.  

Although the Qinshan station has pro­
v i ded i mpressive demo nstrat ion of 
Chi na's own capabi l ities, Ch ina  empha­
sized the acquis it ion of foreign technol­
ogy for its  next big reactor projects. The 
fi rst such major project was the D aya 
Bay nuc lear station compris i ng two re­
actor b l ocks of 9 3 0  MWe each,  com­
pleted in 1 994 l a rgely by a consorti u m  
of Western companies with France play­
ing the leading role. Contracts have now 
been signed, by the same consorti um, to 
bui ld a second n uclear plant of two 985 
MWe u n its, n ot far from the o r i g i n a l  
Daya B a y  location, near H o n g  Kong i n  
the South o f  China. 

In add i t i o n ,  n egoti a t i o n s  b etween 
China and the Atomic  Energy Commis­
s io n  of Canada,  a re a l ready far  ad­
vanced, for the constructi o n  by Cana­
d i a n  compa n i es  of  a n u c l e a r  power 
station w ith two 700-MWe u n its, based 
on Canada's CAN D U  techno logy. F u r­
thermore, China and Russia are n egoti­
ati n g  a co ntract for construct io n  of a 
l a rge (poss i b l y  fo u r  u n i ts of 1 , 0 0 0  
MWe) n uc l ear power stat i o n  n e a r  the 
port c i ty of L i a n yu ngang,  i n  J i a n g s u  
Provi nce. L i an y u ngang i s  i mportant a s  
t h e  c h ief " eastern ter m i n a l "  of t h e  
Eurasian Land-Bridge rai l road, runn ing  
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reasonably fi rm plans for bu i ld ing  sev­
e ra l  m ore, and there a re some in the 
stages between feas i b i l ity stu d i es and 
i n it ia l  bids. The U .S. i ndustry is very in­
terested i n  i nteracti ng with Japan, and, of 
cou rse, the Koreans are b u i l d i ng some­
th i ng that looks very m uch l i ke one of 
the other standardized designs. 

What concerns us  with C h i n a  is  the 
t im ing .  The Chinese recognize the ben­
efits of  sta n d a rd i z i n g  on one d es i g n .  
They have been very good a t  negoti at­
i n g  f i n a n c i a l  arrangements with  the 

Canad ians and the F rench and the Rus­
s ians .  But they real ize the problem they 
have try ing  to operate five or s i x  com­
pletely d ifferent designs. What concerns 
us  is that if the U n ited States doesn't act 
soon to open up the m a rket, the C h i ­
nese w i l l  move t o  standardize o n  a de­
s i g n ,  a n d  it w o n ' t  be o u rs .  We have 
what a re arguably the safest n uclear de­
signs in the world today, and we're wor­
r i ed t h at if t h e  res u mpt i o n  of n u c l ear  
trade i s  not soon, China won't have ac­
cess to that. 

Schiller Institute 

Author Tennenbaum (second from right) and Schiller Institute representatives Helga 
Zepp L a Rouche and Mary Burdman tour the Nuclear Technology Institute of 
Qinghua University, where China's High Temperature Reactor is being built. Here, 
a project leader explains the construction of another Chinese nuclear project, a re­
actor for district heating and desalination applications. 

from C h i na's  east coast a l l  the way to 
the Atlantic coast of Eu rope. China has 
expressed great i nterest in cooperation 
w i th the U n ited States o n  fu rthe r  n u ­
clear projects. 

Other Chinese Designs 
At the same t ime,  C h i n a is press i n g  

forward with its own nuc lear projects. 
One of these is  ongo i ng construction of 
a smal l -scale hel i um-cooled H igh Tem­
peratu re Reactor (HTR) based on the 
German design with spherical fuel  ele­
ments. This tech nology offers the advan­
tages of " i n h e rent safety, " m ass-pro­
d u c i b l e  m od u l a r  des ign ,  as we l l  as 
h i gher  o ut l et temperatu res (up to 
1 , OOO°C or more) su ited for i n d ustr ia l  
process heat appl ications as  wel l  as  the 
possi b i l ity of h igh ly efficient electricity 
generation by means of a hel ium turbi ne 
i n  the pr imary coo l a nt l oop. The fi rst 
Chinese HTR wi l l  go critical in  1 999.  

Also planned are a 200-MWt scale-up 
of China's own low-temperature heating 
reactor tec h n o l ogy, su ited fo r d i st r ict 
heat ing as wel l as desa l i nation appl ica­
tions, and construction of. a fast breeder 
reactor. At the same t ime, it is  expected 
that China wi l l  bu i ld  add itional n uclear 
power stations based on upgrades of the 
domesti c  tec h no logy used in the Q i n ­
shan plant. A l ist o f  more than 20 poten­
t i a l  s i tes fo r future n u c l ea r  p l ants has 
been d rawn up, and C h i n a's provi nces 
a re a l l  eager ly vy i ng to h ave n u c l ea r  
plants. 

Jonathan Tennenbaum heads the Fu­
sion Energy Foundation in Europe and is 
working closely with the Schiller Insti­
tute on the Eurasian Land-Bridge project. 
His previous articles on China and the 
Land-Bridge appeared in the Special Re­
port section of 2 1  st Centu ry in Spring 
7 997 and Winter 7 996- 7 997. 
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A shipment of low-level radioactive waste. 

EDITOR'S NOTE 
Jim Muckerheide is Massachusetts 

State Nuclear Engineer, and a member 
of the Governor's Advisory Council on 
Radiation Protection ,  under whose aus­
pices a great deal of the data that contra­
dicts current policy has been compiled. 
He also directs the Center for Nuclear 
Technology and Society at Worcester 
Polytechnic Institute, and is chairman of 
the Biology and Medicine Division, and 
the L ow-L evel Radiation Health 
Effects Committee of the American 

experts argue that current u.s. policy of a 
"linear no-threshold" approacf} to radiation damage 
has no science behind it and d wasting billions of 
government dollars in c/ean-up that could be spent 
on real health benefits. 

Nuclear Society. 
Ted Rockwell is a founding director of 

MPR Associates, Inc. and worked for 
many years as Technical Director of the 
Naval Nuclear Propulsion Program un­
der Admiral Hyman C. Rickover. He is 
the author of The Rickover Effect: H ow 
One Man Made a Difference. 

Muckerheide is the president, and 
Rockwell is the vice president, of the or­
ganization Radia tion , Science, & 
Health, Inc. (RSH), an international 
group of independent individuals 

Metropolitan Edison Co. 

knowledgeable in radiation science and 
public policy. 

This article is based on the Radiation, 
Science, & Health policy statement pro­
vided in July 7 9 97 to the President's 
Council of Advisors on Science & Tech­
nology for its review of U.S. energy re­
search and development, and its impact 
on the economy, en vironment, and na­
tional security. RSH can be reached at 
Box 843, Needham, Mass. 02 7 94, 
Tel./fax (6 7 7) 4 4 9-22 7 4 ,  or Email to 
rad-sci-health@wpi. edu 
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Govern ment offi c i a l s  and scient ists 
keep repeating that any amount of 

ionizing radiation, no matter how smal l ,  
m u st be cons id er�d hazardou s .  T h i s  
statement is not a scientific truth; in fact, 
it is contradicted by data from laboratory 
experi ments and epidem iological analy­
sis, and by basic biological theory. 

Nevertheless, this statement, and the 
government pol icy based on it, a re the 
sole justification for fantastic scena rios 
of s ing le  m an-made rad i oactive atoms 
m i grati ng for m i l es, through b i l l ions of 
natura l ly  radioactive atoms in the desert 
soi l ,  to contaminate water suppl ies m i l ­
lennia from now. 

Such scen arios create n eed less fear, 
e n d l ess de l ays, and extrao rd i n a ry ex­
pense, for harmless low-level waste stor­
age. They are also the basis for a J u ne 3,  
1 997, U .S. Department of Energy (DOE) 
report that 2 3  people w i l l  d ie from triv­
i a l  d oses of rad i at ion  as  t rucks of 
shielded radioactive waste d rive across 
the cou ntry.  I n  fact, s u c h  waste p ro­
duces lower exposu res to radiation than 
many natura l l y  radioactive materials in 
everyday use. 

Because of the fear created by this of­
ficial policy, many people avoid l ife-sav­
ing medical techniques that i nvolve radi­
ation, and hundreds of b i l l ions of dol lars 
a re a l l ocated to "decontaminate" loca­
tions that are wel l  below the n atural ra­
d iation levels where peopl e  have l ived 
health i ly  for generations. If this harmfu l 
misconception were corrected, we could 
e l i m i n ate most of the p roblems of fear 
and cost that now constra i n  the use of 
nuclear technology. 

History of a Bad Policy 
How did such a bad pol icy come i nto 

being? 
Desp ite repeated lower ings over the 

years of permissible radiation levels, the 
evidence is that the first radiation protec­
tion standards, recommended i n  1 93 4  
by t h e  N ati o n a l  Cou n c i l  o n  Rad i at ion  
Protection and Measurement ( N CRP),  
p rov ided adequ ate p rotect i o n  fo r the 
popu lat ion .  After World War I I ,  d ata 
from the A-bomb victims, and i rradiation 
data fro m m i ce and oth e r  a n i m a l s, 
showed that rad i at i o n  doses of more 
than about 500 rem from atomic bombs 
were genera l l y  fatal, whi le  doses of less 
than 40 or 50 rem left no d etecta b l e  
short-term damage. 

Because any cance r  or genetic dam­
age wou ld n ot show up for  severa l  
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decades, it was argued in the 1 950s that 
it wou ld prudent to assume, for adminis­
trative p u rposes, that the detr i mental  
health effects of rad iation were rough ly  
proportional to the amount of  rad iation 
received, and wou ld continue in  a l inear 
relationship all the way to zero radiation 
exposure. 

Th is is cal led the l i near no-threshold 
( L NT) model of rad iat ion damage.  It  
gave r ise to the concept of "as low as 
reaso n a b l y  ach ievab le , "  o r  ALARA. 
ALARA states that even when a l l  other 
reg u l at ions  have been m et, one m u st 
lower rad iation exposu res sti l l  fu rther, 
l i m ited o n l y  by that a m b i guous  term 
"reasonable." 

The Adverse Effects of LNT 
The i n st i tut ion and use of the L N T  

model has several serious impl ications: 
( 1 ) No threshold rad iation level is es­

tabl ished below which exposure can be 
d isregarded. 

(2) L ittle account is  taken of the adap­
tive response in human beings-repair, 
heal i ng, and apoptosis (cel l  death)-that 
a utomatica l ly takes p lace when rad ia­
t ion is received over an extended period 
of t ime, as in occu pational or environ­
mental exposure to radiation. 

(3 )  The concept of "col lective dose" 
was c reated, to apply to large popu l a­
tions exposed to low-level rad iation .  I n  
this fiction, triv ia l  indiv idual  doses are 
added up in a large population, to "pre­
d i ct" adverse health effects, and even 
deaths, in an exposed popu l at ion-a l­
though there i s  no sc ientif ic va l i d ity 
whatsoever to support th is concept. 

I n i t ia l ly, reg u l atory concern was fo­
cussed on situations i nvolving potential 
exposure to those higher radiation levels 
where health effects had been observed. 
N ow, however, reg u lators and hazards 
a n a l ysts a re i n c reas i n g l y  apply ing the 
ALARA concept to rad iation levels that 
are less than the natural radiation back­
g ro u nd,  and a l so a re far less than the 
variat ions i n  the natural rad iation al l  of 
us  encou nter i n  daily l iv ing.  The costs, 
d i rect and ind i rect, of this situation a re 
immense. 

Who Sets the Standards? 
Both the U .S .  Environ mental Protec­

tion Agency and the N uclear Regulatory 
Com m i ss ion have some respons ib i l ity 
for setting radiation standards. And they, 
a long with the DOE, Food and Drug Ad­
m i n istration, and other Federal agencies, 
have extensively funded programs for re-

search, analysis, and assessment of radi­
ation health effects. 

The E PA is now the l ead federal  
agency on rad iat ion standards, and re­
cent ly the agency c h a l l en ged the N u ­
clear Regulatory Comm ission's i ntention 
to set the decontami nation l i mit  (above 
w h i c h  a n y  rad ioactive conta m i nation 
wou ld have to be c leaned u p) at a sma l l  
percentage of  the  existing natural radia­
tion background. The E PA argued for an 
e ven lowe r lim it, c i t i n g  l i n ea r - n o­
threshold-based ca lcu lat ions of hypo­
thetical cancer deaths. The EPA brushed 
aside objections that the c lai med health 
r i s ks were fict i t ious ,  and that the i n­
creased clean-up costs wou l d  be enor­
mous, and stated further that its position 
is not negotiable. If the EPA prevai ls, tax 
dol lars wi l l  be spent to make sl ightly ra­
d ioactive materia l  s l ightly less radioac­
tive. In terms of rad ioactivity, it w i l l  be 
lower than natu ral ly radioactive gran ite, 
including that in New York's G rand Cen­
tral Station, the U . S .  Capitol ,  and many 
other bui ld ings and soi ls .  

Federal  age n c i es acknowledge that 
they a re a l l  req u i red to ab ide  by the 
"consensus" of the scientific commun ity, 
which Congress presumes wi l l  be deter­
m i ned and expressed by the B E I R  ( B io­
l og ica l Effects of I o n i z i n g  Radiat ion)  
Comm ittees formed under  the Board of 
Rad iation Effects Research ( B RER) of the 
N at i o n a l  Research Cou n c i  I/N atio n a l  
Academy o f  Sciences, a s  wel l  a s  b y  the 
Nat ional  Cou n c i l  o n  Radiation Protec­
t ion and Measurements (NCRP), a pr i ­
vate, non-profit corporation chartered by 
Congress for that pu rpose in 1 964. 

H owever, the i ndependence of these 
bodies i s  compro m i sed by their being 
led by,  and dependent on, persons who 
are largely funded by those Federal agen­
cies with an interest in maintai n i ng cur­
rent radiation protection regulations and 
"clean-up" programs. Most of the ind i­
v iduals  i nvolved have demonstrated a l­
legiance, or at  least acquiescence, to the 
LNT hypothesis and its derivatives. Such 
concerns support Federal programs and 
research funding .  

I n  turn, these same organizations pro­
vide fu nds and support to the NCRP. The 
NCRP and B RER select thei r own mem­
bers and appoint their own committees, 
w h i c h  h ave become i ncreas i ng l y  nar­
rowed to persons known to favor, or at 
l east accept, the cu rrent LNT, ALARA, 
and col lective-dose phi losophy of radia-
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tion contro l .  The NCRP and B E I R  Com­
mittees meet in closed ses's ion, without 
publ ic participation, and do not publish 
records of their meetings. Their delibera­
tions are not su bject to peer review by 
the scientific commun ity u nti l  after their 
formal reports have been released. 

The su bstant ia l  criti c ism of these ree 
ports in the scientific l iterature has been 
largely ignored by both the committees 
and the Federal agencies that apply the 
pronou ncements justify ing ever further 
reductions in rad iation dose l i m its, and 
increases i n  publ ic expenditures. 

Deadly Consequences 
The deleterious consequences of cur­

rent rad iation standards pol icy i m pose 
an immeasurable cost on society. Con­
sider first some of the actions (and inac­
tions) driven by u nwarranted fear of low­
level rad iation .  How does one measure 
the number of people who avoid needed 
mam mograms, X- rays, and other l i fe­
saving rad iomed ical techn iques? Or the 
cost of 1 00,000 fear- inspired abortions 
in  Europe in the year fol lowing the Cher­
nobyl acc ident?  Or l i ves lost because 
some people wil l  not buy smoke detec­
tors conta i n i n g  a rad i oactive source 
(which firefighters say are l i fesavers) ? 

How do we determine the cost of bur­
densome regu l at ions  on h a n d l  i ng ra­
diomedici nes, which have caused some 
hospita l s  to stop offe r i n g  these l i fe­
saving procedu res, and which are pric­
ing other rad iomed ici nes off the ava i l ­
abi l ity l i sts of  health mai ntenance orga­
n izations? 

For some s ituatio ns, there are ava i l ­
able fatal ity figures. For example, about 
1 0,000 peo p l e  d i e each year, in the 
U n ited States a lone, from food poison­
i ng, and the problem is growing in  mag­
n itude and comp lexity. The New Eng­
land Journal of Medicine reported 
concern over t h i s  problem, May 2 9 ,  
1 997, and stated flatly in a n  editoria l :  

"We a l ready have the means o f  virtu­
al ly e l i m i nating the problem-namely, 
irrad iation. The use of ionizing radiation 
for food pasteu rization has been exten­
sively eva luated and is supported by the 
World H ealth Organ izat ion,  the Food 
and Agriculture Organization, the I nter­
national Atomic Energy Agency, and var­
ious other i nternational agencies, sc ien­
tists and government officials. Irradiation 
provides the greatest l i kel i hood of sub­
stantia l l y  red uc ing  bacterial  and para­
sitic causes of foodborne disease associ-

ated with nu merous foods. The time has 
come to use irradiation; we must not let 
any group use arguments without a sci­
entific basis to keep such an i mportant 
tech nique from the marketplace." 

The 1 0,000 Americans who die each 
year from food poiso n i ng are rea l  per­
sons, with names and fam i l ies .  They 
shou ld not be sacrificed to save hypo­
thet ica l  persons, who are th reatened 
only by baseless fears and a government 
pol icy that nourishes those fears. 

F u rther, tens of thousands of Ameri­
cans die each year from inhal ing partic­
u l ate matter, most of which comes from 
burning fossi l  fuels. This is in addition to 
the even greater health and environmen-
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Although permissible radiation levels in 
the United States keep going down, the 
scientific evidence is that the first radia­
tion protection standards, recommended 
in 7 934 by the NCRP, provided ade­
quate protection for the population .  
Here an NCRP report from 7 984. 

tal problems caused by SOx and NOx.  
Why do we burn foss i l  fue ls  i n stead of  
clean nuclear energy, and instead of  sav­
ing these valuable chemical raw materi­
als for future generations to make medi­
cines, texti les, and other basics? 

Why do we worry about shortages of 
water, our most abundant resou rce, i n­
stead of using nuclear energy to purify 
the oceans and pump the water wher­
ever it is needed? (We have no problem 
with pumping m i l l ions of gal lons of o i l  
from the north slopes of Alaska to Amer-
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ica's heartland.) 
Much i l l ness is caused by "sick bui ld­

i ngs," made so by sea l ing them tightly in 
an effort to save a l ittle energy. Is it more 
i m porta nt to save e nergy than to keep 
people healthy? 

We look everywhere to find the 
money to meet u rgent publ ic needs and 
c u rta i l  o u r  n at iona l  debt, yet we keep 
overlooking the hundreds of b i l l ions of 
dol lars a l located to reduce radiation lev­
e l s  that are a l ready h a r m l ess, and to 
study scenarios, and i mplement associ­
ated regu lations and "decontami nation" 
programs, based on nonexistent hazards. 

Furthermore, the cost of nuclear tech­
nologies of a l l  kinds-power plants, nu­
clear medical centers, critical research 
procedu res-wou l d  be drasti c a l l y  re­
d u ced if we co u l d  e l i m i n ate much of 
the large, u n n ecessa ry effort nOw de­
voted to measuri ng, analyzi ng, account­
ing for, reporting, control l i ng, reducing, 
and d isposing of trivial amounts of radi­
ation and rad ioactivity: with no result­
ing benefits. 

A Nuclear Absence 
Considerat ion of n u c lear power-its 

potent ia l  benefits a n d  its associ ated 
problems a n d  l i m itat io ns-has been 
strangely absent from top-level meetings 
and d a i l y  press accou nts of efforts to 
cope with e nv i ro n menta l  degradation. 
There seems to be wide agreement that 
burning fossi l fuels must be curtailed, yet 
no one utters the dread word nuclear. 

We have prqgrams to help other na­
tions with their energy problems, but we 
have specifical ly and i nexpl icably ruled 
out discussion of n uclear energy (except 
for the spec i a l  case of N o rth Korea, 
wh ere we have taken the oppos ite 
stance) . And u nt i l  n u c lear  becomes a 
major energy sou rce, the poss ib i l ity of 
international confl ict over the world's re­
m a i n i n g  foss i l  fuel suppl ies and the se­
vere e n v i ro n mental  conseq u e nces of 
their use, wi l l  escalate. 

We can not properly deal with energy 
and environmenta l  problems, u nti l this 
reluctance is overcome. We have to face 
the inescapable fact that the world w i l l  
be i nc reas i n g l y  dependent on n uclear 
power in the years ahead, even with a 
maximum use of wind energy and solar 
for those situations i n  wh ich these tech­
nologies are appropriate. Although hy­
droelectr ic power is a proven power 
provider, on a g lobal scale  its potential 
contribution is grossly inadequate. 
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u.s. and international policy on low-level radiation feeds into the anti-nuclea r movement's irrational fea rs of anything nuclea r. 

What Does Radiation Do? 
The biological justification c la imed for 

the LNT model, is that when a s ingle ion­
iz ing photon or part ic le hits a l i ving or­
ganism, it may damage DNA in the cel l  
and this may impair the cel l 's  fu nctio n .  
B u t  to u nderstand the sign ificance o f  this 
event, we have to look at the numbers of 
such events. 

The first consideration is that we a l l  
live in a sea o f  natural  rad i oactivity­
n atura l  sou rces of radioactivity impact 
our bod ies with a n  average of 1 5 ,000 
photons or particles every second-more 
than a bil lion such events every d ay of 
our l ives. 

But our bodies face even greater chal­
lenges: About 5 ,000 p u r i n e  b ases are 
lost dai l y  from the DNA in each human 
ce l l  because the body's normal  heat 
breaks thei r  l in kages. Thousands of DNA 
nucleotides in each cel l  are a lso dam­
aged each day by free radicals created in 
the normal  process of m etabo l i s m ,  
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w h i c h  resu l ts from routine eating and 
breathing. Our bodies cont inuously re­
pa i r  th is  damage with few m utations­
u nrepaired or misrepaired DNA. 

The resu l tant mutations from metabo­
l ism outnumber those caused by natural 
radiation by several thousand-fold .  This 
is  the case, even after making generous 
a l l ow a nces for the fact that rad iat ion 
causes more double breaks in the DNA 
than the normal  metabol ism does, and 
that these are harder to repair than s in­
gle breaks. 

These facts raise two questions:  First, 
how can any l iv ing organism withstand 
such  an ons laught-how do any of us 
survive? The answer is that the body has 
a l arge variety of enzymes that continu­
a l l y  scan the D N A  to repair dam aged 
n uc leotides. This results in such a high 
f ide l i ty of D N A  rep l i cat ion that o u r  
germ - l i ne ce l l s  a re su bjected t o  o n l y  
about 1 0  heritable mutations per year. 

The second question is :  What is the ef-

fect of low-l evel radiat ion  that is not 
strong enough to degrade the body's tis­
sue-repair capac ity? The answer is sug­
gested by the epidemiological evidence 
and by how the body reacts to low levels 
of other potential toxins: When we inject 
sma l l  quantities of disease bacteria into 
the body, the resu l t  is to sti m u l ate the 
imm u n e  system, so that su bseq uent at­
tacks by this toxin ,  in larger amounts, are 
effectively countered. This provides the 
b io logical explanation for the evidence 
that some positive health effects are seen 
in response to smal l  i ncreases in radia­
tion doses. 

Some research indicates that radiation 
may work j ust the same way. N umerous 
studies have shown that DNA and cel l u­
lar repair mechan isms are stimulated by 
l ow to mode rate l eve ls  of radiation .  
There a re stu d ies showing that o rgan­
isms kept in a below-normal  radiation 
background are affected adversely, and 
recover when returned to normal .  (Note 
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that we are not ta l k i n g  
here about t h e  pote n ti a l  
da m age from h igh-level 
radiation. H igh rad iat ion 
levels  can overwhelm the 
organism's normal biolog­
ica l  fu nctions and repa i r  
processes; they can leave 
the orga n i s m  d am aged, 
and v u l nerable  to the 
mech an isms that i n i t i ate 
cance r  and p rogress to 
other adverse conse­
quences.) 

To s u m mar ize:  O u r  
body temperature and nor­
mal eating and breath i ng 
cause thousands m ore 
DNA m utat ions  i n  o u r  
bod ies than those caused 
by the natural level of ion­
izing rad iation. In fact, the 
low-level rad i ation that i s  
i dentified by cu rrent pol­
icy as being subject to reg­
u l atory considerat ion,  i s  
far below 1 percent o f  the 
average natural rad i at ion 
background i n  which we 
a l l  I ive. I t  i s  l ess than 0 . 1  
percent of the h igher lev­
els of natural radi ation be­
low which more than 90 
percent of  the popu l ation 
now l ive. And there is  evi­
dence that populations ex­

Roger StoutenburghlBrookhaven National Laboratory 

How many Americans have died because they feared to have medical treatments associated with 
radioactivity? Here, Brookhaven National Laboratory scientists use gamma imaging to check the 
spread of cancer to bone. 

posed to h i gher background rad iat ion 
experience some positive health effects . 

Suppression of Research 
D i sparit ies between the science and 

the govern m e nta l  po l icy concern i n g  
low-level rad i at ion have been demon­
strated by n u m e ro u s  researchers for 
many years. But these reports have been 
systematica l ly  ignored and suppressed. 
The i r  proponents were often marg i nal­
ized and de-funded, and many were dri­
ven from the field. 

When the few remai n i ng knowledge­
ab le  rad iob io log ists reti re, there is no 
one to take thei r  places. Research fu nd­
ing i s  a lways t ight, yet s ign ificant fu nds 
are being provided to programs and per­
sons comm i tted to su p port the L N T  
model  a n d  t o  contr ibu te t o  i rrati o n a l  
fear. 

Most workers i n  the f ie ld  now go 
along with the preva i l ing view, or avoid 
s i tuat ions where they h ave to take a 
sta nd .  For  exam p l e, resea rc hers rou-

t inely "fit" their  non l i near data from ex­
peri ments to a straight l i ne that goes to 
zero on a graph. Even in the B E I R  V re­
port,1 many examples are presented i n  
which "there is n o  adverse effect below 
40 rem ," and yet the dose-response is 
reported as a straight l i ne through zero. 

With i n  the l ast few years, however, 
these d isparities and contradictions have 
come to concern more and more scien­
tists and pol icy-makers, not only because 
of the huge cost and the impact on other 
pol i cy questions, but a l so because the 
process reflects poorly on the integrity of 
science itself. In  the face of th is profes­
sional concern, the NCRP set up a spe­
cia l  Scientific Committee 1 -6 to review 
the va l i d ity of the L N T  and to recom­
mend whether present pol icy should be 
revi sed . I n  addit ion, the N at iona l  Re­
search Cou nci l  has convened two new 
B E I R  comm ittees,  one to cons ider  
whether i t  shou ld  i nstigate a fu l l -sca le  
review of the LNT model (BE IR  VI I ) ,  and 
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the other to cons ider  rev i s i ng cu rrent 
policy on radon (BE IR  VI) .  

These de l  i berat i o n s  a re now u nder 
way. However, on the evidence to date, 
we remain concerned about the integrity 
of these efforts. S pecific, h igh- level at­
tention is req u i red to ensure the open­
ness and i ntegrity dema nded for these 
important del i berations, with their enor­
mous i mpact on pub l ic  costs and basic 
energy and environmental policy. 

Scientists Speak Out 
As a resu I t  of th i s concern,  a few 

knowledgeable i nd iv idua ls  and groups 
began to speak out. 

• In  1 995, Zbigniew J aworowski, for­
mer chairman of the U n ited Nations Sci­
ent if ic  Comm i ttee on the Effects of 
Atomic Radiation ( U NSCEAR), publ ished 
the fol lowing statement in Nukleonika, 
the I nternational Jou rnal of Nuclear Re­
search.2 

" I n  March 1 994, U N SCEAR decided 
to publ ish its report on radiation horme-
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sis, a phenomenon of beneficial effects 
o� radiation .  The report, 'Adaptive Re­
sponses to Radiation in Cells and Organ­
isms,' approved after. 1 2  years of deliber­
ation, d i spel s  the co�inon notion that 
even the s m a l l est dose of radiatio n is 
harmfu l .  Myths are hard to banish, and 
u ntil recent ly hormesis was a scientific 
taboo. This was becau se it contradicts 
an assu mption which is a basis for the 
cu rrent philosophy and policy of radia­
tion protection .  Over the years, this as­
sumption came to be regarded as a sci­
entifica l l y  doc u mented fact by mass 
media, pu blic opinion and even many 
scientists." 

• The F rench Academy of Sciences 
published a report in fal l  1 995, objecting 
to a proposal by the International Com­
mission on Radiol ogic a l  P rotection 
( I CRP) to lower permissib l e  radiation 
limits stil l  further.3 The chief editor of the 
report stated : 

"After examination of recent scientific 
and epidemiological data, the Academy 
has confirmed the opinion it gave in 
1 989, that there is no, sCientific reason to 
justify lowering the standards in force to­
day, provided they are accompanied by 
a lifetime c u m u l ative dose limit for oc­
cupational exposure of one sievert [ 1 00 
remsl." 

• The Hea l th Physics Society, the 
technical society for U .S .  radiation pro­
tection professionals, published a posi­
tion statement on the su bject in March 
1 996:4 

" I n  accordance with cu rrent knowl­
edge of radiation health risks, the Health 
Physics Society recommends against 
quantitative estimation of health risk be­
Iow an individ ual  dose of 5 rem in one 
year, or a lifetime dose of 1 0  rem in addi­
tion to background radiation .  Risk esti­
mation in this dose range s h o u l d  be 
strictly qualitative, accentuating a range 
of hypothetical health outcomes with an 
emphasis on the likely possibility of zero 
adverse health effects. The current philos­
ophy of radiation protection is based on 
the assumption that any radiation dose, 
no matter how smal l ,  may resu lt  in hu­
man health effects, such as  cancer and 
hereditary genetic damage. There is  sub­
stantia l and convincing scientific evi­
dence for health risks at high dose. Below 
1 0  rem (which incl udes occupational and 
environmental exposures) risks of health 
effects are either too smal l  to be observed 
or are non-existent." 

N UCLEAR REPORT 

• The Advisory Committee on Nuclear incl uding specifica l ly  those sou rces that 
Waste (ACNW) reported J u l y  1 0, 1 996, are said to support the LNT model . The 
to its spo nsor, the N u clear Reg u l atory raw d ata sho u l d  be examined anew to 
Commission ( N RC): assure that scientific a l l y  va lid conc lu-

"We concl ude that a re-examination sio n s  a re d rawn . Data s h o u l d  not be 
of the regu latory model is appropriate. force-fit to predetermined models. 
The first task is an impartial review of the Substantial evidence of health benefits 
data and their quality. from low-level radiation shou l d  not be 

"The increasing emphasis pl aced by dismissed as "anomalous." Experiments 
the N RC on risk-informed regu l ation on smal l  organisms shielded from back-
makes it imperative that the actual health ground radiation show del eterious ef-
risk of low levels of ionizing radiation be fects. Proposed confi rm atory experi-
assessed accu rate ly  . . . .  We recom- ments on small  mammals have not been 
mend that the need for special attention funded. This type of work has been sup-
be conveyed to the NCRP regarding its pressed a n d  s h o u l d  be reviewed and 
study. Such attention shou ld include: ( 1 )  evaluated . One special case is the termi-
Assurance that the study incl udes scien- nation of the Center for Human Radiobi-
tists other than those who a re ' recog- ology, fol lowing results that dramatical ly 
nized experts' with a reputation built on contradicted the LNT.  Where such im-
the LNT model; (2) An evaluation of the portant research has been termi n ated 
data by an entity with an expertise in sta- prematu rely, some additional research 
tistics or information science but no prior s h o u l d  be supported . The a m o u n t  of 
position on LNT . . . .  (3) Consideration money required for these steps could be 
of essentia l ly  a l l  studies that could relate taken from contracts now a l located to 
to the LNT. "research" whose sole pu rpose seems to 

"We wil l  follow the [ NCRPl program be to further promulgate cu rrent policy 
and will report to the Commission on the . , " a'nd public fear-incl uding, especial ly, 
study and its implication." the EPA's radon program.  

These words reflect the advisory com- This  scientific review shou ld  be un-
mittee's concern that the secret and in- dertaken independently of the N ational  
adequ ate review process u sed by the Research Cou ncil and the N C R P .  I t  
NCRP in the past wil l  not be sufficient. should incl ude radiation and non-radia-
We share the Committee's concern and tion specialists who do not have a con-
concur in its recommendations. We u rge flict of interest. A l l  persons funded by 
that government and private interests im- government agencies and private inter­
plement mechanisms to help assure the ests that support and profit from the hun­
scientific integrity of this importa nt d reds of bil lions of dol la rs of public re-
process. sou rces expended fo r government 

Radiation, Science, & Health programs, and from regulations based on 
As part of this move to cha nge the the LNT model, should be considered as 

L N T  model ,  in 1 9 96, an internationa l  having a conflict of  interest. 
group of independent experts on radia- A preliminary independent inquiry on 
tion, including noted figures such as No- the sta n d a rds-setti ng process itse lf  
bel  Lau reate Rosalyn Yalow, formed Ra- s h o u l d  be u n dertake n .  This review 
diation, Science, & Health, Inc. (RSH), a should not include members of the cur-
not-fo r-profit o rganizatio n .  One of us  rent standa rds-setting bodies and com-
had organized several technical sessions mittees that have been involved in set-
on low-level radiation at meetings of the ting and d efending the L N T  model ,  
American N u c lear  Society and the although those persons shou ld be invited 
A merican Society of Mechanical Engi- to co ntribute to, and respo nd to in-
neers, with dozens of researchers from quiries, as to the basis for considering 
around the wor l d .  These sessions col- and rejecting scientific evidence. 
lected vo l u minous data that contradict This inquiry shou ld add ress primarily 
the LNT model. the fu nding and defu n ding of persons 

RSH has reviewed the existing materi- and programs, inter locking perso nnel ,  
als and,  on the basis of  the evidence, we and the contro ls  imposed by the agen-
make the fol lowing proposals :  cies and the standards-setting bodies and 

The first step to understand the situa- their contractors. It shou ld add ress the 
tion is to support a modest, independent specific a reas of researc h, and studies 
effort to review the relevant existing data, that have been suppressed and/or term i-
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nated, or resu l ts left unpub l ished, and 
the researchers who have been con­
stra i ned i n  p u rs u i n g  va l i d a reas of re­
sea rch-recogn i z i n g  that not a l l  dec i­
sions to fai l  to p u rsue areas of research 
are necessarily u njustified. 

The inqui ry should also address areas 
of research in which massive fu nds are 
expended for research of l ittle or no sci­
entific value, and those whose main pur­
pose seems to be to contribute to publ ic 
fears. The investigation should explore 
the extent to which those fears are used 
as a basis for Congressional fu nding of 
major p rojects that have no potent ia l  
p u b l i c  health and safety benefit .  I t  
should add ress the response (or lack of 
response) by government  agenc ies to 
evidence that is contrary to the L N T  
model (for e x a m p l e ,  the data that 
demonstrate that l u ng cancer is h ighest 
in the l ow-rad o n  a reas of the U n ited 
States), and their efforts to suppress this 
information, and even produce disi nfor­
mation,  rather than u n dertake a va l i d 
scientific review of it. 

This inqu i ry should produce a prel imi­
nary report to the Admin istration, to the 
National Academy of Sciences/National 
Research Cou n c i l ,  and to the science 
and government affa i rs committees of 
Congress. 

Undoing the Constraints 
Effort w i l l  be req u i red to re-establ ish 

an en vi ronment where researchers wi I I  
feel free to work, uninhibited b y  political 
and i nstitutional restraints as to what re­
su l ts a re "acceptab l e . "  R ight  now, 
dozens of our best researchers are sub­
stanti a l l y  proscribed from u ndertaking 
important research on the health effects 
of low-level radiation. 

One of the most common statements 

of the research commun ity in d iscuss ing 
knowledge and interest in th is  i m por­
tant subject is ,  "1 cou ld lose my fu nd­
i ng," or "my job."  This  is not a standard 
of scientific inqu iry that America shou ld 
accept. 

Such research inc l udes fo l lowi ng u p  
on s u bstant ia l  work i n  Japa n  on us ing  
l ow-dose rad i at ion  fo r su ccessfu l l y  
t reat i n g  cancer, a n d  research o n  the 
m i l l i ons  of persons i n  the wo r ld  who 
enjoy improved health as a result of l iv­
i n g  in a reas of h i gher-than-average 
background rad iation, or who use nat­
u ra l  radon or rad ium health spas. Con­
firmation of th is  evidence, and of the 
seem ingly beneficial effects of radon i n  
houses, wou ld help establ ish accu rate 
dose-response relationships. 

In addition, the contr ibution of large 
sou rces of radioactivity to the enormous 
biological populations surrounding deep­
sea hydrothermal vents, shou ld be stud­
ied, to establ ish whether radiation is the 
sou rce of energy that mai nta i n s these 
populations 8,000 feet below sunl ight. 

Our major institutions should respond 
to the fact that no health r isk is fou nd 
from conti nuous exposure to rad iation 
levels up to 1 0  times the average natural 
background. This shou ld then lead to the 
establ ishment of: 

• A program to assess the appl ication 
of this evidence on low-level radiation to 
nuc lear tech nologies.  Specifical ly, the 
task is to document the cost savings that 
wou ld result from changes in engineer­
ing codes and standards, design criteria, 
a nd operat ions,  with assoc iated l a rge 
publ ic cost savings i n  med ici ne, energy, 
i ndustry, in d ispos i ng of wastes, and i n  
env i ron mental "c leanup" and decom­
missioning. 

• A program to i nform govern ment, 
educators, media, and the publ ic about 
the health effects of radiation, and to ap­
p ly  this i nformation to their  respective 
areas of responsibi l ity and interest. 

• A program to assess the role that nu­
clear technologies should play in solving 
press i n g nat ional  p rob lems, such as 
health and med ical appl ications, incl ud­
ing food and water safety and supp l ies, 
cl i mate change, air pol l ution, and so on.  

Conclusions 
We have been u n c h a racte r ist ica l l y  

b l u nt, because i t  i s  imperative that we 
make clear that very important energy 
and environmental policies are based on 
premises that are scientifica l l y  i nval id .  
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Existing processes and organizations for 
eva l u at ing  th is  s ituation have become 
d istorted in an effort to defend a prede­
termi ned conc lus ion .  The impl ications 
of th is  s i tuat ion a re w i de-ranging and 
profound. 

We bel ieve that a l l  existing pol ic ies 
based on pred icti ng detrimental health 
effects and fatal ities caused by low-level 
rad iation shou ld  be considered inva l id, 
and should be requ i red to be revised . 

Actions shou ld be taken to assess the 
s ign ificance of R & D  to the advantages 
and l im itations of applying n uclear tech­
nologies to i m porta nt health and envi­
ronmental problems. 

The imperative of providing adequate 
e l ectri ca l  e n e rgy to m eet p roj ected 
world needs and avoid conflict over en­
e rgy resou rces a n d  e n v i ro n mental  
degradation over the next two or three 
generat ions m u st be cons ide red . N u ­
c lear energy can, and must, provide 20 
to 30 percent of the total world energy 
needs for the more than 1 0  b i l l ion peo­
ple in the world in 50 years, in order to 
p rov ide a n y  poss i b i l i ty for a g row i n g  
world economy, with m i n imal environ­
mental costs. In  addition, there must be 
an accelerated use of n uclear technolo­
gies in supp ly ing  food and water, and 
medical and other resources. 

Part icu l a r  notice should be taken of 
Chi na's extraord i nary economic growth 
and energy needs d u ring th is period, as 
it d oes not fa i l  to i m p l ement the eco­
nomic, energy, and i nfrastructure devel­
opment that is in the best interests of its 
people, along with the large current and 
projected growth of other Asian and de­
veloping countries. 

The Un i ted States should take its ap­
propriate leadersh ip  role in implement­
ing the technologies and the policies that 
can m eet the needs of a grow i n g  and 
sustai nable world economy. 
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I NTRODUCTION 

P
ope John Pau l  II recently reaffi rmed the acceptance of a 
theory of evol ution, one which wou ld be coherent with 
the fu ndamenta l Christian credo of "man created in the 

image of God . "  "With man we fi nd o u rselves faced with a 
difference of onto logical order . . .  an ontological d i sconti­
nuity," he said . 1  

In  the popu lar mi nd, the concept of evol ution is wrongly as­
sociated only with Charles Darwin .  For this reason, I wil l  try to 
show that Darwin was not a real evolutionist, but, despite the 
pathetic attempt by his fol lowers to hide it, merely the co-father 
of Social Darwinism. Today, people seem to have forgotten that 
Nazism was a bruta l ,  but logical consequence of Soc ial Dar­
winism; so, especial ly after the 1 970s, they are once again wil l­
ing to accept pol icies based on so-ca l led "scientific" proofs, 
that there are too many people and too much technology. 

This left-wing  eco-Malthusian ism has been rad ica l ly  esca­
lated, s ince 1 990, as the brutal, specu lat ive monetarism for 
which man is j u st a commod ity whose cost m u st be m i n i ­
mized . We hear, again, experts "proving" that poverty and in­
tel l igence are based on biological factors. We hear, that if en­
ti re countr ies a re destroyed by spec u l ators, if fa m i ne k i l l s  
m i l l ions, that this is a l l  part o f  n atura l  law, part o f  progress 
achieved through the survival of the fittest. Radical monetarism 
and Social Darwi nism are and were the two faces of the same 
coi n :  Darwin gave the su pposed ly scientific justificati on for 
Adam Smith and Thomas Malthus. 

It is  necessary, therefore, to go a step further, to expose the 

26 Fal l 1 997 21 st CENTURY 

u nderlying "scientific" assumptions on wh ich Darwi n ism is 
based . 

This brings us d i rectly to the "nature of man." It forces us to 
give to the "ontological difference of man" a specific meaning. 
For th is, we have made use of the theo ry of "evol ut ion" of 
Leibniz, and of Lyndon LaRouche.2 

LaRouche has indicated in his presentations, and in his writ­
ings, that Leibn iz's "analysis situs," seen from the standpoint of 
h i s  Monadol ogy, cou ld m ake an i m po rtant contribution to 
making i ntel l ig ible the creative effect of the human m i nd on 
the world :  that mind, which otherwise tends to be relegated to 
the ranks of the ghosts, on the presumption of the impossibil ity 
of it bei ng determi nable by mathematical or logical means. To­
day, as yesterday, for ma ny, wh atever can not be measu red 
mathematical ly, does not exist. 

I use a story to show how a mathematical ideology could 
paralyze cogn ition. Keep in  mind that Leibniz proved the "ex­
istence" of physical cu rves l i ke the catenary, which Descartes 
had excluded, on the ground that they are not measurable by 
Descartes's mathematics: 

Descartes, chased by a I ion, a rrived at a b ridge. There, he 
might have escaped by crossi ng; but, he stopped. The l ion ar­
rives, and k i l ls h i m .  I n  Parad ise, Sai nt Peter asks Descartes: 
"Why did you stop? Why did you not go over the bridge, and 
save yourself? Descartes replies: "But, but . . .  Didn't you see? 
It was a suspension bridge!'( 

"And so . . .  ?" 
" Do you not know?! I have proved mathematically that such 

catenary bridges do not exist!" 



Darwin was the father of Social Darwinism, which spawned and nourished both racism and hatred of man in general. 

PART 1 . DARWIN :  TH E  ZERO-GROWTH 
MODEL OF EVOLUTION 

NEWTONIAN MATERIALISM 

Char les Darw i n  ( 1 809-1 882)  contri buted to the study of 
evolution through the concept of natural selection, wh ich, as 
we wi l l  see, can be appl ied on ly  when the condition of over­
population exists, but not u nder other c i rcumstances. 

For example, if five i ndividuals are born and all can survive, 
there is  no selection, and, accord ing to Darwin,  no d i rection 
for evo l ut ion.  If ten are born, and on ly  five can survive, then 
the "selection of the best" is assumed to play a role. The echo 
of Malthus's theory is obvious, and Darwin  exp l ic i t ly  refer­
ences h im;  but, researchers have confi rmed that there were 
other important sou rces for Darwi n :  Adam S m ith, (Lambert 
Adolphe) Jacques Quetelet, Auguste Comte, and so on.) If the 
mother of the concept of overpopulation, is Malthus, the unac­
knowledged father comes from a scientific ideology: material­
ism, in  its dual form of Isaac Newton's mechanics and Georges 
Buffon's vita l ism.  These latter two shaped Darwin's doctrine, 
and sti l l  domi nate the work of modern Darwinists. 

Darwin wrote, in an early manuscript: "To avoid stating how 
far I bel ieve in materia l ism, say on ly  that emotions, i nsti ncts, 

Editor's note: All emphasis within quotations, indicated by italics, is the au­
thor's, unless otherwise noted. 

degrees of talent, which a re hered itary, a re so because the 
brain of the child reflects that of the parent stock."4 The oppo­
sition to materia l ism is not to be sought in rel igious fundamen­
tal ism. Darwin was a lso a da i ly  reader of the B i ble;  but, that 
seems not to have hel ped him in grasping the nature of human 
beings. Moreover, it was the artificial debates with Engl ish fun­
damental ists, organized by Thomas H uxley, which made Dar­
winism popu lar. In that period, the real anti-material ism came 
from Leibniz, as expressed in h is  opposition to the natural phi­
losophy of N ewton, to the atom ism of G assendi ,  to the alge­
braic mathematics of Descartes, to the soc ial  and econom ic 
theory of Locke, and so forth. Even if the superiority of Leib­
n iz's conception resulted i n  many of the i nventions enjoyed by 
the el ite, nevertheless, that el ite's need for Malthusian social 

1 .  Address of John Paul I I  to the Pontifical Academy of Sciences, Oct. 22, 
1 996, subsequently published in Osservatore Romano. 

2. Lyndon LaRouche's personal contribution on this issue-through develop­
ment of the concepts of potential relative population-density and the anti­
entropic principle of cognition by means of which man is able to increase 
global "carrying capacity"-is used in the last section of this article. His 
works should be read directly. Among those relevant here are The Sci­
ence of Christian Economy And Other Prison Writings (Washington, D.C.: 
Schiller Institute, 1 99 1 ) ,  and, "The Essential Role of 'Time-Reversal' in 
Mathematical Economics," Executive Intelligence Review, Oct. 1 1 ,  1 996. 
The latter also appeared in Fidelio, Winter 1 996. 

