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EDITORIAL 

Return to the 
'American System' of Calculus 

Readers may be s u rpr i sed to lea rn  
that there exists an "American Sys­

tem" of ca lcu l us ,  as there ex i sts a n  
American System o f  economics-nei­
ther  be ing  the brand so ld  i n  today's 
c lassrooms. Yet, despite that consumer 
frau d  known as a modern u n ivers i ty 
ed'ucat ion ,  the fact i s ,  t hat the a n t i ­
Newton ian  a n d  ant i-Lockean ph i loso­
phy of the true i nventor of the calcul us, 
G ottfr ied Wi l h e l m  Lei b n iz ,  was the 
credo of the l ead i ng repu b l i can  
t h i n kers who eng i neered Amer ica's  
freedom from the British crown.  

It is  to Leibn iz, ph i losopher, scientist, 
statesman, and un iversa l t h i n ker, that 
we owe our lega l l y  protected " ina l ien­
able rights" to " l ife, l i berty, and the pur­
su i t  of happi ness . "l ( "Happ i ness" for 
Leibniz d id not mean what the vast ma­
jority of today's tragica l l y  m iseducated 
c i t izens wou l d  assume-the sati sfac­
tion of materia l  or l i b id ina l  wants-but, 
rather the real ization of the true poten­
t ia l  with i n  every s ing le  member of the 
h u m a n  species,  that w h i c h  d i st i n ­
gu i s hes eve ry h u m a n  b e i n g  from a 
mere beast, that is, the potential for ex­
erc i se  of the creative powers of the  
m ind, or what is referred to i n  the  Mo­
saic and Christian tradit ion as the "d i ­
vine spark" of  Reason.) 

And it is  to the same Leibn iz  and h i s  
fol lowers on both sides of  the Atlantic, 
that we owe modern science. An a l ien 
view, that modern science is based on 
the concept of man as merely a more 
sophisticated beast, capable only of re­
ce iv ing and process ing  sense percep­
t ions  ( " i n format ion" ) ,  i s  the one  that 
p reva i l s  today :  It permeates nea r ly  
everyt h i ng we  read, a n d  even th i n k, 
about science, The view is fa l se, and  
i t s  pu rsu i t  can lead  o n ly to  error, not 
on ly  in matters of natu ral sc ience per 
se, but al so in econom ics and pol i t ics, 
as  contr i butor  Ph i l i p R u b i n ste i n  ad-

d resses in  the Pedagog ica l  secti o n  of 
this issue. 

Our Anti-Newtonian Roots 
In America, such u n iversal i ntellects 

as the Pennsylvan ia  colony'S James Lo­
gan ( 1 6 74- 1 75 1 ) , H a rvard's Professor 
Joh n  Wi nthrop ( 1 7 1 4- 1 779) ,  a n d  Ben­
jamin Frankl i n  h imself were partisans in 
the battle for the real calculus, and the 
scientific method that gu ided Leibniz in  
i ts  creat ion,  as aga i nst Isaac N ewton 's 
fra u d .  I ndeed, it was o n l y  i n  America 
that Le ibn iz,  hou nded throughout Eu­
rope i n  h i s  later years by a British d is in­
formatio n  campa ign ,  cou l d  get a fair 
hearing for some years to come. 

Th us,  in a 1 72 7  l etter to New York 
Governor Wi l l iam B urnet, James Logan 
wrote: 

'' 'Tis certa i n  the wor ld  was ob l iged 
on ly  to Le ibn itz for the publ ication of 
that m ethod ,  w h o  was so fa i r  as to 
com m u n i cate it i n  a g reat measure to 
[Royal Society Secretary] O ldenburg in  
1 677, when S i r  I saac was so carefu l of 
concea l i ng h i s, that he i n vo l ved it i n  
h i s  Letter [of] 1 676 i n  strange knotts of 
L etters, t hat a l l  t he  a rt & s k i l l  of the  
u n iverse cou l d  never Decipher  . . . .  
And yet foreigners have genera l l y  been 
so Just as to pay a l l  poss ib le  deference 
to S i r  Isaac as an I nventor, tho' ti l l  h i s  
P u b l icat ion o f  the P r i n c i p i a  i n  1 687,  
they n ever had a n yt h i n g  of i t  from 
h im . "2 

Though the memory of James Logan 
is itself victim of our a l l -pervad ing cu l ­
tura l  dec l i ne, th i s  u n i versa l  i ntel l ect, 
se l f-ta ught  i n  Lat i n ,  G reek, Heb rew, 
and four modern languages, and a l i fe­
long student of the phys ica l  sc iences, 
was a secretary to Wi l l i am Penn,  a n d  
l ater mayor o f  P h i l a d e l p h i a  and  l i e u ­
tena nt-governor  of the Pennsy lva n i a  
co lony. I t  was Logan who, a long  wi th  
H arvard's J o h n  Win th rop,  steered 
Frank l i n  i nto his researches i nto e l ec-
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tric i ty, for the exp l i c i t  pu rpose of d i s­
proving one of the sh ibboleths of New­
ton's worldview :  the doctrine of forces 
acting in  an empty space. 

In c h a pter two of h i s  st i l l  u n p u b­
l ished polemic against Thomas Hobbes 
and the B r i t ish ideologues, Logan tar­
gets Newton ,  and  cou nters N ewton 's 
doctri n e  with the thoro u g h l y  modern 
(we m ight even say a vant-garde) con­
ception of a space fi l i ed with e lectric­
ity, which is respons ib le for motion :  

"And i f  there be no  heresy i n  men­
t ioning i t  i n  the  present age, why may 
we not ventu re to  question the  reason­
ableness of assert ing  a vacu u m  as i n ­
d i spensabl y  necessary t o  t h e  cont i n u­
ance of motio n ?  The a rg u m en t  may 
i ndeed ho ld  in  relation to  a l l  such  bod­
ies, the matter of l ight excepted, as our 
senses are formed to take cogi n icance 
of, but sha l l  we from thence presume 
to judge of a l l  t he  k inds of  subt i le  mat­
ter that space may be fi l i ed with ? Can 
we be sure that there is no e lectric or  
elastic med ium that instead of  obstruct­
ing or retard ing motion may be the very 
means of continu ing it? 

"Can we say an exhausted receiver is 
a vacuu m  because the air i s  d rawn out 
of it, w h i l e  at the same t ime  we see it 
f i  l ied with I ight, the matter of wh ich in 
the true nature of th i ngs and on  a j u st 
esti mate of them, tho' not accord i ng to 
our apprehensions, may poss ib ly  be a 
more essential substance than the earth 
or stones we tread on?" 

Logan's extensive l ib rary was open to 
the members of the you n g  F ra n k l i n 's 
study c ircle, the Junto, i n  Ph i l ade lph ia, 
and the two were fast friends. Forty years 
later, in 1 766, when F rank l i n  made h i s  
trip to Germany, he  was feted by  the c ir­
c l e  of Le i b n i z  devotees at Gi:itt i n ge n  
U n i vers ity, l e d  b y  Abraham G otthe l f  
Kastner (Gauss's astronomy professor) 
and geologist and l ibrarian Rudolf Erich 
Raspe, who were just then combing the 
Leibn iz  a rch ives in H an over to revive 
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and publ ish the master's works. Frank l in  
was remembered i n  the B r i t i sh  crown 
territory of Hanover for h is pred ict ion 
that the American colony, its population 
doub l i ng every 25 years, wou ld soon be 
free of B r i ta i n, and for h i s  e lectri ca l  
demonstrations. 

That was the program of Amer ican 
sc ience, and the on ly  t rue  fou ndat ion 
of our modern science. Leibn iz's is  the 
"Amer ican  Syste m "  ca l c u l u s .  I f  you 
were educated some other way, there is 
st i l l  t i m e  to "get with the p rogra m . "  
Such effort wou Id  prove to b e  its own 
reward, as wel l as an act of patriot ism 
toward one's nation and its founders. 

-Laurence Hecht 

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

1. See Phil ip Valenti, "The Anti-Newtonian Roots 
of the American Revolution," Executive Intelli­
gence Review, Vol. 22, No. 48 (Dec. 1, 1995), 
pp. 12-31; and, Graham Lowry, How the Na­
tion Was Won: America's Untold Story 1630-
1754 (Washington , D . C . :  Executive Intelli­
gence Review, 1988). 

2. Valenti, p. 25. 
In his next letter to Burnet, Logan asserts 

that the still-now persisting, historical fraud of 
Newton's "invention" of the calculus was no 
more than a giant political ploy by the forces 
behind George I of Hanover (today Windsor) 
to discredit Leibniz, who was in  l ine for the 
British prime ministership by virtue of his close 
advisory relationship to the Electress Sophie. 
(Le ibn iz was fi red by the almost il l iterate 
George I, immediately after the death of h is 
mother, Sophie, in  June 1714. Queen Anne 
died one month later, making George I the 
King of England.) Speaking of the near deifica­
tion of Newton in England, and his wish that 
Leibniz and Sophie had come to power there, 
Logan writes: 

"He [Newton] is, however great, but a man, 
& when I last saw h im in  1724 walking up 
Crane Court & the stairs leading to the [Royal] 
Society's Room, he bent u nder h is Load of 
years exceeding unl ike what they have Rep­
resented him two years after as in body. 'Tis 
but reasonable to expect a declension else­
where, so that for his own honour as well as 
the  Nation's, to which he has been a very 
g reat one, had he & Queen Anne both been 
gathered to their Ancestors by the year 1710, 
before that fierce, unnatural Dispute broke out 
between him and Leibniz, which I always be­
lieved, was blown up by the forces of the So­
ciety in opposition to the house that had so 
long employ'd Leibniz . .. " (Valent i ,  p. 25; 
emphasis added). 

Letters 
The Non-pollution of NO 

To the Editor: 
F r a n k  Corn e l l ,  i n  the a rt i c l e  "The 

F o i b l es of Air  Po l l ut ion  Research" 
[Spr ing 1 999, p .  4 ] ,  wonders if removal 
of s u l fu r  and  n itrogen from fuel wou l d  
not make catalytic converters superfl u­
ous .  The answer is that without them, 
the res i d u a l  hyd rocarbons wou l d  st i l l  
cause harmfu l ozone levels, a s  a resu lt  
of p hotochemica l  react ions i nvo lv ing  
hydrocarbons and natural levels of N Ox 
in the atmosphere. 

H owever, ta i l p i pe N Ox is n ot the 
problem it is  made out  to  be. Nearly a l l  
ta i l p i pe N Ox (about  90 percent n it r ic  
ox i d e, N O )  i s  f rom n i trogen f ixat ion 
(N2 + 02 � 2 N O) at  the very h igh tem­
peratu res d u r i n g  combust ion ,  rather 
than from fue l .  N itr ic ox ide should not 
be c lassified as a po l l utant because it is 
co lor l ess, a n d  ev idence i s  l ack ing  for 
h a rm fu l hea l th  effects . I n  the b l ood­
stream, it has been shown to p lay a ben­
eficia l  role in erecti le dysfunction . It de­
creases atmospheric ozone levels by the 
rapid reactio n :  NO + 03 � 02 + N02· 

N itrogen d ioxide is certa in ly  not "one 
of the most dangerous pol l utants known 
to m a n . "  It is a weak ox i d i z i ng agent, 
and about 1 0 percent as toxic as ozone, 
per a De lph i  review of the data. Atmo­
spher ic  l eve ls  now meet quest ionab le  
health standards. 

Wi l l iam B. I nnes, Ph .D.  
Up land, Cal if. 

The writer, now retired, is a chemist 
and an expert in atmospheric pollution. 

Black Holes and Biology 
To the Editor: 
I greatly enjoyed the Summer 1 999 is­

sue of 2 7st  Century. Every a rt i c le  was 
about i nteresti ng,  cutti ng-edge topics, 
and every a rt i c l e  went i nto deta i l  and 
depth tota l ly m issing from "mainstream" 
science magazi nes. 

I bel ieve there may be an i ntrigu i ng, 
very spec u l ative l i n k  poss ib le  between 
two a rt i c l es from the  s u m m e r  i ssue ,  
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which at first glance appear to be total ly 
un re lated . ( 1 ) The b iology art ic le by V. 
Voe i kov ["The Sc ie nt i f ic  Bas i s  of the 
N ew B io log ica l  Parad igm"]  br i ngs up  
the  point that there is some qua l itative 
and complex d ifference between l iv ing 
systems and non-l iv ing systems. (2)  The 
entropy/black hole a rt ic le by M. Rabi­
nowitz [ " Entropy of the U n i verse and  
Little B lack Ho le  Man ifestations"] spec­
u lates that certai n  observable phenom­
ena at the macro level may be man ifes­
tat ions  of b l ac k  ho le  phys ics  at the 
micro level .  

(3) What if we make one l ittle creative 
leap here : Perhaps l i v i ng  ce l l s  them­
selves are macro, biological  manifesta­
tions of micro black holes. That is, would 
many of l ife's strange, complex, field-ori­
ented i nteractions take on a very inter­
esting l ight if  cel l s  (or pivotal structures 
with i n  i n d i v i d u a l  ce l l s) were to be 
viewed as k inds of "accretion spheres" 
su rrou nd i ng  m i c ro b lack  ho les?  Th i s  
view creates interesting speculative con­
notations and impl ications for th ink ing 
about cel ls, organ isms, and I ife processes 
i n  general ,  which do not i mmed i ately 
seem to be without merit. 

Mark Warrian 
Oak Lawn, I I I .  

The Latest on 
Gamma-Ray Bursts 

To the Editor: 
I was disappointed to read your article 

in the Summer 1 999 i ssue, "How Can 
Gamma Rays Be Expla ined?" [by Lothar 
Komp, p. 48] . It was an extremely wel l 
written, interesting, and informative arti­
cle. However, it was outdated ! I noticed 
that this article was original ly printed i n  
1 99 8 .  I t  was d i sappoint ing  t o  see that 
you were care less enough to give your  
readers outdated, o ld  i nformation. 

I wou ld  l i ke to i nform you that, de­
spite the art ic le's 1 99 8  puzzl i ng  over 
whether gamma-ray bursts are paralleled 
in  other wavelengths, gamma-ray bursts 
h ave been observed opt i ca l ly i n  real 
time (not just an afterglow) by the ROTSE 
(Robotic Optical Transient Search Exper­
iment) in Los Alamos, N .M., on Jan.  23,  
1 999. GRB 9901 23 peaked at a magni­
tude of 8.9 ( i t  cou ld  have been viewed 
with b inoculars) and lasted for approxi­
mately a m inute. It had a red sh ift of 1 .6.  
It took 1 0+ b i l l ion l ight years to reach us 

How Can 
Gamma-Ray 

Bursts Be 
Explained? 

by Lotha, Komp 

and was located somewhere near the 
constel lation Bootes. 

This kind of information is not just of 
interest only to astrophysicists; it was of 
interest to me, a 1 7-year-old girl, attend­
ing h igh school in Hawai i .  P lease g ive 
this information out to your readers! 

Andrea Sabino 
Honolu lu, Hawaii 

The Editor Replies 
We are happy to have high schoolers 

cr i t ica l l y  read i n g  2 7  st Century! A l ­
though some o f  our  a rt ic les  m ay not 
have up-to-the-minute data, we a im to 
convey the k inds  of ideas, or ways of 
th inking about science, th�t have a time­
less importance, even if some of the par­
ticular predicates change. 

Jacques Pradel Responds 
On Simplifying 
Radiation Risk 

French radiation expert Jacques 
Pradel here responds to a letter in the 
Summer 7 999 issue, by John Cameron, 
radiation specialist and Professor Emeri­
tus at the University of Wisconsin, who 
commented on Pradel's Viewpoint arti­
cle, "Let's Simplify the Concept of Radi­
ation Risk, " which appeared in Spring 
7 999, p. 72. 

To the Editor: 
I am rather aston i shed by D r. 

Cameron 's m i su ndersta nd i ng of my 
Viewpoint. 

( 1 )  I do not th i n k  I have written that 
the no-threshold l i near law was a fact. I 
do not bel i eve personal ly  that it repre­
sents a real risk. 

(2) I th ink the epidemiological studies 
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w i l l  a lways be a b l e  to show that the 
probabi l ity for an effect of  smal l  doses i s  
extremely weak. But the  antinuclear fun­
damenta l i sts w i l l  never agree to con­
sider th is  probab i l i ty, as  weak as  i t  may 
be, as  " insign ificant." 

( 3 )  I d i d  not w rite that very s m a l l  
doses have a n  effect. I s imply said that, 
even if we admit this l i near no-threshold 
law, the effects shou ld  be compared to 
those result ing from l iv i ng at elevations 
that a re a few m eters h igher, w h i c h  
seems t o  m e  t o  be a rather reassu r i ng  
comparison for people. 

(4) I t  i s  curious to say we cannot use 
cosm ic  rays or  radon concentration as 
references, because they vary too much 
with time and space, and then to propose 
i n stead to use the " natu ra l  d ose"; th is  
d ose or ig i nates from d i fferent causes, 
mainly radon, and thus itself varies. 

(5) Readers of this magazine probably 
use a i rplanes rather frequently, but ex­
perience has taught us that making com­
parisons of rad iation us ing the dose re­
ceived during an a i r  travel is not always 
very convinc ing for the general publ ic, 
which does not use ai rplanes frequently 
and may cons ider  i t  as a r i sky way of 
travel l i ng. 

(6)  My paper a i m s  to show how we 
must give references with comparisons 
that a re u nderstandab le  by the publ ic  
and  not on ly  by the experts. 

I am not very fami l iar  with the "BERT 
approach" [the rad ia t ion  compar ison 
u n it proposed by John Cameron] but i t  
does not seem to m e  that i t  b r i  ngs i n  
new elements, compared to a l ready i n  
use practices of comparing natural and 
artificial  rad iation.  

I wou ld  appreciate it if  D r. Cameron 
wou ld be able to make the I nternational 
Committee on Radiation Protection and 
other such i n st i tut ions accept the fact 
that there is no risk for doses lower than 
0 . 2  g ray. U nfortunate ly, there is st i l l  
work to be done to accompl ish that, and 
further, to convi nce the pub l ic  that this 
is the case. 

I do not think that natural background, 
which I have often used, is the best refer­
ence, because it is a l i tt le bit  too com­
p lex .  I p refer, i n stead, to use one of its 
components, such as altitude or radon's 
average concentration in houses, be­
cause I th ink it is more convincing. 

This is what I wanted to explain .  
Jacques Pradel 

Paris, France 
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VIEWPOINT 

The U.S. Food Quality Protection Act Is Worse Than the Delaney Clause 

The u nfortu nate word i ng of the 
1 95 8  Delaney Clause has encour­

aged u nscientific assumptions about 
test ing foods for carc inogen icity and 
has fostered i rrat iona l  be l i efs about 
food and chemicals .  The 1 996 Food 
Qual ity Protection Act, however, is far 
worse. 

Let me beg in  with the problems of 
the Delaney C lause. I n  1 95 8, Repre­
sentative James J. Dela ney entered a 
c lause i nto the food addi t ive prov i ­
s ions  of the  Federal Food, Drug  and 
Cosmetic Act. The i ntent was to  per­
mit only toxicological l y  ins ign ificant 
amounts of add itives i n  our food sup­
p l y. Both Congress and the Depart­
ment of Health, Education, and Wel ­
fare construed the Delaney C lause as 
spec i fy i ng that· an insignificant  
amount of chem icals ,  i n c l u d i ng car­
cinogens, cou ld be lega l ly perm itted 
to occur  i n  h uman foods .  (They d i d  
not i nterpret t h e  C l ause  to req u i re 
zero amounts. 

Section 408 requ i red that raw foods 
or produce conform with to lerance 
levels establ ished by the Federal Food, 
Drug, and Cosmetic Act. If the levels 
were h igher than the permitted legal 
"to lerance," the raw food wou l d  be 
considered "adu l terated,"  and cou l d  
not be sold.  

Sect ion 409 dea l t  with the i nten­
tional addit ion of chemica l s  to 
processed foods. This section inc luded 
the Delaney C lause, which stated: "No 
additive shall be deemed to be safe if it 
is found to induce cancer when in­
gested by man or animal, or if it is 
found, after tests which are appropriate 
for the evaluation of the safety of food 
additives, to induce cancer in man or 
animals. " (2 1 USCS, Section 348, page 
280) 

The C lause began with :  "No addi­
tive shall be deemed to be safe if it is 
found to induce cancer when ingested 
by man . . . .  " Obviously, it was im­
poss ib le  to determ ine  a cause of hu­
man carc inogenicity un less long-term, 
str ict ly regu l ated tests were per-

VIEWPOINT 

by Dr. J. Gordon Edwards 

Stuart Lewis 

Can we have an assured food supply 
when decisions on pesticides are 
made so capriciously and unscientifi­
cally? Here, Gordon Edwards at  a 
Washington, D.C. press conference on 
the benefits of DDT. 

formed . I n  such tests, a l l  activities of a 
large series of nearly identical, same­
sex humans, would have to be carried 
out; half of the isolated humans wou ld 
have to daily consume huge doses of 
a test chemica l ,  wh i l e  the other ha l f,. 
wou ld have none. If, after months or 
years on such diets, the "test" humans 
devel oped cancer, but none of the 
"controls" developed that same sort of 
cancer, it cou ld be hypothesized that 
the tested chemica l  m ight have 
caused cancer in  the "test" humans. 

Such  tests have never been per­
formed, and obviously never cou ld be 
performed; therefore, that part of the 
Delaney Clause was meaningless. 

That f i rst sentence in the C l ause 
conti n ued, however, with the words:  
". . . or if  it  is found, after tests which 
are appropriate for the evaluation of 
the safety of food additives, to induce 
cancer in man or animals. " The most 
important word there is "appropriate. " 
There has never been any broad 
agreement on  how to decide wh ich  
an imal tests are "appropriate" for ac­
curately determin ing cancer risk. 

Can doses thousands of t imes  
greater than  any ava i lab le outs ide of 
the lab cages be considered "appro­
pr i ate" for accu rate l y  d eterm i n i ng 
"cancer r isk"? Can i ntubation of poi­
sons d i rectly i nto the stomach be con­
sidered "appropr iate" dosages? What 
about dos ing neonates before b i rth ?  
Should massive doses be  fed dai ly, o r  
two or three times each day? 

Almost none of the feeding "experi­
ments" that have been performed on  
b i rds  o r  mamma l s  cou l d  be cons id­
ered "appropriate" for the  determina­
t ion  of "cancer r isks" for free- l i v i ng  
a n i m a l s ,  and  the resu lts certa i n ly 
cou ld not be extrapolated to humans 
l iv ing normal l ives! 

What happened is that "test an i ­
mals"  were rout ine ly  fed "max imum 
tolerated doses" (mean ing that any i n ­
crease i n  the  amount of  chemica l  in ­
gested wou ld be fata l ) .  A n i ma l s  in ­
gest i n g  max i m u m  to lerated dosage 
can bare l y  stay a l i ve, and the h igh  
dosage causes the death of  body t is­
sues. As a resu lt, there is a pro l i fera­
t ion  of new ce l l  d iv i s i ons ,  d u r i n g  
which nu merous mutations n atura l ly 
occur. The development of tumors or  
cancers i s  therefore i n c reased , bu t  
those m utat i o n s  were n o t  d i rect ly 
caused by the tested chemicals .  

When Rep. James J .  De laney pro­
posed h i s  C lause, the medical defin i­
t ion of "cancers" was that they were 
ma l ignant, i nvasive growths that fre­
quently metastasize, and may k i l l  the 
host. Tumors, on the other hand, were 
benign swe l l i n gs or l u m ps .  Some 
m ight become mal ignant, but most do 
not. Often such tumors d isappear after 
the massive overdoses of test chemi­
ca ls  are halted. 

EPA Head Redefines 'Cancer' 
In October 1 975,  Russe l l  Trai n ,  an 

attorney who was then Adm i n istrator 
of the U .S .  Env ironmental Protection 
Agency, redefi ned the med ical  term, 
"cancer. "  He said that tumor-caus i ng 
and cancer-caus i ng s u bstances a re 
synonymous, and ru led that "For pur-
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poses of carcinogenicity 
testing, no distinction 
should be made between 
the induction of tumors 
diagnosed as benign and 
the induction of tumors 
diagnosed as malignant. " 
At the E PA, even chemi­
ca ls  that caused ben ign 
"tumors" wou ld therefore 
be subject to regu lat ion  
u nder the prov i s i o n s  of  
the Delaney Clause. 

i n g  pest ic ide  tolerances 
between 1 996 and 2006. 
This was to be done by a 
Tolerance Review Assess­
ment Comm ittee (TRAC), 
which wou ld reassess po­
tent ia l  l im its for h u man 
exposu re to pest ic ides.  
U n fortunately, the TRAC 
contains some non-scien­
tists, from envi ronmenta l 
organ izations, which may 
make reasonable deci­
sions d ifficult. The Cou n c i l  fo r Agr i ­

c u l t u ra l  Sc ience  and  
Tech n o l ogy, a consor­
tium of more than 30 sci­
entific organ izations, ob­
served that "Classifying 
as carcinogens all chemi­
cals that cause tumors . . .  

Stuart LewislEIRNS 

The EPA's "risk cup" may jeopardize America's fruit and vegetable 
supply. 

T h e  F Q PA w i l l  con­
s ider  potent ia l  effects of 
each of  thousands  of 
c h e m i c a l s  i n  food and 
l iq u id s  ava i l ab l e  to hu­
mans or  other I ife forms. 

greatly overestimates the 'cancer 
risk. " '  Obviously, tests for tumor-caus­
i n g  agents were not "appropriate for 
the evaluation of the safety of food ad­
ditives to induce cancer in man or ani­
ma ls, " as req u i red by the De la ney 
Clause. Furthermore, some chemicals, 
inc lud ing selen ium and vitami n  A, are 
anti-carc i noge n i c  at low leve l s, but  
become carci nogenic at  h igher levels .  

Another problem with cancer testing 
was that rats, w h i c h  have been the 
most common test an imals, were later 
fou n d  to prod uce a spec i a l  p rote i n  
(Alpha 2 U  G lobal i n )  that makes them 
espec i a l l y  prone to tumors and can­
cers.  In 1 9 9 1 , even the E PA poi nted 
out that h u mans  lack that prote i n ,  
which t h e  EPA said cou l d  " i nval idate 
thousands of tests of pest icides, preser­
vatives, add itives, and other chemicals 
that have been banned on the basis of 
produc ing  tu mors in rats in laborato­
ries." Those tumors, the EPA said, "are 
a spec ies-spec ific effect i napp l i cable 
to human r isk assessments" and "are 
not relevant to human risks from those 
chemicals." 

A l l  such i nformation was ignored by 
promoters of the Delaney Clause. Rep. 
Delaney h i mse l f  was upset at the de­
structive i nterpretat ion of the Clause. 
He had sought to requ i re that decisions 
about pest ic ides be based on  the re­
su l ts of "appropriate" tests. He assured 
me that he i n tended that the rodents 
wou l d  be fed o n l y  sma l l  amou nts of 

the chemica l s ,  wh ich  was why he 
specified that "appropriate" tests be re­
q u i red.  Del aney was espec i a l l y  d i s­
mayed by the common bel i ef that i f  

. any level of  a chemical caused cancer 
in rodents, that chemica l  must  be 
ban ned "because of the De laney 
Clause." 

From Bad to Worse 
In 1 988, the EPA sought to make the 

De laney C lause more worka b l e  by 
permitt i  ng  i n s ign  i f icant, harm l ess 
amou nts of pest i c ide  res i d ues i n  
processed foods.  The E PA termed th is  
a de minimis standard .  I n  1 992 ,  the 
pro-environmental 9th Circuit Court of 
Appea ls  i n  San Francisco, destroyed 
the EPA's efforts to proceed rational ly. 
Ev ident ly, the members of the Cou rt 
fa i led to notice the words "appropriate 
tests" i n  the Delaney C lause! As a re­
su l t  of decades of fai l u re to carefu l ly 
read Delaney's spec if ic word i ng, the 
De laney Clause was rejecte d .  Con­
gress then replaced it in  1 996 by much 
more potenti a l l y  destructive leg is la­
t ion,  the Food Qual ity Protection Act. 

The Food Qual i ty Protection Act 
(FQPA) gives the EPA even greater power 
to harm American food producers and 
suppl  iers.  Th is remarkab le  mandate 
states that the EPA may ban a pestic ide, 
unless i t  bel ieves "there is reasonable 
certa i nty of no harm" from the tota l 
amount of that pesticide in the aggregate 
of food, water, or resident ia l  use. The 
law requi red a reassessment of a l l  exist-
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By August 1 999, the EPA 
was to complete its ana lyses of 3 ,000 
pestic ides, and establ ish tolerance lev­
els .  At the top of the I ist are the organo­
phosphate and carbamate insecticides. 
Those categories i ncl ude about th ree­
fou rths of the i n sectic ides needed to 
protect American crops, upon wh ich  
our  ba lance of  trade i s  dependent, as 
wel l  as our nutrition. 

Perhaps it  is  not su rpr i s ing that the 
d i rector of the E PA's pest i c i de pro­
grams said that one way to i m plement 
the Food Qual ity Protection Act wou ld 
be simply to revoke a l l  i nsecticide tol­
erances and sta'rt aver! Hopefu l l y, she 
was being facetious. 

An Unreasonable Methodology 
The EPA i ntends to estimate a d ietary 

r isk for each pest ic ide (and a l so esti­
mate non-d ietary exposures).  After a l l  
o f  the  estimates, from a l l  sources, are 
combined, the EPA wi l l  decide u pon a 
total l evel of r isk that it cons iders ac­
ceptable.  This level is  termed the "risk 
c u p , "  w h i c h  can not be lega l l y  ex­
ceeded.  When the " r i sk  cup" for any 
pest ic ide is fu l l ,  the  EPA says, no add i­
t ional uses of that chemica l  can be ap­
proved un less others are removed from 
the "cu p . "  To further  com p l icate the  
process, the  EPA wi l l  assign every pes­
ticide to one of three poorly d ifferenti­
ated "groups,"  each conta i n i ng var i ­
ous poorly d i fferent iated "c lasses" of 
chemicals. 

The method used to estab l  i s h  t h e  
amount of each pest icide permitted to 
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be used wi l l  be based on 
the E PA's "reasonable 
certa inty of no harm. " 
The E PA has  se ldom 
been considered as  "rea­
sonable, "  but this agency 
wi l l  now regu late the na­
tion's hea l th ,  welfa re,  
and agr i c u l t u re,  based 
on a vague interpretation 
of "reaso n a b l e  cer­
tainty." 
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cal ly treated with Bacillus 
thuringiensis i nsecticide. 

The E PA i s  now cons id­
er ing ban n i ng genet ica l l y  
a ltered p l ant var iet ies,  by 
s imply class i fy ing the ind i ­
v idua l  plant as an  " insecti­
c ide."  Can the E PA decree 
that  there is " reaso n a b l e  
certa i nty o f  n o  h a r m "  re­
su l t i ng  from the presence 
of such poisonous p lants i n  
t h e  fie lds?  Wi l l  strict l i m its 
be p l aced on the numbers 
of such p lants that the E PA 
w i l l  permit i n  each fie ld ?  

But what must the EPA 
be "reason ab ly  certai n "  
about? T h e  answer the 
agency g ives is that i t  i s  
about "harm. " U nfortu­
nately, the EPA defin it ion 
of "harm" only leads to 
fu rther confus ion ,  a n d  
may cause catastroph ic  
results in the food supply. 
Unspecified categories of 
" harm, " wi l l  s u re ly  i n­
clude "harm" to the phys­
ica l  envi ronment;· the 
ecosystem, a n d  to a l l  
forms o f  l i fe . With the 
EPA making dec is ions on 
what constitutes "harm," 

The case of the ban of saccharin, was one of the few times that 
the public was told, how much of the chemical rodents were fed 
before they developed tumors, and therefore people could com­
pare tha t  to the number of cans of soft drinks a person would 
have to drink daily (800 daily for life!), in order to ingest a com­
parable amount of saccharin. As a result, most Americans ob­
jected to the ban. 

May we assume that the 
E PA chose i ts  words del i b­
erate l y, aware that F Q PA 
activists cou ld employ "rea­
sonable, " "harm, " and "no 
harm" in any way they de­
s i re? If their i ntentions were 
not ma l ic ious ,  wou ld  not 
the EPA have avoided such 
serious m is interpretations? 
For example, the agency 
cou ld  have stated, " no sig­
n if icant (or demonstrable)  

the fai l u re of American agr i c u l t u re, 
forestry, med icine, and most businesses 
rests in the agency's hands. 

Even if the EPA cou ld  provide a "rea­
sonable" defi n it ion of " h arm," fu rther 
d i fficu lty centers on their  defin it ion of 
"no." The word "no, ", as in "no harm, " 
also potent ia l ly  th reatens the nat ion's 
well being. The agency cannot rea l i sti­
cally equate " n o "  wi th  "zero" as  a 
standard of measurement, because that 
i s  unattai nab le, so what low l eve l  of 
certainty will the E PA ut i l  ize? I t  cou ld  
sett le  on  any l eve l ,  bu t  the  standard 
decreed by the EPA must obviously be 
less stringent than " no" or "zero." How 
wi l l  the amount of harm be measured ? 

What About Natural Pesticides? 
Because of propag a n d i sts' fears of 

even legal traces of pesticides in food, 
a few of them have trumped up what 
they refer to as "organ ic  farm ing."  But 
organic farmers wi l l  a l so be h i t  by the 
FQPA. Disciples of organic farm ing do 
not often use synthetic chemical com­
pounds to control pests, but they may 
use natural poisons (such as ch lor ine, 
arsen ic, cyan ide,  f l uor i nes, su l p h u r, 
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a n d  merc u ry) and  poisons der ived 
from p l ants ( n icot i ne, rotenone and  
pyrethrum) .  Those poisons shou ld  a l l  
be banned b y  t h e  E PA i f  they v io late 
the FQPA defin itions. 

Then there is the i ssue of natural 
pest i c i des .  D r. B ruce Ames,  wor ld­
renowned biochemist at  the  University 
of Cal i forn ia, has pointed out that edi­
ble p l ants often conta i n  natural pesti­
cides making up to 5 percent to 1 0  per­
cent of the plant's dry weight. "We are 
i ngest i n g  i n  o u r  d iet at l east 1 0 ,000 
times more, by weight, of natural pes­
t i c i d es than  of m an-made pest i c i de 
residues," Ames has shown.1 

These l eve l s  of natura l  pest i c i d es 
can be enhanced by genetic engineer­
ing  of p lants. B iotechn ic ians have re­
cently altered some food p lants geneti­
c a l l y, wi th  the amount  of n atu ra l  
po i sons  i n  the i r  l eaves becom i n g  so  
h igh that pests are k i l led s imply by  eat­
ing the engineered plants. Others have 
exper imenta l ly i ncorporated Bacillus 
thuringiensis i nto the p lant's genetic 
makeup,. where it k i l l s  i n sects j u st as 
qu ickly as if the plants had been phys i-

d anger of caus ing  ser ious 
harm to non-target organisms." 

Odd act i o n s  a n d  u nten a b l e  dec i ­
sions cont inue a t  the  E PA. Can  Ameri­
cans  be assu red of a safe a n d  ade­
quate food supp ly  when we rema in  at 
the mercy of t h i s  capr ic ious, mono­
I ith ic organ ization ?  

Gordon Edwards, Emeritus Professor 
of Entomology a t  San jose State Uni­
versity in California, has taught biol­
ogy and entomology there for more 
than 50 years. He is a long-time mem­
ber of the Sierra Club and the Audubon 
Society, and is a fellow of the Califor­
nia Academy of Sciences. 

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

1 .  See Bruce Ames's articles: "Environmental 
Pollution and the Causes of Human Cancer," 
21st Century, Summer 1 990, p. 38, and Sci­
ence magazine, Vol. 236, pp. 271 -280. 
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Gabriel Liesse/Framalome 

China's Guangdong Nuclear Power Sta­
tion has two 985 MWe pressurized wa­
ter reactors, built jointly with Fram­
atome. 

Cyane Lowden, Science MUseum of Virginia 

A fourth-grader gets some help building 
a small house in the "If I Had a Ham­
mer" program at the Science Museum of 
Virginia in Richmond. 

CHINA'S NUCLEAR-GENERATING I N DUSTRY PLANS RAP I D  G ROWTH 
The Cbina Nuclear I ndustry Corporation announced Sept. 9 that Ch ina has sh ifted 

its nuclear industry from m i l itary to c iv i l ian production over the past 20 years, and 
now combines mi l itary and civi l ian nuclear production i n  a d iversified economy. As 
reported by X inhua  News Serv ice, the nuclear sector has set up  many enterprise 
groups and developed more than 1 , 500 c iv i l ian products. The Qi nshan Nuc lear  
Power Station i n  east China's Zhej iang Province and  the  Daya Bay  N uclear Power 
Station in south China's Guangdong Province are now operating, and construction 
is ongoing for plants in Q inshan, L ing'ao, and Lianyungang. By early next century, 
China's nuclear generating capacity is expected to reach 9 .2  m i l l ion kW. By 201 0, 
Chinese experts say that the nation's generating capacity cou ld reach 20 m i l l ion kW 
(about that of Germany today), doubl ing by the year 2020 to 40 m i l l ion kW. 

TRANSPLANTED BETA CELLS SHOW PROMISE AS CURE FOR DIABETES 
Tissue-culturing technology developed in the bioreactor for use in space, is show­

ing promise for growing i nsu l i n-producing beta cel l s  that can be successfully trans­
planted in  patients with d iabetes. The bioreactor, which s imulates on Earth some of 
the effects of the microgravity of space, has been able to support th ree-d i mensional 
t issue growth for studying d i sease, and a lso for growing cel l s  that can be the basis 
for "replacement parts." 

In  1 997, NASA and the Juveni le  Diabetes Foundation signed an agreement for joint 
work, including bioreactor research to cultivate and transplant beta cel ls in d iabetics. 
Based on the success of the ground-based experiments, a Technology Transfer Agree­
ment was signed with the VivoRx Company in Santa Monica, Cal if., to develop a 
method for the implantation of cu ltured human is let cel l s, us i ng treated seaweed 
membrane encapsulat ion. The seaweed a l lows insu l i n  and glucose to d iffuse back 
and forth, so the transplanted cel ls work as an artificial pancreas, and al lows the cel ls 
to be accepted by the diabetic patient's immune system.  Once transplanted, the cel l s  
secrete the appropriate amount of  insu l in  for regulating the body's blood sugar levels. 
The resu lts in human volunteers have been promising, and the techn ique is now un­
dergoing the third level of testing by the Food and Drug Admin istration.  

'TRANSMUTATION: THE ERA OF NUCLEAR ENERGY I S  JUST BEG I N N I NG' 
If the problem of nuclear waste were posed to youth as a problem soluble by the 

appl ication of advanced transmutation technologies, there wou ld be a rush to take 
part, Prof. Reinhard Odoj told a forum in Bonn, Germany, Sept. 1 4, titled "Transmu­
tation: The Era of Nuclear Energy I s  Just Beg inn ing." Odoj, who heads Germany's 
program for the chemical separation of nuc lear waste, d iscussed his team's recent 
breakthroughs in separation technology, which wi l l  greatly fac i l itate the transmuta­
tion process. The other major speaker, Helmut Boettiger, developed the idea that the 
era of harness ing the nuclear b inding forces was just beg inn ing, and that by attempt­
i ng to th rottle it, Germany's red-green government was " reactionary. " The forum 
was sponsored by the Science Attaches C lub of Foreign Embassies in  Bonn and the 
publ i sh ing house Dr. Boettiger Verlag. Boettiger is wel l  known as the publ isher i n  
Germany of books by Lyndon LaRouche, a s  wel l  a s  books chal lenging environmen­
tal catastrophe theories ( inc luding those books publ ished by 2 7st Century) . 

' I F  I HAD A HAMMER': TEACHING MATH BY BU ILDING HOUSES 
A carpenter who real ized that he cou ld do on the job the same complex geometry 

problems that he cou ld not do when he was in math c lass, i n i tiated a program to 
teach chi ldren math, art, and arch itecture as they bu i ld  a house. Cal led " If  I Had a 
Hammer," the program is now sponsored national ly  by Home Depot, and hosted at 
museums around the cou ntry. Its founder, Perry Wi lson, based the program on h i s  
own experience, when, after fa i l i ng fifth grade, h is  father took h im out to the back­
yard to bui ld a tree house. 
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TYSON FOODS LAU NCHES PLAN TO MARKET I RRADIATED CH ICKEN 
Tyson Foods, one of the largest pou ltry providers in the world, announced Sept. 

20 that it had signed an agreement with the Titan Corporation to use its e lectron­
beam i rrad i ation technology on selected pou ltry items, as "part of Tyson's strategy 
of prov id ing  its customers the h ighest qua l ity and safest product in the i ndustry." 
Tyson and Titan are a im ing for a market test i n  spring 2000. Tyson joins the largest 
and second-largest ground beef producers in the U n ited States, Iowa Beef Packers 
(lBP) and Carg i l l  Foods, which have al ready made agreements with Titan to use its 
state-of-the-art i rrad iation faci l ity u nder construction in Sioux City, Iowa. The final 
regu lat ions perm itti ng beef i rrad iation a re expected to be announced i n  Novem­
ber 1 999.  

I n  its position statement, Tyson Foods says that it "only i ntends to offer ' i rrad iated' 
products as an a lternative to some of our exist ing products for the benefit of those 
. . .  consumers who make the informed decis ion to choose them. The long-term 
consumer demand and the ab i l ity of the market p l ace to support the cost of th is  
technology wi l l  be our, and we bel ieve the industry's, keys to future expansion." 

SEN. DOMENICI REQUESTS GAO STUDY OF RADIATION STANDARDS 
U.S. Senator Pete Domenic i  (R . -N.M.) asked the General Accounting Office Ju ly 

2 1 ,  to update its 1 994 study on rad iation protection i n  the U n ited States, with em­
phasis on exami n i ng the val i d ity of standards on which current pol icies are based . 
The senator said he"�as concerned about the cost impact of the so-cal led l i near no­
threshold hypothesis now in  effect, which assumes that any amount of radiation, no 
matter how smal l ,  can cause health effects, such as cancer. "The l i near no-threshold 
hypothesis is now questioned by many scientists and health profess ionals, who as­
sert rad iation doses below certai n  levels, a threshold, have no deleterious health ef­
fects at a l l .  If radiation protection standards are unnecessari ly  restrictive, the impact 
on the costs of h igh-level waste d isposal (such as Yucca Mountain), low-level waste 
disposal, power plant decommissioning, and decontamination, and DOE's environ­
mental cleanup cou ld be huge," Domen ici  said. 

'WOULD THE G REEN MOVEMENT HAVE PUllED TVA'S PLUG?' 
This is the tit le of a spec ia l  report released by the Greening Earth Society, which 

examines the l i kelihood that the regional economic development the Tennessee Val­
ley Authority brought to the impoverished people of  the Tennessee Val ley, starti ng in  
the Depression years, wou ld be imposs ib le today, under current env i ronmenta l i st 
th inki ng. Society president F red Pa l mer notes that what the TVA d id  to e l i m i nate 
poverty, bu i ld ing power plants and dams, is "precisely the things the Kyoto Protocol 
is meant to foresta l l  in the Th i rd World where l i fe today is much as it was in Ap­
palach ia  d u ri n g  the Depress i o n . "  For more i nformat ion,  contact the society at 
info@green ingearthsociety.org. 

MEDICAL BREAKTHROUGHS JEOPARDIZED BY ANIMAL RIGHTS TERRORISTS 
Americans for Med ical  Progress held a press conference Ju ly 2 1  in Washington, 

D .C., featuring promi nent medical researchers, who documented how animal rights 
terrorism is th reaten ing future medical  breakthroughs. Richard W. B ianco, D irector 
of Experimental Surgery at the Un iversity of M innesota, described an attack on the 
University laboratories, Apr i l  5 , 1 999, which destroyed two years of Alzheimer's 
d i sease researc h .  Cred it  was c l a i med by the "An i m a l  L i berat ion F ront, " whose 
spokesman told the press, "We're proud of the courageous activists who have risked 
their lives . "  Cancer, Parki nson 's d i sease, and other ongoing neuro logical stud ies 
were also ruined . The hooded terrori sts kicked in doors, smashed med ical equ ip­
ment, spray-pai nted s logans on the wal ls ,  and manhand led laboratory an ima l s .  
Later, members of  the "An imal  L iberation Front" released a videotape of  the attack, 
which it c la imed was sent to them in the mai l .  

Dick Connelly 

Irradiated poultry, processed by Food 
Technology, Inc., has been available for 
supermarkets since 1 993. Here, a dis­
play at Carrot Top in the Chicago area. 
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IN MEMORIAM: COLONEL MOLLOY VAUGHN 
A Man Whose Mission was Progress 

On Aug. 3 1 ,  one of the finest mi l i­
tary officers the United States has 

produced was buried with fu l l  m i l itary 
honors in an impressive ceremony at­
tended by more than 5 0  people, as 
Colonel Mol l oy Vaughn was la id  to 
rest at Arl i ngton National Cemetery. 

Colonel Vaughn,  79, who was on  
the  Editor ia l  Advisory Board of 21  st 
Century, and  had worked with the 
LaRouche pol i t ica l  movement over 
the past 1 5  years, was bidden farewel l  
with a 2 1 -gun sa l ute; a 75-person 
honor guard;  eight pal lbearers; a rid­
er less horse; a ca isson carry ing  h i s  
coffi n ;  an 1 8-p iece d rum a n d  bugle 
corps; and a th ree-star general repre­
senting the United States m i l itary and 
a grateful nation. 

In  his condolences to Col .  Vaughn's 
wife and fam i ly, Lyndon LaRouche 
sa id ,  "On hear i  ng of the death of 
Colonel  Mol loy Vaughn ,  noth i ng 
seemed more appropriate than to say 
what sprang to my l ips then : As Gen­
eral of the Armies Douglas MacArthur  
said: 'Old sold iers never d ie ;  they just 
fade away. ' I n. my opportu n i t ies to 
know him, as friend and col laborator, 
he typified the retired professional offi­
cer always at the ca l l  of duty when a 
f ine job, cal l i ng  for someth i ng extra, 
needed to be done. To my knowledge, 
he often did it, for no other reason than 
it needed to be done. For h im, his ca­
reer was a way of l ife, a l l  the way to 
the end of i t .  I sha l l  m i ss h i m  very 
much." 

A Sense of Mission 
LaRouche's words appropr iate l y  

identified t h e  l i fe of Co l .  Vaughn as 
one fu lIy ded icated to the idea of a 
m ission for h i s  nat ion and for a l l  na­
tions. 