3. L.A. Jacques Quetelet introduced the statistical conception of "average 
state," "average man," and so forth, which also inspired James Clerk 
Maxwell. 
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added or taken away from 
it, a nd so, it is also eternal . 
Let u s  des ignate the con­
servat i o n  of such a given 
i nert, fixed state, by K. Let 
us i m a g i n e  K as the fixed 
q u a nt i ty of  water-mole­
cu les in a river. 

The Granger Collection 

Crossing the impossible (for Descartes) catenary bridge, is an everyday occurrence for many com­
muters. Here, the George Washington bridge over the Hudson River, connecting Manhattan to 
Fort Lee, N,}. 

(c) Internal-External: The 
val u e  of the m agnitude K, 
i s  i n d ifferent to the l i near 
or non-l inear changes (mo­
tions) among its parts. Such 
i ntern a l  mot ions ,  which 
leave K u n c h anged, are 
cal led "relative." So, either 
K is fixed for eternity, or the 
cause of its c hange has to 
come fro m outs ide itself. 
Any change of K itself, can 
be defined as absolute, on­
tological, or discontinuous. 

S h o u l d  t h i s  system be 
ca l led the universe, then 

policies meant that material ism had the only claim to scientific 
method the e l ite wou ld accept, rejecti ng everyth ing else as 
"mysticism." 

This is not the place to laugh about how absurd it is to take 
the a l chem ist N ewton as the paradigm of a scientist, nor to 
prove how wil lfu l was the attempt of the Marquis  de Laplace 
to slander the crucial  contributions to science of Leonardo da 
Vinci, Johannes Kepler, Gerard Desargues, B laise Pascal, Leib­
n iz, Gaspard Monge, and others. Nor should I elaborate here 
the ro le  wh ich the so-ca l l ed "X Club" p l ayed, in launch ing 
Darwinism as an ideology. This c lub was the 1 9th century as­
sociation that l i nked Thomas H uxl ey, Herbert Spencer, and 
John Tynda l l  to other natural philosophers such as Peter Tait, 
Lord Kelvin,  James Clerk Maxwel l ,  Hermann Helmholtz, and 
Abbot Moigno: a l l  convinced Malthusians. 

The role of Thomas Malthus's influence on Darwin, is usu­
ally acknowledged and accepted; but Malthus was not the "big 
bang" of Social  Darwinism. We have to go one step lower, to 
see the main assumptions a l ready present i n  Newtoniani sm, 
which, as Newton h imself said, stood "on the shou lders of gi­
ants," such as Gal i leo and Descartes. 

Newtonianism d ivided the world i nto two systems: a physi­
cal and a l iving one; the first a tota l ity, the second, a part of it. 

The first of these two, is viewed as the domain of necessity, 
or, closed mechanical systems. We select only a few of New­
ton's postulates of necessity, as these are relevant to Darwin­
ism: 

(a) Objectivity: An i n vestigation is  considered scientific, 
only if we can isolate a system from its observer, and reduce it 
to a set of mathematical ly consistent relations among its i nert 
parts. Thus, that which was the val id practice of engi neers, be­
came after Newton, the method. The isolated system became 
the universe. 

(b) Completeness: Matter is described as motion, and Eu­
cl idean mathematics is considered complete. Noth ing can be 
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its change can come on ly  
from a deus ex machina, God rearranging a house in  which 
H e  does not l i ve .  I f  such a system expresses n at u re com­
p l etel y, then h u m a n  n ature i s  a l so so d escri bed . Thus, we 
have obtained homo mechanicus. 

Leibniz had warned that an i nte l l igible world need not nec­
essar i ly be a dead world !  One cou ld account for the efficient 
existence of human free w i l l  a nd real evol ution, but one did 
not have to accept a mathematical determination of physical 
changes as an absolute determi nation. Such a un iverse, deter­
mined by a single mathematics, is not of as much sign ificance 
for what it describes, as that which (it m ust not be permitted to 
hide that) it omits. 

The Second System: Freedom, or Vitalistic Systems 
And Life? Society? Mind? Do we need an extra force to ex­

p la in  their or ig in and fu nction ing?  The mechanists answer, 
that, one day, they wi l l  prove that our existence is a statistical 
accident, a deviation from the average state of matter. 

We must respond with this warning from the beautiful m ind 
of Lou is Pasteur, who, after el im inat ing vita l ism and sponta­
neous generation, wrote: 

You put matter before l ife, and you make matter 
eternal .  How do you know that the progress of science 
wi l l  not force you to affirm that life is eternal and not 
matter? You go from matter to life, because your present 
knowledge tel l s  you that you cannot understand things in  
a different way. Who can assure me that in  1 0,000 years 
we won't say that it is only possible to go from life to 
matter?" 5 

Mechanism, to account for the specificity of l ife, has to in­
vent an extra, ad hoc model . A l iv ing ce l l ,  a society, is consid­
ered an open sub-system of the Newtonian physical un iverse. 
"Open," means that it can exchange energy with the "exter-



nal," that is, the rest of the universe. To conserve itself, to l ive, 
s,uch a cel l  must do external work, which consists of selecti ng 
and col l ecting a usefu l portion of energy out of the world .  It 
ds>es not real ly produce, but s imply col lects and consumes the 
fru its (free energy) of the world withi n  which it maintains itself 
al']d grows. We call this activity simple work. 

This mechan istic model of cel l  o r  society, as a s imple part 
of the material universe, cannot change the value of K, cannot 
increase the amount of water from which it dr inks, or the fer­
tility of the world from which it col lects useful energy, and so 
on. In this sense, the max imum number of its popu l ation is al­
ready pre-defined. Whatever (present and future) qua l i tative 
change has been a l lowed in its characteristics, such a change 
is outside of its contro l :  it can happen only as accidental mu­
tations. Life is not a l lowed rea l l y  any efficient causal ity in the 
physical u n iverse, and,  thus,  it i s  descri bed as a paras ite of 
matter, animals as parasites of vegetables, and man the biggest 
parasite of a l l .  

In this sense, m a n  a n d  a n i ma l  a n d  vegetable are equal: a l l  
are impotent to change the  physical nature in  which they l ive. 
We have obtained homo anima/ius. But Leibniz's question is 
sti l l  there: If the universe is  dead, whence came this unwanted 
chi ld?  The modern Newtonians answer, that the father is sti l l  
L/nknown, the mother is. t h e  goddess Chance, a n d  the act of 
procreation was an accident. 

But let us remain withi n  our era, and fol low how, from such 
a Newtonian "cel l , "  the concept of economy was derived. 

The Economy of Simple Work 
We want to show, in  a s imple form, how the economic the­

ories of Sm ith, Ricardo, Malth us, and Marx (al l  related to Dar­
win) ,  are based on the above concept of simple work. This  
k ind of  activity can accumulate relative surpl uses, but  cannot 
produce any abso l ute i ncrease. The introd uction of tools  or 
machines, does not change the basic relation, except insofar as 
it increases the efficiency (decreases the work-time per unit of 
col lected energy) or i ncreases the range of activities. In this 
way, the local  potenti a l  of the soc iety to d o  work, can in­
crease, and with it the density of local pop u l at ion.  B ut, this 
process is comparable to one who d igs holes to bui ld a hi l l  out 
of the same sand . Human societies, as also l ife, are conceived 
as parasites drinking out of a fixed flow of water, which then 
defines the maximum number of people able to dr ink. Once 
one approaches the v ic in ity of the maximum,  any further in­
crease can take only the form of a relative redistribution at the 
expense of others. 

This is schematical ly i l lustrated in F igure 1 :  The curve, L, i n­
d icates the growth of the potent ia l  of a N ewtonian physical 
economy through the number of people a l lowed (carrying ca­
pacity) . The curve moves toward a l i m it, K, which expresses 
the point of zero growth or of a stationary state. 

The concept of the Newtonian social  economy focusses on 
the d i str ibution of such rel ative potentia l s  i ns ide a soc iety, 
eventu a l l y  expressed in  its monetary form . G iven the above 
prem ises, the socia l  becomes m ore and more d iscon nected 
from that physical which is thought to be unchangeable; and, 
so, the result becomes a s imple convention, or else a struggle 
among powers in society to grab the most at the expense of oth­
ers. We can ca l l  this l ast the economy of trade and property, 
well expressed by John Locke, who said of the individual :  "The 
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Figure 1 
CARRYING CAPACITY ACCORD I NG TO MALTHUS 

This typical "S"-shaped curve, L, is  used to represent 
population growth, according to Malthus's theory. It in­
dicates any growth with a limiting factor intervening to 
stop it. P.F. Verhulst ( 1 804- 1 849) put the concept into a 
mathematical equation: PIn + 1) = g Pn (1 - Pn /K), where 
Pn is the potential at time n, PIn + 1) is the number of peo­
ple, or potential at time (n + 1); g is the growth factor 
(births/deaths); K is the carrying capacity, or limiting 
mechanism, such as energy, physical size of the popu­
lation, natural catastrophes, and so on. 

labor of his body and the work of his hands we m ay say a re 
properly his." And, said Locke, If • • •  it is labor i ndeed that puts 
the difference of val u e  on everyth ing . . .  ," and again, If • • •  
man, by being master of h imself and proprietor of his own per­
son and the actions or l abor of it, had sti l l  in h imself the great 
foundation of property."6 

Adam Sm ith's theories a re o n l y  a n  e l aboration of this; he 
recognized that if  work cannot create rea l  energy, i t  can at  
least create social commodities and exchange them, such that 
the artificial relative profit cou ld grow i ndependently of nature 
or physical considerations. He thought that the physical regu­
lative equ i l ibr ium of action-reaction, was para l le led by a so­
cial mechanism for equ i l ibri u m :  the play between the forces of 
supply and demand, that is, the market. This perfect thermostat 
could be upset only by catastrophes, or c l i mate changes; oth­
erwi se, through the m echan ism of competit ion, waveri ngs 
around an equ i l ibr ium l i ne, it wou l d  defi ne prices, salar ies, 

4. Charles Darwin's Notebooks 1836- 1844: Geology, Transmuta tion of 
Species, Metaphysical Enquiries, transcribed and edited by Paul H. Bar­
rett et al. (London: British Museum, and Ithaca, N.Y.: Cornell University 
Press, 1 987), Notebook M, p. 532. 

5. Louis Pasteur. Pages Choisies (Paris: Etudes Sociales, 1 970), p. 56. 
6. John Locke. An Essay Concerning the True Original, Extent, and End of 

Civil Government, Chapter 5, in The English Philosophers From Bacon to 
Mill, edited by Edwin A. Burtt (New York: The Modern Library, 1 939), pp. 
41 3, 419, 420. 
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Darwin gave the appearance of objective science to the materialist, entropy-centered philosophy of Thomas Malthus (right) and 
Adam Smith (left), based on the methodology of Isaac Newton. 

and so on, and especial ly would make sure that some part of 
the population does not reprod uce excessively:  " [P] overty, 
though it no doubt discourages, does not always prevent mar­
riage." Nevertheless, Smith wrote: 

Every species of animals natural ly multipl ies in  
proportion to the means of  their subsistence, and no 
species can ever multiply beyond it. But  in  civi l ized 
society it is only among the inferior ranks of people that 
the scantiness of subsistence can set l imits to the further 
mu ltipl ication of the human species; and it can do so in 
no other way than by destroying a great part of the 
chi ldren which their fruitful marriages produce.7 

In case the population sh ifts: 

The market would be so much under-stocked with labour 
in the one case, and so much over-stocked in  the other, as 
would soon force back its price to that proper rate which 
the circumstances of the society requ i red . It is in  this 
manner that the demand for men, like that for any other 
commodity, necessarily regulates the production of men; 
qu ickens it when it goes on too slowly, and stops it when 
it advances too fast.8 

To Smith, Ricardo adds: "The natural price of labor is that 
price which is necessary to enable the laborers . . .  to subsist 
and to perpetu ate the i r  race, without  e i ther  i ncrease or 
d imi nution ."9 

To summarize their argument: the cycl ical over- and under-
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stocking of commodities arou nd a stationary state, g ives the 
market the chance to automatical ly select the best commodity, 
and assure the evolution between successive productive cy­
cles. Evol ution in this form, can mean only relative, q uantita­
tive variations, i ncreases in  adaptive specia l ization, and more 
complex division of labor. 

The soc i a l  economy of Sm ith, operat i ng in th is  way, can 
trigger two types of exponential growth, each with its own mo­
mentum, and fu l l y  d issociated from the level of the physical 
potential : 

(a) The reproduction of fi nancial  capita l ,  based upon com­
pound interest and debts, can grow exponentially, without any 
relation to the l imit posed by the physical constraints. This be­
comes more and more artificial-"hot air ." 

(b) The rate of reproduction of populations, can also escape 
the control of the supposed reg u l ative m echan i sm of the 
market. 

This second problem was elaborated by Malthus with in  the 
same N ewto n i a n  para meters .  Before we cons ider  th i s, we 
need to introduce the last physical element defi n i ng Newton­
ian dynamics. 

THE NEWTONIAN ENTROPIC SYSTEM 
Leibniz had pointed out, that, except i n  the v i rtual world 

of mathematics, a Newtonian world can not real l y  be in sta­
ble equ i l ibri u m :  its dead atoms wou ld come to a stop. 10 The 
planets wou ld s low down and fal l  i nto the S u n ;  no new suns 
wou ld form to rep l ace the exhausted c i nders of the o ld :  no 
m o re act ion-react i o n ,  n oth i n g .  After  m a n y  c l osed recy­
c l i ngs, the water of the river has become i nert atoms. But if  
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Among the '''univer�allY 'entropic'� scientists who promoted D,arwin in the mid- i 9tn 'century, were .Thomas Huxley (shown here 
with the skull of some unfortunate), Lord Kelvin (Sir WIlliam Thomson), and Hermarin Helmholtz, all members of the X-Club, 

the river d isappears, we can eas i ly  imagine what happens to 
the Newton i an system's a l l eged parasites: L ife and man are 
doomed. 

The c i rc l e  around the X-C l u b, w i th Ke lv in  in 1 85 2 ,  and 
Helmholtz i n  1 854, brought the  physical premise of  the New­
tonian system to its logical conc lusion, by formu l ating the so­
called " law of u n iversal entropy." Here is Kelvin's version : 

( 1 ) There is at present in the material world a universal 
tendency to the dissipation of mechanical energy. (2) Any 
restoration is impossible . . . (3) . . . with in  a fin ite 
period of time to come the earth must . . .  be, u nfit for 
the habitation of man. l l  

Amen! Life, and man, eat usefu l energy, and produce noth­
i ng. In this way, l ife is speed ing up the death of the un iverse! 
This is the cu rrent concl usion of mechanism.  We have been 
degraded from the role of parasite, to that of a cancer. Smith, 
Malthus, Ricardo, and company thought they had al ready rec­
ognized this in what they perceived as the degradation of agri­
cu lture. "Natural ferti l ity," they thought, is not constant, but in­
stead, runs down:  crop yields decrease, productivity dec l ines, 
Ma lthus,  in h i s  Essay on the Principle of Population, used 

7. Adam Smith. An Inquiry into the Nature and Causes of the Wealth of Na­
tions, Book 1 ,  Chapter 8, in the Glasgow edition of the works and corre­
spondence of Adam Smith, Vol. 1 (Oxford: Clarendon Press, 1 976), pp. 
96-97. 

8. Adam Smith. Wealth of Nations, Book 1 ,  Chapter 8, p. 98. 
9. David Ricardo. PrinCiples of Political Economy and Taxation, Chapter 5 

(London: J. Murray, 1817),  p. 90. 
1 0. Gottfried Leibniz. Second Letter to Clarke. See ''The Controversy Between 

Leibniz and Clarke" in Gottfried Wilhelm Leibniz: Philosophical Papers and 
Letters, edited by Leroy E. ·Loemker (Dordrecht: Kluwer Academic Pub­
lishers, 1 989), hereinafter referred to as "Loemker," pp. 677-679. 

Eu ler's calcu lat ions to prove, that i n  the U n ited States (the 
country indicated by Sm ith as unique i n  having real economic 
growth) :  

. . .  the population when u nchecked goes on doubl ing 
every 25 years, or i ncreases i n  geometrical ratio . .  , 
while the rate of increase of the natural products is not so. 
And when acre has been added to acre t i l l  a l l  the ferti le 
land is occupied, the yearly increases of food must 
depend on the amel ioration of land in  possession . This is 
a stream (or a fund) which, from the nature of all soi l s, 
instead of i ncreasing m ust be gradual ly d imin ishi ngY 

Malthus's solution was a combi nation of socia l  prevention 
of marri ages for the poor, and the freedom of the market to 
dec ide the l evel of wages, so as to reg u l ate the n u mber of 
people without any artific ia l  or socia l  assistance for the poor. 
The German economist F riedrich List was one of the few who 
real ized, that in a Newtonian cycle, entropy wi l l  push "carry­
ing capacity" toward zero, no matter how much the reproduc­
tion of the poor is prevented.  It is stu pid,  he said,  to take a 
given productive power as an absol ute measure of the poten­
tial population density.1 3 

1 1 .  William Thomson, later Lord Kelvin, 1 852. The Philosophical Magazine 
(London, Edinburgh, Dublin), Fourth Series, Vol. 4, p. 304. 

1 2. Thomas Malthus. An Essay on the Principle of Population, 6th edition, 
1 826, in The Works of Thomas R. Malthus (London: W. Pickering, 1 986), 
Vol. 2, p. 1 0. 

1 3. Friedrich List elaborates this in Oas Nationale System der Politischen 
Okonomie (The national system of political economy), specifically in Book 
2, Chapter 1 1  (Basel: Kyklos Verlag, 1 959), p. 140. Also, Justus Liebig, in 
1 840, discovered synthetic fertilizers, and thus broke the idea of the fixed 
organic cycle; his evidence was rejected by the Royal Society in London, 
which refused to publish his results. 
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By that standard, he added, there was a lready overpopula­
tion with 1 m i l l ion hunters in  the Paleol ithic! 

Newtonian Ecology: Charles Darwin 
D a rw i n  adopted the N ewto n i a n  out l ook to exp l a i n  the 

changes i n  the l iv ing world .  He presented this as a theory in 
1 859 in On The Origin of Species by Means of Natural Selec­
tion, or, The Preservation of Favored Races in The Struggle for 
Life. 1 4  The fu l l  title, with emphasis added, is used here to em­
phasize that Darwin  has in m i nd the se lection of "favored 
races," from the begi n n ing.  The process which led to the for­
m u l at ion of the theo ry, co rrectl y  here ca l led by Darwin  a 
metaphor, can be summarized as fol lows: 

(a) It was evident, that the l iv ing world was characterized 
by differences and variations, whose motor Darwin could not 
fi nd.  Today, this is attr ibuted to a "h igh ly  i mprobable, ran­
dom" process of m utat ions .  I t  was a l so  evident, that there 
were hereditary transmissions of s imi larities and certain  differ­
ences. But the nature of hered ity, a lso remained a mystery to 
Darwin .  He overlooked what, in the meantime, the Augustin­
ian monk G regor Mendel ,  a b i o l og ist, was d i scover ing  i n  
Brunn, Bohemia. 

(b) Darwin formulated his form of evol utionary hypothesis, 

that species undergo modification, and that the existing 
forms of I ife are the descendants by true generation of 
pre-existing forms. 1 5  

Th is was not original t o  Darwin, a s  h e  h imself frankly admit­
ted; the real debate was, indeed, focussed not u pon the exis­
tence of evolution, but on what form it took. How a cel l, or a 
popu lation, grows, d ifferentiates, reproduces itself, and spe­
cial izes, and especial ly, what accounts for the differences be­
tween man and the animals? Those were the key questions to 
be answered . 

Darwin says that his insights, to find the "means of mod ifica­
tion and coadaptation" of species, 1 6  had to wait unti l  1 838, 
when he was i nspired by two th ings: first, "the study of domes­
ticated animals and of cultivated plants ." 17  

That i s ,  man-made selection. To use an economic image, we 
cou ld imagine the breeder as the demander, and Nature the 
supplier. Nature overproduces, and the breeder selects the best 
commod ity to be re-i nput into the mysterious factory of Nature 
cal led l ife, with the resu lt of slow, continuous progress, at least 
for the breeder. But, with this s imple process, no breeder has 
ever created a new species! 

The above was a necessary, but not sufficient means to ob­
tai n  an automatic model for nature. Who is, here, the u niversal 
breeder? God ?  Mrs. Chance? Mr. X? The second and comple­
mentary i l l u mination for Darwin came from Malthus: 

. . . I happened to read for amusement Malthus on 
Population, and being wel l  prepared to appreciate the 
struggle for existence, . . .  it at once struck me that under 
these circumstances favorable variations would tend to be 
preserved and unfavorable ones to be destroyed. The 
result of this would be the formation of new species. 1 8 

Nature is now, at the same time, the suppl ier, the demander, 
and the marketplace. Nature overproduces some commodity 
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in relation to others; but, after studying S m ith, N atu re learns 
that crises can be used as a means for progress, if free competi-

. tion is a l lowed i n  the marketplace. N ature being a total ity, a 
monopoly, she can not compete with a n ybody else!  But she 
had the creative idea (without tel l i ng Sm ith) to have animated 
commodities, so that they cou ld compete among themselves! 
Who wins is, by defi n ition, the best (Nature is logical), and, as 
the best, it wi l l  be re-i nput i nto the l ife factory, and wil l ,  auto­
matically, improve the next generation. 

I n  Darwin's own words: 

[T]he Struggle for Existence amongst all organic beings . 
inevitably fol lows from the high, geometrical ratio of their 
increase . . . . As many more individuals of each species 
are born than can possibly survive; and as, consequently, 
there is a frequently recurring struggle for existence, it 
fol lows that any being, if it vary however sl ightly in any 
manner profitable to itself, . . .  wi l l  have a better chance 
of surviving, and thus be naturally selected. From the 
strong pri nciple of inheritance, any selected variety wi l l  
tend to propagate its new and modified form . . . .  Natural 
SelectiQn . . .  causes much Extinction of the less 
improved forms of l ife, and leads to what I have cal led 
Divergence of Character. 1 9  

But, the rea l l y  o l d  problem is sti l l  there. Darwin says: " i f  it 
vary"; but how? who? what? This seems not to interest Darwi n, 
who seems not to be interested in the factory, in the producers. 
After a l l ,  Darwin was just a famous, and big, land lord !  

The success o f  the theory was immed iate, not necessari ly on 
the basis of its detai ls, but on what was perceived as the essen­
t ia l  point of the a rgu ment.  That point was:  Man is l i ke any 
other a n i m a l .  At one stroke, the ent i re Chr istia n  tradit ion is  
scuttled. But, why is this-as Darwin argues it-so? Where are 
the proofs? Darwin answers that, after a l l ,  we are j ust a variety 
of the same commod ity prod uced by a N ewto n i a n  factory 
which never changed its production mode; its owner never in­
vented a nyth i n g n ew, n ever d i scovered any revo l ut ionary 
technology! Poor Life! Were th is rea l ly  the case, she would be 
bankrupt, and a lready an absolute ru i n !  

To affirm that man i s  equal to an animal ,  i s  a strong declara­
tion, given its social impl ications. One would expect some in­
dependent proof of it, and not just a theorem of a geometrical 
model of evol ution, which, in his assumption, had a lready de­
clared impossible any change of invariance. That type of fac­
tory w i l l  produce forever on ly  potatoes, or eventual ly  some 
other vegetable, but noth ing else!2o 

One hundred and fifty years of the most i ntensive researches 
by the Darwinians to gather proof that there is no difference 
between a n i m a l  and man,  has b rought back o n l y  contrary 
proofs . The more the genetic apparatus looks s i m i la r, the 
more the mental d ifferences can not be bridged . Nevertheless 
the pretense is that a l l  is done, rien ne va plus, we have proved 
everyth i ng, except some comma here and there. Very often, 
we hear someth ing  of th is  sort: " G a l i leo removed the Earth 
from the center of the u n iverse; Darw i n  removed man from 
the kingsh ip of creation; man is just an accident of l ife, which 
is itself an accident in the si lent, ind ifferent material u n iverse, 
itse lf  s low l y  d y i n g ! "  How beautifu l !  How o bjective ! How 
"scientific" ! 
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The racist and eugenicist views of Darwin 's cousin, Francis Galton ( 7 822- 1 9 1 1 ), at left, and the German Darwinian, E. H. 
Haeckel ( 1834- 1 9 1 9), were amplified by Darwin in his 1 87 1  book The Descent of Man. A ll three considered mental qualities to 
be inherited, and human intelligence and morality as simply evolved animal instincts. 

It could be said that a l l  this did not have to wait for Darwin!  
Hobbes and Locke had a l ready said that man is but an animal .  
Smith had a l ready spoken of man as a commodity. S lavery was 
a long-establ ished practice. That ch i ldren could be over-pro­
duced, just to be sold as a commodity to work in factories, did 
not have to wait for Darwin .  That, in the "free-market" system 
in England, wages lost 50 percent of their va lue in 1 0  years, 
was a l so there before Darw i n .  Then, what is  new? Why the 
need for Darwinism? 

What is  new, is that now, "objective science" has spoken :  
Nature has  made a revelation to  Darw i n !  Before Darwin,  we 
were faced with soc ia l  theories; one cou l d  a l ways suspect 
some secret i nterest behind them. That would transform theory 
into ideology, and, as such, subject to pol itical fight. But now, 
an ideology has become "natu ral law"-l ike N ewton's laws. 
Auguste Comte had fu l ly u nderstood that; if  one leaves the 
construction of socia l  ideologies to ph i losophers and econo­
mists, then one risks revol ut ions.  For th is  reason, one needs 
"positive, scientific" social theory, to have stable, synarchistic 
societies, or stable empires. 

Darwin proudly stated that he, in the trad ition of objective 
science, l ike Newton, needed no hypotheses. But, we have al­
ready seen his bad hypothesis. Moreover, he was no real ex­
perimenter when compared to real scientists of the same pe­
riod, such as Mendel and Pasteu r. 

From Natural Selection to Social Selection: 
Social Darwinism 

Inspired by Darwin, his cousin Francis Galton wrote Heredi­
tary Genius in 1 869,21 i n  which he developed the theses, that 
mental qual ities are biological ly  inherited, that the white race 
is biological l y  shaped to dom inate, and that, among those of 
the white race, natu ral ly the Engl ish are the best. Furthermore, 

"The more a Darwin discovers a correct 
theory of some unity between men and 

chimpanzees, the more he has found 
differences between himself and the 

chimpanzees." 

in England, he wrote, where there was one gen i us per 4,000 
inhabitants, natu ral ly, the Darwin fam i l y  had the highest den­
sity of gen iuses ! We can eas i l y  i magine why Darw i n ,  after 
read ing this, wrote to Galton :  

I do not think I have ever i n  a l l  m y  l ife read anyth ing ' 
more i nteresting and origi na l .  . . .  You have made a 
convert of an opponent. I congratulate you on producing 
what I am convinced wi l l  prove a memorable work.22 

1 4. Charles Darwin. The Origin of Species by Means of Natural Selection or 
the Preservation of Favored Races in the Struggle for Life (New York: 
Modern Library, 1 949). 

1 5. Charles Darwin. The Origin of Species, Historical Sketch, p. 3. 
1 6. Charles Darwin. The Origin of Species, Introduction, p. 1 2. 
17 .  Charles Darwin. The Origin of Species, p. 12. 
1 8. The Autobiography of Charles Darwin and Selected Letters, edited by 

Francis Darwin (New York: Dover Publications, 1 958; reprint of D. Apple­
ton edition of 1 892), pp. 42-43. Similar remarks are also found in Notebook 
D of Darwin's Notebooks (see note 4 above). 

1 9. Charles Darwin. The Origin of Species, Introduction, p. 1 3. 
20. For example, D'Arcy Thompson represents evolution as a simple geomet­

rical transformation with constant invariance, in On Growth and Form 
(Cambridge: Cambridge University Press, 1 961) ,  pp. 31 8-319. 

21. Francis Galton. Hereditary Genius (London, 1869). 
22. Letter to Galton, Dec. 23, 1 870, in More Letters of Charles Darwin Vol. 2, 

p. 41 (New York: D. Appleton & Co., 1 903). 
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Thereafter, Darwin made extensive use of Galton's book. 
Later, Galton co-founded, with Darwin's son, the Society for 

Eugenics, with the a im of i mproving humans by selective par­
enthood, and "to g ive a better chance to the more su itable 
races or stra ins of blood ." I n  the meantime, i n  Germany, E .H .  
Haecke l ,  the  other  Darw i n ist, promoted eugen ics and eu­
thanasia, a l l  model led on Sparta, and created the concept of 
"Oekologie," as a monist ic tota l ity of man-animals .  A l l  th is  
was part of a new, natural rel igion to be rea l i zed, no doubt, 
with the help of his monist Masonic lodge, "zur aufgehenden 
Sonne" (To the rising Sun). Darwin h imself publ ished The De­
scent of Man i n  1 87 1 .23 H ere, he drops any pretense of sci­
ence; he merely ampl ifies Haeckel's monism, which had al­
ready affirmed that the d i ffe rences between man and the 
ch i mpanzee were o n l y  s i mp le, quantitative o nes, and that 
there is more difference between a chimp and a fish, than be­
tween man and a chimp. 

Darwin adds, that al l  the vis ible d ifferences are the result  
only of natural selection, which promotes variation in  the form 
of spec ial ization, to better captu re energy. From this process 
came what he considered the crucial human development: the 
development of free hands. But let us fol low Darwin's thought 
d i rectly:  

We have now seen that man is variable in  body and 
mind; and that the variations are induced, either di rectly 
or indirectly, by the same general causes, and obey the 
same general laws, as with the lower animals. . . . 

Man . . .  is the most domi nant an imal that has ever ap­
peared on this earth . . . .  He man ifestly owes this 
immense superiority to his intellectual facu lties, to his 
social habits . . .  and to his corporeal structure.24 

Darwin then develops a deta i led comparison between the 
human m i nd and a n i mal  m i nd, as categories. Man feels, he 
says, but so do an ima ls ;  man loves, but an ima ls  a l so love; 
man has rel ig ion, but how does one know whether an imals 
have rel igion? Here, we see the typical mistake of Kantian ism 
made even by some of the best-motivated people. Material­
ism can accept m i nd as a subjective consciousness, reduced 
to categories, but without any efficient causality with respect 
to physical or biological nature. The notion of reason as i ntel ­
l igent win ,  a n d  love a s  part ici pation i n  G od's w i l l , is never 
introduced. I ntel l igence, at best, is a simple increase in power 
of domi nat i o n .  And, who has more power, can obvious ly  
also defi ne who is  more i nte l l i gent.  Accord i ng to the same 
monistic logic, human i ntel l igence, and other mental qua l i ­
ties and moral attitudes, are noth i ng but evolved an imal  in ­
stincts, and, as  i nstincts, mental qual ities are also biological ly 
in herited : 

The variabi l ity or diversity of the mental faculties in 
men of the same race, not to mention the greater 
differences between the men of distinct races, is so notori­
ous that not a word need here be said. So it is with the 
lower animals . . . .  

So in regard to mental qual ities, their  transmission is 
manifest in our dogs, horses, and other domestic an imals. 
Besides special tastes and habits, general i ntell igence, 
courage, bad and good temper, &c., are certainly 
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transmitted . With man we see s imi lar facts in  a lmost every 
fami ly; and we now know, through the admirable labors 
of Mr. Galton, that gen ius . . .  tends to be i nherited; and, 
on the other hand, it is too certai n  that i nsanity and deteri­
orated mental powers l i kewise run in fam i l ies.2s 

N atural selection had so far done a good job:  the Engl ish 
were the most powerfu l and the most sexua l l y  active, and the 
Darwin fami ly  a mong the most i ntel l igent (accord ing to Gal­
ton, at least). So it was, and, through i n heritance, so it should 
continue: "Laissez-faire la issez-a l ler" : 

There is reason to suspect, as Malthus has remarked, 
that the reproductive power is actual ly less in barbarous, 
than in civil ized races . . . .  It is also probable that the 
increased ferti l ity of civi l ized nations would become, as 
with our domestic ani mals, an i nherited character . . . . 26 

But, just in case fu nny sexual practices should spread among 
the upper cl asses, then, N atu re has a l so devised a negative 
way to assure social stabi l ity: 

The greater death-rate of infants in the poorest classes is 
also very important; as well as the greater mortal ity, from 
various diseases, of the inhabitants of crowded and 
miserable houses, at all ages.27 

Should this not be enough, N ature delegates the selected 
best to reduce the birth rate of the loser: 

Malthus has discussed these several checks [wars, 
fami ne, and so on] , but he does not lay stress enough on 
what is probably the most important of a l l ,  namely 
infanticide, especial ly of female infants, and the habit of 
procuring abortion . . . .  Licentiousness may also be 
added to the foregoing checks . . . .  28 

THE I NVERSION, OR: 'THE CRUCIFIED AND DIONYSOS' 
Nature and el ite were sufficient to keep stabi l ity. But, some­

how, a mistake in the process of selection of values must have 
occurred. Some external factor above and outside the process 
seems to have interfe red . Other values not com i ng from in­
stincts seem to have sneaked i n  from somewhere. And domin­
ion feels endangered. Darwin writes, i n  The Descent of Man: 

With savages, the weak in body or mind are soon 
el iminated; and those that survive commonly 
exh ibit a vigorous state of health . We civi l ized men, on 
the other hand, do our utmost to check the process of 
el imi nation; we bui ld asylums for the imbeci le, the 
maimed and the sick; we institute poor-laws; and our 
medical men exert thei r  utmost ski l l  to save the l ife of 
every one to the last moment. There is reason to bel ieve 
that vaccination has preserved thousands, who from a 
weak constitution would formerly have succu mbed to 
small-pox. Thus the weak members of civi l ized societies 
propagate their  kind. No one who has attended to the 
breeding of domestic animals wi l l  doubt that this must be 
h ighly inju rious to the race of man. It is surpris ing how 



soon a want of care, or care wrongly d i rected, leads to 
the degeneration of a domestic race; but excepting in the 
case of man h imself, hard ly  any one is so ignorant as to 
al low his  worst an imals to breed.29 

And, later: 

A most i mportant obstacle in civi l ized countries to an 
increase in the number of men of a superior class has 
been . . .  that the very poor and reckless . . .  al most 
i nvariably marry early. Those who marry early produce 
. . .  many more chi ldren . . . .  Thus the reckless, 
degraded, and often vicious members of society tend to 
increase at a qu icker rate . . . .  Or as Mr. G regg puts the 
case: "the careless, squa l id, u naspiring I rishman 
mu ltipl ies l i ke rabbits: the frugal, foreseei ng, self­
respecting, ambitious Scot, stern in his moral ity, spiritual 
in his faith, . . .  passes his best years in struggle and in 
cel ibacy, marries late, and leaves few beh ind him. G iven 
a land original ly peopled by a thousand Saxons and a 
thousand Celts-and in a dozen generations five-sixths of 
the population would be Celts, but five-sixths of the 
property, of the power, of the intel lect, would belong to 
the one-sixth of Saxons that remained. In  the eternal 
'struggle for existence,' it would be the i nferior and less 
favored race that had prevai led-and prevai led by virtue 
. . .  of its faults" [emphasis in original]  .30 

Darw i n i st F r iedrich N i etzsche wou l d  have sa id,  that the 
"priestly moral val ues" are k i l l i ng the super-men of the super­
nations. If one does not vomit  in disgust, and sti l l  uses logic, it 
should fol low from the above, that the n atural "savages" wi l l  
become progressively better than the E ngl ish!  But  not so .  Not 
so simple, not to Us: We know better! Darwin asks, cou ld we 
have forgotten what Locke says about work, power, and prop­
erty? He adds: 

Man accumulates property and bequeaths it to his 
chi ldren, so that the chi ldren of the rich have an 
advantage over the poor in the race for success, 
independently of bodily or mental superiority. . . . But 
the inheritance of property by itself is very far from an 
evi l ;  for without the accumulation of capital the arts cou ld 
not progress; and it is chiefly through their  power that the 
civil ized races have extended, and are now everywhere 
extending their range, so as to take the place of the lower 
races.31 

To Hell with logic, m i nd, ideas, love, and science! The real 
objective now comes out: l et us ta l k  real i ty-and before we 
tal k, "how big is you r  bank account actu a l l y ?" Stu pid Mac­
chiave l l i , who said that Man p roduces money, but mo ney 
produces no M a n .  To H e l l  with the so-ca l l ed " D a rwi n i a n  
democracy"; that w a s  for the foo l s .  A t  stake is  power, a n d  
o n l y  power. The "science" o f  natural selection shows its real 
face: not the s u rvival  of man and through man of the bios­
phere, but the survival ,  at all cost, of the o l igarchy, even if 
their "egoistic genes" have lost a bit in potency after a l l  thei r  
inbreeding.  

N ietzsche had been more di rectly theological in his Darwin-

ist insanity. According to him, the poor, the losers, a l l  those bi­
ologica l ly  inferior people, were trying to win  the competition 
by inventing val ues derived "from a concept of God i nvented 
as the antithetical concept to Life." And N ietzsche screams in­
version ! i nversion ! 

Have I been u nderstood ? . .  Dionysos against the 
Crucified.32 

N ietzsche had been well u nderstood, as expressed in Dar­
win's own final solution :  

If the specified checks . . .  do not prevent the reckless 
. .  and other i nferior members of society from 

increasing at a qu icker rate than the better c lass of men, 
the nation will retrograde, as has too often occurred. . 33 

Therefore, 

There should be open competition for a l l  men; and the 
most able should not be prevented by laws or customs 
from succeeding best and rearing the largest number of 
offspri ng. 34 

Let Dionysos loose without i nterference in the global mar­
ketp lace. Let the �olves run free in the sheep pen, and let 
there be a democratic contest. Do not protest! Murder is now 
an objective scientific law! Mass em igrations? Tribal wars? Do 
not worry, a l l  is natural, a l l  due to the normal competition, be­
cause of overpopu lat io n !  So keep your fee l i ngs to you rself, 
leave moral ity out of economy! Let n atural selection take its 
cou rse. I n  any case, if one accepts the post u l ate that "man 
born in the image of  God" i s  a d ispensable myth, with no rela­
tion to this world, if one accepts the Newtonian postulate, then 
the Darwi n ian conclusions are correct, no matter what one's 
own moral impu lses. 

We have seen the " r igh t-w i ng"  co n c l u s i o n s  of D a rw i n .  
Now, let u s  close the vicious c i rc le .  Let u s  g o  back to the be­
g inn ing, through the " left-wi ng" Darwin ists. Frederick E ngels 
wrote, i n  his 1 87 6  German essay, Antheil der Arbeit an der 
Menschwerdung des A ffen (The Part Pl ayed by Labor in the 
Transition from Ape to Man) : 

Labor is the source of a l l  wealth, the political 
economists assert . . . .  But it is even i nfinitely more than 
th is. It is the prime basic condition for all human 

23. See the last reference in  note 60, below, for the Cantor-Haeckel contro­
versy, and for Haeckel's relation to masonry, see F. Bolle in Medizinhis­
torisches Journal, Vol. 1 6, p. 280 ( 1 981) .  

24. Charles Darwin. The Descent o f  Man and Selection in Relation to Sex, 
2nd edition (London: J. Murray, 1 874), pp. 47-48. I have ordered the quo­
tations from The Descent of Man that follow to bring out the content. 

25. Ibid., pp. 27-28. 
26. Ibid., p. 45. 
27. Ibid., pp. 44-45. 
28. Ibid., p. 46. 
29. Ibid., pp. 1 33-1 34. 
30. Ibid., p. 1 38. 
31 . Ibid., pp. 1 34-1 35. 
32. Friedrich Nietzsche. Ecce Homo (London: Penguin Books, 1 979), pp. 1 33-

1 34 (the final pages of 'Why I am a Destiny" ) .  
33.  Charles Darwin. The Descent of Man, p. 140. 
34. Ibid., p. 618. 
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L eibniz's search for higher properties in in vestigating the 
geometry of space, led him to a series of major discoveries, in­
cluding the infinitestimal calculus, and analysis situs, the cal­
culus of situation. 

existence, and this to such an extent that, in a sense, we 
have to say that labor created man himself.35 

Then, after expla i n i ng how the apes eventua l ly  developed 
free hands, Engels comments: 

This was the decisive step in the transition from ape to 
man.36 

But the decisive step was taken : the hand had become 
free and could henceforth attain  ever greater dexterity and 
ski l l .  . . .  

Thus the hand is not only the organ of labor, it is also 
the product of labor. Only by labor, by adaptation to ever 
new operations, . . . and by the ever renewed 
employment of th is i nherited finesse in new, more and 
more complicated operations, has the human hand 
attai ned the high degree of perfection that has enabled it 
to conjure into being the painti ngs of a Raphael. . . .  37 

But, conc ludes E ngels, human bei ngs eventu a l l y  concen­
trated more on their heads than the i r  hands, and so: 

All merit for the swift advance of c iv i l ization was 
ascri bed to the m i nd, to the development and activity 
of the bra in .  Men became accustomed to expla in the i r  
actions from thei r  thoughts instead of  from the ir  needs 
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. . .  and so there a rose in the course of time that 
idea l i stic outlook on the world which, especia l ly s ince 
the end of the ancient world, has dom i n ated men's 
minds.38 

Engels's hatred of human creativity was, and is, the problem. 
How cou ld one fail to see, that the first moment man was man, 
it was the conscious use of his creative m i nd that made the dif­
ference? From the first moment man looked at the stars, or dis­
covered fire, or a tool, or selected seeds, he was using his cog­
n itive powers as a physical force-not i n  competition against 
other men, but on behalf of a society l iving in the only possible 
way that coheres with a developing world. H ad man cu lturally 
transm itted to the future only a technique, a tool, after a while, 
society would have necessarily fal len i nto the Malthusian-Dar­
winian logic of survival .  This has now happened. 

We have all seen how chimpanzees transmit the d iscovered 
use of a tool to the next generation, how the mother patiently 
teaches her smal l ,  stubborn offspring how to use a stick. Ani­
mals have cu ltures! But only man has learned the i ntrinsic l imit 
of the protracted use of any simple d iscovered tool or theory 
over many generations. Only man has d iscovered that he had 
to learn how to wi l lfu l ly evolve superseding discoveries, tools 
or theories; that he had to change the type of h is energy col­
lecting modes. He had not only to remind the next generation 
of the innate power of creativity, but to educate them in its use. 
Only ideologies can k i l l  civi l izations, and only creativity keeps 
them a l ive. 

This  is what we m u st n ow turn to, the case of homo hu­
manus. 

PART 2. LEIBNIZ'S ANALYSIS SITUS: 
WH ERE Is CONTINUITY LOCATED? 

THE U NITY 

Darwin wrote that his theory of simple continuous evolution 
was based on the motto " N atura non facit saltum" ( N ature is 
not di sconti nuous).39 For Darwin,  th is meant that g iven two 
creatu res or objects, A and B (for example,  man and chim­
panzee), one can always fi nd some homogeneous u nit, a part 
of A or B (that is, a measu ring rod), to establ ish differences in 
quantity or i n  forms. Leibniz had used the same motto to ex­
empl ify h is principle of physical cont inu ity, or sufficient rea­
son. This  was, i n  a sense, the u n i fy ing  pr inc ip le  for most of 
Leibniz's d iscoveries in mathematics and physics. But, proba­
bly, Darwin missed the paradox beh ind Leibniz's own attempt 
to represent such a general principle as a "un iversal character­
ist ic," an abso lute measure to j udge truths, and to measure 
quantitative and qual itative evolution in the world.40 

Einstein, once, wrote of Kepler: 

Our adm i ration for this splendid man is accompanied 
by another fee l ing  of ad miration . . .  of the harmony 
of natu re i nto which we are born . . . .  It seems that the 
human mind has fi rst to construct forms independently, 
before we can f ind them i n  th i ngs. Kepler's marvelous 
ach ievement is a particular ly fi ne example of the truth 
that knowledge can not spring from experience. . 41 

And: 



[S]cience cannot grow out of empiricism alone . . .  we 
need to use free i nvention . . . .  In the n ineteenth century 
[on the other hand], many sti l l  believed that Newton's 
fundamental ru le 'hypotheses non fingo' should u nderl ie 
al l  healthy natural science.42 

If this is true, then to find any type of conti nu ity or law of na­
ture, one has to start with human creativity; Leibniz knew what 
that was, whi le  Darwin, i nstead, was proud to be a Newton­
ian .  E m p i r ic ism is genera l l y  l i m ited as a method, but it be­
comes even paradox ica l ,  when,  i n stead of p l a n ets, it takes 
man as the object of its analysis.  A mathematical theory, to be 
pred ictive, has to be homogeneous with the empirical  data, 
but that is impossible when man is  its object. 

It is important to keep i n  m i nd, in this context, that it is not 
only the discovery of a u n ity that requ i res free i nvention, but 
also the discovery of differences; and to d iscover differences 
between two creatures or objects, as, for example, man and 
chimpanzee, leads, necessari ly, to a self-reflexive process. To 
forget that, would lead a person, so misguided, i nto thinki ng, 
that, because the study of corpses can result in a new anatomi­
cal theory, to have a u n iversal  theory one needs o n l y  to i n­
clude h i mself as a corpse! That approach wou ld miss some­
thi ng. The more a Darwin  discovers a correct theory of some 
un ity between men and ch impanzees, the more he has found 
differences between h imself and the chimpanzees. 

But, let us fol l ow th is  process i n  Le ibniz h i mself. Le ibniz 
was i nfluenced from early l i fe by the writings of N icholas of 
Cusa and h i s  schoo l :  Leo nard o  da V i n c i ,  Johan n es Kepl er, 
B laise Pascal .  The main assumption of th is school, was the in­
tel l igibi l ity, for man,  of the reflexivity between the macrocosm 
and microcosm: The whole determines its parts; but, if the part 
is only that, then the whole is dead. Pascal formulated it very 
poetical ly, "By space the u n iverse encompasses and swal lows 
me up l ike a point; by thought I comprehend the world."43 

After Pascal, Leibniz shows, that even a point is more than a 
homogeneous point; but, before we arrive there, we must look 
at Leibniz's earl iest writi ngs. In h i s  1 666 Dissertation on the 
Art of Combinations, Leibniz wrote: 

Any number of things whatever [even infinite] may be 
taken simultaneously and yet be treated as one whole . . . .  

One infi n ite [whole] is greater than another . . . .  

S i nce number [as whole] is therefore someth ing of great­
est universality, it rightly belongs to metaphysics . . . .  44 

And, 

. the disposition [order] of the smal lest parts . . .  
i n  relation to each other and to the whole can itself also 
be varied. Such a d isposition is cal led situs . . . .  

Situs is  either absolute or relative; the former is that 
of the parts with respect to the whole, the latter that of 
parts to parts.45 

Absolute changes a re defined by Leibniz as qua l itative. So 
some un ity of the world is assumed, and with it harmony, co­
herence, i nte l l ig i b i l ity, and some form of conti n u ity, but of 
which fo rm ? In 1 6 7 2 ,  L e i b n i z  is i n  Par i s, confro nted with 
Descartes's mathematics. H e  comments, some years later, i n  a 

letter to H uygens: 

. . .  I am sti l l  not satisfied with algebra [the algebra of 
Descartes] . . .  so far as geometry is concerned, we need 
sti l l  another analysis . . .  which wi l l  express situation 
[situs] d i rectly as algebra expresses magnitude directly 
[emphasis in the origi nal ] .46 

When he wrote this, he had a l ready bypassed algebra with 
his new mathematical i nventions.  But more i nteresti ng for us  
here, i s ,  that, to achieve th is, he a lso had to q uestion the valid­
ity of what was considered the most obvious expression of the 
harmony of the world: Eucl idean geometry. Leibniz, wrote, for 
example, in "On Analysis Situs," 

What is commonly known as mathematical analysis is 
analysis of magnitude, not of situation . . . magnitude is 
in fact measured by the n umber of determ inate parts, yet 
this number may vary for the same fixed th i ng, dependi ng 
upon which measure or u n it is assumed . . . .  

Euclid himself was forced to assume certain  obscure ax­
ioms, without proof, in order to proceed with the rest. . . .  

Quantity can be grasped only when the th ings [to be 
compared] are actual ly  present together or when some 
intervening th ing can be appl ied to both . . .  [or] if some 
third object be cadie'd from one to the other . . .  if, for 
instance, some measure such as a yard or a foot . . . be 
applied first to one and then to the other.47 

Eucl idean mathematics was the fi rst mode for finding conti­
nu ity, for finding someth ing that stays equal during a change; 
something that does not change. But, the "obscure" axiom be­
hind a l l  this was that to transport a rigid l ine (measu ring rod), 

35. Frederick Engels. "The Part Played by labor in the Transition from Ape to 
Man," in Karl Marx and Frederick Engels, Selected Works, 2 volumes 
(Moscow: Foreign languages Publishing House, 1 962), Vol. 2, p. 80. 

36. Ibid., p. 80. 
37. Ibid., p. 81 . 
38. Ibid., p. 87. 
39. Charles Darwin. The Origin of Species, p. 208. 
40. On this account, leibniz's conception of the "One/Many" problem, was that 

of Plato, as reflected in Plato's Parmenides. One of leibniz's numerous re­
capitulations of this conception is featured in the last of leibniz's letters to 
Antoine Arnauld (loemker, note 1 1  above, pp. 338-350, and on p. 350, 
endnote 26). This is also one of the central, recurring themes within the 
leibniz-Clarke Correspondence. 

41 .  "On the Occasion of the 300th Anniversary of Kepler's Death," in Albert 
Einstein, Ideas and Opinions (New York: Crown Trade Paperbacks, 1 982), 
p. 265. 

42. Abraham Pais. The Science and the Life of Albert Einstein (Oxford: Claren­
don Press 1 982), p. 1 4  . 

43. Blaise Pascal. Thoughts, translated by W.F. Trotter, in The Harvard Clas­
sics, Vol. 48 (New York: P.F. Collier & Son Co., 1 9 1 0),  Pensee No. 348. 
Trotter's "an atom" has been replaced with "a poinf' for present purposes. 
The original reads: 

"Par I'espace, I'univers me comprend et m'engloutit comme un pOint; 
par la pensee, je Ie comprends." 

44. Gottfried leibniz. "Dissertation on the Art of Combinations" ( 1 666) in  
loemker (note 1 0  above), pp.  73, 75 ,  77. 

45. Ibid., p. 77. 
46. Gottfried leibniz to Christian Huygens, Sept. 8, 1 679, loemker, p. 248. 
47. Gottfried leibniz. "On Analysis Situs," loemker, pp. 254-255. For a stun­

ning comparison, see also the opening paragraphs of Bernhard Riemann's 
1 854 habilitation dissertation, Uber die Hypothesen, welche der Geometrie 
zu Grunde Iiegen (On the Hypotheses Which Underlie Geometry), Bern­
hard Riemanns Gesammelte Mathematische Werke (New York: Dover 
Publications reprint, 1 953). 
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Figure 2 
TRANSFORMATION OF EUCLIDEAN PLANES I NTO PROJECTIVE PLANES 

In (aJ, the Euclidean plane, the indefinite plane represented by the square ABCD, is transformed into a projective plane, 
A'B'CD', which is closed, or bounded, by 0', the point at infinity. Leibniz called the unbounded Euclidean plane an 
immensum. 

In (bJ, the Euclidean plane is represented by the parallel lines AB, CO, EF, and so on. The projection onto the sphere 
represents the bounding or closure of the projective plane. The point at infinity, 0', is now the north pole of the sphere. 

to make quantitative measu res, one has already to assume an 
outside entity of one higher dimension and specific properties. 
The motion of a l ine presupposes and reveals a higher dimen­
sion : a surface! The motion of figu res presupposes a space ! 
This cannot be kept impl icit and h idden. The characteristic of 
the space determi nes the forms of motion and the measuring 
rod to be used . Euc l id had impl icitly assu med, i n  the case of 
motion of rigid l ines, an i nfinite plane of constant and null cur­
vature; only that assured that the l ine did not change i n  form 
and length when moved to compare two things. For this rea­
son, Leibniz real ized how important it was that, "Before deal­
i n g  with figu re, we mu st deal with space itself  and with the 
point. . . .  "48 

The process of discovering, how to determ ine the h igher di­
mensional entity, to define its property out of recognized types 
of changes, is the history of mathematics itself. To us, here, it is 
o n l y  of i nterest to stress that for E u c l id and Descartes, the 
space was considered homogeneous with respect to its parts. 
In this specific case, it means that the elements are rigid atoms 
which never change, and the whole can be completely deter­
mi ned as the sum of its parts: 2 = 1 + 1 .  

Leibniz discovered, that many physical real ities and trans­
formations in forms, were exc luded by such continu ity. This 
ind icated to him that the real ity, both of natu re and the hu-
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man m i nd, is h igher tha n  any "one" m athematics. Eucl id 's  
axioms were not absol ute laws, but represented a changeable 
correct hypothesis about a type of measu rement.49 Obviously 
then, also Descartes's coord i nates cou ld not assu re the mea­
surement of the "un iverse," and N ewton's  "space" was not 
an absolute. We w i l l  see Le ibn iz 's  exp l i c i t  form u l at ion of 
this; but we wish to show, with a few chosen examples, how 
he proved the relati v i ty of any ax iomatic system, by, vari­
ously, constructing, or h i nting at, new forms of calcu lus  and 
geometry. 

The Continuity of Forms: Similarity 
In  Paris, Leibniz studied Pascal's projective geometry, which 

had been developed out of Ita l ian  p ictorial  perspective. The 
projective plane has the specificity of being a bounded infin ite, 
whi le  Euc l id 's  p l ane is i ndefi n ite, because of the hidden as­
sumption we saw above (F igure 2) .  

Leibniz al ready knew of this through Pl ato, Cusa, Kepler, 
and so on;  so, he recogn ized it eas i l y, as i n  notes of 1 6 76 :  
"Hence i t  i s  clear that the infi n ite i s  other than the unbou nded. 
. . .  This unbounded infinite should more rightly be cal led the 
immensum."so 

The characteristics of this new space, defi ne cont inu ity for 
other types of changes. In the s implest example, one can see 
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Figure 3 
TRANSFORMATION OF A CIRCLE I NTO AN ElliPSE 

A cone permits transformation of a circle into an ellipse, 
using the concepts of situs and s im i larity of forms. The 
plane D, which is parallel to the base of the cone, cuts it 
into a circle. Rotating the plane, B, creates an ellipse, 
while rotating it further creates the hyperbola, C, and 
the parabola A. 

how a cone permits transformation of a c i rc le into a n  e l l ipse 
(F igure 3) .  In th is  transformat ion,  we do not use concepts of 
equal ity or numerical differences, as in Eucl id; rather, as Leib­
n iz  says, we m ust employ the concepts of situs and similarity 
(of forms). Leibniz cou ld have s imply stayed at that new level; 
but, he realized that conics are only the simplest among a fam­
i l y  of bou ndary spaces which express cont i n u ity. So, wh i le  
studying Pascal, he wrote: 

[T] he method of discovery . . .  through situs, thus 
without calcu lation, is based on the simu ltaneous 
grasping of a plural ity sharing a common situation, which 
occurs either by means of a certain figure . . .  or by 
motion or an alteration . . . among the motions and 
alterations, we see that the alteration of appearance or op­
tical transformation of figures is  very usefu l ly employed; 
we must see whether, by this means, we cannot go 
beyond the cone, to higher properties.s1 

48. Gottfried Leibniz, On the Elements of Natural Science (unpublished manu­
script toward a book, 1 682-1 684), "The Plan of the Book," Loemker, p. 
278. 

49. Cf. Bernhard Riemann, note 47. 
50. Gottfried Leibniz. Paris Notes, Loemker, p. 1 59. The infinite is other than 

the unbounded, but there is also an unbounded infinite. 
51 . Pierre Costabel. "Notes de Leibniz sur les coniques de Pascal," in L 'oeu­

vre scientifique de Pascal (Paris: P.U.F., 1 964). 

The search for higher properties, i ndeed, led Leibniz to a se­
ries of major d iscoveries, inc luding the i nfin ites imal  calcu lus 
and analysis situs (the "calculus of situation"52). The latter, re­
ported i n  a text sent to Huygens i n  1 679,53 was, accord ing to 
the official story, rediscovered only i n  1 833 ,  and elaborated as 
"vector calcu lus" by Hermann G rassmann.  I n  real ity, elements 
of Leibniz's i ntuitions had a l ready been transmitted by Ehler to 
Eu ler, who om itted h i s  debt to Leibn iz, when he developed 
one of the many aspects of modern topology. But, Leibn iz's 
analysis. situs is exhausted neither by G rassmann's, nor Eu ler's 
i nterpretations of it. Other m athematic ia ns, such as Monge, 
Carnot, G auss, Ponce l et, R iemann , 54  and so forth, each of 
them with some variation, developed and referenced expl icitly 
Leibniz's concept of "situs." This use of many names for a sim­
i lar  concept, ind icates to us, something of the real concept of 
"situs" in Leibniz's own th inking .  

But, before we get to that, let us consider some other gener­
al izations made by Leibniz. As we have seen, he had real ized 
that he had to face d i rectly the concepts of space and of the 
po i nt itse lf, that i s , the m a x i m u m -m i n i m u m .  In h i s  m a n u ­
scripts, before 1 679, o n e  can fol low how Leibniz shifted, from 
the idea of "poi nt" as "rigid atom," to "poi nt" as "variable or­
dered i nterva l ,"  or s itus. This (which cannot be el aborated in 
these few pages), appears u nder the different mathematical no­
tions of differential, geodetic, mi n imal  action, and so on, each 
postulati ng a different class of transformations, conti nu ity, con­
servation, and so on .  For example he devised, among others, 
three classes of transformations: 

( 1 ) The motion of a " r ig id  l i ne i nterva l , "  presu ppos ing  a 
plane. 

(2) The motion of a "r ig id a rc's interva l , "  presuppos ing  a 
sphere. 

[Gauss later wi l l  identify both ( 1 ) and (2) as motion on two 
types of constant curvature, zero or positive.] 

(3) The motion of a variable i nterval,  presu ppos ing a vari­
able cu rvature. Leibniz wrote: "When I speak of fixed poi nts, it 
is not necessary to suppose that those poi nts have necessari ly a 
fixed d istance from each other; rather, I th ink of them as at­
tached by a string that can be made longer or shorter."55 

This last concept is  the nearest to what Riemann was refer­
ring to when he wrote, 

Analysis Situs . . .  used by Leibn iz, although perhaps 
not entirely with the same sign ificance . . .  may wel l  
designate a part of the theory o f  cont inuous entities 
which treats them not as ex isti ng i ndependently of the i r  
positions and measurable by one another but, on the 

52. It is referred to thus, in "On Analysis Situs," Loemker, p. 257. 
53. See Leibniz's discussion of a "characteristica geometrica" in a supplement 

to his letter to Huygens of Sept. 8, 1 679, Loemker, p. 249. It is also pub­
lished with other interesting Leibniz manuscripts in Gottfried Leibniz, La 
caracteristique geometrique, Latin text established and annotated, with an 
interesting historical introduction, by Javier Echeverria; French translation 
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contrary, entirely d isregard ing the metrical relations, 
i nvestigates their local . . .  properties.56 

To come to a prel iminary conclusion, after this brief history, 
we can already see, that the form of mathematical continuity (a 
" not-c ha nge" to measu re changes), has,  for the moment, 
changed constantly. But Lei bniz has no problem with that; for 
h im causal ity is not representable in any s ingle mathematical 
lattice, not even in space-time itself! In 1 7 1 4, when summariz­
ing  h i s  concepts in opposition to N ewton's  absolute space­
time, and before Ei nstein gave Newton new clothing, he wrote: 

I have demonstrated that space is nothing else but an 
order of the existence of things observed as existing 
together . . .  besides that there is no real space out of the 
material un iverse. . 57 

And, 

Time is the order of existence of those things which are 
not simultaneous. Thus time is the u niversal order of 
changes when we do not take into consideration the 
particu lar kinds of change [emphasis in origi nal ] .58 

Space-t ime becomes a variable causal orderi ng of variable 
action-intervals. A flux, but with a sufficient reason, a logos, a 
conti nu ity, indissociable from the human power of i nvention, 
from the power to fi nd i ntel l igible h igher order of "before-af­
ter," "higher-Iower," and "reasons." This causal ity can not be 
completely expressed in any form of homogeneous combina­
tion of fin ite elements taken as complete and consistent, be­
cause it is located in the h igher dimensional boundary; and, as 
Leibniz says, " It  is clear . . .  that a bou ndary is not homoge-
neous with what it bounds . . . .  "59 

In mathematics, this is expressed by the appearance of dif� 
ferent forms of incommensurables. For example, in the case in 
which the n u m ber 1t i s  meas u red by the other n u m bers 
1 ,2,3,4, . . .  , 1t  is incommensu rable, because it reflects, explic­
it ly, the specific higher boundary of that domain (the c i rc le 
measu red by a l i ne) . I n  mathemati cs, relat ive conti n u ity, or  
commensurabi l ity, can be reestabl ished in such cases, i f  a cre­
ative being l i ke Leibniz d iscovers continuously new forms of 
measu rement. But with man explicitly present at the center of 
the world measured by mathematics, the h igher boundary wil l  
not be exhausted by mathem atics, as Cantor wi I I  form a l l y  
prove.60 We have to look somewhere else. 

Beyond Mathematics 
Leibniz wrote: "The theory of simi larities or of forms l ies be­

yond mathematics and m ust be sought in metaphysics. Yet it 
has many uses in mathematics also . . . .  "61 and, " . . .  there is 
an art of analysis more inclusive than mathematics, from which 
mathematical science derives its most beautiful methods. To 
[present] th is I sha l l  have to introduce a somewhat h igher or­
der of principles."62 

What does he mean by "metaphysics" ? Is this just " logic," 
as some i nterpreters of Leibniz have assu med? Is formal logic 
that which Leibniz sign ifies by his use of the term "character­
istica u n iversal is" ? Kurt Codel suppl ied a formal proof of the 
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imposs ib i l ity also of that assumption,63 but Leibniz had a l ­
ready clear ly sa id  that the  bou ndary is  outside, and higher 
than, metrics, cu rvatures, topologies, logical  lattices, theories, 
and so on :  

Besides the world or aggregate of  finite things, there i s  a 
certain One which is dominant, not only . . .  as the Ego 
itself is dominant in my body, but also by a much higher 
reason . . . .  For a sufficient reason for existence cannot be 
found merely in any one individual thing or even in the 
whole aggregate and series of things . . . .  

The reasons for the world therefore l ie in something 
extramundane, d ifferent from the chain of states or series 
of th ings whose aggregate constitutes the world.64 

The Difference 
Our continu ity, our "one," is escaping to a h igher and higher 

leve l .  Man's world does not al low itself to be measured by any 
fi nal simple yardstick. The h igher boundary seems to be higher 
than ever, and if we were to leave it there, in its Kantian tran­
scendence, we cou ld expla in changes only through the occult, 
as chance, or as the fru it of a paga n ' s  m i rac les.  Le ibn iz  i s  
laugh ing  at us, and h i nt i n g, that  p robably we have m i ssed 
something concern ing his idea of "situs" : Situs is about forms, 
or what makes things real ly  different, he says.65 To clarify what 
makes things real ly  different, he writes, in another work: 

[T]here cannot be two individual things in nature 
which differ only numerically. For surely it must be 
possible to give a reason why they are different, and this 
must be sought in some differences withi n  themselves . .  
So perfect simi larity occurs only in incomplete and 
abstract concepts, where matters are conceived, not in 
their total ity but according to a certain single viewpoi nt, 
as when we consider only figu res and neglect the figured 
matter. So geometry is right in studying s imi lar triangles, 
even though two perfectly simi lar material triangles are 
never found. And although gold . . . or salt, and many 
l iqu ids, may be taken for homogeneous bodies, this can 
be admitted only as concerns the senses, and not as if it 
were true in an exact sense. 

The complete or perfect concept of an individual 
substance involves all its predicates, past, present, and 
future . . . .  

Every individual substance involves the whole universe 
in its perfect concept . . . .  

There is no corporeal substance in which there is 
nothing but extension, or magnitude, figure and their 
variations. For otherwise there could exist two corporeal 
substances perfectly similar to each other, which is 
absurd. Hence it fol lows that there is something in 
corporeal substances analogous to the soul ,  which is 
commonly cal led form . . . .  

[ It follows that] Space, time, extension, and motion are 
not th ings but wel l-founded modes of our consideration.66 

This brings us back i nto the world; but, now, the i l l usion that 



mechan ics can g ive a better a nswer than m athematics, re­
specting causal ity, has to. be d iscarded. Leibniz says, that me­
ch a n ics ava i d s  that " Jup iter who. th u nders , "  the deus ex 
machina who. is essen t i a l  far the u n iverse as defi ned by 
Descartes and Newtan, anly in this way: 

In my judgment the best answer, which satisfies piety 
and science al ike, is to. acknawledge that a l l  phenamena 
are i ndeed to. be explained by mechan ical efficient causes 
but that these mechanical laws are themselves to. be 
derived in general fram higher reasons . . .  Once this is 
establ ished, we need nat admit entelechies any mare than 
we admit superfluaus facu lties ar inexpl icable 
sympathies . . . .  67 

The 'Vis Viva' 
The cantinu ity of the physical warld has always been associ­

ated with the "canservatian" af sameth ing.  Descartes thaught 
of the conservation of quantity of motion, as representable by a 
l i ne. Leibniz d iscovered this error and introduced the conser­
vatian af "vis viva, " that i s, s imply  said, the conservation af 
qualitative changes of motions, representable  as a curve. As 
Darwin had m isused Leibn iz's iqea of general conti n u ity, so 
Darwin's friend Hermann Helmholtz reduced vis viva to "en­
ergy," as a fixed substance. B ut Leibniz, in  mathematics, as i n  
physics, ·never talked about canservation of some "thi ng": mo­
tion, metric, geometry, and so on.  Canservation of vis viva has 
the same mean ing as the "conservation af cant inu ity" by in­
vention, after the appearance af the i ncammensurable in the 
domain of nu mbers. 

In mechanics, the a rithmetical l y  " i ncommensurable" is  ex­
pressed in the farm of discontinuity: for example, mechanical 
shacks. It is  a round the issue of shocks, that Descartes's and 
Newton's mechan ics loses its notion of conservation, and of 
causal ity. Far Lei b n iz, that was not a n  i nd icatian of the i rra­
tional ity of the world, but, of a shortfal l  of Newtonian mechan­
ics !  So, he sought a new form of transformatians, capable of 
re-establ ish ing causal ity. Specifical ly, he i ntroduced the con­
cept of transformation of motions into. internal changes of con­
figuration (elastic vibration), or patential energy. 

We real ly  have to see that the two cancepts, "situs" and "vis 
viva," h<i\ve the same root. S itus is what "makes a thing rea l ly  
different/' or the m i n i mal  "ardered i ntervaL "  I n  Leibn iz's cal­
cu lus, this appears as the "d i fferenti a L "  In other words, the 
poi nts are not fi n ite objects, l i ke an X or a Y; they farm a unit 
as (X H y), where the aperatianal symbal, -, represents what 
is  esserltia l ,  ind icati ng a type of transformation .  This u n it, -, 
reflects the characteristic af the "h igher boundary"; as such, it 
is not r. ducible to any fi nal homogenization, ar to a sum of the 
eleme ts transformed. In that sense, it is never a constant, or a 
simple continu ity, or " l i nearity in the smaiL" 

This is often misunderstood, because ane confuses Leibn iz's 
"situs" wh ich is a "bou nded i nfi n ite i nterval "  with what, after 
Augus In Cauchy, became the "derivatives" :  that is, a form af 
l i near easure of that i nterva l .68 U nfortunately, the nation of 
Leibnif's d i ffere nti a l s  learn ed i n  school is d erived fram the 
teachirlg of Cauchy's calcu l us, not Leibniz's. 

The difference is clear if one keeps i n  m i nd, Leibniz's own 
development of a different form of measurement, or his state-

ment about that "higher arder of i nfi n ities," which, later, Can­
tor transformed into his ordered transfi n ites. Any l inearization, 
any constant, i m p l i es a homogeneous space, which Leibniz 
d i scarded as not adequate for physi cs, b ut-and th i s  is  use­
ful-any measure (with l ines or curves) impl ies a l i nearization!  

In mechanics, Lei bniz used the same concepts. The "atam" 
of the physical space becomes a "quantum af change," wh i le 
the configuration of such elements, the general situs, becomes 
the potential energy. The conservation of "vis viva" is then the 
conservation of the "motive power" reflected in a l l  the possi­
ble variations af the i nterva ls (-), and, conseq uently, in the 
change in the configuration or potenti a l .  This  can be seen at 
two levels: 

On level "A ": At the level  of any measuremen t, this be­
comes what Carnot cal led conservatian of the "geametrical 
motions" through use of geodetic or minimal paths, or minimal 
i ntervals (a - b). This  means, a search for the mast effi c ient 
path for the transformation (energy-i nput - work-output). This 
notion is subsumed u nder the name af machine, ar, for a c lass 
of the same type af machines, u nder the name of a technology. 
It is impossible for any such technolagies to gai n  a surplus of 
energy by themselves. That is to say, that energy is considered 
conserved. But, in rea l i ty, at this s imple level, as causal ity was 
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not conserved, and, as conti n uity was not conserved, energy, if 
cons i dered i n  t h i s  way, is a l so n ot conserved i n  physical 
spaces. Leibniz clearly had recogn ized, and used against New­
ton's mechanics, what the modern teaching of physics has re­
discovered as entropy. 

On level "B": The causal relations, expressed in  a technol­
ogy, are necessary and determ i ned (from cause "X" fol lows, 
necessari ly, effect "Y"); but, these relations are not sufficient. 
The sufficient reason, the real causal ity, l ies i n  the power to 
conserve activity, by changi ng the form of the ( input ...... output) 
itself. When one of such types of changes occurs, it becomes 
v is ib le  by its incommensurability with the metrics used for 
measu ring on level "A." We have, thus, changes i n  the total 
function defi n ing the technology. 

We wi l l  clarify this in the concluding section. 
The concept of a u n iversal « -.), an i ndividual ,  i rreducible, 

not-extended, quantum of change, or situs, va l id  for man's 
world, is recapitulated by Leibniz u nder the name of monad. 

This idea of a not-extended existence, a "change" related to 
the h igher boundary, is inconceivable with i n  today's mecha­
n istic trad ition of Newton, Descartes, and Eu ler. But, had 1 9th 
century positivism not margi nal ized Leibn iz's idea, we would 
have had less epistemological d ifficu lty when the concept of 
quantum of action was rediscovered experimentally, by Max 
Planck. The physical  space is not representable even by the 
very flexible "points l inked by strings" of the early Leibniz, and 
the eq u ivalent of E i nstei n .  At the stage of Leibniz's develop­
ment on which our attention is  focussed here, he is now indi­
cating, that "extension" is only one of the many hu man "modes 
of measure." It is not an objective thi ng, with which one can 
associate final causal ity. The space-time of ( ...... ) does not exist 
in any of the given fixed modes of consideration. 

Freedom exists, as many people were forced to recogn ize, 
when they were co nfron ted by b i o l og i c a l  " m utat ions"  or  
"quantum j u mps"; but, customari ly, they took the term "free­
dom" as s ign ify ing arb itrary changes. L i ke Euc l id, they a l so 
overlooked the "higher boundary." The study of human mi nd, 
the third level, where another kind of "mutations" occur, cou ld 
have helped to clarify the notion of causal ity. 

From Mere Individuality to Individual Personality 
[Slouls in  general are l iving mirrors or images of the 

u niverse of created beings, while spirits are also images of 
divin ity itself or of the author of nature, . . .  each spirit 
being l ike a l ittle divin ity with in its own sphere. 
-The Monadology69 

We can now better comprehend Pascal :  the search for the 
total ity brought us to the notion of d ifference, and this led us to 
the one that makes the difference: free with respect to any ho­
mogeneous world around h im, because he is part of a h igher 
bou ndary. E i nstein's notion of "free i nvention," makes it futi le 
to seek a final measure of man's world. But, says Leibn iz, if we 
can not s imply measure the "h igher boundary" as nu mber, or 
extension, we can, nevertheless, d i scover its necessary exis­
tence and impl ication : 

42 

This consideration [singularities in geometry and 
experimental sciencel also shows that there is an inborn 
light within us. For si nce the senses and i nduction can 

Fal l  1 997 2 1 st CENTURY 

never teach us truths that are ful ly  u niVersal, nor what is 
absolutely necessary, but only what is, and what is  found 
in particular examples, and since, nonetheless, we know 
some universal and necessary truths in the sciences, a 
privi lege we have over the beasts, it fol lows that we have 
derived these necessary truths, in part, from what is within 
us. Thus one can lead a chi ld to them in the way Socrates 
did, by simple questions . . .  [emphasis i n  originalJlo 

The inborn l ight was known to many before Leibniz : 

I bel ieve [thisl with Plato, . . .  the School men, and 
with all those who find th is meaning in  the passage of St. 
Pau l  (Rom. 2:1 5)  where he states that the law of God is 
written in our hearts.71 

The general characteristic is  there, when d iscovered, trained 
and acted upon for the necessary changes in our world, when 
one can love that l ight, inborn in us, which makes us persons, 
not merely self- interested i nd ividuals. 

In conclusion, in the final pages, we wish to see how th is 
necessary law, which makes us "privi leged" over the beast, ex­
presses itself as a measure of our only way to l ive humanly i n  a 
non-Darwi n ian  world-in a world which we d id not create, 
and which is not a toy for our pleasures. 

PART 3. THE ONTOLOGICAL DI FFERENCE 
WHICH Is MAN 

Let us imagine the fol lowing two situations, without, for the 
moment, any claim to precision: 

World "A ": 50,000 B .C . ;  1 m i l l io n  h u ma ns;  many ch im­
panzees; many trees; and, for a touch of  charm, a water-pow­
ered computer which has defeated the best local human chess­
player. 

World "B": hopefu l ly, tomorrow; 1 0 b i l l ions humans with a 
colony on Mars; many chimpanzees, many trees, and a pi le of 
rubbish. 

Let us now make what Lei bniz cal led a s imu ltaneous com­
parison of those two worlds, as if we cou ld transport " A" into 
"B . "  This should assist i n  constructi ng someth ing l i ke the fol­
lowing: 

( 1 ) The trees easi ly find a common denomi nator. 
(2) The chimpanzees also have no major obstacles in com­

mun icating, fight ing, p lay i ng, and so on;  but, perhaps some 
"A" and "B" chimps can not produce offspri ng between them. 

(3) The computer of " A" is  the pile of rubbish in "B ."  Life did 
not produce nor conserve it; man produced it, but, e n raged 
about the defeat at chess, did not evolve it, either. Entropy took 
care of it. 

(4) The two sets of humans have big problems in relating to 
each other. They cou ld produce offspring between them, but, 
the " A" people a re frightened and enth u s i ast i c  at the same 
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Life's conservation is assured only through a qualitative dis­
continuity: the formation of individuals with new types of 
characteristics, linked to the use of new types of energy or re­
sources. Neither educated chimpanzees, nor primitive cul­
tures, can build fusion-propelled rockets and colonize the 
Moon and Mars. Here, schoolchildren in Tampa, Fla., outfit­
ted for a mission on their bus, which is outfitted like a Space 
Shuttle orbiter. 

time; they are prostrate before a spokeswoman of the "B" peo­
p l e .  The peop le  of "A" t h i n k  she i s  a goddess! N ot for her 
beauty, but, because she was seen land i ng from the sky, be­
cause she ta l ks about "bu rn i ng water" (fus ion energy), and 
about other worlds up in  the sky, and so on .  Can we establ ish 
continuity between man and "goddess"? 

From the standpoint of the ava i lable visible elements, "No!"  
The humans of "A" and of "B" are incommensurable, although 
in m atters such as Enge l i an hands, and even the rest of the 
body, they are pract ica l l y  the same in extens ion and fo rm. 
Nonetheless, the "goddess" w i l l  not make herself coherently 
i nte l l ig ib le, if  she uses o n l y  external  means of compariso n :  
bodies, rockets, a irplanes, wheels, water, and so forth. She wi l l  
succeed o n l y  i f  she herself is  conscious of the real, h idden sim­
ilarity. Only if she is able to make c lear to the "A" people the 
"god l iness" that human beings have, and always had in them­
selves! Only by making expl icit the existence of the rea/ lnvisi­
ble H and, the specifi c ity of h u m a n  c reative cogn it ion,  can 
continuity be reestabl ished. 

The s imple schema above, points not only to the d iscontinu­
ity in  the development of human cu lture; it also hi nts at some 
d i fferent k ind of d i scont i n u ity in a n i m a l  deve lopment. We 
wish to see a bit better the d ifference, and the s i m i l arity, be­
tween the biological and the cu ltural levels. 

The Biological Monads 
Let us assu me that we observe a you ng, l iv ing  cel l :  It w i l l  

grow, age, d ie. But, l ife c a n  cont inue!  N o t  b y  s imple t ime-re­
versal (once aged, one does not survive by going back to chi ld­
hood), but through prod uction of offspring. This  represents a 
space-time discontinuity, that is, the new cannot be obtai ned 
by any simple extension of the old.  If, then, reproduction con­
t in ues in the same form, with i n  the same species of change, 
l ife w i l l  reach another l i m it i ng point, and cou ld, aga i n ,  face 
exti nction. 

L ife's conservation is  assu red o n l y  through a new d i men­
sion, a new qua l i tative d isconti n u ity: m utation, formation of 
ind ividuals with new types of characteristics, the latter l i n ked 
to the use of new types of energy or resources. To sum it up, a 
cel l ,  to access necessary new energy levels  ( i nvolving hydro­
gen, oxygen, photosynthesis, and so on), to move in the Earth, 
water, and a i r, had to change geneti cal ly .  The total process 
seen s imu ltaneously, wou ld appear as a series of different or­
ders of genetic d i sconti n u it ies .  The causa l  cont i n u ity, the 
higher boundary, is  not recognizable i n  the visible, mere s imi­
lar ity among i nd i v i d u als,  b ut, espec i a l ly, i n  the anomal ies 
added by their  differences, as translated into an i ncrease of the 
reproductive power of life. 

To measure th i s  increase, one cannot concentrate on ly  on 
the energy or metabol ic balance ( input/output) of a biological 
individual, or, of a species. That can indicate the m in i mal con­
dition for a static equ i l ibr ium; but is not sufficient to grasp the 
reproductive potential of l i fe .  In F i gure 4, we try to represent 
the fu l l  process schematical ly;  we see that any s imple expan­
sion ( l i ne L) of ind ividuals,  or species, reaches a l i mit  (1\), the 
so-cal led ecological "carry i ng capacity," which, in turn, indi­
cates the maximum possible popu lation density. I n  contrast to 
Malthus's assumptions, even for a n i mals, K is not necessari ly 
constant; on the contrary, it  is defined as a variable--KI' K2, 
and so on .  Only th is "vertical"  motion of K, i nd icates the i n­
crease i n  the reproductive powers, and can be ca l led an in­
crease i n  the "economy" of  l ife. 

It is clear that these i ncreases, these "absolute" changes, are 
not the domain,  or the responsibi l ity, of the biological i nd ivid­
u a l  or  spec ies.  The agency is so l e l y  what we ca l led " L ife, " 
through the process of i n ner "genetic" changes of the individu­
als, with the resu lti ng macro-speciation .  A process which ap­
pears to observers as prec ise ly  " i ndeterm i n ate," as if  "above" 
the simple energy balance of the i nd ividual 's environment, l ies 
in the domain of the individual 's apparent decis ion to generate 
h igher an imals. The biological m i n i mal  e lement, as carrier of 
such a "quantum of change," could be considered as a kind of 
Leibnizian monad, never equal to another, nor homogeneous 
with whatever fixed total ity we use to classify it. 

Some an imal  societies and proto-cu ltures exist, but at that 
level, they have no capabi l ity for expanding thei r  economies. 
At best, all they can do, is to d iscover some better, non-genetic 
adaptation to the given m i l ieu, to i ncrease their share. The ani­
mal is cu ltural ly constant, and b iological ly variable. 
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Figure 4 
SCHEMATIC OF REPRODUCTIVE POTENTIAL OF L IFE 
When any simple expansion of individuals or species 
reaches a supposed limit, K, the 50-called carrying capac­
ity, in reality, contrary to Malthus's assumptions, this lim­
it is variable. This vertical motion of K-Ko' Kl ' K2 . . .  
-indicates the increase in reproductive powers-an in­
crease in the "economy" of life. 

With Friedrich Sch i l ler, we could now say: 

Nature begins with Man no better than with the rest of 
her works: she acts for h im where he cannot yet act as a 
free inte l l igence for h imself. But it is just this that 
constitutes his humanity, that he does not rest satisfied 
with what Nature has made of him, but possesses the 
capacity of retraci ng again, with his reason, the steps 
which she anticipated with him, of remodel l ing the work 
of need into a work of his free choice, and of elevating 
physical into moral necessity.72 

The Spirit Monads 
Man went from water mi l l s  to water-based fusion-power, he 

moved on Earth, in water, in  the a ir, to new planets, without 
any major genetic change. The total process, seen in s imu l ­
taneity, would appear as  one biological i nd ividual, expressed 
in a series of cu ltura l  d isconti n u ities. The causal conti n u ity, 
the h igher boundary, is  translated into the i ncrease in the cre­
ative power of cogn ition, reflected i n  each single human be­
i ng .  Man is biologica l l y  constant and cu ltu ra l l y  variable. I n  
F igure 5 ,  we see that the ecological "carrying capacity" repre­
sented by KI' K2, . • .  , here is made variable, with an increase 
i n  h u m a n  rep rod uct ive powers a n d  pop u l at ion  dens ity, 
through the creation of new species of technologies, d iscov­
ered by individual human beings. 

The disconti nu ity of the process can be qu ickly grasped with 
an example. A windmi l l-based economy, no matter how much 
one increases the s ize of windmi l ls, can not bring man to the 
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Moon !  There are i ntri nsic l i m its, which a lso define the maxi­
mum poss ib le  density of the popu lation . An economy based 
on fusion energy can bring man even to Mars, and al low an i n­
crease i n  the popu l at ion dens i ty .  The fu s i o n  economy be­
comes incommensurable, if  measu red with static parameters 
l i nked to the wind economy, 

·
and so does its workforce and 

cu lture. 
As for l ife, so for human economy, the measure of the repro­

ductive power can not be based on s imple balances based on 
an ind ividual machi ne's, or a technological level's relation to 
popu l ation-dens ity. Any g iven technology a lways impl ies a 
possible overpopu lation, i n  prehistory, or today. But, now, it is 
man hi mself, who can avoid reaching Malthusian-Darwi n ian 
l im its, can avoid the c i rcumstances which wou ld impel him to 
compete with one another for adequate l iving space, or, to k i l l  
one another for i t .  Man,  un l ike any other biological species of 
ind ividual, does not have to wait for l ife to produce a biologi­
cal mutation to enable the use of new resources. Man has the 
power, the agency, to directly increase the ecological carrying 
capacity as-but more than-l ife itself does. 

If we real ly want to make meani ngfu l comparisons, then we 
cannot compare man with other kinds of biological i nd ividu­
a ls ;  we Q1ust compare man as a spec ies with what Le ibn iz  
cal led the L ife-monad itself. Our conti nuation of  the vertical 
motion of K, i nd icates our conscious contribution to the i n­
crease i n  the reproductive powers of the total economy of the 
human world .  Our contri bution to such "absolute" changes, 
the i ncrease of "carry i ng capacity,"  is  the resu lt of an i n ner 
process, the " i n born l ight with i n  us," the ind ividual power of 
creative cogn ition. 

"We cannot wait and react. We can defend 
our world only by continuously enlarging it, 
through a culture which takes seriously the 

meaning of the 'inborn l ight.' " 

As h u m a n  i nd i v i d u a l s, we each a l so p arti c i pate i n ,  and 
are, from wi�h i n ,  necessitated by a h igher doma i n  which is 
no longer mere ly  l ife. As such we are abso l utely i nd ispens­
able, and not a s imply substitutable part of any socia l  or bio­
logical tota l ity: each newborn is  a specific contribution, and 
each death a terri b le  loss. In that sense, we also can, each, 
be seen as a Lei bn iz ian  monad, but a spir i tual  monad . I t  is 
t h i s  w h i c h  w i l l  appear i n d eterm i n ate, and "outs ide"  any 
measurement of the economy which takes i nto consideration 
o n l y  technolog ica l  levels,  or  b i ologica l  man in re lat ion to 
the environment. 

This l ight with i n  us, cannot be either created, or destroyed, 
socia l ly, or biological ly .  But its use, transm ission, conscious­
ness, increase, or paralysis, is accompl i shed soc ia l ly through 
culture, and it is the rel ative power to foster-or even to re­
duce-th is potential which defines the differences among cul­
tures. The height of a c iv i l i zation does not tel l  us a utomati-

72. Friedrich Schiller, On the Aesthetic Education of Man in a Series of Let­
ters, translated by Reginald Snell (New York: Frederick Ungar Publishing 
Co., 1 965), Third Letter, pp. 27-28. 
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Figure 5 
TECHNOLOGY'S I MPACT ON POTENTIAL 

POPULATION DENSITY 
The ecological "carrying capacity, " represented by K1 , 
K2, . . .  , increases discontinuously, as a result of man's 
ability to discover new species of technology. 

ca l ly  its potent ia l  to surv ive, as we know from h i story. The 
simple sum of mach ines and the energy level or technological 
level reached, tel l  us  o n l y  the given "carry i ng capacity," the 
rel ative popu lation dens ity. Th is  is crucia l ,  but if  man stops 
acting to change it, to increase it, nature wi l l  take over, by re­
veal i ng col lapses, overpopu l at ion,  and so forth .  What i nd i ­
cates the qual ity of  a culture, is  the potential it has  to learn, to 
val ue, to love and create the conditions for the use of the in­
ner h u m a n  resou rce n eeded at any l evel  of d eve l opment, 
needed to make the necessary increases in the relative popu­
lation density. 

The motivation to act in this d i rection, cannot be left to sim­
ple i mpu lse, nor self-i nterest which d issociates truth from emo­
tion as a pagan ritual does. Even merely good i mpulses, l i ke a 
strong response to a catastrophe, do not suffice. 

E i nstei n  o nce w rote that h i s  first m ajor  d iscovery (specia l  
relativity), was sti m u lated by the  need to  solve an anomaly in  
N ewtonian physics. But, he added, there was no visible anom­
aly which pushed h i m  to h is  second major d iscovery (general 
relativity) . He a rrived at it after he had decided to see where 
the limit of the first d iscovery lay:  where the fi rst theory, as 
any theory, wou ld break dow n .  A society, i n  a sense, has the 
same moral imperative to search for truth. To be able not sim­
ply to react to, but to anticipate catastrophes, one must know 
in advance. 

We a re not ab le  to pred i ct, as if  in a magic world, or in a 
Newtonian determi nism; but, one can see where a given level 
of carrying capacity breaks down. This is  ind icated not only by 
the a l ready v i s ib le  h u man d i sasters around u s :  m igrations, 

poverty, starvat ion,  b ut, a l so, for examp le,  by the fact that 
earthquakes can sti l l  k i l l  thousands of people. We have to be 
able to know what we are at present not able to do, given no 
better than present knowledge. This, a lone, can tel l us where 
we stand. 

We see that l i fe does not wait u pon the bureaucracy. We 
know about terri ble new v i ruses, about bacteria that have be­
come resistant to antib iotics. So we can never say: "We have 
arrived, we can just adm i n ister." On the contrary, we have to 
keep al ive the flame of the cont inuous i ncrease in our cultural 
potential, and its real ization as i ncrease in carryi ng capacity. 
Th is is not a s imple socia l  automatism, nor a matter on ly  for 
the science department; i t  i nvolves the total human being, a l l  
the departments, but, especial ly, it requ ires the risk of  al lowing 
man to be determi ned from the inside. 

If the un iverse were a machine, or if we were just objects of 
natural evol ution, we wou ld need no moral responsib i l ity-the 
world wou ld s imply dec ide for us.  In such a world, our econ­
omy, culture, and j udgment cou l d  be a s imple artific ia l  con­
ventio n .  As many a l ready do today, one cou ld concentrate 
on ly  on the p leasu re of exerc is ing  power over other people. 
But, that is not ou� world; that is a suicidal choice of dominant 
political ideology. 

"Only man has learned the intrinsic 
l imit of the protracted use of any simple 

discovered tool or theory over many 
generations. Only man has discovered 

that he had to learn how to 
willfully evolve superseding discoveries, 

tools or theories." 

In conclus ion,  let me ask:  Is  life, as we know it on Earth, 
se lf-suff ic ient ?  A co l l i s i o n  w i t h  an astero i d ,  a c ha nge i n  
Ea rth's  magnet ic f ie ld ,  the evo l ut ion  o f  the S u n ,  o r  other 
causes, cou l d  d ramati c a l l y  change, or destroy, the biologi­
ca l  l i fe o n  our p l a n et .  In  any such event, n o  c h i m p  cou ld 
help;  but ne ither cou ld a c u ltu re, which had gone back to 
the use of wind m i l ls, nor an economic ideology in which an 
imag i nary President m ight decl are :  " Dear c itizens, we know 
that a large comet is  about to h it the Earth . You can fol low it 
on the I nternet! We have the techno logy to stop it, but we 
a re not able to i ncur  any more debt; we have no money to 
stop i t !"  

We cannot wait and react. We can defend our  world only 
by continuously en larging it, through a culture which takes se­
riously the mean ing  of the " i n born l ight." The monads of vis 
viva, l ife, and cognition are different, but the differences, and 
thei r p re-esta b l i shed harmo ny, te l l  us,  a lthough in but a 
g l i m pse, of the n ecessi ty and the joys l i n ked to the h igher  
boundary of  the best of  a l l  possible worlds. 

Dino de Paoli, based in Hannover, Germany, has written 
widely on the history of science. This article is an expanded 
form of presentations given at the universities of Milan and 
Paris in February 7 997, sponsored by the Schiller Institute. 
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D 
ino de Paol i  had i nvited my comment on those areas of 
h is  artic le i n  which he m ade d i rect, or impl ied refer­
ence to my work on the subject of evolution . '  Examin­

ing his manuscript, I fou nd only one point which would bene­
fit, in a relevant fashion, from the addition of my ampl ification. 
That point is, the Platonic concept of a self-bounded domain, 
as this occupies the center of the systematic thought of Plato, 
N icholas of (usa, Kepler, Leibniz, and Riemann, and is at the 
center of my own d iscoveries in the field of physical economy. 

I th ink  that the parade of ideas represented by de Pao l i ' s  
man uscript, i s ,  by itself, fu l ly  adeq uate for t h e  specific l i ne of 
argument he develops there. Therefore, I concluded that the 
appropriate p lace for my added poi nts of emphasis, wou ld be 
an epilogue to his work. 

As de Paol i  touches repeatedly  upon this poi nt in h is paper, 
the fi rst known notion of a self-bounded dom a i n ,  appears in 
the work of Plato.2 After Plato, that conception fi nds a central 
posit ion in writ i ngs of St. August i n e, is the center of work 
founding modern experimental physics, N icholas of (usa's De 

Danish astronomer Ole Roemer (1 644- 1 7 1 0)  and one of his 
astronomical instruments, the Machina Domestica (House 
Instrument}. Roemer, who collaborated with both Leibniz and 
Huygens, discovered the finite velocity of light, determining 
its value to a remarkable degree of accuracy. 
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docta ignorantia, is the kernel of Johannes Kepler's method for 
determin ing the solar orbits, and, is the heart of the method of 
Gottfr ied Lei bn iz .3 It i s  the central feature of Bern hard Rie­
mann's revol utionary, 1 854 habi l itation dissertation, and spi l l s  
over, from there, i nto Al bert E i nstei n's notion of relativity. I t  is 
the central feature of a l l  those port ions of my own work, i n  
which I address t h e  subjects o f  cognit ion, evo l ution, a n d  the 
physical-economic notion of "anti-entropy." 