To fu l ly  appreciate his dedication to 
h is nation and l i fe, it is useful to know 
a bit of h is b iography. "The Colonel , "  
as he  was known, was born in  1 920 in  
Lewes, Delaware, where his father and 

by Pau l Goldste in 

Col. Molloy Vaughn in 1 985, speaking 
on the Strategic Defense Initiative at a 
conference honoring space scientist 
Krafft Ehricke. 

mother ran the "D ix iede l l s  Farm," a 
tu rkey fa rm. There, as a boy, Mol loy 
became one of the prominent tu rkey 
farmers in the state of Delaware. He  
won the 4-H award for breed ing broad­
breasted tu rkeys and by the t ime he 
went off to col lege, he had left his fam­
i Iy farm with 5 ,000 broad-breasted 
turkeys. 

When World War I I  broke out, the 
young Mol loy became one of the fi rst 
ROTC comm iss ioned l ieutenants; he 
was fi rst ass igned to the coastal d e­
fense of the Un ited States i n  the state 
of Washi ngton. Eventua l ly, he served 
under Gen. Douglas MacArthur in the 
Southwest Pacific, and he helped l i b­
erate the Ph i l i pp i nes from Japanese 
occupation. 

After Wor ld  War I I ,  Col . Vaughn  
chose a fu l l  m i l i tary career, serving i n  
a w i d e  variety o f  pos i t ions ,  u n l i ke  
most officers of h i s ran k-posit ions 
that gave him an experience and com­
mand over so many facets of U . S .  
strategic pol icy, that one Pentagon of­
f ic ia l  who met with th i s  author and 
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.col .  Vaughn together commented, '''1 
have never seen a m i l itary record l ike 
this before," and proceeded to salute 
the Colonel in a spontaneous gesture 
that surprised even h im.  

From be ing  a nuclear testi ng offi­
cer i n  B i k i n i  Ato l l ,  to serv i ng  on an 
ass ignment  at N O RA D ,  to h e l p i n g  
Saudi Arabia bu i ld a n  a i r  defense sys­
tem-these were j ust some of the var­
ied parts of h i s  career. Co lone l  
Vaughn a l so part ic ipated i n  the  Ko­
rean War and was at Dien B ien Phu 
as  a m i l itary observer i n  1 954, when 
the F rench mi l i tary col lapsed against 
the Viet Minh .  

1 980s and 1 990s 
After he left m i l itary service, Col .  

Vaughn was g iven a secret ass ign ­
ment for the 1 980 Reagan Transition 
Team, to make contact with Palestine 
L i berat ion  Organ izat ion c h a i rm a n  

Vasser Arafat and the leaders o f  a l l  rel i ­
gious groups in  Lebanon. The  success 
of that m i ss ion  enab led  the U n ited 
States to have a much improved set of 
re lat ions  wi th the PLO, and  h e l pe d  
b u i ld t h e  fou ndations for t h e  present 
Middle East peace process. 

During the 1 980s, Col .  Vaughn col­
laborated with the Sch i l ler I nstitute and 
the Executive Intelligence Review i n  
organ iz i ng su pport i n  E u rope and  
Japan for President Reagan's Strategic 
Defense I n it iative. In 1 985,  at the re­
quest of the Schi l ler I nstitute, he wrote 
a strateg ic  p lan on how to " Save 
Africa" from the devastation of a locust 
plague and the col lapse of the African 
economies (see p. 1 2) .  

A s  a Christian and a citizen-sold ier, 
Co l .  Mol loy Vaughn represented the 
notion of "republ ican virtue and truth­
fu lness" even beyond the cal l  of duty. 
H i s  se lf lessness, and h i s  l ove of h i s  
fam i l y  and  cou ntry w i l l  b e  remem­
bered by al l .  God bless this wonderful 
man. 

(Continued on page 7 2) 
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IN MEMORIAM: REP. GEORGE E. BROWN, JR. 
The Congressman Who Loved Science 

The death on Ju ly 1 5, 1 999, of Cal i­
forn ia  Democrat Rep.  G eorge 

Brown, at age 79, leaves a gaping hole 
i n  the d e l i berat ions  on science and 
tech n o l ogy pol i cy in  the U n i ted 
States. Brown, who served 1 8  terms in 
the u . s .  Congress, was an elected of­
fic ial with the rare qual ities of fairness 
and i ntegr i ty, as we l l  as a tech n i ca l  
background in  i nd ustrial physics. H e  
made h i s  mark, particu lar ly  i n  space 
pol icy, as former congressmen M i ke 
McCormack ( D-Wash .) had done i n  
nuclear  a n d  energy pol icy nearly 20  
years ago. 

Brown strongly bel ieved that over 
the centur ies, advancements in sc i ­
ence and techno logy were respons i­
b le for the major advancements in  so­
ciety. This bel ief led h i m  to become a 
champion for thei r  cause. 

The four  years of B rown's tenure as 
chair of the House Committee on Sci­
ence and Tech n o l ogy, from 1 99 1 -
1 995, were characterized by reasoned 
d iscourse, rather than partisan wran­
g l ing; an outreach to the science com­
mun it ies of other  nat ions, i n c l u d i ng 
the fai l ing Soviet U n ion;  and an edu­
cational program for committee mem­
bers and the pub l ic,  wh ich  i nc luded 
heari ngs that brought scientists from 
many fields to brief po l icymakers on 
the major issues in science. 

Rep. B rown became the m ost re­
spected champion in Wash ington for 
adequate resources for science, espe­
c i a l ly s i nce the 1 994 "Conservat ive 
Revolution" onslaught against govern­
ment spend ing.  He l ed the campaign 
for the e l im ination of pol it ica l ly  moti­
vated pork barrel projects that den i ­
g rate the very p rocess of rationa l l y  
funding science. 

Brown never abandoned h i s  vocal 
support for the cont inuat ion of a v i ­
s ionary c iv i l i an space program ,  re­
gard l ess of  the m i n d l ess c r i t i c i s m s  
period ica l ly level led aga i nst N ASA's 
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p rograms,  a l though  he  b e l i eved 
strongly in  accountabi l ity from agen­
c ies for the resou rces they are a l lo­
cated by the Congress. Overa l l ,  he  
be l i eved i n  an act iv i st ro l e  for the 
state, that must base itself, as  he said 
recently, on the " provis ion of soc ia l  
welfare, and a sense of  national iden­
tity." 

A 'Roosevelt Democrat' 
Brown was a " Iiberal Democrat" in  

the  best trad ition of  Frank l i n  D. Roo­
sevelt and John F. Kennedy. 

H is concern for c iv i  I r ights began 
whi le  attend ing the University of Cal i­
fornia at Los Angeles in the late 1 930s, 
when he organized the fi rst i ntegrated 
campus housing in order to help break 
the color barrier. During World War I I, 
Brown mob i l ized publ ic opposition to 
what he bel ieved to be the wrongfu l 
incarceration of Japanese-Americans. 

After earning his degree in industrial 
physics, Brown was elected to the lo­
cal city counci l ;  later, in 1 955, he was 
e lected as mayor of Monterey Park. 
D u ri ng that t i me, he a l so became a 
fu l l -t ime union busi ness manager for 
the Engineers and Arch itects Associa­
tion for the city of Los Angeles. 

In 1 958,  B rown joi ned the Cal ifor­
n i a  State Asse m b l y, where he au­
thored leg i s lat ion to  prov ide pub l i c  
emp loyees wi th the r ight to  barga i n  
col lectively, a n d  once in  Congress, i n  
1 962,  he  fought for passage of what 
became the 1 964 Civi l  Rights Act. He 
was present when President Johnson 
signed that h i storic legislation. He be­
came an early opponent of the war in  
Vietnam, and voted against every de­
fense spending b i l l  during that war. 

L i ke many  l i bera l  Democrats, 
B rown d i d  not see the strategi c  and 

.� i mmense peace-making potent ia l  of 
� Pres ident Reagan's Strategic  Defense 
gJ I n i t iat ive,  a n d  he stro n g l y  opposed (jj 

that p rogra m .  H e  a l so became a 
spokesman for many so-ca l l ed envi­
ronmenta l  ca uses, poss i b l y  u nder  
pressu re from h i s  C a l i fo rn i a  con­
stituents, although, in recent years, he 
moderated his support for such anti­
technology efforts. 

In an interview with The New York 
Times, pub l ished on March 9, 1 999, 
B rown was asked if he  were a scien­
tist. " I 'm not," he repl ied. " I 'm a politi­
c ian .  I started out with a background 
i n  sc ience .  I d o  have a degree in 
physics and d id a short stint as an en­
gineer. I was interested in  science be­
fore I even knew what science was. I 
used to read sc ience-fi ct ion maga­
z i nes when I was a kid, stories about 
space travel ,  that led me-structuring 
my co l lege tra in ing in  math, physics, 
chemistry, astronomy-a l ittle bit. I've 
been on the Science Committee in the 
House s ince 1 965."  

An 'Investment Budget' 
If there is one th i ng any congress­

men is loath to do, it is  to venture into 
po l icy a reas that are the venue of a 
com m i ttee other than the o n es on 
which he  serves. But  i n  h i s  constant, 
unre lenting battle with successive ad­
min i strations and congressional oppo-

(Continued on page 1 2) 
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Col. Molloy Vaughn's Plan to Save Africa 
On jan .  1 4, 1 985, Col. Molloy 

Vaughn presented a policy paper to 
the Fourth International Schiller Insti­
tute conference, held in Richmond, 
Va ., on the topic of moving 25 mil­
lion tons of food to Africa. We reprint 
short excerpts from his speech. 

YOU should know why I am stand­
ing here today and why this task 

was given to me. An i nd ividual from 
the Sch i l ler I nstitute flew out to Cal i­
forn ia, and, on h i s  busy schedu le  on 
the eve n i ng of New Year's Day, we 
had a working conference at d i nner. 
Just before the m a i n  cou rse was 
served, he  gave me a figure :  " H ow 
wou ld  you face the prob lem of 2 5  
m i l l ion  tons o f  re l i ef go i n g  in to 
Africa? How wou ld it be arranged for, 
and the planning get it there?" 

When he sa id that, I lost my ap­
petite for the meal .  I am not a negative 
person,  but everyt h i ng that fl ashed 
through my mind in  one minute's t ime 
were d isaster scenes I'd seen from In­
doch ina  i n  1 953- 1 954, when I was 
one of the Americans selected to go to 
Dien B ien  Phu to ass ist the French 
there. I saw the waste that happened 
there dur ing the ra i ny season, when 
we had l itera l ly  tens of thousands of 
tons being u n loaded every day, and 
the parachutes rotted and the food was 
wasted and the b lood p lasma never 
got to Dien Bien Phu. 

Then I thought about condi t ions  
that I have witnessed i n  the l ast 30 
years: flood rel ief, when I helped col­
lect th ings as a Boy Scout in  Delaware 
to send to Pen nsyl va n i a  because of 
the floods there, the famous ones i n  
the 1 930s. 

These same problems cont in ued 
wherever I went, as  I got i nto the 
Middle East, and saw relief going into 
certa i n  areas. We are a great nation 
for sh ipp ing vast quantit ies of rel i ef, 
but when it gets there, we absolutely 
stagger the people. They cannot han­
d l e  i t, they are not orga n ized to do 
so, and we fee l  that we have done 
our  job, and we wa lk  away. 

My paper is a proposed guidel ine 
for successfu l l y  transport ing the 2 5  

m i l l ion  tons o f  food suppl ies i nto 
Africa. 
I. Personnel to carry out task: 

A. Use of a Berl in  Air  L i ft-type op­
eration (Navy, Army, A i r  Force, Mer­
chant  Mar ine active u n i ts-i n  u n i ­
form). 

B. Use of Peace Corps organ iza­
tion (no un iforms). 

C. Joint taskforce of nations (under 
d i rection of the United States) . 

D. Use of ret i red m i l itary to staff 
taskforce. 
I I .  Formation of site survey teams 
for each country to provide re­
quired data for in-depth planning. 
This must come at the very begin­
ning . . • .  

1 4. Obta in  a l l  ava i lable c l imactic 
stud ies (rainfa l l ,  temperature, dry and 
wet seasons, sandstorms, and locust 
cycles. I have seen what h appens 
when the U .S .  or the U . N .  does not 
get the a i rplanes or suppl ies there to 
destroy locusts. You have a number 
of hours i n  which you must h i t  the 
sides of the mountains where the lo­
custs a re bu ried before they hatc h .  
When that erupts-you see the sand 
or d i rt "boi l"-you either k i l l  them or 
you have a d isaster . . . .  
IV. Review all of above data and pre­
pare Master Plan for each host coun­
try that has been selected to receive 
the proposed relief program. Secure 
host country acceptance of the Mas­
ter Plan before you start to carry it 
out. • • .  

With the i m p lementat ion of the 
above gu ide l i nes, which wou l d  re­
su l t  in the successfu l rece ipt of 2 5  
m i l l ion  tons o f  re l i ef supp l ies i n  
Afr ica,  many of the v i ta l  p rojects 
cou Id  be started that are crit ical for 
the development and future industri­
a l ization of Africa. 

These i nc lude a cont inental ra i l ­
road-you wou ld have a rai l  net in ­
sta l l ed that  wou l d  t ie  these  cou n­
tries together. Also developed wou ld 
be a power gr id ,  w h i c h  does not 
even exist i n  many countr ies over 
there now . . .  a commun ication net­
work . . .  fuel pipelines-so important, 
and new ai rports. 
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Rep. George Brown 
(Continued from page 1 1) 

nents, to secu re proper fund ing for sc i ­
ence, B rown took the  bold step of  put­
t ing forward an alternative concept and 
program for the enti  re  federal budget, 
which was certa in ly not with in  the ju ris­
d i ct ion  of the Sc ience  Comm ittee. I n  
October 1 997 ,  B rown an nou nced a n  
" i  nvestment budget a lternative," w i th 
the pu rpose of i ncreas ing nationa l  i n ­
vestments i n  activit ies that wou ld pro­
mote long-term economic growth. 

" Pu b l i c i nvestments i n  R&D,  trans­
portat ion ,  and h u m a n  resou rces, to­
gether with fi nancia l  i n itiatives such as 
a targeted tax cut and a reduction of the 
debt, w i l l  stro n g l y  contr i b ute to eco­
nom i c  growth over the next decade," 
Brown stated . H is  purpose, Brown said, 
was to i nvest a port ion of federa l  rev­
e n u es " i n  Federa l programs that h ave 
the potential to enhance long-term pro­
ductivity and economic growth . "  

B rown's i nterest i n  economic growth 
was not only domestic. In 1 99 1 , he trav­
eled to Mexico, to establ ish an arrange­
ment whereby Mexican debt owed to 
the U n i ted States wou I d be put i nto a 
fu nd to be matched by U .S .  contr ibu­
t i ons ,  and  used for j o i nt research on 
pro b l ems of mutua l  i nterest, such as 
health and water. 

A 'Remarkable I ndividual' 
Learn i n g  of Rep. B rown's death,  on  

J u ly 1 6, NASA Ad m i n i strator D a n  
Gold i n  described h im a s  "a remarkable 
individua l . "  He stated that Brown's "pro­
fess iona l  tra i n i ng in i ndustr ia l  physics 
and h is  love of science made h is  tenure 
as chairman of the House Science Com­
mittee one of the most productive in our 
nation's history." 

With Brown's death coming just a few 
days before Apol lo's anniversary, Goldi n  
referred to the long-term vision the Con­
gressman possessed, stating, "as we cel­
ebrate the 30th ann iversary of the Moon 
landing on July 20, we shou l d  never for­
get that it was the vision and support of 
leaders l i ke George Brown that made it 
a l l  possib le ." 

Along with the soc ia l  and  mora l  is­
sues that he  c l ear ly  bel i eved in,  Rep. 
B rown was, "the Congressmen who 
loved science ."  G reat projects, such as  
Apo l lo, a re the  legacy George B rown 
l eaves, as an  examp le  to be fo l l owed 
by government leaders i n  the future. 
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AI OS Pande".1ic Raging Worldwide 
by Col i n  Lowry 

The spread of the AIDS pandemic con­
tinues to devastate the world popula­

t ion.  Accord i ng to the U n ited N at ions 
AIDS program report, released in  De­
cember 1 998,  there are now 3 3 .4 m i l­
l ion people infected with the human im­
munodeficiency virus (H IV) worldwide. 
The number of new infect ions i n  1 998 
increased by 10  percent i n  just one  year, 
with 5 .8  m i l l ion people newly infected. 
I n  1 998,  2 . 5  m i l l ion people  d ied from 
the disease, making A IDS one of the top 
four causes of death in the world.  

The continent hardest h it by the AIDS 
ep idemic i s  Afr ica, where 1 2  m i l l i on  
people have d ied s i n ce the ep idemic  
began. In  1 998, about 70  percent of  a l l  
new H I V  i nfect ions  i n  the wor ld  oc­
cu rred in  s u b-Sahara n  Afr ica .  Most 
devastating is that half  of these were in 

" 

increase 

• More than 1 00% 

• 1 0% to 20% 

� 0.01 % to 1 0% 

D No increase 

D No 1 997 data 

young people  between the ages of 1 5  
and 2 5 .  The n ine  countries of southern 
Africa have the h ighest HIV rates in the 
worl d .  In Botswana, Namib ia ,  Swaz i ­
land,  and  Zimbabwe, between 20 per­
cent and 26 percent of the adu lt popu­
l at ion  is i n fected w i th H IV. With  
i n fect ion  rates at these l eve ls ,  and 
c l i m b i ng, these countries wi l l  lose a l ­
most an ent i  re  generation to  the A I  DS 
epidemic by 201 0. 

As a resu lt  of the AIDS epidemic, large 
n u m bers of c h i l d ren  are beco m i n g  
"A IDS  orphans ."  The U NA I DS report 
forecast that by 201 0, there w i l l  be 40 
m i l l ion orphaned chi ldren worldwide. 

F igure 1 shows the pattern of H IV in­
fection global ly, in  terms of the propor­
t ional  i ncrease in H IV  in each cou ntry, 
between 1 994 and 1 997,  as estimated 

Figure 1 

by the Wor ld  Hea l th  Organ ization .  I n  
addition to Africa, There are alarm ingly 
h igh rates of i nfect ion i n  Russia, Ind ia, 
and other locations in  Eastern Europe. 

In the fi rst eight months of 1 999, Russ­
i a n  H ea l th  M i n ister Yu r i  Shevch e n ko 
sa id ,  the reported n u m ber of cases of 
H IV infection i ncreased by 70 percent. 
He sa id  that most of these cases were 
residents of the Moscow region, and that 
the u nprecedented growth in  H IV  infec­
t ion  was the resu l t  of the v i rus  h itt i n g  
"the c i rc le  o f  the capital's drug users. 

Although the offic ia l  number of H IV  
cases reported was  1 5 , 800, as of J u l y  
1 99 9 ,  R u s s i a n  offi c i a l s  h ave warned 
that  the actu a l  n u m ber  of cases i s  at 
l east 1 0  times h igher than that. 

F i g u re 2 shows the wor ld pattern of 
H I V  and tubercu losis co-i nfection rates 

. .  
'. .-

" 

) 

PROPORTIONAL I NCREASE I N  HIV PREVALENCE RATES, BY COUNTRY, BETWEEN 1 994 AND 1 997 

Source: World Health Organization 
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Range of rates (per 1 00,000) 
D <1 
D 1 -9 
r.! 10-99 
_ 1 00-999 
_ > 999 
E!!!!I No estimate 

Figure 2 
ESTIMATED CO-INFECTION RATES OF H IV AND T8, 1 997 

Source: World Health Organization 

Figure 3 
SEROPREVALENCE OF H IV-1 FOR LOW-RISK 

POPULATIONS IN SOUTHERN AFRICA 

Source: u.s. Bureau of the Census 
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Percentage 
seropositive 

o 0.0 
Ei) 0.1 -0.9 
@ 1 .0-4.9 
� 5.0-9.9 

e 1 0.0-1 9.9 

_ 20.0+ 

i n  1 997,  as esti m ated by the  Wor ld  
Health Organ ization. 

On both maps, the continent of Africa 
stands out with the most extens ive to l l  
from HIV itself and from T B  co-infection. 

F i gu re 3 shows a map of  southern 
Africa, with the percentage of seropreva­
lence of H I V- 1  for low-risk popu l ations 
(those people l iving i n  ways not consid­
ered dangerous or conducive to acq u i r­
ing or transmitting AIDS) in various loca­
t ions .  I n  many p l aces, more than 20  
percent of  the population is seropositive! 

Here, AIDS is revers ing any progress 
made in ch i ld  mortal ity s i nce the 1 9605. 
In the com i n g  decade, c h i l d  morta l i ty 
wi l l  tri p l e  with A I DS i n  many areas of 
sub-Saharan Africa. 

At the 1 1  th I nternational Conference 
on A IDS in  Africa, held in Lusaka, Zam­
bia in September, the pandemic was 
termed a "global super-disaster." UNAIDS 
Executive Director Peter Piot said that the 
world commun ity has failed to mobi l ize 
to fight the disease, and that half of all ba­
bies born in Africa are infected with H IV. 
There were 1 6,000 new H IV i nfect ions 
per day in  1 998, Piot said, and more than 
80 percent of the world's AI DS d eaths 
have occurred in Africa. 
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AIDS VACCINE UPDATE 
Catch ing H IV in  the Act 
by Co l i n  Lowry 

Wh i le the AIDS epidemic continues 
to spread out of control, efforts to 

develop a vaccine us ing trad it ional ap­
proaches have been stymied, leaving re­
searchers at a crossroads. 1  The number 
of vaccines moving to c l in ical trials is  at 
an all time low, and those in progress are 
not proving to be effective. 

. 

A c l in ical trial cu rrently under way i n  
Tha i l and,  o f  Vaxgen's vacc i n e  based 
only on the H IV coat protei n  gp1 20, was 
shown to be i neffect ive i n  sti m u l ati ng 
antibodies that can neutral ize H IV taken 
d i rectly from patients (primary iso lates). 
Because the gp1 20 vacc i n e  was o n l y  
partly effective i n  stimu lat ing neutral iz­
ing antibod ies aga inst laboratory-bred 
vi ruses, there are ser ious dou bts as to 
whether th i s  c l i n i ca l  t r ia l  shou ld  pro­
ceed any fu rther. 

Two recent d i scoveries expla i n why 
the trad i t iona l  vac c i ne approach has 
fai led, thus open ing  a new strategy for 
vaccine development. Both d iscoveries 
have revealed the dynamic  structure of 
H IV's coat protei n i n  the process of 
binding to receptors on the cel l  su rface, 
and have ident if ied cr i t ica l  reg ions  of 
the protei n  needed for gai n ing entrance 
i nto the ce l l .  H owever, we are sti l l  a 
long way from c l in ical tria ls .  

The first d iscovery was of the atomic  
structu re of the coat prote i n  g p 1 20 ,  
complexed wi th the h u m a n  CD4 ce l l  
su rface receptor. Th i s  is  the  receptor to 
which H IV b inds on immune cel ls, as a 
fi rst step to i nfect ing them. Th i s  struc­
ture was revealed in  June 1 998, through 
X-ray crysta:l lography, and involved re­
search groups from Columbia, Harvard, 
and Tu lane un iversities. Their molecular 
"snapshot" showed that the b ind i ng re­
gion for the CD4 receptor was recessed 
in a deep cavity, out of s ight of the im­
mune system. 

Once HIV b inds to the CD4 receptor, 
this causes a sh ift in the conformation of 
the gp1 20 prote i n ,  wh ich  exposes the 
region that binds to the chemokine re­
ceptor, an event crucial to H IV's ab i l ity 
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A multinucleated leukocyte producing HIV particles. Large numbers of virus parti­
cles can be seen along the margin of the cell. Inset (bottom right) shows a mature 
virus particle, with the characteristic cylindrical core. 

to fuse to the cel l  membrane. This two­
stage process keeps the regions crit ical 
fo r gp 1 20's b i nd i ng and fus ing  to the 
ce l l mem brane h i dden from i m m u ne 
system s u rve i l lance unt i l  the l ast mo­
ment. 

Using a trad itional vaccine approach, 
gp1 20 prote in  wou l d  be presented in a 
static conformation to the immune sys­
tem .  This wou ld create antibodies reac­
tive to the prote in ,  but these wou ld not 
stop the virus from bind ing and fusing in  
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most cases, because none of the critical 
regions of the prote in  is exposed in the 
static conformation.  Hence, the fai l u re 
of the trad itional vaccines so far to pro­
tect against i nfection. 

F rom c l i n ica l  stud ies, i t  i s  a l so wel l 
known that A IDS patients produce many 
antibod ies to H I V  gp1 20, but very few 
of these can actua l ly  neutral ize the ac­
tivity of the v i rus .  The d i fficu lty for the 
immune system is that its T-cel l s  may be 
able to "see" the critical binding regions 
of gp1 20 on ly for as l ittl e  as a few sec­
onds, or m i nutes, before it is  too late to 
stop HIV from entering a cel l .  

The key to designing a n  effective vac­
c ine, wou l d  be to present gp1 20 in the 
active conformation it assumes d u ri ng 
the two-stage b i  n d  i ng and  fus i  ng  
process. How cou ld th i s  be  done? A l ive 
virus vaccine of H IV  has been ru led out, 
because of safety concerns that the vac­
cine cou ld mutate and cause AIDS. 

'Fusion-Competent' Vaccines 
One of the major hurd les to develop­

i ng an H IV  vacc ine us ing the coat pro-
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tein  gp1 20, is the fact that the outer re­
gions of the protein  mutate rapid ly, and 
there are now six known c lades (fami­
l i es) of  HIV, with many different subfam­
i l ies and varieties, a l l  w ith gp1 20 pro­
te in s  of s l ightly d i fferent compos it ion.  
This means that a vaccine made against 
one type of H I V  may not be effective 
against another, if the gp1 20 varies be­
tween the two. However, from recent 
observations of the atomic structure, it i s  
c lear that the CD4 and chemokine bind­
i ng regions are h ighly conserved among 
a l l  HIV virus clades and subfami l ies. 

To overcome this problem, a team of 
researchers from Montana  U n ivers i ty 
and New York Un iversity Med ical Cen­
ter have devised a way to chemica l ly 
freeze gp1 20 as it fuses to the cel l  sur­
face. Th i s  comp lex of gp1 20 that i s  
bound to  CD4 and the  chemokine re­
ceptor i n  the act of fus ion  to the c e l l  
membrane, was used a s  the basis for a 
new type of vaccine-a fusion-compe­
tent vacc i ne.  To generate these com­
p lexes, one group of ce l l s  express i ng 
gp1 20 was mixed with another group of 
c e l l s  conta i n i ng h u m a n  CD4 and 
chemoki  ne receptor. The researchers 
then selected only those groups of cel ls 
that had fused the i r  membranes to­
gether, and chemica l ly  "froze" these for 
use as a vaccine antigen . 

These complexes were then i njected 
as a vaccine into transgenic animals con­
tain ing the human CD4 and chemoki ne 
receptor genes, which makes them sus­
ceptible to HIV i nfection . After vaccina­
tion, the animals were exposed to 24 d if­
ferent types of HIV primary isolates from 
5 c lades. Amaz ing ly, the vacc i n e  pro­
tected the animals from infection, stimu­
lating the production of neutra l izing anti­
bodies against 23 of the 24 HIV types. 

As a contro l ,  gp1 20 that d id not fuse 
to ce l l  membranes was used as a vac­
c i ne ant igen, and the vacc i n ated an i ­
ma l s  were exposed to the same 24  types 
of H I V. Th i s  " static" gp1 20  vacc i ne 
fai led to stimulate neutra l iz ing antibod­
ies, and did not protect the animals from 
H IV  i nfection at a l l .  Th is  resu l t  proved 
the trad itional "static" vaccine to be in­
effective agai nst H IV. The new, active 
presentat ion of gp1 20 in the fus ion­
competent vacc ine design al so appears 
to overcome the prob lem of having to 
make a d ifferent vaccine for every clade 
of H IV  that exi sts in order for it to pro­
vide adequate protection. 
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The fus ion-competent vacc i n e  was 
made from only one c lade of HIV, yet it 
p rotected aga inst i n fect ion by 5 other 
c lades; only 1 of the 24  types tested es­
caped detection by the immune system. 
This type of resu l t  has e luded al l previ­
ous vaccine designs to date. 

Superior Design Principle 
There a re st i l l  many  techn ical  p rob­

lems that must be overcome before this 
type of vaccine cou l d  be used in human 
bei ngs. However, these an imal experi­
ments have proven that the princ ip le  of 
the des ign i s  far s u per ior  to any other 
vacc ine so far. Were the fusion-compe­
tent vacc i nes to be deve loped for hu­
man  use,  there wou ld st i l l  be some 
questions as to its overal l  effectiveness, 
however. The problem is that these types 
of vaccines stimulate a neutra l iz ing anti­
body response, which can defend on ly 
agai nst v i ruses that a re present in  the 
b lood or lymph system. H IV often enters 
the body by d i rect ly  i nfect ing  i m mune 
ce l ls, such as T-cel l s  or  dendr it ic ce l l s  
found i n  mucous membranes. 

To defend agai nst th i s  type of i nfec­
tion, the cel lu la r  branch of the i mmune 
system that recogn izes i n fected ce l l s  
must b e  activated . Th is cel l u lar  defense 
is activated when specia l  T-cel l s  ("ki l ler 
T-cel ls") find v ira l  proteins made by in­
fected ce l l s  that are presented on  a re­
ceptor on a membrane surface. One way 
to activate this cel l u la r  response wou ld 
be to introduce the DNA for the viral coat 
prote in  i nto cel l s, so the protei n  wou l d  
b e  produced a n d  sent to the membrane 
l i ke a flag tel l i ng the T-cel l s  that the cel l  
is  i nfected . However, i t  is  not known if 
the activation of cel l u lar  immunity is re­
quired for protection against HIV. 

At the moment, the fusion-competent 
vacc i n e  des ign  may offer the best 
chance for developing an  effective H I V  
vaccine. Much more research needs to 
be done before any new vacc i nes w i l l  
be ready to test i n  c l in ical tria ls .  

Notes -------------
1 .  See 21st Century, Spring 1 998, ''The Challenge 

of Developing an AIDS Vaccine," p. 76. 
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I NTERVIEW WITH SAN DY TH U RMAN, WH ITE HOUSE OFF ICE  OF NAT' L AI DS POL ICY 

We N eed an AI DS Vaccine Now 

After the United Nations A I DS report 
forecast in 1 998 that there wi l l  be 40 

m i l l ion ch i ld ren orphaned by A I DS by 
201 0, Pres ident C l i nton d i rected the 
Office of National A IDS Pol icy to lead a 
fact-fin d i ng tour of sub-Saharan Africa, 
to investigate the AIDS epidemic and the 
needs of orphans there. He a l so an­
nounced a $ 1 0  m i l l ion rel ief fund to sup­
port AIDS orphans. 

At the same time, in December 1 998, 
the President introduced two i n it iatives 
a imed at i ncreas ing  research i nto H I V  
vacc ine deve lopment a n d  prevent ion 
strategies. Sandy Thurman,  D i rector of  
the Office of  National A IDS Pol icy, com­
mented, at a White l:iouse press confer­
ence in December, on the i mportance of 
developing an H IV  vaccine:  " U n less we 
find a vaccine to stop the spread of this 
d isease, th is  ep idemic  stands  to make 
the p lague of the Midd le  Ages and the 
flu epidemic i n  the early part of this cen­
tury abso l utely pa le  i n  compari son to 
th is pandemic." 

After it carried out its fact-fi nd ing mis­
s ion i n  Afr ica ,  the Office of Nat iona l  
AIDS Pol i cy released its report on  A IDS 
i n  Africa J u ly  1 9, 1 99 9 .  Its recommen­
dations cal led for i nc reased s upport to 
prevent ion and treatment  p rograms :  
specifical ly, $ 1 00 m i l l ion  for treatment 
and prevent ion,  and another $ 1 0  m i  I ­
l ion  to  support A IDS orphans i n  Africa. 
Accord ing to Thurman, the response to 
the report has been excel lent. 

Thurman testified before Congress this 
summer to exp l a i n  the n eed for i n ­
creased fu n d i n g  for A I DS programs i n  
Africa, and said that the appropriations 
b i l l  now under d iscussion has met with 
l ittle Congressional resistance. 

Question: You have taken several trips 
to Africa as part of a fact-finding m is­
sion to investigate the AI DS epidemic. 
What were the directives for these trips, 
and what countries have you visited 
since December 1 998? 

The focus on Africa started in Decem­
ber on World AIDS day, when the Presi­
dent announced that he was setting aside 
$ 1 0  mi l l ion to look specifical ly at the is-
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S i nce the pub l icat ion of the report, 
which is ava i lable at the Office of N a­
tional AIDS Pol icy website (www.white­
house.gov/ONAP), officials at the White 
H ouse have been putt ing together a se­
r ies  of meeti ngs w i th representatives 
from the business commun ity, the phar­
maceut ica l  i ndustry, and e lected offi­
c ia ls  to d iscuss how to bring more forces 
i nto the fight against the AIDS epidemic. 

What Is  Required 
A lthough it is good news that more 

activity and more fund ing is being mar­
sha l led to stop the A I DS epidemic, the 
programs suggested thus far fal l  far short 
of what is requ i red to solve a problem of 
g lobal proportions. Such a program was 
put forward throughout the early 1 980s 
by the economist Lyndon H. LaRouche 
and his pol itical organ ization. 

In br ief, LaRouche proposed a crash 
research  program,  mod e l l ed on  the 
A po l l o  program, to fi nd a c u re and a 
vacc i ne,  w i th a focus  on opt ical  b io­
physics research as essential for making 
breakthroughs in  understandi ng how the 
virus works. 

sue of ch i ldren who are being orphaned 
as a resu lt  of A I DS.  He d id  that in re­
sponse to a USAID [U .S .  Agency for In­
ternational Development] report, which 
i nd icated that by the end of the decade, 
there wi l l  be more than 40 m i l l ion chi l ­
d ren orphaned by AIDS worldwide, and 
more than 95 percent of these wi l l  be in 
sub-Saharan Africa.  When you th ink 
about 40 m i l l ion ch i l d ren, that i s  the 

The LaRouche program i nc luded the 
construct ion of hospita ls ,  c l i n ics ,  and 
other medical infrastructure, and the ap­
p l ication of standard pub l ic  health and 
s a n i tat ion measu res to stop the ep i ­
demic. I n  addition, LaRouche proposed 
un iversal testing to identify the infected, 
so that they cou ld be treated . 

I n  the  case of Afr ica ,  the  funds  re­
q u i red to bu i l d  adequate medical i nfra­
structu re wou l d  exceed $ 1 00 b i l l io n .  
L ike any great project, the main i ngredi­
ent to stopping A IDS is the pol itical wi l l  
req u i red t o  p u t  such a la rge-scal e  pro­
gram i nto effect. Without that level of 
commitment, we w i l l  have a world d i s­
aster g reater than that of the P lague i n  
the Middle Ages. 

-Colin M. Lowry 

Sandy Thurman has been the director 
of the White House Office of National 
AIDS Policy since 1 997. She has served 
on the Presidential Advisory Council on 
HIV/AIDS, and served as the executive 
director of AID A tlanta, a community­
based, nonprofit organization that pro­
vides health and support services to peo­
ple with HIV/AIDS. Before becoming the 
director of the Office of National AIDS 
Policy, she was the director of Advocacy 
Programs at the Task Force for Child Sur­
vival and Development at the Carter Cen­
ter in Atlanta, Georgia. As director, she 
focussed on the global health concerns 
of children, including immunization pro­
grams and the eradication of polio. 

Thurman was interviewed by Colin 
Lowry on May 25, and excerpts of her 
interv iew appear here. The full inter­
view appeared in Executive I ntel l igence 
Review magazine, July 2, 1 999. 

equ i va lent of every ch i ld  i n  the U n ited 
States east of the Mississippi River. 

At that t i me,  the Pres i dent  d i rected 
me to u ndertake a fact-fi nd i ng m i ssion, 
l ead i ng a d e l egat ion to su b-Saharan 
Africa to look at  programs that are work­
ing on the ground that we m ight be able 
to su pport, or expand,  or  repl icate i n  
some way. W e  are look ing  a t  what i s  
working  and what isn't, w ith respect to 
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ch i l d ren who are orphaned ,  and c h i l ­
dren at risk. 

We d i d  an i n it ia l  s ite v is i t  in Febru­
ary, and then took the Presidential dele­
gati on  i n  March ,  v i s i t i n g  Zambia ,  
Uganda,  and South  Afr ica .  We chose 
those th ree cou ntr ies because we 
thought that we wou l d  get the kind of 
contrast that we needed . Zambia has  
been d o i ng some pretty exemp la ry 
work, but they have a huge AIDS crisis, 
with more than 20 percent of the adu l t  
popu lation infected with H IV. Then we 
went to Uganda,  to look at what a 
mode l prevention program looks l i ke .  
Uganda is sti l l  stand ing as probably the 
most successfu l model that we have. I n  
fact, they h ave been  ab le  to  cut  the i  r 
H IV preva lence  i n  a l most h a l f  i n  1 0  
years t ime .  T h e n ,  we went to South 
Afr ica, which has  one of the fastest­
growing epidemics in the world, and is 
in turmo i l ,  w i th  the  c h a n g i n g  of the 
government, and  other factors .  We 
chose to look at these th ree cou ntries, 
to see if we cou l d  get a good sense of 
what was req u i red,  and  what d i ffe r­
ences in  leadersh ip  and support meant 
to the condition of the epidemic. 

Question: Did this go beyond looking at 
just the orphan ·question? 

Yes, we started, of course, looking at 
orphans, but you can't look at the im­
pact of  th i s  epidem ic on ch i ld ren with­
out looking at the impact on women and 
fam i l ies and commun it ies as a whole .  
Our  i n it ia l  focus was on  ch i ld ren, and 
how we cou l d  su pport programs for 
them . But, the fact of the matter is that 
in the i n it ial report to the President, we 
focussed on the entire AIDS epidemic in  
sub-Saharan Africa, and the i mpact it is  
having there. 

Question: Were you also looking at the 
medical infrastructure there, and what 
would be requi red to combat the epi­
demic? 

Sure .  The b u i l d i ng of any k i nd of 
medical i nfrastructure i n  a developi ng 
nation is much bigger than just dea l i ng 
with the AIDS epidemic. Obviously, the 
need for infrastructure is critical in those 
countries, which is why it's so important 
that we cont i nue  to i nvest not on ly  i n  
H I V  prevention and care, but i n  health 
care deve l opment  across the board . 
And, focus on expanding the amount of 
national  budgets that are dedicated to 

Maggie Murray·Lee/UNICEF 

An Apollo-style research program and massive health infrastructure development is 
required to stop the spread of AIDS. Here, a health center in Kolondieba, Mali. 

health and soc ia l  we l fare. In many of 
these cou ntries, they've been focussed 
on econom ic  growth and trade, and 
spend on ly  $ 1 0  per capita on  hea l th  
care for thei r popu l at ions .  When you 
look at the cost of AI DS care, and, cer­
ta i n ly, the cost of d rugs, we know that 
these costs are much h igher than what is 
a l located for health care. 

Question: Will you be making specific 
recommendations to the President about 
the medical infrastructure required, and 
how the United States could be in­
volved? 

I made a pre l iminary report, and I am 
working on an expanded report that w i l l  
be  made pub l ic  sometime i n  June, with 
more specific recommendations. But, i n  
t h e  pre l i m i nary report, w e  d i d  not ad­
dress the need for overa l l  health care in­
frastructure development. The President 
is certa i n ly  sensit ive to that, as he  j u st 
went to Africa last year, and has devel­
oped a keen interest i n  Africa's develop­
ment. We did address how the HIV/AI DS 
crisis fits into that larger context. 

Question: The drug pricing question is a 
big issue. The best drugs to treat AI DS 
that are used in the West, such as the 
protease inhibitors, are just too expen-

sive for the nations that need them the 
most. What kind of approach is your of­
fice taking to address this problem? Are 
you trying to work with the drug com­
panies, to sell to developing nations at a 
reduced cost, or will the research agen­
cies of the U.S. government act directly? 

This is a multi-tiered issue. We are in­
cred ibly concerned, because more than 
9 5  percent of the peop le  around  the 
wor ld  who are  in fected with  H IV have 
no access to drugs at al l .  Certain ly, there 
is a question on the pricing of drugs, and 
w h i l e  I am de l ighted that some of the 
d rug compan ies have d ramatic a l l y  re­
duced their prices to developing nations, 
the reduced prices are, in most instances, 
four times more expensive than the per­
capita spend ing  on health care i n  these 
countries. Even with the drug companies' 
efforts, there is a huge gap between what 
d rugs cost and how we manage to get 
them to people who need them. I th i n k  
part o f  t h i s  is  looking a t  pub l i c-pr ivate 
partnersh ips, certa in ly work ing with the 
drug companies. But, I th ink that we are 
go ing  to have to f ind some sort of ba l­
ance, between the compan ies and the 
protection of  thei r i ntel l ectual property 
rights, and what the needs of the people 
are. I think that the role of government is 
to help negotiate a balance. 
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Question: Could you describe the con­
ditions on the ground in Africa? Do you 
think what you have seen is worse than 
what is portrayed by the U NAIDS re­
port, or were you prepared for what you 
found? 

I th ink  it prepared us for what we saw 
there. B ut, there is no way the U . N .  
A IDS report, a s  overwhe l m i ng a s  the 
numbers a re, can prepare you for  the 
faces of people who are desperate and 
have no access to care. I t  rem inds me, 
although the scale is much larger, of the 
early epidemic here. I fi rst started work­
ing i n  t h i s  ep idem i c  i n  1 98 3 ,  a n d  i n  
those d ays we had noth i n g  to g ive to 
people. A l l  we cou ld provide was pal­
l i ative care, and support to people who 
were s ick, and thei r fami l ies. So, goi ng 
back to Africa reminds me of those times 
in the early 1 980s; the sca le is j u st 1 0  
times larger, and it's rea l l y  overwhelm­
ing to see. 

On the other hand,  what the  report 
doesn't reflect is the reasons for hope, 
and the i ncred i b l e  work that is bei ng 
done on the groun d .  People who have 
noth ing  are h e l p i n g  peop l e  who have 
even less .  The  c o m m u n i ty-based o r­
ganizations, the women's groups, the 
peer-education groups that we v i s ited 
on  the gro u n d  there were rea l l y  ex­
traordi nary. Those are the k inds of pro­
grams we need to focus on, and see if 
we can find ways to sustai n  them in an 
active way. 

Question: Is the role of the United 
States now being discussed in detail? 

We haven't detai led th i s  yet. We are 
look ing  spec ifi ca l ly at the H I V  i s sue  
now. Obviously, i n  the  broader context, 
health care infrastructure development 
is a huge part of this in  al l  of these coun­
tries. We found that out working i n  im­
munization i n  i nternational hea lth for a 
long t ime .  T h i s  i sn ' t  new; we fought  
these same battles when we were doing 
immun izat ion,  and po l io eradication ,  
and d iarrheal disease, and  we are facing 
a l l  of the same things. If these countries 
are going to remain healthy, we have to 
understand  the con nectio n  between 
health and economic  we l l -be ing .  You 
can't sepa rate the two. Then  aga i n ,  I 
th ink  we focus too much  on the trade 
and investment side, and not enough on 
the health care and social services side, 
when we are look ing  at i nvest i n g  i n  
these countries. 
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Question: Regarding the orphans: How 
did the funding the President talked 
about work? 

It's a l ready been given out. We spent 
$7 m i l l ion of the $ 1 0  m i l l ion in sub-Sa­
haran Africa. It was a l located from U .S.  
AID [Aid for International Development] 
d i rect ly to community-based organ iza­
tions in  Africa. I th ink that what's impor­
tant to remember is that in Afr ica and 
the U n ited States, the batt l e  aga i nst 
H I V/AI DS w i l l  be won or  l ost at the 
commun ity leve l .  That's true in  terms of 
prevention and in  terms of care, particu­
lar ly in Africa, where communit ies sti l l  
have a strong fam i ly network. The o ld 
say ing,  that i t  takes a v i l l age to raise a 
ch i ld, is rea l ly true i n  Africa. The major­
ity of the c h i l d ren  be ing orphaned i n  
Afr ica  a re bei n g  taken i n  b y  the i  r ex­
tended fam i l ies or by the com m u n ity. 
But, now, the commun ities and fami l ies 
are reaching capacity, and we do see in­
c reas i n g  nu mbers of c h i ld ren who are 
abandoned or l iving in  orphanages. 

India the Next Epicenter 
Question: Late last year you went to In­
dia. Could you give an idea of what the 
situation is there in regard to the AIDS 
epidemic, and what they are discussing 
to stop the spread of the disease? The 
subcontinent could be the next epicen­
ter of the AIDS epidemic. 

I th ink it w i l l  be the next epicenter of 
the ep idemi c .  Those who are i n  the 
know, think it wi l l  be, and the number of 
infections there i n  raw terms wi l l  exceed 
those in Africa, if we don't do someth ing 
to stop the spread pretty quickly. I 'm not 
sure that the percentage rate of infection 
wi l l  ever be qu ite as h igh as it is in Africa, 

but the number wi l l  be larger. The World 
Bank  h as i nvested $ 200 m i l l ion in the 
A I DS program i n  I nd ia, to try and get a 
handle on the epidemic. 

The I nd ian  government has been en­
gaged for several years in the develop­
ment of an A I DS control p lan, which is 
part of thei r agreement with the World 
B a n k .  They are work i n g  very c l ose ly  
with commun ity-based organ izations. I 
th ink  I nd ia  presents un ique chal lenges . 
The vast majority of people l ive i n  rural 
areas in I ndia, and are hard to reach. In­
d i a  is a very complex society, with a l l  
k inds  o f  cu ltura l  cha l lenges to dea l i ng 
with th is epidem ic.  Not that we haven't 
met those everywhere e lse; we've seen 
these in Afr ica and  the U n ited States, 
and this isn't new, it's just very d ifferent. 
We have to rea l ly be spec i a l i zed with 
our  approaches i n  Ind ia .  There i s  sti l l  a 
lot of den ia l ,  there is sti l l  den ia l  i n  the 
U n ited States i n  some of the commun i ­
ties hardest h it by  the epidemic.  

Question: What are they trying to im­
plement in India? 

Education programs, and prevention 
programs .  They are focu ss i ng  at t h i s  
poi nt i n  t ime on  prevention. 

Question: The study in Tamil Nadu, doc­
umented in the U NA I DS report, shows 
that the rural population has a h igher 
H I V  prevalence than the urban popula­
tion. This really doesn't fit the classic 
models of the spread of H IV in the Unit­
ed States. How do they explain this? 

I don't th i n k  we know, and that's the 
chal lenge, why the epidemic has fl ipped 
profi le there. The frightening thing about 
that stati st i c  is  that the vast majority of 
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the almost 1 b i l l ion people i n  Ind ia  l ive 
in rural areas. So, if we see some trends 
ind icat ing that the epidemic is going to 
be worse i n  rura l  a reas, than in u rban 
areas i n  I nd ia, we are rea l l y  i n  trouble.  
We need to pay very c lose attention to 
that, and try to define why that is occur­
ring. Again, that's where prevention and 
education is key. They have some good 
networks i n  p lace that they h ave used 
for maternal and c h i l d  health, and for 
immun ization, that wi l l  be he lpfu l for 
HIV prevention as wel l .  

Question: Has insect transmission been 
investigated there, considering that this 
is an area that is endemic for malaria? 

Not that I know of. I t h i n k  we ru l ed 
out insect transmission years ago. It has­
n't come up in recent years. We have no 
evidence at all that H IV  is transmitted in 
that way, so we are not focussing much 
attention on  that anymore.  People sti l l  
ask about it though. 

Question: The reason I ask is because of 
the Belle Glade, Florida episode in the 
mid-1 980s. Drs. Whiteside and McLeod 
who investigated there, found that their 
data point strongly to insect transmis­
sion. 

Aga in ,  I th ink  we have to never ru le  
anyth ing out, as we are dea l i ng with an 
epidemic that is fair ly new. And so, we 
shou ld be v ig i lant, and pay attention to 
a l l  the facets of the epidemic. 

Question: The infection rates in the last 
five years have been relatively stable, 
with 40,000 to 60,000 new cases added 
each year. I think people are taking a 
false sense of security from this, and 
seeing this as progress. What do you 
think about this? And, considering the 
lack of broad-based testing, what do 
you think the real figures might be? 

Wel l , it's not progress. I don't  t h i n k  
we know what the actual number o f  in­
fections is .  I think the 40,000 to 60,000 
is a very educated guess, and  I wou l d  
b e  wi l l ing t o  bet on  that. B ut, w e  cer­
ta in ly  can't ca l l  that success. We have 
i n vested a l ot i n  prevent ion ,  a n d  we 
don't see a reduction in new infections. 
We see explod ing epidemics in  particu­
l a r  com m u n it ies in the U n i ted States . 
What we see is a rea l sh ift i n  the ep i ­
demic  to women, people of color, and 
to you ng people. 

More than  50 percent of a l l  n ew 

cases i n  this country are i n  people u n­
der 24 years of age. One in four of those 
is a teenager. So, it tel l s  us that we aren't 
gett ing  to young  people  ear ly enough 
wi th the r ight i nformation .  I t h i n k  we 
need to reth i nk  our prevent ion effort, 
and we are in the process of doing that. 
We are working very c losely with CDC 
[Centers for Disease Contro l ] ,  and need 
to look at where the epidemic is mov­
i ng, and make sure that our prevention 
messages are appropr i ate for those 
c o m m u n it ies .  You r  message to a 1 4-
year-old in Harlem is going to be differ­
ent than for someone who is Lat ino i n  
East Los Angeles. 

"We are currently wiping out 
every single development 
gain that we have made in 

the last two or three decades 
in Africa. In the next five 
years, we will see infant 

mortality double, as a result 
of this disease. We will see 

child mortality triple, and we 
will  see l ife expectancies 

d rop as much as 20 years." 

I worry about that in this stage of the 
epidem ic, when peop le are t i red, bat­
t le-weary from 1 8  years of fighting th is  
epidemic, when there is the mispercep­
t ion in a lot of the pub l ic  that th is  epi­
d e m i c  i s  u nder contro l or  over. They 
read the great head l i nes that we have 
d ropping rates of A IDS deaths, but we 
don 't h ave any dec l i n e  i n  the rate of 
new i nfect ions at a l l .  We are not w in­
n i ng the batt l e .  It's great that we a re 
staying level ,  but those rates need to be 
going  down, not level i ng  off. We have 
to focus on making sure we are staying 
current, and retoo l ing to keep pace with 
the epidemic. That is a chal lenge. 

Question: Will you be working on pro­
grams to increase testing, now that the 
treatments are better? In the past, peo­
ple would be very pessimistic, because 
there was nothing that they could do. 
Now, is this further incentive to try to 
increase testing for HIV? 

Abso l ute ly. CDC a n d  com m u n ity­
based organ izations are al l encouraging 
people now to get tested . I n fact, the 
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Pres ident's cou n c i l  on  H IV and A I DS 
has recommended to u s  and the Pres i ­
dent, to  undertake a "get tested" cam­
p a i g n ,  a n d  we a re in  the  process of  
working with CDC on  the  development 
of that  campa i g n .  T h e  bottom l i n e  of 
this is  that we have to focus on preven­
tion, aga in ,  s i nce we know how to pre­
vent the spread of H IV. We need to edu­
cate peop le  to take respons ib i l i ty for 
t h e i r  own acti ons ,  a n d  not make as­
sumptions of others. 

Question: We don't have a vaccine for 
H I V  yet, but you have spoken about 
the importance of this. Hypothetically, 
if we did have a vaccine, what kind of 
strategy would you develop to use it, 
especially in the areas that need it the 
most, such as Africa and Asia? 

I th i n k  we're putt ing the cart in front 
of the horse, because we don 't know 
what k i nd of vacc i n e  we' l l  have. O u r  
b i g  c h a l lenge i s  t o  f i n d  a vacc i n e  o r  
vacc i nes, that a re both cost-effective 
and easy to adm i n i ster, so that we can 
get them out to the p l aces that n eed 
them. Certa i n l y, even i f  we had a vac­
c ine today, that was both cost-effective 
and easy to admin ister, it wou ld take us 
years, probably our l ifetime, to stop the 
spread of th is epidemic. 

We have a perfect example in pol io .  
We h ave had  a n  effect ive vacc i ne 
agai nst po l i o  for 40 years, yet we sti l l  
haven't erad icated i t  from the Earth.  I n  
fact, it 's com i ng back .  A l though  we 
have eradicated polio from the Western 
Hemisphere, we st i l l  spend $ 2 3 5  m i l ­
l i on a year i n  the U n ited States immu­
n iz ing  our  ch i l d ren aga i nst po l i o, and  
we wi l l  have to  a lways do that un t i l  po­
I io is e rad icated from the face of the 
Earth .  So,  we have to understand,  that 
even if we had a vacc ine today, we are 
going  to be dea l i ng with this epidem ic  
for the foreseeable future. 

Question: In the case of pol io, what 
has happened is  that you have had a 
complete breakdown of medical infra­
structure in the areas where it is re­
turn ing, such as in  the states in the 
trans-Caucasus and in  other states of 
the former Soviet Union. What do you 
think about not fal l ing into that same 
trap with H IV? What pol icies are the 
U .S. government and the international 
aid agencies going to have to shift to 
deal with this? 
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Wel l ,  I t h i n k  that bu i ld i ng  
up  you r  i n frastructu re, n ot 
on ly w he re i t  never ex i sted, 
but a l so where i t  is fa l l i ng 
apart. W h e n  we look  at the  
whole a rea of  emerg i ng i nfec­
t ious d i seases, it's rea l l y  i m ­
portant to focus on health care 
infrastructure. It keeps comi ng 
back to the  same th i n g .  I t  
doesn't matter how good o u r  
d rugs a re or  h o w  cheap they 
are.  I f  we c a n 't get them to 
peop le  who n ee d  them,  
they're real ly  not  go i n g  to  do 
us any good. 

ductive c it izens in the pr ime of 
the i r  l ife-when they should be 
prod u c i n g  a n d  p u rc h a s i n g  to 
keep the economy going. 

Question: They are also raising 
children . . •  

And they are rais ing chi ldren . 
So, we have to look at not j ust 
the health imp l ications, sort of 
the h uman cost, but we need to 
look at the economic cost. We 
need to look at the effect on the 
stabi l ity of these nations. 

Peop l e  h ave a ten d ency, 
now that we have d rugs ava i l­
able, to want to go buy d rugs 
for everybody in the develop­
i ng worl d .  Even if we had  
them ava i l ab le, the  cha l lenge 
i s  that we can 't get them to 
people  who need them,  we 
can't g ive them the care, and 
provide the kind of support. I n  
doing that, i f  people don't take 
the d rugs appropr iate l y, a n d  
we h ave no way to m o n i to r  
them, t h e  bottom l i ne  i s  w e  
create a worse p rob lem than  
we have now, with drug-resist­
ance problems. 

Maggie Murray·Lee/UNICEF 

By the year 2000, in nine sub-Saharan countries, one-fifth 
to one-third of all children under the age of 15  will be or­
phaned by AIDS. Here, a village pre-school class in Mali. 

T h e  count r ies  c u rre n t l y  i n ­
vo l ved i n  the  conf l i ct i n  the  
Congo,  the  seven a r m i es i n ­
volved there-it's estimated that 
the rate of i nfection in the m i l i ­
tary personnel is anywhere from 
50 percent to 80 percent.  F i fty 
percent  for the Ango l ans ,  a n d  
m o r e  than  80 percent for t h e  
Z i m babwea ns .  A n d  t h at i s  
scary. So ,  the i m p l i cat ions a re 
enormous, and if we don't learn 
someth ing by our experience in 
the U n ited States and in Africa, 
and our shared experience, that 
we can share with our friends i n  
I nd ia, they're going t o  end up i n  
t h e  exact same boat. 

So, there is pressure on us, to 
look at what we can do to turn 

Question: Which we are seeing with 
drug-resistant tubercu losis in  Africa 
and the former socialist bloc. 

Sure, it's the same th ing .  A l l  we are 
do ing is add i n g  one more awfu l t h i n g  
onto the a l ready awfu l situation w e  are 
see ing when we look at th i s  epidemic.  
It just points out the weaknesses, or ex­
acerbates the weaknesses, in an al ready 
weak health care system. 

Question: Since you have been on the 
ground in Africa, what do you think 
the consequences wi l l  be for Africa 
and the world, if the current increases 
in HIV infections are not stopped? 

The effect is devastat i n g .  It 's ab­
solu te ly devastat ing .  We are cu rrent ly 
wiping out  every s i n g l e  development 
gai n  that we have made i n  the l ast two 
or three decades i n  Afr ica.  I n  the next 
five years, we wi l l  see i nfant morta l ity 
double, as a resu l t  of th i s  d isease. We 
w i l l  see c h i l d  morta l ity t r ip le, and  we 
wi l l  see l ife expectancies in the maj or­
ity of s u b-Saharan Afr i can  cou nt r ies 
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d rop as m u c h  as 20 years.  I n  South 
Africa, in the next five years the l i fe ex­
pecta ncy w i l l  d rop from 60 to 4 0 .  I n  
Z imbabwe, it's 6 5  to 39.  

"We have to continue to try 
to put the epidemic in  this 

country in the broader 
context of the global 

epidemic, and help both the 
public and the policymakers 
understand the importance 
of a u .s. leadership role in  

the fight against this 
epidemic worldwide." 

I n  many of these countries, you have 
one  i n  five adu lts i n fected wi th  H I V. 
That's one i n  every five people you see 
w a l k i n g  down the street. We l l ,  you 
can't sustai n  a healthy economy when 
you are carrying that burden of d isease, 
and when you are losing your most pro-

t h i s  a ro u n d .  Then ,  after I nd ia ,  comes 
the newly i ndependent states of the for­
mer  Sov iet U n io n ;  they've got a bu r­
geo n i n g  ep idemic  there,  and  they are 
r ight beh i n d  I n d ia .  So, we've got a lot 
of work to do. 

Question:  What's next for you and 
your office? 

We have to cont inue to try to put the 
epidem ic in this country in the broader 
context of the  g l oba l  e p i d e m i c, a n d  
h e l p  both the p u b l i c a n d  the po l i cy­
makers u nderstand the importance of a 
U .S .  leadersh ip  role  i n  the fight against 
th i s  epidemic worldwide.  H istor ica l l y, 
where we h ave led, other donors have 
fo l lowed . We h ave seen a leve l i n g  off 
i n  i nternat i o n a l  su pport for the f ight  
aga inst AIDS.  I th ink that's a bad ind ica­
tor. So, ou r  cha l l enge here is to make 
peop le  pay attention to what's happen­
ing in Africa, and help them u nderstand 
what k ind of imp l ication that has-not 
on ly  for us  in America, but for the rest 
of the world as wel l .  It's a tal l  order. 
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The U n ited N at ions Sc ientifi c Com­
mittee on the Effects of Atomic Radi­

ation ( U N SCEAR) was estab l i shed by 
the G enera l  Assem b l y  i n  1 95 5 .  The 
origina l  task of  UNSCEAR was to advise 
the General Assembly on the effects of 
nuclear test explosions, which had j ust 
entered thei r i ntens ive phase. D u r i ng 
the next four  decades U NSCEAR stud­
ied also the effects of ionizing radiation 
from many other man-made and natural 
sources. 

D u r i ng the 1 999 sess i o n  of U N ­
SCEAR, held i n  April i n  Vienna, Austria, 
U NSCEAR reviewed and corrected 1 1  
docu ments prepared by its secretariat, 
i n c l u d i ng an epidemiolog ica l  eva l ua­
tion of  rad iation- induced cancers, DNA 
repai r, and mutagenesis and the hered i­
tary effects of rad iat ion .  These docu­
ments wi l l  be inc l uded i n  the compre­
hensive UNSCEAR 2000 Report. 

One of the i mportant chapters of th is  
report wi l l  be a review of the local  and 
regional  effects of the Chernobyl acci­
dent .  The general conc l us ion  of the 
committee on these effects wi l l  be prob­
ably as i n  its d raft documents : "Apart 
from the substantial  increase i n  thyroid 
cancer after ch i ld ren's exposure [proba­
bly a screen ing  effect-ZJ] ,  there is no 
ev idence of a major  p u b l i c  health i m­
pact to date from the radiation exposure 
caused by the Chernobyl accident in the 
three most affected countries. No major 

increase in  a l l  cancer incidence or mor- . 
ta l ity has been observed that cou l d  be 
attributed to the accident." 

The l i near no-th resho ld  hypothes is  
(LNT) was the subject of  discussion dur­
ing the 1 999 session, as it has been each 
year s ince the 1 994 publ ication of the 
" revo l ut ionary" U N SCEAR report i n  
which the evidence o n  rad iation horme­
s is  (benefic i a l  effects of low rad iat ion 
doses) was presented . Th i s  docu ment 
i ntensified a worldwide d i scuss ion on  
LNT, which may change the  theoretical 
basis of rad iological protection, and its 
practical standards. 

Integrating Out to Infinity 
Among other subjects related to LNT, 

the Committee discussed the problem of 
co l lective dose and dose commitment. 
Offspr i ngs of the l i near no-th resh o l d  
assumption, these concepts were i ntro­
duced i n  the early 1 960s. At the t ime, 
they reflected the ma in  concern of i n ­
duction of hereditary effects by  nuclear 
test fa l lout. After a lmost fou r  decades, 
col lective dose and dose comm itment 
are sti l l  widely used, although both the 
concepts and the concern s h o u l d  by 
now have faded i nto obl ivion. 

U N SCEAR fi rst used the concept of 
"dose comm itment" in 1 962,  and de­
fined it as :  "the integral over infin ite time 
of the average dose rate in  a given tissue 
for the world population, as a result of a 
given practice, e.g. a given series of nu-
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c lear  explosions .. '� Such i ntegration  re­
q u i res some dar i ng  assu m pt ions, o r  a 
superhuman omn iscience on the popu la­
t ion  dynamics  and env i ro nmenta l  
changes for a l l  the eons of time to come. 

In a more h u m b le mood, U N SC E A R  
l ater i ntroduced a "truncated" dose 
commitment, l i m ited at wi l l  to 50, 500, 
1 0,000, or many m i l l ions of years. How­
ever, the or ig inal  " i nfi n ite" defin it ion is 
st i l l  reta i ned i n  the recent U N SCEAR 
documents. 

The Absurd Assumptions 
The col lective dose commitment was 

first used by U NSCEAR in its 1 972 report. 
In order to accept the defin itions of dose 
commitment and of collective dose, one 
has to accept the fol lowi ng: ( 1 ) a l i near 
no-threshold relationsh ip  between ab­
sorbed dose and risk to an i nd ividua l ;  (2) 
addit iv ity of r isk (via addit ivity of dose) 
over the l ifet ime of an i nd ividua l ;  (3 )  ad­
ditivity of risk (dose) across individuals of 
the same generation; (4) additivity of risk 
(dose) across the l ifetimes of ind iv idua ls  
over any number of generations; (5)  ex-

Zbigniew Jaworowski is a professor at 
the Central Laboratory for Radiological 
Protection in Warsaw, and a leading ex­
pert worldwide on radiation effects. A 
multidisciplinary scientist, he has stud­
ied pollution with radionuclides a n d  
heavy metals, and he h a s  served as  
chairman of  UNSCEAR. 
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pectation that late harm resulting from a 
dose accumu lated over many years, or 
over generations (dose commitment) be 
the same as that after an  i nstantaneous 
dose of the same magnitude; and fi nal ly, 
(6) expectation that l ate harm resu lt ing 
from a given value of col lective dose, or  
dose commitment, calculated for a large 
number of people who are exposed to tri­
fl ing doses, be the same as that ca lcu­
lated for a sma l l  number of people ex­
posed to large doses. (Th i s  opposes the 
common practice that holds that noxious 
agents can be d i luted or d ispersed so that 
they are below dangerous levels.) 

In 1 969, U NSCEAR advised that nat­
ura l  rad iat ion shou ld  be a conven ient 
reference fQr compar ing dose comm it­
ments from man-made sou rces. H ow­
ever, over the th ree decades s i nce  i t  
in troduced .the dose commitment con­
cept, U NSCEAR has  not fo l l owed its 
own advice. The co l lective dose com­
m itment from n atura l  sou rces for the 
world popu lat ion, truncated to only 50 
years (650,000,000 man Sv), was pub­
l i shed for the f i rst t i m e  i n  the  1 99 3  
UNSCEAR Report. 

But why shou ld  we stop at 5 0  years, 
when for man-made radiation UNSCEAR 
estimates the dose commitments over in­
finite time? It is easy to calcu late the indi­
v idual  dose commitment from the past 
exposures to natu ral rad i at ion,  for peri­
ods comparable to those used for man­
made sources of rad iation. For this calcu­
lation, one may assume that d u r ing the 
past several mi l l ion years, the natural ra­
diation dose rate was the same as is now, 
that is, 2 .2 mSv per year. 

Table 1 presents the values of ind ivid­
ual truncated natural dose commitment 
for various periods since the appearance 
of some of our ancestors. One may com­
pose a s i m i l ar tab l e  for the c o l lective 
truncated dose comm itments for the 
global popu lations, integrated over the 

past generations, also given in  the table. 
One may also calculate the future natural 
dose comm itments of our descendants 
for tens or thousands of generations. 

Each of us is burdened with these val­
ues of dose commitment. Do these val­
ues represent anything rea l ,  or are they 
j ust an academic fantasy? What are the 
med ica l  effects of these enormous ly  
h igh doses? 

Col lective dose to the world popula­
t ion from nuclear dumping  operat ions 
in the Kara Sea, truncated to the year 
3000 A.D. has been estimated by an in­
ternational study to be about 1 0  manSv 
(K .  Sjoblom and G .  L i n s ley, IAEA Bul­
letin, Vol .  40, No. 4, pp. 1 8-20, 1 998) .  
Let us explore the meaning of th is  value, 
which may· be equ ivalent to 1 0  Sv for 1 
person in 1 day (a lethal acute effect); or 
1 0  Sv for 1 person in  1 year (chronic ef­
fect, for example, cancer); or 0.5 Sv for 
20 persons in 1 day (chronic effect); or 
0.00001 Sv in 1 ,000 persons in 1 ,000 
years (no b io log ica l  or  med i ca l  con­
cern); or 0.0000000000002 Sv per each 
of 5 x 1 09 persons now l iv ing and the i r  
descenda nts from 3 3  generat ions  in  
1 ,000 years (no concern). 

Obviously, col lective dose obl iterates 
i nformation of the patterns of dose dep­
osit ion in space and in time, which are 
of major importance for estimating their 
b iological effects, in terms of risk to hu­
mans. Ind ividual doses cannot be addi­
t ive over generations, s imply because 
h u mans  are morta l ,  therefore d ose 
"dies" with an ind ividual .  

S im i l arly, ind ividual doses cannot be 
added between individuals of the same 
generat ion ,  because we do not "con­
taminate" each other with a dose which 
we have absorbed. The presence of bio­
logical  repa i r  processes and the mu lt i­
stage process of cancer induction make 
l i near addition of small  contributions of 
ind iv idual  dose, to estimate the assoc i-

VALUES OF I N DIVI DUAL TRUNCATED NATURAL DOSE COMMITMENT 

Time since Years Number of Dose 
the appearance of generations commitment (Sv) 

Early modern Homo sapiens 1 30,000 4,300 286 
Archaic Homo sapiens 400,000 13 ,300 880 
Homo erectus 1 ,800,000 60,000 3,960 
Homo habilis 2,400,000 80,000 5,280 

Source for years: The Cambridge Encyclopaedia of Human Evolution (Cambridge: Cambridge University Press, 1 994) 

ated risk of cancer occurrence, a h igh ly 
u n l i kely procedure. Collective dose and 
dose comm itment,  t herefore, can not 
have any biological mean ing .  

The often-pub l i shed la rge val ues of 
co l l ect ive doses a n d  col l ect ive dose 
commitments were derived from minus­
cule ind ividual doses. For example, UN­
SCEAR calculated 1 00,000 man Sv  from 
nuc lear  explos ions d u r i ng the past 54 
yea rs, 205 , 000 man Sv to the g loba l  
popu l at i o n  in  the next  1 0 ,000 years 
from power reactors and reprocess ing  
plants, 600,000 man Sv  from Chernobyl 
fa l lout in the Northern Hem isphere ti l l  
i nfi n ity, a n d  650,000,000 man Sv of nat­
ura l  rad i at ion for the world popu lation 
over 50 years. 

Frightening-but Not Real 
These large values, frightening as they 

are to the general publ  ic, do not imply 
that i nd ividuals or populations are harm­
fu l l y  bu rdened by nuc lear explosions, 
nuclear power plants, Chernobyl fal lout, 
or Nature. In fact, they provide the soci­
ety with no relevant b iological or med­
ical i nformation. Instead, a false image of 
the immi nent danger of rad iation, with 
al l its actua l  negative social and psycho­
somatic consequences, is created . 

I f  h a rm to an i n d i v i d u a l  i s  t r iv i a l ,  
then t h e  tota l harm t o  members o f  h i s  
or  h e r  soc i ety over a l l  past o r  futu re 
time must also be triv ia l ,  i rrespective of 
how many people are exposed to natu­
ral or man-made rad iat ion.  It is hoped 
that in its future work, U NSCEAR m ight 
dec ide  to app ly  Occam's razor to the 
co l lective dose and dose comm itment 
concepts. 

What Is  U NSCEAR? 
U NSCEAR is composed of the fol low­

ing member states: Argentina, Austra l ia, 
Be lg ium, B razi l ,  Canada, Ch ina, Egypt, 
F rance,  Germany, I n d i a ,  I ndones ia ,  
J apan ,  Mexico,  Peru,  Po land ,  Russ i a, 
S lovak ia ,  Sweden ,  Sudan ,  the U n ited 
K ingdom, and the U n ited States. 

The meeti ngs of the Comm ittee are 
usua l l y  attended by about 1 00 part ic i­
pants, inc lud ing national representatives 
and thei r  advisers, consu ltants, and ob­
servers. The impart ia l  scientific reviews 
issued every few years by U NSCEAR 
ma i nta i ned a very h igh  scientif ic stan­
dard and became bibles for the students 
and legislators in the radiation field. UN­
SCEAR reports d i rectly to the General As­
sembly-the on ly  comm ittee p laced so 

(Continued on page 25) 
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Food I rradiation : 
A Public Health Measure Long Overdue! 

by James H .  Stee le, D .V.M . ,  M . P. H  . . 

Pub l ic  health scient ists have had an  
i nterest i n  food i rrad i at ion for more 

than 1 00 years . The fi rst i nvestigations 
occurred with i n  a few years of the d is­
covery of X-ray/short wavelength by the 
German phys ic ist  Roentgen i n  1 89 5 .  
German and French scientists carried on 
stud ies to pasteu rize food by rad iation 
up to the war years, 1 9 1 4. The problem 
at that t i me was that i rrad i ated foods 
had an unacceptable taste. I n  1 9 1 5, the 
X-ray was reported to be effective i n  
ki l l i ng trichina cysts in  pork meat. Later, 
the U .S .  Department of Agr icu l tu re 
demonstrated that X- rays/short wave­
lengths of energy, cou l d  k i l l  d i sease­
caus ing  organ i sms and ha l t  food 
spoi lage. 

As food i rrad i a t i o n  p ioneer  Dr. 
Edward Josephson poi nted out i n  a re­
cent review, food i rrad iat ion was the 
fi rst entirely new method of preserv ing 
food s i nce the therma l  c a n n i ng and 
pasteu rization of  wi ne, beer, and m i l k  
in  the 1 9th centu ry. ' These methods of 
food preservation were a l l  considered 
to be processes, but  i n  1 95 8 ,  u nder  
pressu re from protesters, the  Food,  
D rug, and  Cosmet ic  Act des ign ated 
food i rrad iation as an "add itive." Scien­
tific research has never fou nd evidence 
to ca l l  rad iat ion an "add it ive" that re­
mained in food; this unfai r  designation 
has been used to keep the technology 
from being used . 

I n  the Un i ted States, scientists at the 
Massachusetts I n st itute of Techno logy 
instituted the first studies of food i rradia­
tion in 1 899. During the fi rst half of the 
20th century, many more stud ies were 
undertaken to learn how ionizing radia­
tion cou ld be used to provide more and 
safer foods to human ity on a worldwide 
bas is .  However, the pauc ity of su itable 
rad i at ion  sou rces and  the i r  h igh  cost 
prevented the fu l l  benefits of i rradiation 
from being rea l ized for use in  food and 
biomed ical research.  

S ince 1 950, many beneficial effects of 

Philip Ulanowsky 

Food irradiation eliminates 99.5 percent of a ll Salmonella, L isteria, and Campy­
lobacter pathogens in chicken-without affecting freshness, taste, smell, texture, or 
wholesomeness. 

ion iz ing rad iation have been observed, 
and documented . In addit ion to its po­
tential  to reduce the incidence of food­
borne d iseases, food i rrad iation can in­
h ib it post-harvest sprouting i n  potatoes 
and on ions; d i s i nfest fru its, vegetables, 
and grains of insects; delay ripen ing i n  
fru its; e l i m inate pathogens, u s i n g  sub­
ster i  I izat ion doses in meat, seafood, 
fru its, pou ltry, fru i t  ju ices, and vegeta­
bles; and, with steri l ization doses, pro­
d uce an a rray of prepackaged meats, 
poultry, and seafood, wh ich  can keep 
for years without refrigerat ion.  In add i­
t ion,  i rrad iat ion can be used to e l i m i ­
nate pests such a s  the screw worm fly, 
w h i c h  preys on catt le, the  Med i ter­
ranean fru it fly, and the tsetse fly, by the 
release of steri le insects.2 

Worries about nuclear weapons, com­
bi ned with an ant i-progress ideology, 

began to stym i e  food i rrad ia t ion  re­
search after the war. Although there was 
now an adeq u ate supp ly  of g a m m a  
rays-the h igh-energy, short-wave­
length rays given off by rad ionuc l ides­
l awmakers became conv i n ced by the 
ant i -techno logy fact ion to control the 
development of nuclear tec h no logy for 
treating foods. 

In 1 958,  when the Food, Drug, and  
Cosmet ic  Act  was  passed by the U .S .  
Congress, there were many unanswered 
q u est i o n s :  Wou l d  food be made ra­
d ioactive? What wou l d  be the effect of 
this addit ional  rad ioact iv ity above that 
of backgro u n d  u pon h u m a n s ?  Wou l d  
there b e  new tox ic  products formed i n  
the i rrad iated foods? Wou ld carcinogens 
be formed ? Wou l d  there be excess ive 
loss of nutrients? Wou ld molecular frag­
ments from packaging materials m igrate 
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onto the foods in amounts derogatory to 
the health of consumers? I n  the k i l l i ng  of 
pathogens, wou ld new m icrobiological 
problems evolve? What rad iation doses 
would be safe to use? What effect wou ld 
rad iation have on taste, odor, color, tex­
ture of the food? 

Also, what adverse effect, i f  a n y, 
would result to the envi ronment shou ld 
there be accidents? What sources of ra­
d iation (gamma and mach i ne) and what 
doses wou ld be su itable for i rrad iation ? 

The U.S .  Congress-with successfu l 
lobbying by wel l -known pub l ic  figures 
in  the movie and enterta inment c i rc les­
convinced Congress to keep food i rrad i­
ation under t ight contro l .  To do th i s, a 
legal fiction  was c reated that ion iz i ng  
rad i at ion used to  treat food is a "food 
add it ive." T h i s  part of the 1 95 8  l aw, 
known as the Delaney C lause, assu red 
that no i rrad i ated food cou l d  be ap­
proved for consumpt ion  wi thout  a 
lengthy d rawn-out procedu re, thereby 
s ingl ing out and stigmat iz i ng foods so 
treated, by req u i r i ng a long  period for 
research and petition' writing to the Food 
and Drug Adm i n istration (FDA) and the 
U .S .  Department of Agr icu l t u re,  and  
then many months or years for eval ua­
tion.3 

Finding the Answers 
After 1 96 1 -1 962, when Ed Josephson 

was placed in charge of the Department 
of Defense's food rad iation research and 
development program, the top pr ior ity 
was to try to sort " o 'uf  the d i verse 
cla ims-pro and con-about i rrad iated 
foods. Dur ing h i s  tenure as head of the 
program, the U . S .  Army Med ica l  Ser­
vices completed stud ies for test i n g  i n  
rats, mice, a n d  beag le  d ogs, u s i ng 2 1  
foods representing a l l  major food c lasses 
in the d iets of Americans. In a June 1 965 
hear ing  by the J o i n t  Comm i ttee o n  
Atomic Energy, the Army Surgeon Gen­
eral submitted a statement that a l l  foods 
i rradiated at steri l iz ing  doses up to 5 .6 
Mrad (56 kGy) using cobalt-60, or elec­
trons at energies below 1 0  MeV, were 
wholesome-that is, safe to eat and nu­
tritional ly adequate.4 

Nutritiona l  assessments showed that 
the irradiation process was no more de­
structive to n ut r ients than  other pro­
cesses then being used commerc ia l ly. It 
was also demonstrated that there were 
no tox ic products formed in quantit ies 
that wou ld  be hazardous to the health 
and wel l-being of consumers. 
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The m icrobiological standard for i rra­
d iat ion-steri l ized foods was to use a ra­
d iation dose sufficient to reduce a theo­
ret ica l  pop u l at ion  of spores of 
Clostridium botulinum by 1 2  logs. Th is 
standard, recommended by the National 
Academy of Sciences/National Research 
Cou nc i l Adv iso ry Comm ittee to the 
Army's program on food i rradiation, was 
adopted. In the ensu ing years, there was 
no record of any problem with possible 
C. botulinum s u rv ivors ;  a l though th i s  
has  cont in ued to be one of the a nt i ­
nuclear arguments against food i rrad ia­
tion. (See accompanying article, p. 28.) 

Thousands of i rrad iated components 
of meals have been served to volunteers. 
I n  every respect, the i rrad iated foods 
have come through with f lying colors.  
I rrad i ated foods have been eaten by as­
tronauts on the Moon f l  i ght, and  on  
many other space m issions, by immune­
compromised patients, and by m i l itary 
personnel in  several parts of the world. 

World Health Groups for I rradiation 
Every conceivable possibi l ity for harm 

has  been carefu l l y cons idered . None 
was fou n d .  Nor  have any  chemica l s  
formed that are un ique  to food i rrad ia­
tion. In the meantime, i rrad iated foods 
have been approved by the health au­
thorities i n  40 countries. 

Between 1 964 and 1 997, the Wor ld 
Hea lth Organ ization (WHO), in  concert 
with the Food and Agricu ltural Organi­
zat ion ( FAO),  and  the I n ternat iona l  
Atomic Energy Agency (lAEA), held a se­
r ies of meet ings of experts from man

'
y 

countries to assess the qual ity and safety 
of foods.s The latest meeting, in Septem­
ber 1 997, recommended approval of i r­
rad iated foods without restrictions at a l l  
doses, up  to the  h ighest dose compati­
ble with organoleptic properties. At each 
meeting, the i nternationa l ly  recogn ized 
health authorit ies have conc l uded that 
a l l  i rrad iated foods are safe to eat with­
out  the need for further tox ico log ica l  
testi ng, at  doses as h igh as taste wou ld 
be acceptable. 

In v iew of the foregoi ng, food scien­
tists bel ieve that the FDA and the USDA 
shou ld fol low the WHO/FAO/IAEA rec­
ommendation that food i rrad iation is a 
process. 

Sc ient i sts h ave thought for th ree 
decades that the legal f ict ion designat­
ing ionizing radiation as a food add itive, 
i n stead of a food process, u nj ustly pe­
n a l ized food i rrad iat ion ,  and  h e l ped 

Radiation Dose 
(Continued from page 23) 

highly i n  the United Nations fami ly-and 
is probably the best i nternational scien­
tific committee in  the world. 

The 4 7th sess ion  of U N SC EAR, i n  
1 998, d iscussed the problem of the very 
ex istence of the comm ittee. There a re 
forces i n  the U . N .  G en era l  Asse m b l y  
who wish to d issolve the committee, in­
c lud ing one "major nation" that is  push­
ing for its d isso lut ion. I f  U NSCEAR d is- . 
appears, what nations wi l l  have enough 
scientif ic authority, and courage, to ef­
fectively oppose the opin ions coined i n  
less pol itical ly i ndependent bodies, such 
as  the  se l f-perpetuat i  ng I nternat iona l  
Commiss ion  o n  Rad i at ion  Protectio n  
( lCRP) ,  or the U . S .  N ational Committee 
on Rad i at ion  Protect ion  ( NCRP) ?  I n  a 
world sti l l  fu l l  of nuclear weapons, and 
sti l l  u ndecided what to do with n uc lear 
energy-a cheap and safe source of heat 
and e lectr ic i ty for m i l lenn ia  to come­
radiation and radioactivity are obviously 
a hot polit ical issue. 

Fortu nately, it seems that at least for 
the t ime bei ng, the General  Assem bly  
d i spe l led th i s  menac i ng c l o u d .  By its 
resolution of Dec. 3 ,  1 998,  the Assem­
b l y  dec ided to m a i nt a i n  the present  
funct ions  a n d  i ndependent  status of 
U N SCEAR, and endorsed the plans for 
its future activities. 

Did you miss these 
21st CENTURY 
SCIENCE & TECHNOLOGY 

articles on radiation? 
+ Z, Jaworowski, "A Realistic 

Assessment of Chernobyl's Health 
Effects," Spring 1 998. 

+ Jim Muckerheide and Ted 
Rockwell ,  'The Hazards of U.S. Policy on 
Low-level Radiation," Fall 1 997. 

+ "Using Low-dose Radiation for Cancer 
Suppression and Revitalization," An Inter­
view with Sadao Hattori, Summer 1 997. 

+ T.D. Luckey, "The Evidence for Radiation 
Hormesis" Fall 1 996, 

• Z. Jaworowski, "Hormesis: The Beneficial 
Effects of Radiation," Fall 1 994, 

Back issues are available at $5 each 
postpaid ($6 foreign). 

Order from 2 I 5t Century, 
PO. Box 1 6285, Washington, D,C,  2004 1 
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delay its i m p lementat ion  
for a l most 3 0  years. O n  
t h e  other hand ,  d u r i ng 
these years, the add i t ive 
designation has stimu lated 
those work ing i n  the f ield 
to perform at the h ighest 
level of good science, thus 
conv i n c i ng the sc ient if ic 
com m u n ity wor ldwide 
that  food i rrad i at ion  h as 
an i m portant ro le  to p lay 
to combat hunger and d is­
ease. 

15 DA YS STORAGE 38°F (4"e) 
IAEA 

Irradiation delays spoilage, without affecting taste or nutrition. Irradi­
ated strawberries show no evidence of mold after being stored for 75  
days, while the nonirradiated berries (left) are moldy. Wherever irra­
diated berries have gone on sale, consumers have preferred them, 
even if they cost a little more. 

I .• :1 ' 

l owed the  market i ng  of  
u n paste u r ized m i l k  i n  
w h i c h  Sa lmonella were 
fbLl nd,  o r  E. coli viru l ent 
stra i ns,  or  L isteria i n  soft 
cheese or Mex ican-sty le  
cheese. 

In 1 984, the Secretary 
of Hea l th ,  M a rgaret 
Heck le r, elJdorsed food 
i rrad iat ion,  after l engthy 
stud ies h ad proven its 
safety. If publ ic health of­
f icers had  spoken out  
then for the i rrad i at ion of 
foods that a re known to 
carry pathogen ic bacte­
r ia ,  events l i ke the  E. 
co1i 0 1 5 7 : H 7  outb rea ks 
from u ndercooked ham­
b u rger ( 3  deaths and  
more than  400 cases  of  
i l l ness) that  occu rred i n  
the northwest U n ited 
States i n  J a n ua ry 1 99 3 ,  
cou l d  h ave been pre­
'V�rited .  

When we look at  the big 
p icture, we f ind  that we 
have essenti a l l y  reached 
our  obj ective i n  docu­
menting that food i rrad ia­
t ion is a safe and benef i­
c i a l  process.  N ow we 
need to "ed u c ate" gov­
ernment offic i a ls ,  as we l l  
a s  hea l th  workers,  ' food 
processors, marketers, and 
the pub l ic ,  on  the safety 
and  advantages of food 
i rrad iation. 

The Pasteurization Example 
caused by E. coli 0 1 5 7 : H 7, which  are 
fou n d  i n  food-produc ing  a n i m a l s, 
wou l d  not have occu rred . I f  one  at­
tempts to tabu late tens of thousands of 
Salmonella, Campylobacter, Yersinia, 
Listeria, and Escherichia coli foodborne 
d isease outbreaks related to poultry and 
meat, the totals  exceed m i l l ions of hu­
man i l l nesses, over the cou rse of the 
more than 40 years s ince the Delaney 
C l ause estab l i shed the travesty that 
gamma rays are a food add itive. (Fortu­
nately, the Congress d i d  not redefi ne  
the ent i re e lectromagnetic spectrum,  
which encom passes a l l  k inds  of rays 
and waves. )  

Even today, no national or state local 
health authority is speaking out to requ i re 

With approximately 9,000 people dy­
ing  annua l ly  i n  the U n ited States from 
food poiso n i ng, a n d  an est i mated 
30,000,000 cases of food infection each 
year, the time has come to use food i rra­
d i at ion more wide ly  for the benefit of 
mankind.  

Today in the appl ication of ion iz ing  
rad iat ion to  protect the  p u b l i c  hea l th 
agai nst foodborne pathogen ic ba"cteria, 
publ ic  health officers face the same ar­
guments that were voiced against pas­
teurization at the beginn ing  of the cen­
tury, and later against canned and frozen 
foods. I n  the h istory of pasteu rization, 
many vo iced d isbe l i efs of pasteu riza­
tion's benefits for san itation, nutr it ion, 
phys ica l  and bacter io log ica l  q u a l ity, 
publ ic health and safety, and econom­
ics. Loss of ha i r, skin tone, and general 
we l l -be i ng, as  we l l  as potency, were 
a l so a l l uded to. A l l  of these m istaken 
bel iefs are c ited today against the

'
irrad i­

ation of food . 
Food i rradiation is now recognized as 

another method of preserving food and 
ensur ing its who lesomeness by ster i l i ­
zation or cold pasteu rization, and has 
wide appl icat ion worldwide .  If it had 
been i n  p lace i n  the U n ited States, re­
cent foodborne d i sease outbreaks 

The Death Toll 
How many thousands of deaths and 

i l l nesses cou Id have been prevented i f  
pub l ic hea l th author i t ies had i m p le­
mented food i rrad iat ion and educated 
the p u b l i c  as to its benefits, we w i l l  
never know. 

The morbid i ty and med ical  expense 
of meat- and poultry-borne diseases can 
be prevented, j ust as mi lk-borne d isease 
can be prevented by pasteurizat ion.  A l l  
of  the bacteria cited above can  be  pres­
ent in unpasteurized m i l k, even though 
the U .S .  Publ ic Health Service Grade A 
standards req u i re that m i l k  be free of 
d isease-causing organ isms. Imagine the 
p u b l i c  outcry i f  the govern ments a l -

2 6  Fal l  1 999 21 st CENTURY NUCLEAR REPORT 



-CONTAMI NAT I O  

UK Bacteria·Rtduttd Imdialed Chicken 

Nations Pride Distributors, Inc. 

Bacteria-reduced irradiated chicken is 
available now from Nations Pride, at the 
Food Technology plant  in M ulberry, 
Florida. Formerly called Vindicator, Inc., 
the irradiation plant was organized and 
directed throughout the 7 990s by Sam 
Whitney, whose dream was to use food 
irradiation as a means of eliminating 
foodborne illnesses. Whitney died of 
lung cancer in Sept. 7 998. 

pasteur izat ion by i rrad iat ion of ham­
burger meat patties, of  which some tens 
of mi l l ions are consumed dai ly. The same 
attitude and  apathy exi sts i n  E u rope, 
where Listeria-contami nated pork meat 
and other food caused �he death of 63 
persons i n  F rance, as reported i n  1 99 3 .  
Since then, Listeria has become a serious 
publ ic health problem in America. 

One hesitates to ask who is in charge 
of the. protection of the publ ic health i n  
these U n ited States, or our  neighbors in  
the Americas or Europe. The "ant i"  ac­
tivist can a lways be rel ied on to oppose 
new technologies, and among them are 
powerfu l  i n terests . Env i ro nmenta l i sts, 
health food advocates, food processors, 
wholesalers, retai lers, and producers­
al l  for thei r own reasons are saying that 
the consumer is not ready, or  does not 
want it, or is against it. 

Consumers Want I rradiation! 
But th is  is  not true:  The U .5 .  Depart­

ment of Agriculture survey of consumer 
attitudes, and .actual market tests by Su­
san Conley, say that 70 percent of the 
American p u b l i c  wants safe food and  
wi l l  accept food i rrad iat ion to ensu re 
that this is so. The U n iversity of Cal ifor-
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n ia  su rvey by Dr. Christine Bruhn found 
Cal iforn ians of the same m i n d .  A U ni ­
versity o f  Georg ia  survey went fu rther, 
and found the consumer w i l l i ng to pay 
more for i rrad iated food that wou ld offer 
the same protection as pasteurized food . 
The consumer said the same i n  su rveys 
by the Food Science departments at Pur­
due, Iowa State, and Kansas State u n i­
versities. More recently, several national 
consumer surveys find the pub l ic  seek­
i ng an opport u n i ty to test i rrad i ated 
foods. 

Why have publ ic health scientists not 
given the consumer the benefits of food 
i rrad iation? 

Where were the nati ona l  p u b l i c  
hea l th leaders w h o  spoke for i rrad ia­
tion? The American Medical Association 
was among the few early supporters, as 
was the American Veter inary Med ica l  
Assoc iat io n .  But  the Amer ican P u b l i c  
H ea l th Assoc iat ion was outspoken 
against food i rrad iation, and it opposed 
any discussion of resol utions supporting 
rad iation. 

The  o n l y  academic  su pport came 
from un iversities and col leges with food 
sc ience and home economics depart­
ments.  Strangely, some p u b l i c  hea l th  
schoo l s  and  med ica l  c o l l eges were 
afra i d  to su pport food i rrad iat ion ,  or  
spoke aga inst it, cal l i ng it "dangerous" 
and "destructive." So-cal l ed health let­
ters warned thei r readers aga i nst food 
processors, who wou ld supposed ly use 
i rradiation to cover up failed hygiene. 

The first top publ ic health offic ia ls  to 
speak out on the importance and val ue 
of food i rrad iat ion was James Mason, 
M.D.,  the Assistant Secretary of Health, 
H HS,  in an ed i tor i a l  in Public Health 
Reports, Sept./Oct. 1 99 9 . 6 He con­
c luded : "The bottom l ine on food i rrad i­
at io n  i s  that the n at ion  d eserves to 
have-and shou ld  c l a i m-the hea l th  
benefit th is  technology wi l l  surely pro­
v ide .  We don't  know how great that 
benefit w i l l  be-but we do know it w i l l  
b e  sign ificant." 

Two years l ater, P h i l i p  R.  Lee, M.D . ,  
the  Assistant Secretary of  Health, D i rec­
tor of the U .S .  P u b l i c  H ea l th  Serv ice  
stated ? 

"It  is the U .S.  Publ ic Health Service's 
respons ib i l i ty to use what we know to 
protect and  i mprove the health of the 
pub l ic .  Each modern food-process ing  
advance-pasteur izat ion ,  cann  i ng ,  
freezing-produced criticism. Food i rra-

d iation is not d ifferent. It is up to leaders 
i n  the hea lth profess ions  to d i spel the 
myths. 

"The tech no logy of food i rrad iat ion 
h as l angu i shed too long a l ready. Per­
h aps o u r  n at i o n  has become d a n ger­
ously complacent about the importance 
of pub l ic  health measures. The current 
health care debate offers us both a man­
date and an opportun ity to increase the 
understanding of the importance of pub­
l ic  health for ensuring personal  health . If 
t h i s  message i s  l ost, o u r  efforts to ad­
vance and protect the nat ion 's hea lth 
w i l l  not succeed ." 

James H. Steele, a pioneer in food ir­
radiation, is a former public health vet­
erinarian with the U.S. Public Health 
Service, and has more than 45 years of 
global public health experience. Steele 
has held the position of Assistant  Sur­
geon General of the USPHS, and is cur­
rently Professor Emeritus of the School 
of Public Health, University of Texas at 
Houston. This article was adapted from 
a paper Steele presented at a June 7 999 
conference on irradiated foods, spon­
sored by the Minnesota Health Oepart­
ment. 
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Scientifi c  Answers to I rradiation Bugaboos 
by Marjorie Mazel Hecht 

The a nt i -food i rrad iat ion  l i tany re­
peats the same obj ect ions to food 

i rrad iation, no matter how many times 
each of the points has been answered 
in fu l l  by scientif ic researchers. Here, 
we summarize for readers the objec­
t ions and the answers, g iv ing  sou rces 
for further documentation. 

Objection: Food i rrad iat ion c reates 
un ique radiolytic products. 

Response:  The J u l y  1 9 86 report of 
the Cou n c i l  for Agr i cu l tu ra l  Sc ience  
and Tec h n o l ogy (CAST),  wh ich  re­
viewed a l l  the research work on food 
i rrad iat ion, defi ned u n ique  rad io lyt ic 
prod u cts "as  com p o u n d s  that  are 
formed by treat ing foods with ion iz ing 
energy, but are not found norma l l y  i n  
any untreated foods and are not formed 
by other accepted methods of food pro­
cessing." 