Th is conception of the bou nded domain, acq u i red its most 
rigorous expression in P lato's later writings. This lead ing fea­
ture of a l l  those dialogues, appears by way of the central onto­
logical paradox-the One-Many paradox-introduced i n  his 
Parmenides.4 That dialogue was a central point of reference for 
Gottfried Leibniz .  It is the point of departure for add ressing the 
subject of self-bounded domains, here. 

1 .  Boundedness: The Case of Simple Hypothesis 
G iven, a series of transformations in su ndry ki nds of objects, 

which is more real, the i nd ividual objects of that series, or the 
u nderlying process of transformation which orders the changes 
i nvolved ? What is the One u nder ly ing pr inc ip le  of change, 
which, in this way, su bsu mes the Many e lements with i n  that 
series? De Pao l i 's paper makes repeated references to the ap­
pearance of this Platon ic conception in the work of Leibniz. 

The sol ution to that Paimenides paradox is  the ind ispensable 

precondition for comprehension of any i ntrinsical ly non-l inear 
process, such as d isti ngu ish i ng, functional ly, between l iv ing 
and non-living processes, and between the mental processes of 
men and monkeys. O n  th is  accou nt, the imp l ications  of the 
Parmenides paradox occupy a central position i n  all of my ref­
erences to the scientific pr incipl es on which competent eco­
nomic stud ies depend abso l ute ly .  S i nce 1 9 5 2 ,  my most fre­
quent references to this Platonic principle, have been keyed to 
the form in which that is presented in Bern hard Riemann's  
1 854 habi l itation d i ssertat ion, the paper which fou nded the 
fi rst true non-Eucl idean geometry.s For the purposes impl icit in 
de Paol i's paper, the best choice of my recent treatments of this 
matter, is my "The Essential Role of 'Time-Reversal' i n  Mathe­
matical Economics."6 

That much said as a matter of requ i red i ntroduction, we now 
proceed to construct the relevant argument u nderlying the no­
tion of self-bounded domains. 

I n  any rational system of thought, such as the geometry of 
Eucl id, Socratic method shows, that the poss ib i l ity of consis­
tency among those propositions which we treat as theorems, 
depends u pon a d iscoverable  set of axiomatic assu m ptions, 
such as add u c i b l e  defi n it ions,  axioms, and postu l ates. The 
Classical term identifying such a set, is "hypothesis." The set of 
defi nitions, axioms, and postu lates associated with a Eucl idean 
geometry, is to be recogn ized as a case of simple hypothesis. 

The col l ection of theorems associated with such u nderlyi ng 
assumptions, is usefu l ly  described as a "theorem-Iattice." Once 
such a simple hypothesis, such as a Eucl idean one, is adopted, 

. th'e standard. which a propos it ion m ust meet, to qua l ify as a 
member of that l attice, is that it must not contradict the exis­
tence of any among the set of defin i tions, axioms, and po stu­

. lates of the relevant hypothesis. 
That theorem-lattice, so bounded, and subsumed, by its hy­

pothesis, constitutes a simply bounded domain. If the hypothe­
sis itself cou ld be incl uded with i n  that array, the result wou ld 
represent a self-bou nded domai n .  For reasons which de Pao l i  
references in his publ ished work on the  relevant d iscoveries of 
Georg Cantor and Kurt Godel, no formal, deductive-inductive 

1 .  Dino de Paoli, "Was Darwin an Evolutionist, or Just a Social Reformer?," 
21st Century Science & Technology, Fall 1 997, p. 26. 

2. Most notably, in his Timaeus. 
3. As de Paoli references this: Gottfried Leibniz, "Correspondence with Ar­

naUld," in Gottfried Wilhelm Leibniz: Philosophical Papers and Letters ed. 
by Leroy E. Loemker (Dordrecht: Kluwer Academic Publishers, 1 989) 
[hereinafter referenced as "Loemker'1, pp. 331 -350. 

4. Between the ages of 12 and 18 years, I engaged in an intensive course of 
study, in chronological order, of the most celebrated 1 7th and 1 8th cen­
turies' philosophers of England, France, and Germany, from Francis Ba­
con through Immanuel Kant. By mid-course, I had become a follower of 
Leibniz; I occupied the last two of those years both studying Immanuel 
Kant's Critique of Pure Reason (in English translation), and refuting its im­
plicit attacks upon the standpoint of Leibniz. It was from study of Leibniz 
that I learned the method of Plato; moreover, everything subsequently 
learned in this matter, assures me that Leibniz's view of Plato is the cor­
rect one, and contrary readings in error. From that standpoint, the Repub­
lic is indispensable for grounding one's approach to the later works. On the 
authority of principles of certainty which I define in these pages, these later 
works of Plato, - I  know, with certainty, address the implications of the onto­
logical paradox posed in the Parmenides. 

5. Bernhard Riemann, Uber die Hypothesen, welche der Geometrie zu 
Grunde liegen ("On the Hypotheses Which Underlie Geometry"), in Bern­
hard Riemanns Gesammalte Mathematische Werke, ed. by H. Weber 
(New York: Dover Publications reprint, 1 953), pp. 272-287. 

6. Executive Intelligence Review, Oct. 1 1 ,  1 996, Vol. 23, No. 41) .  [Also, in Fi­
delio, Winter 1 996 (Vol. V, No. 4)]. 
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Figure 1 
ERATOSTHENES' METHOD 

OF MEASURING THE EARTH 
In the third century B.C., the scientist Eratosthenes mea­
sured the shadow cast by the Sun, on identical sundials 
at the Egyptian cities of Alexandria and Syene, about 
490 miles directly south of Alexandria. The gnomon of 
each sundial was perpendicular to the Earth, and the 
measurements were taken at noon on the day of the 
summer solstice. There was no shadow at Syene, but a 
shadow of 7.20 at Alexandria. 

From this anomaly, Eratosthenes knew that the Earth 
had to be a spheroid-2,300 years before anyone had 
actually seen the evidence from space. Knowing the 
distance between the two cities, he was also able to cal­
culate the Earth 's circumference to be about 24,500 
miles. The significance of Eratosthenes' experiment is 
not the remarkable accuracy with which he was able to 
compute the circumference of the Earth, but his demon­
stration that knowledge is not based on experience, but 
on investigating the paradoxes in our experience. 

Eratosthenes' discovery contains the germ of the es­
sential principles common to all valid, fundamental ex­
perimental discoveries of universal physical principles. 

system, such as a Euc l idean geometry, could satisfy the re­
qu i rements of a self-bou nded domain.?  Nonetheless, the rela­
tions between the theorem-lattice and hypothesis, even as they 
appear in a deductive-inductive domain, are worth examining, 
as a preparatory step toward comprehension of actua l ly  self­
bounded domains. 

Anyone who reca l l s  the experience of a "pre-New-Math" 
education in C lassical Euc l idean geometry, could reflect on 
the fact, that the pedagogica l ly effic ient chain of l esson-plans 
ordering the theorems of that curriculum, form a sequence. Ex­
tension through any orderable sequence, connotes the func­
tional notion of relative time. The working point here, is that, 
although the theorems may be thus orderable in relative time, 
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the hypothesis which u nderl ies the generation of those theo­
rems, does not change from the first to last element of that ped­
agogical sequence: The hypothesis has the qua l ity of relative 
timelessness; that hypothesis exists simultaneously in a l l  t imes 
and places which might be occupied by the occurrence of any 
present or future theorem of the corresponding theorem-l at­
tice. Thus, because of this consideration (s imu ltaneity), and, 
also, of the notion of hypothesis as "efficiently u nderlying" the 
whole existence of the theorem-l attice, the relatively timeless 
hypothesis "bounds" the enti rety of the v i rtual space-time do­
main coincident with that lattice. 

I i magine the commonplace expression i n  today's U . S .A., 
wou ld be: "Switch channels for just a moment." De Pao l i  ref­
erenced, repeatedly, passages i n  Leibniz's writi ngs i n  which 
Leibniz was expressi ng an app l i cation of Plato's Parmenides 
conception; and, sometimes, also, the Classical Ch ristian con­
ception of God as dwel l ing with in  His u n iverse (not outside it). 
However, G od dwe l l s  not with i n  the confi nes ("bounds") of 
time and space, but, rather, exists pervasively in "the un iversal 
simu ltaneity of eternity" of His  entire Creation. That is the kind 
of conception toward which we are working our way, step by 
step, here. The "relative timelessness" of even simple Socratic 
hypothesis, al ready contains the germ of the conception which 
Leibniz knew as "simu ltaneity of etern ity."s 

Now, that said, back to where we left off before this i nterpo­
lation . Move ahead, from the case of s imp le  hypothesis, to 
h igher hypothesis. Focus upon the case of Bernhard Riemann's 
revo l ut ionary d i scove ry : a genera l ized not ion of physical 
geometry. 

2. How the Human Mind Actually Functions: 
Higher Hypothesis 

Imagine that you are the most celebrated fel l ow-sc ientist 
among Arc h i medes' contemporar ies and c o l leagues,  the 
mathematician Eratosthenes, from Plato's Academy at Athens. 
Eratosthenes was, during the time of his correspondence with 
Archimedes, the lead ing scientific mind  of Egypt. Among Er­
atosthenes' n u merous other revolutionary d iscoveries of un i­
versal principle, he conducted an experiment which not only 
proved that the Earth was approximately spherical-not flat­
but also gave h im a remarkably good estimate for the size of 
the Earth .9 I n  fact, th is  d iscovery i n  the field of geodesy, dur­
ing the t h i rd centu ry B.C. ,  made poss i b l e  the construction, 
about 1 7  centuries later, of the world map drawn by Nicholas 
of Cusa's associate Paolo Toscanel l i .  The latter was the same 
map which Col umbus used to plan h is  fi rst, 1 492, voyage of 
discovery to the Caribbean. lO  The specific importance of that 
d i scovery by E ratosthe nes, for o u r  p u rposes here, is that it 
contains with i n  it the germ of the essential principles common 
to all va l id fundamental, experimental d iscoveries of u niversal 
physical principles. That is the principle, as developed by Carl 
F .  G a uss, u po n  w h i c h  R i e m a n n  based h i s  revo l ut ion i n  
physics; w e  reference that experiment here t o  i l l u strate Rie­
mann's principle. 

"Is the Earth flat?" That is  to say, if a p lumb-bob on a string 
poi nts downward, cou ld we construct, at a level below any 
part of the Earth's water-level surface, a plane which would al­
ways i ntersect, at right angles, a l l  of the l i nes extended from al l  
p lumb-bobs? If so,  then,  we cou ld also construct a plane just 
sufficiently above any local region of the Earth's ground/water 
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Figure 2 
WHAT DID ERATOSTHENES HAVE TO KNOW? 

At first glance, Eratosthenes' experiment seems simple to replicate: Find a partner about 500 miles north or south of you, 
and measure the shadow of the Sun at a predetermined time on the same day. But, if you put yourself in Eratosthenes' 
shoes, you see how much thinking about geometry and celestial mechanics are involved in this experiment. 

For example, to determine the time of the summer solstice, requires much observation, over years. And once you deter­
mine that the daylight hours are longest on the solstice, there is the question of why this is the case. What is the relation­
ship of the Earth to the Sun ?  What is the relationship of angle and circular measure? Why can you assume that the Sun's 
rays are parallel when they hit the Earth ? If the Earth were flat, would there be any shadow at Alexandria ? How do shad­
ows on a sundial change over the course of a day? 

su rface, that it wou ld always be at approximately right angles 
with a l l  p l u m b-bob l i nes, and yet never more than mere ly  
touch the surface of  earth or waters, tangential ly, i n  that local­
ity. Choose a region along the N i le from Aswan to Alexandria. 
Select the direction of this l i ne to correspond to an astrophysi­
cally determ ined south-north d i rection.  Define noon, as the in­
stant the shadow cast by an u pright pin (as al igned by a plumb­
bob) l ies along that south-north l i ne .  Now, as the Sun appears 
to move from east to west, cons ider  the area swept by the 
shadow of the pin upon a su rface which always l ies at a right 
angle to the p lu mb-bob l ines. This shadow wi l l  define the rele­
vant sector of a c i rcle.  The p lane of that sector, then, defines 
the supposed "flat Earth ." 

Measure the distance from Aswan to Alexandria along the 
south-north l i ne. 

Construct a n u mber of v i rtu a l l y  ident ica l ,  hem ispherical  
sundials .  Place a straight pin (gnomon), whose upward orienta­
tion is to be supp l i ed by a p l u m b-bob, at the South Pole of 
each s u c h  hemisphe re ( po i n t i n g  a l o n g  a p l u mb-bob l i ne,  
downward). Mark the interior of each of the hem ispheres simi­
larly, to measure the angle of the shadow cast by the pin .  Place 
these sundials at measured intervals along the south-north l ine 
between Aswan and Alexandria. Consider the point in time at 
wh ich the shadow of the pin is cast in the northerly d i rection, 
to be defined by the experiment, as the same ti me at wh ich the 

7. I knew Leibniz's notion (and, therefore, Plato's) of "simultaneity of eternity" 
as a self-bounded domain, from my adolescent studies. A new line of ap­
proach, the one represented here, was opened up for me by an early 1 952 
review of my then ongoing discoveries in physical economy from the 
standpoint of first, Georg Cantor's notion of the transfinite, and, then, later 
that same year, a rereading of Riemann's habilitation dissertation from the 
vantage-point in physical economy which Cantor had assisted me in 
achieving. 

8. Cf. de Paoli, 'Was Darwin an Evolutionist? ," Part 2, passim. 
9. "XVIII. Eratosthenes," in Greek Mathematics, trans. by Ivor Thomas, "Loeb 

Classical Library" (London: William Heinemann Ltd. ,  1 980), pp. 260-273. 
1 0. Ricardo Olvera, "Columbus and Toscanelli," Fidelia, Spring 1 992. 

Kenneth Murray/Photo Researchers 
A 1 734 sundial in an astronomical observatory built by Jai 
Singh in Rajasthan. 

same effect is seen in each of the other deployed sundials:  si­
multaneity. (See Figure 1 .) 

Now, compare the marked angles defined, s imu ltaneously, 
by the shadows of the pins of each and a l l  of the sundials.  The 
angles are different; the difference is ordered, south-north, by a 
consistent difference of "more than" that shadow cast by the 
preced ing su ndia l .  If the Sun were a large object, located at a 
great distance from a presumed "flat" Earth, the angles ought to 
appear no wo rse than very near ly  eq u a l ,  accord i n g  to the 
proposition expressed by the design of the experiment. Express 
copies of each and a l l  among these angles, as sectors of a c ir­
cle. Shade-in the sector of that circle defined as the difference 
between the smal lest and largest of these angles .  N ote the 
length of the arc of the c i rc l e  defi ned by that shaded area of 
d ifference. Now, that latter arc corresponds to the idea of the 
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distance between the rela­
tively most southerly, and 
relatively most n orther ly 
p lacements of the sund i ­
als. 

By the principle of simi­
lar f igures, the E arth is 
shown to be a spheroid,  
and the l en gth of the ap­
p roxi mate G reat C i rc le ,  
defi ned by the  experi­
ment's south-north d i rec­
tion, can be est imated by 
treating the arc in question 
as an arc of that G reat Cir­
cle. Eratosthenes' estimate 
for the polar d iameter of a 
spheroid-Earth, was off by 
a marg i n  of about 5 0  
miles. l l 

The pu rpose of supply­
ing this description, here, 
is  to demon strate, that i n  

A n  adaptation of Paolo Toscanelli's 1480 map. The geodesic work of Eratosthenes during the third 
century B.C. made possible the construction, about 1 7  centuries later, of this world map, which 
was used by Christopher Columbus to plan his first, 1492, voyage of discovery to the Caribbean. 

the scientific method developed by Plato, and also such among 
h i s  co l labo rators as Theaetetus and E udoxus, there is con­
tained the germ of the same principle upon which N icholas of 
Cusa based the launching of the modern experimental physics 
of his fol lowers Leonardo da Vinci, Johan nes Kepler, Gottfried 
Leibniz,  et al.; the same pr inc ip le  at the fou ndation of Carl 
Gauss's d iscoveries· in astrophysics, geodesy, and geomagnet­
ism; the same principle of experimental physics expressed QY 
Gauss's development of the theory of cu rved su rfaces out of 
h i s  work on b iquadratic res idues, a l l  th is  the work of Gauss 
upon which Bernhard Riemann premised the discovery of the 
first true non-Eucl idean (for example, physical) geometry.1 2 

Look again at Eratosthenes' experiment, from this modern 
vantage-poi nt. 

As we i ndicated, the design of the experiment conformed to 
testing the "flat Earth" assumption. In other words, an assump­
tion that the subject of the experiment lay with in a two-dimen­
sional phase-space. The evidence showed a deviation from sim­
ply l i near extens ion,  req u i r i n g  the i ntroduction of a th i rd 
d i mension, a three-d i mensional phase-space. As N icholas of 
Cusa showed the transcendental nature of pi (n), in demonstrat-

1 1 .  Thomas, op. cit. Readers should attempt to replicate this simple experi­
ment with means corresponding to those available in third-century B.C. 
Egypt; thus, they would learn respect for the degree of precision achieved 
by Eratosthenes, and in Columbus's map of the world, the one drawn by 
the Paolo Toscanelli, who also instructed Columbus on some relevant 
points, in their correspondence. 

1 2. B. Riemann, on his specific debts to Carl Gauss for the sources of his own 
revolutionary discovery, op. cit., pages 273 (biquadratic residues) and 276 
(curved surfaces). The prime Gauss references are (originally): On biqua­
dratic residues, the famous, variously translated Theoria residuorum bi­
quadraticorum [first treatise, 1 -23, 1 828; second treatise, 24-76, 1 831 -32]; 
on curved surfaces, the ·Copenhagen prize essay" of 1 822, and the vari­
ously translated Disquisitiones generales circa superficies curvas of 1 828: 
Carl Friedrich Gauss Werke (Hildesheim-New York: Georg alms Verlag, 
1 981) ,  Vols. I ,  I I ,  IV. German translations of the two parts of the paper on 
biquadratic residues are found, in Untersuchung uber H6here Arithmetik 
von Carl Friedrich Gauss, ed. by H. Maser (New York: Chelsea Publishing 
Company, 1 981 ), pp. 51 1 -586. 

1 3. De docta ignorantia ( 1441) .  See, Lyndon H. LaRouche, .Jr., "On The Sub­
ject of Metaphor," Fidelia, Fall 1 992. 
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Andrew Spannaus 

Nicholas of Cusa 's associate, Paolo Toscanelli, designed this 
measuring gauge for his gnomon, inlaid in the floor of the 
Cathedral of Santa Maria del Fiore in Florence. The upper part 
of the instrument, placed 90 meters above, in the lantern of 
the cathedral cupola, projects an image of the Sun. The two 
circles and the thin lines to the right are brass inlaid in marble. 
The small circle was used by Toscanelli himself. The Latin in­
scription, written in 1 5 1 0  a fter Toscanelli's death, reads, 
" 1 5 1 0, First Day of the Ides of june/' the day of summer sol­
stice in the calendar at that time. 

ing that the sides of a many-sided regular polygon could never 
coincide with the circumference of the circle inscribing it, 1 3 the 
fact that the Earth's su rface is cu rved, not flat, shows that at 
every smal lest infinitesimal interval along any attempted l inear 
extension of the tangent to that su rface, the two d imensions of 
the tangential plane are rendered d isconti n uous (that is, "non, 
l inear") by the causally efficient, "bending" presence of the third 
dimension. This feature of Eratosthenes' exper iment, becomes 
crucial  in that work leading through Gauss's contributions into 
Riemann's employment of Leibniz's pri nciple of Analysis Situs, 
to generate the discovery of the first true, "non-l inear," physical 
geometry. 



Now, focus sharply upon the question :  "What is the kernel 
of th is experimental method?" That kernel is, that all val idata­
ble discoveries of a new physical princip le, are each derived 
as the generation of original conceptions which resolve an ex­
peri mental paradox of the fol lowing general specifications. 

In each case, as in  the referenced case of Eratosthenes' exper­
iment, we approach the experimental subject-matter burdened 
with the freight of our pre-establ ished opi n ion:  at best, with a 
wel l-grou nded hypothesis, as we have defi ned the notion of 
simple hypothesis above. However, we have added something 
else. In  the first type of instance, we confront our pre-establ ished 
mind-set with a fact which is as bel ievable, by its nature, and by 
the same methods of observation which we have employed to 
support our pre-existing hypothesis. We are able to show, and 
that in a fash ion to which our pre-establ ished bel iefs could not 
object, that the d istu rbing fact has the same kind of experimen­
tal authority as we have supposed our pre-establ ished hypothe­
sis had had up to this time. However, the efficient existence of 
the new fact introduced, can not be accepted as a valid theorem 
of the pre-established hypothesis. Thus, these two, equally vali­
dated sets of facts, can not co-exist in  the virtual u niverse which 
we had bel ieved we i nhabited. A true paradox. 

Plato's Parmenides is exemplary. Do the terms of the series 
exist? "Without doubt." Does the difference among the terms 
of the series exist? "Also, without doubt." Do these two ki' nds 
of facts i n habit  the same u n i ve rse? " I t  can not be den ied ."  
Then, the com monal  i ty  of  the terms of  the seri es, is the  ad­
ducible commonal ity of thei r d ifferences? "Yes" (perhaps, one 
hears a tone of reluctance). Then, thaf commonal ity exists? Si­
lence: paradox. Then, that commonal ity subsumes the co-exis­
tence of t�e terms and their differences? Stunned si lence: Once 
again,  by means of ontological paradox, we are compel led to 
cross over from the v i rtual rea l ity of mathematical formal ism, 
into Riemann's "domai n  of physics," science.14 

Confronted with such paradoxes, successfu l or ig ina l  d is­
coverers have generated ideas which prove to be sol utions. If 
we are able to val idate these ideas exper imental ly, we ca l l  
these ideas "new physical principles." The problem is, that al­
though we are able to prove the existence of the di scovered 
principle by experimental methods, we can not represent ex­
pl icitly, in mathematics, or in any other medium of communi­
cat ion,  the menta l  processes, e nt i re l y  with i n  the ind ividual  
mind, by means of which such val id  ideas are generated. This 
process of d iscovery, entirely with in  the sovereign recesses of 
the ind ividual discoverer's cognitive processes, can not be de­
graded for representation, into a form of analysis which could 
be explicitly represented with i n  the bounds of words or math­
ematical procedu res. 

We can represent the object, the d iscovery, produced, as it 
may be expl icitly presented as an experimenta l ly  val idated so­
l ution for the expl i c it ly stated relevant paradox; but, we can 
not satisfy the demands of the smelly street-beggars of formal 
logic and sense-certainty, to produce a representation of cog­
n ition wh ich  is agreeable to the i r  p rej u d i ces . The fact that 
these ideas can not be expl ic i t ly  represented in such ways, 
mis leads such misgu ided persons, who are sometimes known 
as empir ic ists, posit ivists, or soph ists, i nto argu i ng, that th is  
d ifficu lty sign ifies someth i ng defective i n  th is  c lass of ideas. 
"Perhaps, " they argue, "these k i n d s  of ideas are o n l y  a i ry, 
mystical fantasies." 

Such critics behave very foo l ishly.  U n l i ke the empiricists, re­
a l ly i nte l l igent people know these k i nds of ideas far better, 
with far greater scientific certainty than anyone cou Id know 
sense-impressions as such. The proof of that latter fact, is read­
i ly  demonstrated to i ntel l igent, competently educated school­
chi ldren.  This statement i s  to be recognized as representing a 
paradox about paradoxes and their solutions. 

This extraord inari ly  relevant, 'and most i m po rtant paradox, 
must be restated here, once more. That act of discovery, which 
proves experimental ly to have been a val id, original discovery 
of a new physical princip le, occu rs ef"!tirely with i n  the sover­
eign doma i n  of the i nd iv idual  persor]'s cognitive processes. 
The production of such ideas cou l d  never be analyzed in the 
way a manufacturing design is  analyzed i nto the form of a divi­
s ion of assem b l y- l i n e  l abor  i n  a m a n ufactu r i n g  fi r m .  The 
sophist might be tempted to interject: "See, you admit that you 
do not know what was going on in the m i nd of the person who 
made that d iscovery!"  False! Some among us do know. 

"All validatable discoveries of a new physical 
principle, are each derived as the generation 

of original conceptions which resolve an 
experimental paradox . . . .  " 

Real ly inte l l igent people, do know. Hciw do we know this? 
We can repeat the discovery with i n  our own sovereign cogni­
tive processes; inte l l igent primary- and secondary-school pupils 
do this often .  This is what is common ly cal led "a good educa­
tion ." In a good educational program, the pupi l s  are aided in 
reliving the act of each among a series of those original discov­
eries of principle, the which have been passed down to us from 
persons who often l ived centuries, or even m i l lennia earlier. 

"How?" We confront the pupi l  with the facts of the paradox 
which confronted that d iscoverer. We structure the c u rricu­
lum to bring each such chal lenge to the pupi l ,  at the point in 
the cu rricu lum that that student has accumulated the prereq­
u isites for tackl ing the problem. We structure the social situa­
tion, to foster a positively catalytic, relevant qual ity of Socratic 
i nteract ion among the  mem bers of the c l ass (teac her  and 
pupi ls) .  We do not "tel l"  the pupi ls  the answer, u nti l  they, or, 
at least, some among them, h ave made the relevant b reak­
through. We, th�n, assist the p u p i l s  in d iscover ing how the 
d i scovery may be exper imenta l ly va l idated .  We, then, wal k  
the class, as a whole, through the Socratic process of re-exam­
i n i ng each step of the  p reced i n g  p rocess, from paradox 

1 4. Naturally, we are referencing the types of series in which the differences are 
not of a simply mathematical form, in which the essential feature of the or­
dering of the difference includes a qualitative feature, as Riemann echoes 
Leibniz in his crucial observation (op. cit., p. 285-286): Wenn aber eine 
solche UnabMngigkeit der Korper vom art nicht stattfindet, so kann man 
aus den MassverMltnissen im Grossen nicht auf die im Unendlichkleinen 
schliessen; . . . .  Es fOhrt dies hinDber in das Gebiet einer andern Wis­
senschaft, in das Gebiet der Physik, welches wahl die Natur der heutigen 
Veranlassung [Mathematik-LHLJ nicht zu betreten erlaubt. This was al­
ready Leibniz's argument, a century and a half earlier, as de Paoli stresses 
the relevant issue in Part 2 of his paper, under ''The Continuity of Forms: 
Similarity." The fact, that we must depart mathematics for physics, as Rie­
mann demands, does not mean we are helpless to discover efficient notions 
of functional ordering which are different from customary mathematical 
ones, but no less rigorous, and, indeed, far more powerful. We tum to a cru­
cial aspect of that in the two concluding. sections of this epilogue. 
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"This notion of higher hypothesis, so situated, defines the economic-demographic process as a 
bounded domain. The higher hypothesis, otherwise to be recognized as the principle of cogni­
tive, successive generation of validated, paradox-driven, new discoveries of principle, is time­
less relative to the sequence represented by the series of physical-economically realized 
manifolds. " 
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through to experimental val idation.  

In  an ed ucat iona l  process of that sort, the subject be ing 
taught i s  "the experi mental sci entific method ."  Yes, we are 
also fostering the pupil 's reenactment of particu lar discoveries 
of princi ple, in h is  or her own m i nd .  Those are the ind ividual 
terms of a process of ed ucat ion,  but not the ed ucational  
process itself. Our fam i l iar friend, the ontological paradox of 
Plato's Parmenides, has, once again, put in its appeari;lnCe. The 
individual topics addressed in the successive lesson-plans, are 
the individual terms of the sequence of education, the Many. 
The corresponding One, the real subject of the course consid­
ered as a whole, is the Socratic method for generating val id 
new d i scoveries of pr inc ip le .  That One is the educat ional  
process, with i n  which these Many are making thei r  function­
a l ly ordered appearance, man ifesting the differences among a l l  
of  them, each in  tu rn . 1 5 

If we are successfu l, we are i nvoking two classes of concep­
tions within each i ndividual student. 

F irst, on the relatively lower level ,  the student is being en­
abled to watch the cognitive processes which are in play, dur-

1 5. "Function," in this instance, is subsumed by the notion of Analysis Situs, 
rather than "algebraic function." 
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ing the successfu l generation of a new idea which solves an 
ontological paradox of the type i nd icated here. Although we 
can not look d i rectly, by means of our senses, into the sover­
eign cognitive processes of another person's mind, that person 
has the potential abi l ity to look into h is, or her own cognitive 
processes. 

The success of th i s  attempt, to know oneself, as Socrates 
prescri bes, depends, more or less absolutely, upon a second 
c lass of conceptions. This second class focusses u pon the so­
cial  process with i n  which i nd ividuals'  cognitive processes of 
discovery are situated . 

Teacher: "How did Johnny discover the sol ution? 
J immy, do you wish to take a stab at it?" 

J immy: (Sm i l i ng proudly) "Sure.  He had to be th inking 
the same thing I was thinking . . . .  " 

John ny, at that poi nt, may be th i n k i ng, that if J i mmy can 
l ook i nto John ny's m i nd, perhaps, Johnny, by th i nking about 
that, can see i nto his own mind .  In other words, if Johnny can 
construct a k i nd of c l one-i mage of J i m my, with in  h i s  own, 
sovereign domain of cogn ition, that "clone-J i mmy" would be 
situated to watch Johnny's cognitive processes at work. In that 
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way, Johnny cou l d  be looki n g  over clone-J i mmy's cogn itive 
shoulder, at Johnny's own cogn itive-processes-at-work. That 
is the "secret" of the Socrat ic method's super iority to any 
other mode of th i n king.  The essential fu nction of the school­
room class, is  to produce that optimistic qual ity of Socratic in­
teract i o n  among the p u p i l s ,  the w h i c h  is the most l i ke l y  
method for produc i ng the relatively maximum ration o f  such 
geni uses. 

We can not look d irectly i nto the cognitive processes of other 
persons. There is no "objective" method, through the senses, or 
through a med ium of language, to see d i rectl y the cognit ive 
processes operating with in  the mind of another person .  Nor, for 
that matter, has any scientist ever seen d i rectly the domain of 
n u clear m icrophys ics .  However, we h ave th ree "objective 
facts" respecting any val idated d iscovery of new physical pri n­
c ip le  (for example),  by aid of which  we can know how the 
m i nd of another person, even one long deceased, produced 
that val idated idea. These three facts are : the paradox, which 
demanded the solution; the reflection, i n  the form of an instruc­
tion, of the discovered idea, which represents the discovered 
sol ution for that paradox; and, the experimental val idation of 
the efficient existence of the d iscovered idea of the new physi­
cal pri nciple. Ifany among us has repl icated the generation of 
that solution from o u r  own cogn it ive processes' successfu l 
replication of the original d iscoverer's attack upon the paradox, 
that i nternal cogn itive experience by each among us, represents 
shared, validated knowledge of the generated idea. 

"Look at your mind, J i mmy. What is the real reason you said 
that? Look beh i nd what you were th ink i n g, then.  Was there 
some assumption, which caused you to choose that answer?" 
The same principle, by means of which a class of pupi ls  may 
find the exc itement of being able to "see d i rectly" i nto their  
own and other pupi ls' m inds, by aid of the k ind of social i nter­
action just described, is the key to the Socratic method of look­
ing at one's own sovereign processes of cogn ition, in an effi­
ciently critical way. 

On that account,  the ope n i ng two 
paragraphs of R iemann's  hab i l itat ion 
d i ssertat i o n ,  a re the most i m porta nt 
part of that entire work:  they state the 
paradox which the d i ssertat ion,  in its 
entirety, is deployed to solve. 

There, fi rst, Riemann instructs us  to 
recog n ize (as L e i b n iz  had a l ready 
warned us of this), that the whole busi­
ness of a mathematics derived from us­
i ng Eucl id's geometry as a basis for al­
gebra, is  flawed, from the outset, with 
i n c u rably myst ical ,  and, in fact, fal se 
presu mptions. Second, that, up to that 
t ime, the most famous mathematicians 
and ph i losophers, from Eucl id through 
the great A.-M. Legendre, had failed to 
p i erce th i s  vei l  of darkness . ' 6 T h i rd,  
that R iemann h imself wi l l  proceed, af­
ter those two paragraphs, to I i ft that 
vei l ,  i nch  by i nch,  and, so, p resent a 
new conception of mathematics, from 
the standpoint of experimental physics. 

In the Platonic way of thinking which 
Riemann's d iscovery expresses, as did Leibniz before him, the 
idea of space and time as Kantian absolutes, is banned from sci­
ence. Each of the two is reduced from the apriorist ic ran k  of 
mathematical royalty, to that of just another participating, col l i­
gat ing citizen, l i ke mass, of the n-d i mensional repub l ic of ex­
perimental physics. 

As is  adequately e laborated in sou rces such as my above­
cited paper, ' 7  in Riemann ian " non-Eucl idean,"  or "physical" 
geometry, every permitted extensible d imension of that geom­
etry, is derived from an experimenta l ly val idated discovery of 
universal pri nciple. Paradigmatica l ly, we associate th is notion, 
of a phys i c a l ,  or n o n - E u c l idean  geometry, with  so-cal led 
"physical principles." However, s ince the efficient existence of 
mankind, and the sovereign cogn itive processes of d iscovery 
of pr inciple itself, are i ntegral features of a self-bounded u n i­
versal domain, this u n iverse-we must, as de Pao l i  has empha­
sized the necessity for th i s, and as Rieman n a lso recogn ized 
this, ' 8 i nclude the discovered characteristics of cognition itself 
as "pri nciples of nature." 

So, Rieman n strips the idea of "space" and "ti me," as sup­
posed geometric d i mensions, of the i r  c la ims to a priori exis­
tence with i n  geometry. Apr ior ist ic  presu mpti o n  i s  to be re­
placed, enti rely, by relativistic notions of space and time, each 

1 6. Of course, Gottfried Leibniz had made that specific argument, repeatedly, 
more than a century before Riemann. However, it was politically unsafe for 
any candidate for habilitation to present openly any explicit or implied 
praise for the reputation of Leibniz, or to omit ritual praise for Isaac New­
ton, in the Hannover still ruled by the British royal family, where Gi:ittingen 
University was located. The published output of Carl Gauss, as that of his 
protege Bernhard Riemann, is the product of faithful students of Leibniz, 
who held Newton's work in that contempt which certain of Riemann's 
posthumously published writings state most cogently. However, for the 
same British political reasons which impelled Gauss to refuse to publicize 
his own discovery of non-Euclidean geometry, Riemann, in his habilitation 
dissertation, not only suppressed acknowledgement of Leibniz's work, but 
supplied ritual passing praise for the Newton whose scientific claims Rie­
mann held in contempt. 

1 7. "The Essential Role of Time-Reversal' in Mathematical Economics," op. cit. 
18 .  Riemanns Werke, op. cit., pp. 509-538. 
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of these prem i sed u pon not h i n g  
other, and nothing more than, the 
experimental standard of proof for 
physical princ ip les .  The false, i n­
com petent, contemplative view, 
which is proposed by an Aristotle 
and Averroes, as by the mater ia l­
ists, the empiricists, the positivists, 
and the existentia l ists generally, is 
proh ib i ted from future . i ntrusions 
u pon the domain  of scientif ic 
Reason. 

At th i s  poi nt, the  sc ience of 
physical economy takes over. 

The Granger Collection Library of Congress 

The empir ica l  fou ndation of 
physical economy, is the progress 
of mankind, as expressed in a pos­
itive corre l at ion between i n­
creased potential relative popu la­
tion-dens ity, and improvement of 
demographic characteristics of the 
households  of that popu lat ion 
taken in its entirety. 1 9 (See Figure 3 

LaRouche's contributions to the science of physical economy are built on the work of 
Gottfried Leibniz (left) and Bernhard Riemann (right). 

and table.) The outstand ing, and ind ispensable feature of such 
progress, is scientific and technological progress; however, the 
principles of Classical artistic cu ltu re have i nd ispensable bear­
ing upon the abil ity of a popu lation to assimi late, and to gener­
ate the benefits of scientific and tech nologica l progress. For 
our immed iate pu rposes, let it be understood that what we say 
respecting scientific progress is merely exemplary of the com­
bi ned effect of advances in knowl edge in both physical sci­
ence and in Classical art-forms. The science of physical econ­
omy is rooted in the stu dy of the rec i p rocal' re l at ions h i p  
between advances in  knowledge of pri nciple effected through 
the cognit ive processes of the individual  m i nd, and how the 
ordering of the practice of the same society fosters, or injures, 
the reproduction and further i mprovements in power of those 
sovereign cognitive processes within the ind ividual members 
of society. 

The correlation and connection between the two facets of 
that cognitive process, its inputs and outputs, so to speak, and 
the i n c rease of "anti-entropy" of the phys ica l -eco nomic  
process, is the  proper center of  attention, i n  efforts to  define 
relevant notions of fu nctional relationship between mankind 
and the un iverse at large. 

We now exami ne, summari ly, the m i n imal  relevant essen­
tials of that science. 

The general pri nc ip le  which I have employed, si nce late 
1 952,  to represent the impu lse of scientific and technological 
progress, is the notion, that the number of di mensions of a Rie­
mann ian manifold is ( impl icit ly) the number of val idated dis­
coveries of principle cumulatively represented by the relevant 
human practice. Each new, val idated d iscovery of principl e, 
thus, effects a transformation denoted by the orderi ng, n to 
n + 1 .  That taken into account, we have the fol lowing. 

My first general contribution to advancement of Lei bniz's 
science of physical economy, was the notion of "anti-entropy" 
as expressed by physical economy itself. Expressed in descrip-

1 9. E,g., LaRouche, op. cit., passim. 
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tive terms, we have the fol lowing. Let the amount of physical­
economic investment per capita, requ i red to maintain equipo­
tential of the demographica l l y  expressed potential relative 
population-density of the economic process, be regarded as 
the per capita "energy of the system . "  Let physical-economic 
output in excess of req u i red "energy of the system," be re­
garded as "free energy." Then, u nder the condition that the per 
capita physical-economic costs of the per capita "energy of the 
system" increase as a function of technological progress, the 
ratio of "free energy" to "energy of the system" m ust not de­
c l ine, and m ust, preferably increase through technology-dri­
ven, capita l- i ntensive, power- i ntensive modes of i ncrease of 
the productive powers of labor. Th is expresses "anti-entropy" 
of the productive process as such. 

My second general co ntr ibut ion,  i n vo lves the use of the 
mathematical notion of "card inal ity" to express the qual ity of 
transformation wh ich occurs through i ncreasing the impl icitly 
denumerable density of mathematical d isconti nu ities per arbi­
trari ly chosen interval of action .  Th is, I correlate with the in­
crease of a Riemannian man ifold, from one of "n dimensions," 
to a higher order of "n -+ 1 di mensions." This is another way of 
expressing the dimensional ity of the man ifold. 

Thus, the i ncrease i n  "card inal ity," so defined, represented 
by a succession of scientific and technological advances of the 
form n � n + 1 ,  is an anti-entropic impulse. The real ization of 
that impulse, in the mode of capital-i ntensive, power-intensive 
progress, generates that i ncrease of the ratio of "free energy" to 
"energy of the system," the which expresses the anti-entropic, 
physical-economic determi nation of an increase of the poten­
tial relative population-density of the society. 

Thus, the impu lse of scientific and technological progress 
corresponds to an ascend ing  series of man ifo l ds, n, n + 1 ,  
n + 2, . . . .  S i nce each such manifo ld  i s  bou nded by an hy­
pothesis,  the wh ich  is abso l u te l y  i nconsistent with the hy­
potheses corresponding to a l l  other man ifo lds of the series, we 
have a new form of the Parmenides paradox, in wh ich the i n­
dividual terms are simple hypotheses of the Riemannian-mani-



fold form. The difference among these manifolds (hypotheses) 
defines a subsuming hypothesis, corresponding to Plato's no­
tion of "higher hypothesis." This "h igher hypothesis" expresses 
that pri nc ip le of cognition, through which the relevant, val i­
dated new d iscoveries of principle have been generated. 

That, i n  essence, is the kernel of the LaRouche-Riemann 
Method, so cal led, because it is  the appl ication of Riemann's 
d iscoveries to the problems of measurement posed by my own 
defi n it ions of both physica l -economic  anti-entropy, and of 
cognition. 

Th i s  notion of h igher hypothesis,  so s ituated, defi nes the 
economic-demograph i c  process as a bou nded doma i n .  The 
h igher hypothesis, otherwise to be recogn ized as the principle 
of cogn itive, successive generation of val idated, paradox-dri­
ven, new discoveries of principle, is  t imeless relative to the se­
quence represented by the series of physical-economical ly re­
al ized man ifolds. 

The Parmenides type of paradox so posed, is resolved by the 
d iscovery of this h igher hypothesis through the processes of cog­
nit ion. This  d iscovery represents s imply a h igher order of the 
same kind of d iscovery real ized as val idated simple hypothesis. 

Th i s  h i gher h ypothes i s  is i tse l f  subj ect to i m provement.  
Th ink of a series of higher hypotheses, as a representation of 
the process of improvement. Name that series "hypothesizing 
the h igher hypothesis." The latter is 'only a h igher order of the 
pr inc ip le of d iscovery assoc iated with the generation of an 
h igher hypothesis. 

Each of these h igher hypotheses is  relatively timeless-rela­
tive to the series 'of terms which it subsumes. 

The experimental val idation of hypothes iz ing such h i gher 
hypotheses, defines, impl ic itly, a genera l ized notion of the re­
lationsh i p  between man and the universe. The positive correla­
tion of increase of manki nd's potent ia l  re l ative population­
density, with improvem�nt of the demographic characteristics 
of a l l  of the society's households, defines the relevant experi­
mental re lationsh ip  between mankind and the un iverse, and, 
thus, between the cognitive processes of the i nd ividual person 
in the society and that same un iverse. 

Essential ly, the experimental val idation of the i nternal h ier­
archy of h igher hypothesis, i n  this way, impl icit ly defines the 
un iverse as a self-bounded domain,  pre-designed to bend to 
mankind's wi l l  when man's demands conform to val id higher 
hypothesizing.  This  is man's o n l y  poss ib le  access to knowl­
edge of  the lawful ordering of  our universe. Th is  is  the sole ba­
sis for what is termed "natural law." This is science. 

3. 'Time-Reversal': What is Reason? 
There are two d istinctions i n  behavior wh ich separate the 

human species from all an imal  species. One of these, which 
we have j u st add ressed, i s  the c reative power of the ade­
quately developed, sovereign cognitive processes of the indi­
vidua l :  the process, by means of which,  val idated discoveries 
of new physical principles are generated by original d iscover­
ers, and that generation rep l icated by students. The second is  
the Prometheus-principle, the capac ity to use foreknowledge 
of the future consequences of changes in behavioral hypothe­
sis, as a gu ide to se lect ing  the ch anges in hypothesis  to be 
adopted presently. 

S i nce any orderable  series of h ypotheses is subject to an 
higher hypothesis, and s i nce that h igher hypothesis is relatively 

timeless, in respect to the hypotheses it subsumes (bounds), it 
is the principle of h igher hypothesis which enables man to ef­
fect a "reversal of time," such that the future efficiently deter­
mines the present. 

This combination of the creative, sovereign power of the in­
d ividual !=ognitive processes, and the efficient role of "ti me-re­
versal "  with in cogn ition, constitutes Reason. 

The connection between the pri nc ip le  of hypothes is and 
the pri nc ip le  of t ime-reversa l ,  is  adequate l y  represented in 
the recent paper of m ine which I have a l ready noted for refer­
ence here.20 Therefore, I l i m it exposition here to two i l l ustra­
tions. F i rst, a summary i l l ustration of the role  of "time-rever­
sal" in the management of a wel l-run modern industrial fi rm. 
Second, a com ment upon de Pao l i ' s  contrast of the roles of 
specia l  rel ativity and general relativity in the work of Al bert 
E i nstein.  

F i rst, a few relevant, prefatory remarks, s ituat ing my selec­
tion of the case of a capital-i ntensive i ndustrial enterprise. 

As a resu lt of a process of w i l lfu l deconstruction of the U.S .  
economy (among others), wh ich has been ongoing s i nce ap­
proxi mately 1 966, the percent i le  of the U . S .  labor-force em­
ployed as operatives in production of goods, has col lapsed cat­
astrophical ly. Whereas, at the c lose of World War I I, over 60 
percent of the labor-force was so engaged,' today, it has fal len 
to about one-fifth. Worse, even among' those surviving opera­
tives, the levels of sk i l l  and cognitive development are vastly 
i nferior to the qual ities prevalent during the 1 946- 1 966 i nter­
val .  This is aggravated by an i m m inently catastrophic spira l  of 
col lapse i n  qual ity of education and cu ltura l  development of 
the personal ity, at a l l  educational levels, throughout almost the 
entirety of post-war generations.21 

Sti l l  worse. Th i rty years ago, the overwhelming majority of 
U .S .  adu l ts, whether associ ated with i ndustry as adm i n istra­
tion, engi neers, or operatives, took pride in the contributions 
of production to our standard of l iv ing and national economic 
security. The frontiers of tec h nological  progress, in the do­
mains of tool-maki ng, and research-and-development, were 
the popularly sought, e l ite qual ities of employment, and em­
ployee satisfaction, in our prod uctive sectors. Today, under 
the ideological deconstruction brought about through the i n­
fl u ence of s u c h  " post- i nd ustr i a l "  u to p i a n i sms  as "con­
sumerism," perhaps a majority of our  popu lat ion v iews the 
producers as "greedy, i rrespons ible" adversaries of the con­
sumer. U nder such cond it ions, even m ere san ity in popu lar  
th i n king about our economy, let  alone what has become the 
relatively a l p i ne q u a l ity of actual  com petence, i s  not to be 
taken for granted. 