The report states that "on the basis of 
t h i s  defi n it ion  no u n iq u e  rad i o l yt i c  
compo u n d s  have been  fou n d  i n  30  
years of resea rch .  Compounds  pro­
duced in  specific foods by ion iz ing en­
ergy h ave a lways been fou n d  in the 
same foods when processed by other 
accepted methods or  in other foods" 
(Vo l .  1 ,  p .  1 5) .  

Objection:  Food i rrad iat ion causes 
vitam in loss. 

Response. There is an extens ive sc i ­
entific l i terature dea l i ng with food i rra­
d iat ion and vitam i ns over the past 45 
years. I n  genera l ,  v i tamins sens it ive to 
heat are a lso sensitive to irrad iat ion.  It 
was found that vitamin retention is best 
when i rrad iat ion is carr ied out  at low 
tem peratu res a n d  i n  a vac u u m  (with 
the absence of oxygen) or when foods 
are dry. In general ,  scientists have con­
c luded that fIno s ign ificant adverse ef­
fects on the n ut r i t iona l  q u a l ity h ave 
been fou nd in foods  processed w i th  
i o n i z i n g  energy rel at ive to  food s  
processed b y  convent i o n a l  means"  
(CAST report, Vol .  1 ,  p. 5 ) .  

One freq uent ly  c i ted comment  by  
the  opponents of food i rrad iation con­
cerns the loss of vitamin C in i rradiated 
potatoes. However, the specific fi nd ing 

is that the ascorb ic  acid i n  the potato 
s h i fts to dehyd roascorb i c  a c i d .  T h i s  
change is " i rrelevant from a nutrit ional 
poi nt of view because dehydroascorbic 
acid has practica l ly the same vitamin  C 
activ ity as ascorbic ac id ,"  as reported 
in the CAST report (Vo l .  1 ,  p. 29) .  

Objection: The Food and Drug Ad­
m i n i stration ignored any adverse stud­
ies i n  thei r 1 988 ru l i ng on food i rrad ia­
tion . 

Response: The F DA has stated that 
there was no substance to a l l egat ions  
that  i t  d i d  not  i nc lude adverse stud ies 
in mak ing  its r u l i ngs on food i rrad ia­
t ion.  The FDA answered each spec if ic 
poi nt of cr i t ic i sm in a 3 3-page docu­
ment publ ished in  the Federal Register, 
Vol .  53,  No. 25 1 ,  Dec. 30, 1 988. I n  this 
document,  the F DA den ies  a req uest 
for a hearing on objections to i ts  1 988 
ru le  authorizing the use of food i rrad ia­
t ion  for pork and other foods,  stat i n g  
that " n o n e  o f  t h e  object ions  has pro­
vided the i nformation necessary to jus­
tify a hearing."  

Tak ing  up  the objections from food 
i rrad i ation critics one by one, the FDA 
notes i n  each case that "a hearing w i l l  
not b e  granted o n  the basis o f  mere a l ­
legations or general descriptions of  po­
sitions and contentions." 

The FDA states that its Task G roup  
d id  exa m i n e  " i n  deta i l  those stud ies 
[noted by the crit ics] that appeared on 
the i r  face to show adverse effects. The 
Task Group found that because of prob­
lems associated with d iet or inadequate 
experimental design, any adverse tox i­
cological effects reported i n  these stud­
ies cou l d  not be attr ibuted to i rrad i a­
tion of the food . "  

Objection : Food i rrad iat ion caused 
polyploidy in  Ind ia .  

Response: Perhaps the most fre­
quently cited objection to food i rrad ia­
t ion by its opponents is based on a study 
by the National Institute of Nutri t ion i n  
Hyderabad, Ind ia, in  the mid-1 970s that 
fou nd po lyp lo idy (chromosom a l  
changes) in  a sma l l  sample of mal nou r­
ished chi ldren fed i rrad iated wheat. 
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Both an I nd ian government commit­
tee and an i nternational  commi ttee de­
term i ned that the con c l u s i on s  of t h i s  
study  cou l d  not b e  su pported by t h e  
data, that the study was fau lty, a n d  that 
the resu l ts were not reproduc ib le .  The 
Indian government committee found that 
"the freq uency of 1 .8 po lyp lo id  ce l l s  
found i n  c h i ld ren  eati ng  fresh ly i r rad i ­
ated wheat was wel l with i n  the  norma l  
range of  healthy human bei ngs" (as re­
ported in the FDA statement in  the Fed­
eral Record, Dec. 30, 1 988, p. 531 83). 

Objection : A n i m a l s  fed i rrad i ated 
food developed abnormal ities. 

Response: In the Dec. 30, 1 988 Fed­
eral Record, the FDA d i scusses the so­
cal led adverse stud ies one by one, con­
c l u d i ng that " stud ies with i rrad i ated 
foods do not show adverse toxicological 
effects . "  Specifical ly, the FDA eva luated 
1 9 84 stud ies conducted w ith m ice to 
test the safety of rad i at ion-ste r i l ized 
ch icken, noting that the s igns of  kidney 
damage "were the result of the high pro­
tei n  content of the ch icken d iets rather 
than of the i rrad i at ion  of some d i ets" 
(p. 531 86). 

As for studies with fru it fl ies fed radia­
t ion-ster i l ized c h i cken that had  fewer 
progeny than a control group, the FDA 
noted that fruit flies are an "unrel iable in­
d icator of  adverse reproductive effects" 
in human beings and that "mammal ian  
d ata, wh ich  a re more re levant to  h u ­
mans" d o  not show a pattern o r  trend in­
dicative of adverse reproductive effects." 

In a study of hamsters fed i rrad i ated 
fish, which critics said showed chromo­
some damage, the FDA noted that "the 
proport ion  of cel l s  with the normal  
number of  chromosomes was greater i n  
the  hamsters fed i rrad i ated f i sh  than  in  
those fed the control d iet" (p .  5 3 1 90). 

Objection: I rrad i ation wi l l  a l low an 
increase i n  aflatox in  production. 

Response:  The stud ies c i ted about 
aflatox i n  production i nvolve the add i­
t ion of aflatoxin-producing organ isms to 
wheat after i rrad iation . The F DA stated 
that flit had no evidence that wou ld lead 
i t  to conclude that food i rrad iated and 
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Equipment 
(filters, deionizer, 
compressor, chiller) 

stored under normal -hand l i ng practices 
wou ld  show i ncreased aflatoxi n  produc­
tion" and that '! i n fection with aflatoxi n  
produc ing  organ isms wou l d  ord i nar i ly  
occur before harvest" (as reported i n  the 
FDA statement i n  the Federal Record, 
Dec. 30, 1 988, p. 53 1 94). 

As for concerns that m a l p ractice i n  
the storage o f  dry gra i ns cou ld  l ead to 
the growth of afl atox i n ,  the CAST re­
port notes from the rev i ew of the  re­
search that "the ava i l ab le evidence [on 
the subject] i nd icates that treating grain 
with ionizing energy to control i n sects 
does not add to that hazard . "  

Objection: Botu l ism cou ld grow u n­
detected after i rrad iation.  

Response: The research on this topic 
ind icates that with med ium doses of i r­
rad iation "there are no m icrobiological 
safety problems with moist foods, such 
as fresh meats, pou ltry, and f ish . . .  as 
long as these foods are stored and d is-
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tr ibuted near  the temperatu res of i«:e. 
(36 to 4 1  degrees F) (2 to 5 degrees C) 
accord ing to good manufacturing prac­
t i c e . "  The  CAST report notes fu rther  
that " As long as foods are refrigerated 
be low 50 degrees F ( 1 0 d egrees C) ,  
there is no m icrobiological safety prob­
l em for Clostridium botulinum types A 
and B" (Vo l .  1 ,  p. 32 ) .  

For Clostridium botulinum type E ,  
however, which may be a concern with 
fresh fish, the CAST report notes that at 
doses of less than 2.2 ki lograys, and par­
ticu larly below 1 .5 k i lograys, "a d iverse 
and active spo i lage population remai ns 
to avoid  tox i n  production by Clostrid­
ium botulinum type E" (CAST report, 
Vol .  1 ,  p. 32) .  In other words, irradiation 
at l ower doses red uces the m icrob i a l  
popu lation but does not e l im inate it, so 
that if i rradiated fish is improperly refrig­
erated, it wi l l  beg i n  to spo i l  and smel l 
before the Clostridium botulinum type E 
cou ld produce toxin.  

SCHEMATIC OF A 
FOOD I RRADIATION PLANT 
This pallet irradiator design 
uses cobalt-60 as a radiation 
source. The boxed product 
(chicken, fruit, meat, and so 
on) remains on the same pallet 
from the completion of pack­
aging to delivery to the cus­
tomer. 

Food irradiation uses the 
ionizing radiation (or ionizing 
energy) from a decaying ra­
dioactive isotope, like cobalt-
60, as its radiation source. The 
very short wavelength gamma 
rays penetrate inside solid par­
ticles and kill microorganisms 
by breaking down the cell 
walls or destroying the meta­
bolic pathways of the organ­
ism, so that the cell dies. At  
higher doses, a ll microorgan­
isms are killed, sterilizing the 
processed food. 

Source: Nordion 

Objection: I rrad iation  fac i l it i es w i l l  
b e  a safety problem. 

Response : N uc l ea r  safety i s  one of 
the c h  ief  concerns mentioned by the 
groups oppos i n g  food i rrad ia t i o n .  I n  
partic u l a r, cr i t ics  a re concerned wi th 
nuc lear  waste d isposa l .  Th is  is a pol it i­
cal  problem,  not a tec h n ica l  one.  The 
tec h n o l ogy of reprocess i n g  n u c l ea r  
waste, wh ich  e l i m i nates 99 percent of 
it, is wel l  known and used by other nu­
c l ea r  n at ions-but n ot by the U n i ted 
States .  The tech no logy a lso ex i sts for 
l ong-term bur ia l  of waste i n  a v itrif ied 
form. 

H owever, i t  seems certa i n  that the 
food i rrad iation p lants of the future wi l l  
not u s e  rad i o n u c l ides  for i rrad i at ion .  
They w i l l  u se  e lectron beam accelera­
tors or X-ray sou rces to provide i rrad ia­
t ion .  Th i s  shou ld  e l i m i nate opposit ion 
to food i rrad iat ion based on  concerns 
with nuc lear safety because no radioac­
tive mater ia ls  w i l l  be used . 
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The Real Calculus vs . 
What You Learned 

HOW 
LEIBNIZ'S 

ORIGINAL 
CALCULUS 

HAS BEEN 
SUBVERTED 

by Ernest Schapi  ro 

A false version of the calculus, 
based on the Cauchy limit 
theorem, is now taught in 

the schools. To revive 
inventiveness in the physical 
sciences, students must learn 

the real creative breakthrough 
embodied in Leibniz's 

discovery of the calculus. 
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©Will Mcintyre/Photo Researchers, Inc. 

A student in calculus class. But what is she learning?-a set of rules whose 
discovery has been mystified by the Limit Theorem of Cauchy, or the actual 
method of invention utilized by Leibniz in discovering the calculus? 
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I
nvention of the calcu l us is one of the greatest d iscoveries. 
It permitted the solution to a wide range of mathematical 
p ro b l ems by means  of a new l y  i nvented l anguage or  

metaphor. It was therefore a great creative breakthrough, and 
it is  therefore entirely predictable that the process by which it 
was invented has never been properly taught to the m i l l ions 
of people who study the calculus. The basic concept of conti­
nu ity, which for Gottfried Wi l he lm Leibn iz  ( 1 646-1 7 1 6) was 
consistent with the notion of causa l ity, is taught, but in such a 
way as to stand it on its head . Conti nu i ty, rather than being  
something fundamental ,  gets defined nowadays as  someth ing 
secondary to "sets of points ."  

I became i nterested i n  the orig in  of  the calcu lus  after hear­
ing a lectu re on the subj ect i n  Buffa lo  i n  1 978 .  I ordered a 
book mentioned by the speaker, Carol Wh ite, entit led The 
History of the Calculus and Its Conceptual Development, by 
Carl Boyer.1 This  book, in turn, cited The Early Mathematical 
Manuscripts of Leibniz.2 When I came to New York City i n  
1 980, I was able to get a copy o f  the Leibniz work through a 
company that searches for out-of-print books. After grappl ing 
with the book for a few weeks, I cou l d  get the main  idea of 
what Leibniz was doing with series. I have been' trying s ince 
then to figure out why Leibniz, and not other great mathemati­
cians, such as Pascal, Fermat, and Huygens, made the break­
through.  I th i n k  the answer to the question req u i res under­
standing h is  ph i losophical method. 

Leibniz, from h is  teens, was interested in metaphysics and 
scientific method. H is  d issertation at age 20, entitled "Disser­
tation on the Art of Comb inations, ,,3 concerned the mathe­
matical analysis of complex statements into s impler ones. I n  
the course o f  h i s  work, h e  was forced to present h i s  own defi­
n itions of common ly used words. In fact, the i nvention of the 
calculus was part of a program to enrich the language of Ger­
many. H i s  ca lcu l u s  i tse lf  was based u pon new poetic 
metaphors, appl ied to prev ious ly  u nsolvable problems. He 
thus enabled everyone to conceptua l ize someth ing  wh ich  
previously had been extremely d ifficu lt. 

The Principle of Discovery 
Leibn iz  proposed a project to represent a l l  conceptions of 

mathematics, law, physical science, and morals by a sort of 
universal language, which wou ld conta in  with in  itself the very 
princip le of d i scovery. He described th is as prov id ing an in­
crease i n  the powers of  reason, comparable to the improve­
ment of v is ion by the i nvention of the tel escope. He cal led 
th is the un iversal characteristic.  U nfortunately, he cou ld not 
enl ist the col laboration of any scientists of h is  time. 

However, to break the ground for this project, he developed 
rigorous defin itions, defin itions which contai ned with in  them­
selves, wherever poss i ble,  the e lement of causal ity. He i n ­
sisted on the principle that the predicate i s  necessari ly impl ied 
i n  the subject. Th is  were true, whether  the truths i nvo lved 
were contingent truths, or  necessary, a priori truths .  A first 
truth is one which predicates someth ing of itself, or den ies the 
opposite of its opposite. For example, A is A, or A is not non­
A. These truths are ca l l ed identities. A l l  other truths are re­
ducible to fi rst truths by the aid of defin itions or of concepts. 

Leibn iz gave as an example the, unti l then, axiomatic state­
ment: "The whole is greater than the part . "  H ere is how he 
proceeded: 

"The whole is greater than its part," cou ld be proved by 
a syllogism, of which the major term was a defi n ition, and 
the minor term an identity. For, if one of two things is 
equal to a part of another, the former is cal led the less, 
and the latter the greater; and this is to be taken as the 
definition. Now, if to th is defin ition there be added the 
fol lowing identical and u ndemonstrable axiom, 
"Everyth ing possessed of magnitude is equal to itself," i .e. 
A = A, then we have the syl logism: 

Whatever is equal to a part of another, is less than that 
other: (by the defin ition) 

but the part is  equal to a part of the whole: 
( i .e. to itself by identity). 

Hence the part is  less than the whole. 

As Le ibn iz  remarked later, th i s  proof was i m portant, be­
cause without it, someone wou ld be able to assert an excep­
tion to the axiomatic statement. Furthermore, from these con­
s iderat

'
ions  came the pr i n c i p l e  th at the predicate or  

consequent i nheres i n  the antecedent. He restated it as  a prin­
ciple of causality: Noth ing happens without a reason. Leibniz 
wrote: 

In contingent truths however, though the predicate 
inheres in the subject, we can never demonstrate this, nor 
can the proposition ever be reduced to an equation or an 
identity, but the analysis proceeds to infin ity, only God 
being able to see, not the end of the analysis i ndeed, 
s ince there is no end, but the nexus of terms or the 
inc lusion of the pred icate in  the subject, s ince He sees 
everyth ing which is in the series. Indeed this truth arises 
in part from H is intel lect and in part from H is wi l l ,  and so 
expresses H is i nfin ite perfection, and the harmony of the 
enti re series of th ings, each in its own particu lar way.s 

As an example of such an i nfi n ite series he gave the ratio of 
the side of the square to the d i agonal .  

Thus Leibn iz's work i n  mathematics was one aspect of  h i s  
phi losophical program and grand design. He  hoped that theo­
logical questions cou ld be approached as rigorously as math­
ematics .  I n  1 6 79,  wr i t i ng  to J o h n  Freder i ck, D u ke of 
Brunswick-Hanover, he said :  

But  disputes are more customary than demonstrations 
in  phi losophy, morals, and theology, and most readers 
wi l l  have the prejudices about such a project that are 
usual about works deal ing with these matters; for it wi l l  
be thought that the author has  merely transcribed and 
problematized, and is probably a superficial m ind l ittle 
versed in the mathematical sciences and, consequently, 
hardly capable of true demonstration . I n  view of these 
considerations, I have tried to d isabuse everyone by push­
ing myself ahead a l ittle further than is common in 
mathematics, where I bel ieve I have made d iscoveries 
which have already received the general approval of the 
greatest men of the day, and which wi l l  appear with 
bri l l iance whenever I choose. This was the true reason for 
my long stay i n  France-to perfect myself i n  this field, and 
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The young Gottfried Wilhelm Leibniz (right), and Christiaan Huygens (7 629- 1 695). Leibniz's 
association with the Dutch-born mathematical-physicist in Paris in 1 672, set him on the path of 
discovery of the calculus. 

to establish my reputation, for when I went there I was not 
much of a geometrician, which I needed to be in order to 
set up my demonstrations in a rigorous way. So I want fi rst 
to publish my discoveries in  analysis, geometry, and 
mechanics, and I venture to say that these wi l l  not be 
inferior to those which Ga l i leo and Descartes have given 
us. Men wi l l  be able to judge from them whether I know 
how to d iscover and to demonstrate. I d id  not study math­
ematical sciences for themselves, therefore, but in order 
some day to use them in establ ishing my credit and 
furthering piety.6 

Series and Differences 
In the course of h i s  work with identities, he noted the fol­

lowing case, whose impl ications had gone unrecogn ized. 
Consider the series of increasing numbers 

A, B, C, 0, £, and examine the differences 

A + (B-A) + (C- B) + (o-C) + (£- 0) = £ 
L M N 0 

£-A = L + M + N + 0 

This was identica l ly  true of any series of stead i ly increasing 
or decreasing numbers. He began to look at some simple se­
ries of numbers such as the series of the squares. 

o 1 4 9 1 6  25 
1 3 5 7 9 

where the second row represents the differences between suc­
cessive squares. He noticed that the differences of these differ­
ences were a l l  2 .  
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He devised a tab le of n umbers to represent the formations 
of sums and differences by a kind of shorthand. 

1 1 1 1 1 1 1 
2 3 4 5 6 7 
3 6 1 0  1 5  2 1  28 
4 10 20 35 56 84 
5 1 5  35 . 70 1 26 2 1 0  
6 2 1  5 6  1 26 252 462 
7 28 84 2 1 0  462 924 

Looking at this horizonta l ly, any term is the sum of the se­
ries to the left just above it. That i s, 1 0  = 1 + 2 + 3 + 4. Any 
term is the d ifference of two just below it and to the left. Fur­
thermore, looking at the d iagonals ,?  the terms prov ide the 
coefficients for the elevation for x + 1 to  any power. 

For example: (x+ 1 )2 = x2 + 2x + 1 
(x+ 1 )3 = x3+ 3x2 + 3x + 1 

This has a geometrical interpretation. Thus, to take a square 
two un its on a side and convert it into one with three units on 
a s ide, we add on  a 1 x 1 square and two 2 x 1 rectangles to 
the original square (Figure 1 ) . 

The expression for (x + 1 )3 has a geometrical interpretation 
for cubes.8 Leibn iz's table was a way of representing series of 
numbers, because each row was constructed by taking the sum 
of the numbers in the row above, and this principle cou ld be 
extended as far as one wished. Sums of sums were second sums 
and differences of d ifferences were second differences. We wi l l  
see that the notion of  a derivative and a second derivative go 
back to the simple ideas of d ifferences and second differences. 

Le ibn iz  looked u po n  series of n u m bers as ana logous to 
conti ngent causal sequences, traceable to an origi nal  cause. 
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For example, he begins h is  essay -"Art of Combinations," with 
a proof for the existence of God, based upon a l l  motion in the 
universe, of necessity, hav ing a first cause. The cause of the 
sequence may not be apparent on fi rst inspection. However, 
the generative principle must exist, for noth ing happens with­
out a cause.  A series of n u m bers represents a pr i nc ip le  of 
causal ity. We have a l ready seen how some series have a sim­
ple geometric interpretation, such as the series of squares or of 
cubes. 

The series cal led the geometric series can be considered to 
represent sel f-s im i lar growth, as i n  the formation of a self-sim­
i lar spira l  traversing the su rface of a cone from the base to the 
apex, and a lways mainta in ing the same angle to the horizon­
tal (F igure 2). Consider the series 

1 ,  1 /3, 1 /9, 1 /27, 1 /8 1 , . . .  

Thus, at the start, the entire height of the cone is yet to be 
traversed; hence we have 1 .  After the fi rst turn of a spiral, one­
th i rd of the d istance rema i ns.  After the second turn is com­
pleted, only one-n inth remains.  Leibniz noticed something in­
terest ing about t h i s  ser ies,  u s i n g  h i s  n ew approac h .  The 
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difference series of a geometric series is, itself, a geometric se­
ries. Th is fol lows from the self-s im i lar geometry. Leibniz d ia­
grammed the calcu lation by representing each of the terms as 
a length; a l l  of these lengths took the same start ing point (F ig­
ure 3) .  

Because the fi rst term of the series is 1 ,  and the last term is  
0, the sum of a l l  the successive d ifferences between the terms 
of the series must a l so equal  1 .  The success ive d i fferences, 
however, also are a geometric series with the same ratio as the 
original series! 

Leibn iz  told  h i s  col league Chri st iaan Huygens, in Paris i n  
1 672, that he had ach ieved these i nteresting resu l ts with this 
new princip le .  H uygens put his young friend to the test, ask­
ing h im to find the sum of the fol lowing cont inu ing series: 

1 + 1 /2 + 1 /6 + 1 /1 2  + 1 /20 + 1/30 . . . .  

Leibniz recogn ized this series as being the d ifference series 
of another series (series A, below);  and,  th i s  a l lowed for its 
sum to be read i ly  determi ned. Here is how he worked it: 

. 1 1 1 1 1 1 series A = 1 ,  -
2 

-
3 -4 -5 -

6 
-
7 I I I I I • • •  

series B = l ..l ..l ..l ..l ..l 2 ,  6, 1 2, 20, 3 0 ,  4 2 ,  . . . 

Leibniz was aware that series A was not convergent, that is, 
its sum was i nfin ity, not a particular number. Therefore, he cut 
series A off after n terms .  Th is means that there are n - 1 
terms i n  the B series of d ifferences. Leibniz d iscovered that the 
sum of these n - 1 differences is equal to 1 - ( l /n) . (The rea­
son for this is found i n  the rule Leibniz d iscovered i n  h i s  study 
of identities, mentioned earl ier, that the sum of the differences 

21 st CENTURY Fa l l  1 999 33 



is equal to the difference between the first and l ast terms of 
the original series.) So, for example, consider the sum of series 
B, up through the third term, 1/1 2 .  This is  the n - 1 term, so n 
wou ld equal 4. Then the sum of series B up through th is term 
shou l d  be 1 - 1 /4 = 3/4. Adding the three terms shows that it 
is, and the same holds for any term. Now, if we take the ex­
pression 1 - ( l /n), descr ib ing the sum of series B, and con­
s ider it as n gets la rger and la rger, we see that l /n gets very 
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sma l l .  Thus the expression for the sum of series B approaches 
1 .  This was the answer to Huygens's test. 

Leibniz saw that series of fractions, just l i ke the series of in­
tegers, cou ld a lso be derived, ad infinitum, from one another. 
He constructed another table, wh ich he cal led the harmonic 
t r iang le  ( F i g u re 4). T h i s  was based upon  the same ru l e, 
namely, that successive rows were composed of the difference 
terms of the previous row. (Thus, 1/2 is the difference between 
1 and 1 /2 ;  1 /6 is the d ifference between 1 /2 and 1/3 ;  1 /1 2  is 
the difference between 1/3 and 1/4, and so forth.) 

Leibniz began to th ink  about how this approach, which was 
val i d  for i ntegers and fractions, m ight also be val id  for series 
of i nfin ites ima l ly  smal l numbers. We w i l l  soon see how that 
was appl ied. 

Huygens was del ighted by Leibn iz's d iscovery. The partic­
u lar series he had asked Leibn iz  to so lve had a l ready been 
worked out by H udde. But the approach Leibn iz  took was 
or ig i n a l .  H u ygens asked Le i b n iz to study geometry, espe­
c i a l ly the determi nation of the areas of su rfaces of revo l u ­
tion . Leibniz read the writ ings o f  B la ise Pasca l .  I n  particu lar  
he was  fasc i n ated by Pasca l 's sol ut ion to  the  su rface of a 
sphere, conceiving of the sphere as produced by the rotation 
of a circle about an  axis. F igure 5 i s  the d iagram which Pas­
cal constructed to represent the sol ution to the surface gen­
erated by rotating a quad rant of a c i rc le  about an axis .  Pas­
ca l  was a b l e  to transform the s u rface of the h e m i sphere 
generated by th is  rotation into a rectangle.  Th is section rep­
resents a stage in Leibn iz's efforts to develop the calcu lus ;  it 
does not embody the  bas ic  concept ion w h i c h  he l ater  
ach ieved. If it is  too d ifficu lt for the reader, don't worry too 
much, just go on to the next section .  

In  th is figure, 01 is a radius. The vertical strip with base RR' 
is actual ly of infinitesimal width. I is some point located verti­
cal ly above the width RR'. EB is equal to RR'. EE' i s  the tan­
gent to the c i rc le at the point I. By the tangent, we mean a l i ne 
touch ing the c i rc le  at one and on ly  one point. Then we can 
show that the l ittle i nfin ites imal  triangle, EE' B, and the triangle 
010 are s imi lar. (The l i ne 10 divides right triangle Ala into tri­
angles lAD and OlD, which are s imi lar to each other, as wel l  
a s  to triangle Ala. That is, they have the same three angles, 
and therefore thei r  sides are proportional ,  or, .in Leibn iz's de­
scription, they are i nd istingu ishable apart from the i r  size. EE' B 
and lAD are s imi lar  because their  s ides are para l le l .  Because 
lAD and 010 are s imi lar, so are EE'B and 010.) 

Based on th is s imi larity of EE 'B and 100, Pascal concluded 
that EE' x 01 = RR' x 01 (the rad i us), and that this rel ation­
ship must hold for each vertical i nfin itesimal  strip! To find the 
su rface for the entire hemisphere, we need the surface gener­
ated by rotating the quadrant about the OR'R axis. Each verti­
cal strip or sinus, such as RR'FF', when rotated about the base, 
w i l l  generate a c i rc u l a r  band u po n  the hemisphere of a rc 
length FF', that is, an arc length very close to the length of the 
tangent EE'. Pascal then said, that if we were to take the entire 
quadrant as divided up i nto these i nfin itesima l ly th i n  vertical 
strips, then 

L. EE' x 01 = OP, 

where L. denotes a process of summation . We get 0/2 on the 
right s ide, because 01 i s  being m u lt ip l ied in success ion by 



each of the l i nes RR', from 0 out to T, and their  sum is also 
01. 

But what is the product EE' x Ol? It is the area of a cyl inder 
of approxi mate rad ius  01 and height EE', p rovided we also 
multiply by 2n. We say approximate radius, because 01 l ies 
between the two d iameters of the l ittle cyl i nder, RE' and R'E'. 
The total su rface of the hemisphere is obtai ned by summing 
up a l l  of these l i tt le cyl i nders. S ince the two rad i i  are not ex­
actly equal ,  that is, RE and R'E', these a re not perfect cyl in­
ders. This was j ustified, because as  the vertical strip gets thin­
ner and thinner, the tangent l i ne  EE' comes closer and closer 
to being equal to the arc of the c i rc le  FF'. Therefore, the area 
of the infin itesimal  cyl i nder becomes equal to the area of the 
i nfin itesimal circular band on the surface of the sphere gener­
ated by rotating the quadrant around the axis AD. It gives the 
result: 2n times the rad ius squared. Notice that what we were 
also doing was to construct a rectangle of base equal to the 
sum of a l l  the RR's and of constant he ight 01. Because we 
were summing the RR's all the way out to the end, the rectan­
gle i s ,  i n  th is  case, a square.  Th is  is  i l l u strated by the stri ps 
placed vertica l l y  below the l i ne OA. Thus, we have, i n  fact, 
been convert ing the surface of the sphere i nto a p lane area, in  
th is case a square. 

Now Leibn iz  was suddenly struck by the observation that 
this method, which Pascal had l i m ited to the sphere, cou l d  
actual ly be used for any surface o f  revolution. I n  this case, the 
plane area wou ld  be constructed as before by taking the nor­
mal (perpendicular) to the curve at a given point on the curve. 
Whereas, in the case of the sphere, the normal was always the 
radius of the c i rcle, in the case of some other su rface of revo­
l ut ion,  say a parabo lo id ,  the norma l  wou l d  be of vary i ng  
length. However, one  cou l d  sti l l  derive the  characteristic tri­
angle for the curve at each point and erect below that point, 
as before, a perpendicular, not to the curve but to the axis of 
rotation below the curve, and of length equa l  to the original  
normal to the curve. One then had the d ifficu lt task of sum­
ming al l  the rectangu lar strips. 

Generating a Curve 
Leibniz spent some time working out solutions based upon 

this new approach, which, it turns out, was a lso being uti l ized 
by Barrow, Newton's teacher. Although th is method used the 
tangent to the curve, it was not u nt i l  1 676 that Leibniz began 
to use the method of d i fferences to derive tangents. In that 
year he made a cruc ia l  breakthrough, when he rea l ized that 
the determi n at ion of the tangent to the curve cou ld  be ob­
tained very easi ly by use of the principles he had a l ready been 
applying with series of integers and series of fractions. He also 
real ized that, because determin ing the tangent to a curve was 
equ ivalent, as we sha l l  see, to fi nd i ng the successive d iffer­
ences of the curve, then, because find ing a reas of surfaces in­
volved a process of summation of a series, it amounted to an 
inverse tangent problem.  That i s  to say: G iven a function or 
curve, determine that second function for which the first func­
tion or curve was the tangent. If this sounds very compl icated, 
just take another look at the arithmetic and harmonic tr ian­
gles. Recogn ize again, that summation, and the taking of suc­
cessive differences, are the inverse of one another. The princi­
ple is, in fact, ch i l d ish l y  s i m p l e-but on ly  a g reat creat ive 
gen ius  was ab le  to see its a p p l i cation ,  as we a re about to 

demonstrate. 
Le ibn iz  saw that the character ist ic tr iangle, BEE' used i n  

Pascal's calcu lation of the sphere, reflected not just the prop­
erty of the curve at that point, but, of necessity, the process of 
generation of the ent i re cu rve, of wh ich  the point was on ly  
one  moment. Therefore, he  looked at  the  process govern i ng 
the generation of the c u rve from the same standpo int from 
which he had looked at the formation of a l l  other series. 

Consider the parabola with equation Y = kx2 (Figure 6). This 
equation for the parabo l a, and the equations of other con ic 
sections, were a l ready known at th i s  t ime, and Le ibn iz was 
read ing about them i n  the works of Descartes. The l i ne from 
xo' pass i ng through (Xl Yl )' and reach ing  the vertical l i ne on 
the right is the tangent to the parabola .  The l i ne from (X1 Yl ) to 
(x2Y2) is a chord of the parabola.  

The tangent i n  this parabola can be represented by its slope. 
For instance, the slope of the first l ine can be represented by 

This l i ne is the tangent at (xl , y, ) . 
The slope of the l ine jo in ing the points (xl ' Yl ) and (x2'Y2) i s  

Y2 - Yl 

We thus can th ink of the tangent as being the first of the se­
r ies of such l i nes connect i n g  po i n t  (Xl 'Yl ) with a ser ies of 

Yl 
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Two leading opponents of the school of Descartes, the mathematician-philosophers Pierre de Fermat (left, 1 60 1 - 1 665) and 
Blaise Pascal (1 623- 1 662), laid the foundation, through their work in number series and geometry, for Leibniz's discovery. 

poi nts fu rther up  a long the parabo la .  Because it i s  the fi rst 
such l i ne, it connects the point (Xl ' Yl )  with itself. Leibn iz saw 
that the successive values of the slopes of these l i nes formed a 
series, and that, if he cou ld determine their rule of formation, 
then he cou ld deduce the va lue  of the series at the start ing 
point. He looked at the successive differences of these values 
of the slope by the fol lowing simple calculation . By the known 
equation of the parabola, 

Yl = kx/ 

Then, if x
2 

- xl = dx, 

Y2 = k(xl + dx)2 

(also by the known equation of the parabola). 

Then, if dy = k (xl + dx)2 - kx/, 

dy = Y2 
- Yl = k (x/ + 2xl dx + dx2) - kXl 2  

Note that dy and dx denote hypothetical changes i n  y and 
x; we are conducting a thought experiment for which Leibniz 
was prepared to provide ful l  justification. 

Then what was the va lue  of the s lope of the curve at the 
point xl Yl ?  Taking the ratio, we get � = k(2xl + dx) 

Here Leibniz introduced his principle of continu ity. He con­
ducted a thought experiment. His  principle stated : 

In any supposed transition ending in any terminus, it is 
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perm iss ible to institute a general reasoning in  which the 
final terminus may also be inciuded. lO  

The use of  these new kinds of  numbers, he compared with 
the successful use of the i maginary numbers: 

It w i l l  be sufficient if, when we speak of infin itely great 
(or, more strictly, un l im ited), or of i nfin itely sma l l  
quantities (i .e. the very least o f  those with in  our 
knowledge), it is understood that we mean quantities that 
are indefinitely great or i ndefinitely sma l l ;  i .e., as great as 
you please, or as small as you please, so that the error that 
anyone may assign may be less than a certai n  assigned 
quantity. Also, si nce in  general it wi l l  appear that, when 
any sma l l  error is assigned, it can be shown that it should 
be less, it fol lows that the error is absolutely nothing; an 
almost exactly similar kind of argument is used in 
different places by Eucl id, Theodosius, and others; and 
this seemed to them to be a wonderful thing, although it  
cou ld not be denied that it was perfectly true that, from 
the very thi ng that was assumed an error, it cou ld be 
inferred that the error was nonexistent. Thus, by infi n itely 
great and i nfin itely smal l ,  we understand something 
i ndefin itely great, or someth ing indefinitely smal l ,  so that 
each conducts itself as a sort of class, and not merely as 
the last th ing of a class. If any one wishes to understand 
these as the u ltimate things, or as tru ly i nfi n ite, it can be 
done, and that too without fal l i ng back upon a 
controversy about the reality of extensions, or of infin ite 
continuums in general, or of the i nfi n itely smal l ,  ay, even 



though he th ink that such things are utterly impossible; it 
wi l l  be sufficient s imply to make use of them as a tool 
that has advantages for the purpose of the calculation, 
just as the algebraists reta in  imaginary roots with great 
profit. For they contai n  a handy means of reckon i ng, as 
can manifestly be verified in every case in a rigorous 
manner by the method a l ready stated . l l  

I n  other words, we can i nc lude the  case of  dx = O .  As we 
w i l l  see, th i s  approach of Lei b n i z  evoked howls of protest: 
"How can you d ivide by zero?" Here is another formu l ation 
Leibniz gave of this princip le :  

I f  in a given series one value approaches another value 
continuously, and at length disappears into it, the results 
dependent on these values in the unknown series must 
also necessarily approach each other cont inuously, and, 
at length, end in each other. So in  geometry, for example, 
the case of an e l l ipse continuously approaches that of a 
parabola, as one focus remains fixed and the other is 
moved farther and farther away, unt i l  the el l i pse goes over 
into a parabola when the focus is removed i nfin itely. 
Therefore, a l l  the rules for the e l l i pse must of necessity be 
verified i n  the parabola (understood as an e l l ipse whose 
second focus is at an i nfin ite d istance.) Hence, rays 
striking a parabola in para l lel l ines can be conceived as 
coming from the other focus, or tending towards it.1 2 

(Remember that when a l ight source is p laced at one focus 
of an  e l l  i pse, the I ight i s  reflected back to the other focus .  
When a l ight source is placed at  the  focus of  a parabol ic mi r­
ror, it is reflected out i n  para l le l  rays; when para l lel rays strike 
a parabol i c  m i rror, they are reflected back through the focus 
of the parabola. )  

Leibn iz's solut ion is based upon the method of hypothesis, 
of a thought experiment in which a un iversal  princip le is in ­
voked . As we sha l l  see ,  i t  i s  t h i s  method of hypothes is  to  
which h i s  adversaries objected. Through the method of  hy­
pothesis, he had brought i nto existence a new k ind of num­
ber, denoted by a metaphor, dy/dx, which  has permanently 
enriched our language. Even his most bitter adversaries have 
been forced to adopt the metaphor i n  d o i n g  the i r  ca lcu la ­
tions, a lthough they have tried to  mystify the  way i t  was in ­
vented . 

Once the rules of obta in ing the tangent for a particular type 
of function or curve are worked out, the rest is ch i ld 's play. 
For example, the derivative or tangent to the exponentia l  x n is 
nx1n- 1). Leibn iz  a lso deduced the derivatives for first deriva­
tives, namely, the second derivatives. In th is, he was entirely 
unique; tangents for certai n  curves had a l ready been d i scov­
ered, but no one had worked out, or even conceived of, sec­
ond derivatives. The science of wave mot ion,  and much of 
mathematical physics, requ i res the second derivative. 

The Principle of Continuity 
Textbooks of ca l c u l us descr ibe th i s  tangent-determ i n ing  

process as  equ ivalent to  f inding the derivative, or  dy/dx, at  the 
point. However, rather than uti l iz ing the principle of continu­
ity, they make contin u ity itself a secondary idea, one that is 
deduced from sets of points .  The tangent i s  referred to as a 

l imit obtained as one approaches, but never quite reaches, the 
point. This is  i n  contradiction to Leibn iz, who stated c learly 
that the end-point or terminus of the process must be inc luded 
in the process. The Leibnizian approach enables us to see the 
growth process in  the curve. By the princip le of cont inu ity, we 
can and must relate changes in the d iscrete to changes in the 
continuous man ifold where causal ity is located. For example, 
the d ifference series for cubes shows us how cubes grow by 
add ing on squares, l i nes, and points. The calcu lus, for the first 
ti me, helps us to hypothesize what m ust be going on i n  the 
cont inuous  man ifo ld  between the moments when the new 
s ingu larities pop out, that is, when the new layers are added 
onto the faces of the cube. 

A l l  growth processes generate a series of numbers . These 
series, in  turn, are a means of describing the origina l  process. 
As we remarked earl ier, Le ibn iz saw that the inverse tangent 
calcu lat ion cou ld  be used to d eterm i n e  surfaces and areas. 
This amounted to s imply determi n ing what the series of num­
bers must be for which the first series constituted the first dif­
ferences. This  very easy approach gave Lei bn iz so lut ions to 
very d i fficu lt, or h itherto u nsol ved, problems.  For example, 
Archimedes worked out a very tedious solution to the area un­
der a parabola ;  h is method i s  ca l led the method of exhaus­
tion, and wel l  it m ight be, because it is so ted ious! As we shal l  
see, Leibn iz's method makes use o f  h i s  new language to solve 
the problem a lmost i nstantly. 

Cons ider  the ser ies of str ips of i nf i n ites i m a l  w idth ,  dx 
(Figure 7). Then the area of the rectangular strip of height kx2 
and the width dx is kx2dx. Now, si nce these strips form an in­
creasing series, it must be that there exists a second series for 
which they are in turn the differences. How did Leibniz figure 
out what that series is?  Very s imple :  just take the inverse of the 
difference-form i ng process. The series of cubes has its d iffer­
ences in  the form 

When dx is made infi n ites imal ly  smal l ,  then, because dx2 i s  
incomparably bigger than dx3, and incomparably smal ler than 
dx, this reduces to 3x2dx. 

Therefore, for the parabola, y = kx2, the function 

t kx3 
gives the series kx2dx as its d i fference series. By making the 
rectangles i nfin ites ima l ly  narrow, their sum gives an i ncreas­
i ngly c lose approxi m ation to the area u nder the curve. Re­
member Leibniz's or igina l  d iscovery, that the sum of any se­
ries of d ifferences equals the d ifference between the fi rst and 
last terms of the second series, which gives rise to those d iffer­
ence. Therefore, the sum of the d ifferences kx2dx is equal to 
the value of t kx3 at the right-hand endpoint, m inus its value 
at the left-hand endpo i nt.  Today th i s  i s  ca l led the definite 
integral. 

The Limits of Courant 
H a v i n g  been through  t h i s  d e m o n strat i o n  of L e i b n iz 's 

method, you may be t h i n king  that sure ly  it exc ites admira­
tion among today's mathematic ians, and is taught and used 
as a mode l  for students .  Wro n g !  A l l  you n eed to do is to 
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Y =  kx2 
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Figure 7 
THE AREA U N DER A PARABOLA 

examine the vicious s landers and d istortions in the fol lowing 
commentaries on Leibn iz, wh ich, l i ke i ron fi l i ngs i n  a mag­
netic f ield, point a long the contro l l i ng l i nes of force. Let us 
look at the famous  textbook Wha t  Is Mathema tics ? by 
Richard Cou rant, who was d i rector of the prest igious I nsti­
tute for Mathematical Sciences at New York U n iversity. He 
writes of Leibn iz :  

His  achievement is in  no way d imin ished by the fact 
that it was l inked with hazy and untenable ideas which 
are apt to perpetuate a lack of precise understanding in 
minds that prefer mysticism to clarity. 

And further: 

In the mathematical analysis of the seventeenth and 
most of the eighteenth centuries, the Greek ideal of clear 
and rigorous reasoning seemed to have been discarded. 
" Intuition" and " instinct" replaced reason in many 
important instances. 1 3 

Leibniz is misrepresented, and h i s  concept of conti nu ity is 
omitted, in a later section of Courant's book entitled, "Leibn iz' 
Notat ion and the ' I nfi n itely Sma l l ."' Courant there reduces 
Leibn iz's powerfu l metaphor, dy/dx, to a "symbo l ic notation," 
so as to leave out the underlying idea. Courant even impl ies 
that Leibniz real ly meant the same thing as he: 
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Leibn iz's attempt to "expla in" the derivative started in a 
perfectly correct way with the difference quotient of a 
function y = f(x), 

�y f(x I) - f(x) 
�x xI - X 

For the l im it, the derivative, which we cal led (' (xj 
(fol lowing the usage introduced later by Lagrange), 
Leibniz wrote dy/dx, replacing the difference symbol � by 
the "differentia l  symbol"  d. . . .  

After insist ing that we can avoid the problem of div id ing by 
dx = 0, if and  o n l y  if we resort to the " l i m it i ng  process, " 
Courant attacks Leibn iz :  

Mystery and confusion on ly enter if we fol low Leibniz 
and many of his successors by saying something l ike this :  

"�x does not approach zero. I nstead, the ' last val ue' of 
�x i s  not zero, but an ' infin itely sma l l  quantity,' a 
'differentia l '  cal l ed dx; and s imi larly, �y has a ' last' 
infin itely sma l l  value dy . . . . " Such i nfin itely small  
quantities were considered a new kind of number, not 
zero but smal ler than any positive number of the real 
number system. Only those with a real mathematical 
sense cou ld grasp this concept, and the calcu lus was 
thought to be genu inely d ifficu lt, because not everybody 
has, or can develop, this sense. 1 4 

Courant's cr it ic ism is basical ly that which Leibn iz's work 
encountered from the t ime that it first appeared. However, the 
replacement of the principle of continuity by the idea of limits 
was codified i n  the 1 9th century by Augustin Cauchy, and this 
i s  the v iew espoused by Cou rant .  Cauchy was dep loyed 
against Leibniz and his enti re trad ition of Continental Science. 
Cauchy's approach is the one taught in today's mathematics 
classes a l l  over the world .  It is responsib le for m ystifying the 
calcu l us and making it so d ifficu lt to learn, especia l ly the d i f­
ferential calcu lus.  

Carl  Boyer, author of The History of the Calculus and Its 
Conceptual Development, was a student of Courant .  H e  is 
outraged at the idea that Leibn iz's description represents phys­
ical real ity. He den ies that instantaneous velocity at a poi nt, 
represented by the tangent at the point, actua l ly  exists. Rather, 
he says, the instantaneous velocity is the l im it which the aver­
age velocity, referred to above by Courant, approaches as the 
i ntervals get sma l l  enough :  

Inasmuch a s  the laws o f  science are formulated by 
induction on the basis of the evidence of the senses, on 
the face of it there can be no such thi ng in  science as an 
insta�taneous velocity, that is ,  one in  which the d istance 
and time intervals are zero. The senses are unable to 
perceive, and science is consequently unable to measure, 
any but actual changes in position and time. The power 
of every sense organ is l imited by a min imum of possible 
perception. We cannot, therefore, speak of motion or 
velocity, in the sense of a scientific observation, when 
either the distance or the correspond ing time i nterval 
becomes so smal l that the min imum of sensation involved 



i n  its measurement is not excited-much less when the 
interval is assumed to be zero . . . .  

This d ifficulty has been resolved by the i ntroduction of 
the derivative, a concept based on the idea of the l im it. 
In considering the successive values of the .d ifference 

quotient �; [distance over time -ed.l,  mathematics may 

continue to indefinitely make the intervals  as smal l  as it 
pleases. In this way, an i nfin ite sequence of values r

1
, r2, 

r 3' . . .  r n' . . .  (the successive values of the ratio �;) is 

obtained. This sequence may be such that the smaller the 
intervals, the nearer the ratio rn wil l  approach to some 
fixed value L, and such that by taking the value of n to be 
sufficiently large, the d ifference I L - rn ' can be made 
arbitrari ly smal l .  If this be the case, this value L is said to 
be the l imit of the infin ite sequence, or the derivative f'(t) 
of the distance function f(t), or the instantaneous velocity 
of the body. It is to be borne i n  m ind, however, that th is is 
not a velocity i n  the ordinary sense and has no 
counterpart i n  the world of nature, in which there be no 
motion without a change in position. 1 5 

On Leibniz's principle of continu ity, Boyer says: 

. . .  when called upon to expla in  the transition from fin ite 
to infinitesimal magnitudes, he [Leibn iz -ed.J  resorted to 
a quasi-ph i losophical principle known as the law of conti­
nuity. We have seen previous appl ications made of th is 
doctrine by Kepler and by N icholas 
of Cusa. The latter may have 
influenced Leibn iz in th is respect, 
as wel l  as in the phi losophical 
doctri ne of monads. 1 6 

Later Boyer says: 

Leibniz justified the l imiting 
cond ition by the law of continu ity, 
whereas mathematics has s ince 
shown that the latter must itself 
first be defined in terms of l imits. 
In this manner of th i nk ing Leibniz 
seems sti l l  to be striving to make 
use of a vague idea of cont inu ity 
which we feel we possess and 
which had bothered th inkers 
since the Greek period . 1 7 

leibniz vs. Cauchy Empiricism 

and axioms of the number system before he even learns about 
the derivative. Bertrand Russe l l ,  the person. phi losophical ly re­
sponsible for the New Math, had an i ntense dis l i ke for Leibniz 
because of leibn iz's assertion of un iversals .  Does knowledge 
depend, as Russe l l  said, upon induction from particulars, or, do 
un iversals exist? Cont inu ity is a un iversal . So is substance. The 
empiricist says: "Can you prove there is someth ing real that you 
can cal l  continu ity? Relative to what?" Leibniz successful ly and 
hubristically introduced the idea of cont inu ity into physics and 
mathematics. He described it as 

a principle of general order which I have observed . . . .  
This principle has its orig in  i n  the infin ite, and is 
absolutely necessary in  geometry, but it is  effective i n  
physics as wel l ,  because the sovereign wisdom, the 
source of a l l  th ings, acts as a perfect geometrician, 
observing a harmony to which noth ing can be added . 
This is why the principle serves one as a test or criterion 
by which to reveal the error of an i l l -conceived opinion 
at once, and from the outside, even before a penetrating 
i nternal examination is begun.  When the difference 
between two instances in a given series, or that which is 
presupposed, can be d im in ished unti l it becomes smal ler 
than any given quantity whatever, the correspond i ng 
difference i n  what is sought, or in their results, must of 
necessity also be reduced, or become less than any given 
quantity whatever. Or, to put it more common ly, when 
two instances or data approach each other continuously, 
so that one at least passes over i nto the other, it is  
necessary for the i r  consequences or results (or the 

The above descr ipt ion of the 
Cauchy method by Boyer i ntroduces 
the empiricist outlook, an outlook that 
c u l m i nated i n  the m i nd-destroy i n g  
New Math of the 1 970s. A l l  hypothe­
sis-formation is e l i m i nated . The stu­
dent is forced to go through pages and 
pages of defi n it ions of sets of points 

Niels Bohr Archive, courtesy AlP Emilio Segr;, Visual Archives 

Boring and Boring-er: Twentieth century physicist Niels Henrik Bohr (I.) and mathe­
matician Richard Courant. Courant's desecration of Leibniz's discovery, quoted within, 
and Bohr's insistence on irrationality as the foundation of quantum physics have been 
two of the greatest contributions to the destruction of the Western tradition of scientific 
discovery in this century. 
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unknowns) to do so also. This depends on a more 
general principle: that, as the data are ordered, so the 
unknowns are ordered also .  

I n  the case of the tangent, the s lopes, wh ich  a re the un­
knowns, must yield the value at  the point in  question, i . e .  the 
tangent at the point, when the data, that is, x and y become 
sufficiently close to the values of x and y at that point. 

Leibniz d i rectly discussed the nature of un iversals, such as 
continu ity, in  1 670, about two years before he began work on 
the calcu lus.  He had been asked to write an introduction to a 
book by Marius N izol ius, written in 1 553,  cal led On the True 
Principles of Philosophy, against Pseudo-Philosophers. N i­
zol ius, a nominal ist, den ied that a "un iversal is anyth ing more 
than a l l  particu la rs taken s imu ltaneously and col lectively, i n  
Leibn iz's words But, Leibniz pointed out, " i f  u n iversals were 
nothi ng but col lections of ind ividuals, it wou ld 

'
fol low that we 

cou ld atta i n  no knowledge by demonstration-a conc lusion 
which N izol ius  actua l ly  draws-but on ly through col lecting 
ind ividuals, or by induction." 

The nominal ist says: " I nduction from experience teaches us 
that i f  we put our fi ngers i n  the fi re they w i l l  be bu rnt." But, 
without real iz ing it, Leibniz says, the nominal ist is using 

the fol lowing un iversal propositions, which do not 
depend on induction but on a universal idea or definition 
of terms: 1 .  If the cause is the same or s imi lar in  all cases, 
the effect wi l l  be the same or sim i lar in a l l ;  2. the 
existence of a th ing which is not senses is not assumed; 
and final ly, 3.  whatever is not assumed, is to be 
disregarded in  practice unti l  it is  proved. 

Thus,  cont inu ity is not merely someth ing  we infer on the 
basis of the observed proxim ity of a set of points. It works the 
other way. Because the un iverse obeys the principle of conti­
nu ity, and because our m i nd ,  as part of the un iverse, obeys 
this principle, we can make inferences about the way succes­
sive points relate to one another, and about the way physical 
processes must work. 

Leibniz made a useful reference to series in  this essay when 
he said: 

Induction i n  itself produces noth i ng, not even any 
moral certainty, without the help of propositions 
depending, not on induction, but on un iversal reason. 
For if these helping propositions too were derived from 
induction, they wou ld need new helping propositions, 
and so on to i nfinity, and moral certai nty wou ld never 
be obtained . By induction alone, we shou ld never 
perfectly know the proposition that the whole is greater 
than its part, for someone wou ld soon appear, and for 
some reason, deny that it is true in cases not yet 
observed . 1 8  

Thus, to  exp la in  the  formation of  series of  numbers, Leib­
n iz  sought the process that generated the entire series. Begin­
n i ng with the u n iversal pr inc ip le  of identity, he was able to 
show how one ser ies can be der ived from another series.  
Also, with curves, he saw that there is a s ingle process which 
generates the whole curve, but which is revealed at each very 
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sma l l  interval of the curve. That is the true story of the inven­
tion of the calcu l us.  

Ernest Schapiro, MD., an organizer for Lyndon LaRouche's 
political movement, was a member of the biological holo­
caust task force, set up by L a Rouche in 1 974, and he co­
authored two Executive I nte l l igence Review Special Reports 
on the AIDS crisis, produced in the mid- 1 980s. 

Notes -------------------------------------____ _ 
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Twenty Years of 
Mitogenetic Radiation: 

Emergence, Development, 
And Perspectives 
A translation of the great Russian biologists' 7 943 review of the 

discovery and development of mitogenetic radiation. 

by Alexander G. G u rwitsch  
and Lyd ia  D .  G u rw itsc h  

I ntroduction 

Twenty years' ex istence of a new d isc ip l i ne  g ives a 
substantia l  basis for cr it ical  review of its successes 

and fai l u res. Th i s  is parti cu l a rly  true for m i togenesis, 
because such a review may throw l ight on a very pecu­
l iar, and, in our opin ion, u nprecedented chapter in the 
history of science. 

The fate of m itogenesis i s  i ndeed very pecu l iar: A re­
view by several authors, publ ished i n  commemoration 
of the decenn ium of the d i scovery of mitogenetic radia­
tion, appeared at the cu l m i nation point of the apparent 
success and acknowledgement of the new d isci p l i ne . 1  
S ince then,  the oppos ite trend has become more and 

EDITOR'S NOTE 
This 7 943 article was translated from Russian by Dr. 

Vladimir Voeikov and Dr. Lev Beloussov, a grandson of 
the Gurwitsches. It first appeared in English as an ap­
pendix to the proceedings of the Interna tional A . G .  
Gurwitsch Conference, Sept. 28-0ct. 2, 7 994, held in 
Moscow, titled B i ophoto n i cs :  N o n - Eq u i l i b r i u m  and  
Coherent Systems i n  B io logy, B iophysics, B iotechnol­
ogy (Moscow: Biolnform, 7 995). It was originally pub­
lished in the Russian journal Uspekhi  Sovremennoi B i ­
ologi i  (Advances i n  Contemporary Biology), 7 943, Vol. 
7 6, No. 3, pages 305-334. This translation has been ed­
ited in collaboration with Dr. Voeikov. 

A report on the second International A . G. Gurwitsch 
Conference, held in Moscow in September 7 999, will 
appear in the next issue of 2 1  st Century. 

Alexander and Lydia Gurwitsch, from a 7 940s photo­
graph. 
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Editors' Notes from the 1 ,95 P�bl ication in Biophotonics, " 
, 11' 

The editors of this vol ume found it appropriate to present, 
a long  w i th the conference ' papers, th i s  revi��,by' 

Alexander Gurwitsch and his spouse and devote� assistal1t, ' 
Lyd ia Gurwitsch ,  It was' written in the fu l l  swi ng of World 
War I I ,  soort after the '<luthors escaped from besie 
Leni ngrad, Wher.e al l  th�< labo�atory ; docun1�nts had .t 
lefL Therefore, the bibl i�graphy is i iicomplet�: . .  ' ,. 

This review js of great scientific value, and 'sti.ll releva 
is an e,xcitil! ' rhan,doc�;n:ent of �,, ;q iUle sci�l}!itic tra 
as/�Iexand. u rwitschin0dest)y poted in ,0n(;! 9f:hi}  
pers: It is wn en with h i s  whole heart. Gurwitsch de 
strates here self-criticism, pointing to h is  previous mistak�s', 
and c::Ie lusionsLa feature not frequently met among ,sc' " ,' ',' .,,:,-, ' /,::{ , tists. However,' as'regards the essence of his main disc 
ies, Gurwitsch strictly ins isted on  thei r  objectiveness. He 
was d i sappointed by an i nadeq u ate and  preconceived' 

more evident: I nterest and confidence in the new disc ip l ine 
have been grad u a l l y  fad i ng.  Th i ngs have come to such a 
point that now the publ ication of the next, even modest col­
lection of papers seems to be impossible.  And the gravity of 
the current moment [the authors are referring to the wartime 
conditions of 1 943] cannot be the only explanation for such 
a situation. 

Meanwh i le, we, being devoted to m itogenesis, are con­
vinced that the real development of this discipl ine during the 
second decade of its existence was very fru itfu l .  Its ach ieve­
ments have even exceeded the expectations of the broadest 
scientific c i rcles. How could it happen that-under complete 
isolation and whi le  seem ing to fade on a worldwide scale­
mitogenesis was undergoing a rapid and successful self-devel­
opment? This question u ndoubted ly sounds l i ke a chal lenge 
for anyone who seeks to reveal regu la r it ies in the general 
roots of evolution of scientific thought. 

We are attempting to review here the overa l l  relations be­
tween our laboratory and the scientific commun ity. However, 
we would l i ke to start from a general formulation of the rea­
sons which led to the present situation,  

The main reason for the hosti l ity or, at least, the skepticism 
of scientific circles towards mitogenesis has been the absence 
of any connection of the discovered phenomenon to the al­
ready known facts, or rather, to their interpretation with in the 
l i mits of the convent ional  concepts. Such a d iscovery can 
fu nction psychologica l ly  l i ke a bomb blast. One can hard ly 
find in the history of biology simi lar cases of the unwi l l i ngness 
of scientific circles to accept the new fact. The second reason 
for skepticism, and the neglect that man ifested itself later, but 
became domi nating, was the non-classical character of the 
phenomenon d iscovered by mitogenetic methods. This con­
c l u s ion can be i l l ustrated by the words of the we l l -known 
physiologist H i l l :  "The new era wou ld come for neural physi­
ology, if the claims of the Russian authors were correct. . . .  " 

From the psychological po int  of view, such an attitude is 
eas i ly  understandable, a lthough it i s  qu ite u nworthy of sci-
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attitude of the majority of the scientific comm u nity. ' l '  

QJjyiously, a scientist· is free t� g�cepf o r  reject a certain 
concept based on the d i rE!ct experimental facts, but the his­
tory of the problem, inc luding the history of the emergence 
and development of theoretical idea� a lso m e  .. <lns  a lot. /t 
seemphat any" readerf � i�her comp !�t¢ly � nf�Jni l ia( with 
the ,prob lem, or even prejud iced a'ga i nst it; wi l l  b e  i m­
press,ed by the 's incerity of the authors' tone an by such an 
illlme�se amoyRt of a h ig� ly qual i�i�9, <ln9. 's ing worb 
made: i n  this f ield with i n,the fi rst0 Q"O" year bab l y, Hi e' 
wi l i 'l)ecome more open to th!,! pe�spectives i n  this scien­
tific field that are aris ing today. / '  

,� 
The editors OI11itted .about 1 0  percel'lt of, the original text; 

they ho!?e to h�ve succeeded in retai' n i,ng and adequate ly 
reproducing the content and the style of the authors, Ed i­
tors' notes appear i n  square brackets. 

ence. Unfortunately, most of the researchers educated with in  
the frames of  a given set of  theoretical concepts are unwi l l i ng 
to re-eva luate these habitual concepts, because giving them 
up is always an u n pleasant task. These two motifs are, so to 
speak, natura l .  Conservatism is  inherent in science and un­
avoidable. 

However, along with the above-mentioned reasons, the atti­
tude to mitogenesis was fatal ly i nfluenced by some other c ir­
cumstances, seemingly attendant and occasiona l .  We mean 
the attempts to test our main assertions i n  other laboratories, 
both in our country and abroad. With the remarkable excep­
tion of the studies of a few authors who rea l ly  contributed to 
the new discipl ine (among them we may mention Magrou and 
Magrou, Ziebert, Blacher, Wolf, and Zirpolo), all the other nu­
merous tests-with either positive or negative conclusions­
led the authors to express doubt. Some of them expressed se­
vere criticism. 

The latter came primarily from those authors whose aim is 
to test the existence of the phenomenon, but who do not pre­
cisely fol low our recommendations with respect to methods 
and, in some cases, even del iberately violate them.2 

Another reason for distrust of m itogenesis seems to be rather 
strange and forces us to suspect a certain  u nfairness of some 
representatives of the scientif ic com m u n ity. N u merous  re­
viewers from various cou'ntries, who never sought to carry out 
thei r  own experiments and were often absolutely ignorant of 
the l iterature on the problem, are c la im i ng that from year to 

1. A.G. and L.D. Gurwitsch, 1 934. Mitogenetic Radiation. Leningrad: The AII­
Union Institute of Experimental Medicine Publishing House. In Russian, 

2. What we mean here is that our recommendation and restrictions are based 
on a firm empirical foundation. For example, our recommendation that the 
incubation period of a yeast culture should not exceed 2 hours, because the 
mitogenetiC effects can not be detected aft.er a longer period, was not taken 
into consideration by Schreiber and Nakaidzumi ( 1 932). They tried to ob­
serve the effects after a 4-hour incubation period and certainly failed. In  
spite of  the substantiated recommendation by Baron to use diluted cultures 
(no more than 200,000 cells/cm2), Bateman and Kruechen (1 934) used CUl­
tures 1 0  to 1 5  times more dense, 



year the number of the 
negative resu l ts is i n ­
creas ing, wh i l e  t h e  
number o f  corrobora­
t ions of m itogenesis is 
decreas i n g .  The d i s­
crepancy between such 
statements and the real­
i ty is so shock ing  that 
s im i la r  c la ims, if made 
on the matters of every­
day l i fe, rather than on 
scientif ic q u est ions ,  
wou l d  not go wi thout  
pun ishment .  S u ffice i t  
to say that, accord ing to 
the last and obv i o u s l y  
most comp l ete rev iew 
by Max i a  ( 1 940) ,  sev­
eral h u n d reds of con­
fi rming resu l ts com i ng 
from different countries 
cou ld be opposed by 
barely a cou p l e  of 
dozen reports of nega­
tive results. 

stage of the path take n .  
H owever, w e  s h a l l  
strictly preserve the real­
ity, without reformulating 
the i n i t ia l ,  i mmatu re or 
poorly substantiated rea­
son ing  accord ing to our 
current logical consider­
ation of the problem. 

An inexhaustible inter­
est i n  the m i racu lous  
phenomenon of karyoki­
nes is  was the start i n g  
point o f  the whole story. 
H av ing  i n  m i nd p u re l y  
cytological aims (sh ifti ng 
yo l k  p latelets out of the 
a n i ma l  parts of tr iton 
eggs),  we employed an 
i ntense centrifugation of 
eggs . We were amazed 
by the resu lt ing, chaotic 
pictu re of cleavage that 
d i sobeyed a l l  r u les and 
reg u l ar it ies and looked 
l i ke an "occas iona l "  
event. Was it real ly so? 

By a strange co i n c i ­
dence, j u st a t  that ti me, 
we became acq u a i nted 
w ith a book on biomet-

From archives of L. Beloussov r ics,  conta i n i n g  an e le-

We abstai n  from e lu­
cidati ng  log ica l  and  
psychological gro u nds 
for such an u n hea l thy 
atmosphere around mi­
togenes is .  I n  any case, 
the reference to the in- Alexander Cavrilovich Curwitsch (1 874- 7 954) mentary account of prob­

abi l ity theory. Us ing the 
elementary notions of normal ,  supernormal, and subnormal 
distribution, we cou ld easi ly demonstrate on a number of sub­
jects (and on onion roots in particular) that spatial d istribution 
of m i toses obeyed p u re l y  random d i str ibut io n .  Th is  resu l t  
brought about the fol lowing chain of reasoning that turned out 
to be crucial for the further discovery of m itogenetic radiation. 

herent conservatism of 
scientific thought wou ld be wrong here. But it is important to 
say that we have never met in the scientific l iterature any mo­
tivated arguments revea l i ng errors in our central statements or 
pointing to thei r  physical unattainabi l ity. However, as shown 
below in more deta i l ,  our  long labor has forced us to con­
clude that many of our  in itial suggestions and i nterpretations 
appear to be completely wrong. Therefore, it is not surpris i ng 
that our theoretical i nterpretations of the experimental results 
have been changing d u ring  these 20 years . But we may de­
clare with fu l l  confidence, that in a l l  cases of recent tests of 
our in itial experiments (even by the newcomers in this field), 
the resu lts have always been confirmed. 

Emergence of Mitogenesis And the 
General Trend of Reasoning 

Many cases are known in the history of science in which er­
roneous assumptions have led to valuable results and even to 
discoveries. However, it is difficult to fi nd any analogy to the 
emergence and development of m itogenesis .  A long chain of 
theoretical considerations and concl usions, which final ly led 
to the d iscovery of m itogenetic rad iat ion, tu rned out to be a 
particu lar combination of successfu l and correct ideas, on the 
one hand, and qu ite erroneous speculations, on the other. 

It would be a im less and tiresome to fol low step by step our 
entire course of reasoning. We shall l imit ourselves to the main 

Cel l division is an "occasional" episode in a cel l 's l ife. Fol­
lowing the d ivision of a parent cel l ,  two sister cel l s  may have 
qu ite different fates, even u nder completely identical l ife con­
d itions. One of them may remain i ntact, wh i le  the other one 
may divide. From this, the fol lowing conclusion could be de­
rived : An occas ional event is the resu lt  of at least two mutu­
a l ly independent factors. To create a theory of the emergence 
of mitoses, we had to start w ith th is  dua l istic concept. We 
know that such a forma l ly  correct conclusion from a largely 
unconvinc ing and b io logica l ly  improbable statement led to 
the discovery of mitogenetic rad iation. Only much later did it 
become clear that there are alternative explanations of the sta­
tistical d istribution of mitoses, that are almost identical to the 
"occasional" one. It m ight be the result of a long succession of 
cell d ivisions, each havi ng certai n  fl uctuations of i nterkinesis 
duration. So it was biological ly wrong to suggest the existence 
side-by-side of steri le and repeatedly d ivid ing cel ls. However, 
if the in it ial  idea was correct, that at least two i ndependent 
factors were necessary for a cel l  d ivision to occur, it would be 
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logical to assume that one of the factors is endogenous, that 
is, it coincides with the whole complex of the internal "ripen­
ing" processes (a factor of possibi l ity), whi le another is exoge­
nous, even if it originates in the same organ ism to which a di­
viding cel l  belongs (a factor of real ization). Such a distinction 
of the two factors seems to be merely a theoretical ·construc­
tion; nevertheless, it found substantial support and had been 
introduced into science. 

We point therefore to an example of a correct conclusion 
from the i ncorrect premise used i n  our  argu mentat ion.  We 
shal l  see below that such a pecul iar mixture of successfu l and 
erroneous conclusions occurs rather often.  

After we had found experimental ly that the impu lses for cel l  
divisions come from onion basement membranes, and  after a 
long series of measurements and calcu lations, a very s imple 
l inear dependence between the su rface area of meristem cel l s  
and the probab i l ity of ce l l  d iv is ion was revea led. The new, 
qu ite arb itrary and thorough ly  i nconceivable concl us ions 
were derived from these facts. I n  spite of  the physical naivete 
of this reason i ng, it provided the impulse for decisive experi­
ments, instead of lead ing us down a b l ind al ley. 

Because, in those days, we were utterly seized by an unfor­
tunate, preconceived notion of the complete "fortu ity" of mi­
toses, and rejected any possib i l ity of regular cycles of cel l  d i­
v is ion,  we suggested the fo l l owi ng, q u ite art i fi c ia l  
construction.3 

Earl ier we had demonstrated that the meristem cel l s  grow 
exponential ly. From this fact we drew the correct concl usion 
that cell su rface growth has a strictly ass im i lative character. 
This conclusion is identical to an assumption that there exist 
two kinds of substances at the cell surface. The quantity of the 
fi rst one (K) does not change with growth, and K occupies the 
same surface area d u ring the whole growth period . The area 
occupied by the second component of the su rface (A) is con­
stantly i ncreas i ng, because A is g rowing in an ass i m i lat ive 
way. This suggestion would imply that during cel l growth, the 
cell su rface retains a l l  of its properties. Thus, su rfaces of smal l  
or large cel ls should d iffer only in continuous changing of the 
ratio of the variable parameter A to the constant parameter K. 
Now, what is the explanation of the s imple dependence be­
tween the A/K ratio and the probabil ity of mitosis? 

Assuming that we are deal ing only with an action of exter­
nal factors upon the cel l  su rface, we suggested first that those 
factors are simi lar to Haberlandt's hormones·. In this case, the 
only plausible notion would be the fol lowing: The cel l su rface 
can be considered as a k ind  of mosaic i n  which K i s a dis­
persed, and A is a continuous, component. It is clear that as A 
increases, the d ispersion of K wil l  increase as wel l .  Hence, if 
K is permeable to a hormone but A is impermeable, the per­
meabil ity of the cel l surface to the hormone wi l l  gradual ly de­
crease. Under these c i rcumstances, however, the relation be­
tween A and the d ivis ion probabi l ity w i l l  be expressed by a 
fraction in which the A-variable is the denominator-that is, 
by a hyperbol ic function. However, this dependence is in fact 
l i near. 

3. It is clear now that the most simple and biologically plausible explanation of 
the linear dependence of division probability on cell surface area is that the 
duration of interkinesis increases in parallel with cell growth. 
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This d iscrepancy impel led us  to reject the idea that division 
was induced by a hormone, and we moved further in the d i­
rection of risky and far-reac h i ng specu lation .  The l i near de­
pendence can be expressed by a formula :  

p =  aK - A, 

where P is the probabi l ity of a mitosis, and a is a coefficient. 
I t  may fol low from such a dependence that K is  favorable 

but A is unfavorable for the action of an external factor. As A 
increases, more regions occupied by K are inactivated . but a 
certa i n  res idue of K reta ins its properties. One may s uggest 
that K creates a regu lar  mosa ic w h ich is gradual ly destroyed 
by cont i n u o u s l y  g rowing  A. The fragments of the mosa ic  
would lose their function under these conditions. 

These considerations were fol l owed by a very risky leap of 
thought. If the configuration of the K mosaic p lays a decisive 
role, one may suggest that the perception of an impu lse by the 
cel l  surface is based upon something which can be defined as 
a resonance. This suggestion leads to the fol lowing: The "fac­
tor of real iza�ion" which determ ines cel l  d ivision is of an os­
c i l latory nature, that is, it may have something to do with a ra­
d iation process. 

It is difficult to u nderstand now, how such a chain of arbi­
trary and physical ly rather naive reason ing cou ld have led us 
to the v·a l id resu lt-the d iscovery of radiation .  However, the 
fi rst suggest ion,  that the ce l l  su rface is  a dec i s ive factor for 
perceiving mitogenetic rad iation, seems to be true. This was 
qu ite clear at the very beginn ing, when the nature of the d ivi­
s ion factor was complete l y  u n know n .  Such a con c l u s i o n  
cou ld b e  d i rectly deduced from the synchron ism o f  cel l  divi­
sions in  various syncytia and polynuclear cel ls, as opposed to 
the high degree of randomness i n  the distribution of m itoses in 
most cel l  popu lations. On the other hand, the very idea of a 
resonance- l ike principle also contained a gra in  of truth, which 
could not be completely real ized at that time. 

Therefore, as now appears q u ite obvious, a reaction of the 
cel l  to one or several photons is poss ib le on ly if the photon 
absorption triggers a chain reaction largely dependent u pon 
the spatial arrangement of the molecu les i nvolved, that is ,  i n  
general terms, upon the supramolecular order. 

We sha l l  now resume the rev iew of our ideas, de lus ions, 
and researches that led us to the discovery of m itogenetic ra­
diat ion. It is trivial to cla im that knowledge is gai ned on ly af­
ter many errors and delusions. What may be instructive i n  our 
case is that b lunders frequently i ntervened in  the chain of our  
deductions, sometimes i n  i t s  most cruc ia l  l i n ks .  T h i s  hap­
pened repeatedly after the discovery of the phenomenon and 
in the course of its further investigation. 

The First Experimental Results 
After we had offered a risky suggest ion that some form of 

radiant energy constitutes an exogenous factor, we ran i nto a 
number of problems and found ourselves in a rather m iserable 
situation .  Because the vis ib le and infrared parts of the spec­
trum could be rejected, only two poss ib i l ities remained: either 
u ltraviolet or some new, u nknown k ind of rad iat ion .  It was 
natural that we tried to investigate the first case. 

As fol lowed from our previous experiments, only an onion 



basement membrane could be a 
source of radiation. It seemed rea­
sonable to suggest, i n  addit ion,  
that rays cou l d  travel a l o n g  the 
whole ax i s  of the root ( n ot less 
than 1 0  to 1 2  cm long) towards 
the meristem. The latter could be 
reached only by a beam of paral­
lel rays. 

Strange as it may seem,  the  
cha in  of  o u r  i n i t ia l  reaso n i n g  
ended here, and w e  d i d  not i m­
mediately reach the natural con­
c l us ion that at least part of th i s  
beam cou ld be  emitted from the 
root. Such a simple idea came, as 
a kind of a revelation, only a few 
weeks later, whi le I was wal king; 
this may be qual ified as one of an 
inconceivable number of cases of 
inconsistency and a lack of logi­
cal of thinking. 

What came d i rectly from the 
i n it i a l  hypothes i s  was a rather  
doubtfu l idea to trace the spread­
ing  of rays i n  a bent system,  i n  
the hope that i n  th i s  case some 
reg ions  of the mer istem zone 
wou l d  be " i l l u m i nated , "  w h i l e  
others wou ld be "shadowed."  A 
large series of experiments gave 
the expected resu lts, that is, those 

. calcu lated as a function of a root 
distort ion.  But we regret that we 
publ  i shed them.  Both the con­
structions and the assu m ptions 
are too compl icated, and the re­
su lts cou l d  be expl a i ned on  the 
basis of q u ite d ifferent hypothe­
ses. Experiments with frog cornea 
wounding performed at the same 
time had s i m i l a r  d rawbacks.  I n  
the latter case, o n e  extens ive 
rounded wound was m ade by a 
heated need l e  and  another  
wound ,  h av i ng a l i near s hape, 
was made at some distance from 

Courtesy of Vladimir Voeikov 

Some of the participants at the First International A lexander Gurwitsch Conference on 
Non-equilibrium and Coherent Systems in Biology, Biophysics, and Biotechnology, held at 
M. V. Lomonosov Moscow State University in Moscow, September 7 994. In the first row are 
Prof. F.-A. Popp (third from left) and Prof. Lev Beloussov (fourth from left), co-chairmen of 
the conference. In the background is a statue of M. Lomonosov and the main building of 
the university, which he founded. 

the first one. We suggested that the impu lse to mitoses coming 
from the first wound is able to spread throughout the whole 
cornea, and that it wil l  be at least partly screened by the l i near 
wou nd .  These exper iments a l so gave some resu l ts w h i c h  
cou ld b e  interpreted a s  positive. I t  is interest ing to note that 
these doubtfu l considerations and resu l ts were accepted with 
wider sympathy (for example, by Wasserman) than the later 
data which were rel iable and unambiguous. 

The Main Experiment 
Even before we reached, .at l ast, the concl usion that if the 

main hypothesis were, correct, emission should come from the 

root's t ip, we started to look for an appropriate detector. And 
the first successfu l idea, after so many unsuccessful ones, final ly 
came. Only a set of cel ls which is capable of dividing normally 
but, at the same time, is sensitive to the action of an exogenous 
"realization factor" increasing the division probabi l i ty, could be 
used as a detector. The result of such an action-that is, accord­
ing to our hypothesis, i rradiation-could be detected only in a 
comparison with a control set of identical cel ls not affected by 
the same factor. The wel l-known onion root could serve again 
as the most suitable subject for such a study. 

Straight roots are completely symmetrica l .  Thus, they can 
be d iv ided i nto two eq u a l  parts by any med i a l  p lane .  The 
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<'Gurwitsch's Fainous 'Onion ' ,Experiment' . " 

A 

H 
=mm 

c 

The cel l s  at the' ropt t ip of' 
a growing  o n ion d ivid!,! 

quickly, Dur.ing growth, 'the, 
, c i rcular cross-sectioo; char- . 
acteristic of the wftoJe root, 
is mainta i ned. Although i n­
d iv idua l  ce l l  d iv i s ions ap-

number of mitoses in both parts is  a lmost equal .  Although i n  
d ifferent roots the total number o f  mitoses is  i n  the range of 
1 ,000 to 2,000, the difference between the two halves of the 
dicotyledonous plant is  no more than 3+ to 5 percent Even in  
two halves of  the  same section,  the d i fference is  on ly  a b i t  
greater. Therefore, the difference between an i rradiated and a 
"shadowed" half caused by a uni lateral ,  strictly local ized irra­
diation shou ld be qu ite distinct 

The fi rst experiments immediately gave bri l l i ant, decis ive 
resu lts. Further experi ments confirmed the i n it ial data. This 
requi res discussion in more detai l  because the persuasiveness 
of even a s ingle experiment appears to be much greater than 
one might in itial ly suggest 

As radiation is detected from a root tip at a distance of sev­
eral m i l l imeters from the surface of a detector root, the rays, 
for purely physical reasons, shou ld be d i rected at the normal .  
Thus, they should act only on that part of the detector su rface 
that intersects the extension of the axis of the rad iating root 
Therefore, if the detector root is dissected i nto a series of lon­
gitud inal  sections coinciding with this d i rection, the effect­
that is,  the excess of mi toses on one s ide compared to the 
other-shou ld be expected to take place only with in  the me­
d ia l  and paramed ia l  sect ions,  and i n  any case shou ld de­
crease on both sides of the medial  plane. 

At that t ime, we a l ready knew that there are fl uctuations 
i n  the number of m itoses, equa l ly  probable for both halves 
of the section . If the probabi l ity of an excess with i n  one sec­
tion is 0.5 , the probabi l ity for x successive sections shou ld 
be 0.5 eX. That means that if x = 5,  this probabi l ity shou ld  
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pear to oc;cur  i,n ' �n u nordered!: 
'
��erJ' r,!,nddm d i�tribution, ; 

the n.�mber o! d ivisions,.i n  all d i rection's from the'iud's must" 
nevertheless b� approximat�,ly eq�a,I .' The �?9t WOuld qtner-
wise not have a cyl i ndrical form. . , �. . ': . 
. Gurwitsch supposed that'at I,�ast some ot the cel ls m ust 
be emitt ing l ight that reg u lated the rate of d it;isio'n of the 
other cel l s; he p�oved it by ,�ea�s of the ex'p�r i��ntal set­
up  shoWn here. The roots, (W) o( two onions (Z) were po­
s it ioned perpenp iC JJ l a r ly, so t haf' the t i p .of one root 
pointed to one side of the oth�r root . . H e  then exami ned 
u nder the, ..:n icros<::ope the second root, .�dBe s tte fac ing  
tlie tip oJ  the fjrst �o?t. He was ab le  to est ' :statisti­
cal ly significa[jtJi�creai;e' iri  cel l d ivisi6'ns tlier , mpared 'to the op�9hte,':':'L n T rrad iated" s id�1.\ Th i s  effect �l i sap­
'geared"when he ;p laced a 'th i n  piece' of window glass be-

r .
'" � ." 4- ' . :" tween the two roots, and reappea�ed "'{hen �e rep!a,ced , it 

with quartz glass! Tbat meant that ordinary glass is  opaque 
for m i togenet ic  rad i at ion,  w h i l e  'quartz g lass is trans lu­
cent. Hence electromagn�tic radiatio.� must be operative, 
and l,Iltraviolet l ight in Partic u lar, s i ricf )t passes through 
quartz, but  is stopped by w indow glass: 

be as smal l  as 1 /64. The fol l ovying also confirms this reason­
ing :  The probabi l ity of successive u n i l ateral excesses of the 
n umber of m i toses in the absence of i r rad i'cit ion wou l d  be '
the same for both exactly  med ia l  and muc� more l aterally 
prolonged sections. When, u nder med ial i rrad iation, the ex­
cess is  detectable just with i n  the medial ,  rather than the lat­
eral regions, the probabi I ity that the observed phenomenon 
wi l l  be of a purely occasional nature becqmes very low. 

F inal ly, the last and most convincing amument is  that the 
excess can be observed with in  several med ial sections of the 
induced side; this amount was several times gretHer than the 
level of stat is t ica l  f l uctuat ions  in other sectio n s .  We see 
therefore that the result  of even one exp�riment can be con­
vincing.  

After it was observed that the effect i s  not inh ib ited by i n­
serting between the roots a th in  glass plate (several dozen mi­
crometers thick), but  the effect d isapp�ars when a cover-glass 
was used, a l l  doubts about the rad ia rl�t character of the im­
p u l se were gone. I t  became clear that we were probab ly  
dea l ing with u l traviolet i rrad iation. Strict evidence of  this was 
obtained much later. , 

Critical analysis of our  i nterpretatio� of th is  u ndoubted ly 
real phenomenon should reveal the fol lowing point, which 
escaped u s  at that t i me, and escaped o u r  cr i t ics,  who 
doubted the experimental fact itself. If the assumptions that 
the i rrad iat ion is com i n g  from an Q:n io f1 basement mem­
brane and that we are dea l i ng with J ltraJiolet are correct, i t  
seems i m poss ib le  that rad iatio,ri ' emerg i n g  from the on ion  
basement membrane cou ld pass a d i stance of  10  to  1 5  cm,  



through a meristem layer, .down to a root t ip  i n  a med i u m  
rich in  proteins.  

We rea l ized th i s  prob l e m  r:)1uch l ater, when we had al­
ready observed the phenomeflon of ."secondary" rad iation 
under the influence of i rrad iation .  The idea of secondary ra­
diation came to us when we recogn i:z:ed that the effect of i r­
rad iation, that is, the excess i n  .the n umber of the mitoses on 
the irradiated side, is spread along the meristem up to. l .S to 
2 mm from the area that was briefly i rrad iated with a point 
source. The d iameter of this area did not exceed fractions of 
a m i l l imeter. If an i rradiated cel l . transmits the same impulse 
further, by. way of secondary rad iation, it is obvious that the 
photons reac h i ng the meri stem a re generated n ot i n  the 
onion basement membrane ,but in the v ic in i ty of th is  very 
cel l  which started to d ivide after.absorbing the photon. 

In a short time after oLir first stud ies had been publ ished,  
various laboratories reported their  own resu l ts, both positive 
and negative. Very soon the regrettab le  s ituatio n  a l ready 
mentioned in the i ntroduct ion became obvious .  With the 
except ion of a q u ite re l i ab l e  i nvestigat ion of Magrou and 
Magrou ( 1 9 2 7),  wh ich  was a corroborat ion of the d iscov­
ered phenomenon ,  both the pos i t ive  res u l ts by Wag n e r  
( 1 927)  and  t h e  refutations  by Rossm a n  ( 1 9 2 8 )  and  M o i ­
seewa ( 1 9 3 1 ), a s  wel l  a s  m a n y  later stud ies, were or no sig­
n ificance. 

We sha l l  d i scuss these papers from the general poi nt of 
view. Our opponents, of which Rossman is an example, usu­
al ly c la im that in several experi ments that they performed, 
the rad iation effect could not be reproduced . They opposed 
their  results to at least several dozens and,  l ater, more than 
1 30 sets of exper imenta l data w h i c h  we have p u b l i shed.  
However, we poi nted out  that we p u b l i shed a l l  of our  re­
su lts, which means that there was no lack  of the effects ob­
served. In spite ofthat,' � 'Li  r 'opponents 'i ns isted ·that the. de­
scribed phenomenon ·does riot e·x i st . at a l l . ' We co�sider it 
reasonable to ask th� fol iowlng dl re�t quest ion:  How can the 

.authors expla in our numerou's positive results-by a system­
atic error made by, a l l  of the authors, or by their  d ishonesty? 
This question' has hard ly 'an,;' a��w�r worthy of the attention 
of the scientific cO�li1 u n ity: We' consider that negative re-
su lts may be used as a refutation of the positive ones only i n  
some exceptiohal cases. 

On the other hand, it is not d ifficu l t  to expla in the 'sources 
of the negative resu lts. Usual ly,·.t heY came from methodolog­
ica l  errors. For example ,  Rossm a n  .used roots of L egumi­
nosae as a detector. This d icotyledonous p lant obviously has 
a certain b i lateral symlT!etry, even in a h idden form (i nstead 
of the requ i red radia l  symmetr.y). He centered the roots with 
the naked eye, i nstead of Lis,rig the hdr. izonfal m icroscope, 
and so on.  . , .. ' ,' " . 

We pay such attention t6:these i ncidents because of thei�  
general importance, bet'aus� they ar� equal ly  appl icable to ' 
further "refutations" at' o:ur data"obtained with the use of bio­
logical  detectors and a l so to ?bme i nvest igations i n  which 
phys ical  methods ha-;te been used . At th i s  po int  we fi n i sh 
what can hard l y  be q u a l if ied as "scient if ic polemics ."  We 
had to mention these sorrowful facts i n  our retrospective re­
view only because we were often saddled with the reproach 
that we ignore weighty objections. 

Corroboration of the U ltraviolet Nature 
Of Mitogenetic Radiation 

The hypothes is  that m itogenetic rad iation be longs to the 
u ltravio let range was experi menta l l y  corroborated rather 
soon .  F i rst, i t  was fou n d  that a crysta l l i ne q u a rtz p l ate is 
completely transparent to rad iation, whi le  even the th innest 
gelati n p late is nontran sparent .  Second,  Gleb Frank made 
the fi rst spectra l a n a l y s i s  of rad ia t ion  from a b io l og i c a l  
source, which was muscle t issue. F ina l ly, i t  was establ ished, 
in ·col laboration with F rank ,  that the posit ive effect u po n  
roots can be obtained from the spectra l ly  dispersed UV from 
physical sources, if the i ntensity of emission is considerably 
reduced and the t ime of exposure is  very short. Incidenta l ly, 
the latter finding d isproved an establ ished view that the bio­
logical action of UV can o n l y  be i n h ib itory. I t  became evi­
dent to us (but, unfortu nately, not to biologists at large) that 
the mitogenetic phenomena imply very special m icroevents, 
which can be neither corroborated nor d i sproved by em­
ploying UV of commonly used intensities and doses. 

The second way to prove the identity of mitogenetic radia­
tion with UV is to use purely physical methods which over­
step the l i m its of our  competence. Therefore, they w i l l  be 
mentioned only briefly here. Rajevsky's data, publ ished pre­
viously, were not q u i te conv i n c i ng from the standpoi nt of 
quantitative criteria. Later, he obta i ned add itional quantita­
tive data arid thus removed any doubts. 

Numerous attempts were made to use phys ical methods to 
detect mitogenetic rad iation that were capable of reproduc­
ing the data obta ined with biological detectors. Some of the 
favorable studies, however, could not be considered techni­
ca l ly  perfect. As wel l ,  several re l iab le, posit ive studies (for 
example, Frank and Rod ionow 1 932 ;  Barth 1 937) were criti­
cized by authors who cou l d  not detect rad iation .  And again  
it was convincingly demonstrated (Barth 1 93 7) that the nega­
tive resu lts may appear because of the deficiency of the de­
vices, but mostly because the authors neglected our  recom­
mendations and used unsu itable sou rces of rad iat ion. 

However, a substant ia l  study by Krost and Peuchert, and 
the extensive, and largely acknowledged stud ies by Audu­
bert, complete ly c lar i fied the s i tuatio n .  Mean-spi r ited at­
tempts of the latter author to conceal the truth and neglect 
the relationsh ip of h is  data to our own are a man ifestation of 
the grievous symptoms of modern scientific ethics, but they 
cannot change the essence of the matter.4 

Further Development of Mitogenesis 
The above-ment ioned experi menta l  fi n d i ngs were ob­

tained whi le sti l l  i n  S imferopol [up to 1 924] and during the 
first 'period of our work in Moscow [ 1 924- 1 929] . Later, par­
t icu lar ly  because of the i ntrod uct ion of a new detector-

4. It is interesting that in some reviews of the discovery of mitogenetic radia­
tion, even in favorable ones such as Huxley's, it is stated that I (AG.) ini­
tially claimed to have discovered some specific "rays of life," and this notion 
is still widely used in low-pitched popular literature. It is scarcely necessary 
to say that this is pure fantasy on the part of the authors. A reasonable initial 
cautiousness in our first report, with some doubts as to whether the new 
phenomenon could be related to a poorly studied range of Lyman wave­
lengths (shortwave UV), was probably not adequately estimated. But one 
should be astonished that it is possible to ascribe such a childish idea as 
"rays of life" to me. 
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the fol lowing major cons iderations. 
F i rst of a l l ,  i t  was b u t  natural  to see 

whether m itogenetic radiation is a general 
biological  phenomenon, and we sti l l  re­
member  o u r  exc i tement  when we suc­
ceeded, whi le  sti l l  i n  S i mferopol ,  i n  de­
tect i n g  emiss ion  from certa i n  a n imal 
t i ssues (am p h i b i a n  tadpoles) .  But l ater, 
when it turned out that a l l  the tissues were 
em ission sou rces, the problem certa in ly  
became much more compl icated and re­
qu i red new, extensive studies. 

We wou ld  l i ke to mention one incident 
which put forward the problem of emission 
from blood . When studying photon emis­
sion from early chicken embryos cu ltivated 
in physiological sol utions outside the egg, 
we ascribed the i n it ia l  negative resu l ts to 
the lack of blood circulation. We came to 
the idea of study ing  b lood as a poss ib le  
general sou rce of  rad iat ion .  However, i t  
was establ ished later that the  negative re­
su lts appeared to be caused by the pres­
ence of B u nsen bu rners for heat i n g  em­
bryos i n  the near v ic in ity of the  sample .  
The burners were found to emit much more 
intense UV than mitogenetic radiation. 

The add it ion of b lood to the range of 
exper i mental  mater ia l s  i n i t iated a new 
trend i n  our stud ies that pers isted for a 
l o n g  t i m e .  What was done l ater i n  th i s  
field was ma in ly  the  accumu lation of  oc­
casional facts and the results of scientific 
c u r ios i ty, rather  than  of a wel l -defi ned 
and substantiated plan.  

From archives of l .  Beloussov 

T h i s  app l i es most ly  to the stud i es of 
b l ood rad i at ion u nder  the i nf l uence of 
various d i seases . Many exper iments of 
th is  k ind had al ready been performed by 
L . D .  G u rwitsch at the very beg i n n i ng of 
the b lood stud ies. In any case, one of the 
most important chapters in m itogenesis­
the study of the "cancer ext ingu isher"­
d i d  not at a l l  emerge as a l i n k  in a logi­
cal l y  developing chain of events. 

The Gurwitsch laboratory at Simferopol ( 1 923- 1 924). Gurwitsch is first row, sec­
ond from left;. his wife is third from left. 

An extensive study of various plant and 
animal subjects yielded resu lts that could 

yeast cu ltu res (M.A. Baron)-the scope of our work increased 
tremendously. At the same time, the main l i nes of investiga­
tion began to branch off rather chaotica l ly. Such a situation 
serious ly compl icates the main task of th is  review, namely, 
to attempt to present a systematic accou nt of the develop­
ment of the general idea. The rest of this accou nt, therefore, 
wi l l  have a rather fragmentary character. Moreover, we have 
lost the opportun ity to use our notebooks [those left beh ind 
in besieged Len i ngrad] and thus  to recover the exact se­
quence of our thoughts and the motivations of the new trends 
in our  work. However, we can say that we were gu ided by 
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not be adequately interpreted in the early 
period of our studies, and sti l l  cannot: Radiation cou ld not be 
observed in a l l  t issues. For example, i t  was not detected in  
parenchymous tissues characterized by intense metabolism 
( l iver and kidney). So long as this fact remains en igmatic, one 
cannot i nterpret the mechan isms of radiation arising in  l iv ing 
tissues. U p  to now, therefore, there are no satisfactory solu­
tions to  the questions related to  the u n iversa l ity of  radiat ion 
and the conditions of its emergence in  living systems. 

Moreover, the main problem of m itogenesis, namely, the 
analysis of the basic mitogenetic phenomenon-of st i m u la­
tion of cell d ivis ion by UV photons-was for a long time con-



sidered ambiguous.  It is obvious now that consideration of 
mitogenesis us ing the concepts of the usual  c lassical optics 
was wrong, because the latter can be appl ied on ly  to h igh 
l ight i ntensities and com p l etely ignores q uanta of l ight. We 
tried to analyze the results of our  experiments with i ntermit­
tent i rrad iat ion, as wel l  as c reeping effects and the mecha­
n ism of a continuous increase of intensity, and so on, assum­
i ng the concept of cont i n u ity of l i ght .  For  example ,  i n  
experiments i n  which the detector was i rrad iated with inter­
mittent l ight, this treatment was considered a strictly rhythmic 
process. However, it now became clear that, with the rota­
tion frequenc ies and angu lar values of sectoral s l its used in  
the  experiments, some of  the  s l its d i d  not l et even a s ing le  
photon through. [The routine method i nvolved the  insertion 
of a rotating  disk with one or several windows between the 
rad iation source and the detector.] I t  i s  obvious that any at­
tempts to analyze the process of m itosis i nduction with inad­
equate equipment were doomed to fai l u re.  