In these times, that endangered species, the technological ly 
advancing, capital- intensive, power- i ntensive mode of i ndus­
trial production, is a lmost the l ast bastion of sanity in the u .s .  
economy's dai ly l ife. The relevant, pers isting, d isti ngu ish ing 
feature of such a firm, now, as in lost, happier economic ti mes, 
is that such a firm is the best choice of microcosmic reflection 

20. Op. cil. 
2 1 .  If present trend-rates continue, we are not far distant from the state of af­

fairs, in which the following hypothetical incident might become common­
place. A pollster, employed in going from door-to-door, reports that when 
he asked the respondents whether or not they were in favor of democracy, 
the overwhelming majority replied, "Yes." However, when he asked those 
same persons, if they have voted in the preceding general election, more 
than 50 percent replied with the question, "What is voting?" 
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"In a good educational program, the pupils are aided in reliving the act of each among a series of those original diScoveries of 
principle, the which have been passed down to us from persons who often lived centuries, or even millennia earlier. " Here, Or. 
Robert Moon, a nuclear physicist who worked on the Manhattan Project, works with children to replicate Ampere's electrody-
namic experiments. 

' 

of the processes at work in the national and world economies 
as entireties.  Here, the combi ned forces of capita l- i ntensity 
and matching pressu res of technological attrition, find their rel­
atively most concentrated expression. 

I n  sum, each present moment of l ife of such an ind ustrial  
firm, is,  in itself, a microcosm of its situation in the vast eco­
nomic process in development in the world at large. Immedi­
ately, that moment assumes the form of the expression of the 
past in the present moment's production, but, also the expres­
sion of the future development which the gains from present 
p rod uction m u st be d i rected to foste r i n g .  The p roductive 
process is using up physical capital invested years earl ier, con­
suming materials and components which went i nto suppl ier 
firms' production months, even years earl ier. At the same mo­
ment of today's produced output, there is ongoing work i n  
preparing those capital purchases, those product designs, and 
so on, which wi l l  not be seen in production for months, years, 
or even longer, yet to come. 

The most characteristic featu re of that ongoing process, is 
change. Technological change, and also other kinds of change. 
Many of these changes involve modifications of the hypothesis 
govern ing prod uction, product-design, and marketing. Fore­
casti ng-foreknowledge-is the essence of effective manage­
ment: a veritably Promethean qual ity of foreknowledge, is the 
aura surrounding the great industrial managers of the modern 
economic h istory of the pre-1 966 U n ited States, and of Ger­
many's industrial development si nce 1 876.22 

The i l l ustration from science as such, is provided in the form 
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of a comment on a paragraph from de Paol i's manuscript: 

Einstein once wrote that his first major discovery 
(Special Relativity), was stimulated by the need to solve a 
given anomaly present in Newtonian physics. But, he 
added, there was no visible anomaly which pushed him 
to his second major discovery (General Relativity). He 
arrived at  i t  after he had decided to see where the l imit of 
the first discovery lay: where the first theory, as aflY 
theory, would break down. A society, in a sense" has the 
same moral imperative to search for truth. To be able not 
simply to react to, but to anticipate catastrophes one must 
know in advance [emphasis addedl . 

De Paol i's argument here, should be restated for emphasis, 
He argues, that whereas Ei nstein's work on Special  Relativity 
was provoked by an existing experimental paradox, the work 
on General Relativity was provoked by foreknowledge of a fu­
ture paradox which wou ld cha l le nge the val id ity of Special  
Relativity. 

22, See Anton Chaitkin, "Leibniz, Gauss Shaped America's Success," Execu· 
tive Intelligence Review, Feb. 9, 1 996, pp. 22-57. See also "How Henry 
Carey and the American Nationalists Built the Modern World," The New 
Federalist, June 2, 1 997, an edited transcription of Chai*in's May 1 0, 
1 997 presentation to an FOR-PAC Policy Forum, The complete FOR-PAC 
Policy Forum, which also includes Lyndon H,  LaRouche, Jr.'s "The Signifi­
cance of FOR for Today," is available on videotape from FOR Political Ac­
tion Committee, P,O. Box 61 57, Leesburg, VA 201 78 (No. FOP 97-01 1 ,  
1 80 minutes). 



Focus upon the antepenu Iti mate sentence i n  that quoted 
paragraph. How shou ld we read " l i mit" in that sentence? Let 
us su bstitute the term " bou ndary," as we have developed it 
here. Restate the sentence, to reflect that substitution : " . . .  to 
discover where the boundary of the fi rst d iscovery lay." That 
substitution impl icitly removes any reader's defensible attribu­
tion of mystification to that paragraph .  

The " bo u ndary," o f  cou rse, l ies with i n  that w h i c h  bounds 
an hypothesis, the relevant h igher hypothesis, the latter rela­
tively ti meless with respect to the series of hypotheses which 
it bounds.  To restate the poi nt accord i ng ly :  O nce we have 
been gu ided to a val idated hypothesis u nder the guidance of 
an h i g h e r  h ypothes i s ,  the p r i n c i p l e  of c h a n ge em bedded 
with i n  the latter suggests the successor term of the series. The ' 
rela�ive t imelessness of h igher hypothesis is thus, once again,  
seen at  its work. 

Thus, when E i nste in ,  l i ke h is  relevant contemporary, Her­
mann Minkowski, was impel led this way, by considerations of 
non-Eucl idean geometry, E instei n's mind was di rected toward 
reflection upon the precedents suppl ied by Kepler, Leibniz, 
and R iem a n n .  In other word s,  toward adopt ion of a new 
higher hypothesis, the h igher hypothesis of relativistic physi­
cal geometry. This, even in that form, al ready reflects the gen­
eral nature of true foreknowledge with i n  the sett ing of i nd ivid­
ual human cogn ition. 

Recal l  the elegant excerpt from M i n kowski 's  famous lec­
ture on the s u bject of E i n stei n 's fo rm u l at i o n  of so-ca l l ed 
"Spec i a l  Relat iv i ty" : that, hen cefo rth,  t i me, by itse l f, and 
space, by itself, m ust vanish,  to be su perseded by phys ical 
space-time. Minkowski did not fu l l y  grasp the impl ications of 
what he h i mself had uttered in that lecture. He had not fu l ly  
escaped from the gr ip of the " pol it ica l ly  correct" cl assroom 
ideo l ogy of those t i mes,  " l i near izat ion  in the extremely  
sma l l . "23 Nor, d id  E instein's commentator Hermann Weyl es­
cape the "pol itical ly  correct" gr ip of this same fal l acy.24 E i n­
stein's movement away from the positivism of Ernst Mach, to 

23. E.g., Raum und Zeit (1 907). There are usefully provocative implications in 
Russian mathematician Minkowski's scientifically flawed adherence to the 
cause of a compatriot, Nicolai Ivanovich Lobachevski. The mathematical 
formalist's shortfall in Minkowski's argument, was the subject of a paper by 
Dr. Johnathan Tennenbaum, "A Topological Shock-Wave Model of the 
Generation of Elementary Particles," Executive Intelligence Review, Feb. 
1 ,  1 983. On Gauss's view of Lobachevski's Geometrische Untersuchun­
gen zur Theorie der Parallellinien ["Geometrical Investigations on the The­
ory of Parallels"] (Berlin: 1 840), see a relevant remark by Carl Gauss to 
H.C. Schuhmacher, in concluding paragraph of a letter of Nov. 28, 1 846: 
Carl Friedrich Gauss-H.C. Schuhmacher Briefwechsel, III (Hildesheim­
New York: Georg Olms Verlag, 1 975), pp. 246-247. This is the location in 
which Gauss dated his own discovery of a non-Euclidean geometry to 
1 792, a relevant claim which is bome out by close examination of the plan 
of action subsuming Gauss's Disquisitiones arithmeticae considered in en­
tirety. Compare with Lobachevski's last published ( 1 855) views on this 
subject, Pangeometrie ( 1 858), which had first appeared in Russia about 
the time of Gauss's death. Provocative, but ultimately a fatal shortfall , is 
Lobachevski's use of spherical action, a less general consideration than 
Riemann's [see footnote 1 2 , above] " Wenn aber eine solche Unab­
hiingigkeit der K6rper vom Ort nicht stattfindet, so kann man aus den 
Massverhiiltnissen im Grossen nicht auf die unendlichkleinen schliessen . 
. . . As Leibniz warned, any such use of simply curved metric, implies the 
same ontological error against which we are warning here. Lobachevski, 
like Minkowski after him, was unwilling to make the final, crucial break with 
mathematical formalism, thus to enter, wholeheartedly, the domain of ex­
perimental physics. 

24. Hermann Weyl, Raum, Zeit, Materie ( 1918),  and expanded English edition 
Space, Time, Matter ( 1 922) (4th ed.) (New York: Dover Publications 
[reprint], 1 950). See, again, footnote 12, on the issue of this fallacy. 

which he had been condit ioned, toward Rieman n's,  Le ib­
n iz's, and Kepler's standpoint i n  method, constituted at least 
a fai r  approxi mation of a new choice of h igher hypothesis. I n  
t h i s  way, E i n ste i n  confronted h i mse l f  wi th  t h e  i ss u es of 
whether the u n i verse with i n  which S pecia l  Relativity m ight 
l ie, were bounded, or not. 

In  short, in his approach toward General Relativity, E i nstein 
acted out of foreknowledge of a future devastating paradox, 
which would confront Specia l  Relativity in the same man ner 
Special Relativity itself had been generated as a sol ution for a 
devastating ontological paradox incu rred by the then "pol iti­
cally correct" Newton-Cauchy-Clausi�s-Maxwel l  ideological 
mind-set. 

The universe which de Pao l i  identified by Leibn iz's term Im­
mensum, is bou nded, but not q u ite;i n  the sense E i nste i n  ar­
gued the point. Nonetheless, the issue of bou nding was suffi­
cient to prompt Ei nstein to th ink of the requirements this issue 
itself requ i red be addressed . 

Here, respecting the i l lustrative point at hand, relativity, the 
issue is not that Einstein's approach contained some error. The 
point here, is, that every good scientific discoverer is gu ided to 
a val idatable new hypothesis-e.g., new physical princi ple­
u nder the i nfluence of a set of assumptions corresponding to 
what we have identified as an h igher hypothesis.  An h igher hy­
pothesis i n  any expressed approximation, such as the Ei nstein 
case i n d i cates, i m p l ic it ly begets one o r  more successor hy­
potheses to any i n itial hypothesis so generated. 

As modern, capital-intensive industrial production provides 
us one i l l ustration, the case of a science-driver "crash pro­
gram" of task-oriented research and development, provides the 
second i l lustration. 

Return to that classroom where bright students Johnny and 
J immy were sharing reflections on the feasibi l ity of insight into 
the sovereign doma i n  of o ne another's, creative, cogn it ive 
processes. Let time pass, such that a l l  of the members of that 
i l l ustrative cl assroom-case, are n ow partic i pating in a g reat 
"crash program" science-driver teamwork, such as the U . S .  
Manhattan Project, or the German-American space program 
u nder the (relevant) bri l l iant  l ogistics veteran of Lt.-General 
Geo rge S. Patton ' s  U . S .  T h i rd Army, G e nera l  0 .  B r u ce) 
Medaris, and, later, the John F .  Kennedy Manned Moon-land­
ing imperative. The first thing which Johnny and J i mmy ought 
to have known, by no l ater than the t ime they entered th is  
crash program, is a few h istorical facts about modern "crash" 
varieties of science-driver programs; th is  knowledge would 
help them keep the i r  i ntel l ectual moor ings  a m id the some­
times storm-tossed i nternal l ife of the kind of program they are 
entering. 

The first approximation of "crash" science-driver programs, 
was the 1 5th-centu ry Golden Renai ssance, i n c lus ive of the 
work of F i l ippo Brunel leschi and of N icolas of Cusa's fol low­
ers through Leonardo da Vinc i .  The next notable example, is 
the late-1 7th-century science-economy mob i l i zation, u nder 
France's Min ister Jean-Baptiste Colbert. The th i rd outstanding 
example, was l au nched i n  France, beg inn ing 1 792-1 794, u n­
der the d i rection of Lazare Carnot and, h is  col laborator, and 
former teacher, Gaspard Monge. The next science-driver pro­
gram was that directed by Prussia's Alexander von Humboldt, 
who, in  col laboration with Carl Gauss, establ ished Germany's 
1 9th-century world supremacy in physical science. The next, 
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IIWhen we pack togetherl so to speakl a large number of gifted and highly motivated professionalsl together with the technicans 
who assist theml we have created a forcing-chamber for the relatively highest rates of scientific progress: II 

'
Herel a painting by 

Gary Sheahanl depicting the scenel on Oec. 21 1 9421 whenl with key Manhattan Project scientists presentl 
'
the first nuclear reac­

tor achieved a self-sustaining chain reaction. 

world-shaking "crash science-driver" leap in economy, was 
u n l eashed u nder the U . S .  Presidency of Abraham L i ncoln,  
which establ ished the U .S. economy as the world's most pow­
erful nation-state economy, and the most tech nological ly ad­
vanced, during a period of approximately two decades.25 The 
sixth "crash program," model led d i rectly on the U .S. prece­
dent, was the late 1 9th-century h itch i ng of GermanY's world 
l eaders h i p  in science, to the development of a u n ited Ger­
many's economy-driver, the expans ion of its machi ne-tool­
design sector.26 

The U .S .  Manhattan Project and the Germany-U .S.A. aero­
space "crash programs," can not be competently u nderstood, 
in any econom ic-functional sense, u nt i l  we view them as out­
growths of a modern tradition which featu res prominently the 
earl ier case-h istories to which I just referred. So, s ituate our 
Johnny and J i m my, in  the anteroom awaiting i nduction i nto a 
new "crash program." 

Noth ing stimulates the creative scientific capabi l ities of the 
unb locked professional as much as a socia l  env i ron ment i n  
which he, o r  she, is  prodded to replicate virtual ly dai ly, floods 
of or i g i n a l  d iscoveries, both o l d  o n es he, or she, had not 
worked through ear.l ier, but also a constant outpouring of new 
proposed sol utions to both wel l -known and previously u nsus­
pected onto l og ica l  paradoxes. Th i s  is the env i ronment for 
which the su itable, earlier c lassroom experience of our Johnny 
and J immy prepared their m i nds. From that classroom, Johnny 
and J i mmy learned many particular things; but, as we stressed 

25. Anton Chaitkin, op. cit. 
26. Ibid. 
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here earl i er, the i mportant th i ng, above a l l  e lse, which they 
came to know, was the pri nciple of a Classical-human ist form 
of educational  process)"t is their youthful attunement to that 
process, which w i l l  make .them v.al uab le  recru its to the pro­
gram they are now entering. " . 

Thus, when we pack togethe;, so to speak, a large number of 
gifted and h igh ly motivated profes-srona ls, together with the 
techn icians who assist them, we have created a forci ng-cham­
ber for the relatively h ighest rates of scientific progress. This, 
on the cond ition that some u n ifying sense of pu rpose suppl ies 
a red thread of coherence to a c�mplex array of d iverse, rela­
tively more short-term/often ad hoc objectives. 

The connection of such science-drivers to the economy, is 
essential ly the fol lowing. 

There i s  an essentia l ,  u nderly ing equ ivalence between the 
perfection of the design of a proof-of-pri nciple laboratory ex­
periment, and the pri nc ip le u nderlyi ng a correspond i ng, en­
t i rely new fam i l y  of machi ne-tool designs. It is  the perfected 
design of a proven, proof-of·pri nciple laboratory experiment, 
which suppl ies the model of reference from w h i c h  a corre­
spondi ng, new set of machi nectboL designs is derived. Such a 
mac h i ne-too l-design pri nc ip le, then assumes the ro le of an 
hypothesis i n  generat ing a ferti le' theorem-Iattice of beneficial 
appl ications. 

Perhaps the most dramatic dem.onstration of th i s  connec­
tion, is the unpleasant fact, that, during the present century, no 
lead ing nation of modern European civi l ization has generated 
an actual, net physical-economic profit, except u nder the im­
pact of large-scale m i l itary mobi l izations, either in preparation 
for, or conduct of what is  termed modern ."an n i h i lation war-



fare.
,
m The vast economic waste, which m i l itary expenditure 

represents, is  certain ly not the sou rce of this net physical-eco­
nomic profitabi l ity. It is, rather, the spi l l -over of frontier tech­
nologies, from science, i nto the mach i ne-tool-design sector, 
under conditions of forced-draft economic growth for national 
security, which is the source of profitabi l ity. In  these cases, the 
spi l l -over from the m i l itary into the civi l ian economy, results in 
an exceptional ly h igh rate of improvements in design of prod­
ucts and of productive processes. The Germany-U .S.  "crash" 
space-program, had a famous ly  s i m i lar  benefit for the U .S .  
economy as a whole. 

This in no way is an argument for war. Rather, it is a demon­
stration of the fact, that, s i nce the assass i nation of U . S .  Presi­
dent Wi l l iam McKin ley, only under war-time or related condi­
t ions of national u rgency, are the economica l ly  depressive, 
parasitical habits of Wal l  Street and s i m i l a r  carpet-baggers, 
held in check. If we cou ld  rid ourselves of the tyranny of those 
monetarist and kindred parasites (and their  Federal Reserve 
System),  who were the constituency for Presidents such as 
Teddy Roosevelt and Calvin Cool idge, the people of the U .S .  
would never have experienced anything inconsistent with gen­
eral and soaring economic prosperity, throughout the past cen­
tury as a whole. 

27. This is a definition exemplified by the notions of Alfred Graf von Schlief­
fen's Cannae: The Principle of the Flank, and also his design of the so­
called "Schlieffen Plan: "Annihilation" does not signify exterminating some 
large number of people, military personnel and/or others, but, rather, anni­
hilating the adversary's capacity needed to continue organized warfare, as 
the Confederacy was destroyed by the combination of Sherman's "ham­
mering" right flanking attack and Grant's bloody "anvil." 

The points to be l i sted here, in summation of these i l lustra­
tions, are these. F i rst, the source of progress in both the poten­
tial relative population-density and demographic characteris­
tics of fam i ly l i fe, is that which Chr ist ian ity identifies as the 
nature of each i n d i v i 9 u a l  person ,  as made in the i m age of 
God . That nature is expressed by that facet of cognition, which 
efficiently l i nks the individual personal ity to the "simu ltaneity 
of etern ity," those cogn it ive processes by means of which 
mankind hypothesizes the h i gher hypothesis. Second, estab­
l ishing forms of social relations which are appropriate to forc­
ing the relatively h ighest rates of generation, and replication, of 
d iscoveries of both physical and C l assical-artistic pri nciples, 
produces an i nd iv idua l  type which  represents the rel atively 
highest degree of development of the moral character of the in­
d ividual  person, w h i le it a l so ensures the relative l y  h ighest 
rates of generation and efficient ass imi lation of scientific, tech­
nological, and artistic-cu ltu ra l  progress. 

Whether E i nstein's  General Relativity survives, or not, the 
nature of E i nstein's motivation in that matter, as de Pao l i  rep­
resents th is, is the key which u n l ocks the treasure of cogni­
tion, and presents the greatest ration of its benefits to mankind 
general ly.  Rather than responding only to the goads of present 
fai l u re, as when a devastating ontological paradox forces itself 
upon us, it were better to act out of a conscience governed by 
foreknowl edge, i n c l u d i n g  foreknowledge of those issues of 
princ iple which wi l l  foreseeabl y  ob l ige us to abandon what 
we often cudd le as "our traditional culture." Prevent the disas­
trous consequences of s i ns of o m ission now, before they be­
come the ruinous s ins of commission which bring our civi l iza­
tion down. 

Frank Zullo/Photo Researchers 
"It was through the astrophysical methods of constructing solar-sidereal calendars, that man developed those methods of astro­
physical investigation, the which were then applied to develop, first macrophysical science, and, next supply, from astro­
physics, the methods of necessary and sufficient inference upon which a competent microphysics relies. II Here, the constella ­
tion Orion in a moonlit sky. 
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Figure 4 
EXPERIMENTAL DETERMINATION OF 
THE ELECTRODYNAMIC CONSTANT 

BY KOHLRAUSCH AND WEBER 
Bernhard Riemann participated in the 7 854 experimen­
tpl determin<;Jtion of the electrod'yf)amic con�.tant (c) at 
G6ttingen University. His habilitation thesis of the same 
year, On the Hypotheses Which U nderl ie Geometry, re­
flects on the deeper considerations of geometry and 
physical measure embedded in such experimental 
work. This schematic, from R. Kohlrausch and W. We­
ber's 7 857 report of the experiment, diagrams the static 
electric discharge and measuring devices used to deter­
mine the ratio of the mechanical to the electrodynamic 
measure of electricity. 

Contrary to popular science accounts, Riemann had 
recognized the significance of the relationship of their 
physical constant to the velocity of light in 7 854, years 
before Maxwell proposed his problematic interpretation. 

Source: R. Kohlrausch and W. Weber, "Elektrodynamische Maassbestimmungen 
insbesondere ZurQckfUhrung der Stromintensitiits-Messungen auf mechanisches 
Maass," Leipzig, 1857. 

4. Generalized Analysis Situs: Simultaneity of Eternity 
The standpoint of Leibn iz's Analysis Situs obliges us to reor­

gan ize the presently popu lar  notion of science accord ing to 
the impl ications of a n ine-cel l matrix. We must divide the em­
pi rical evidence of science among three types of processes, 
and the evidence bearing on a l l  processes among th ree wel l ­
defined categories. The notions of  the  three types, we derive 
from a carefu l scrutiny of the trad it ional d istinctions among 
non-l ivi ng, l iv i ng, and cogn itive processes. The th ree cate­
gories of evidence, are astrophys i c a l ,  m i c rophysical ,  and 
macrophysical .  

The rel ations among the n ine  cel l s  so establ ished, are or­
dered as fol lows. 

The three types are d istingu ished by thei r  respective differ­
ences i n  i nterna l  ordering. The d ivis ion between l i v ing and 
non-l iving processes, for example, is  impl icit in the moment 
of transition from a l iv ing (anti-entropic) to a dead (entropic) 
ordering of biological organization. The difference among l iv-
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i ng p rocesses, is between cog n i t ive a n d  non-cogn it ive 
processes (as the anti-entropic ordering of cognitive processes 
has been distinguished so here). 

The disti nction among types of evidence, pertains to the ef­
fect of the inhering l i m itations of the h u man sense-apparatus, 
respecting the observation of orderi ng-rel ations among phe­
nomena. For example:  How did a cu ltu re, l iv ing, for several 
thousand years i n  Centra l  As ia ,  d u r i n g  a t ime the Verna l  
Equi nox was i n  the  conste l l at ion of  Or ion,  construct an  ap­
proximately 2 6,000-year equ inoctial cycle?  It was through the 
astrophysical methods of constructing  solar-s idereal calen­
dars, that man developed those methods of astrophysical in­
vestigat ion,  the which were then appl ied to d evelop, fi rst, 
macrophysical science, and, next, supply, from astrophysics, 
the methods of necessary and sufficient inference upon which 
a competent microphysics relies.28 

Once the req u i rement for a generalized Analysis Situs is 
recogn ized, the currently popu larized views on scientific spe­
cial izations must be subordi nated, by placing the primary em­
phasis upon efforts to master the nature of the combi ned i nter­
relations among the n i ne cel l s  defi ned by the j u st-descri bed 
types and categories of evidence. Each of a l l  possib le permu­
tations of the n i ne cel l s, corresponds to an actua l ly existing 
experi menta l subject-area of genera l ized Analysis Situs. Sci­
ence is then pr imar i l y  located i n  that hypothes iz ing of the 
h igher hypothesis wh ich subsumes each and al l  of these per­
m utat ions u nder a comm itment to sati sfy the req u i rements 
(sooner or later) of a single conception of u n iversal ordering­
principle. 

The experi mental basis for such a general ized Analysis Si­
tus, is located with i n  the domain of the science of physical 
economy: mank i nd's  essent ia l  existent ia l  i nterre l at ionship 
with i n  the u n iverse as,  i n  every poss ib le  sense, an enti rety. 
That is to say, th� experimental basis for a competent general 
notion, which disti ngu ishes between what is, and what is not 
to be considered "science," l ies in the evidence of that "G reat 
Experiment," the which is manki nd's tota l relationship to the 
u n iverse as a whole. The subject of science is mankind's wi l l ­
ful relationship between the ordering of transformations with in  
the u n i verse, as correl ated with  both the increase of  hu man 
potenti al relative popu lation-density in the u n i verse (relative 
to the Earth's  su rface), and the i m provement of the demo­
graphic characteristics of households in the h u man popula­
tion taken in its enti rety. 

These scientific ideas must incorporate the efficient role of 
"t ime reversal ."  "T ime revers a l "  i s  to be u n derstood,  not 
merely as foreknowledge in its s implest expression; the possi­
bi l ity of the efficiency of such foreknowledge with i n  this un i ­
verse, must be taken i nto account as  show i ng u s  the neces­
sary funct iona l  c h a racter of the  l awfu l o rd e r i n g  of the 
physical u n iverse. That man could ex ist, to com mand the 
u n iverse to increase our  spec ies' potenti a l  rel ative popula­
tion-density, with accompanying improvement of the demo­
graphic characteristics of households, sign ifies that the wi l l fu l  

28. One o f  the best demonstrations of this point, i s  the history of the Ampere­
Weber discovery of the implications of the macrophysical angular force of 
electrodynamics for understanding of the ordering of electrodynamic rela­
tions within microphysical relations on the scales of atomic and nuclear 
physics. See Laurence Hecht, ''The Significance of the 1 845 Gauss-Weber 
Correspondence," 21st Century Science & Technology, Fall 1996, p. 21 . 



aspect of man's efficient relationsh ip to the u n iverse, is an in­
teg ra l potent ia l  em bedded i n  the  ad d u c i b l e  des ign of the 
laws of the u n iverse. 

Once we s i tuate science thus, there is no law of u n iver­
sal e n tropy in t h i s u n iverse .  T h e  u n i v e rse s u b m its to 
mank ind,  o n l y  when man's  com mand is  i ntr ins ica l l y  anti­
entropic.  The l aw of the u n iverse, i n  the o n l y  way we cou l d  
know its l aw, i s  the l aw o f  u n iversa l  anti-entropy. T h e  prin­
ciple of anti-entropy, so s ituated, i s  the fu ndamental princi­
ple of science. 

To grasp the more deeply u nder lying imp l ications of this, 
extend the successful self-development of th is "G reat Experi­
ment" forward and backward in t i me, without stra in ing  to­
ward the non-existent " infi n ity" which hesychastic fools seek 
to touch. The boundaries of existence of the u n iverse, are not 
to be fou nd in some distant past, some distant future, or, far, 
fa r away. Man's  m i n d  l ocates the  actua l  b o u n d a ry, as 
N icholas of Cusa did, in that which bounds hypothesizing the 
h igher hypothesis, which is Plato's notion of the Good, Plato's 
notion of an efficient agency located with i n  no lesser doma in 
than the simu ltaneity of eternity. 

If  we but extend the process of hypothes iz ing  the h igher 
hypothesis respecti n g  the relat ions i nterna l ly  characte ristic 
of th i s  u n ive rse, that hypothes iz ing  represe nts a series of 
h i gher hypotheses. That seq u ence is  t i m e .  If we treat t h i s  
"ti me" a s  any o t h e r  d i me n s i o n a l ity of a R i e m a n n i a n  u n i ­
verse, a s  R iemann's  d iscovery demands that w e  treat t i m e  
so, then t h e  ontological u n ity o f  t i m e  defi nes t h e  series rep­
resenting the Manyness of the u niverse as a whole as a One, 
which Pl ato na med the G ood, and defines that One as the 
relatively t imeless, efficient existence, i n habit ing and ru l ing  
the  s imu ltaneity of  eternity. The necessary existence, with i n  
t h e  domain,  o f  t h e  G ood, as that ex istence is shown b y  the 
characteristics of the domain itself, i s  that which bounds the 

domain,  and defi nes it  as a self-bou nded domai n .  God cre­
ated th is u n iverse, and bou nds it, but, a lways and forever, 
from the i nside. This, as Leibniz rightly i ns isted, is the best of 
a l l  possible worlds. 

There are no "yardsticks," of any kind, existing outside this 
u n iverse, this self-bounded domain whose l i m its are the si­
mu l taneity of etern ity .  There exists n o  externa l  p l ace, from 
which an observer m ight contemplate the u n iverse; there is no 
deus ex machina. The u n iverse can be known on ly  from the 
inside. The test of such latter knowledge, is securing the proof 
of the existence of the wou ld-be observer as an efficient actor 
occupying a necessary p lace with i n  the u n iverse which is to 
be observed. That is to emphasize, that the fi rst question the 
would-be observer must address, is the q uestion whether the 
observer h imself exists, the q uestion which Rene Descartes so 
flagrantly fl u n ked. 

We know we exist with i n  the u n i verse, when we beg in  to 
change that u n iverse for the better, when we begin to realize 
the i n born,  spec i a l  potent ia l  of the h u man i nd i v i d u a l ,  the 
cog n i t i o n  whose power to m a k e  m i rac les  fas c i n ated o u r  
Johnny and J i m my. Somewhere, i n  t h e  h igher reaches of hy­
pothesizing the h igher hypothesis, mankind is known to exist 
as the k i n d of spec i a l  creat u re whose i n n e r most natu re, 
whose outermost efficiency, Johnny and J i m my were explor­
ing i n  the classroom.  Man exists because man is  needed. The 
nature of this need is obvious; man · is deployed, as the agency 
assigned to change th is  u n iverse, from with i n :  to i mprove it, 
and, · i n  the process, to improve the moral character of the in­
d iv idua l  person, as J o h n ny's a n d  J i m m y's moral  character 
was be i ng i m p roved by the c h aracte r ist ics  of the k i n d  of 
good, C l assica l - h u man ist education they were enjoy i ng in 
that classroom .  

Economist Lyndon H. LaRouche, Jr., is a member o f  the sci­
entific advisory board of2 1  st Century. 
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Figure 5 
ERATOSTHENES AND RELATIVE 

CONSTANCY OF EARTH'S CURVATURE 
Did Eratosthenes assume, in his experiment, that 
the arc defined by the difference between the two 
angles, corresponding to the distance from Syene 
to Alexandria, was a spherical one? Or did he take 
some precaution which gave him persuasive evi­
dence that the arc was situated in a spherical 
geometry? 

Compare the ratios among measured arc-inter­
vals (into which arc 5 ---7 A is divided by the plac­
ing of sundials), to the ratios of the differences in 
the angles subtending those arc-intervals. The 
construction of the experiment, shows that Eratos­
thenes designed the experiment in such an ax­
iomatic way, as to provide for a simple geometri­
cal determination of the relative degree of 
self-similar constancy of the rate of curvature 
along line 5 ---7 A. 
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INTERVIEW WITH CHARLES P. VICK 

Why the Soviets 
Never Beat the 
U . 5 . to the Moon 

An expert on the Soviet space 
program discusses how recently 
declassified material confirms 
his painstaking discoveries over 
decades about why the Soviet 

hG"IJL� Union was unable to win the 
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EDITOR'S NOTE 
The Soviet Union was the only nation besides the United 

States that ever developed the ability to put man into space. 
The Soviets did it first. But they could not sustain an effort of 
such magnitude, because they were not able to transfer new 
technology from their civil and military space programs to 
the economy, as a whole. As space expert Charles Vick ex­
plains, the pie was limited in size by this failure, and when 
the political situation changed, other programs took priority 
over sending men to the Moon. Today, the Russians will 
doggedly try to maintain their space capabilities, Vick states, 
but time is running out. 

Russia today is at a crossroads. If the current financial poli­
cies, under the heel of the International Monetary Fund, 
should continue, the one-time Soviet superpower will be rel­
egated to Third World status, suffering 
the political and economic chaos that 
will result from such a devolution. 

After his most recent trip to Russia in 
April 1 9 97, during which he traveled 
throughout the country to various space 
facilities, Vick commented that the IMF 
policies in Russia "amount to economic 
tyranny. " One result, he observed, has 
been the meteoric rise of corruption and 
criminality, and the corresponding lack 
of available resources for basic economic 
reconstruction, or the space program. 

Vick, currently a senior research associ­
ate at the Federation of American Scien­
tists, has more than 35 years of experi­
ence in assessing Soviet space technology. 
His technical drawings of Soviet launch 

They were in fact p lann ing it ahead of t ime. What is even 
more i nteresti ng is that when Kennedy made h is  speech, the 
Russians did not completely u nderstand what he was saying, 
and it took them some years before they actua l ly  completely 
u nderstood . O nce t h ey d i d ,  t h e n  t h ey s a i d ,  " O h .  Wait a 
minute .  We've got to l ook at what we're doing."  They were, 
however, committed to other priorities. 

Question: let's go back further, to when the Soviets would 
have been first thinking about landing men on the Moon. 

Their plan is rather self-evident, when you go back and look 
at their open l i terature, even back i nto the 1 950s. You have to 
consider the fact that the Germans had the idea, and the Amer­
icans also had the thought. It was in the genera l ,  open l i tera­
ture goi ng back before World War I I .  The Moon has a lways 

been an i nteresting subject. 
Their  l u nar program was more evident 

once we started seeing the Russians flying 
unmanned lunar missions in the late 1 950s 
and early 1 960s.  P l us, their  other pub l ic  
statements made it very c lear that some­
thing was going on. But not u nti l  1 963 did 
we rea l ly  have anyth ing sol id and official, 
bu i I t  arou n d  a series of statem e nts by 
N i kita K h rushchev, that rea l ly  revea led 
there was someth i ng going on.  U ltimately, 
you find that our side was l ooking for the 
evidence, and not fi nd ing it, unt i l  August 
1 963, and we were not real ly certain u nti l  
the fal l  of 1 964. 

Question:  What was it that the United 
'States saw in August 1 963? 

and space vehicles are known worldwide. Soviet space expert, Charles P. Vick. The beginning of the construction of the 
By applying his own creative powers to 
analyze whatever paltry data were a vailable from the Soviets 
before 1 989, Vick was the first to publish a drawing that recon­
structed the N- 1/L-3 Soviet manned lunar vehicle, at a time 
when the Soviets were denying that they ever had a manned 
lunar program. 

Vick is now working to develop the seventh N- 1/L-3 book­
length study. He was interviewed in July by 2 1  st Century Asso­
ciate Editor Marsha Freeman, who is the author of the book 
How We G ot to the Moo n :  The Story of the German Space 
Pioneers. 

Question: The Soviets were the first in space, with the 
launch of Sputn ik 40 years ago. They had the first man in 
space, as well. So, one of the greatest mysteries of the Soviet 
space program is why the Soviets never beat us to the Moon, 
and why they sti l l  have not sent people there to explore. 
When President Kennedy announced that the United States 
was making landing on the Moon its goal, it would seem to 
be undebatable that the Soviets were l ikewise planning to 
have a manned lunar mission. Were they planning it before 
Kennedy's announcement? 

A 1 9 9 1  dra wing by Charles Vick of the N- 1 booster with its 
L-3 lunar payload, on the launch pad a t  the Baikonur Cos­
modrome in Kazakhstan. 

B a i ko n u r  Cosmodrome, of the TT-5,  or 
what wou ld become known as the J faci l ities. That's when the 
first road work and stakes in the ground were going into place. 
The National I nte l l igence Estimate of 1 965, from the U.S .  Cen­
tral Inte l l igence Agency, which has not been released, reviews 
this. It is mentioned in the 1 967 National Inte l l igence Estimate 
on Russian space programs, which has been released. This is 
confirmed by the now-dec lassified recon naissance fi l m  from 
the Corona camera. 

Even more i nteresti n g  is the fact that when you compare 
their i n itial dates to what you see i n  the reconnaissance pic­
tu res, there can be a wide gap between when they say con­
struction started and what the pictu res show. This may be due 
to the fact that, of course, they have to prepare the ground and 
put the roads into the general area, and once they actual ly get 
the ground prepared, then, they say, "Now we're real ly starting 
construction for rea l . "  B ut, in fact, constructio n  had started 
much, much earlier. 

U p  to that poi nt, frankly, America was look ing for the evi­
dence and saying:  "Are they going to give us a sporting race, 
or aren't they ?" We weren't seeing it in the l i teral sense. But 
Khrushchev t i pped his hand about the same t i m e  as these 
thing were going on, so thi ngs had gotten started and we be­
gan to see it. 

NASA Admin istrator James Webb, made statements in Apri l 
and May 1 964 in which he said he was not certai n  that they 
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were racing us at a l l .  I n  a speech to the Missouri Cotton Pro­
ducers Association i n  May 1 964, Webb said, "There is some 
evidence the Soviets are working on a larger rocket, but we 
cannot say yet for sure." But in an article on Oct. 1 4, Washing­
ton Post writer Howard S imons reports Webb saying, "there is 
increasing evidence" that a new, super rocket was being read­
ied for testing, in the 1 967-1 968 time frame. 

Question: So we could see certain activity, and then later 
Khrushchev started making public statements saying they 
were going to try to land men on the Moon? 

His statements were very devious, and occurred in the fa l l  
of 1 963,  when there was d i scuss ion by Pres ident Ken nedy 
about the potential for cooperative m issions. In fact, Kennedy, 
in August 1 9 63,  mandated a red uction in the level of con­
frontation with the Russians, and looked more toward cooper­
ation with them. That was government pol icy. Many people 
were c i rc l i n g  the wagons to protect their projects, inc luding 
the Apol lo program at NASA at that time, because we had not 
seen evidence up to then that the Russians were u ndertaking a 

and the space race. O u r  p o l icy people  h oped they wou l d  
choose the space race, but they d i d  not. 

Question: Right after the war, the Soviets made the decision 
that they would be developing rocket technology for military 
purposes. In August 1 957, there was the first successful test of 
their ICBM, and then Sputnik, in October 1 957. What were 
they doing on a lunar program in that early period, and what 
approach were they taking to land a man on the Moon? 

From 1 95 7, and even earl ier, as far back as 1 955, Sergei Ko­
rolev [the chief designer of the N-1  booster and the manned 
l u n ar program] was d o i n g  design stud ies on a heavi er-l ift 
lau nch vehicle than the Sputn i k  R-7 booster, and the derivative 
forms of the R-7 booster evolved as the N-1  Moon rocket. A 
nu mber of variations were also devel oped. The in itial designs 
that Korolev developed were a m u lt i-block veh icle, meaning 
mu ltiple modu les, much l i ke the Sputnik booster. It has mu lti­
ple para l le l  b locks. The N-1  had s ix para l le l  b locks and one 
sustainer block, and then booster stages on top of that. 

l unar program. Question: What do you mean by blocks? Is that stages? 
B ut then Kh rushchev made some statements that were not Yes. It was a m u lt ip le-stage veh ic le, and then they added 

di rect, but indirect, and there were arguments about whether upper stages to it. That was while they were doing design stud-
they were, or were not, racing us to th� Moon, depelldi l")g .on , ies, unti l  abQut tbe· l. 961 - 1 962 time frame. They were looking 
how reporters i nterpreted what Khrushc hev said . And he' . ' at the 'rcicket' engi r1�s

' 
they were th ink ing  about usi ng. Those 

twisted it around and around. early rocket engi'n�s were open-cycle  engines, which are not 
U ltimately, we ended up fi nding out that you have to look at as efficient as c losed-cycle engi nes. 

the money: Fol low the money and that tel ls you the truth. 
What was real ly start l ing to me, was the real ization that the 

Russian budget, up through 1 963� 1 964, continued to rise for. 
the l u nar  program .  Then it became a l most fl at, through 'to 
about 1 9 70, when they added about a n other 600 m i l l io n  
rubles t o  it. A n d  then, i t  dropped off from there slowly, system­
atica l ly, u n t i l  1 9 74, when the program was cancel led, a l ­
though rem nants o f  t h e  program conti nued through March 
1 976 for a manned circumnavigation, and manned l unar land­
i ng program. It's just amazing to rea l ize that the budget went 
up to a certain poi nt, then went flat. Whereas, if you look at 
the strategic rocket area, the budget just kept right on skyrock­
eting, much above that of the United States. When you real ize 
that the Soviets put the money into that program, and not into 
the space effort, you say, "Wait a mi nute. Is this a commitment 
by the government, or isn't it?" 

In retrospect, the 1 962-1 964 period was critical to the events 
and decisions in the Soviet lunar program, as well as to com­
m itments to the strategic rocket program. The advent of the 
U . S .  M i n utem a n  m i ss i l e  and Corona reco nna issance pro­
grams, forced the Soviets to make sti l l  larger outlays to create 
s i lo-based strategic bal l istic mi ssi les, with the ab i l ity to stay 
fueled i n  the ground, for a long time, i n  a ready state and with 
a quick reaction time. The second-generation missile systems, 
for which they had appropriated money, were al ready out­
dated before they were deployed, and the Soviets had to de­
velop a t h i rd-generati o n  system,  wh ich  we wou l d see de­
ployed in the latter part of the 1 960s. 

As a result of the Cuban m issi le crisis, the legitimacy of the 
Soviet regime and the credibi l ity of its strategic forces were be­
i n g  quest ioned. U . S .  Defense Sec retary and geopo l it ic ian  
Robert McNamara stated, after the Apol lo announcement, that 
the Russians wou ld have to choose between strategic systems 

66 Fal l  1 997 21 st  CENTURY 

Question: Can you explain the difference? 
In the open-cycle engi nes the actuation gas used to ru n the 

turbo-pump; tbe $ubstance that actual ly makes the pump spin, 
is dumped overboard. It's wasted energy. In the c losed-cycle 
engi ne, that gas is dumped i nto the oxygen-rich th rust cham­
ber and burned with the rest of the fuel .  The Soviets sudden ly 
rea l ized in 1 9 60-1 9 6 1  that they cou l d  devel op those h igh­
pressu re, closed-cycle engines and get a better launch vehicle. 
U s i n g  engi nes with increased effi c iency led to a d ramatic 
change in the design of the N-1 . 

When they compared the two different launch veh icles, us­
i ng one engine type versus another, they went to a d ifferent 
structural type altogether. They fi n ished those design studies 
offic ia l ly  in the J u ly-September 1 9 62 t i me frame. There are 
qu ite vivid descriptions of that in the open l iterature, publ ished 
at the time. They were fasci nati ng.  They were argu ing about 
the logistics of the vehicle, and how you get it to the Cosmo­
drome, and how you manufacture it, transport it, and so on.  

Question: And that was published in the open l iterature? 
It was i ndeed . Part of it was p u b l i s hed i n  The New York 

Times, and was very reveal ing. It described a booster that was 
55 .8  feet across its base, with the fi rst stage 1 50 feet long, in 
one design they were looking at. But they ended up breaking 
that up i nto th ree separate stages, because a veh icle that size 
wou ld  be exceptiona l ly  d i fficu l t  to transport, in l and-locked 
Russia. 

Question: Similar to the Saturn V? 
I n  some respects, but the shape and design of N-1 is dramat­

ica l ly  different from the Saturn V. The fi rst th ree stages of the 
N-1 actua l ly constitute the first two stages of the Saturn V. The 



first stage i n  N-1  has a Nova, 
or su per-Saturn/Nova-c l ass 
launch vehicle written al l  over 
i t, because i ts  thrust was 1 0  
m i l l io n  pou nds-p l us .  Th e re 
were 3 0  e n g i nes i n  its fi rst 
stage, at 1 50-1 54 metric  tons 
thrust each, giving it more than 
1 0  m i l l ion pounds of thrust at 
l a u n c h .  B y  comparison,  the  
Saturn V first stage had five en­
g i n es,  p roduc ing  7 . 6  m i l l io n  
pounds o f  thrust. 

The original N-1 design was 
of a somewhat smal ler  veh icle. 
The N-2 der ivative of N - 1  
wou l d  h ave used t h e  u pper 
second stage of the N-1 for its 
fi rst stage, then N-3 wou l d 
have used the third stage of the 
N-1 as its fi rst stage. That de­
velopment was dropped, but  
shou ld  h ave been fo l l owed 
through; they cou ld have fi n­
ished development of the u p­
per stages a lot sooner, having 
al ready successfu l ly  static-test­
fired those in the late 1 960s for 
the N-1 . They were not able,  
ever, to static-test-fire the N-1 
fi rst stage. They d id  not have 
the fac i l i ties for that. They do 
not have them even today. 

enough altitude and clears the 
l a u n c h  fac i l ity. I n  t h i s  case, 
the Soviets did n ot have that 
b u i l t  i nto the program .  They 
do now, in a l l  their lau nch ve­
h i c l es,  b u t  they l earned the 
hard way. 

You r  heart just drops, when 
you watch that t h i n g  l ift off, 
d u r i n g  the J u l y  3 ,  1 9 69,  test 
launch .  The N-1 rises up and 
c lears the tower, and then al l 
the eng i nes but one shut  off 
a n d  it j u st starts d ro p p i n g  
b a c k  o n  to the l a u n c h  p a d .  
Those engi nes were shut  off 
automatical ly, because a fire 
had developed in the engine 
bay from the explosion of one 
engi ne at l ift-off. It's u nbel iev­
able to see the fi lms of that. 

Question: I was unaware that 
they were not able to static­
test those engines. 

That is one of the major rea­
sons that the first stage repeat­
edly fai led in flight tests. It is a 
more catastro p h i c  fa i l u re i n  
fl ight than on a test stand, i f  it 
fai l s  the wrong way, and there 
is no i nfl ight destruction sys­

NASA 

President John F. Kennedy, in a historic speech before a joint 
session of Congress on May 25, 7 96 7 ,  declared, /II believe 
this nation should commit itself to achieving the goal, before 
this decade is out, of landing a man on the Moon and return­
ing him safely to Earth. /I  

T h e y  d i d  stat i c -test-fi re a 
sel ected few of the engi nes . 
They had a batch-production 
capab i l i ty.  T h ey'd produce 
so many engi nes, and take X 
n u m ber of them and test fire 
them. I f  they worked, they'd 
i nstal l  the rest of the engi nes. 
T h at 's  the way they d i d  it 
with the fi rst stage. The fi rst 
stage was orig ina l ly  designed 
for 24 engi nes, but had 6 ad­
d it iona l  eng ines added to it, 
and then 4 additional Vernier 

tem, which the Russians, as a general rule, do not have. Their 
ph i losophy for infl ight safety and destruction of the booster, if 
it fai ls, is  very different from ours. 