It was very important to real ize that the process of stimulat­
ing mitosis with m itogenetic rad iation is based on  the chain 
reactions that could be triggered by a s ingle photon .  A study 
of the chain reactions became possib le  on ly  because of the 
discovery of the secondary rad iation, and because of the re­
su lts of studying processes developing in nonorgan ized sys­
tems (homogeneous solutions) after thei r i rrad iation. A study 
of these phenomena appeared to be so comp l icated that we 
were diverted for a long t ime from the main task-the eluci­
dation of mechanisms of the mitogenetic effect. 

But  there was a nothe r  reason for o u r  excess i ve l y  s low 
movement toward the so lu t ion  of the m a i n  prob l e m .  For  
many years we cou ld not  establ ish whether m itogenetic rad i­
ation was rea l ly  a specific factor that triggers cel l  d ivision. To 
prove its specificity, one should arrest cel l  prol iferation com­
pletely by the action of a certain  factor X and then restore it 
completely by irrad iati ng the detector from the outside. 

Such a crucial experiment was fi rst performed by Zal ki nd .  
I t  yielded the results that permitted us  to move forward. The 
study was made on  yeast cu ltu res in a l i q u i d  med i u m .  By 
add ing a neg l ig ib le  amount·of the so-ca l led "cancer exti n­
gu i sher" from the b l ood of .a cancer  patie n t, a complete, 
temporary arrest of cell prol iferation can be achieved . After 
i rradiation of the cu lture from the outside, prol iferation was 
renewed and brought to its i n it ial  leve l .  It was a lso demon­
strated that the add i t ion of the exti ngu i sher, besides sup­
press ing  pro l iferat ion,  i n h i bits m i togenetic em i ss ion from 
the cu ltu re itself. The exti nguisher did not d istu rb any other 
conditions necessary for, cel l  divis ion, except for self-irradia­
tion of the cu lture .  Thus, it was found that external i rrad ia­
tion completely substitutes for self- i rrad iation of the cu lture 
in the process of i n it iat ing m itogenes is .  These exper iments 
have proven the specificity of m itogenetic rad iation as a fac­
tor i nduc ing  m i tos is  i n ·c u l tu red ce l l s  w h i c h  a re ready for 
this event. 

Only later did we establ ish that not on ly  the impu lse for a 
premature d ivis ion, but a lso the development of the mitotic 
process, is control led .by mitogenetic rad iation. A series of in­
vestigations of photochemical processes opened the possib i l ­
ity for rational analysis of the crucial role of UV photons. 

We turn now to the recent i nvestigations that clarify the mi-

togenetic action of UV photons. I rrad iation of peptone solu­
tions or of a mixture of amino acids (which shou ld include at 
least one d icarbonic amino acid; that is,  g lutamate or aspar­
tate) induces their polycondensation into peptide molecu les. 
This conc lusion is  based on  the suscept ib i l ity of these pep­
tides to cleavage by peps i n  that was revea led by the detec­
tion of a typical mitogenetic "peptide" spectrum after the ac­
t ion of a peps i n .  To i n i t iate the process i n  an a m i n o  acid 
solut ion,  the photon energy s h o u l d  exceed 1 05 kcal/m o l .  
This energy may b e  suppl ied either b y  a s ingle photon with a 
wavelength not exceed ing 270 nm,  or by two photons.  The 
energy of the first should be not less than 87.4 kcal/mol (326 
nm), wh i le  the second can belong to the v is ib le  or i nfrared 
range with an energy l i m it of 1 8  kcal/mol ,  that is, arou nd 
1 ,500 nm.  Such sharply l im ite� energy requ i rements may be 
explained as fol lows. 

Amino acid polycondensation requ i res cleavage of one hy­
drogen atom from the amino group of one amino acid and. of 
the hydroxyl residue from ·another. The first event requ i res 87 
kcal/mol, whi le the second requ i res 66 kcal/mol .  Total energy 
expend iture for both processes is completely compensated by 
two exothermic processes: the formation of a water molecule 
and a peptide bond, CO-N H .  The add it iona l  1 8  kcal/mol ,  
which is necessary for the process, represents probab ly the 
energy of activation. We establ ished that from 326 nm, up  to 
the short wavelength l im it of a q uartz spectrograph, effective­
ness of the UV rad iat ion depends exc l usively u pon the de­
gree of UV absorption by the peptone or amino acids, rather 
than upon the photon wavelength. 

Polycondensation may also take p lace u nder other experi­
mental conditions. After add ition of a "very d i l ute l iver extract 
to a mixture of amino acids or to a peptone, polycondensa­
tion occurs without UV i rrad iation by bright vis ible l ight, but 
not in the dark. It was fou nd that d i l uted l iver extracts i rradi­
ated with visible monochromatic l ight, emit UV with a wave­
length rough ly correspond ing to the energy of two photons of 
the monochromatic l i ght. I n  th is  case, the process of poly­
condensation is triggered only when the eriergy of the resu l t­
ing UV photon exceeds the value mentioned above. 

A detailed investigation of the energetic parameters of the 
mitogenetic action of UV has shown that they coincide pre­
cisely with those req u i red for polycondensatio n .  A l l  of. the 
above-mentioned facts remove every doubt that the mecha­
n ism of mitogenetic action of UV photons consists in, and is 
l i m ited by, the sti m u l at ion of the processes of peptide syn­
thesis. 

I n  relation to the main mitogenetic effect, the cancer prob­
lem first attracted our  attention long ago. An extremely low 
level of m itogenetic rad iation in cancer  patients' b lood, be­
cause of the presence of the exti ngu isher, led us to look for 
the place of its formation .  The mitogenetic analysis provided 
a defi n ite answer:  The ext i ngu isher i s  a product of cancer 
ce l l s  and is  obvious ly  located i n  the superfic ia l  monofi l m  
cover ing t h e  cel l ,  together with t h e  specific enzymes : g ly­
co lytic, proteolytic, phosphatases, and probably some oth­
ers. The i r  specific featu re is  that they bear negative charge, 
wh i l e  the correspond ing  b lood enzymes are charged posi­
t ive ly. Both the ext i n g u i s h e r  a n d  the e nzymes can be 
obta ined by was h i ng i ntact cancer  tumors .  Us ing  spectral 
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analysis we obta ined evidence that enzymatic activities .of 
proteases and peptidases in cancer cel l s  are located mostly 
epice l l u lar ly. That means that the i r  substrates are derived 
from nutrient med ium as wel l  as from tissue elements located 
in close vicinity to the cancer cel l .  On the other hand, the in­
terce l lu lar spl itting of proteins in the cancer cel l is obviously 
m in imal .  

Such a pecul iar local ization of peptidase activity can deter­
mine an extremely parasitic character in cancer cel ls .  Along 
with some other d iscoveries, the fo l lowing fundamental fact 
that reveals the origin of cancer was discovered: It appeared 
that a number of tested carcinogenic substances emit m itoge­
netic rad iation, whi le  some s imi lar chemical substances, in­
cluding noncarc inogenic resins, lack such a capabi l ity (Kan­
negiser). 

Taking into consideration the pecul iarity of the mitogenetic 
state of cel ls  exposed to a source of radiation for a long time, 
as wel l as the versati l ity of the action of UV photons upon 
cells, we may suggest that UV photon emission by carc ino­
genic substances plays an important role in their  action. 

The problem of the basic mitogenetic effect was studied for 
many years with ups and downs. It was typical of a l l  of the 
i m portant problems that we had been studying d u ring  the 
preced ing two decades. We would not be su rprised, if some­
one said that our  school g ives the impression of havi ng no 
principal idea, or that it uses the trial-and-error method in re­
search work. One shou ld never forget, however, that mitoge­
nesis d id not have any relationships with the a l l ied sciences, 
and that a l l  of o u r  resu l ts had a "non-c lassica l "  character. 
That is, they d id not fit with i n  the usual  cyto logical, chemi­
cal, or physical concepts. We therefore had to propose new 
concepts for approach ing  problems, which seemed, at first 
g lance, to have no connections among them. Later it tu rned 
out that these problems are i nterrelated . Somet imes it  be­
comes poss ib le to make a step forward i n  solving a certai n  
prob lem o n l y  with t h e  h e l p  o f  new data obta i ned i n  the 
neighboring field of science, wh ich depends, in its turn, upon 
some other, often remote, f ie ld .  After successfu l achieve­
ments in one d i rection, further progress may be delayed or 
even blocked for a long time, unt i l  new steps in some other 
d i rection open the way. 

The present status of m itogenesis is, to a considerable ex­
tent, determined by the method itself, which appeared to be 
rea l ly  m i racu lous because of its sensitivity. Mitogenesis im­
pl ies microprocesses i n  both the organ ized and non-organ­
ized systems. These microprocesses are "non-classical"  in the 
sense that, on one hand, they do not a l low easy extrapolation 
into the real m  of macroscopic events and, on the other hand, 
they seem to proceed independently of the latter. However, 
they are usua l ly  shadowed by macroscopic processes that 
can be eas i ly studied by the classical methods. 

Each sect ion of m i togenes is  is supposed to be a narrow 
gateway into an immense new field .  Let us analyze some of 
them. 

One of the main  achievements was the d i scovery of so­
cal led "degradational i rradiation," described in the fol lowing 
brief history. Studying the mitogenetic process of corneal ep­
ithel ium, Yu . N .  Ponomareva came across the fact that irrad i­
ation of the enucleated frog eye results i n  an increase of the 
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number of mitoses only 20 to 25 minutes after enucleation. It 
was found, at the same time, that the enucleated frog eye did 
not itself emit d u ring  the whole refractory period, and that 
resto rat ion of its own rad iat ion occu r red j ust at the t i me 
when its epithel ial cel ls  recovered the i r  abi l ity to react to ex­
ternal i rrad iation .  At fi rst, she [Ponomareval cou l d  not find 
the explanation for this fi nding. 

I nvestigations of the effect of cool ing  the cornea revealed a 
phenomenon that seemed to be q u i te paradoxica l :  a very 
strong mitogenetic effect was observed when a freshly enu­
c leated cornea, be ing cooled down to 2° to 5°C, was sub­
jected to external i rradiation. Trying to expla in  such a strange 
find ing-that coo l i ng is a factor that favors the effect of the 
external i rrad iat ing source-we came to the conclusion that 
under the condition of rapid and i ntense cool i ng, the corneal 
tissues start to i r radiate themselves, though th is suggestion 
seemed to be rather un l i kely. 

This  somewhat improbable suggestion was confi rmed in 
the very fi rst experiment:  A burst of rad iation u nder such a 
treatment lasted for about 5 minutes. This fact had i n n u mer­
able consequences in our  further i nvestigations.  Here agai n  
the work was of the same i rregular and scattered character as 
in the other fields of mitogenesis .  The research bifurcated im­
mediately i nto two l i nes: F i rst, much attention was d i rected 
to purely phenomenological aspects of the newly d iscovered 
phenomenon; its un iversa l ity and the specificity of the emis­
sion spectra had noth i ng in common with the spectra of the 
same organs and tissues u nder physiological conditions. Sec­
ond, attempts to provide a theoretical interpretation for these 
unexpected events were undertaken, and led us to some new, 
and aga in  non-classical concepts, such as "non-eq u i l ibri um 
molecu lar conste l l ations" (NMCs). The  latter was, i n  fact. a 
logical j ump, because it was based on i ntuit ion, which gave 
us a fee l ing that NMCs constitute the main apparatus for per­
forming qu ite varied processes that can be considered the ba­
sic man ifestations of l ife. 

These find ings were fo l lowed by a series of experiments 
which, at first g lance, had noth ing to do with the preced ing 
ones, but whose resu lts exceeded a l l  of our  i n i tia l  expecta­
tions, nevertheless. It tu rned ollt that negl igible deviations i n  
metabol ic processes and  a wide variety of  excitations of bio­
logical subjects induced degradational rad iation d iffering in 
its spectra l pattern and i n  the character of evo lu tion of the 
spectra. The resu l ts convinced us that, first, an important and 
even a major  reeval u at ion  of what  we mean by the term 
"protoplasm" should be made, and, second, new methods for 
c lassical physio logy should be proposed for the purpose of 
reveal i ng mostly intimate fu nctional relations among various 
systems and organs, avoid ing the usual techn iques. 

The spectral analysis opened real ly u n l i m ited perspectives 
in qu ite different areas. In it ial ly it was used by Frank only for 
demonstrati ng that mitogenetic rays rea l ly do belong to the 
UV range. But after we obtai ned-ma i n l y  to sati sfy our cu­
riosi ty-the fi rst rather sharply outl  i ned spectral band, the 
spectral analysis became an autonomous field of investiga­
tion. There was a great temptation to apply it in some other 
fields that otherwise wou ld  not attract our attention, for ex­
ample, in nervous system research.  

We did not expect that, by performing a spectral analysis of 



nerve f iber emiss ion ,  we wou l d  be ab le  to demonstrate a 
qual itative variabi l ity of exc itation processes. Nevertheless, 
the very fi rst, t im id  experi ment appeared to be the start ing 
point for the development of one of  the most fru itfu l and im­
portant areas of mitogenes is.  As a resu lt, we came to the fol­
lowing major  conclusions:  ( 1 ) the emitting substance of the 
nerve elements is at the same time the target of nerve excita­
tion; (2) the analysis of mitogenetic phenomena makes it pos­
s ible to penetrate into the essence of the molecular substra­
tum of excitation processes. 

In l i ght of new data concern ing  degradat ional  rad iation, 
the fol lowing concept of neural  excitation was formul ated 
(A.A. G u rwitsch) :  An excited substratum consists of NMCs 
which form a th ree-d i mens iona l  "cont i n u u m "  with i n  the 
brain cortex. Even under physiological cond itions, the em is­
sion of the elements of the neural system has the character of 
degradational rad iation, that is, it arises as a result  of continu­
ous disintegration of NMCs just after their formation . Accord­
ing to these views, the substratu m for neura l  excitat ion is a 
continuously osci l lating system. Such a concept made it pos­
sible to create a rather coherent system i nterpreting the vari­
ous properties of neural  excitation .  

We sha l l  fi n ish our review with  a brief account of  a large 
number of i nvestigations with great prospects, and a very pe­
cul iar path of development. 

Start ing from o u r  earl ier  data about the d i sappearance of 
blood radiation that correlated with various deviations from a 
normal phys io logica l  state, o u r  co l laborator S . N .  B ra iness 
suggested that grave physical exhaustion  should al so be ac­
compan ied by a temporary suppression of rad iation.  His in­
vestigations completely supported th is  idea. As a develop­
ment of this idea, it was suggested that blood radiation should 
also be suppressed in the depressive psych ical state which, 
accord ing to Bra iness, has some s imi larity to ti red ness. On 
the other hand, he supposed that i n  man iacal states, the in­
tensity of blood rad iation shou ld be higher than in the normal 
state. These specu lations were completely supported experi­
mental ly. 

Then, B rai ness took a rather risky step.  H e  attempted to 
cure patients in depressive physical states by injecti ng a sma l l  
amount of  blood from a man iacal individua l .  The  resu lt  was 
positive. 

The spectral ana lysis  of "man iaca l "  b lood rad iation (the 
latter was not only i ntensive, but emitted mitogenetic rays for 
a long period after the b lood was taken) revea led a s i ng le  
narrow spectral band in  the 229 to 230 nm range. Accord ing 
to our previous data, this band corresponded to the fluores­
cence spectrum of amino groups l iberated because of oxida­
tive deam i nat ion of a m i n o  ac ids  present i n  b lood seru m .  
Hence, "man iacal"  b lood is  characterized b y  its increased 
capacity for deam ination, wh i le  "depressive" b lood, on the 
contrary, by a sharp decrease of this capacity. 

It was of considerable theoretical interest that the therapeu­
tic effect of a s ing le  i njection of a smal l amount of "man ia­
cal" b lood i nto a depress ive patient appeared to be rather 
prolonged. Suggesting that the therapeutic effect of the "ma­
niacal" b lood i njections is d i rectly l i n ked with its i ncreased 
irrad iation rate, the author took the fol lowing step, although 
there was only a weak theoretical basis for it: A sample of cit-

ric blood from a depressive patient was i rrad iated with a mi­
togenetic source and injected back into the patient. This pro­
cedure had a good therapeutic effect. The next step was sub­
stitution of i rrad iation of blood for that of serum and then of 
irrad iation of amino acid solution, which also demonstrated 
the hea l ing effect after i njection i nto patients. The latter pro­
cedure was based on the previous ly d iscovered remarkab le 
fact: An irrad iated amino ac id sol ution itself became a source 
of m itogenetic rays acting for many hours-al most a whole 
day. It retained a therapeutic effect when i njected at any t ime 
with in  this  period. This led to a suggestion, that the injected 
act ive su bsta nce, w h i c h  was a n a logous  to the ox i d at ive 
deam inase enzyme, was capab le of se lf-reproduction with 
the organ ism.  Such an idea-more i ntu it ive than logica l l y  
g ro u n d ed-became an i n it i a l  p o i n t  for a new, extens ive 
branch of research into mitogenesis. 

[Here the authors d iscuss further the results obtained in  the 
stud ies of self-reproduction of oxidative deam i nase activity 
and of activities of various other enzymes in  aqueous amino 
acid solut ions i rrad iated by m itogenetic rays. The more de­
tai led, u p-to-date considerat ion of th is  h igh ly  exc it ing and 
puzzl ing problem is presented i n  the paper by A .G.  and A.A. 
Gurwitsch, "The Problem of Autocatalysis (Autoreproduction) 
of Some Cycl ic Compounds from Lower Amino Acids," Enzy­
m% gia, Vol .  XX, pp. 1 -1 6, 1 958 .) 

Let us now summarize the compl icated development of in­
vestigations and the present-day status of m itogenesis. One 
might forgive and forget i ts  in tricate, e rror- laden h i story of 
two decades if, at present, our major results and conclusions 
were real ly regarded as trustworthy. However, accord ing to a 
viewpoint that dominates in scientific c i rcles genera l ly, the 
situation is unsatisfactory. Our own viewpoint is qu ite d iffer­
ent, a lthough we wou ld  certa i n l y  l i ke the s i tuat ion i n  th is  
field to be much better than it real ly is .  However, our motiva­
tions differ from the reasons of our opponents. As we have of­
ten mentioned, we cannot point to any case of a refutation of 
any of our positive experi ments, that is, those demonstrat ing 
the existence of m itogenetic rad iat ion .  Thus,  we have the 
right to object to a skeptical  and d i strustfu l attitude toward 
our data. 

What seems to be abso l u te l y  u nsati sfactory, a n d  even 
hopeless, is the completely isolated position of the science of 
mitogenesis among other, neighboring sciences and the re­
sulting fru itlessness of both our data and our  theoretical con­
structions. 

We might consider it rather natural and, at the begi nn ing, 
even to lerable, if  our  col leagues, wh i le  rema i n i ng skeptical 
with respect to the theories derived from mitogenetic facts, 
accepted our experimental resu l ts as real .  These facts cou ld  
then be  introduced i nto the  everyday usage of the  firmly es­
tabl ished d iscip l ines and, even if the conclusions d rawn from 
them by specia l i sts m ight d iffer considerably from o u r  own, 
that wou l d  probab l y  affect o n l y  o u r  person a l  a m b i t ions ,  
rather than the interests of  science. I n  any case, we wou ld be 
satisfied that some fundamental problems with in various dis­
cipl ines should be seen in the l ight of new discoveries. 

However, just because the acknowledgement of our results 
wou ld  lead to an inevitab le  break with habitual  concepts, 
scientific c i rcles prefer to absta in  from accepting them. Actu-
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a l ly, the hasty phrase .of H i l l , wha we mentianed abave, is a 
gaad i l l ustratial). As mentianed, m itagenetic spectral analysis 
of active ne rvaus t issue br i ngs new caru;epts ta the fore, 
wh ich  a re i ncampat ib le  w i th the paar i'd� � .of the e lectric 
character .of nerve exc i tat ion .  The u nwi l l i ngness ta break 
with the?e deep-raated cancepts is understandable and par­
danable. What is canipietely i nadm iss ib le  is ta justify .one's 
awn qu ietism by c la iming( as H i l l  daes, thar "a l l  .of this seems 
ta exist .only in the fantasy .of the Russian authars." 

We can nat accept the facts .of the, rejectian .of .our meth­
ads�methads that m ight be an inexhalJst ib le saurce .of new 
data. Nar can we accept an attitude .of indifference ta .our re­
su lts, which farces us ta extend .our studies i nta same fields i n  
which w e  feel .ourselves mere amateurs. ' Na daubt, the spe­
ciai )sts are able ta treat the same problems an a h igher scien­
tific leve l .  Hawever, because they shaw na interest in  .our re­
search, we have ta da this Jab by aurselv�s, being satisfied if 
the d ata . .obtai ned are at least trustwarthy and if the related 
thearetical  cancepts da nat cantrad ict th.ose establ ished i n  
athe'r cj i scipl i nes. Even when .o u r  statements seem ta be in­
campat ib le with genera l ly  accepted views, th is  cannat be a 
reasan Jar the autamatic rejectian .of the facts. 

Our l ast ta'sk wi l l  be ta .outl ine the near, and probably mare 
d i stant, futu re .of m itagenes is .  In th i s  cantext the fa l lawing  
ques!!9r1 arises: Daes .m i tage�esi s  rema in  as  an un resa lved 
p'roblem, as a k ind .of sci�ntific en igma, .or, an the cantrary, 
are the fau ndatians .of m itagenesis sufficiently elucidated ta 
enable its use as a new, h igh ly  valuable cancept appl icable 
to a var iety .of f ie lds  in the n atura l  sc iences? Certa i n ly  we 
can nat draw baundaries between these a lternatives. We can 
.only speak .of .one .of them predaminating. 

We suggest that the, secand part .of the questian-the use .of 
the mitagenetic methad-wi l l  prevai l  and wi l l  gradual ly push 
inta the background the first, the questian .of mitagenesis itself. 

With in  the l im its .of the purely m itagenetic problem we can 
ra ise .o n l y  twa q uestia n s :  W h at is the .o r i g i n  .of weak U V  
emiss ian fram hamageneaus and  .organ ized systems, a n d  
what are the mechan isms .of the m itagenetic effect, that is, .of 
the cantral .of cel l  d iv is ian?  We fi nd it warrantable ta c la im 
that the ma in  quest ian .of the .or ig in  .of UV em issian dur ing 
chemical reactians is e lucidated ta such an extent that further 
wark wi l l  flaw in a cam man physica-chemical channel, and 
thus 'UV emissian wi l l  na langer remain a specific enigma far 
this fie ld .of science. 

The s i tuat ian with d egradat iana l  rad i at ian  seems ta be 
much mare campl icated. Of caurse, .our explanatian .of this 
phenamenan is s imply a pre l im inary canstructian in need .of 
further develapment. We suggest that in  the near future it wi l l  
b e  the centra l ,  a n d  perhaps even the .only, problem .o f  mita­
genesis. It has a l ready became a fau ndatian far new concepts 
related ta the main problems .of bialagy-a field theary. 

As far the the ma in  m itagenet ic  effect-the i nductian .of 
cel l  d ivis ians by .one .or several phatans-the str ik ing paral­
lelism between the actian .of weak UV .of mitagenetic intensi­
ties upan ami na acids, peptides, and whale cel ls, leaves na 
daubt that the m itagenetic effect .of UV is identical ta that .of 
spl itt ing (al iga)peptide (amina ac id)  malecu les with a h igh 
probabi l ity .of detac h i ng hydragen fram the a m i na group.  
Th i s  pracess triggers the pept ide synthes i s .  Why such e le-
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mentary reactians lead ta ce l l  d ivisian is certain ly  .one .of the 
mast i mportant and d i ffi cu l t  b ialagical problems, and m ita-
genesis p lays its rale here. " " ', 

Hawever, the i n it ial and i ntermediate
"
l i nks .of the rad iatian­

stimu lated pracess, the i ntermittent i rradiatian, the transfar­
matian .of stimu latian inta inh ibitian, and the stri king dispro­
part iana l  ity between the n umber .of absarbed phatans and 
the number .of i n it iated mitases, al l  rema in  .obscure. 

As we have mentianed, mitagenetic methads d isclase mi­
croevents that can nat be extrapalated, as·a ru le, ta macrosys­
tems. This can thraw daubt upan the prospects .of stud ies i n  
t h i s  d i rectia n .  W e  bel ieve that th i s  area shau ld  be h i gh ly  
fru itfu l and that the d i scavery .of  m icraevents may be .of  great 
i mpartance. F i rst, these events m ay serve as s igna ls  .of the 
existence .of ather micraprocesses escap ing  d i rect abserva­
t i a n .  App l i ca t ian  .of .o u r  methads ta the  study  .of neu ra l  
processes appeared ta be fru itfu l far the mast part. Here the 
rale  .of m itagenetic rad i at ian may be s i m i la r  ta that .of "ac­
tian currents," the l atter a lsa being the s igna ls  .of sameth ing 
happeni ng. Because mitagenetic effects shaw extreme sensi­
t iv ity, and espec ia l l y  quantitative var iab i l ity, they h ave an 
advantage aver e lectraphys ialagical  methads.  The m i tage­
netic methad permits analysis .of the subject and the process 
.of excitat ian. Just as the fam i l iar farm .of spectral analys is  be­
came the faundatian .of madern cancepts .of atamic and ma­
lecu la r  structu re, m itagenetic rad iat ian-being  a s igna l  .of 
malecu lar  pracesses-pravides the pass ib i l ity .of deeper pen­
etrat ian i nta the propert ies .of the excited b ia lag ica l  sub­
strata. 

Only the future develapment .of science wi l l  shaw whether 
the wal l  separati ng c lassical and m itagenetic physialagy w i l l  
crumble. 

The same can be sa id  .of the m itagenetic a n alys is  .of the 
cancer prablem.  Here, a l sa, we have na cannectians with 
c l ass ica l  anca lagy, except far same i n te rest in the ext in­
guisher phenamenan far cancer d i·agnasis. We cansider these 
results less impartant than ather mitagenetic data rel ated ta 
carcinagenesis .  

An even mare extens ive f ie ld  far m itagenes is  h as been 
.opened by the d i scavery .of degradat ia n a l  rad iat i a n .  The 
amaz ing  sensit ivity .of the degradat ianal  spectra, reflect ing 
even m inute i nfl uences upan l iv ing systems .or particu lar .or­
gans, provides new means far e luc idating the fu nctianal  in­
terrel at ians between d i fferent systems. I f ,  i ndeed, an  i rrita­
tian (exc i tat ian)  .of a certa i n  system A resu lts i n  changes .of 
the spectral campasitian .of system B, the latter being, at fi rst 
g lance, q u i te i ndependent .of A, we shau ld  c l a i m  that the 
twa are i ntercannected, even if this can nat be registered by 
routi ne methads .  But  even i n  thase areas where such can­
nectians are detected by c lassical methads, the use .of degra­
datianal  methads may d i sc lase same new regularities. 

Develapment .of this baundless f ield belangs ta the future. 
Mitagenetic methads shau ld be in camman use in  physica­
chemical stud ies. Yet, the techn ique far detectian .of free rad­
icals, which we have elabarated, has been a lmast completely 
neglected up unt i l  naw, althaugh the appearance .of free rad i­
cals is  nat just a mere signal ;  sametimes th is  event is i mpar­
tant far understand ing the mechanism .of a process. Th is can­
cerns, in particu lar, the analysis .of thase enzymatic pracesses 



From archives of L. Beloussov 
Gurwitsch's laboratory in Moscow in June 7 948. Gurwitsch is second from right, first row. His daughter, Anna, is third from right. 

i n  which o n ly the f ina l  products, but not the i ntermed iate 
ones, are known . Th i s  is true even for such a s imple  system 
as, for example, u rease + u rea. Resonance i l l u m i nation of 
this system with m i togenetic rays made i t  poss ib le to detect 
the ex i stence of free rad ica l s  such as the carbonyl  g roup  
(=(0). This may certain ly  be  a determin ing  factor for under­
standing the whole process. 

One should keep in m ind that we are probably dea l i ng here 
with the main course of the enzymatic reaction, rather than 
with some neg l ig ib le  m icroevent. Such a conc lus ion is cor­
roborated by the fol lowing: Mitogenetic analysis does not re­
veal radicals as such, but on ly those rad icals that are excited 
by photons.  It is appropr iate to ment ion here that i n  some 
cases, even very weak UV i l lu m i nation is enough for the de­
tection of free radicals by our method of resonance scattering. 
Because the probabi l ity of photon absorption by a short- l ived 
free radical is very low, the number of rad icals excited by ex­
ternal irradiation wi l l  comprise a negl ig ible part of the whole. 

To summarize, the sphere of app l icat ion of m i togenetic 
methods i n  biology appears to be a lmost i nexhaustible.  Obvi­
ol,lsly it wou ld be r id icu lous to make any scientific prognosis 
here, in l ight of the complete d isregard for our resu lts. But we 
made it a ru le  to eva luate the results of mitogenetic investiga­
tions regard less of predominant opin ions. 

it wou ld  be useless to enumerate al l  of the spheres i n  which 
mitogenet ic methods can be appl ied.  The general progress 
and expansion of the app l i cation of mitogenesis-which has 
al ready given us, and shou ld  give in the future, a new biolog­
ical horizon-seems to be very important. 

We would  l i ke to point out at least that mitogenetic meth­
ods permitted us  to reveal the existen ce and importance for 
l iv ing systems of chain processes and of a regular nonequ i l ib­
r ium arrangement of molecu les .  U nt i l  now, these two con­
cepts, a lthough they are completely a l ien to c lassical biology 
and cyto l ogy, have been necessary for u ndersta n d i ng the 
main b io logical processes. i t  i s  extremely i m portant to take 
these concepts i nto considerat ion .  Moreover, after they ob­
tai n  general recognition, many conventional concepts wi l l  be 
looked upon in the l ight of new d i scoveries and w i l l  be sub­
jected to reconsideration. 

At the same time, th i s  review, although i ncomplete, br ings 
us to the fo l lowing  general conc l us i o n :  if fu rther deve lop­
ment of the idea of the m i togenetic phenomenon and the atti­
tude of science toward it were to become normal, "mitogene­
sis" shou l d  become completely d i ssolved i nto the rea l m  of 
related d iscip l i nes. The very term "mitogenesis," as the name 
of a specific d i sc i p l i ne, shou l d  d i sappear, as its role wou l d  
have been played out. 
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EDITOR'S NOTE: Professor Zhou contacted 2 1  st Century shortly after our publication of 
the work of Maurice Allais in the Spring 1 998 issue ("Michelson-Morley-Miller: The 

. Coverup"), informing us of his independent researches verifying the conclusions of Alia is 
that the theory of gravitation should be developed. This article is his summary of several 
report�, both published and unpublished, covering more than a decade of experimental 
work. 

D
u ring the period when the three bod ies-the Sun, the Moon, and the Earth-are i n  

. an approximately straight l i ne, there appear some i nexpl icable anoma l ies of physi­
cal  character. These i nc lude :  an  u nusua l  force of horizontal  osc i l lat ion,  strange 

changes in the pattern of gra in  sequence in crystals,  changes in wavelength of em ission 
spectra, and changes i n  the rate of speed of atom ic c locks. S ince 1 987, my col l aborators 
and I have been conducting numerous observations and analyses of these strange phenom­
ena. 

The sola r  system i s  a vast l aboratory, stor ing many secrets that can not eas i ly  be inter­
preted. Beg inn ing in the 1 950s, scientists noticed some i nexpl icable mechanica l  phenom­
ena  wh ich  occu r  on the Earth when the Sun ,  the Moon,  and the Earth l i n e  up approx i-

<II The Sun as captured by the Extreme Ultraviolet Imaging telescope during the Aug. 1 1, 1 999 
total eclipse. Inset, diagram of the lineup of the Sun, Moon, and Earth, during a solar eclipse. 
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Figure 1 
THE FORCE SENSOR 

Suspended 
weight 

Drawing of the device used by Professor Zhou and his 
colleagues in China to detect an anomalous horizontal 
force during solar eclipse. 

100 4. (x 0.21lE ) 
90 
80 
70 
60 

100 
90 

9/24/95 
24-26.5°C 

.·· ·· ..... d·.�··· .. · ..... · 

9/25/1995 
24-25SC 

80 
70 

....... ........... -........... ,', , ' ,  .... -:: .... ; ..... .... -.:� .. , ...... �:-...... . , .. 

1 1 0  
100 

90 
80 

100 
90 
80 
70 

.
. " 

8 

"� .............. --...... -..... . .... . ... -., ..... . 

1 2126/95 

.'''' .... ,,, ...... , .· ....... 5.5-7"C 

1/13/1 996 
4-5°C 

9 1 0  1 1  12 1 3  14 1 5  1 6  1 7  18 1 9  t(h) 

Figure 2 
THE STRAI N  CURVES (4E-t) ON NON-ECLIPSE DAYS 
The measured value of the strain, or horizontal force 
exerted on the vertical brass sheet in the apparatus 
shown in Figure 1 is 4e. On ordinary days, the curve 
plotting strain against time is fairly constant. 
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mately a long a straight l i ne. These are genera l ly  cal led "grav­
itational anoma l ies ."  F i rst, Maurice Al la i s  d iscovered the az­
imuth change of a paracon ical (modified Foucau lt) pendu lum 
during a solar ec l i pse. Then, a lso during a solar ecl ipse, L i u ­
quan Wang found an unusual inc l ination of  a c l i nometer (an 
instrument that measu res angles of elevation or i nc l ination), 
as if a horizontal force of 1 0  to 20 I-Ig was appl ied to the i n­
strument. Thereafter, T. Kuusela fou nd an abnormal inc l ina­
t ion from the p l a ne of a tors ion  pend u l u m  d u ri ng a so lar  
ecl i pse. E . J .  Sax l  d i scovered that a relative change of  magni­
tude 1 0-4 in the part ia l  cycle of a tors ion pendulum occurred 
du r ing a solar  ecl i pse. Yet, others fou nd that the change for 
the entire cycle was zero. 

The fo l lowi ng  is a summary of some of the research on 
these very exc it ing phys ica l  phenomena that I and my col­
leagues carried out i n  China .  

Abnormal Horizontal Force Detected During Eclipse 
An apparatus is set up to detect the horizontal force in the 

a i r  ( F i g u re 1 ) . The m a i n  part of the device is a th i n  b rass 
sheet ( 1 .5  x 0.3 x 0.000095 m), mounted with i ts  lower end 
fixed and its upper end freely supported by rol lers and pu l led 
t ight by a suspended weight, so that the brass sheet remains  
flat. The vert ica l  part of  the brass sheet i s  su rrounded by a 
g lass enc losure to avoid the effect of changes i n  the baro­
metric pressure. A stra in  w i l l  be produced when the sheet is 
affected by a hor izonta l  force .  To meas u re the stra i n, two 
stra i n  gauges are fastened to the sheet and also w i red to a 
stra inometer. Th i s  apparatus is set u pon shock-absorb i ng 
spri ngs to iso late it from any grou nd vi bratio n .  An e lectro­
magnet ic i nterferometer is p laced in the same laboratory. 
The maximum change of room temperature with i n  a 1 2-hour 
period is 1 ° C.  

An ec l i pse of the Sun took p lace on Oct. 24, 1 995 ,  i n  the 
c ity of Kun  M i ng, C h i n a .  I t  began at 1 0 :22  ( Bt'! i j i n g  t i me), 
reached its max imum at 1 1  :46, and had the secon d  contact 
at 1 3 : 1 8 .  The max i m u m  of the ec l ipse was 0 .73  when the 
Sun was at an a ltitude of 60°. 

On ord i nary (non-ec l i pse) d ays we conducted repeated 
comparative experiments, the results of which are presented 
in Figure 2 .  The measured value of the stra in  we fou nd is 4E. 
The figure shows that the curves are smooth and cont inuous. 

During the ecl i pse period of Oct. 21 to Oct. 28, wh i le  we 
were observ i n g  the brass sheet apparatus, we obta ined  a 
very different resu l t  (see F igure 3) .  Dur ing the five days (Oct. 
23-27)  spann i ng the occu rrence of the ecl i pse, the c u rves 
c hange sudden ly  from the i r  or ig ina l  smoothness, w i th the 
change occurring right on the points of 09 :00, 1 0 :42, 1 5 :00, 
and 1 7 : 1 2 for a l l  five days. Between 1 5 :00 and 1 7 :00, E os­
c i l l ates greatly with an ampl itude that is partly symmetrical  
to the ampl itude on the day of the ecl i pse . These curves do 
not man ifest any sudden changes or osci l l at ion before Oct. 
23, or after Oct. 28.  

We conclude from our observations, therefore, that at  cer­
tain times during the three-body a l ignment, the brass sheet is 
affected by a horizontal force of osc i l lat ion. The magnitude 
on a unit mass of sheet i s  1 04 I-Ig (where g i s  approxi mately 
equal  to 1 0  m/s2) ,  w h i c h  is 1 02 t i mes the t ida l  force. The 
cause of the force c a n n ot be att r ibu ted to temperat u re 
changes, nor to an electromagnetic d i stu rbance, nor to ex-
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Figure 3 
THE STRAI N  CURVES (4e-t) 
D U RING ECLIPSE PERIOD 

(OCTOBER 21 -28, 1 995) 

1 0/25 
1 7.5°-18.5° C 

t(h) 

During the eclipse period, the curve of strain plotted 
against time showed radical oscillations. The arrows a, 
b, c show, respectively, the times of onset, maximum, 
and second contact of the solar eclipse. 

(a) 

terna l  vibrat ion, nor to f luctuat ion of barometric pressu re, 
nor to the t idal  effect, because the t ida l  effect shou ld be on 
the order of 1 02 f-lg.  The phenomenon we have observed i s  
anomalous; its impl ications are yet to  be  explored. 

Effect of Eclipse on the Casting of Lead-Tin Alloy 
Another so lar ec l i pse took place on Dec. 24, 1 992, whose 

maximum in Harbin City, Ch i na, was 0 .6 1 . Our  experi ment 
was conducted at an i ndoor temperature of about 1 0° C. 

Before the beginn ing  of the ec l i pse, we melted the lead-t in  
a l loy (Sn 5 5  percent, Pb 45 percent) i nto a l iqu id  state, and 
mai ntained it at the melt ing poi nt temperatu re. Dur ing  the 
ec l i pse, we cast a g roup of samp les u s i ng the Pb-Sn l iqu id  
a l loy. U nder  the  same c o n d i t i o n s ,  i n  the days  after t he  
ecl i pse, we  also cast another group of  samples.  

The two groups were photographed and e n l a rged 1 00, 
300, and 600 times, respectively, by an  e lectron microscope, 
in order to examine their  meta l l ograph ic  patterns. In F igure 
4, photo (a), from the control group, shows a random gra in  
d i st r ibu t ion ,  w h i l e  p hoto (b ) ,  f rom the  ec l i pse samp l es, 
shows a sequenced gra i n  d i stribut ion .  The conductiv ity of 
the two groups was a l so tested, and the results i nd icated that 
the conductivity of the ec l i pse sample was 5 percent h igher 
than that of the control group.  It shou ld  be poi nted out that 
during the cast ing of the two sample groups, we did not ex­
ert any i nf luence on e ither group,  and  thus the sequenced 
gra in  pattern of the ec l i pse sample shou ld be attributed only 
to the effect of the solar  ecl i pse. 

Abnormal Changes in Emission Spectra 
It is wel l  known that the spectral wavelengths of elements 

on the Earth have proven constant by a l l  the tests in the past. 
They can be altered in the u n iverse on ly by the gravitational 
and Doppler effects. For i nstance, spectral wavelengths of the 

(b) 
Figure 4 

REFLECTION ELECTRON MICROGRAPHS (1 00 X) 
Experiments conducted in a laboratory in Harbin, China, showed that the grain distribution pattern of crystallized sam­
ples of a lead-tin alloy was altered during the solar eclipse of Dec. 24, 7 992. Photo (a), from the control group, shows a 
random grain distribution, while photo (b), of a sample of alloy crystallized during the eclipse, shows a sequenced grain 
pattern. 
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Figure 5 
L"t CURVES OF THE COMPARISON SPECTRUM 

When L, the distance between two spectral lines, is 
plotted against time M under ordinary conditions, the 
curve is flat showing no time-dependency. 

solar surface compared to those of the Earth's su rface show a 
relative sh ift of 1 0-6 magnitude. However, du ring  the solar 
ec l i pse of Sept. 2 3 ,  1 98 7  (an ec l i pse wi th a max i m u m  of 
0.86), we found a relative change of 1 0-4 in  the magnitude of 
the spectral wavelength . . 

Six d ifferent models of spectrum analyzers were placed i n  
laboratories i n  different areas. They photographed the emis­
sion spectra of H, D, Ca, CN,  N i , Ti, and so on .  The spectra 
photographed, we shou ld  point out, are of a l ight source in­
s ide the laboratories, not the solar spectrum.  The spectrum an­
alyzers are of ordinary kind, with a d ispersive power of 4 to 8 
angstroms/mm. 

To measu re spectral l i ne spac ings, an i nstrument sLich as 
the Abbe comparator, which has a low accuracy, is  widely 
used i n  different countries in  the world .  We succeeded i n  us­
ing a laser comparator, which automatica l ly  measures spec­
tra l l i ne spac i ngs. The u ncerta i nty of a laser comparator i n  
measuring a standard ruler is  smal ler than ±OA micrometers. 

The results of our measurements i nd icate that spectral l i ne 
spac i ngs that are measu red on any Ll sua l  day rema in  un­
changed wi th i n  the average error range, wh i l e  a re lat ive 
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PART OF THE L-t CURVE OF THE ECLIPSE SPECTRUM 
The line spacings for the emission spectrum of eN, and 
of a number of elemental spectra tested, were shifted 
from their normal zone (shown by region between hori­
zontal dotted lines) during the solar eclipse of Sept. 23, 
1 987. Arrows a, b, c mark the onset maximum, and 
second contact of the eclipse. 

change of 1 0-4 magnitude took p lace for a l l  the spectral l ine 
d istances of H, D, Ca, CN, N i, Ti, and so on, photographed 
during the solar ecl i pse at d ifferent l aboratories. It can be rel i­
ably stated that it is the solar ecl ipse which causes the relative 
shift of 1 0-4 magn itude in the spectral wavelengths. 

Take the case for C N ,  for example,  as its test resu l ts are 
shown in F igu res 5-7. L, measured i n  micrometers, represents 
the d istance between two spectral l i nes. CN�g and CN�g' 

and 
so on, represent any two given spectral l i nes measureo. Ar­
rows a, b, c mark the t ime of the beg i n n i ng, the max i mum, 
and the second contact of the so lar ecl i pse. F igu re 5 shows 
the d i stance between two spectral l i nes (L) p lotted agai nst 
t ime (t), wh ich  i s  a spectral comparative c u rve.  The graph 
demonstrates that L and t do not have any i nf luence upon 
each other. F igures 6 and 7 show the L-t curve of the ecl i pse 
spectrum, which demonstrates that the d i stance of spectral 
l i nes keeps equal ly with in  the error range before and after the 
ec l i pse, but  changes d u ri n g  the so l a r  ec l i pse . When the 
ecl ipse reaches its maximum, the d istance band varies far be­
yond its normal zone. 

Spectroscopy has a long history and there are many labora­
tories equ ipped with soph isticated spectrographs in  various 
countries of the world .  Why haven't they found that the solar 



ecl ipse causes changes i n  the spectral 
l i ne distance of emission spectra, wh i le  
we have done so us ing  on ly a spectro­
graph of l ow d i spers ive power? The  
reasons are, fi rst, that d u r ing  the  solar  
ec l i pse most researchers pa id  a lot of 
attent ion to the  S u n 's spectr u m  a n d  
perhaps ignored t h e  i ndoor l ight spec­
tru m .  Second,  even if  they d i d  study 
the indoor l ight spectrum d u ring  a so­
lar ecl ipse, they cou l d  not find changes 
using the trad itional Abbe comparator. 

Abnormal Effect of Eclipse 
On Rate of Atomic Clocks 

I t  has been previous ly reported that 
the so la r  ec l i pse has an i nf luence on 
atom ic  c locks p l aced at two d ifferent 
l ocations and observed by sky-wave 
comparison. This is, essent ia l ly, the in­
fluence of the day-n ight effect caused 
by the ec l i pse upon the i o n osphere, 
which is understandable. 

We have d i scovered that the so la r  
ec l i pse h as var ious  i nfl u ences u pon 
atom ic  c locks at two l ocat ions  ob­
served by  gro u n d -wave compar ison,  
upon atomic clocks in  the same labora­
tory but d ifferent az i m u t h  by d i rect 
comparison, and upon atomic clocks at 
two locations compared by c lock trans­
portation by a i rplane. 

We have analyzed atomic c lock time 
compari son (ground-wave) d ata of 1 6  
LOC chain recorded from 1 987 to 1 993 
by the U .S. Naval Astronomical Obser­
vatory, and found an obvious impact of 
the solar and lunar ecl i pse on the data. 
F igure 8 presents a chart of t ime com­
parison by the U .S .  Naval Astronomical 
Observatory at LC7970. LP, LT, SP and 
ST represent, respectively:  part ial  l u nar 
ecl ipse, total l unar ecl ipse, partial solar 
ecl ipse, and total solar ecl i pse. The ver­
tical dashed l i ne i nd icates the t ime of a 
solar  or l u nar  ec l i pse. As the chart 
shows, during the ecl ipse, when a l l  three 
bodies are al igned, the curve appears in  
the shape of a peak or  va l l ey with  a 
fiercely changing gradient. We can also 
see from the chart that the tendency to 
change is not l i m i ted to the period of 
optical effect of the ecl ipse, but extends 
over the entire period of the three-body 
al ignment, approximately. 

Dur i ng  the  part i a l  s o l a r  ec l i pse of 
Dec. 24, 1 992 ,  u s i n g  seven atom i c  
clocks, we conducted some d i rect com­
parisons with the same atomic clock i n  
d ifferent  pos i t ions  a n d  d i d  so at the  
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VARIATION OF THE DAilY TIME DIFFERENCE WITH DATE SERI ES 
AT lC7970 FROM 1 989 TO 1 991 

LT = Total lunar eclipse ST = Total solar eclipse 
LP = Partial lunar eclipse SP = Partial solar eclipse 

The graph shows the time difference (t2- t7, measured in microseconds) for 
two atomic clocks as measured by the u.s. Naval Astronomical Observato­
ry (LC/7970), over a period of 7, 000 days from 7 989 to 1 99 7 .  The vertical 
dashed lines indicate the time of lunar and solar eclipses. Superimposing 
these on this graph of time differences shows that the maxima and minima 
of the time differences generally occur at the time of Sun-Moan-Earth align­
ment. 
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same time i n  the four cities of Harbin (magnitude 0.61 ), Chang 
Chun, Beij ing (0040), and Wuhan (0.20).  We also carried out 
comparisons using clocks transported by planes flying among 
the three cities of Harbin, Beij ing, and Wuhan . 

Figure 9 demonstrates the results of a d i rect comparison be­
tween two cesium clocks positioned in different azimuths, but 
i n  the same laboratory. The dotted l i ne i nd icates the maxi­
mum of a solar ecl ipse. L ines AB and CD have a constant gra­
d ient showing, therefore, that the difference of the two clock 
rates is constant. The grad ient of l i ne BC gradual ly changes, 
i nd icat i ng  that the a l ignment of the th ree bod ies causes a 
change i n  the d ifference of the two clock rates. This relative 
change of the t ime d ifference between two ces ium clocks is 
204 x 1 0- 1 2 magnitude. 

A d i rect comparison between two rubid i um clocks in the 
same laboratory in the city of Chang Chun is demonstrated in 
Figure 1 0. Analysis of the graph shows that a relative change 
of time difference between the two rub id ium clocks reaches 
3 .6  x 1 0-8 magnitude during the solar ecl ipse. The effect oc­
curs not on ly  on the day of the solar ecl ipse, but duri ng the 
period of the three-body a l ignment, approximately. 

F igure 1 1  demonstrates the time comparisons of clock trans-
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Figure 9 
TIME DIFFERENCE CURVE OF 

DIRECT COMPARISONS BETWEEN 
TWO CESI UM CLOCKS IN HARBI N  

24/1 2 

Tests on two cesium atomic clocks positioned in differ­
ent directions, but in the same laboratory, in Harbin, 
China, showed an increase in the time difference occur­
ring around the time of the Dec. 24, 1 992, solar eclipse 
(vertical dotted line on graph). Straight lines AB and CD 
show that the rate of change, measured in nanoseconds, 
of the time difference between the two clocks is con­
stant in the non-eclipse period, but becomes irregular 
around the time of the eclipse. 
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portat ion by p l a ne between Wu han  and  H a rb i n .  L i n e  AB 
shows the compar ison  between the fl y i ng c lock and  the  
ground clock i n  Wuhan; L i ne BC shows the flying clock from 
Wuhan to Harbin, affected by the solar ecl ipse in Harbin,  then 
returning back to Wuhan . Line CD shows the comparison be­
tween the retu rned fly ing c locks to Wu han and the ground 
clock i n  Wuhan . When the relat ivity effect i s  deducted, the 
re lative change of the two c locks' t ime  d ifference reaches 
7.6 x 1 0- 1 2 magnitude during the th ree-body al ignment. 

In  conclusion, we real ize by the d i rect comparisons and by 
c lock transportat ion comparisons, that u nder usual c i rcum­
stances the atomic c lock rate is very stable. It is, however, af­
fected by the three-body l ine up .  The length of time of the in­
fluence is not l i m ited to the period of the solar optical effect, 
but fal l s  with in  the period of the th ree-body al ignment. 

Discussion 
Our observations and research involve several spec ia l ized 

areas of science, such as mechanics, meta l lurgy, spectroscopy, 
and time comparison of atomic clocks. Experts i n  these areas 
have offered their techn ical support, for which we are whole­
heartedly grateful .  

To summarize our fi ndings: During the period of three-body 
al ignment, an u n usua l  force of horizontal osc i l lat ion takes 
place. This period has various effects upon the gra in  arrange-
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Figure 1 0  
TIME DI FFERENCE CURVE OF 

DI RECT COMPARISONS B ETWEEN 
TWO RUBIDIUM CLOCKS IN CHANG CHUN 

The time difference observed between two rubidium 
clocks in the same laboratory in Chang Chun, China, 
showed sudden changes around the time of the Dec. 
24, 1 992, eclipse (vertical line). 
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Figure 1 1  
CLOCK TRANSPORT COMPARISONS BETWEEN 

WUHAN AND HARBIN DURING SOLAR ECLIPSE 
The Theory of Rela tivity predicts that a difference in 
time-keeping will be found between stationary and fly­
ing clocks. But even when this predicted difference is 
deducted, the relative time difference between a clock 
carried in an airplane and one kept on the ground was 
found to reach 7.6 x 1 0- 12  magnitude when the flying 
clock was carried to a city, Harbin, where the solar 
eclipse was maximum, and returned to Wuhan, where 
the comparison clock was kept. 
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ment of a lead-ti n a l loy, upon 
the spectral  wave len gths of 
atoms or mo lecu les, and upon 
the speed rate of atomic clocks. 
The uncertai n  mechanism con­
tained in  these effects is not yet 
expla i ned . A l l  of the abnormal 
physical phenomena tel l  us, in 
d i fferent ways, that there a re 
many secrets, yet u n d i scov­
ered , wh ich  occu r  dL! r i n g  the 
period of the three-body al ign­
ment, and wh ich  req u i re fu r­
ther explorat ion.  The most im­
portant work at present  i s  to 
repeat ou r experi  ments a n d  
tests. 

Shu-wen Zhou 

Shu-wen Zhou is in the Department of Physics, Huazhong 
University of Science and Technology, Wuhan, China. This ar­
ticle was translated into English by Ms. Haiou Liu. 
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Predictions Are Always Wrong 
by Ph i l  Rub i nste i n  

\ 

Of l ate, i n  expla i n ing  to the Ameri­
can population Lyndon LaRouche's 

forecast of an economic co l l apse, and 
related political consequences, we often 
have to face the i mpact of an i rrat ional  
bel ief i n  l inearity, most d i rectly with re­
spect to the sense of time. This occurs in  
the form of, "Can you pred ict .  . .  ?" ,  
"Can you te l l  us when . . .  ?", or "Your  
pred iction was wrong; i t  d idn't happen," 
and so on. 

Of course, no "prediction" was made, 
but rather a forecast, based on certa i n  
phys ica l  economic  parameters, but 
whose t im i ng, and even outcome, de­
pend o n  many comp lex and  u n pre­
dictable events, not the least of which is 
the i nd ividual  cit izen's decis ion to act, 
or not to act, in such a way as to he lp  
avert an  otherwise u nstoppable co l ­
lapse. 

The d ifficu lty which the typical Amer­
ican  confronts i n  th i n k i ng about 
LaRouche's economic forecast reflects a 
view of space-time that is one of a l i near 
extension, with space as a fi l led-up box, 
and, i n  effect, no concept of t ime, be­
cause t ime can ex ist o n l y  as cha nge, 
action, becoming. It is precisely this l i n­
ear i ty that s i m p l if ies l a ngu age to 
dumbness, reduces music to noi se, and 
makes a l l  science and geometry of the 
post-Kepler period incomprehensible.  

Aristotle's I nfluence 
It is no accident that one can f ind a 

nearly completely modern expression of 
th is  standpoi nt i n  Ar istot le's On In ter­
pretation. Aristotle says fi rst, i n  section 
I I I :  " . . .  verbs by themselves, then, are, 
nouns  and they sta nd for or s ign i fy 
someth ing . . . .  [T] hey indicate noth ing 
themse lves but i m p l y  a copu l at ion  or  
synthesis,  which we can ha rd l y  con­
ceive of apart from the things thus com­
bined." And then :  "We ca l l  propositions 
those on ly  that have truth or fa l s i ty i n  
them ." 

Were this only the ancient outlook of 
a d i scred i ted Ar i stot l e, no prob lem 

wou ld ensue but, in  fact, this is  the root 
of the thorough ly  modern out look of 
Russe l l ,  F rege, Carnap,  and  so on. I n  
fact, On Interpretation cou ld be a hand­
book for i n formation theory. Although 
Aristotle, l i ke h is  modern fol lowers, rec­
ognized that the thoroughly determin is­
tic outlook that fol lows from this contra­
dicts the actual choices made by human 
beings, h is  reso lution of this paradox is 
to i ntroduce mere contingency, a kind 
of randomness, which is a l lowed to the 
empty future. 

The Future Determines the Present 
The rea l i ty is best grasped by tak ing  

an  approach rooted i n  phys ica l  eco­
nomic p lann ing .  Begin  with a moment 
i n  h i story defi ned by a resou rce level 
that i s  determi ned by an  ex ist ing sci­
ence and technology. A horizon can be 
hypothesized at which the social cost of 
resources usable at that level of technol­
ogy wou ld lead to a crit ical degenera­
tion, or i nabi l ity to mai nta in  capital or 
l abor. That cr i s i s  defi nes a necessa ry 
present deployment of advanced tech­
nologies to create new scientific break­
throughs .  Th i s, however, req u i res 
greater dens ity of use of resou rces, 
l abor, and  so on; thus ,  the horizon i s  
changed. 

Take the example of the progression :  
foss i l  fuel ,  nuclear fission, then nuclear 
fus ion .  Our present resou rces may be 
stretched to extend the horizon, but that 
merely worsens the cris is .  If we choose 
to accelerate the use of f ission energy, 
the demand on exist ing resources uses 
up those resou rces more rapid ly. If we 
mob i l ize a crash effort to ach ieve 
fusion, the rate of usage increases. 

Thus, the future i s  changed for pres­
ent action at each step.  The prob lem 
then becomes to determ ine  the actua l  
activity requ i red i n  the  present. As  th i s  
occurs, the  relationsh ip  between now 
and the future i s  consta nt ly a l te r i n g :  
That also alters a l l  other activity, a l loca­
t ion of resou rces, l abor, and so on .  I n  
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this way, the present is itself an i ncom­
mensurable .  I t  i s  a perfect example of 
non-constantly changing action. It is this 
subjectivity that l i es at the root of under­
stand i n g  physical  space-t ime as some­
thing of constantly changed activity of a 
mu ltiply connected type, in the sense of 
Leibniz. 

From this standpoint, one can see that 
not on ly  is the future causing the pres­
ent, but that i m p l ic it in any hypothesis 
of th is type is an i nversion that is asym­
metric. As the forecast is made, it imme­
d iately brings us to a new concept of the 
path of action itself. The relationsh ip of 
past, p resent, and future is a ltered . So, 
l et us n ever be caught i n  Ar i stote l i a n  
conceptions of "the future." 

Implications for language 
T h i s  a l so has i m p l icati ons  for l a n­

guage, such as the fu ndamental ro le of 
the subjunctive, and in physics, such as 
non-re lativistic relativity and non-statis­
tical quantum theory. 

Let us l ook at the gr ip  of fi x ity from 
the standpoint of language. Despite of­
ten best i ntent ions, ou r  own thoughts 
are dominated by the tyranny of names, 
propos i t ions,  states of affa i rs, facts 
which are either true or fa lse. For is not 
every statement either true or false? 

I t  is often best to revert to "the 
Ph i losopher," Aristotle, who says simply 
in  On Interpretation (part of h is  study of 
l angu age) that, "verbs by themselves, 
then, a re nou ns, and they stand for or 
sign ify something, for the speaker stops 
h i s  process of th inki ng and the m i nd of 
the hearer acquiesces." 

Perhaps more remarkab l e  than the 
bo ld  statement  that "verbs by them­
selves, then, a re nouns ,"  i s  Aristot le's 
recogn i t ion that t h i s  denud ing of l an ­
guage ends thought, and  forces subm is­
s ion.  Is this not the s implest description 
of non-cognitive pol itical organizing, or 
the fo l ly of conceiving a human econ­
omy as if it were moved by animal l usts 
and  d r i ves?  We m ight ca l l t h i s  the  
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Oak Ridge National Laboratory/DOE 

"The future is changed for present action at each step": The u.s. Manhattan Project during World War /I was the world's largest 
industrial project ever, mobilizing vast national resources. It built the world's largest building in 1 943 (above), for isotope sepa­
ration, requiring more energy than the nation had ever before produced. But within a decade of the Manhattan Project, nuclear 
fission was creating electric power for civilian use. The first nuclear fast breeder reactor generated electricity in Idaho in 1 95 1 .  
Inset: President Eisenhower opens the Shippingport Nuclear Plant in Pennsylvania in 1 957. 

" name it and  n a i l  i t"  approach to 
thought; the search for the r ight s logan 
or formal ism. 

Aristotle fi n ishes here by noting :  "for 
even the i nf in i tives 'to be,' 'not to be,' 
and the partic ip le 'being' are ind icative 
only of fact if and when someth ing fur­
ther is added . They i n d icate noth i n g  
themselves, but i m p l y  a copu l at ion  or  
synthesis." 

Now cons ider  the space-time such  
thought impl ies: There are things which 
have names, which by a strange act, or 
occult  connect ion ,  are j o i ned . State­
ments about them are true or  fa lse.  I n  
fact, there is n o  action, they s imply rest 
in space, and there is thus no ti me, no 
true change. In real ity, this world is one 
of thi ngs and propert ies .  S i nce, i n  th i s  
view, a l l  facts a re e i ther  t rue  o r  false, 
there is no real succession, and eternity 
is simply the present. 

It is from this standpoint that the mon­
strosity of absolute space and time de­
rives, an em pty, f ixed box fu l l  of cou-
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p i i ng and jo in ing  (ach ieved by straight 
l i ne forces). 

Leibniz's Alternative 
To leave such a world requ i res a com­

p l ete change, not s imp ly  i n  l anguage, 
but in the way the m ind's eye works. In 
the Metaphysical Foundations of Mathe­
matics, Leibniz notes: "Space is the or­
der of coex isting thi ngs, or the order of 
ex i stence for thi ngs which are s imu lta­
neous . "  And s l ight ly  above that:  " I f  a 
p lural ity of states of things is assumed to 
ex i st w h i c h  i nvo lve no oppos i t ion to 
each other, they are said to exist s imul­
taneously." 

These two statements, taken together, 
can be seen to open an entirely d ifferent 
concept ion of phys ica l  space-t i me 
wh ich  focusses u n iversal activ ity on a 
real succession of change. Now, the to­
tal ity of space is altered when action in­
troduces someth ing incompatible to pre­
v ious  o rder, and  it is that w h i c h  
i ntroduces real t ime a s  a changed space. 
Thus ,  a l l  of the space-t i m e  is tru l y  

changed and t h e  pr imacy o f  facts is a l ­
tered . Leibniz (as perhaps can b e  inves­
tigated at a l ater time) develops this idea 
of re l at ive space-t i me in the C l ark­
Le ibn iz  letters, i n c l u d i ng the notion of 
increased power. 

From th i s  a l te red v iew-the v iew as 
instituted by N icholas of Cusa, and ex­
panded,  from w h i c h  a l l  t rue sc ience 
flows-comes a concept ion  of c u rva­
ture wh ich is rooted in the a lteration of 
all space-time. Such a change begins in 
the way we th ink. This a l lows us to rec­
ognize in changes in the smal l ,  the cur­
vature of space-time, s i nce it is the suc­
cess i o n  w h i c h  is the rea l i ty, not an  
arbitrary alteration in  a flat box. We can 
now reject nouns  and  propert ies (and 
perhaps even John Locke's property), i n  
o u r  language, and i n  o u r  m ind a s  wel l .  

Phil Rubinstein is a National Commit­
tee member of the National Caucus of 
Labor Comm ittees, the activist philo­
sophical orga n ization founded by 
Lyndon LaRouche in 1 968. 
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FUSION REPORT 

Japan Pushes Forward in Fusion Research 

by Marsha Feeeman 

Aconse n s u s  has  been reached i n  
Japan that fus ion  energy mu st be 

developed "as a respons i b i l ity of the 
present generation for the next genera­
t ion . "  J a p a n 's comm itment  to fu s i o n  
and  t h e  futu re i s  i n  g reat contrast to 
that of the U n ited States, w h i c h  has  
emasc u l ated i t s  thermonuc lear  fus ion 
program over the past decade, c l a im­
ing that it is not worth spend ing the re­
sou rces to develop th i s  potent ia l l y  i n ­
exhaust i b l e  s u pp l y  of energy, a n d  to 
the Russian fusion program, which has 
suffered the same devastat i o n  as the 
rest of science i n  Russia .  

A review of the J apanese fusion pro­
gram plan was presented by Dr. Nobu­
yuk i  I noue,  c h a i rman  of the N uc l ear  
Fus ion  Cou nc i l  of  Japan ,  to  a J u ly 2 3 ,  
1 999,  meeti ng o f  t h e  U .S .  Department 
of Energy's Fusion Energy Sciences Ad­
v i sory Com m i ttee ( F ESAC),  h e l d  i n  
Snowmass, Colorado. 

. 
Kiyoshi Yazawa 

Because Japan has to import the bulk 
of i ts  energy resou rces, he exp l a i ned, 
"Japan has a long-range strategy for nu­
clear energy deve lopment to solve the 
energy problems of the 21 st centu ry," 
and "Japan i ntends to develop fusion as 
a v i a b l e  opt ion as a future energy 
source." 

Japan's JT-60 tokamak, as it looked in construction. 

I noue exp l a i ned that the core pro­
gram to develop fusion in  Japan is mul­
t ifaceted , i n c l u d i ng conti n ued experi­
ments u s i ng the J T-60 tokamak,  
complet ion  of an  advanced tokamak 
study, research i n  futu re reactor tech­
nologies, and consideration of a l terna­
t ive and  i n novative new fu s ion  con­
cepts . The next step,  the J apanese 
bel ieve, is  to feed the resu lts from the 
current phase into the design and con­
struction of the I nternational Thermonu­
c lea r  Exper i menta l  Reactor ( I T E R) ,  
which has been u nder development by 
the i nternat iona l  fus ion  com m u n ity 
since 1 978. 

Japan a l ready has a broad-based re­
search and  experi mental  p rogram for 

fusion development, which includes fa­
c i l ities for not only the tokamak geome­
try, but a lso a m i rror fusion device, re­
versed f ie ld  p i nch  exper i ment,  a n d  
hel ical field fac i l ities. Japan also has a n  
active program i n  i nert ia l  confi nement 
fusion, using lasers. 

Cost 'Not of Concern' 
I noue made clear that whi le  the esti­

mates are that the ITER tokamak faci l ity 
w i l l  cost in the range of $5 b i l l ion, the 
cost is  "not of concern" to the govern­
ment of Japan.  Although the Japanese 
government hopes that the cost w i l l  be 
shared, it is proceed ing apace to formu­
l ate proposals  for ITER to be "hosted" 
by Japan, he reported . 

Over the past year, the U n ited States 
decided to term i nate its part ic i pat ion 
i n  the ITER program, because of d ra­
con i a n  budget cuts i m posed by the  
Congress. But  the Japanese, Europeans, 
a n d  Russ i ans  have cont i n u ed t h e i r  
j o i n t  design a n d  engi neeri ng stu d ies .  
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I noue  sa id  that Japan recogn izes that 
"domestic reasons are regarded to have 
c a u sed a change i n  U . S .  po l icy  on  
ITER , "  bear ing  l i tt l e  on  the sc ient i f ic  
merits of  the program .  " Japan expects 
the U . S .  to rejo in  the ITER activit ies," 
he stated . 

When asked about the d ifference be­
tween the Amer ican and  J apanese fu­
s i o n  programs,  I noue  po i nted to the 
broad-rangi  ng  consensus in Japan  for 
fus ion  deve l opment, wi th  " h eavy i n ­
volvement o f  i ndustry, " i n  add i t ion to 
the un iversity and laboratory programs. 

A Broad Consensus 
As he exp l a i ned, th i s  consensus d i d  

n o t  come about  a s  i f  b y  mag i c, b u t  
through a serious comm itment t o  ed u­
cate var ious  government  bod ies  a n d  
organ izations on the importance o f  fu­
sion energy. 

I n  the Japanese Parl i ament, there is a 
group of more than 1 00 members of the 

(Continued on page 66) 
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Japan's Tokamak, JT-60 U ,  Scores Advances 

by E l i sabeth Pascal i 

Scienti sts at the Japanese Atomic  En­
ergy Research Institute (JAER I )  have 

j ust reported some s ign if icant break­
throughs on their main experimental re­
actor, the JT-60U .  JAERI  issued a press 
release in August, stating  that they had 
achieved "quasi steady sustainment for a 
h i gh performance reversed shear  
p lasma . . .  where the h igh fus ion per­
formance of QrW - 0.5 was sustai ned for 
-0.8 secs . . .  [see figurel . A new tech­
nique of stored energy feedback control 
by us ing neutral beam i njection power 
was app l i ed for ma inta i n i ng the stored 
energy constant sl ightly below beta l im­
its. Occurrence of a beta col l apse I im­
ited the d u ration  of the h igh  perform­
ance when the magnetic pitch m in imum 
qmin  in  the c u rrent profi l e  decreased 
down to - 2." 

Q�i- is the ratio of the energy produced 
by the reactor (us ing deuteri um-triti um 
(O-T) fuel) to  the energy input, and  is an 
ind ication of the efficiency of the fusion 
process. A Q�i- of 1 for a fusion reaction 
means breakeven .  The JT-60U had a l ­
ready ach ieved a Q�i- o f  1 .2 5  back i n  
1 998, but on ly for 0 .01  seconds. I n  the 
world of magnetic confinement fus ion, 
the success of an experiment is general ly 
measured i n  m i l l iseconds, because the 
p lasma current density and pressure, so 
far, has been attained through induction. 
The attainment of stable energy output at 
Q�i- of 0.5 for 0.8 seconds is far beyond 
what other experiments have been able 
to achieve. 

U.S. Retreats from Fusion 
Contrary to the U n ited States, Japan 

has been aggressively and optim istical ly  
experimenti ng i n  fus ion researc h .  The 
Un ited States, at  l east for the moment, 
has decided to stop a l l  fu nd ing  for the 
I nternat iona l  Thermon u c l e a r  Exper i ­
mental Reactor ( ITER) i n  the year 2000, 
and has shut down some of its main ex­
perimental programs, such as the Toka­
mak Fus ion Test Reactor (TFTR) at the 
Princeton P lasma Physics Laboratory. 

Fus ion,  of cou rse, i s  the most com­
mon sou rce of energy in the u n iverse. 
The key to understanding how to repro­
duce the natural reactions that fuse iso-
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topes of H i nto He (among other reac­
t ions)  that take p lace every day i n  the 
Sun, and other stars, was d i scovered in  
a terrest r i a l  l a boratory i n  the 1 9 5 0s, 
with the i nvention of 

" n u c lear  techno logy," and  now, more 
recently, of " unbalancing the country's 
checkbook." 

I n  fact, the opposite is true. It is  only 

the hydrogen bomb. 
MAJOR PLASMA PARAMETERS 

Plasma current 2.4 MA 

Energy confinement time 'tE 0.8 sec 

Central ion temperature (Tj(O) 1 3  keY 

Central deuterium density nD(O) 3.7 X 1 019 m-3 

S i n ce that  t i me, 
there has been some 
effort to master the 
fu s i o n  p rocess fo r 
commerc i a l  energy 
p ro d uct ion  by sev­
e ra l  na t ions .  H ow­
ever, t h i s  research 
has been hampered, 
espec i a l l y  i n  the 
U n ited States, by an 
i r rat io n a l  fear of  

Fusion triple product 
nD(O)TE Tj (0) 

3.92 X 1 020 m-3 s keY 

Plasma 
current (MA) 

Stored energy 
(MJ) 

Temperature 
(keV) 

Neutron rate 
( 1 01 6/sec) 

Equivalent 
fusion power 
gain 

Equivalent fusion power gain Q6� 0.5 

E34292 

5 5.5 6 6.5 7 7.5 
t(s) 

SUSTAINING EQUIVALENT FUSION POWER GAI N 
OF 0.5 FOR 0.8 SECONDS 

Beam 
power 
(MW) 

Here is the profile of a quasi steady state for high performance reversed 
shear plasmas obtained by the JT-60U, which obtained a high fusion per­
formance of Q�t- for about 0.8 seconds. JAERI expects to extend the high 
performance duration using neutral beam injection power. 

Source: JAERI, Report No. 53, Aug. 1 1 ,  1999 
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the development of science and its tech­
nological appl ications, l i ke fusion, that 
drive the economy forward . 

Two Fusion Directions 
Two d i rect ions  i n  fu s i o n  researc h  

have been pursued. One idea, is to take 
sol id crystals of deuter ium and trit i um 
( isotopes of hydrogen) and ign  ite them 
through compress ion ,  u s i ng  l asers or 
partic l e  beams. Th i s  is ca l l ed i nerti a l  
confi nement fus ion,  a n d  i t  i s  s im i lar  to 
the techno logy u sed i n  the hyd rogen  
bomb. The  la rgest ongoing experiment 
of this type i s  the Nationa l  Ign ition Fa­
c i l i ty ( N I F ) ,  now in construct ion at 
Lawrence L ivermore Nat ional  Labora­
tory. 

The other idea is to heat tr it i um and 
deuterium gases, which are confined by 
a magnetic fie ld ,  i nto a p l asma that i s  
hot enough a n d  a t  a h igh enough pres­
sure for fus ion to take place. The toka­
mak,  or toro i d a l l y  shaped p l asma,  
wh ich  was  fi rst bu i l t  by  the Soviets i n  
1 9 68,  i s  the  most su ccessfu l type of 
such magnetic confinement fusion. 

In 1 990, there was an  i nternat iona l  
commitment made by the Un ited States, 
japan, the European U n ion, and Russia 
to bui ld the first commercia l ly viable fu­
s ion  reactor, c a l l ed the I nternat iona l  
Thermonuc lear  Exper imental  Reactor 
(ITER). This was an ambitious program, 
because u nt i l  t h i s  poi nt, the m a i n  ex­
peri mental reactors have been ach iev­
i ng power outputs at the 1 OOs of kW 
range for short periods of time; whereas, 
the ITER i s  p lan ned to produce 1 ,000 
MW over a sustained length of time. 

In 1 998,  the research and deve lop­
ment phase of the ITER was extended 
by three years, but the Un ited States has 
decided to part i c i pate o n l y  fo r one  
more year. Now, the japanese are plan­
n i ng to host the actua l  construct ion of 
ITER, and they consider the jT-60U as a 
precursor to it. 

New JT-60U Technologies 
The most exc i t i n g  t h i n g  about the 

new japanese work on jT-60U is that i t  
was achieved with two sign ificant tech­
nological changes, which promise even 
better res u l ts i n  the near  fu t u re .  The  
first was the  mod ification in  june 1 997 
of the d i vertor to a W-shape pu m ped 
d ivertor. The d ivertor he lps to remove 
impu rit ies and lower energy part ic les 
from the p lasma, thus ma inta i n i ng the 
p l asm a's orga n izat i o n .  jT-60 re­
searchers have found that this new W-

s h ape d i vertor geometry a l l ows the  
p l asma to achieve a trans i t ion to  h i gh 
mode, known as H-mode, with 30 per­
cent  less power. H-mode is a more 
h igh ly  organ ized state of the p l asma,  
wh ich  l eads to  lo nger confi nement  
times and h igher dens ity and tempera­
ture than those achieved with the nor­
mal low mode. 

The other tec h n o log ica l  change 
wh ich  a l l owed the  jT-60U to  ach ieve 
longer confi nement t i mes is a neutral  
beam power injection system.  The neu­
tral beam adds power to the plasma in  a 
contro l led way, a id ing  i n  its organ iza­
t ion. Some of the beams are d i rected in 
a tangential manner, thus add ing to the 
sp i n n i ng (he l i c ity) of the p lasma .  The 
jT-60U team expects to u s.e neutra l  
beam injection to  stabi l ize and improve 
the confinement time in the future. 

Self-organizing Beltrami Vortex 
That the fus ion researchers a re f ind­

i ng that the H-mode can be more eas i ly 
susta i ned with the reversed shear con­
f igu rat ion  and the use of the neutra l  
beam injection is very i nteresti ng. They 
are effectively approac h i ng the m i n i ­
mum energy state of a self-organ iz i ng 
Bel tram i vortex, as specified by fus ion 
researcher Danie l  Wel l s  i n  the 1 960s, 
work i n g  at the U n ivers i ty of M i a m i  
(Coral Gables). 

If the Japanese were to 
combine the Ampere-Gauss­

Weber-Riemann-Beltrami­
Bostick-Wells tradition with 

their demonstrated 
technological capabil ity, 
commercial fusion could 

be here faster than anyone 
now thinks. 

Dr. Wel ls, who is on the scientific ad­
v i sory Board of 2 1 st Century, demon­
strated that a p lasma wi l l  self-organize 
and contain itself if the plasma currents 
are organ ized i n  the Be l tra m i  "force­
free" configurat ion .  And t h i s  may i n ­
deed correspond to the zero-force ob­
served by Andre-Marie Ampere. ' If  the 
japanese were to combine the theoreti­
cal u nderstand i ng of the behavior  of 
p l asmas of the Ampere-Gauss-Weber­
Riemann-Beltram i-Bostick-Wel l s  trad i ­
tion,2 with the technological capabi l ity 
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that they have a l ready demonstrate d ,  
commerc ia l  fus ion cou ld b e  here faster 
than anyone now thinks is possible. 

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

1 .  For a discussion of the Ampere experiments, 
see Laurence Hecht, "The Atomic Science Text­
books Don't Teach, 21st Century, Fall 1 996, p. 
21 . 

2. The work of Winston H. Bostick is discussed in 
"The Plasma Focus Fusion Device" by Charles 
B. Stevens, 21st Century, Sept.-Oct. 1 988, pp. 
37, and in Bostick's article, "Morphology of the 
Electron, Photon, and Neutron: The Plasmoid 
Construction of the Superstring," 21 st Century, 
Winter 1 990, p. 58 and its sequel, "How Super­
strings Form the Basis of Nuclear Matter," Win­
ter 1 990, p.  66. The development of Daniel 
Wells's fusion work is discussed in his article 
"How the Solar System Was Formed," 21st 
Century, July-Aug. 1 988, p. 1 8. 

Fusion Research 
(Continued from page 64) 

ru l i ng Libera l Democratic Party, which 
su pports fusion and ITER activit ies .  In ­
oue reported that  lead ing  members of 
the D iet, or Parl iament, meet occasion­
a l ly  with lead ing scientists in the fusion 
program, to discuss issues relat ing to the 
decision to host ITER in japan . 

As early as 1 99 1 , the D iet had passed 
a resol ution on jo in ing the ITER project 
in the design stage, noting that jo i n ing  
the project " is  du ly our  responsib i l ity for 
succeeding generations." The resolution 
a l so stressed that japan shou ld part ic i ­
pate in  i nternat i o n al col l aboration, 
"wh i le  noting the importance of promo­
tion of domestic research and develop­
ment capabi l ities in this fie ld." 

The  japan  Federat ion of Economic  
Organizations, or Keidanren, consist ing 
of a group of l eaders in the i nd u st r ia l  
and fi nancial  commun ity, have, i n  a re­
cent reported t it led, "Second Proposal 
Toward Enhanci ng I ndustri a l  Competi­
tiveness," strongly suggested " ITER as an 
item to promote as a cooperative project 
by industry, . the academic  com m u n ity, 
and the government." 

Un l i ke the U n ited ,States, where the 
proposal to bu i ld virtua l ly  any industrial 
fac i l ity . attracts voca l  "env i ronmental­
ists, " who manufacture commun ity op­
position, i n  japan, three local communi­
ties,: i n  Hokkaido, Aomori, and near the 
jT-60 project i n  I barak i ,  have a l ready 
stated the i r  d�s i re to host the i nterna­
tional ITER project. 

"japan hopes to actively promote the 
ITER project as a most important item in 
fu s i o n  researc h , "  both at home a n d  
abroad, Inoue said. 
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Hydrocarbon Fuels Aren't Foss i l s  
by Pau l Sheridan 

The Deep Hot Biosphere 
Thomas Gold 
New York: Copernicus, 1 999 
Hardcover, 235 pp., $27.00 

The Deep Hot Biosphere is a c u l m i ­
nation o f  more than 50 years o f  the 

l ife of its rernarkable author, astrophysi­
cist Thomas Gold, of Cornel l U n ivers ity. 
Gold was a fou n d i n g  d i rector for the 
Corne l l  U n ivers ity Center for Rad io­
physics and Space Research,  cha i rman 
of Corne l l 's Department of Astronomy, 
and is the author of rnore than 280 pa­
pers in  the areas of cosmology, zoology, 
physics, and astronomy. 

Gold's thesis i n  The Deep Hot Bio­
sphere is s imp le :  Hydrocarbons  have 
been in  existence since the earl iest times 
of the u n iverse, a n d  are part of the 
process of p lanetary format io n .  The i r  
constituents, hydrogen and  carbon, origi­
nated in the "pr imord i a l  soup" from 
which Earth was formed. Earth's methane 
and petro leurn,  Go ld  says, a re abio­
genic-without biological origin .  

Contrary t o  t h e  cu rrent l y  promoted 
explanat ion,  Gold says that hydrocar­
bons d i d  not d i ssoc i ate d u r i n g  these 
ear ly t imes because of h igh  tem pera­
tu res of p lanet formation, as theor ists 
c l a im .  Cu rrent geo l og ica l  sc ience, he  
shows, affi rms that the temperatu res 
were not high enough, espec ia l ly  when 
depth-related pressu res a re taken i nto 
account. 

Go ld  contends that hydrocarbon 
sources can be found at great depths be­
low the su rface, not a few m i les, but a 
few hundred m i l es .  The deep-Earth 
sources of hydrocarbons are sti l l  work­
ing to th is  day, pumping  tons of petro­
leum and methane gas up through the 
deep Earth's cracks and pores to the shal­
low sed i mentary leve l s .  I t  i s  here that 
d ri l l i ng r igs access the upwe l l i n g  that 
has been vertical ly  dammed i nto reser­
voirs, Gold says. Hydrocarbons d id  not 
come from rott ing  preh istor ic  p l ants;  
they were here a few bi l l ion years before 
life occurred. 

BOOKS 

G o l d  d i scusses the l atest space re­
search information, much of which he 
d iscovered or proposed, which confirms 
that hydrocarbons are present on l i feless 
heaven ly  bod ies such as moons, aster­
o ids ,  comets, and,  of cou rse, the gas 
giants Jupiter, Saturn, Uranus, and Nep­
tu ne .  In fact, the b l u e  colorat ion of 
planet Uranus is the result of methane, a 
so-cal led fossi l  fuel. As Gold comments, 
"1 am s u re there a re no b ig  stagnant 
swamps on Titan or Pluto." 

To support the abiogenic theory, Gold 
notes several points: 

( 1 ) The geograph ica l  patterns that 
emerge from the oil fields, whether in  the 
Midd le  East or I ndones ia,  a l l  exh ib i t  a 
correspondence to deep-Earth geological 
structure. This  is  in stark contrast to the 
haphazard deposition we find with sur­
face l ife, and its subsequent fossi ls, which 
have never exh ibited such patterns. 

(2) Hydrocarbons from a particular o i l  
field do not exh ibit chemical changes as 
the depth of the i r  extraction increases. 
Bu t  the foss i l s  above them have con­
stantly changing biological "signatures," 
which relate to their particular paleonto­
logical periods. 

(3 )  H yd rocarbons a re found in geo­
graphic areas where the amount of pre­
h i storic l ife known to be at that location 

cou l d  never h ave provided the quanti­
ties of hydrocarbons i nvolved. Most sur­
face l ife is comprised of 90 percent wa­
ter and 1 0 percent organ ic  compounds. 
So, even if that 1 0 percent that is organic 
compounds had been entirely converted 
to "foss i l  fuels," it would not come close 
to the rnass of hydrocarbons a l ready ex­
tracted during the last 1 30 years. 

(4) Because hydrocarbons are so con­
s istent, the use of d i st inct trace metal s  
can b e  used to identify their geographic 
orig in .  

(5)  The existi ng petro leum reservoirs 
are refi l l i ng  themselves-from the bot­
torn !  Gold expla ins :  "The phenomenon 
of petroleum reservoi rs that seem to refi l l  
themselves i s  w ide ly  reported, notably 
in the M i d d l e  E ast and  along the U .S .  
Gu lf Coast. I regard these occurrences as 
strong evidence for the deep-Earth gas 
theory." 

The Carbon Case 
L i fe as we know it is based o n  the 

chemical properties of carbon.  Although 
there is d iscussion that s i l icon is another 
e lement that cou l d  prov ide a basis for 
l ife, carbon-based l ife is a l l  that we have 
observed thus far. The or ig i n ,  quantity, 
and d uty cyc le  of carbon i s  thus funda­
mental to a complete u nderstand i ng of 
l ife o n  Earth . As it turns  out, certa i n  
chemical  forms of carbon are also cru­
cia l  to the preservation of l ife. 

The  l an d  a n d  ocean a reas conta i n  
sed i m entary rocks wh i c h  h ave great 
q u a nt i t ies  of carbon-based chem ica l  
mate r i a l s  ca l l ed carbo n aceo u s  com­
pou nds.  A fu l l  80 percent of  th is  mate­
r ia l  conta ins  oxygen ;  for example, cal­
c i u m  carbo n ate, better known as 
l i m estone, i s  an  oxygenated m ater ia l .  
T h e  othe r  2 0  percent  that i s  not oxy­
genated, is  comprised of the hydrocar­
bons-oi l ,  coa l ,  and methane. There is 
a l so a t iny  fraction  of not-yet-decom­
posed biological debris that is inc luded 
in the carbon content of the sed i men­
tary l ayer. 

Carbonaceous compo u n d s  a re a l so 
found in the atmosphere, mostly as car-
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bon d ioxide or methane.  Together, at­
mosphere and the sed imentary l ayers of 
the l and  and ocean compr ise what i s  
cal led the atmospheric-ocean poo l .  The 
tota l amount  of carbon in th i s  pool is 
enormous, and the overwhe l m i ng ma­
jority of this " near su rface enrichment" 
of carbon is in  the sediments, not the at­
mosphere. 

Venus and the Global Warmers 
Environmental ists argue that this near­

surface enrichment of carbon originated 
from the preh istor ic  atmosphere, and  
they promote the notion that the Earth's 
early atmosphere was very s imi lar to that 
of Venus .  Earth's carbon,  they say, was 
"precipitated out" from atmospheric car­
bon d ioxide into the atmospheric-ocean 
poo l ;  absorpt ion of carbon by preh is­
toric plants a lso occurred. 

To hard-se l l  the g loba l  warm i n g  
agenda, these theorists emphasize that 
Venus has vast quantities of the "green­
house gas" carbon d ioxide and, as a re­
su lt, the temperatu re on its su rface i s  
about 700 degrees. However, these envi­
ronmental ists usually fai l  to mention that 
Venus is 26 m i l l ion m i les c loser to the 
S u n ,  or  that its orb i t  i s  a near-perfect 
c ircle! 

Un l i ke computer c l imate modellers or 
po l i t i c i ans  w i th degrees in theology, 
Gold is an astrophysic ist who has spent 
decades dec iphering the deta i l s  of how 

Figure 1 
HELIUM TRANSPORT I N  
UPWELLING VOLATI LES 

Gold's schematic shows 
how the deep-earth gas the­
ory would account for the 
helium association with 
methane. Helium produced 
by radioactive decay, at lev­
els as deep as 300 km, is 
swept into the stream of up­
welling nitrogen .  A t  7 00 
km, designated here as the 
methane domain, n itrogen 
and helium mix with 
methane, and al/ three con­
tinue upward. The three 
gases arrive in the fina l  
fields with mixing ratios 
already determined. 

Source: The Deep Hot Biosphere. p. 76 

p l anetary bod ies form.  Accord i n g  to 
Gold, the general cosmic conditions that 
formed Earth and Venus  were s i m i l ar, 
but the dev i l  is  i n  the deta i l s .  The early 
Earth was not characterized by the cap­
ture of gases from space, as was Venus.  
An ind ication of this is  Earth's very low 

"Gold's theories are always 
original, always important, 
usually controversial-and 

usually right. It is my belief, 
based on 50 years of 

observation of Gold as a 
friend and col league, that the 

deep hot biosphere is all of 
the above: original, 

il11portant, controversial­
and right." 

-From the Foreword by 
Freeman Dyson, Institute for 
Advanced Study, Princeton 

quantities of atmospheric krypton and 
xenon, compared with the rest of the so­
lar system. 

Gold a l so poi nts out that i f  the car­
bonate rocks got their  carbon from an 
ear ly atmosphere, the deeper sed imen­
tary layers shou ld possess higher densi-
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ties of carbonaceous compounds. If the 
carbon was "precip itated out" from an 
ear ly atmosphere that was or ig i n a l l y 
r ich i n  carbon d ioxide, then sha l lower 
rock spec imens shou ld  show a succes­
s i ve d ec l i n e  of c arbonaceous com­
pounds. 

The geo logica l  records prove other­
wise, as Gold shows. There is no succes­
s ive dec l i n e  of carbonaceous com­
pounds; the density is steady throughout 
geologic time. "The only sound explana­
t ion ,"  G o l d  says, " i s  that atmospheric 
gases h ave der ived m a i n ly from out­
gassing of volat i les derived at depth from 
buried sol id  materials, not from an in itial 
large atmosphere acquired at the Earth's 
formation  or by l ater captu re of gases 
from space." 

More compe l l i ng, in my m i nd, is the 
issue of carbon-1 3 .  In the l ast decade, it 
has been proven that p lants do not in­
h a l e  carbon d iox i d e  conta i n i ng the 
heavy isotope C-1 3 .  The process of  d if­
fusion used by plants during respiration 
al lows on ly the carbon d ioxide conta in­
ing  C-1 2 .  Now, C-1 3 occu rs i n  nature 
at a rate of j u st 1 percent. Th is  means 
that if the hydrocarbons that were layed 
down over m i l l ions of years are the re­
s u l t  of decompos i ng  p l a nt l i fe, then 
these "foss i l  fuels" shou ld show an  ab­
sence of C-1 3 .  However, the samples of 
hyd rocarbons taken from deep wel l s  
show no such isotopic constituency. 

What i s  fou n d  i s  the or ig i n a l  ste l lar  
nucleosynthesis constituency of 99 per­
cent  C- 1 2 a n d  1 percent  C-1 3 .  G o l d  
caut ions  that a p rocess of geo log ica l  
fract i o n a l i zat ion ,  espec i a l l y  of  
methane, must be accou nted for when 
d i scuss ing s im i la r  constituencies of the 
carbonate rocks. 

The Helium Issue 
Permeating every o i l  f ind throughout 

the h istory of the world, is the presence 
of ou tgass i n g  he l i u m .  I n  fact, it is so 
p l ent i fu l at the we l l  s ites, that  petro­
leum compan ies now use hel i um detec­
tors as one of thei r o i l  prospect ing tools, 
and  commerc i a l  qua nt i t ies of he l i u m  
are p i ped,  a n d  repackaged for sa le  at 
wel l s i tes. Gold says: "The association 
of hel i um with hydrocarbons is proba­
b ly  the most stri k ing  fact that the b io­
gen ic  theory ("fossi I fuels") fa i Is to ac­
count for, and therefore it has been for 
me of greatest i nterest." 

He l ium is inert, it does not react. It is 
not a member of the "primord ial dozen." 
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(Recently, b iophysicists determined that 
the stable nucl ides that were the orig inal 
m in imum req u i red for l i fe to beg i n  on 
Earth are hydrogen, carbon,  n itrogen, 
oxygen, sod ium, magnesium, phospho­
rous, su lfu r, ch lor i ne, potass i u m ,  ca l ­
c ium, and i ron. )  Plant l i fe does not use 
hel ium for anything, and it is not derived 
from l ife. H owever, it is a fundamental 
product of ste l l a r  nuc leosynthes is .  I t  is 
also a known by-product of the radioac­
tive decay of uranium and thorium.  Both 
of these heavy nucl ides are known to ex­
ist at great depth, about 200 m i les down. 

Cu r ious l y, he l i u m  i s  not fou nd i n  
meani ngfu l quantities i n  areas that a re 
not prod u c i n g  o i l  or methane .  When  
the  constituents of  o i l  wel l s  a re exam­
i ned for m i x i ng ratios of h e l i u m, the  
data patterns are consistent th roughout 
the world.  Alone, he l i um does not pos­
sess the fl u i d  pressu res req u i red to 
reach the s u rface i n  the  m a n ner  ob­
served . 

The only way that such quantities and 
consistencies of hel ium mixing are possi­
ble, Gold explains, is by virtue of a deep 
sou rce "carr ier gas" such as methane.  
The depth of these sources is far below 
the penetration depths of surface l ife of 
their fossi ls .  (See Figure 1 .) 

The Diamond Evidence 
Another item supportive of the abio­

gen ii:  theory is the data Gold gathered 
from d iamonds, which are a pure form 
of carbon. The temperatures and pres­
sures requ i red to form d iamonds beg in  
a t  depths of 70  m i les .  Th i s  fa r down,  
where the  pressures are nearly 600,000 
pou nds per sq u a re i

'
nch ,  is fa r be low 

the reach and survival of fossi l s . 
Envi ronmental ists and  others c l a i m  

that hyd rocarbons cannot b e  created 
in the domains of such h igh tempera­
t u res; d i amonds  wou l d  d i sassoc i ate 
there, they say, and,  therefore, cou l d  
not have poss ib ly  been c reated there.  
But such c la ims haye fai led to take in to 
account the stab i l i z i ng affects of h igh  
pressure on temperatu re-related exc i ­
tation . I n  any case, Go ld  has  confirmed 
that between the i n terst i t i a l  spaces of 
the carbon crysta l s  that  compr ise the 
d i amonds ,  one fi nds  h yd roca rbon s .  
The b ioge n i c  theory o f  "foss i l  fue l s "  
has n o  exp lanat ion for t h i s  fact o f  na­
ture. 

The Siljan Ring Experiment 
Another example Go ld  uses to i l l us­

trate the abiogen ic  theory is that of the 
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Figure 2 
FLAME SUPPORTED BY GAS EMISSIONS OVER 

A WATER WELL IN THE SILJAN RING 
Methane emissions in some places within the Siljan Ring of Sweden, where 
no "fossil fuels" are expected to be found, are strong enough to produce a 
flame. For this photograph, Gold covered a water well with a plastic sheet for 
a few minutes, then pricked the sheet with a pin and put a match over the 
hole. A flame shot up 30 to 40 cm, and then declined to 1 0  cm. Gold aborted 
the experiment after 1 0  minutes, when the plastic began to melt. 

Source: The Deep Hot Biosphere, p. 1 1 2  

S i l j an  R i ng, a meteor i mpact structu re 
i n  the central part of Sweden, near the 
city of Rattvik .  Because the location is 
so far north,  i t  i s  not considered a s i te 
where one wou ld find an abundance of 
"fossi l  fuels ."  The i nterior of the impact 
stru ctu re has  very few sed i mentary 
rocks, as a resu l t  of the i m pact explo­
s ion .  The i nterior a l so has a basement 
rock that is  very th in .  

I n  1 986,  Go ld  and h i s Swed ish  and  
Amer ican  c o l leagues d r i l l ed  ho les  
reach ing nearly 5 m i les down from the 
impact i nterior. The idea was to pene­
trate the lower crust, and poss ib ly  the 
u pper mant le .  At these depths, and in  
th i s  l ocat ion,  no  su rface l ife that was 
decomposed over time cou l d  poss ib ly  
have existed, which makes it  an excel­
lent cho ice  for scient if ic research i n ­
tended t o  test t h e  ab iogenic theory of 
hydrocarbon formation.  