U nt i l  after the second f l ight test of N - 1 , which took p lace 
on July 3 ,  1 969, the Soviets did not have a procedu re whereby 
they could keep the engi nes ru nn i ng, j ust to clear the faci l ity, 
before they al lowed the booster to go on and fai l .  They wiped 
out an enti re launch fac i l ity when they let a fa i l i ng veh ic le  
col lapse on the launch pad i n  J u l y  1 969. The engines were on 
automatic com mand to be cut off, i f  there were a problem, 
j ust as it c leared the turn i ng tower gantry. When the booster 
fel l  back on the ground, it cratered the launch pad, as wel l  as 
the u nderground, mu ltiple-story bui ld ing that was the support 
fac i l ity for the veh icle. 

Question: How could have they avoided doing that? 
They could have avoided that by keeping the engi nes on, in 

spite of the engi nes' fa i l i ng .  If  the compute r  i s  programmed 
right, and it considers thi ngs in a certa i n  way, it wi l l  not shut 
down the engi nes, for safety reasons, u nti l the booster gains 

eng ines, for a total of 34 en­
gi nes i n  the fi nal design for the fi rst stage. 

Question: Didn't they look into using more efficient liquid hy­
drogen engines? 

They were looking at it and developing the technology, but 
they were way behind the U n ited States. Some papers were just 
released in Moscow on that, but I do not have them yet. We do 
know that N i kolai  Kuznetsov, at h is design bureau in Kyuby­
shev (now, Samara), was work ing on a hydrogen engine con­
cept. M.A. Lyu l ka E ngine Design Bureau, did successfu l ly de­
velop an engi ne, known as the 0-57, 0-57M, which was one 
of the many engines that have been proposed. It was designed 
to be appl ied to an u pper stage for N-1 . But the engines they 

. actual ly tested all used kerosene for fuel, and l iqu id oxygen.  
The Soviets developed whole fam i l ies of engi nes for the N-

1 ,  and other programs. Many other engines were actual ly i n­
volved, whol ly separate of the man ned spacecraft. 

The first three stages of the booster are known as N-1 . When 
you get into the fourth and fifth stage, and then the l unar mod­
ule and the lunar orbiting spacecraft, and the big, h uge shroud 
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Communist Party Secretary Nikita Khrushchev, in 1 964, when 
the decision was made to modernize Soviet strategic capabili­
ties and lower the priority of the manned lunar mission. 

that goes over that, that's known as L-3 . So it's cal led N-l/L-3, 
for lunar m issio'ns. The l u nar part was a separate package and, 
in fact, they para l lel-processed both veh icles, the L-3 and N-l , 
as separate packages, i n  order to process the vehi'Cie. 

F rom 1 962 through 1 967, the design u nderwent repeated 
changes. N-l was in itial ly designed to del iver 45 metric tons of 
payload to low-Earth orbit. Then it was redesigned for 75 met­
ric tons, and then it edged up to about 92 metric tons, and, u l­
timately, 1 00 metric tons, by 1 972 .  

Question: That would make it  comparable to the Saturn V? 
Close to it.  Satu rn had a capabi l ity of del iver ing between 

1 30 to 1 40 metric tons of payload to low-Earth orbit, and N-l 
was comparable, but not as capable.  This d ifference i n  pay­
l oad capabi l ity meant that the Soviets wou l d  have been able 
to place only one man on the l u nar su rface, not two men, as 
we d id i n  each Apo l l o  miss ion.  The i r  l u nar modu le  was de­
signed for merely one man, not two; it was very tight inside. 
It was designed as a one-man l u nar excu rsion modu le  to go 
to the surface, and the veh icle was different from the way we 
d id it. 

In add ition, the Soviets were launching at 50 to 51 degrees 
incl ination to the equator out of the Baikonu r  Cosmodrome i n  
Kazakhstan, going north to skirt the Chi nese border, not going 
due east as we do from the Ken nedy Space Center at 28 de­
grees. That rea l ly cuts i nto the launch vehicle's optimum per­
formance capabil ity. Because they launch at such a h igh incl i­
nation, they have to a lso do a plane change i n  order to go to 
the Moon, and it takes a lot of energy to do that. 

The Soviet l u nar-orbiting spacecraft was a two-man space­
craft. What wou l d  have been the th i rd man's seat was to be 
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taken up by the lunar samples. The l u nar cabin, or module, i n­
volved the B lock 0 rocket stage-which on Proton is its fourth 
stage, and on the N-l is the fifth stage. B lock 0 was designed 
to use a kerosene and l iquid oxygen engi ne, RO-58M, to break 
the spacecraft i nto l unar orbit, and to refine that orbit, down to 
about 1 0  km above the l u nar su rface. Then, the B lock 0 en­
gi ne, with the lunar lander on top, wou ld fire for the last time, 
to start the direct-powered descent to the l u nar surface. For the 
last 1 .5 to 2 km prior to landing, the l u nar cabi n  would have 
separated from the l u nar braking modu le, B lock 0, and done 
the fi nal powered descent and maneuveri ng to landing, from 
about 1 .5 km altitude, down to the l u nar surface. 

Question: We had a lot of discussion in this country of how to 
do the Apollo landings. We considered Earth-orbit ren­
dezvous, direct descent, and lunar-orbit rendezvous. We de­
cided on lunar-orbit rendezvous. 

A Soviet tec h n ique, at that. U lt i mately theirs wou ld have 
been lunar-orbit rendezvous, but it was also lu nar-surface ren­
dezvous. As we understand it today, Korolev's last d i rections 
before he d ied in January 1 966, would have i nvolved at least 
two N-l lau nches and several unmanned Lu nakhod launches 
also. Lunakhod, meaning "Moon wal ker," was a rover that the 
Soviets used, designed to accompany cosmonauts on explor­
ing the Moon.  Korolev's program requ i red

' 
mu ltiple-launches, 

and had backups a l l  the way around for the enti re mission. 
The Amer icans d i d  the i r  own sepa rate stu d i es of Earth­

o rb i tal rend ezvous,  d i rect, and l u n a r-orb i ta l  rendezvous .  
Lunar-orbital rendezvous u lti mately tu rned out  to  be the  best 
option .  The Soviets themsel ves had done l u nar su rface ren­
dezvous, d i rect launch,  Earth-orbital rendezvous, and, later, 
l u nar-orbital rendezvous studies. 

But when the U n ited States actua l ly  d id it, and the Soviets 
sat down and looked at the figu res, they considered our con­
cept of l u nar-orbital rendezvous to be particu larly bri l l iant, to 
quote Alexei Leonov. Only later did they-and we-d iscover 
that a Russian had presented the concept many years before, 
and done the mathematics. They backed away from the Earth­
orbital rendezvous and d i rect concepts, and went instead to 
what became l u nar-orbital rendezvous and l unar-su rface ren­
dezvous, for themselves. 

That would have i nvolved two different kinds of launch ve­
hic les. Prior to the N-l lau nches, they would have launched at 
least one or two Lunakhod unmanned precursor surface-explo­
ration veh icles on the Proton rocket, and landed in the general 
areas where they planned to do the man ned lunar landi ng. The 
unmanned Lunakhods would have acted as rad io beacons for 
targett i n g  the  l a n d i ng area.  Then,  the Soviets wou l d  have 
lau nched an unmanned N-l , with fu l l  lu nar eq u ipment, and 
l anded a l u nar modu le, or cabin, in that preselected area for 
landing. That wou ld have effectively provided an u nmanned 
veh ic le, approximately 28 days before the next mission, and 
the Lu nakhods wou l d  h ave been ab le  to i n spect the l u nar 
modu l e, to see that it was okay. The Lu nakhods wou ld then 
back off from the site, in order to get pictu res of the area. 

In the manned lunar m ission itself, which was planned to be 
launched 28 days later, the Soviets wou ld  have done a pow­
ered descent with the B lock O. That is, a constant burn, con­
stant thrust descent, in which very qu ickly, all of your forward 
velocity is lost and you come down al most vertical ly.  This a l -
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This series of comparative diagrams of the Saturn V Apollo rocket and the Soviet N- 1 with its lunar stages, was drawn by Charles 
Vick between 1 978 and 1 993, from the very limited open literature available to the public before the fall of the Soviet Union. 

lows you to see your land i ng point very precisely, and to ma­
neuver to see the target, very early on.  

Question: Because it's right underneath you? 
Right. It's a near-vertical land ing proced u re. In the Apol lo  

program, we used a gradual ,  throttled powered descent to  the 
landi ng point, which is an e l l iptical approach . The Soviet con-

stant-bu rn approach is  a vertical land ing profi l e  that requ i res 
less energy, but can be far more dangerous. But they felt that 
they could do this, and had demonstrated the l u nar modu le in 
Earth-orbit in  1 971  and 1 972 quite successfu l ly, through three 
flight tests. The Block D was tested at least once in  a fl ight test, 
besides its unmanned l unar missions, and Zond c i rcumnaviga­
tion precursor missions. 
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Question: Was this a direct descent, or would they have gone 
into lunar orbit first? 

They wou ld have gone i nto l u nar orbit fi rst, and the l u nar 
orbiter wou ld have been there along with the other [back-up] 
one, the u n man ned one, in the same general v ic in ity. Ren­
dezvous was req u i red.  Cosmonaut A l exei Leonov has said 
there was an incredible series of rendezvous requ i red for the 
lunar mission.  There are two vehicles, and two rendezvous­
one on the l u n ar su rface and one i n  l u n a r  o rb it-as wel l  as 
one com ing back from the l u nar su rface to rendezvous and 
dock with the spacecraft that is in l unar orbit. It's very compli­
cated in that respect. 

But as far back as 1 965,  the Soviets knew from their gu id­
ance people that they cou ld land them within a 5-km e l l ipse 
of the landing point on the l u nar su rface. That was the guid­
ance parameter they had to work with. By 1 969, they had re­
d u ced that down to 2 . 5-km gu idance qua l ity.  The cosmo­
na uts were req u i red to be a b l e  to wal k across the l u n ar 
su rface, with their  l u nar su its on, over to the back-up l u nar 
module, if the first l unar modu le fai led. They also looked into 
using a Lu nakhod rover, which would carry a man across the 
l u nar su rface to the back-u p  l u nar mod u l e .  So it wasn't ex­
actly l i ke land ing one l u nar modu le  on top of another one, so 
to speak; there was some distance between them. 

Question: Is the reason this is so much more complicated than 
what we did in the Apollo program, the fact that their launch 
capability would not have allowed them to take as much pay­
load along in one launch? 

It's more the safety factor, in every sense of the word. They 
rea l ly  did not trust their equ ipment that much. Rendezvous in 
lunar orbit rea l ly  scared the heck out of them . They did a lot of 
revisions and avionics work, as wel l  as forward vision capabil­
ity systems for doing that. They wou ld have the unmanned or­
biting spacecraft as a back-up.  It's the standard package that 
they had developed, crazy as it may seem. 

The question becomes, once they had actual ly successfu l ly 
launched an N-1 , would Soviet F i rst Secretary Leonid Brezh­
nev have given the orders to go with the man ned lunar land­
ing, regardless of whether everyth ing else was in p lace? The 
bottom l i ne is that, for pol it ical reasons, the m ission wou ld  
have been conducted with one s ing le  launch,  with no l u nar 
su rface rendezvous available to it .  

Question: As the time got shorter, and they wanted to see re­
sults, they would have gone ahead and done it, without the re­
dundancy? 

Right. That is what is ind icated. Brezh nev was making de­
mands, and then, after a certa i n  poi nt, the doctrinal pol icies 
changed in Russia; as detente developed, in the early 1 9 70s, 
the lunar program real ly lost favor. One, the Soviet Un ion had 
lost the race, and two, the program was way behind schedu le, 
so since it couldn't come off, it wasn't worthwhile. Also, there 
were other programs that cou ld be done that were al ready fly­
i ng, such as the Salyut space station, which evolved i nto to­
day's Mir space station. 

Question: You've described a very expensive scenario for how 
the Soviets were planning to do their manned lunar program, 
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having double vehicles and unmanned launches before they 
would send people. How did that change? 

It changed because of economics and the l i m its of the pro­
gram, and the problems they were havi ng with the booster it­
self. The Soviets actua l ly  had five fl ight-test veh icles, the first 
one of which was expected to be fl ight-tested in the August­
October 1 968 time frame. As they bu i l t  up to that fl ight test, 
i n  J u ne 1 9 68, h a i r l i n e  cracks deve l oped i n  the huge, first­
stage l iqu id oxygen tank, and that fi rst stage had to be canni­
ba I ized . So everyth i n g  was d e l  ayed u nti  I F e b .  2 1 , 1 9 69,  
when they final ly flew the first vehic le. The U n ited States did 
not u n derstand,  o r  successfu l ly i nterp ret and detect, that 
launch .  The B rit ish d id ,  through nationa l security fac i l ities, 
but it was never accepted by the i ntel l igence com mu nity on 
this  s ide.  So, in effect, the Sov iets d id  a f l ight  test, and we 
didn't know it. 

Question: Was that first flight test successful? 
It lasted through 40,000 feet, before the first stage fai led, be­

cause of engine vibration and the rupture of some propel lant 
l ines, which created a fire. A false signal was then given by the 
KORD [Engine Operation Control System], shutti ng off the en­
gines. One engine had failed, and the control system was sup­
posed to shut off two opposite pairs of engines to maintain bal­
ance. This was an aerospike design . If you shut off an engine 
on one side, you have to shut off the exact opposite engine on 
the other side. But when the KORD i nstrumentation failed, it 
shut all the engi nes off. The booster began to break up from 
the tai l  end. Then the launch escape system pu l led the space­
craft free at the top of the stack, away from the rest of the L-3 
portion of the veh icle, which started breaking up. 

But the first stage kept right on burning for some time, unti l  it 
went bal l istic .  I think the first and second stages kept right on 
going for a l ittle whi le, u nti l  it didn't have any guidance system 
to guide it. The rest of it had a l l  broken off. It's very dramatic to 
watch that arc h i ng fa i l u re .  You see it going fi ne,  and then, 
poof! The lau nch escape tower p u l l s  away from the booster, 
and everyth i ng j ust starts com ing apart. Then you fina l ly see 
range safety blow it up, several minutes later. 

Question: What is an aerospike engine? 
The N-1 first stage was a very advanced propu lsion concept. 

In its original design, when it had 24 engines, they were atmo­
sphere-adapting aerospike engi nes, much l ike that bei ng con­
sidered for the Space Lifter X-33 concept that NASA is looking 
at, even though it has some tech nica l  problems-a l ot more 
than NASA u nderstands at this point, I think. The aerospike at­
mospherica l ly  adapts and increases thrust as the atmosphere 
gets thinner. 

There is an Ach i l l es' heel to the aerospike design, and the 
Russians l earned th is  the hard way, with N - 1 , in two ways. 
One is the thermal load requ i red to create a nozz le in which 
you have mu ltiple rocket engi nes burning on the outside. You 
have a long nozzle that the expanding gas goes against, to cre­
ate the thrust that you want. That nozzle has to be cooled. The 
thermal l oads, the e n ergy l oss fro m that coo l i n g  in the 
aerospike design, veto any possibi l ity of acq u iring a better per­
formance capabi l ity out of the N-1 booster, compared to using 
six additional engines with standard nozzles on them . The So-
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The Soviet manned lunar mission would have used the first three stages of the N- l (A, B, and V at lower left) to gain orbital alti­
tude, and then the C stage to put it on a trans lunar trajectory. Block 0 would have taken the spacecraft into lunar orbit and then 
to the lunar surface. 

viets l earned the hard way, that if you have too much surface 
area for that nozzle, the energy lost in coo l i ng actual ly vetoes 
the performance. 

There's also another aspect. 
When the Russians transitioned to the 6 add itional engi nes 

in the center, with i n  the 24 engi nes, they didn't make a l l  the 
revisions requi red to precl ude the entire engine boat-tai l  oper­
ating as an aerospike. That produced the aerodynam ic effects 
with the th i rd fl ight test that were the hai r-trigger that created 
that fa i l u re .  The gas was com i n g  i n  from the  s i d es of the 
booster, as i t  rose up from the launch pad, and from the shock 
wave com ing up from the bottom of it. 

Dur ing the second fl ight test, some debris-bolts, n uts, or 
whatever from manufacturi ng-got i nto one or two of the en­
gines and caused a fire to break out in the fi rst stage. Th is hap­
pened to a Space Sh utt le main  engine that b lew up on a test 
stand in the late 1 970s, and that's what happened in the N-1  
engine bay, when the oxygen l ine ruptured and fuel dumped 
a l l over everything. Because everyt h i ng was hot, the engine 

exploded into fire. 
You can see the fi re deve lop ing  as the N - 1  l ifted off and 

c leared the tower. Soon after, the automatic control system 
shut off a l l  but one engine. That explosion had, in fact, cut the 
l i nes that wo u l d  have s h u t  off that e n g i n e ,  so the e n g i n e  
couldn't b e  c u t  off. That o n e  engine tipped the N-1  over on its 
side, and it col l apsed sideways and fishtai led, d ropping back 
on the faci l ity and doing the tremendous damage that we have 
seen in the declassified Corona photo recon naissance pictures. 

The th i rd fl ight test was on June  2 7, 1 9 7 1 . It l ifted off and 
fai led almost immed iately, when an after-effect, a shock wave 
produced by the acoustic gas pressu re, travel led back up the 
veh ic le-much as we have with the S h utt l e-a nd sent the 
booster spinn ing about its center l i ne. The i nterstage, between 
the second- and thi rd-stage structu re actual ly  broke, and the 
top of the booster started fal l ing off. As the booster continued 
to c l imb out, it gai ned some stabi l ity, but the whole L-3 u n it 
started fl ipping over. U lti mately, the front end broke off, and 
the booster broke up at that time. 
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Apparently a l l  the launch-escape systems did work as they 
shou ld, and it is certain ly very dramatic. Thank goodness that 
it did work that way, because you wouldn't have wanted to be 
around when that th i ng col lapsed on the pad : It gouged out a 
90-foot crater, about 20 km downrange. 

I th ink the most dramatic p ictures I have ever seen are the 
pictures I saw in Russia when I was there in Apri l 1 997, of th'e 
fourth, and fi nal, flight test of N-1 , on Nov. 23,  1 972. It had al­
most worked through the enti re first stage burn; it fai led i� the 
last few seconds, about 1 0  seconds after completing its first 
stage burn and going to the second stage. The programming 
was such that it could not start the second stage, in spite of the 
first stage having fai led at the last minute, during the center en­
gine shut-down procedure. There are 6 center engi nes and 24 
outer engi nes, plus fou r  Vern ier engi nes on this fourth version 
of the vehicle. 

You watch the vehic le  l ift off; it's c lean, it's beautifu l ,  and 
you can't bel ieve how much fire and intensity of energy there 
is in the flame trench. The vehic le completely clears the fac i l ­
ity and the  flame trench; the  concrete i s  sti l l  glowing yel low, 
we l l  after the veh i c l e  has c l eared the fac i l ity. I have never, 
ever, seen anyth i n g  l i ke that before. That had to p l ay h e l l  
with the concrete . . .  just the very energy i nvolved i n  that 
blast furnace. 

When they shut down the center six engines, there was a 
propel lant l i ne that fed some of the gas generator systems on 
the engi nes which ruptured. It started a fire that spread very 
rapid ly .  The severe pogo vibrations broke up everyth ing at 
that poi nt .  The veh i c l e  fa i l ed, a n d  the eng i nes were shut  
down by the KORD engi ne control system agai n .  The second 
stage was not started. They never b lew the booster up.  They 
let it go com p l ete l y  bal l istic down range, some 200 to 500 
km, and crash there.  I 'm s u re some pa rts b roke off, but a 
l a rge port ion of the veh ic le  went a l l  the way downrange, 
crashed, and exploded. 

Question: This answers the question of why the Soviets were 
never able to send people to the Moon. What was the reason 
that in the mid-1 960s the money was not available for this 
program? 

You end up sayi ng to yourself, "Was the l u nar race rea l ?" 
Yes, and no. It's a very ambiguous answer. There was clearly a 
greater priority than the lunar mission, and perhaps the Russ­
ian leadership felt  that they had to keep the Americans in the 
lunar race to keep them away from the strategic rocket game. If 
they cou ld keep us occupied with the l u n a r  effort, it wou ld 
make us divert a lot of fu nds that wou ld have gone, perhaps, 
into more strategic rocket or mi l itary programs. 

Question :  But by that time didn't the United States have an 
overwhelming mil itary superiority? 

We had the superiority and the capabi l ity, and they didn't. 
To a degree, they wanted to slow us down, stop us, and keep 
us occupied.  At the same time, there was no separation be­
tween their m i l itary and space programs. Thei r whole space 
program was based on the su rge capacity boosters that they 
produced for the m i l itary. They were made avai lable for the 
space program because they were excess production. A num­
ber of boosters were made avai lable every year, and the space 
program grew, over and beyond the a l ready comm itted m i l i -
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tary programs, through those years. 
It's amazing they were able to do what they d id .  To a large 

degree, when you look at the appropriations level, you real ize 
that Korolev had chal lenged the l eadership in Russia wel l  oe­
fore he d ied i n  Jan uary 1 9 66, even before Khrushchev went 
out of office. He said, "Are we going to do this, or aren't we 
going to do this?" The u ltimate answer was, "Yes, we're going 
to do this, but th is  is al l  the money you ' re going to get. And 
you're going to have to make due with that." That's the way it 
was done. They went on to do the work, and I 'd have to say 
that, so far as the government was rea l ly concerned, for a l l 
practical pu rposes, there was no lunar race. 

But the scientists themselves with the tremendous effort that 
they put out, at what became the Energia Company of today, 
actua l ly  turned it i nto a l unar race-a very c lose one, in a lot 
of respects. "They had a l l  the wrong fai lu res at the wrong time, 
and we had a l l  the right ones," to quote Dr. Charles Sheldon, 
former ch ief of the Science Po l i cy Research d ivis ion,  of the 
Congressional Research Service at the L ibrary of Congress. If 
the opposite had been the case, it may have been a very differ­
ent picture. 

Question : Were our failures early enough in the program so 
that we still had enough time to correct them? 

That's right, and we d id thorough ground testing; which the 
Russians were not ab le  to do. They were able to test fire a l l  
the upper stages o f  N - 1  and a l l  the payloads, a�d flight test a l l  
that eq u i pment, a s  a general ru le .  B u t  they d i d  not have the 
test stands for the entire launch veh i c l e  stack to be dynam i­
cal ly tested, although they did it in subscale forlT!. They did al l  
the testi ng i n  Korolev, formerly known as Kal i n i ngrad, i n  the 
Moscow area. They did test firings of the first stage at Zagorsk, 
outs ide of Moscow, and then d i d  other tests at B a i ko n u r, 
which is where they ended up bu i ld ing the boosters' first two 
or three stages. 

The rest of it was b u i l t  e l sewhere i n  Russ ia ,  pr imar i ly  
Samara, and s h i pped by either a i r  or ra i l road to  the  l au nch 
site. The first and second stages were built off-site at the Cos­
mod rome i ns ide the N - 1 /E nergia assembly b u i l d i ng .  In fact, 
the fac i l ities are sti l l  there and are avai lable for use for the En­
ergia booster. 

In Samara, the Soviets destroyed a total of seven boosters. At 
Baikonur, they destroyed six boosters, over and above the four 
fl ight test veh icles, p lus the scrapped fi rst stage of a fl ight test 
veh icle. They had ground-test vehicles and dynamic-test vehi­
cles. They broke th ree dynamic test stages at the Cosmodrome. 
They are very proud of that. They broke them during structural 
dynamic testing, to find the l im it. And they broke the flight test 
veh icles, too. 

Question: One of the incidents that, it is said, had an impact 
on the lunar program, was the death of Korolev in early 1 966. 

If Korolev had l ived, it wou ld not have made any difference 
i n  the l u nar  effort. The Soviets were two-and-a-half  to five 
years beh ind U.S.  developments, which we had a l ready started 
i n  the 1 9 50s .  K h ru s h chev started the space race, but one 
wou ld have to legiti mate ly  say that he a l so ended the space 
race, when the decision was made to put the appropriations 
into the strategic rocket programs. 

But  it is amazing what the Academy of Sci ences and the 



RSC Energia, Korolev, Russia 

An N- l test vehicle with the L -3 lunar stage on top, lifts off the launch pad at Baikonur, None of the four test flights was suc­
cessful, 

Russians managed to acco m p l i sh-the sheer momentum of 
what Korolev and the Academy of Sciences had started , By the 
t ime Korolev d i ed in January 1 966, thi ngs were begi n n i ng to 
come apart for h im,  Even if he had l ived, they wou ld not have 
beaten us to the Moo n .  N - 1  wou l d  n ot have been ready on 
time, 

In terms of propulsion, the U n ited States was a l ready work­
i ng on the F-1 -c lass eng ine and hyd rogen/oxygen engi nes, 
which were used on the Saturn V, back in the 1 950s. The hy­
drogen work was done by Aerojet in itial ly, and other work was 
done by Pratt and Wh itney. Th is  work l ed to the J-2 engi ne, 
which was used on the second and third stages of the Saturn V. 
Rocketdyne d i d  the wo rk o n  the E-1 e n g i ne, w h i c h  was a 
bui ldup to the F-1 , at a half-mi l l ion pounds of thrust. 

Both countries had considerab le  problems with rocket en­
gi nes, kerosene/ l iqu id  oxygen ,  or LOX engi n es, beca use of 
rough combustion, We took q u ite a few years-u nti l  the late 

1 9 60s, ear ly 1 9 70s-to l earn what is known as the " rough 
combustion curve," If  certai n  parameters of design are outside 
this curve, you won't get rough combustion in the thrust cham­
ber; if the design parameters are i nside, you w i l l  have rough 
combustion ,  I t  took a long time to learn that. But the Soviets 
developed a very robust engine that is being appl ied to Ameri­
can commercia l  launch vehicles today-N K-33 and the N K-
43-which could even stand rough combustion. 

You might ask, why so many engines? It was what was pos­
s ib le to be developed i n  the t ime frame requ i red . There was 
a lso a very severe argument between Valenti n G l us h ko and 
Koro l ev. G l ushko, who headed the Soviets' p restig ious Gas 
Dynamics Laboratory, refused to bu i ld kerosene/LOX engines, 
and would only bui ld storable propel lant engines for Korolev's 
launch veh ic le for the l u nar  effort. There were d iscretionary 
funds avai lable for storable propel lant engi nes, for the mi l itary, 
which was usi ng storage prope l lants, 
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RSC Energia. Korolev. Russia 

Sergei P. Korolev, sometimes referred to as the Soviet Wern­
her von Braun, was the chief designer of the N- l booster and 
the manned lunar program. Today his design bureau is known 
as RSC Energia. 

Question: What are storable propellants? 
I 'm thinking about U DMH [unsymmetrical d imethylmethyl­

hydrazinel and n itrogen tetroxide, storable hypergol ics. They 
can be stored in a normal environment chamber, but they're 
h ighly toxic and very harmfu l to human beings; they can k i l l  
you, if  breathed i n .  When U DM H  a n d  n itric acid come to­
gether, they explode i nstantly into flames. 

The other approach uses kerosene and l iquid oxygen, LOX. 
The LOX is cryogenical ly cooled, and the kerosene is storable 
and can be super-cooled to a degree. The kerosene the Soviets 
use, which they sti l l  use today, is actual ly a derivative of gaso­
l ine. It's more gummy than our kerosene. Kerosene works quite 
wel l with those engi nes. The differences are real ly very smal l ,  
as  has been demonstrated in test firings in the U nited States. 

G l ushko refused to develop kerosene engi nes because he 
d i d n ' t  th i n k  that a l S 0-metri c-ton t h rust e n g i n e  u s i n g  
kerosene/LOX cou ld b e  developed. He essentia l l y  refused to 
do it. 

Question: It seems that an important factor in the Soviet lunar 
program was the competition that was maintained and fos­
tered by the government between the different design bu­
reaus. How did this affect the progress of the lunar program? 

Few people rea l ize that Stal i n ,  a long t ime ago, gave the 
chief designers the right to refuse to do a project or be a part of 
a project, without penalty. When a General-Designer is ap­
pointed, it is a rank, a m i l itary rank, quite l iteral ly.  And when 
they're appointed, they are appointed for l ife. They are gods. 

There were the various ai rcraft design bureaus. Korolev was 
a Genera l-Designer. The person who succeeded h im, Vasi ly  
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Mishin, was a General-Designer. G l ushko became a General­
Designer of rocket engines. Vladimir  Chelomei was a General­
Designer, who also had the U R-700/LK- 1 competitive design 
to Korolev's lunar design. Mikhai l  Yangel was also a General­
Designer with his design bu reau in U krai ne; he had the R-S6, 
based on the R-46 super-ICBM concept, another competitive 
design to Korolev's N-l . 

Yangel was i n it i a l l y  developing the R-46 super-ICBM, as 
Che lomei  was deve l o p i n g  the U R-SOO s u per- I C B M  "c ity 
buster," as vehic les this size used to be cal led. They were de­
signed for a 1 50-megaton warhead that was doctri nal ly in fa­
vor in the early 1 960s. Chelomei's U R-SOO, l ater the Proton, 
won the contract; the R-46 was d ropped. 

But then, the l unar contract came along. Khrushchev had de­
veloped this technique of havi ng competitive contracts, sup­
posed l y  to get better designs.  I n it ia l ly ,  looki ng at the l u nar 
booster, they had selected a booster for the program, but then 
the competitive boosters were presented m idstream, when N-l 
was al ready u nder development and faci l ities were being built. 

At the same time, money was being spent on those compet­
ing programs, and wasted. The chief designers were l itera l ly  
out  of  control at  that poi nt, and the government d id not rein  
them in,  except that the R-S6 was d ropped when Mish in ,  Ko­
rol ev's su ccessor, wrote l etters compl a i n ing  about it to the 
Min istry of General Mac h i n e  B u i l d i ng, which rarr the space 
program starting in 1 965-1 966, with the new Five Year Plan. 

This  so-cal l ed com petition was very 'destructive, because 
people were not working as a single team, for a single goal ,  on 
a single veh icle. They were saying: "I'm going to work on this. 
He's going to work on that. Mish in  can do what he wants to 
do, but we're going to do our thing." 

There a lso were the unmanned l u nar programs, inc lud ing 
the automatic sample programs, and the Lunakhod program, 
plus the Zond circum navigation program. So there were more 
than half a dozen manned and u n manned l u nar programs i n  
progress at the same time, in very intensely competing organi­
zations. Pu re chaos. It made it very d ifficult  for Mish in, who 
succeeded Koro lev as General -Designer of what eventu al ly  
became E nergia, because he had a l l  these com petitors to the 
N-l , and he didn't have the money he needed. 

Mish i n  wou l d  make recom mendations that they bui ld  test 
stands for the fi rst stage, or do testi ng, or put on certain kinds 
of instrumentation to be certain that the engi nes were perform­
ing. Some of the instrumentation he was suggesting was very 
advanced for rocket engine performance observation-much 
of which we sti l l  do not have perfected, even today. Their  
computer technology was not the best i n  the world.  Their  in­
strument control technology for N-1 was very advanced think­
ing, but it just was not right. It wou ld have been perfected over 
t ime. I th ink with the fifth fl ight test, they wou l d  have fi na l ly  
successfu l ly flight-tested the booster. But  Mish in never got the 
support he needed for these efforts. 

A lot of people said Mishin messed up the management and 
everything else. You have to real ize that he had 2S-plus pro­
grams du mped on h im when Korolev died . And he had a lot of 
people reporting to him, directly. It took h im a whi le before he 
began to delegate authority, and he got repr imanded by the 
Ministry of General Machine Bu i ld ing for it. The actual devel­
opment of N-1 was going at about the pace you would expect 
for development of a booster, looking at the l i m itations of the 
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ground testing that was perm itted by the Min istry and the gov­
ernment. 

So you end up say ing to you rse lf, "H ey, the government, 
the Ministries, and the pol itical leadersh ip are not putting the 
money in there, so they're getting what they're asking for, as a 
resu lt ."  But Mish in  became the fal l  guy, and by 1 9 74, when 
the doctrinal change in detente was beginning, the lunar pro­
gram no longer had its place-as was the case geopol itica l ly  
and i n  terms of pol icy i n  the U n ited States. Mish in  was re­
l ieved of h i s  job i n  March 1 974, fired, i n  effect, in a host i le  
corporate takeover, sanctioned by the Russ ian  leadersh ip .  
Qu ite brutal. 

For a long time, Mish in  has been very much critic ized, and 
has been accused of being responsible for the fai lure of the l u­
nar program. I n  rea l ity, he was an except iona l ly  i ntel l igent 
deputy General-Designer to Korolev. One reason that Mish in  
was not very popu l ar, is  that he tried to  prevent others from 
working on thei r own hidden agendas, and to get a l l  of them 
working on the assigned task. 

G lushko continued to fight Korolev even after his death. He 
fought Mishin,  looking over his shou lder. Roald Sagdeev, for­
mer head of the Russian Space Science Institute, has a lot to 
say about that in his book, The Makings of a Soviet Scientist. 
G lushko was an utter zealot, egoist, demagogue, and very de­
structive. He u lti mately brought down Mish in  and the l u nar 
program. And he even went so far as to write the manned lu­
nar program out of h istory, never acknowledging it-ignoring 
it, as if it didn't exist. 

Soon after Glushko died in 1 988, and when perestroika came 
along, guess what? Mishin began to tal k  about the lunar effort. 

That's not al l .  As far back as 1 981 , I d id a lot of publishing in  
the Illustrated Encyclopedia of Space Technology. One draw­
i ng that I d id there is i nfamous with the Soviets, because it ef­
fectively showed N-1 and said to G lushko:  "Ha, ha. You want 
to rewrite h istory, but this is what existed ." That drawing was 
publ ished i n  the Soviet newspapers Pra vda and Izvestia. It's 
not a perfect drawing; it's not dead right, but it actua l ly shows 
the N-1  . It was c lose enough to shake them u p, because the 
book was at a big B rit ish and American book show, held in 
Moscow once a year. All the chief designers, including Mishin 
and G l ushko, went out and looked in this encyclopedia. "They 
declassified it !" It wasn't exactly right, but it real ly shook them 
up, no end. 

Question: During the period of the Nixon/Brezhnev detente, 
the planning began for the joint 1 975 Apollo/Soyuz mission. 
But before that, there was a decision by the Soviets, in the ear­
ly 1 970s, to develop a series of space stations, largely for mili­
tary reasons. Didn't that become the focus of their manned 
activities? 

The fi rst Sa lyut stat ion was lau nched in 1 9 7 1 . That deci­
sion was made i n  the fa l l  of 1 969, after the Ju ly  1 969 launch 
fai l u re. 

Question: And of course, in 1 969, the Americans landed on 
the Moon, so the race was over for all intents and purposes, 
because getting there second was like not getting there at all. 

Right, and with a program that was not as good, with not as 
many people on the lunar su rface. 
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Question: That's why I was surprised to see that, even after 
our lunar landing, the Soviets continued to test the N-1 . 

They cont inued to test it wel l  after we had nearly fi n ished 
flying Apol lo.  Sta rti ng in 1 9 70, they comm itted 600 m i l l ion 
additional rubles to the l u nar program, over and above the ap­
propriations level, which was a total of 4.5 b i l l ion rubles from 
1 960 through 1 9 74.  They were looking at an advanced lunar 
booster that wou ld use hydrogen u pper stages-a derivative 
N-1 design, that is in some of my i l lustrations. It was going to 
be used to create a l u nar base, which cou ld provide 30 to 1 20 
days on the l unar surface. That wou ld have been possible by 
1 980 or so, but the program was never committed. 

If the Soviets had continued N-1  development, I doubt that 
the S hutt le  wou ld have ever completed development. That 
would have changed the entire d i rection of our space efforts, 
both Russian and U . S. I doubt that Saturn V would have total ly 
gone out of production. 

Question: Because we would have continued the lunar pro­
gram? 

The White House was very concerned about the continuing 
of the N-1 program. The N ixon Wh ite House knew about the 
fourth N-1  launch  veh i c l e  fa i l u re before the K rem l i n  d i d .  I 
know that. The Wh ite House was clearly very concerned, be­
cause it would affect our  space pol icy and what we were do­
ing. The Air Force and other factions wanted to go to a Shuttle­
class veh ic le, which the aerospace industry wanted. I ndustry 
wasn't gett ing a l ot of new, l ucrative research and develop­
ment contracts out of conti nu ing Apol lo. But if the Soviets had 
been ab le  to l a u n c h  the i r  l u nar  program in the 1 9 70s, we 
wou ld have probably continued Apo l lo. 

Question: What was most striking to you in your trip to Russia 
and the Baikonur Cosmodrome last April? 

The trip was an eye-opener for me. It's the second one I've 
taken with the Fr iends and Partners i n  Space. The Baikon u r  
Cosmodrome is b e i n g  conso l idated, a n d  t h e  o l d e r  faci l it ies, 
which are 40-pl us years old, are bei ng abandoned . There is a 
lot that is deteriorated; entire apartment complexes have been 
abandoned. But people are com i ng back to the Cosmodrome. 
You don't see much out-of-control m i l itary. D iscipl i ne is being 
maintained. 

Two years ago, there was al most no activity inside the N-1 / 
Energia and B u ran assembly b u i ld i ngs, but now they're mov­
i n g  i n  commerc i a l  act i v ity, and the  Soyuz a n d  fut u re Rus 
booster. The Rus booster is a derivative of the Soyuz booster, 
cal led Soyuz-2, in fact. It is an i mproved, upgraded version of 
it that wi l l  be used in the space station.  

They are refu rb i s h i ng areas a n d  conso l i d ati n g  i nto the 
newest and the best, which is the N-1 /Energia/Buran faci l ity. 
They have not gotten rid of the Buran orbiters, or the Energia 
boosters. There are two fl ight boosters ava i l ab l e, a lthough 
they need engi nes for the strap-on boosters. There are other 
ground-test e l ements associ ated with it there. They have a 
complete dynam ic test tower. It's practical ly brand new. The 
N-1 fac i l it ies and the Energia fac i l ities can eventual ly  be re­
fi ned to accom modate the Rus booster and poss i bly, Ener­
gia/Bu ran. 

The Russians feel that nobody is going to abandon those ve-



h ides total ly, and not uti l ize them. They don't want to lose the 
capabi l ity, because they're looki ng toward the future and, I 'm 
sure, not merely in  Earth-orbit, but in l unar and planetary par­
ticipation, way down the road, when their economy gets bet­
ter. I respect that completely. Even the Russian Space Agency 
has tried to develop an a l l -new launch-vehic le  fam i ly  of i m­
proved veh ic les, as wel l  as new o nes, uti l iz ing old ICBMs or 
newer ICBMs for space boosters, i n stead of throwi n g  them 
away. They are offering them both commercial ly  and for their 
own m i l itary and civi l ian space programs. 

I saw some of the other fac i l ities, i nc l ud ing  hardware that 
you had never hoped to see in your l i fetime, m i l itary rocketry 
hardware. I saw the competitor to Yangel's SS-9 ICBM, and Ch­
elomie's U R200. I saw the R-26, which used to be one of the 
parade missi les, known as Sas i n .  I saw the R-7 ICBM, the old 
Sputnik booster. You could see it even inside-the detai ls, and 
the guidance packages. We went to m ission contro l .  It was a 
beehive of activity. 

We went to TsN l lmash, the Central Special ized Design Bu­
reau of the Institute of Mach ine  B u i ld i ng .  This is an awesome 
fac i l ity, which is rou g h l y  eq u i va lent  to the Tu l lahoma A i r  
Force fac i l ity, Marsh a l l  Space F l ight Center, Lewis  Research 
Center, and more, combined in one p lace. It's u n bel ievable 
to l ook at  th is ,  how spread out  i t  is ,  and what that fac i l ity 
does for their  strategi c  as wel l as space p rograms.  They do 
primari ly dynamic 'acoustic, environmenta l ,  wind tunnel test­
i ng-fu l l -sca l e  test i n g .  T h at's where a l l  stages of the N - 1  
were tested, not on ly  i n  a sca led version, b u t  w ith fu l l -sized 
hardware. Each stage was dynamica l l y  tested . They never 
dynam ica l l y  tested the fu l l  stack,  u n less  they d i d  o n  t h e  
launch pad .  

Question: What did you see of the N-l ? 
I saw N-1 's interstage, between the first and second stage, in 

photographic form, u ndergo i n g  dynamic test ing .  I a l so saw 
photographs. I wasn't able ·to see the model, but I saw two dif­
ferent versions of N-1 's design-quarter-scale dynamic mod­
els, fu l l -up veh icles-on which they did the dynamic testing.  
They were very confident i n  their  dynamic testing techn iques; 
they did not worry about doing a fu l l  stacked veh icle under dy­
nam ic testing, which we did with Saturn V. 

Question: Did you see any N-1 hardware? 
Yes, I did.  I saw some of the interstage truss structures. I saw 

many of the kerosene tanks for the fi rst, second,  t h i rd, and 
fourth stages. I saw some additional structure where the six en­
g i nes wou ld sit on the engine boat-tai l-the actual plate that 
sits there and is  the end p late of the veh icle, where those six 
engi nes s i t .  I saw the erector transporter that was used, a l ­
though i t  was revised to hand le the Energia.  I saw the launch 
pad at a d istance, several thousand feet away. We were i nside 
the N-1 assembly bui ld i ng, which is  being used for Energia/Bu­
ran. As I said before, they are consol idating faci l ities i n  support 
of the space station, and are putting the Soyuz booster in there. 
They wi l l  be hand l i ng the Rus booster, and eventual ly, the N-1 
pad is going to be hand l ing the Rus booster, too. All  the Soyuz 
pads and the assembly bu i ld i ng are going to be shut down. It is 
fascinating that they are looking at the future and combin ing it 
a l l  in one place. 

Question: One major part of their activity today is commer­
cial operations, and the other is the international space sta­
tion, and, parallel to that, keeping the Mir operational as long 
as possible. How are the Russians positioned to carry out the 
space program they have going on now? 

They're not in the best of shape; that's for sure. But they are 
systematical ly consolidating, in such a way as to be able to def­
initely support the i nternational space station. The funding and 
the fac i l ities wi l l  be ready for that. I saw a l ot of feverish work 
going on to su pport that, at B a i ko n u r  as wel l  as in Moscow, 
where work is be i ng done on the Service Mod u le .  P roton 
launch vehicles are goi ng to be avai lable to launch various ele­
ments of the station. They have more than enough of those, and 
their commercial launches are being sold qu ite rapidly for Pro­
ton. They're sel l i ng the Proton booster l i ke crazy, for commer­
cial communication sate l l ite launches and things of that kind. 

The Soyuz booster is  a lso goi ng to be used for that. The de­
velopment of the Rus booster w i l l  al most certa in ly  be guaran­
teed because of that. So, Samara wi l l  get the advanced Soyuz 
booster and its Mol i nya derivatives with various upper stages. 

The i nternational space station work, the devel opment and 
construction of the individual modu les, is conti nu ing. We saw 
that very clearly in Moscow, now that they are apparently re­
solv ing the appropriations p rob lems, or at least priorit iz ing 
that. The Russian budget is  actual ly  fal l i ng, with tax col lections 
some 45 percent short of the reven ue needed for fi nancing the 
entire government. But the space program is a protected bud­
get. It wi l l  get at least as much as it got last year. With the con­
sol idation goi ng on that I've seen, I th ink they wi l l  be able-or 
are posit ion ing themselves to be able-with the he lp of the 
commerc i a l  lau nches and the money they' re ear n i ng from 
that, to accompl ish what they say they are going to do. It's go­
ing to be tight, though, because some of the commercial activ­
ity is independent companies that are not payi ng the Russian 
government, but may be contributing to the programs. 

There are some d i rect contracts that are being paid from the 
Un ited States to the companies, which is  real ly the only way to 
do thi ngs. Don't go through the Russian govern ment to give 
appropriations, as the U n ited States learned the hard way this 
last spring and fal l ,  because that money m ight get d iverted to 
someth i ng e l se and never get to the Russ i an Space Agency. 
That is l itera l ly  what happened in relation to the Service Mod­
u le, as I u nderstand it, at least. Someth ing has been done to 
address that issue and resolve it, and work is moving forward. 

Question: What reflection of their heritage from the Soviet lu­
nar program do you see in the way the Russians have tried to 
deal with the June 25 accident aboard the Mir space station? 

In a lot of respects, we are very lucky that they had the acci­
dent on Mir recently, because of what we can learn in order to 
be ready for s im i lar problems on the i nternational  space sta­
tion. I feel reasonably sure the Russians are going to resolve 
that, solve it, and get it back on l i ne. 

Their tenacity is  u nbel ievable. You fix it. That's what we do 
also, whether we want to admit it or not. And M i r  is a major, 
major tech nological accomp l ish ment on the part of the Rus­
sians. Credit needs to be given accord i ngly.  Even the i r  l u nar 
program, which fai led and was u lti mately scrapped, has much 
to teach us, and was a major accompl ishment. 
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Pathfinder D iscovers a N ew Mars 
by Marsha Freeman 

Continued from back cover 
Through the "eyes" and 

other scientific instruments on 
the Pathfinder lander and the 
diminutive rover, scientists are 
see ing yet another " new" 
Mars, one which wi l l  eventu­
ally reveal whether or not l ife 
deve l oped there, and which 
wi l l  be an abode fo r human 
explorers who fo l l ow the ro­
botic explorers that have l ed 
the way. 
The Magnetic Phase of Mars 

One of the i n d i rect ways 
scient ists wi I I  learn mo re 
about the history of l iquid wa­
ter on Mars, a prerequis ite for 
l i fe, is by u ndersta n d i n g  the 
magnetic properties of the soi l  
a n d  rocks on t h e  p lanet. The 
e lement i ron,  wh ich  is  the 
th i rd most abu ndant e lement 
on Mars (after oxygen and si I i­
con), reacts strongly with I iq­
uid water. The history of water 
on Mars is reflected in the i ron 
m i n eralogy of the soi l .  The 
presence of different crystals of 
iron oxides, and the trace min­
erals such as titanium that have 
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A mosaic made with data from the Viking orbiter of the Mars Pathfinder landing site, Ares Val­
lis. The landing ellipse is 60 by 1 20 miles, and north is up; it is 527 miles from the Viking 
landing site in 1 976. 

The mosaic shows the large outflow channels that emptied into Chryse Planitia, as Ares Val­
lis flowed to the northwest from the southeast across the landing site. The channel formed 
from the release of water from the Martian subsurface and flowed across the surface, creating 
the channels and the large islands (just to the south and northeast of the landing ellipse). 

prec ipitated i n  the water, wi l l  
he lp  geolog ists u nderstand how much 
water there was, at what time in the  h is­
tory of Mars. 

Permanent  magnets carr ied on the 
Vik ing l a nders were found to be satu­
rated with  magnetic soi l  from the very 
beginning of the mission. As a result, the 
Mars Pathfi nder carries on it magnets of 
vary i n g  strengths,  i n c l u d i ng weaker 
ones that should not satu rate so qu ickly 
and shou ld give a d ifferentiated picture 
of the magnet ic  p h ase of the Mart ian 
soi l  and dust. 

There are three d i fferent magnet ex­
per iments on Pathfi nder :  The Magn et 
Array Experiment consists of one b lock 
carry i n g  two mag nets of the  stre ngth 
used o n  V i k i n g, and another carry i n g  

two weaker magnets. There are two dif­
ferent arrays at d ifferent heights on the 
lander, to attract salty sand grains on the 
l ower, and wi nd-borne dust on the u p­
per.  The I m ager on Mars Pathf inder  
( I M P) camera i s  transm itt i n g  i m ages 
back to Earth of the dust part ic l es that 
have accu m u l ated o n  the magnets. 
These wi l l  provide the data o n  w h i c h  
conclusions about t h e  magnetic p hase 
of the Martian soi l  wi l l  be based. 

Diffe rent i ro n  oxides have d iffer ing  
magnetic properties, so  by observing on  
which magnets the dust adheres, scien­
tists w i l l  be able to determ ine some of 
the essential properties of the dust. It is 
hoped that it wi l l  be possible to identify 
the m i nera l s  respons ib le  for what has 
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been known to be the highly magnetized 
Martian soi l .  

A comparison between the magnet ar­
ray on Sol 6 (Mars day 6 of the Pathfinder 
mission), and on Sol 1 3, shows an accu­
m u lat ion of d u st on the two strongest 
magnets duri ng that time. As more dust is 
attracted, scientists expect the pattern on 
the magnets to become clearer. 

Mou nted on the IMP camera itself, is  
the Tip Plate Magnet Experiment, which 
is one magnet embedded in magnesium 
metal .  Because it is p laced near the cam­
era's eye, a h igh-resol ution image wi l l  be 
possible, and scientists hope to be able 
to determine if the magnetic grains al ign 
i n  chains, or do not form chains, aga i n  
giving them a n  insight i nto the particu lar 
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iron oxide that has been captured. 
The th i rd exper i ment cons ists of a 

magnet at each end of the ramp used by 
the rove r  to exit  the l a nder .  At some 
point, the Sojou rner rover wi l l  return to 
the ramp and place the sensor head of its 
Alpha Proton X-ray Spectrometer on the 
magnetic d u st col l ected on the Ramp 
Magnet. The spectrum wi l l  be recorded 
and compared with the spectrum of the 
general Martian soi l .  

At a science briefing a t  the jet Propul­
s ion Labo ratory o n  j u l y 1 0, Dr.  jens  
Martin Knudsen from the N iels Bohr  In ­
stitute fo r Astro nomy i n  Cope n hagen, 
reported that p ictu res of c lear patterns 
on the lander magnets wou ld  emerge i n  
t h e  fol lowing weeks. From t h e  prel imi ­
nary results, i t  appears that although the 
particles on the d i fferent magnets vary 
somewhat, the magnetic m i neral seems 
to be the same; it  is the m i neral used i n  
t h e  memories o f  computer d i scs,  

.
maghemite, or Fe203. . . 
'. "No one knows how the soi l  on Mars 
formed," Knudsen said .  " Is  it an ongoing 
process today th rou g h  the i nteraction 
with an oxidiz ing atmosphere and rock?" 
The resu lts from h is  experiment, Knud­
sen said, wi l l  he lp us  to u nderstand the 
evo lution of the soi l .  "Are only the a i r­
borne portion of the particles magnetic?" 
he asked . 

I n  response to q u est ions  from the 
press, Knudsen said that i t  would "not be 
easy to fi nd a terrestrial  soi l  as magnetic 
as the Marti an soi l .  I don't u nderstand 
how such a magnetic soi l  can be formed 
in such large amou nts." The Pathfinder 
science team hopes to learn the answers 
during the m ission. 

Mars's Changing Rocks and Soils 
One of the pr imary goal s  of the 

Pathfinder m ission is  to provide data to 
al low the quantitative analysis of the ele­
mental com pos i t ion  of the vari ety of 
rocks and soi l s  at the Ares Va l l i s flood 
pla in .  Scientists bel ieve that many differ­
ent k i nds of roc ks were washed down 
i nto the p l a i n  from the h ig h lands .  The 
Alph Proton X-ray Spectrometer (APXS) 
on the Sojourner rover has, so far, p ro­
vided scientists with enough data to keep 
them busy for months, if not years. 

These data have revealed at least five 
ki nds of rocks and soi l  in the i mmed iate 
vicin ity of the lander. There are areas of 
drift that are p ink  i n  color, and most of 
the rocks are dark gray, and are less red 
in color than the d rift. 
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Magnet arrays 
(440 nm) 

Sol 6 

Sol 1 3  

Sol 26 

THE MAGNETIC PROPERTIES EXPERIMENT 
The permanent magnets in this experiment are assembled to produce a bull's­
eye pattern of attracted dust. The magnets depicted at the top are of the lower 
magnet array on the Pathfinder lander on Sol 6, its sixth day on Mars. The 
strongest magnet, on the right, shows slight evidence of dust collected. The 
middle photograph, on Sol 7 3, shows a more pronounced pattern. The lower 
set of magnets are mounted higher up on the lander, and on 501 26, show that 
more dust has been attracted to the magnet. 
Source: NASA. 

The typical soi l  appears to consist of a 
mixture of drift and smal l  dark gray parti­
c les resembl ing the rock, ind icating the 
conti nuous soi l-creat i ng activity of the 
winds and weather on Mars. Some of the 
rocks, appear to have p inkish or white 
pebbles and crust, lacking the coloration 
associated with i ron minerals. Scientists 
suppose that these rocks are less weath­
ered than the redder ones. 

The fi rst target of the APXS on the 
d iminutive spacecraft, was the rock Bar­
n ac l e  B i l l , w h i c h  was o n l y  a few feet 
from the lan der.  The second was the 
larger rock, Yogi, a bit farther away. 

Barnacle B i l l  is typical of the unweath­
ered smal l er rocks at the l a nd i ng s ite . 
U po n  exam i n at ion of the spectra the 
APXS sent back to Earth, scientists fou nd 
that the chemica l  measu rements m i r­
rored what they cou ld see i n  the pho­
tographs .  Barnacle B i l l  has two basic 
k inds of spectra: one is soi l - l ike deposits 
( its barnac l e- l i ke appearance), and the 
other is the dark rock face. 

At the spatial resol ution of 1 to 2 cen-

timeters possible with Sojourner's i nstru­
ment, the rock composition is homoge­
neous. But  it may be composed of fine­
g rai n ed mater ia l s, that can not be seen 
with the APXS. 

Yogi appears to h ave a weathered 
coating, but also exh ibits a fresh face to 
the northeast. Sc ienti sts t h i n k  that the 
p l an et-wide d u st may be sco u ri ng that 
face of Yogi, or that pieces may be frac­
turing off to expose a fresher surface. 

It is c l ea r  that the weather  on Mars 
cont i  n u es to c h a nge the face of the 
planet. The Pathfinder engineers and pro­
ject scientists hope that both the lander 
and rover will continue to operate as the 
seasons on Mars change from summer to 
fa l l  and then wi nter, over the next few 
months. I n  September, the Mars G lobal 
Surveyor will arrive at Mars, and will ob­
serve from orbit many of the same phe­
nomena Pathfi nder has been observing 
on the ground. 

Th is  m u lt i l ayered v iew of the p l anet 
wi l l  cont i n u e  to p resent a " new" Mars 
over the next year. 
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Fight for the Fast B reeder 
Takes Off i n France 
by Emmanuel  G ren ier 

Even i n  F rance, the country with  the 
h ighest share of  nuclear electricity (80 

percent) ,  i t  is h i g h l y  u n u s u a l  to see a 
grassroots movement i n  defense of nu­
clear power. Nevertheless, that is what i s  
goi n g  o n  around Creys-Malv i l le, near  
Lyon,  wh ere the world's  la rgest fast 
breeder reactor has been constructed. 

Superphen ix, as the reactor is named, 
has been at the center of a campaign 
deal made before the parl iamentary elec­
tions in June 1 997 .  In Apri l ,  the Social ist 
Party and the G reens s igned a j o i  nt 
agreement comm itt ing  their  part ies to 
shut down two major infrastructure pro­
jects in France: the R h i ne-Rhone canal 
and the Superphen ix. 

The canal is an i m porta nt waterway 
between central Europe and the Med iter­
ranean cou ntries, whose construction 
had just begun.  Now the project is com­
pletely stopped. 

The Superphen ix is a 1 ,200 MW fast 
breeder reactor, bui l t  joi ntly by French, 
Ita l ian, German, and Belgian electricity 
uti l it ies. After many i n it ia l  prob lems, it 
operated excel lently in  1 996, reachi ng a 
95 percent rel iabi l ity rate. It is now con­
demned to death by the Red-G reen 
coal ition, for purely ideological motiva­
tions. On June 1 9, the new French Prime 
Min ister, L ionel  J ospin,  annou nced be­
fore the National Assembly that he w i l l  
close the plant. 

Historical Support for Nuclear 
U n t i l  n ow, peo p l e  worki n g  i n  the 

F rench n uc lear  i nd u stry fe l t  somehow 
protected, u n l ike the i r  co l l eagues i n  
other countries. They relied o n  a general 
agreement existing in the cou ntry, for the 
conti nuation of a strong nuclear i ndustry 
as a science driver. After World Wa r I I ,  
Genera l  Charles de Gau l l e  created the 
Comm issar iat a l ' E n erg i e  Atom i q u e  
(Atomic Energy Commission), which led 
the national effort to master nuclear tech­
nology, both for m i l itary and c i v i l ian  

The Committee to Save Superphenix is taking an aggressive approach to saving the 
world's largest fast breeder, breeder technology, and advanced technologies in 
general. 

uses. It was then supported by a l l  the po­
I i t ica l  forces that emerged from the 
F rench Res istance movement, from the 
Gau l l ists to the Communist Party. In the 
1 970s, a massive construction effort led 
to the bui ldi ng of 54 nuclear plants, pro­
ducing 75 percent of French electricity. 

Over recent years, as the generation 
of n u c l ear  p ioneers has been p rogres­
s i ve l y  repl aced, the s i tuat ion has  
changed .  " Baby-boomers,"  who h ave 
no experience of the fight necessary to 
implement a new technology, are now 
in command in  the nuclear industry. Liv­
i ng u nder the umbrel la of governmental 
su pport in the past, they never had to 
fight. This explains their fai lu re in facing 
today's pol i t ica l  s i tuati o n ,  where the 
G reens were able to ambush the  na­
tional infrastructure. 

The shock of the G reens'  success, 

however, provided a new awakening for 
the you n ger generat i o n .  These young 
n uclear engineers have joined with local 
entrepreneurs, residents, and elected of­
f ic ia ls  i n  a "Committee to Save Su per­
p h e n i x , "  w h i c h  i s  wag i n g  a peacefu l 
guerri l la  war against the Greens. 

The employment of 3,000 persons de­
pends o n  S u perphenix,  and the l i fe of 
the Creys-Malvi l le  region is i n  great jeop­
ardy if the plant is closed . Moreover, the 
fast breeder is on ly  the fi rst domino: Af­
ter Superphenix, the pl utonium recycl ing 
p lant in La Hague (Normandy) wi l l  be 
th reatened, and next, the nuclear indus­
try as a whole. 

For the past year, in  fact, the La Hague 
plant has been subjected to constant at­
tacks from the G reen l obby. The anti nu­
clear m i l itants claim that a smal l  cluster of 
leukemia cases in  the region was caused 
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by effluents from the plant. (This has been 
shown not to be true.) G reenpeace, which 
has vastl y  red uced its operati ons  i n  
France, has neverthe less ded i cated a 
number of its i rrational media  shows to 
the La Hague plant, which it considers its 
highest priority in the country. 

There is a l so an offens ive go i n g  on,  
jo int ly  led by free-marketeers and 
Greens, to make sure that the next e lec­
tricity uti l ities bui lt in France w i l l  use gas 
as the i r  fu e l .  Accord i ng to t h e m ,  gas 
i s  the l east cost l y  way of prod u c i n g  
electricity. 

A Broad-based Fight 
I n  th i s  s ituation, the members of the 

Committee to Save Superphenix u nder­
stand that they must now wage a fight at 
the h i ghest level  poss i b l e .  I n  other 
words, they can not be content s i m p l y 
with defending their own jobs, but m ust 
fight over the necessity of cont inu ing the 
operation of the world's most advanced 
fast breeder, in  the context of an i ncreas­
ing use of n uclear energy, especi a l l y  i n  
Asia (Ch i na, Korea, I ran, and so on). 

The p ropaganda aga i n st the fast 
breeder has been so strong, and so per­
vasive, playing on the fear of pl uton i u m  
a n d  l i q u i d  sod i u m, that it i s  n ecessary 
here to rem i n d  American readers why 
F rance, Russ ia, Japan and I n d i a  have 
plan ned and realized these kinds of  nu­
clear plants. 

F i rst, recal l  the context of the 1 9 70s.  
That was the t ime of the "oi l  crisis," ma­
n ipulated by then u.S.  Secretary of State 
Henry Kiss i nger and h i s  friends.  At the 
t ime, the Malthus ian C l u b  of Rome ar­
gued that there would be no more oil by 
the begi n n i n g  of the 1 9 90s .  H yste r ia  
reigned. I n  Belgium, it was forbidden to 
use a c a r  on the weekend.  I n  F ra nce, 
there was a maximum al lowable temper­
ature of 1 9°C (66°F) in apartments. 

In t h i s  context, n u c l ear  en e rgy ap­
peared as the logical sol ution, as an ad­
vanced technology that would overcome 
a shortage of energy resou rces. F rance 
then i nvested massively i n  th is  technol­
ogy, but was not  the o n l y  nat ion to do 
so. As a resu lt, the q u est i o n  of the 
world's u ran i u m  resources came to the 
fore. Far from being i nexhausti ble, u ra­
nium resou rces are relatively l i m ited : At 
today's rate of consumption,  there are 
60 years of uranium left. 

Enter, the Breeder Reactor 
Then came the idea of the breeder re­

actor, which "produces more fuel than it 
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Superphenix, the 1, 200 MW fast breeder reactor, built jointly by French, Italian, 
German, and Belgian electric utilities, now condemned to death by the Red-Green 
political coalition. 

burns." Does this sound l i ke magic? Let 
me expl a i n :  Imagine sh ipwrecked peo­
ple on a desert is land. It rains and every­
t h i n g  is wet, except a t i ny q u ant ity of 
dry wood. They bui ld a fire, but know it 
w i l l  not l ast l o n g .  One c l ever person 
th i nks that, maybe, by putti ng some wet 
wood arou n d  the fi re, it wi I I  d ry out .  
They try that, and rea l ize that you can 
d ry more wet wood than you b u rn d ry 
wood. 

These s h i pwrecked peop l e  had j u st 
inve nted the "breed ing" of wood. They 
can now consume a l l  the wood on the 
is land, not only the smal l amount that is 
dry. 

Th is  is  exactly what goes on in a fast 
breeder. Here, the dry wood is the pluto­
n ium;  the wet wood corresponds to nat­
u ra l  u ra n i u m ,  w h i ch,  subm itted to the 

neutrons of f iss i o n  reactions ,  i s  trans­
formed into p l u to n i u m .  To ach ieve this 
transformation, requ i res neutrons at h igh 
speed. Thus the word "fast" is  associated 
with the breeder reactor. 

The b reeder fu nctions l i ke an ampl i ­
f ier  of  natural resou rces, because it i n­
creases by 1 OO-fold the energy eq u iva­
l ent of the u ran i u m  reserves that can be 
p roduced in trad it ional  l ight water nu­
c l ear  reactors.  Th i s  makes n u c l ear  en­
e rgy a re n ewa b l e  e n e rgy, w hose fu e l  
cost is  relatively u n i m po rtant. I n  a fast 
breeder, the operat ing costs are main ly  
the  salaries of  the h igh ly  qua l ified men 
and women worki ng on it. 

G i ve n  th i s  i nformation, how is i t  the 
breeder has n ot met with success? The 
fi rst reason is, of cou rse, the worldwide 

Continued on page 85 
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world is a prote in  problem, not a carbo­
hyd rate p rob lem . The world produces 
plenty of carbohydrates, but it is short of 
protein .  That is a crucial problem. 

As for feeding the world, it's a mistake 
for the U nited States to export any food. 
When food is exported, it's at the expense 
of the soil capital .  In the cultivation of the 
soi l  there is a steady oxidation of the hu­
mus, which is the soi l  capital .  I n  addition, 
each crop depletes some of the trace min­
erai reserve. It is said that a soil  is good 
for 1 00 years, or 1 00 crops, because by 
that time, the trace minerals are taken out 
of the soi l ,  the food qual ity goes down, 
and the trace m i nerals are not replaced 
by our modern fertil izers . . . .  

Harold N .  Simpson, B iochemist 
Ch icago, I I I .  

The Editor Replies 

The Spec i a l Report i n  the S u m mer 
1 997 issue makes the point that the Earth 
has the potential for food output for bi l­
l ions more people, and th is  is strictly a 
pol icy question. "Natural resources" for 
agricu ltu re-soi ls, water, temperature, 
and so forth-can be "man-made." 

F ro m  t h i s  vantage poi n t, we d i ffe r 
with you r  out look i n  several respects. 
F i rst, the world is not producing "plenty 
of carbo hyd rates,"  as you c l a i m .  The 
real i ty  i s  that  world food suppl  i es are 
deficient in a l l  respects-whether calo­
r ies or prote ins  and other nutrients. I n  
North Korea, 2 4  m i l l io n  people  are i n  
fam i n e  condit ions; s i m i l arly, there are 
severe shortages in Central Africa. Food 
re l ief can and should be mobi l ized u r­
gently. 

There is a worsening food crisis in the 
world tod ay: an i nsu ffi c i ency of food 
output and suppl ies ( i nc l u d i n g  storage 
and handl ing);  an i nsuffic iency of pro­
duction potential (because of lack of in­
frastructure, mai ntenance of soi l  fert i l ­
ity, u nd erpayment  of  fa rme rs, and so  
o n ) ;  a n d  the use of food co n tro l as a 
weapon.  

Bad po l i c i es have created this s itua­
t i o n ;  there i s  not a l a c k  of sc ience i n  
agricu lture and biochemistry that could 
be app l ied .  And i t  i s  not true that the 
physical resou rce base for agr icu lture 

has been exhausted-which is  the oft­
heard I ie that Lester B rown,  of World­
watch Institute, is paid to promote. 

We do not d isagree with some of the 
other  i ssues you raise, but we recom­
mend that you look at  the pol ic ies that 
caused the problems. For example, soi l 
fert i l ity. Yes, so i l s  in many farm belts, 
are degrad i ng from lack of proper fert i l ­
ization practices ( including trace as wel l  
a s  bulk minerals). L ikewise, basic grains 
have shown a decl ine in protei n  content 
in recent decades. 

These, and s imi lar conditions, are a l l  
associated with the takeover o f  national 
food and farm pol icies by cartels of pri­
vate commodity i nterests and their i nter­
connected ·fi nancial circles. 

Look at the pol icy crisis, in the case of 
another country, the dramatic example 
of Russia. There, the recent years of IMF 
free-trade " reforms" have d riven food 
prod uct ion down so fa r (way be low 
even the levels of the Soviet command­
economy system), that malnourishment 
and d isease are rampant. Last year, only 
an average of 1 2  kg of ferti l izers were 
app l ied per h ectare, compared to 9 9  

kg/ha, on average, i n  the years between 
1 986 and 1 990. The Russian Research 
and Proj ect I n st i tute for Agri cu l t u re 
Chem istry reports that the losses caused 
by t h is,  amount  to 90 m i l l ion  to n s  of  
grain equivalent per year. 

Last year, o n l y 28 percent of gra i n  
a rea p l a nted was fert i l i zed at a l l ;  t h i s  
year i t  wi l l  go down to even 1 5  percent. 
Depletion of the soi l  is 4.5 times greater 
than the input of ferti l izer. 

Another Scientist Speaks 
Out on the Non-Science 

Of Global Warming 

In the Summer 7 997 letters column, 
we printed several letters from around 
the world sent to Dr. Robert Stevenson 
in response to his article "An Oceanog­
rapher L ooks at the Non-Science of 
Global Warming, " which appeared in 
the Winter 7 996- 7 997 issue of2 1  st Cen­
tury. Here is another letter, provided to 
us by Dr. Stevenson. It is from a scientist 
and university professor in a former So­
viet nation, whose name has been with­
held. 

Several months ago, I received you r  
2 7  s t  Century article. I wanted to answer 
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you qu ickly, but the problem you were 
discussing was too important, and could 
not be solved on the spot. As a member 
of [one of the U n ited N ations i nterna­
t i o n a l  e n v i ro n m e ntal  pane l s] , I read 
your paper very attentively. 

You are abso l ute ly r ight  in you r  
p rotest agai nst d i s ho no ra b l e  science,  
but I don't  th ink it  is  easy to different i­
ate d ishonorable scientists from among 
others. I am sure .that most of the scien­
ti sts are s incere in their a i ms, and on ly  
t i m e  and res u l ts of i nvestigations can 
show whether those a ims were true or 
wrong. 

In  my recent practice, I had a s imi lar  
s ituat i o n . We were p repa r ing the sc i­
ence plan [for one of the U.N.  environ­
mental  p rogra m s ] ,  and a respo n s i b l e  
person for t h e  program asked m e  not to 
i ns i st on some poi nts and correct ions 
(although he agreed with them), because 
otherwise the Japanese wou l d  not give 
money for some of the joint work. I was 
aston i s h ed and said that we made the 
plan for sc ient ists, not for po l i t ic ians .  
M aybe, I sa id ,  pol i t ic ians  wou l d  gi ve 
money, but scientists would not join the 
plan if it wou l d  not be scientifica l ly  ar­
gued and forrTlU lated. : . .  

r see another aspect of the problem" 
also .  True science is not needed now' i n  
o u r  society of "global"  consumption. To 
preserve themselves and the possibi l ity 
for research, scientists often have to ad­
just to the consumption requirements i n  
two ways : ( 1 ) to p rete n d  t o  solve the 
"co n s u m pt i o n "  problem, but to use a 
large part of the money for fundamental 
science; (2) to frighten people and gov­
ernments by sou nding the alarm around 
some problem . . . .  

To i l l u strate my poi nt, let's take the 
example of [fo rmer Soviet state] scien­
tists. My salary is a l ittle more than $200 

per month, and my subordinates get two 
to th ree ti mes l ess. To continue our sci­
entific work, we have to earn money in 
any possible way. As for me, I can do it 
with the help of my car, sometimes act­
ing as a taxi driver . . .  but my subordi­
nates don't have such a possibi l ity. And 
you u nderstand that we are ready to in­
vestigate any prob lem, provided it wi l l  
b e  paid e nough to su pport o u r  l i fe and 
normal work. 

Of cou rse, t h i s  [co u ntry] is now an 
extreme example, but i n  p rincip le, the 
s i tuat ion  is the same in a l l  countr ies .  
Maybe we are too good for our time? 

LEITERS 



ASTRONOMY REPORT 

Remembering Clyde Tombaugh 
by Dr. Charles Osterberg 

Astronomer Clyde Tombaugh's recent 
death was widely reported, and he 

was described as "tru ly one of the great 
men of science." Strange. H i s  d iscovery 
of the planet Pl uto wasn't even included 
in my trusty set of World Books, which 
seemed to give astronomer Percival Low­
ell a l l  of the credit. 

I worked at Lowe l l  Observatory from 
1 94 6  through ea r ly  1 949,  h e l p i n g  Dr.  
Ear l  S l ipher, who was study i n g  and 
photograph i n g  the p l a n ets, most ly the 
inner planets-Mars, Venus, Saturn, and 
J u p i te r-a n d  occas i o n a l l y, Mercury .  
Pl uto had been d iscovered long before, 
in 1 930. I never worked at Lowe l l  when 
T ombaugh was on the staff, but I was fa­
m i l iar with h is  work. On one of my first 
days at Lowel l ,  as part of my education, 
one of the astro n omers had ,set the  
pai red photos (one of the  sky befo re 
Pl uto arrived on the scene, and one af­
ter) i n  which P l uto was d iscovered, o n  
t h e  b l i n k  comparator a n d  l et m e  s e e  
P l uto hopp i n g  back and fort h .  The as­
tronomer explained how these two pho­
tos (actual l y  g l ass n egatives, 1 4  by 1 7  

inches) were handled by the optical ma­
ch ine-a primitive mach i n e  by today's 
standards. 

The b l i n k  comparato r looks at o n e  
negative, then the other. Stars don't have 
much proper motion, so s l  ides taken a 
few n i g hts (or  mo nths) a pa rt s h ow n o  
motion for stars. That is, you can overlay 
one plate on the other and look through 
it, and everyt h i ng wi l l  be the same on 
each p l ate. But a n  aste ro id may z i p  a 
long d istance on the fi l m  in that period, 
as wo u l d  some comets. As fo r a new 
planet, it would be a much more modest 
jump from one n ight's position to one a 
few nights later. 

Wonderful .  If I have a planet or an as­
teroid or a comet, it w i l l  b low its cover 
by jumping back and forth i n  the b l i n k  
comparator .  S o  a l l  you h a d  t o  d o  was 
scrut i n ize a l l  pa rts of the p l ate, and if 
noth i n g  was j u m p i ng, you d id n 't fi n d  
your planet, or whatever. 
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Courtesy of Lowell Observatory 

Clyde Tombaugh 1906-1997 
Tombaugh, who discovered the ninth planet, Pluto, in 7 930, died on jan. 7 7, 7 997. 
He is pictured here at the entry to the "Pluto Telescope, " carrying a plateholder for 
the type of large glass negatives that were used in the discovery of Pluto. 

B u t  don't  d espa ir .  It n ever happens 
that way. Every dust speck, un less there 
is one exactly placed on the other plate, 
w i l l  hop around too, giving you qu ite a 
t h r i l l  u n t i l  you fi gure out that it's o n l y  
dust. 

And be l i eve me (and C l yde Tom­
baugh),  the re a re l ots m ore d u st spots 
than a l l  of the p lanets and asteroids put 
together, more than all of the stars in  the 
ga laxy. I ' m  a bit sorry to h ave t h rown 
com ets i nto t h i s  m i x, because comets 
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look different-just hazy patches, some­
ti mes with an even fuzz ier ta i l ,  rather 
than a good solid bl ip, l i ke a dust particle 
or planet. 

A Passion for Pluto 
Tombaugh,  fresh off a Kansas fa rm, 

knew noth ing about bl ink comparators ( I  
th ink o u rs was a Zeiss ,  made i n  G e r­
many) ,  but you can bet your h i d e  h e  
knew l ots a b o u t  them after spen d i n g  
countless hours looki ng at new plates as 
he shot them. It must have been tough to 
keep the faith, that there was actua l ly  a 
planet up there somewhere wait ing for 
h i m  to d i scover, a n d  what boredom 
there 'was looking at every piece of every 
p late. And when I used the machi ne, it 
was q u ite easy to rest your  h ead a n d  
close your eyes; then the gentle ju mping 
of the machine, chasing dust spots back 
and forth, cou ld eas i ly  put you to sleep. 
I t  was a m ec h a n i c a l  device, n ot e l ec­
tronic, so it gave a l u l l i ng meshing sound 
as it  worked. C lyde was of sterner stuff 
th�n

' 
I ,  a�d stayed awake and p u rsued 

the plates with a passion. 
But it was a l l  Percival Lowel l's idea. I 

can sti l l  remember the quote from Low­
e l l  on h i s  mauso l e u m-or was it  on a 
plaque on the 1 7-inch telescope? Lowel l  
had written, " I t  means a planet out  there, 
sti tl und iscovered by man."  And if that 
i s n't  e nough,  there i s  the mecha n i c a l  
compu ter h e  used t o  pred ict the pres­
ence of a p lanet and its probable loca­
tion in the sky. Now tal k  about primitive, 
that mechanical computer wou ldn't fit in  
you r  pocket or even on your  desk. You 
had to be a math major to use that one. 
Lowe l l  q u a l if ied;  h e  was fresh from 
teach i ng math at Harvard. 

A .  Lawrence Lowe l l ,  p res i d e n t  of 
H a rvard fo r m a n y  years,  had the  1 7-
i nch telescope specifical ly designed for 
the P l uto search, and gave it to the ob­
servatory. Without it, C lyde wou ld  have 
b�en severe l y  h a n d i capped;  the new 
tel escope c o u l d  p l ot m o re of the  sky 
than any other i n strument avai lab le to 
C lyde. 

Clyde Tombaugh came to Lowel l  Ob­
servatory on a visit, where I met h im.  He 
i n vited most of the staff over to the a i r  
base near L a s  Cruces, N ew Mexico, to 
see the launch of the last of the captured 
German V-2 rockets, used to bomb Lon­
don in the last part of the war. Then, af­
ter it went u p, they fired one of the first 
American-made rockets. It too went up, 
but was not nearly as i mpressive as the 

m u c h  l a rger V-2 . Tom baugh was i n  storms, and cloud masses that occasion-
charge of optical tracking at the launch- a l ly  b lotted out the planet's su rface de-
i n g  s ite, so he showed us  a l l  of t h i s  tai ls-the meteorology o f  Mars. 
eq u i pment. Then, after looking at and My job at Lowel l  was to develop pho-
talk ing  tel escopes (and' rockets) a l l day tos and he lp out where I cou ld .  Si nce I 
long, after supper at h i s  house, he took l i ked the job (wh i le going to col lege too) 
us out i nto his backyard, where he had a and wanted to keep it, I made myself as 
rather large telescope and dome set u p  useful a s  I cou ld.  O n e  thing I d i d  was to 
for h is  own enjoyment. learn how to set the right ascension and 

I came away from my years at Lowel l  d ec l i nat ion so I c o u l d  have the te le-
and my sma l l  amount of t i m e  with scope a l ready set o n  Mars (or whatever 
Tombaugh convi nced that if he hadn't  Dr.  Ear l  was wo rk ing  on)  when he re-
fou nd the p la net Pl uto in 1 9 30,  it turned after supper. One n ight I had the 
wou l d n't have been fou n d  for a long  telescope set on Mars, awaiting the boss. 
time, as that work was tru ly ted i.ous . C\nd . Seymo u r  and I had been tak ing  turns  • ' , . ' . . � "., � ., , .. .. f' _",1' " . , v ,_ � 
i t' took a bel iever to keep after iL Clyde: " ' rOciking through it, and commenting on 
d id n't  get enough cred it .  They even how l ittl e  we cou l d  see, when Dr. Earl 
named the planet Pluto, with its symbol showed up. "How's the seei ng?" was h is  
PL ,  · i n  honor of  Percival Lowe l l .  He and" " fi ist question. Seymour and I a l lowed as 
Clyde made qu ite a team. Both extremely it looked p retty good-at l east Mars 
persi stent, Perc ival  very cerebral and wasn't hopping u p  and down because 
C lyde, perfect for the job, a ded icated of turbulence. 
Kansas farm boy, determ ined to earn his Dr. Earl ( I  cal l  him by his first name be-
p l ace i n  h i story. My n eg l i g�nt World cause h i s  o lder brother, Dr.  Vesto, also 
Book overlooked a worthy d iscoverer. worked at Lowe l l )  l ooked for maybe 30 

life on Mars seconds without comment, and then he ' 
My few years working at Lowe l l  Ob- e nth used, "Oh, someth i ng remarkable 

servatory were an experience I cou ldn't has been goi ng on down south of the 
buy anywhere. For example, Lowel l  had Syrtis Major. That certa in ly has changed 
written Life on Other Worlds, and was a from last year .. Remarkable ."  Natural ly, 
be l i ever, as were his closest fol l owers. Seymour and I had to take a look at this 
N ot j ust " I ife on Mars," but i ntel l igent remarkable development. Nothing. Mars 
l ife, capable of modifying the surface of was about the same size and color as the 
a planet enough that the three senior as- red eraser on my penci l ,  and with about 
tronomers on the staff cou ld see changes eq ua l  deta i l .  Seymour and I compared 
in the canals through the telescope. They notes later, and we were convi nced that 
nearly convi nced me, but I co�ldn't see Dr. Earl was putting us on.  
what they were see i n g  and co u l d n't  Then Dr. Lampland came in, stomping 
q u i te take that l ast b i g  j u m p  a n d  j o i n  i n  the cold .  " H ow's the seei ng ?" ( I f  you 
them. Fortunately, none of the old-guard want to be an astronomer, that seems to 
astronomers l ived to see NASA destroy be the quest ion to ask . )  " I nterm ittent, 
their dreams and bel iefs. good, and bad," said Earl, "take a look." 

Dr. Seymou r Hess was a you n g  man Dr. Lampland studied Mars for about 
at the observatory. Seymour  had j u st 30 seconds, and then, i n  a voice ringing 
completed his PhD. on the meteorology with elation, said :  "Look at what is going 
of Mars at the U n iversity of C h i cago. I on south of the Syrt is  Major. That is so 
he lped h i m  with the bra i n l ess, ted ious different from last year." 
stuff. Dr .  Ear l  had taken most of the  Seymo u r  and I assu m ed the two old 
plates of Mars with what he considered guys (both in the i r  late 60s or 70s) were 
the best telescope i n  the world, our 24- sett ing us  up. But we gamely asked for 
i nch refractor, bui lt by Alvan Clark. Most another l oo k, and,  s u re enough, there 
of the other p ictures of Mars used i n  was the red eraser o f  m y  penc i l ,  just as 
Hess's thesis had been taken with a bor- before. 
rowed telescope in South Africa, when The next day I went i nto Dr. Earl's of-
Mars was i n  c lose to the Earth , but  i n  f ice, and,  s i nce h e  d i d n 't appear too 
southern skies.  I'd use a p l a n i meter to busy, I confessed that I couldn't see any-
measu re the area of the polar  ice cap thing through the telescope the previous 
(more l i ke ly  frozen CO2 than ice) o n  n i ght, a t  l east n oth i n g  that looked l i ke 
Mars, and Seymour rel ated a bunch of the globes of Mars with canals and stuff 
the vis ib le changes to c i rcu lat ion, dust in our display cases. 
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Dr.  Ear l  sm i led sym patheti­
ca l l y, and as ked gently, " D i d  
you ride a b icycle  the first t ime 
you tried?" 

"No, sir, it took a few tries." 
"Yet, you expect to see canals 

on Mars on your fi rst try?" 
"Yes sir .  I've been seeing and 

looking at things a l l  my l i fe .  Why 
shou ldn't that incl ude canals on 
Mars? I d i dn ' t  see any, a n d  I 
have real good eyes. I was a 
sharpsh ooter i n  the  army. Be­
sides, I've been read ing and,  the­
oretical ly at least, you shou ldn't 
see them even i f  they are there 
because they are so th in ."  

Dr.  Ear l  wal ked m e  to the  
back door  of the b u i l d i ng a n d  
pointed over a t  Mt. E lden, about 
1 0  miles away. Can you see that 
cable coming down from the top 
of that tower?" And he poi nted toward 
the top of Mt. E lden. 

"No, s ir."  I cou ld barely make out the 
tower. 

" I  can see it i n  the  te l escope, even 
though, l i ke the canals,  i t  is too thin to 
be seen theoretically," and he accented 
that last word . "We spent a lot  of t ime 
here look ing  at  cab les a n d  w i res  l i ke 
that through our te l escopes, a n d  ex­
tended i m ages l i ke a cab l e  or  a cana l  

Environment 
Continued from page 8 7  

breakdown of the nuclear industry. The 
n u m ber of reactors b u i l t  was m uc h  
smal ler than predicted; uran i u m  was not 
in demand.  In fact, uranium prices went 
down when post-Soviet Russia dumped 
its enriched uran ium on the world mar­
ket. 

Second, the G reens concentrated a l l  
their forces aga inst t h e  breeder, w h i c h  
appeared to them a s  t h e  " lead duck":  I f  
they c o u  Id stop the breeder, they 
thought, they wou ld stop the rest of the 
nuclear industry. The Greens succeeded 
fi rst i n  the U n ited States, d u r i ng the 
Carter adm i n istration, then i n  Germany, 
and now i n  France. 

The Long-term Perspective 
In a situation where pol icy-makers are 

thinking on a very short-term basis, and 
where very specific cond itions perm itted 
gas p l a nts to be compet i t ive,  e n ergy 
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can be seen when you wou l d  say they 
should n't be. Lowe l l 's eyes were espe­
cial ly sharp." 

Then he ch uckled .  "There are l ots of 
astro n o m ers who don' t  bel i eve i n  
canals o n  Mars. O l d  Professor . . .  from 
Wi lson Observatory didn't, but he came 
h ere o n ce, and,  see i ng them, he n ow 
bel ieves. Charles, the only people who 
be l ieve in canals  on Mars are those of 
us who have seen them . I f  you tra i n  

leaders came to look upon breeder reac­
tors as useless. Th is is the same kind of 
l i near reaso n i n g  that l ed ban kers to 
p l u nge i nto real estate specu lation, with 
results that are obvious. 

The situation today presents the artifi­
cial  view that there is as large a uranium 
reserve as is  wanted. But this is  u ntrue. 
The G reens revel in ped a nt ic  p ro pa­
ganda about "future generations." Let's 
take them at the i r  word, and see what 
the perspective wi l l  be for the grandch i l­
d re n  of today's decision-makers, some 
50 years from now. (The reasoning here 
is from a E u ropean standpoi nt but it re­
mains more or less true for other devel­
oped countries.) 

I n  50 years, No rth Sea gas w i l l  be 
complete l y  exhausted. U ran ium prices 
w i l l  have i ncreased greatly, making nu­
clear power hard l y  competitive. As for 
o i l ,  it may be necessary to wage "bloody 
l i tt l e  wars"-l i ke the one Margaret 
Thatch er, Franc;:ois  M itterra nd,  and 
George Bush waged against Iraq-in or-

you rse l f  to see, to rea l l y  see, I 
t h i n k yo u w i l l  become a be­
l iever too." 

B u t  I n ever d i d ,  a n d  I d o n ' t  
th ink  Seymour d i d  either. But  I 
w i l l  say t h at those o l der  
astro no m ers could d i scuss 
changes i n  the planet that i nd i ­
cated they were both describ ing 
the  same phenomenon,  what­
ever it  was. I t  m ust h ave been 
tel epathy; that's what Seymour 
and I bel ieved. 

Charles Osterberg, who re­
tired from the Department of 
Energy in 7 985, gradua ted 
from Northern Arizona Univer­
s ity, taught high school b iol­
ogy, and then received a Ph.D. 
in oceanography from Oregon 
State University. He became 
in volved in gamma-ra y spec­

trometry of the oceans in the late 
7 950s, working a t  the A tomic Energy 
Commission laboratory, for the DOE, 
and at the International Atomic Energy 
Agency's interna tional labora tory of 
marine radioactivity in Monaco. 

Osterberg is a member of the board of 
the Society for Environmental Truth, and 
this article is adapted from his column in 
the March-April 7 997 newsletter of the 
society, The Torch. 

der to make s u re that the natio n s  pos­
sessing the greatest oil reserves behave. 

Of course, there is  nuclear fusion. But 
with the freez i n g  of the budgets for the 
I nternational Tokamak Experimental Re­
actor ( I T E R) ,  a n d  the  U .S .  fus ion  pro­
gram, the real ization of  advanced fusion 
tec h n o l ogies wi l l  be pushed far to the 
future. 

W h at is l eft? Renewa b l e  e nergies?  
These do not permit sustain i ng the needs 
of modern industria l ized societies, with 
an accepta b l e  econo m i c  and envi ron­
mental cost. Therefore, i n  the long term, 
the fast breeder is absol utely  necessary. 
For this reason, the fight to defend Super­
phenix  is n ot a fight to defend n uclear 
energy per se, but one for the cont inua­
t ion of the fast breeder option, and the 
cont i n ued i ntrod uct ion of m o re ad­
vanced tech nologies. 

Emmanuel Grenier is the editor of the 
French-language magazine Fusion, and 
the newsletter I nd u stry a n d  E n v i ro n ­
ment. 
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BIOLOGY & MEDICINE 

Intact Tissue Structu re Acts As 
I t  

Tumor Suppressor in  B reast Cancer 
by Col i n  Lowry 

NORMAL, MALIGNANT, AND REVERTED BREAST EPITHELIAL CELLS 
This confocal fluorescence microscopy shows how normal tissue architecture acts to suppress malignant cells. The normal cells 
are at left, the malignant cells in the center, and the treated cells at right. 

Left (1): normal cell colony (5- 1 cells) with nuclear stain (gray) and actin filaments (white). (2):  normal cell colony showing lo­
calization of cadherins and catenins at cell-cell junctions. 

Center (1):  Malignant colony (T4-2 cells) with nuclear stain ,and actin filament stain. (2): Malignant colony stained for cad­
herin and catenins. 

Right (1): Reverted T4-2 colony after treatment with Beta 7 integrin antibody, with nuclear and actin staining. (2): Reverted 
colony stained for cadherins and catenins. The reverted cells show cell-cell adhesions, actin filaments, and cell shape similar to 
the normal cells at left. 

Most researc h o n  cancer assumes 
that genetic mutations determ ine 

whether a ce l l  becomes mal ignant. This 
is part of the dogma that the genetic con­
tent (genotype) determi nes the pheno­
type, or behavior of a cel l .  Recent breast 
cancer experiments have challenged this 
v i ew, and offe r another approach to 
treati ng breast cancer that uses intact tis­
sue structure to el imi nate mal ignancy. 

The breast cancer experi me nts at 
Lawrence Berkeley National Laboratory, 
descri bed here, have shown that the 
restoration of signals from the normal tis­
sue env i ronment can cause mal ignant 
cel ls  to revert back to a normal pheno­
type. These experi ments demon strate 
that cells that would otherwise become 
mal igna nt, because of the presence of 
genetic m utat ions,  behave as normal  
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cel ls-as long as the normal tissue archi­
tecture is mainta i ned.  The signals from 
the extrace l l u l ar  matr ix  of the t issue 
override the cancerous genotype. 

T h i s  work cha l l e nges the  bas ic as­
su m pt ions  about the  deve lopment of 
cancer, and has p rom pted scientists to 
i nvestigate the i mportance of the tissue 
environment in determ i n i ng .the pheno­
type of i ndividual cel ls .  
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Cel ls  in a tissue are signal led to grow 
or to differentiate to carry out a specific 
function by cues in  the extrace l l u lar  en­
vironment that are received at the mem­
brane by a variety of receptors. In th is  
way, the behavior of  an individual cel l  is  
regulated at the level of the tissue. 

Integrins are a fam ily of protein recep­
tors that mediate i nteractions between 
the cel l  and the extracel lu lar matrix. The 
integrins are composed of two subunits, 
one alpha joi ned to one beta. There are 8 
beta and 1 5  alpha subunits that can com­
bine to form 21 d ifferent receptors, each 
with a distinct bind i ng specificity. These 
receptors span across the membrane, and 
have a cytoplasmic ta i l  i ns ide the c e l l  
and a n  extrace l lu lar domain on the sur­
face that can bind to various proteins. 

Individual integrins are involved in  cel l  
adhesion, and may receive s ignals from 
the extracel lu lar matrix (ECM) that stimu­
late cel l  migration, growth or d ifferentia­
tion. On the cytoplasmic side, the integrins 
interact with proteins associated with the 
cytoskeleton through their tai l .  The signal 
received at the su rface is  t ransmitted 
through the cytoskeleton in order to, alter 
the cel l  structu re; which may d i rectl y  
transmit the signal to the nucleus. Integrins 
also interact with important regulatory en­
zymes cal led ,kinases, which are involved 
in determining how a signal is ampl ified or 
processed in the cel l .  Although the various 
integrin receptors are involved in different 
functions, they a l l  generate very s imi lar 
s ignals at thei r  cytoplasmic domains, so 
the processing of the signal by the cel l de­
termines the final response. 

Tumor cel ls  undergo several changes 
in  order to metastasize throughout the 
body. F i rst, the tumor cel l  must a lter its 
adhesion to the extracel lu lar matrix so as 
to detach from the original site. Then, it 
needs to m igrate and penetrate through 
the adjacent ECM to get i nto the b lood 
vessels. Because integrins mediate stable 
adhesion with i n  tissues, and provide sig­
nals which arrest the growth of d ifferen­
tiated cel ls, mal ignant tumor cel ls  a lter 
the expression and local ization of i nte­
grins on their cel l surface. 

As breast cancer develops, the normal 
tissue arch itecture is  d i sru pted ; tumor 
cel l s  lose thei r  cel l-ce l l  j u nctions, along 
with the polarized cel l shape character­
istic of the differentiated epithel ial  tissue. 

The Berkeley Experiments 
Scientists working in the laboratory of 

Dr. Mina J. B isse l l ,  at Berkeley National 
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Laboratory i n  Cal iforn ia, have been in­
vestigating i ntegri n-med iated signal l i ng 
in b reast cancer. The i r  i n i t ia l  exper i ­
ments i nvolved characterizing the differ­
ences i n  growth and behavior between 
mal ignant and normal cel ls  in three-d i­
mens iona l  c u l tu re, which was devel­
oped in  order to mimic the process that 
occurs in the developing breast. Instead 
of culturing the cel ls  on a flat su rface in  
one layer, the cel ls  are d ispersed within 
a m ixture of proteins normally present in 
the extracel lu lar matrix, that constitute a 
basement membrane. The ECM material 
provides the cu ltured cel ls  with the cor­
rect signals for differentiation into a nor­
mal polarized epithelial tissue. The cel l s  
then have a th ree-d i mensional env i ron­
ment in which to m igrate and grow i n  
th is cu lture system.  

The two epithelial cel l  l i nes used' were 
from a breast sample of a nonmalignant 
lesion, with the mal ignant cel l  l i ne the 
resu I t  of a spontaneous genetic muta­
tion. When grown in simple two-d imen­
s ional  cu lture, both the mal ignant and 
the normal  ce l l s  h ad s i m i l a r  g rowth 
rates, and fai led to u ndergo d ifferentia­
t i o n .  H owever, when grown in th ree­
d i mensional culture with in  a basement 
membrane, the two cel l  types d isplayed 
very d ifferent behaviors. 

The normal cel ls  migrated together to 
form a sphero ida l  structu re, ca l led an 
acinar structu re, s imi lar to that found i n  
the  secretory epithe l i a l  ce l l s i n  the 
breast. They underwent differentiation, 
and the shape of the cel ls became polar­
ized . The ce l l s  a l so sec reted the ECM 
proteins laminin and collagen IV on the 
basal side, contributing to an organized 
basement membrane. To exam i n e  the 
internal arch itecture of the cells, fluores­
cently tagged antibodies reactive to pro­
tei n s  that make up the fi laments of the 
cytoskeleton, were i ntroduced into the 
cel ls  and viewed under the microscope. 

The normal cel l s  (cal led S-1 ) displayed 
an organized actin filament cytoskeleton 
associated with adherens j u nctions at 
the membrane-ECM interface, as well as 
cel l-ce l l  j u nctions containing the normal 
cadher in  receptor complexed with 
catenin proteins.  The cadherins are an­
other c lass of membrane receptor pro­
teins that are involved in  cel l-cel l  adhe­
sion, which require caten ins complexed 
on the cytoplasmic side in order to make 
stable j u nctions. Once the S-1 cel ls  dif­
ferentiated, they became growth-arrested 

and d ropped out of the cel l cycle. 
The mal ignant cel ls  (ca l led T4-2) d id 

not form normal  acinar structures, and 
i n stead formed l a rge, d i sorgani zed 
colon ies of rapidly growing cel ls, which 
failed to differentiate. The T4-2 cel ls  did 
not secrete an o rgan ized basement 
membrane, and the i r  act in cytoskeleton 
cons isted of random b u n d les of fi l a­
ments. Also, cel l-ce l l  j u nctions were d is­
o rga n i zed, with a l oss of cad her in­
catenin complexes, as  wel l  as  the loss of 
funct iona l  adherens j u nctions with the 
ECM. 

The expression and local ization of in­
tegrins were fou nd to be completely d if­
ferent between the S-1  and T 4-2 cel l s .  
The normal S-1 cel l s  had basal ly d istrib­
uted beta 1 ,  beta 4, and a l pha 6 i nte­
gr i ns, and baso l atera l a lpha 3 i ntegr in  
expressed o n  the cel l  surface. I n  con­
trast, the T4-2 cel l s  had these i ntegr ins 
random ly d istr ibuted along the cel l  sur­
face, as wel l as 'some integrins' i mprop­
er ly  local ized in the cytop lasm.  A l so, 
the T4-2 cel ls  overexpressed beta 1 i nte­
grin, whi le underexpressing beta 4 i nte­
g r i n ,  i n crea s i n g  the ratio of beta 1 to 
beta 4 on the su rface by al most th ree­
fold.  

Was the mal ignant behavior of the T 4-
2 cel l s  l i n ked to the changes i n  the ex­
pression of the integrins? If so, cou ld the 
restoration of correct i ntegrin s igna l l i ng 
from the ECM cause the T4-2 cel ls  to re­
vert back to a normal  phenotype? The 
next set of exper iments tested this hy­
pothesis. Using an antibody that inh ibits 
the bind i ng fu nction of the beta 1 i nte­
grin, the two cel l types were treated with 
t h i s  ant i body, and g rown in t h ree-d i ­
mensional cu lture i n  a basement mem­
brane. The normal S-1  cel l s  reacted to 
the beta 1 integrin-blocking antibody by 
u ndergo i n g  m assive program med cel l 
death (apoptosis) . 

I n  many d ifferentiated ce l l s, contact 
s igna l l i ng from the ECM is  req u i red for 
mai ntenance, and the d is ruption of the 
signal usual ly  causes the cel l to undergo 
apoptos is .  I n  the lactating breast, after 
weaning has ended, the ECM is broken 
down by proteases, which leads to d i s­
rupted i ntegr in  s igna l l i ng, fol l owed by 
cel l  death in the secreting tissue. 

The T4-2 cel ls  did not u ndergo apop­
tosis in response to the beta 1 i ntegrin­
blocking antibody. I n stead, these cel l s  
assu med a morpho logy l i ke that of the 
u ntreated S-1 cel ls, and after 1 2  days in 
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cu l ture, had formed ac inar  structu res 
com posed of po la rized d i ffe rent iated 
cel l s .  Amazingly, the T 4-2 cel l s had re­
verted back to a nonmal ignant pheno­
type ! The reverted cel ls  had normal actin 
cytoskeleton organization, cadherin and 
cate n i n  l ocal ized with functional cel l ­
cel l  j u nctions, and the establ ishment of 
adherens j u n ctions with the ECM. The 
cel l s  organized i nto acin i  also were able 
to basa l ly  deposit lam in in  and col lagen 
IV onto the basement membrane, as did 
the 5- 1 cel l acin i .  

To see if the reversion was permanent, 
or the result of changes in signal l i ng from 
the cu l ture envi ro n ment, the reverted 
T4-2 ce l l s  were co l l ected and re-c u l ­
tu red i n  the absence of the beta 1 i nte­
grin-blocking antibody. Without the an­
tibody treatment, the T 4-2 cel ls returned 
to thei r mal ignant phenotype. 

After showing that the T4-2 cel ls  could 
be reverted to a normal  phenotype in  
c u l tu re, the scient ists i m p l a nted ant i­
body treated T 4-2 cel ls into mice to see 
if the cel l s  wou ld remain nonmal ignant 
in a natural tissue environment. Interest­
i n g ly,  the reverted T4-2 cel l s  had re­
duced tumor potential in m ice as com­
pared to u ntreated cel ls. 

Tissue Signals Determine Phenotype 
The revers ion of the mal  ignant T 4-2 

ce l l s  to a near normal  phe notype by 
b lock ing  beta 1 i nteg r i n  fu nction i s  a 
startl i ng resu It, cons i deri ng that these 
cel l s  have genetic m utations in several 
growth-control genes. This indicates that 
the tissue arch itectu re of the ECM d ic­
tates the phenotype of the residing cel ls, 
overrid i ng the genotype, as long as the 
cel l-surface signal l i ng network is able to 
receive the proper signa l .  The results of 
these experiments emphasize that inte­
grins are part of a large integrated signal 
network i nvolving the cytoskeleton, the 
membrane, and the nucleus. 

Previous experiments by other scien­
tists give us i nsight i nto the dynamic re­
lationship cel ls have with the extracel l u­
lar environ ment. A critical experiment 
done by Propper and Go mot in 1 9 7 3 ,  

tested whether developing cel ls  cou l d  
b e  programmed to differentiate i nto spe­
cific types by the extrace l lu lar matrix of 
a t issue.  The resea rc hers took embry­
onic chick epidermal cel ls, and inserted 
them into the mammary stroma of a rab­
bit, which had the rabbit epithel ial cel l s  
removed . The c h i c k  ep idermal  ce l l s  
were di rected by the ECM of the rabbit 

tissue to differentiate into mammary ep­
ith e l i a l  ce l l s , reconsti tut ing the d ucts 
and structure of the norma l mam mary 
gland. 

D iffere ntiat ion of a cel l req u i res 
changes in gene express ion and regu la­
tion, which is d irectly influenced by the 
interaction of receptor s ign a l l i ng at the 
membrane.  Another example of the ef­
fect of ECM-receptor signa l l ing on gene 
expression is the case of the secretion of 
m i l k  proteins by mammary cel ls .  Mam­
mary cel l s  respond to hormonal  s ignals 
that i nduce the activat ion and expres­
s ion of genes for m i l k  prote i n s  o n l y  i f  
they are i n  contact with the basement 
membrane. 

Whi le  it  is c l ear that s ignals  coming 
from the ECM through integrin receptors 
play a role in gene regu lation, the exact 
mechanisms by which it carries out this 
function is part ly  u n known. The cy­
toskel eto n seems to be an i m portant 
member in signal transduction and gene 
regu lation. Experiments mechan ical ly al­
teri ng cel l  shape have s h own that 
changes i n  the fi lament networks i nside 
the cel l  can d i rectly i nfl uence gene ex­
pression. Inside the cel l  nucleus, areas of 
ch romosomes that are active are often 
attached to the protein matrix that is con­
nected to the nuclear membrane. The i n­
termed iate fi l ament network of the cy­
toskeleton has been shown to interact 
with the prote i ns of the nuc lear  mem­
brane. Changes i n  cel l shape, or stress 
on the cytoskeleton may induce changes 
in the nuclear matrix, which can directly 
affect the activity of chromosome areas 
interacting with the matrix. 

Integrin receptors that are activated by 
b ind ing to proteins in the ECM, form a 
complex on the cytop lasmic s ide with 
many proteins that interact with the cy­
toskeleton.  The tai l  domain of beta 1 i n­
tegrin can bind to the proteins tensin, al­
pha actinin, and tal i n, which bind to and 
organ ize act in fi laments . For stabl e  ad­
hesion to the ECM, the cytoskeleton 
must be organ ized l oca l ly  to the adhe­
sion site. The change in one area of the 
cytoskeleton affects the overal l  structure 
with in the cel l .  

Integrins also recruit kinases a n d  phos­
phatases to propagate a signal with in the 
cel l .  For example, beta 1 integrin can ac­
tivate foca l adhesion ki nase which can 
phosphoryl ate other p rote i n s and en­
zymes, changing thei r conformation and 
activating or de-activating their function. 
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However, i ntegr in s ign a l l ing is coord i­
nated with many other signa l l i ng recep­
tors, such as the cadheri ns, and the cel l  
interprets these s ignals  as a whole, be­
fore determin ing a response. 
Tissue Structure as Tumor Suppressor 

Experiments done by scientists in Mina 
B i sse l l ' s  l a b  in 1 9 90, i nj ected act ive 
oncogenes i nto ch ick  embryo cel l s, to 
see if normal tissue structure cou ld sup­
press the deve l opment of mal ignancy. 
These cel ls were identified by molecular 
markers, and appeared as normal cel l s  
in wel l-formed tissues. When these cel ls  
were removed from the embryos at a 
later stage, and p l aced in cu lture, they 
rap i d l y  tran sfo rmed i nto a mal ignant  
phenotype. 

The research on the role of signa l l i ng 
from the ECM through membrane recep­
tors presents a chal lenge to the view that 
genotype primari ly determi nes the phe­
notype of a cel l .  The experimental  evi­
dence presented here shows that the tis­
sue arch itectu re, and the s igna ls  from 
the ECM, determ i ne the p henotype of 
ce l l s .  It may be t h at an i ntact t issue 
structure i s  the  m ost powerfu l tumor 
suppressor of a l .l . These stud ies have 
shown the importance o(looking at the 
i nteraction between a cel l  and its tissue 
environment, in design ing  approaches 
to treating cancer. 
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PEDAGOGY 

LEONARDO FOR YOUNG SCIENTISTS 

Light:  'That Which Most 
Elevates the Mind'  
by Susan Welsh 

EIRNS/Susan Welsh 

At a party celebrating Leonardo's 545th birthday, participants test out the vertical 
glass pane. It is made with empty picture frames, propped up on either side by blocks 
of wood. The eye of the viewer must remain stationary; he looks through a peephole 
that has been drilled through a narrow piece of wood, which is attached to a wooden 
stand. The student draws directly on the glass with an erasable marker. 

The first part of this series (Summer 
7 997, p. 81)  introduced the work of the 
Leonardo da Vinci Science Club in Lees­
burg, Virginia, which conducted weekly 
classes from October 1 996 through April 
1 997. The students were six- and seven­
year-olds. Part 1 dealt mainly with geom­
etry; Part 2 takes up another of 
Leonardo's favorite subjects, optics and 
the science of perspective. 

Among a l l  the stu d ies of natu re, 
Leon ardo da V i n c i  wrote, " l i gh t  

chiefly del ights t h e  observer" a n d  "ele­
vates the mind of the investigator." 

Why did he think that? 
One could imagine many reasons. The 

most obvious, is  l ight's beauty. Not just 
its natural beauty, but the higher beauty 
which  the art ist creates, when he uses 
l ight in a painting to i l l u m i nate the hu­
man sou l  and to convey a conception of 
the Div ine.  The prec ious few pai nti ngs 
by Leonardo that have come down to us, 
give abundant evidence of that. 

Anothe r  reason ,  is the very devi I i sh  
way that  l i ght  behaves . How can we 
know truth ? Through our senses, as the 
e m p i r ic ists say? Not at a l l !  Any c h i l d  
w h o  h a s  "tu rned t h e  wo r ld  u ps ide  

Figure 1 
LEONARDO'S SKETCH OF 

THE VERTICAL GLASS PANE 
"Perspective is  noth ing else, " 
L eonardo wrote, "than seeing a 
place behind a pane of glass, 
quite transparent, on the surface 
of which the objects behind that 
glass are to be drawn. These can 
be traced in pyramids {what we 
would call cones} to the point in 
the eye, and these pyramids are 
intersected on the glass pane. " 

Source: Atlanlicus folio 1 v 

down" with  a camera obscura, or has 
observed how an oar looks bent when it 
enters the su rface of a stream, can tel l 
you that our eyes play many tricks on us.  
L ike the prisoners chai ned i n  the cave in 
Plato's The Republic, we see only shad­
ows on the wa l l ;  what " re a l i ty" is, is 
someth ing  for the m i n d  to determi ne­
not the senses alone. 

The study of optics confronts one with 
a mu ltitude of paradoxes. This makes it a 
partic u l ar ly usefu l subject for scientific 
pedagogy, because, as Lyndon LaRouche, 
Jr., has elaborated in many publ ished lo­
cations,l human creative discovery takes 
p lace when the mind  grapples success­
fu l l y  with a paradox : a c lash between 
one's p revious axiomatic assu m ptions, 
and an u ndeniable reality that cannot be 
explained according to those axioms. 

O u r  c l asses w i th th ese young c h i l ­
d ren were a sma l l  step i n  the d i rection 
of such a pedagogy. Our p u rpose was 
to e ngage the c h i l d re n ' s  m i nds i n  u n ­
derstand ing  that s u c h  paradoxes exist, 
and imag in ing  how they m ight be over­
come. We d id not fol low Leonardo l it­
eral ly, but rel ied u pon h i m  as our muse, 
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Figure 2 
THE CAMERA OBSCURA 

To build a camera obscura, you will need: 
• Large cardboard box, big enough for child to sit 
inside. A box that a large household appliance 
comes in works well. 
• Small cardboard box, about 6 inches deep 
• Masking tape or duct tape 
• Piece of white tracing paper 
• Aluminum foil 

( 1 )  Assemble the small box: Cut off the bottom 
and replace it with a piece of tracing paper, fastened 
with masking tape. The top of the box should be 
open. 

(2) Cut out a small square of aluminum foil, three 
or four inches on a side. Poke a hole in the center 
with a pin. Enlarge the hole slightly by wiggling the 
pin around just a bit. 

(3) Cut a hole about one inch square in the large 
cardboard box, at the level of a child's face when 
sitting inside the box. Tape the square of aluminum 
foil over this hole, so that the pinhole is in the cen­
ter. 

Outside view 

(4) Tape the small cardboard box securely inside 
the large cardboard box, over the pinhole. Use duct 
tape to cover any cracks that would let light in. Foil with pinhole 

i: I 
(5) Using duct tape, cover up any cracks in the 

large cardboard box that would let light in. You wiil 
be able to find these easily if you climb inside the 
box. You want light to come into the camera obscu­
ra only through the pinhole. 

(6) Take the camera obscura outside on a sunny 
day. With the Sun behind you, point the pinhole in 
the direction of a scene that is well illuminated. 
Brightly colored objects (or people), with sharp con­
trasts of dark and light, work best. .' " ' , 

(7) Climb inside the box and give your eyes a few 
minutes to adjust to the dark. Looking at the screen 
of white tracing paper, you will see the image out­
side projected onto the screen, upside down and backward. 

Cut-away side view 

(8) To get the clearest, brightest image possible, experiment with enlarging the pinhole slightly. What happens if the 
pinhole gets too big? If the image is very dark, make sure you do not have light leaking into your box throLfgh cracks. 

whose genius and enthusiasm provided 
u n ity to a c l ass series that touched o n  
m a n y  d i verse su bjects. W e  d i d  n o t  at­
tempt to teach the complex science of 
optics, e ither as Leonardo u nderstood 
it, or as it  is understood (or misu nder­
stood) today. That wo u l d be a m u c h  
more ambitious u ndertaki ng, appropri­
ate for an o lder age group (and req u i r­
ing  a teacher better qua l ified than this 
author, so far, is). 

The Science of Perspective 
Let us start where we left off, i n  the 

previous article: with geometry. After the 
ch i ldren had bu i lt Platonic sol ids out of 

dr ink ing straws and p ipe cleaners, they 
v iewed a s l ide show, w h i c h  i nc l u d ed 
many of Leonardo's beautifu l drawi ngs 
of the Platonic, Archimedean, and other 
sol ids, prepared in co l l aborat ion with 
master geometer Luca Paciol i .  The ch i l ­
dren took turns holding their own sol ids 
in the beam of l ight from the s l ide pro­
jector, thus projecting the outl ine of the 
sol id onto the screen, where Leonardo's 
drawing of the same shape was also pro­
jected. They enjoyed "givi ng Leonardo a 
test," to see how wel l he had drawn the 
shape in  perspective. 

The importance of the science of per-
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spective cannot be overemphasized. It is 
n ot j u st some tec h n i q u e  for " making 
th i ngs look rea l " ;  i t  i s  one of the most 
important scientific d iscoveries in world 
h istory. As Karel Vereycken poi nts out, 
in an excel lent art ic le i n  Fidelia maga­
zi ne, 2 it was the devel opment of per­
spective as a science that gave rebirth to 
civilization i n  the Renaissance. Among 
other ach ievements,  i t  took mank ind 
from the age of craftsmanship, to the age 
of i ndustry: It was no longer necessary to 
bui ld wooden models of art i l lery pieces 
or mac h i n e  too l s ,  for example;  they 
cou l d  be b u i l t  stra ight from d rawings.  
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Leonardo's drawi ngs of mach ines are a 
case in point. 

The Renaissance discovery of perspec­
tive has a further important dimension. It 
can not be approached by the  ru l es of 
Eucl idean geometry, by normal "c lass­
room mathematics," because it is a phys­
ical geometry, a geometry of processes 
in natu re. Ou r percept ion of an i m age 
invol ves the p hysics of I i ght, the mor­
phology of the eye, the physiology of the 
brain,  and, u n ique ly  to human bei ngs, 
the cogni t ive fu nct ion of the m i n d .  It 
should thus come as no su rprise to find 
that the Renaissance artists' exploration 
of perspective is  i nseparabl e  from their  
celebration of the glory of God and H i s  
creation, a n d  thei r depiction o f  man i n  

, the image o f  God. 
Fol lowing our Leonardian slide show, 

came a fo u r-week ser ies of d rawi n g  
cl asses. I n  one c l ass, i n structor Susan  
U l anowsky took the c h i l d re n  outs ide,  
and had them "measure," with i ndex fin­
ger and thumb held before t h e i r  eyes, 
the apparent height of a person standing 
10 feet away, then 20 feet away, then 30 

feet away. What happens? Is the person 
rea l l y  gett ing smal l er? Ah, our  eyes are 
p laying tricks on us! Yet our b ra i n  tel l s  
us  that the person has  not rea l ly shru n k, 
but is farther a wa y. H ow i n te resti n g !  
How do we draw that? 

Leonardo approached the problem, i n  
a first pedagogical approximation, for h i s  
students, b y  u s e  o f  the "vert ica l  g l ass 
pane" (see photo and F igure 1 ) . 

The first paradox that surprises one, i n  
using this device, i s  how small the i mage 
is on the g l ass, even when the subj ect 
yo u a re d rawing is not fa r away, a n d  
looks "about the n o r m a l  s ize . "  T r y  it  
yourself, and see if you can fi gu re out 
why that is so. 

The Camera Obscura 
Another del ightful paradox, is that pre­

se nted by the camera obscura ( "dark 
room"). This device (Figure 2) was used 
by artists before Leonardo, in their study 
of perspective and the behavior of l ight. 
Here is how Leonardo describes it: 

"An experiment, showing how objects 
transmit  their  i mages or pi ctu res . . . .  
The images of i l l umi nated objects pene­
trate i nto a ve ry dark  room by some 
smal l round hole .  Then you wi l l  receive 
these i mages on a wh ite paper p l aced 
with in this dark room rather near to the 
hole; and you wi l l  see all the objects on 
the paper in their  proper form and col-
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Figure 3 
LEONARDO'S DIAGRAM OF' THE PRINCIPLE OF THE CAMERA OBSCURA 

The object is abcd (written backwards, on the top line). From it, rays go 
through the small hole mn, cross, and then diverge onto a sheet of paper, st. 
The image is reversed from right to left, and is upside down. 

Source: Manuscript D, folio 8r 

ors, but much smal l er; and they wi l l  be 
upside down by reason of that very i n­
tersect ion.  These i mages, being trans­
m itted from a place i l l umi nated by the 
Sun, wi l l  seem as if actua l ly  painted on 
this paper, which must be extremely th in 
and l ooked at from behind .  And l et the 
l ittle perforation be made in a very th in  
plate of iron." 

In  our class, we made camera obscuras 
out of cardboard boxes large enough for 
a c h i l d  to s i t  i n .  The stu dents enj oyed 
"turning one another upside down" (after 
confirm ing that it did not hurt}, and draw­
ing the inverted image on a piece of tis­
sue paper placed inside the box. 

How does it work? F i gure 3 depicts 
Leonardo's understand ing of what is go­
i ng o n .  There is some resem b l a nce to 
what goes on in the eye, but on ly  as a 
first approxi mation .  The eye of a l iv ing 
c reatu re i s  far more com p l ex than  a 
camera obscura, as Leonardo knew very 
wel l .  

Reflection and Refraction 
The reflection of l ight by m i rrors and 

its refracti o n  by le nses is a vast topic, 

which cou l d  be explored in depth, in an 
expanded " Leonard ian" curr icu lum for 
c h i l d re n .  O u r  i ntroduction to the sub­
ject was brief.3 

We began by ask ing  who cou l d  ex­
p la in  what a lens is .  Nobody was qu ite 
sure .  Someone su ggested that lenses 
make th i ngs look bigger. Wel l ,  let's see: 
We used petri d ishes and watch gl asses 
(marketed as an overpriced kit under the 
label "Edible Optics") to make concave 
and convex l e nses out of je l l o, then 
shone rays of l ight through the lenses to 
see what would happen. While the enter­
prise was amusing, the l enses produced 
were of about the qual ity you would ex­
pect from gelatin, and at least one ch i ld 
became so preoccupied with her des i re 
to eat the jel lo, that her concentration on 
the l esson faded. Perhaps th is feature of 
the curricu l u m  should be scrapped-es­
pecial ly  if the class is close to lunch-time! 

Next, we exp lored a n other  k i n d of 
l e n s :  a g l ass of water. Try th i s  experi­
ment, suggested by Leonardo: 

" If you place a bal l  of glass fu l l  of wa­
ter in front of the eye, a l l  the i mages of 

2 1 st CENTURY Fal l  1 997 91 



Figure 4 
LEONARDO'S EXPERIMENT TO SPLIT UP LIGHT 

I NTO THE COLORS OF THE RAINBOW 

Above, the eye looks at a ray of light directly through a glass of water; below, 
a beam of sunlight shines through the glass and the colors of the spectrum are 
projected onto a screen below. Leonardo concluded from this experiment, 
that it is not the eye that produces the colors. 

Source: Windsor, folio 19150r 

objects that pass through it wi l l  appear 
u pside down;  and if you place 2 [gl ass 
bal ls  fu l l  of water) one behind the other, 
the images of the first wi l l  appear to the 
eye to be re-erected into their natural di­
rection."  

I n stead of g l ass ba l l s, use a brandy 
g l ass o r  other g l ass with  a fa i r ly  rou nd 
bowl.  Look through these at a lamp. The 
second, re-erected image is tricky to see 
at first: You have to fi nd the quite small 
image of the g l ass that is farther away 
from you, in the bowl of the glass that is 
c l osest to you . The i mage of the glass 

wi l l  be i nverted, but the t iny  image of 
the more distant lamp "i nside" that glass 
wi l l  be rights ide-up. 

Rainbows 
F i n a l ly, we had some fu n with ra i n­

bows, with the help of i nstructor E l i jah 
Boyd . " H ow does a ra i n bow come 
about?" I asked one ch i ld .  Her answer :  
"Jesus makes a b ig  soup, and stirs it u p, 

' and takes green from the grass, b lue from 
the sky, a l l  the colors, and that's h ow 
you get a rai nbow." After I recovered 
from that one, I told the c h i ld ren what 
Leonardo thought about it: 
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He asked h imself, are the colors of the 
ra in bow c reated by the eye of the 
viewer, as many people bel ieved i n  his 
day? He devised ·an experiment that de­
com posed a beam of su n l ight  i nto its 
fu ndamental col ors, and d isp layed the 
spectru m  on a scree n .  This convi nced 
him that it  was not the eye which p ro­
duced the colors (Figure 4): 

"How the eye has no share in produc­
i n g  the colors of the ra i n bow. P lace a 
g l ass fu l l  of water on a wi ndow si l l  so 
that the Sun's rays wi l l  strike it from the 
other side; then you wi l l  see the aforesaid 
colors formed in the impression made by 
the S u n ' s  rays that have penetrated 
through that glass and ended on the floor 
in a dark place at the foot of the wi ndow. 
And because here the eye is not exerted, 
we can evidently and with certainty say 
that such colors do not have anything to 
do with the function of the eye." 

I saac Newto n is genera l l y  credited 
with havi ng done the fi rst experi ment 
showing that refraction through a prism 
decomposes l ight into the colors of the 
spectru m .  In fact; as th i s  experiment 
shows, the cred it belongs to Leonardo. 

Another q uest ion  Leon a rdo posed 
was: Does everybody see the same rain­
bow in the sky, or does each see a differ­
ent rain bow, depend ing on where they 
are stand ing? 

Neither I nor my students are ful ly pre­
pared to answer that one. For one thi ng, 
you seldom see ra i nbows in this part of 
the country . ( I n  my youth, I saw lots of 
them . Is it a q uest ion of geography, or 
have ra i n bows become a vict im of the 
"post-i ndustrial society" ?) But then, early 
th i s  sum mer, I heard a sh riek from the 
backyard, where my son was wateri ng 
the l awn with a hose:, "Mommy, come 
q u ick, I made a rainbow!"  I saw it, and 
he saw it .  And,  we're p retty s u re we 
caught a g l i mpse of Leonardo there, too, 
looking over our shou lders. 

In the next part of this series: conic 
sections and conical growth patterns in 
living organisms. 

Notes--------------
1 .  See, for example, Lyndon H. LaRouche, Jr. ,  

"Why We Must Colonize Mars," 21st Century, 
Winter 1 996-1 997, pp. 23-25. 

2, ''The Invention of Perspective," Fidelia, Winter 
1 996. 

3. Useful resource books on optics for children in­
clude Bernie Zubrowski, Mirrors: Finding Out 
About the Properties of Light (New York: Mor­
row Junior Books, 1 992), and Robert Gardner, 
Investigate and Discover Light (Englewood 
Cliffs, N,J.: Julian Messner, 1 991) .  
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Betrayal of Science and Reason 
Paul R. Ehrlich and Anne H. Ehrlich 

. 

Washington D.C., Corelo, Calif.: Island 
Press/Shearwater Books, 1996 
Hardcover, 335 pages, $24.95 

HOw does one review a book whose 
authors believe that there is no rea­

son that the popu l at i o n  of the  U n ited 
States should be greater than 1 3 5 m i l­
l ion; that 1 30 m i l l ion of our citizens are 
excess baggage; that our m i l itary defense 
costs are o n l y  to e n r i c h  cert a i n  " pa­
trons"; and that one of the most environ­
menta l ly damaging activities of h u man 
beings begins in the bedroom ? 

Pau l E h rl ich is a professor of b io logy 
at Stanford U n iversity and is most noted 
in non-academ i c  c i rc les  for h i s  1 9 6 8  
book, The Population Bomb, i n  wh ich  
he  predicted-incorrectly-the coming 
doom of mankind. In academ ic c i rc les, 
Paul Ehrlich is best noted for his research 
on i nsect populations: 

Si nce the publ ication of the The Pop­
ulation Bomb, Ehr l ich  has written sev­
eral more books, some with  h i s  w i fe, 
Anne E h r l i c h ,  as a co-author, w h i c h  
continue t o  el aborate on the conjecture 
that the survival of planet Earth depends 
on curta i l i ng world popu lat ion growth 
and i ndustr i a l  adva n c e .  T h e  present 
book, Betrayal of Science and Reason, is 
the l atest of this series o n  man and the 
environment. 

The m a i n  pu rpose of t h i s  book is to 
discredit those scientists and journal ists 
who find fau lt with the ideas and policies 
promoted by advocates for protecting the 
pla net. In the world accord i n g  to the 
Ehr l ichs,  the environmental ists are the 
good guys who wear white hats and ride 
i nto the fray on wh ite h orses to rescue 
the Earth from environmental degrada­
tion ; they are the "green lash"  heroes 
whose scientific conclusions are always 
correct and who do not accept pay from 
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the  capita l i st pol l uters and other ant i­
environmentalist organizations. 

The anti-environmental ists are the bad 
guys who wear black hats and who want 
to destroy the Earth; they are the "brown­
lash"  ant i -heroes who are often in the 
pay of private commercial i nterests and 
thus may d istort their scientific conc lu­
sions to satisfy thei r patrons. The Ehrl ichs 
bel ieve the "brown lashers" (also referred 
to as contrari ans or skeptics), through 
the i r  act iv ism, prevent eq u itable so l u ­
t ions  f o r  enviro n mental  prob lems and 
thus  m ust be exposed as  m i s i nformed, 
deceivers, frauds, or ideologues-as the 
case may be. 

If one is  looking for "science and rea­
son,"  there is l i ttle to fi nd in th is  book. 
The Ehrlichs do not cite the original peer­
reviewed scientific l i terature to refute the 
brown lashers' criticisms of the greenlash 
conjectures. For example, the scientific 
pub l ications of Patrick Michaels, profes­
sor of c l i matol ogy at the U n ivers ity of 
Virg in ia (he is  a lso the Virginia State c l i­
matologist) are d iscredited, because he 
accepts "six-figure consult ing fees from 

coal and other energy i nterests." 
D r .  M i c h a e l s  does rece .i ve flinds to 

support h is  research laboratory from var­
ious organ i zations, pub l ic  and pri vate, 
but he does not bend h is science to suit 
a cl ient. If  he did th is, . other i nvestigators 
cou l d  eas i l y  expose it, by poi n'ti ng out 
errors of fact i n  peer-reviewed scier,lt.ific 
journa ls .  N owhere 'i n  t h i s  book do the 
Ehrl ichs refute Mi�liaels's work by refer­
ence to any scieritifrc jotirnal' ilils 'book 
is wr i tten fo r .the  n o n-sC ient ist, so the  
Ehrl ichs feel no need to  follow the  proto­
col  deman ded of the research scientist 
that requ ires c itation to the scientific l it­
erature to support any disagreement with 
previously publ ished studies. 

Complete Ignorance 
The E h rl ichs demonstrate a complete 

ignorance of the l i terature perta i n i ng to 
ac id  ra i n  resea rc h .  T h roughout  the  
1 980s, the  U .5.  government f inanced a 
mass ive $ 5 00 m i l l i o n  study of the  ef­
fects of acid rai n .  At th is  same t ime the 
env i ro n m enta l advocates were tel l i n g  
t h e  p u b l i c  w ith thousands o f  news sto­
ries how acid ra i n  was devastati ng the 
forests of the eastern U n i ted States and 
Canada and that the l akes were dy ing  
and were fish less. B ut by 1 989, much of 
the acid rai n research had been com­
pleted and the resu lts pub l ished i n  sc i ­
ence journals and i n  the exhaustive Na­
t i o n a l  A c i d  Prec i p itat i o n  Assessment 
Program (NAPAP) report. 

The NAPAP report is d ismissed by the 
Ehrl ichs as "a m ixed bag"-one wonders 
if they even read i t .  Th is  commentator 
has .  T h e  NAPAP stud ies s howed that 
acid ra i n  had l i ttle effect o n  the north­
eastern forests; m ost are in very good 
condit ion,  and where t here was forest 
damage, it was mainly due to pests, very 
cold winters, and/or drought. There were 
only a few lakes in the northeast U nited 
States that became a c i d  because of 
man's  activit ies. Most of the acid lakes 
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are found in F lorida, where there is l ittle 
acid rai n .  The NAPAP researchers also 
reported that as the forests retu rned, after 
having been c l ea r-cut i n  the 1 8th and 
1 9th centuries, forest soi ls  became acid 
as a resu l t  of decaying organ i c  vegeta­
tion. Lakes in these acid forest soi l  envi­
ron ments retu rned to the i r  p reh i storic 
condi t ion  of ac id ity as p roven by the 
presence of ac id  sens it ive foss i l  b iota 
fou nd in the lake sediment cores. 

In our stud ies at the u .s .  Geological 
Survey, we fou nd that one of the more 
i m po rtant effects of ac id ra in  was the 
erosion of marble and l imestone bu i ld­
ing materials .  The greenlashers had l ittle 
to say about these fi nd ings and contin­
ued to harp on the impending demise of 
forests a n d  l akes . D r .  L a u rence K u l p, 
who headed the NAPAP p rogram u nt i l  
1 989, was replaced after publ ication of 
the pre l i m i n ary NAPAP report because 
of pol itical pressure from the greenlash­
e rs, for they d i d  not l i ke the scient if ic 
conclusions that exposed their  false pro­
paganda. 

Lack of Understanding 
Equal ly appa l l i ng is the Ehrl ichs' lack 

of u nderstanding of modern molecu lar  
cel l  biology and the newest ideas on the 
or ig ins of human cancer. Although the 
Ehrl ichs accept one of the leaders in can­
cer research, Dr. Bruce Ames, as among 
the " legiti mate scientists with appropri­
ate credent ia l s"  (what an u nde rstate­
ment ! ) ,  they ignore the m o n u mental  
studies coming from his laboratory. 

The Ehr l ichs go to great pa ins  to d is­
cred it the stud ies of Ames and h i s  col­
league Lois Gold (pages 1 60-1 61 ) .  What 
the Ehrl ichs did not tel l  us in thei r  book 
are the major poi nts presented in scien-

tific papers of Ames, Gold, and the i r  as­
sociates-that simply l iv ing on the Earth 
exposes us to innumerable natura l ly  oc­
c u rr ing carc inogens; that n atura l ly oc­
c u rr ing  chem ica l  carc i nogens (as de­
f i n ed by a n i m a l  exper iments) a re 
u b i q u itous i n  the foods we eat; that 
about 50 percent of the chem icals  ad­
m i n i stered in h igh-dose a n i m a l  tests, 
both natural and synthetic i n  origin, are 
found to be carcinogens; that of the ap­
prox i mate ly  1 ,000 chemicals  found i n  
roasted coffee, o n l y  2 2  have th u s  fa r 
been tested in a n imals, and 1 9  of these 
22 were found to be carcinogenic in an­
i m a l s; that many beverages cont a i n  
l a rge amou nts o f  a n i m a l  carc i nogens ;  
such as  hydrogen perox ide, methylgly­
oxal,  formaldehyde, n itrosami nes, and 
ethyl a l cohol ;  that we i n gest at least 
1 0,000 ti mes more of Mother N ature's 
carcinogens than of man-made carc ino­
gens; and that natura l ly  occurring chem­
ica l  carci n ogens at concentrat ions  of 
50,000 parts per b i l l i on o r  greater a re 
found in such common foods as apples, 
cau l if lower, carrots, cel e ry, cabbage, 
bananas, potatoes, lettuce, broccol i, and 
mushrooms. 

"If one is looking for 'science 
and reason,' there is l ittle to 

find in this book." 

Despite human i ngestion of many nat­
u ra l ly  occurring carcinogens, they have 
l ittle effect on cancer induction except i n  
spec i a l  c l asses o f  soc i eties w h e r e  ex­
tremely large amou nts of certa i n  foods 
and beverages a re consu med-for ex­
ample, fats, bracken fern, betel n uts, and 
a l coho l i c  d r i n ks .  The stu d ies of S i r  
Richard Dole and Dr. Richard Peto show 
that human cancers a re l a rgel y  due to 
smoki ng, d iet, and bacter ia l  a n d  v i ra l  
i n fect ions ;  exposure t o  m a n - m ad e  
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chemicals contributes very l ittle to over­
a l l  cancer  morta l ity, thus refut ing the 
fear-mongering pronou ncements of the 
anti-chemical green lashers. 

Disgraceful 
The Ehr l ich  treatment of journa l i sts 

who do not fol low the g reen lash party 
l i ne i s  espec ia l ly  d isgracefu l .  They par­
ticularly single out G regg Easterbrook as 
the most v i l la inous of the brown lash re­
porters, partly I bel ieve because of East­
erbrook's statu re as an environme'ntal  
writer and the 1 995 publ ication of h i s  
infl uential book A Moment o n  the Earth: 
The Coming Age of Environmental Opti­
mism. This book is  a n  exhaustive 745-
page review of much of environmental 
science and pol icy. The main poi nts of 
Easterbrook's analysis are: that we have 
m ade g reat headway in i mproving o u r  
environment, that w e  should acknowl­
edge th i s  progress, and that the doom­
say i ng o rthodoxy of the green lashers is 
greatly inflated. 

In contrad iction, the Ehrl ichs bel ieve 
t h at o u r  p l a n et is st i l l  in a des perate 
condition; thus they find it necessary to 
d i scred it Easterbrook's assessment. For 
example, they q uote the fol lowing state­
ment  m ad e  by Jack ·Schu l tz,  an ento­
mologist at the Pen nsylvan ia  State Un i ­
vers i ty :  A Moment on the Earth "con­
ta ins  some of the most egregious cases 
of m i su nderstood, m isstated, m is i nter­
preted, and p l a i n l y  i ncorrect 'science' 
I've ever encou ntered" ( i n  Natural His­
tory, Aug.  1 99 5 ) .  Perhaps the Ehr l ichs 
did n ot make such a statement them­
selves for fear they cou ld be sued for l i­
bel (Betrayal of Science and Reason was 
vetted by a lawyer specia l iz ing in l i bel 
law). 

Crit icisms of Easterbrook are particu­
lar ly  tr iv ia l  and p icky; for examp le, he 
placed an insect i n  the wrong fami ly and 
he violated the second law of thermody­
namics (that's a good trick for a journal-
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ist to accompl ish) .  To fu rther d i sc redit  
Easterbrook, the Ehr l  ichs  state that  he 
wrote "a for-h ire biography of  C. Everett 
Koop," the former S u rgeon General of 
the U n i ted States. I m agine writ i ng fo r 
profit! 

of the wor ld  a rou nd us,  w h i l e  at the 
same t ime sustaining our moral commit­
ment to a l l  human ity. 

"To know a fly 
is to love one." 

-Paul R. Ehrlich and 

Anne H. Ehrlich 

Scientific Optimism 
It is  d i fficu lt for me as a professional 

. scientist to respond to the question pre­
sented at the beginn ing of this com men­
tpry, for the Ehrl ichs' Betrayal is a pol iti­
cal and social polemic, masquerading as 
a scientific treatise. I a lso consider my­
self a human itarian, bel ievi n g  that hu­
man progress i s  accompl ished through 
better and better appl ication of our tech­
nical expertise to improving the qual ity 

With our technical accompl ishments, 
the world is becoming a better p lace to 
l ive, both for hu ma[1s and for the fau na 
and flora. This is amply demonstrated by 
comparing the relatively clean environ­
ments of the Western industrial nations 
to the terr ib le  condit ions in the poorly 
developed nations. However, the green­
l ashers, i nc l u d i n g  the Ehr l ichs,  do not 
recogn i ze the great benefits of modern 
tec h nology.  They be l ieve humans a re 
destroying the Earth, thus human popu­
lations must be greatly reduced; by what 
means they do not say. By slow-motion 
holocaust? 

It is sad to say that i n  m u c h  of the 
greenlash l iterature there is  expressed a 
visceral hatred of human ity. The Ehrl ichs 
make a pungent statement that exposes 
thei r anti-humanitarian ism, "To know a 
fly is to love one" (page 1 09).  N owhere 
i n  their  book d i d  I read "to know a hu­
man being is  to love one." 

Malcolm Ross is a Scientist Emeritus at 
the u.s. Geological Survey in Reston, 
Virginia. 
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Treat Yourself to a Dose of Optimism 

Mission to Mir 
Produced by IMAX Corp. ,  Lockheed Martin 
Corp., 1 997 
Video, 40 minutes, $12.00 

The photograph on the cover of this is­
sue of 2 7st Century is a sti l l  picture, 

taken from the newest IMAX 
space fi lm, "Miss ion to Mir ."  
As beautiful as it is, no pho­
tog raph co u l d  capture the 
thri l l  of a launch i nto space, 
the majest ic v i ew of the 
Earth from orbit, o r  the ex­
c itement of the crew mem­
bers who make these dari ng 
jou rneys beyond their home 
p l a n et .  " M i s s i o n  to M i r" 
captu res these d ramat ic  
views in  fi lm, shot by  the as­
tronauts themselves, of Space 
Shuttle and Soyuz lau nches, 
the l i nk ing up of the Sh uttle 
and the M i r  in Earth orb it,  
and the activities of the cos- . 
mon auts and astron auts o n  
board both spacecraft. 

One strik ing difference be­
tween "Miss ion to M i r" and 
al l  the space movies made 
before it, i s  its fi rst-t ime 
footage of  the  Russian space 
program-a space program 
that had been cloaked in  se­
crecy by · the Sovi ets for 
nearly fou r  decades. The fi lm 
opens with the preparat ion 
and launch of  a Soyuz rocket, 
with cosmon a uts, m i l itary 
personnel, and space agency 
eng i neers read y i n g  the 
lau nch from the Baikonur Cosmodrome 
in  Kazakhstan .  

S i nce the prem ier o f  "Mission to Mir" 
at the Sm ithsonian Air  & Space Museum 
in Washi ngto n,  D . C . ,  o n  May 2 1 , the 
s itu ation onboard the M i r  space station 
has changed d ramatica l ly. The J u ne 2 5  
col l i s ion o f  an unmanned Progress sup­
ply sh ip  with the station, makes the i n­
side look at the space station even more 
i m m ed i ate than what the fi l m -makers 
had in  m i nd i n it ia l ly .  

The tours through the Mir  by cosmo­
n a u ts a n d  astro n a uts, fi l med w i th a n  

IMAX camera for "Mission to Mir," pro­
v ide a context w i th i n  w h i c h  to th i n k  
about the difficulty the Mir  crew wi l l  en­
cou nter in try i ng to fu l ly recover from 
the Progress accident. The modu les are 
crammed with eq u ipment, wires, pack­
ages, and suppl ies that col lected there 

over the 1 O-year l i fet ime of the space 
station because, unt i l  the Shuttle started 
vis it ing the Mir  two years ago, the Rus­
sians had l ittle capabi l ity to bring cargo 
back to Earth. 

The Sh uttle/Mir program, with Shuttle 
astronauts visit ing and l iv ing aboard the 
Russian station, is more than a col labo­
ration in  space. 

F i l m  footage of the teams tra i n ing to­
gether, and gett ing to know each other 
and their  fam i l ies as friends, provides an 
i ns ight i nto why the program has gone 
so wel l .  
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Mutual Respect 
There is a justifiable pride each nation 

feels  in its space ach ievements. An h is­
to r ica l  s ketch at the beg i n n i n g  of the 
movie recaps how the two space p ro­
grams were separate, and riva l s, u nt i l  
1 994. Now, each nation has tied its fu­

ture space exploration to the 
other. The tie that bi nds is the 
m utual respect, and affecti.on, 
that has devel oped between 
the astronauts and cosmonauts 
who are the quintessential ex­
pression of space exploration. 
And th i s  re l at ionsh i p  is re­
vea led to the pub l ic  in "Mis­
s ion to Mir." 

To make this fi lm, seven as­
tronauts, and cosmonaut Vladi­
m i r  Titov, were tra ined to use 
the 85-pound hand-held IMAX 
camera .  A second, l a rger, 
camera was in the payl oad 
bay of Atl a nt i s .  The i nf l ight 
fi lm footage was taken during 
three dock ing  m i ss i ons,  and 
the fi rst rendezvous m iss ion.  
The I MAX team a l so made 
three trips to Russia to fi lm the 
Soyuz launch,  crew tra i n i ng, 
the cosmonauts with their fam­
i l i es and enterta i n i ng astro­
nauts, and one of the factories 
where Russ ian  rockets are 
manufactured. 

The aud ience watch ing the 
fi l m  s h a res the t r iumph of 
both c rews at the success of 
the first docking of the Shuttle 
o rb iter Atl ant is  with the Mir, 
a n d  the sadness  when the 

hatch between the two giant spacecraft 
is closed and friends depart, as the Shut­
tle heads back to Earth. 

"Miss ion to M i r" is n ow showing i n  
m o re t h a n  a d o z e n  I MAX theaters 
t h ro u g h o u t  the U n i ted States and i n  
Canada and Austral ia .  Add it ional  the­
aters w i l l  start to show it throughout the 
fal l .  

G ive yourself a treat. Spend 4 0  m i n­
utes with the astronauts and cosmonauts 
who open up the world of space explo­
ration for us a l l .  

-Marsha Freeman 
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