I emphasize "research" here, because 
t h e  i ntent ion  was not the  l a rge sca l e  
production of natura l  gas o r  crude o i l .  
Despite th is  format, by 1 991 , the S i ljan 
R ing experiment was producing 80 bar­
rel s  of crude o i l  per day. These are not 

commerc ia l  quantities, but that was not 
the intention of the project; science was 
the i ntention. 

The R u s s i a n s  h ave taken n ote of 
G o l d 's sc ien t i f i c  fi n d i ngs ;  the major  
Amer ican petro leum compan ies have 
not yet done  so .  As of 1 998,  the Rus­
s ians have more than 300 wel ls, dr i l led 
i nto the basement rock on the basis of 
the S i l jan R ing experiment; a l l  of which 
are producing commercia l  quantities of 
crude o i l  and natural gas. 

Us ing the knowledge and experience 
ga i ned from G o l d ,  the Russ ians  h ave 
transferred the i r  d r i l l i ng  techno logy to 
the i r  former a l l ies i n  Vietnam. So far, i n  
w h at i s  c a l l e d  the  W h ite Tiger F ie l d ,  
they have dr i l led 20  wel ls i nto t h e  base­
ment rock. The Vietnamese are produc­
ing  in excess of 6,000 barre ls  of crude 
o i l  per day per wel l ,  i n  an area i n  which 
the b i og e n i c  t h eory of " fos s i l  fue l s "  
m a i nt a i n s  there w i l l  be no  hydrocar­
bons. 

I t  appears that the debate is over. 
Pau l  Sheridan is an engineer and 

automotive consultant, based in Dear­
born, Mich. 
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When Ideology Ki l ls Science 
b y  Den i se H enderson 

Lysenko and the Tragedy of 
Soviet Science 
Valery N. Soyfer 
(Translated by Leo Gruliow and Rebecca 
Gruliow) 
New Brunswick, N.J.: Rutgers University 
Press, 1 994 
Hardcover, 379 pp., $39.95 

The most tel l i n g  statement by D r. 
Va l ery S()yfer i n  Lysenko and the 

Tragedy of Soviet Science, comes when 
he descri bes how, after T. D. Lysenkois 
"fa l l  from grace," his supporters and fol­
lowers continue to bask i n  memories of 
the "good old days":  " It made me th i n k  
o f  the stories of Napoleon's soldiers," he 
writes, "who forgot the hardsh ips  of 
army service, the harshness of the tyrant, 
and the bitterness of defeat and retained 
on ly  a sacred fee l i ng of veneration for 
their commander." 

Soyfer's comparison i s  no exaggera­
t ion.  The damage done by Lysenko, as 
in the case of Napoleon, shou ld not be 
forgotten .  I ndeed, one of the problems 
which arises when ideology supersedes 
any aspect of a society's l i fe-cu ltura l ,  
pol itical, economic, or scientific-is the 
unwillingness of those who were actors 
in the events to recognize that what can­
not be tolerated is the ideology itself, on 
the basis of which one has been making 
decisions, not merely an aspect of one's 
ideological system. 

For th is  rev iewer, Soyfer's book has 
rai sed as many questions as it  has an­
swered, questions that can be pursued 
only through cont inu ing  research .  The 
book i s  based on  the h i storical record 
(Soyfer saw Lysenko's power and 
"char ismatic charm" fi rst hand,  as a 
you ng student i n  the 1 950s), as wel l  as 
on personal interviews with those scien­
tists and others d i rectly i nvolved in the 
Lysenko controversy, and is of great in­
terest. I t  is a remi nder of what serious re­
search can contribute, even today, when 
such research is not considered neces­
sary in our ever more "wi red society," 
and its I nternet fu l l  of " information ." 

Soyfer te l l s  the story of Trofi m Ly­
sen ko, the "agronomist" who became 
Sta l i n 's favorite in the late 1 92 0s and 
early 1 93 0s-when the Sov iet U n ion  

was i n  d i re need of  food and  had expe­
r i enced crop fai l u res-by pro m i s i n g  
that h e  cou ld transform non- l iving mat­
ter i nto l iv ing matter, that he cou ld  in­
crease crop y ie lds, that he cou l d  grow 
beets from yams, and other  such ab­
surd it ies.  Of cou rse, Lysenko fa l s i fied 
most of h is  resu l ts, someth i n g  w h i c h  
not even t h e  P o l  itbu r o  real  ized u n t i  I 
the 1 950s. 

For whatever reason, Sta l i n  bought 
'i nto this, even though competent agron­
o m i sts, i n c l u d i ng many who were 
tra ined before the Russ ian  Revo l ut ion 
by assoc iates of the great sc ient i st 
Vlad im i r  Vernadsky, were attempting to 
expla in to Sta l in  that the nation needed 
to set up serious agr icu l tura l  research 
stations, to deve lop new and more po­
tent, more disease-resistant crops. They 
emphas ized that a l l  th i s  wou ld take 
time; that if such a program were to be 
fol lowed over time, however, the resu lt 
wou ld be a much more advanced Soviet 
agricu lture. 

lysenko vs. Frontiers of Science 
The lead ing proponent of these ideas 

was N i kola i  I .  Vavi lov, a student of the 
agronomists Dm itri N .  Prya n i s h n i kov 
and G leb M.  Krzh izhanovsky, both of 
whom had studied in Germany. Vavi lov 

a l so apparently had ties to the OGPU,  
the predecessor of  the KG B .  A l though 
his ear ly  exped i t ions  to Afg h a n i stan 
were as much  m i l itary as  they were 
agronom ica l ,  Vav i l ov seem s  to have 
been a u n iversal  th i n ke r, who tru ly  
wanted to i m p l ement a program that 
wou ld  i mprove crop yields, crop qual­
ity, and so on, in  the Soviet U n ion.  Vav­
i l ov, h i s  research institute, and h i s  fel­
low researchers, thus became the fi rst 
casualties of the power-hungry, u nedu­
cated Lysenko. 

Lysenko cou ld not have ach ieved h i s  
success, w i thout the perf id ious  ro l e  
played, i n  particu l ar, by I .B.S .  Haldane, 
the B ritish scientist (who, l i ke Lysenko, 
abhorred f ie ld  laboratory work), who 

Soviet Agriculture, May 2 1 ,  1 937, p. 3 ,  as reproduced in Lysenko and the Tragedy o f  Soviet Science 

Lysenko, right, demonstrates the results of wheat crossing to Academicians N./. 
Vavilov (left) and C.K. Meister (center). 
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Photo by N. Katashniko and N. Kuleshov, in Pravda, Jan. 3, 1936, as reproduced in Lysenko and the Tragedy of Soviet Science 

Stalin (top right) and other party leaders listen to Lysenko (left foreground) at a 1 935 meeting honoring workers bringing in the 
best harvests. 

prai sed Lysen ko 's " ideas" and " meth­
ods." Haldane wrote several artic les for 
Western newspapers pra i s ing  Lysenko, 
and Haldane's u ndeserved reputat ion  
thus gave Lysenko a certa i n  amount of 
credibi l ity in the West. 

Another, and just as sign ificant, victim 
of the Lysenko takeover of Soviet b io l ­
ogy, was Alexander Gurwitsch, who de­
veloped the field of m i togenetic rad ia­
t ion . A l though the s i gn if icance of 
Gurwitsch's work on m itogenetic radia­
tion had been we l l  recogn ized in the 
1 920s and 1 930s, Lysenko denou nced 
work on the rad iation of the cel l  as be­
ing anti-scientific and anti-Marx ist-not 
to mention ant i-Darw i n i a n .  Other So­
viet off ic ia ls  and scient ists apparently 
found means to protect Gurwitsch, per­
haps because of h i s  sc ient if ic  reputa­
t ion, but others i n  this f ie ld were not so 
l ucky. E rv in  S.  Bauer d ied in a Soviet 
prison camp, and Alexander Chizhevsky 
spent 1 0  years in a Soviet prison camp. 

In  1 948, Gurwitsch resigned h is posi­
tion as head of the I n stitute for Experi­
mental Biology, in  protest over Lysenko's 
methods and control of Soviet science. 
By the 1 950s, G u rwitsch's institute had 
been dismantled. 

Soyfer's book orig ina l ly  c i rcu lated as 
a samizdat, an u nderground document, 
inside the Soviet Un ion .  Consequently, 
although he refers obl iquely to the fights 
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which  eru pted around G u rwitsch and 
h i s  institute, he does not mention Gur­
witsch by name, referring on ly to some 
of Gurwitsch's more outspoken students 
who opposed Lysenko when the I n st i ­
tute for Experimental B iology was closed 
down i n  1 948. 

After the war, some scientists, i nclud­
ing some of G u·rwitsch's col laborators, 
began to rebel aga i nst the oppress ive 
control which Lysenko had over Soviet 
science. I n  1 956, Pyotr Kapitsa, a wel l­
known Soviet scientist, began organ iz­
ing scientific seminars at the Theoretical 
Phys ics I n st itute in Moscow, to try to 
b r i n g  true sc ience to the fore o nce 
again .  The d iscussion was to be on radi­
at ion genet ics .  And, desp i te an order 
"from the top" to cancel the sem inar, 
Kap itsa i n s i sted that it wou ld  go for­
ward, and it d id .  

Perfidious Haldane 
G iven that Lysenko was taking aim, i n  

both t h e  Vavi lov a n d  Gurwitsch cases, 
at the frontiers of science, it is  interest­
i n g  to read Soyfer's citation  from Ha l ­
d a n e's o b itu ary, wr itten ' by H a l d a ne 
himself years before his death: 

"I consider Lysenko a very good biol­
ogist, and some of h is ideas were right. 
. . .  And  I be l i eve Soviet agr i cu l tu re 
and Soviet b io logy were very unfortu­
n ate i n  that he was g iven so much  
power u nder  Sta l i n  . . . .  I . . .  am 

deeply conv i n ced that i f  I had been 
made d ictator over B r i t i sh genet ics or  
Engl ish ph i losophy I would have played 
just as catastrophic a role." 

A lthough in l ater years, Haldane ad­
mitted that his support for Lysenko had 
been a n  error, the d amage h ad long  
s ince been done. 

This issue cannot be looked at simpl is­
tica l ly. One can on ly hypothesize about 
the reasons that the scientific research 
project proposed by Vavi lov was re­
jected, when it wou ld have made the So­
viet Un ion self-sufficient in food produc­
t ion,  i n stead of produc ing  d roughts so 
severe that Soviet Russia began loot ing 
Ukrai ne of every last sta lk of grain, caus­
i ng the fami ne there that k i l led m i l l ions. 

In addition to the general pol itical c l i­
mate, I bel ieve that the foremost reason 
for the rejection  was that the methods 
Vav i lov was p ropos i ng wou l d  have 
meant not col lectivizing agricultu re, but 
more of a U . S .-sty le of fam i l y-based 
farms, which from the t ime of Abraham 
L incoln unti l recently, has been the most 
productive system of agr iculture i n  the 
world .  Vavi lov's program was based on 
his trave l s  to f ive cont inents-a t r ip  
which seems to  have fol lowed the route 
of A lexander  von H u mbo ldt, whom 
Vavi lov had read as a student-d u ring  
which he col lected seeds of  the most vi­
able and productive plants from around 
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the wor ld .  I ron ica l ly, however, Vavi lov 
supported collectivization and defended 
it both in publ ic and in  private. 

Another reason for the demise of Vav­
i lov, was the confus ion created by the 
growing British control over the science 
of genet ics .  It i s  c l ear from another 
source (Zhores Medvedev's book, The 
Rise and Fall of T. D. Lysenko, written in  
the heat of battle agai nst Khrushchev's 
and  Lysenko's V i rg i n  Lands  po l i cy i n  
1 963) ,  that either for popu l ist o r  other, 
more ser ious reasons,  Sta l i n  opposed 
the use of genetics to create race sc i ­
ence.  The B r it ish camp-the H ux leys; 
Haldane, and others-in the 1 920s and 
1 930s were transform i ng genetics i nto 
the sc ience of eugen ics,  or so-ca l led 
race science: the idea that the so-cal led 
d ifferent "races" of man exh ibited d iffer­
ent character ist ics,  and that therefore 
some "races" were superior and others 
inferior by nature. 

One Lysenko supporter, V.N .  Stud it­
sky, wrote an a rt ic le  with subt it les i n­
cI  ud i ng "Mendel i st-Morgan ist genetics 
in defense of Ma l th u s i a n i s m , "  a n d  
"Morgan ist genet ics and fasc ism," ( re­
ferr ing to the biologist Morgan) .  I n  an­
other art ic le, Studitsky wrote: "And, i n  
fact, the fo l l owers o f  Vi rchow, Weis-

Lysenko and the Tragedy of Soviet Science 

Lysenko (center right) in the midst of a heated discussion during a visit of foreign 
scholars to the Institute of Genetics of the Soviet Academy of Sciences in the late 
1 950s. 

mann, Mendel, and Morgan, ta lk ing of 
the immutabi l ity of the gene and deny­
i ng  the effect of the env i ronment, a re 
preachers of pseudoscientific genetics, 
which provided the base for the rac i st 
theory of fasc ism i n  capita l i st ic cou n­
tr ies .  World War I I  was u n l eashed by 
i mperia l i st forces whose a rsena l  a l so 

on  peas. I n  1 923 ,  he pub­
les on this work, �9

.
Ich 

noth i ng 6f major  i nl' �brc 

T"e Vernalization Fraud 
here, with the help of h i s  father, a 

-farmer, he began to put forward h is  so­
cal led theory of vernal ization. This was 
neither new-it had been tr ied i n' the 

i nc luded racism." 
But, here is the problem: Vavi lov him­

self-who by 1 9 3 9  was i n  the 
Lubyanka, the Moscow KGB prison, was 
not ta lking about genetic engineering of 
human beings at a l l .  Vavi lov had never 
d i scussed such a th i ng, although a mi­
nority of  those at h i s  i n stitute were, i n  

1 9th century' i n"the U n ited States and 
Russia.-nor particu larly workable as a 
method. The idea w�s to be able to sow 
winter wheat i n  summer by soaking the 
wheat before planting it. It was a time­
consum i ng and costly method, which 
d i d  not in any way s ign if icant ly  i n ­
crease wheat y ie lds ;  therefore, i t  had 
been abandoned in the West. The So­
v iet U n i o n  was even l ess capab le  of 
i m plement i ng such a program,  g iven 
its l im ited access to seeds, equ ipment, 
and so forth. 

N evertheless, Lysenko c la imed that 
he and h i s  father had done successfu l 
expe'r iments on verna l izat ion,  a nd it 
soon became touted as one of the 
" q u i c k-fix"  so l ut ions  to the Sov iet 
Un ion's fai l ing crops. 

Lysenko's Potemkin Farm 
Lysenko was a lso given control of a 

government  fa rm on the outsk i  rts of 
Moscow, ca l led Len i n  H i l l s .  Th i s  can 
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fact, attempting to apply genetics to hu­
mans. Vavi lov's pr i mary com mitment, 
however, was to the development and 
advancement of agricu l ture for a l l  the 
Soviet people.  He never expressed any 
bel ief that any sort of genetic engineer­
ing ought to be app l ied to h u m a n  be­
i ngs. And u n l i ke the charlatan Lysen ko, 
he was a hard worker, who k new how 
to ach ieve resu l ts in h i s  agro n o m ic 
work. 

Vavi lov died in prison of dystrophy i n  
1 941 . For about a year before h i s  death, 
an attempt was being made to move h i m  
t o  one o f  the new "sc ient i sts' pr i son 
camp," where i m p risoned sc ient i sts 
could pursue research for the fatherland. 
But h is  health had a l ready deteriorated 
to such a point  that he d i ed before he 
could be moved. This was just as World 
War II was breaking out and precisely at 
the point that the issue of food produc­
tion was crucial for the Soviet U n ion. 

The Major Damage 
The major  damage done to Soviet 

sc ience by the promotion of Lyse n ko 
was the ec l ips ing  of the work of G u r­
witsch .  That i s, if one  were to accept 
Lysen ko's " ideas," such as they were 
(ghost-wr i tten i n  the m a i n  by those 
more l iterate than he) ,  then one wou ld 

on ly  be des'Cr i bed as a " Pote m k i n  
Farm." That 'is, i t  was a farm which op­
erated wi th the best of everyth i n g­
cond it ions that no col lective far'm i n ­
s i de t h e  Soviet U n i o n  c o u l d  matc h ,  
Even so, Lysenko was o n l y  a b l e  to 
demonstrate that h i s  methods were a 
fraud, 

" 

The farm was used to keep the bel­
l i es of the Pol i tburo fu l l .  I t  a l so was 
u sed for exper imentat ion-but a l l  of 
the ex peri ments were ta i n ted ; they 
were not control led i n  any ca�eful way, 
and other scientists cou ld not repl icate 
them. 

Although t h i s  Pote m k i n  of a farm 
would not be i nvestigated u nt i l  1 965, 
its contr ibut ions to Soviet agricu lture 
were, if anyth i ng, negative. Lysenko's 
theories on breedi ng were absurd, and 
he simply fa ls ified results on the plant 
experiments and then c la imed that h i s  
critics l ied about their resu lts. 

The Reality of War 
Dur ing Wor ld  War I I ,  the Soviet 

U n ion needed food, and  Lysen ko re-
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Lysenko and the Tragedy of Soviet Science 

Lysenko ( right) and Khrushchev (second from right) at Lysenko's farm, Lenin Hills in 
1 955. 

have to accept the idea that man is no 
better than a p l a nt .  For  Lysenko be­
l i eved in spontaneous generat io'n of 
n o n - l i v i n g  matter i n to l i v i n g  m atter, 
whereas Vernadsky earl i er, and then 
G u rwitsch i n  more in-depth stud ies i n  
the 1 950s, was able to  demonstrate that 

there is a d i s t i nc t ion  between l i v i n g  
and non- l iv ing processes. 

Of course, one must then go the fur­
ther step to rea l ize that there is a l so a 
d i s t inct ion  betwe�n human l i v i ng  
processes, and other l i v ing  processes, 
as Vernad s ky and  G u rw i tsc h, in the 

turned to traditional agricultural  meth­
ods-or, at least, workable ,rilethods, 
given the l i m itations of col lec;tive farm­
i ng and  the prev ious  destructioo" of 
qual ified agronomists. For example, Ly­
senko proposed that peasants sow the 
eyes of potatoes to produce new pota­
toes. Although he claimed he had "dis­
covered " th i s  tec h n i que,  it was a 
widely known and used method. Other 
such workable methods were "discov­
ered" and  u sed to try to provide as 
much food as poss ib le u nder wartime 
conditions. 

Suspicions began to arise against Ly­
senko after the war. I n  part, th i s  was 
because one of h i s  brotbers 'became. 
the mayor of a town in Ukraine u nder 
Nazi occupation. When fam i'he; 'broke 
out i n  Kazakhstan and S iberia� as 'wel l 
as E u  ropean Soviet Russ ia  after the 
war, there was a brief w indow.of op­
portu n i ty for an attack on CYsenko .  
Th i s  was led tly  Pol i tburo member Zh­
danov and his son, along wittr stud�nts 
and associates of Gurwitsch. 

In August 1 948, Lysenko led a coun ... 
' terattack, which forced Zhdanov to rer" 

cant h i s  cr i t ic i sms of Lysen ko.  I n  the 
1 950s, in  the post-Sta l i n  era, pol i t ical  
opposition to Lysenko agai n  arose, fnd 
even Khrushchev criticized h im.  But, in 
the .context of the cont inued coopera� 
tion with the U n ited States, and the of­
fers made u nder the ausp ices of U .S .  
'Special Envoy Harry Hopkins to provide 
agr icu l tura l  e q u i pment to Russ ia, 
Khrushchev, who needed to i mprove 
crop yields, accepted the proposal for ' 
the V i rg i n  Lands  c a m pa ign  from the 
semi-ec l ipsed Lysenko, and once again, 
Lysenko rose to ascendancy. 

. 

The Vi rg i n  Lands campaign cont in­
ued unti l  1 963, by which poi nt the .So,i ' 
v iet U n io'n was once aga i n  i mport ing  
gra i n .  I n  that  year, a group i ng in  the  
Pol itburo decided it was time to  get rid 
of Khrushchev, for many reasons, i n ;; ' 
c lud ing the fal l  i n  agricu ltu ral produ.c:;. , 
tion. Lysenko was soon out of power . . ,iii\; 

Lysen ko,  st i l l  head i ng Len i n  H . iIl s  
Farm, d ied i n  1 976: 
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trad it ion of Western c l ass ica l  sc ience, 
had both i nsisted. 

As long  as Lysenko h e l d  sway, the 
work of G u rwftsch cou ld not flour ish ,  
and to this day, it does not get the hear­
ing it should have. Further, because it is 
in the interests of British ideology to in­
s ist that man can be genetical ly deter­
mined l i ke a race horse, or a genetical ly 
engineered cow, to this day, the real sci­
ence of l iv ing and non-l iv ing processes 
is ecl ipsed. 

Because of Lysenko's control over sci­
ence, byzanti ne efforts were made to 
protect ser ious  researchers l i ke G u r­
witsch and others. They were h idden in  
institutes and given nondescript titles, or  
no title at  a l l .  I n  the 1 950s, a major push 
was made by a group  led by M.A.  
Lavrentyev, which set up  an Academy of 
Sc ience i n  S i ber i a, so far away from 
Moscow that it was considered safe from 
Lysenko's contro l .  Later, Khrushchev de­
c ided to i ntervene, and a l most suc­
ceeded in sh utt ing  down the S i ber ian  
branch  of the Academy of  Sci ence, 
which to th is  day is wel l known for its 
h igh level of scientific research. 

Lysenko was also the author  of the 
Vi rgi n  Lands campaign, in  which i n  the 
1 95 0s, Kh rushchev sent Russ i a n  
teenagers from the city, who knew noth­
ing about agr icu l ture, out to t i l l  barely 
arab le  so i l  in Kazakhstan,  an exper i­
ment which fa i l ed m i serab ly. Lysenko 
a l so served as one of many l i n ks for 
Khrushchev i nto the World Peace Con­
gress, one of the entry poi nts through 
which Bertrand Russe l l ,  on behalf of  the 
Br it ish o l igarchy, undermi ned popu lar  
support for sc ientif ic progress i n  both 
the Soviet Un ion and the Un ited. States. 

Notes Soyfer, Lysenko "was not reluc­
tant to ta lk  about peace . . .  and he  
placed h i s  people i n  the leadership of  the 
movement. . . .  In 1 950, G lushchenko 
[a Lysenko protege] became a member of 
the Soviet Peace committee, its presid­
ium, and fi n a l l y  of the Wor ld  Peace 
Counc i l ." 

Soyfer, u nfortunate l y, has not q u i te 
learned the lesson of the sign ificance of 
th is  bureaucratic control over science. 
At the end of h i s  book, he  i n s i sts that 
scientif ic freedom is al ive and we l l  i n  
the U nited States. As a n  emigre who was 
not permitted to work in h i s  own coun­
try (he was stripped of his scientific de­
grees because he had supported Andrei 
Sakharov), and was able to come to the 

Un ited States and continue his work on 
repai r  enzymes in  h igher p lants, Soyfer 
may simply be b l ind to the l arger real ity, 
or unwi l l i ng to criticize it. 

One recent example of the control of 
science here is the use of the press to 
s l a nder u nwanted research,  as i n  the 
case of co ld  fus i o n .  Co ld  fus ion re­
searchers F le i schmann and Pons, both 
we l l -known e lectrochemists, had to 
l eave the U n i ted States to be ab le  to 
continue their work, once the Establ ish­
ment decided that cold fus ion did not 
work. 

And today, f ive years after Soyfer's 
book was written, the u .s .  national lab­
oratories are being d i rectly confronted 
with the issue of thei r researchers' right 
to scientific freedom. 

Overa l l ,  Soyfer prov ides the back­
ground to a cruc ia l  chapter in science 
h istory. We i n  the Un ited States and Rus­
s ia, as wel l  as those in  any country who 
are serious about harnessing science for 
the development of the common good, 
shou ld learn the lesson, and begin anew 
to educate serious scientific cadre, and 
give them the freedom necessary for cre­
ative scientific work. 
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Non-Reductionist 
Biology 
• Alexander Gurwitsch and the 

Concept of the Biological Field 
by Michael Lipkind 
Part I ,  Summer 1 998 
Part 2 ,  Fal l  1 998 

• Remarks on Gurwitsch's 
Method 

by Lyndon H. LaRouche, Jr. 
Part I ,  Summer 1 998 
Part 2 ,  Fal l  1 998 
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BOOKS ON SPACE 
Prospects for Interstellar Travel, By 
J. H. Mauldin, 1 992, 390p, Hard Cover 
$50. 

The book reviews most of the seri­
ous published literature on interstellar 
travel and is a source book for profes­
sional and amateur scientists and engi­
neers, educators and students seeking to 
study a problem that integrates many 
fields. The book also advances the litera­
ture with new ideas and findings and pro­
vides novel tools for understanding the 
scope of the problem. Extensive bibliog­
raphy. Index. 
Working in Orbit and Beyond: The 
Challenges for Space Medicine, Ed., 
D. B. Lorr, V. Garshnek, C. Cadoux, 1 989, 
1 88p, Hard Cover $22.50, Soft Cover 
$1 7.50 

Topics covered are: the differences 
in normal physiology and adaptation to 
zero gravity, the special hazards of life 
and work in space, their countermea­
sures, and future challenges in space 
medicine. 

BOOKS ON MARS 
These volumes provide a blueprint 

for manned . missions to Mars and a 
continued presence on the planet's 
surface, including what technology is 
required, and what kinds of precursor 
missions and experiments are required. 
The Case for Mars III ,  Strategies for 
Exploration, Consists of two volumes. 
Ed., C. Stoker, 1 989 

Part I ,  General Interest and Over­
view, 744p, Hard Cover $37.50; Soft 
Cover $27.50. 

Part II, Technical, 646p, Hard Cover 
$35; Soft Cover $25. 
The Case for Mars II, Ed. ,  C. P. McKay, 
1 985, Second Printing 1 988, 730p, Hard 
Cover $30; Soft Cover $20 
The Case for Mars I, Ed. ,  P. J. Boston, 
1 984, Second Printing 1 987, 348p, Hard 
Cover $45 
The NASA Mars Conference, Ed. D. B. 
Reiber, 1 988, 554p, Hard Cover $25; Soft 
Cover $ 1 5. 

ORDERING INFORMA TION 
All orders must be prepaid by check or 
money order. Please send orders to the 
address indicated below. For postage and 
handling add $5.00 for the first book and 
$1 .00 for each additional book ordered. 
Ask for free brochures listing other titles. 
Order from Univelt, Inc., P.O. Box 

281 30, San Diego, CA 921 98. 
Tel. (61 9) 746-4005; Fax. 746-31 39 
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Origam i and the Geometrical I magi nation 
by Susan Wel s h  

Origami: The Secret Life of Paper 
CD Rom for Windows and Macintosh 1 
Salinas, California: Casady & Greene, 1 998 
$29.95 

My son Jacob, who is n i ne, taught 
a geometry l esson to h i s  t h i rd 

grade c l ass last sp r i ng .  U s i n g  the ex­
ce l l ent  " P l ato n i c  So l i ds"  v i d eo a n d  
construction mater ia l s  from K e y  C u r­
r icu l um Press/ he had h is c lassmates 
construct ing the f ive p l ato n i c  so l id s  
from cardboard po lygons a n d  ru bber 
bands, wh i l e  the teacher took a coffee 
break. 

Jacob has l oved geometry s i n ce he  
was two. (As a matter of fact, a l l  ch i l ­
d ren of that age do;  the tr ick is not to 
let thei r  natural love of b lock-bu i l d i ng, 
their playfu l cur iosity about the shape 
of th ings, be suffocated .by o u r  v ideo-

. game cu l ture ! )  I t  i s  no  s u rpr ise, then,  
that Jacob a l so has become a lover of  
origami, the Japanese art of  paper-fold­
i ng. We don't have a telev is ion ,  so he 
has a good concentrat ion span-when 
he chooses to-and w i l l  work for hours 
on a construction . 

The CD Rom from Casady & G reene 
i s  a useful i ntroduct ion to or igam i for 
beginners, and wou l d  be-- a va l uable ad­
d it ion  to a c l a ssroom co l lect i o n  of 
computer software .  Through or iga m i ,  
one does not learn t h e  .sorts o f  factoids 
needed to pass the state Stan dards of 
Learn ing exams, but one can, with pa­
t ience and  perseverance, deve l o p  a 
qual ity that is of i nest imable value :  the 
geometrical i magination. 

The C D  Rom uses the d e v i ce of a 
Japanese house, with various rooms to 
explore in wh ich  one can fi nd beauti­
ful examples of origam i by some of the 
world's masters, along with b iographi­
ca l mater ia l  on  the a rt i sts, and  an ex­
tens ive b i b l i og r a p h y. There  a re i n ­
struct ions,  i n c l u d i n g  v ideos, o n  how 
to make 1 2  origami f igures, and a unit  
on making or igami paper out  of j u n k  
mai l .  

Most usefu l are the videos that show 
a person d o i n g  each step of the con­
struct ion ,  a l ongs ide  of d i agrams a n d  
written instructions.  U s i n g  a l l  three to-
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gether, the beautifu I constructions fa l l  
qu ickly i nto place. 

Another n i ce feature is the overview 
the CD g ives of the work of many d i f­
ferent a rt i sts ( a l th o u g h  you a re not 
taught  how to make the i r  mod e l s, 
some of w h i c h  a re exceed i ng l y  com­
p lex) .  Such an  overv iew is d i fficu l t  to 
get from books, each of which gener­
a l l y  represents the work of o n l y  one  
arti st. 

Is it worth a l l  the h i g h  tec h,  when 
you can  get a paperback from the l i ­
b rary and a pack o f  or igami paper for 
$ 4 ?  Yes, a n d  no .  An in terested c h i l d ,  
w i th an  ad u lt t o  h e l p  decipher the i n­
structions at fi rst, has no need to spend 
the $29 .95 (assuming you a l ready have 
the computer) . An i ntermed iate student 

Above: Jacob exploring origami via this 
CO Rom. Left one of his geometric con­
structions made by paper-folding. The 
shape is a rhombicuboctahedron, ac­
cording to a design from Uni t  Origami ,  
by Tomoko Fuse. Below: An octagonal 
star construction. 

of or igami  w i l l  exhaust the in terest of 
t h i s  C D  q u i c k l y, o nce the 1 2  mode ls  
have been constructed. But for novices, 
whose parents or teachers fi nd them­
selves " a l l  th u m bs," and who are baf­
f led by the  d i rect i o n s  about  "va l l ey 
folds" and "squash fo lds,"  the set pro­
vides a good boost. 

Notes 
1 .  The CD can be ordered by phone (83 1 )  484-

9228, or via E-mai l :  c&g @sadyg.com. or the 
company's website: www.casadyg.com. 

2. These are now going out of print; the company 
says there was no demand for the material. 
What a shame! 

2 1 st CENTURY Fal l 1 999 75 



Sergei Korolev:  
The Soviet Wernher von B raun 
by Marsha Freeman 

Korolev: How One Man Masterminded 
The Soviet Drive to Beat America 
To the Moon 
James Harford 
New York: John Wiley & Sons, Inc., 1 999 
Paperback: 432 pp., $1 7.95 

Th roughout  h i story, it has a l ways 
been a mere hand fu l of men who 

have had the ab i l ity to  lead nat ions to 
rea l ize h u man i ty's greatest projects . 
Sergei Korolev was one such man. If not 
for h i s  i ngenu i ty, steadfastness of pur­
pose, great persona l  sacrif ice, and v i ­
s ion ,  i t  i s  not  l i ke l y  that there wou ld 
have been any poss ib i l ity for the Soviet 
Un ion to have accompl ished its "firsts" 
in space. 

James H arford's book is req u i red 
read i ng to ga in  a proper perspective on 
the dec l i n i ng state of what i s  now the 
Russian space program. His b iography 
of Koro lev chro n i c l es the remarkable 
acco m p l i s h ments of a man who 
worked u nder the worst poss i b l e  c i r­
cumstances, demonstrat i n g  h ow the  
h u ma n  creat ive s p i r i t  can tr i u mp h ,  
evel'l u nder condi t ions o f  t h e  greatest 
adversity. 

Harford's prologue opens with the fol­
lowing :  "One day in the ear ly 1 960s, 
Sergei Pavlovich Korolev was looking at 
a newspaper photograph of Wernher von 
Braun, then being l ion ized in the Un ited 
States for h i s  part i n  the u pcom i ng 
Apol lo program .  H is  comment, recal led 
Antonona Otriesh ka, a staff assistant :  
'We shou ld be friends.' " 

But Korolev d ied at the height of the 
Cold War, in 1 966, so such a meet ing  
was not destined to occur. 

Just as the German emigre Wernher 
von Braun  was a d r iv i ng  force in the 
Un ited States for launch ing an Earth-or­
b i t ing  sate l l i te d u ri n g  the 1 9 50s, so i t  
was Ukra in ian emigre Korolev's vis ion, 
tenacity, and commitment to that same 
effort, that enabled the Soviet U n ion to 
be the fi rst to open the Space Age on 
Oct.  4 ,  1 95 7, with the l a u n c h  of the 
Sputn ik sate l l ite. 

Like von Braun, as a young man, Sergei 
Korolev was i nspired to ded icate h i s  l ife 
to space exploration after becoming ac­
quainted with the work of a great space 
pioneer: Hermann Oberth in the case of 
von Braun, and Konstant in Tsio lkovsky 
i n  the case of Korolev. Wh i l e  b iogra­
phers d i ffer as to when,  or  even 
whether, Korolev ever met Ts iol kovsky, 
who d ied in 1 935,  there is no question 
that, as Harford states, " Korolev began 
to b u i l d  what Ts i o l kovksy had con­
ceived . "  

Korolev's l ife para l l e led von Braun's 
i n  many ways . Both spent the 1 9 30s  
working for brutal ,  total itarian regimes; 
both were i m pr isoned by these 
reg imes-the Nazis in  one case, Sta l i n  
in  the other. Both worked o n  projects of 
such strategic import, that, as d istastefu l 
as it was to each of them, they had to 
appeal to the leaders of both d ictator­
sh ips for support, in order to make any 
progress. 

They both bega n the i r  careers i n  
space deve l opment th rough ser ious  
study, partic ipation i n  amateur  rocket 
societ ies, and l ater, su pport from the 

76 Fal l  1 999 21 st CENTURY 

m i l i tary. Both d i ed premat u re l y  a n d  
both s a w  one  overarc h i ng g o a l  for 
mank ind i n  space : tr ips by human be­
i ngs to Mars. 

Prelude to Space Exploration 
Both the G erman and  Soviet efforts 

had their roots in the experiments of en­
thus iastic young  amateurs, who in the 
1 920s and early 1 930s, were try ing to 
turn the ideas of Tsio lkovsky and Oberth 
i nto hardware. 

B efore h i s  20t h  b i rth day, i n  1 926 ,  
Sergei Korolev moved to  Moscow from 
Ukraine, to study at the prestigious Bau­
man I nst itute.  As a you ngster, he  had 
become enamored of the new technol­
ogy of f l ight, and was i ntent upon study­
ing at the place where other young men 
were a l so d es i g n i n g  the  g l i ders a n d  
p lanes o f  the future. Because the I nsti­
tute was so near to the Central Aero­
H yd rodynam ics I n st i tute (TsA G I ) ,  as 
H a rford re l ates, many students were 
a l so i nvo l ved i n  p rojects there, and  
cou l d  ga i n  the experience  of taking  
thei r  conceptual stud ies to  practical re­
a l i ty. 

I nterest among'the techn ical commu­
n ity i n  Moscow was broaden ing to en­
compass "fl ights i n  U n iversal Ether," in 
addit ion to f l i ghts in the a i r, when Ko­
ro lev arrived in Moscow. In 1 927,  the 
F i rst World Exhib it ion of I nterp lanetary 
Apparatus and  :Devices was h e l d  i n  
Moscow. Spaceplane models b y  the Lat­
vian engineer F.A. Tsander ( 1 887-1 933),  
whom Korol ev wou l d  meet fou r  years 
l ater, and  papers and concepts by 
Robert Goddard, Oberth, and Max Va­
l i e r, were on  d i s p l ay. L i ke F r i e d r i k h  
Tsander, a t  t h a t  t ime Koro l ev thought  
that the  major role for the  rocket wou l d  
be a s  a n  adjunct t o  aircraft. 

By 1 930, an amateu r  rocket experi­
menta l group had been estab l i shed i n  
Moscow, cal led the G roup for Studying 
Reaction Propulsion (GIRD), which was 
l ed by Tsander. Koro l ev and Tsander, 
both working at TsAGI, devoted their af­
ter-hours and weekends to the experi­
ment G I RD was embarking on, Harford 
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reports. Tsander's u nsuccessfu l rocket 
design was tested by the G I R D  staff i n  
March 1 933 ,  w h i le Tsander was dy ing 
of typho id  fever. It was fo l l owed by 
more adva nced des igns ,  and the fi rst 
Soviet l i q u id-fue l ed rocket was 
launched on Aug. 1 7, 1 933.  

E ight days l ater, Korolev wrote an  ar­
t i c le  for the  newspaper Vechern a ya 
Moskva, w i t h  the t i t l e, "Towards the 
Rocketp lane . "  M i s led by some of the 
fantastic versions of i nternational rocket 
deve lopments then preva len t  i n  the  
press, Korolev reported l y  warned that 
the Germans  had "a l l eged l y  b u i l t  a 
rocket of such s ize that it wi l l  be able to 
f ly a man ."  Th i s  was not the fi rst t ime  
the Russian rocket enthusiasts were m is­
led about the i r  counterparts abroad . I n  
1 924, the wor ld 's fi rst amateur  rocket 
society, ' estab l i shed by Tsa nder  i n  
Moscow, had fa l l en i nto d is repute by 
debat ing for days the "fact" that God­
d ard had l a u nched a rocket to the 
Moon ! 

I n  h is  1 933  art ic le ,  Koro lev warned 
that although rocket tech no l ogy he ld  
great promise, "pract ica l  reso lut ion of 
this huge problem requ i res many years 
and persistent work." 

As Harford reports, in August 1 932,  
the a mate u r  rocket organ i zat ion i n  
Moscow began receiving fund i ng from 
the m i l i ta ry, t h a n ks to the i nterest of 
Marshal Mikha i l  Tu khachevsky. In Oc­
tober 1 933, the Soviet Counci l  of Labor 
a n d  Defense c reated the React ion  
Propu l s ion  I n st itute-a recommenda­
t i o n  by the Revo l u t ionary M i l i tary 
Counc i l of the Soviet U n ion-and Ko­
rolev was the deputy ch ief engineer of 
the new institute. 

Between 1 933 and 1 938, fami l i es of 
rocket engines and their guidance, con­
tro l ,  and other requ i rements were under 
fu l l-scale  development in  these new in­
stitutes in  Russia. 

Research in the Gulag 
At the age of 3 1 ,  Korolev's work on 

l iq u i d  prope l l ant rockets had become 
we l l  recogn ized. Without warn i n g, i n  
the ear ly  morn i n g  h o u rs of J u n e  2 7 ,  
1 938 ,  two m e n  from t h e  Sov iet secret 
pol ice and two "witnesses" entered Ko­
rol ev's apartment, and  he was taken 
away. 

The  c ha rges · aga i  nst Korolev a n d  
other rocket researchers, who h a d  a lso 
been arrested, was "subversion i n  a new 
fie ld  of technology." They were accused 

of col l aborat ing with an anti-So­
v iet organ izat ion (of rocket en­
thusiasts) i n  Germany. Soon after, 
Wernher von B raun and h i s  Ger­
m a n  co l leagues wou l d  be a r­
rested by the Nazi Gestapo, with 
s i m i l a r  cha rges l eve l l ed .  Most 
l i kely, it was Korolev's work with 
Tukhachevsky, who was executed 
by Stal i n, that led to Korolev's ar­
rest and exi le. 

Koro l ev was sentenced to 1 0  
years i n  prison, and, by October 
1 9 3 9 ,  was " i n  one  of the most 
dreaded of al l  prisons, a camp in 
the Ko lyma area of far eastern 
S i be r i a , "  H a rfo rd reports . The  
p r i vat ions  of h i s  t i m e  i n  the 
camp, under u nspeakable condi­
tions, led to a permanent deterio­
rat ion of h i s  hea l th ,  and ,  i n  a l l  
l i ke l i h ood,  contr i buted to h i s  
premature death at the age of 59 .  

RSC Energia. Korolov. Russia 

The first Soviet "first"-Sputnik. 

But Korolev was cal led back to 
Moscow and was moved, i n  Sep­
tember 1 940,  to a sharaga, o r  
pr i son factory-most l i ke ly  
th rough the i n tercess ion  of  the 
g reat a i rcraft des igner  Andre i  
Tu polev, who h i mself  had been 

RSC Energia. Korolov. Russia 

Sergei Korolev (1 906-1 966) 

a rrested on Oct.  2 1 ,  1 9 3 7 .  Ear l  i e r, 
Tupolev had been Korolev's teacher at 
the B a u m a n  I n st i tute .  D u ri n g  Wor ld  
War 1 / ,  Tupolev and  I lyush i n  attack a i r­
craft, which were made famous during 
the war, were prod uced i n  G u l ag "de­
sign bureaus ."  I n  the summer of 1 944, 
the ent i re experi menta l design bureau 
where Koro lev was work ing ,  was re­
l eased from c ustody, and Korol ev's 
"prior convictions expunged ."  

I n  1 945,  Koro lev was comm issioned 
a colonel  in the Red Army. As Harford 
reports, Koro l ev f lew to Germany  i n  
Septe m be r  to "jo i n  other  Soviet  co l ­
leagues gather i ng  i nformation" on  the 
V-2 rocket, which had been developed 
by the von B raun  team d u ring the war. 
Von B raun  h i mself  was a l ready i n  the 
U n ited States. When German techn ical  
spec ia l i sts, snatched from the East Ger­
man Soviet zone, were brought to the 
Soviet U n ion to work on  m i ss i l e  tech­
n o logy, one gro u p  worked u nder Ko­
rolev. B ut by 1 950, the Germans were 
being sent home, and Korolev was lead­
ing  the effort to design, bu i ld ,  a nd test 
the world's fi rst ICBM, the R-7. 

Accord i n g  to H a rford, Koro l ev be­
l ieved that the World War 1 /  V-2 l iqu id  
propel l ant tech nology cou ld not be  sig­
n ificantly extended, and he preferred to 
work on h i s  own designs. 

A leap into the Space Age 
On Oct. 4, 1 95 7, the world was awed 

by the orbiting of the first artific ia l  sate 1-
(Continued on page 79) 
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Micronesia's Lost Cities 
by Char les H ughes 

Ancient Micronesia & the 
Lost City of Nan Madol 
David H Childress 
Kempton, I I I . :  Adventures Unlimited Press, 
1 998 
Paperback, 200 pp., $1 6.95 

I n th i s  book on Pacif ic explorat ion, 
David Hatcher Ch i ld ress descr ibes in 

great deta i l ,  with many i l l u strat ions, 
maps, and color plates, the archaeologi­
cal wonders fou nd in the is lands of Mi­
cronesia .  His bel ief is  that human civi­
l izations have exi sted for 50,000 or  so 
years, and that what the archaeological 
establ ishment wou ld have us bel ieve is 
d is i nformation.  The evidence for those 
civi l izations is what his book attempts to 
portray, a lbeit with a focus on the "mys­
teries" of the place. 

M i crones i a  means " L itt le  I s l a n d s . "  
The total area of these t iny spots o f  land 
northeast of New G u i nea amou nts to 
about the a rea of Rhode I s l a nd ,  but 
spread over an  expanse of the Pacif ic 
Ocea n that i s  as  l a rge as the U n ited 
States, about 4,000 m i les.  Micrones i a  
consists of four  great archipelagos, o r  is­
land groups: the Marshal ls, the G i lberts, 
the Caro l i nes, and the Marianas. 

R u i ns wh ich  were once c it ies, b u i l t 
from giant stone s labs, are to be found 
on many of these i s l ands .  The l a rgest 
and most extensive of these is on Pohn­
pei I s l and ,  and there i s  a s i m i l a r  but 
smal ler  ruin on Kosrae Is land.  Pohnpei 
i s  fou nd in the Caro l i ne  group  of 
Micronesia, and its large, rui ned city of 
Nan  Madol  covers about 1 1  sq uare 
m i les .  Nan Madol has been ca l l ed the 
e ighth wonder of the wor ld ,  or  the 
Ven ice of the Pacific, because the city is  
d iv ided i nto a rt ifi c i a l  b u i l t-up i s l ands  
separated by canals. 

The ru i n  of Nan Madol is  estimated to 
contain more than 250 m i l l ion tons of 
basa l t  rock, with the average stone 
weigh ing between 1 0  and 20 tons, and 
and some more than 50 tons. The thou­
sands of deta i l s  Ch i ld ress gives, i ncl ud­
ing construction part icu lars, point to a 
city which was surely an important cap­
ital of a lost c iv i l i zation of sea peop le, 
perhaps 5,000 to 1 0,000 years ago. 

Now, one reaches the city by boat, or 
by wad i ng across a cora l reef at l ow 
tide. The largest bu i ld ing in the "down­
town" of the city has wal l s  30 feet h igh, 
constructed of basalt logs 5 meters or so 
long, of hexagonal shape. To obta in  the 
requi red 250 m i l l ion tons of stone, Ch i l­
dress estimates that an entire mountai n  
must have been d ismantled . 

The author conducted many under­
water exp lorat ions in the ocean near  
Nan Madol with a team of  eight d ivers, 
in order to investigate rumors of another 
city submerged near Nan Madol .  

Ch i ldress also reports on some of  the 
i nvestigations of the late Barry Fel l ,  and 
other investigators, such as John McMi l ­
l i a n  B rown of the U n iversity of N ew 
Zealand, concerning Egypt ian,  L ibyan, 
and Dravid ian contacts in M icronesia.  
One of the u n conventio n a l  i deas he  
presents i s  that  agri c u l tu re m ay have 
started i n  the Pac ific and not the Near 
East. 

For example, Ch i ld ress d i scusses the 
f i n d i ngs of a rchaeo log i sts M. Spr iggs 
and S.  Wickler of Ya le U n iversity, who 
excavated Ki lu Cave on Buka Is land in 
the Solomons and fou nd tools of stone 

with starch res idues from the taro root. 
Rad iocarbon dat i n g  o n  the  res i d u es 
p laced them at 28,000 B.C. Taro is sti l l  a 
major  c rop on th i s  i s l a n d ,  as it is  
throughout Polynesia .  

C h i l d ress a l so reports on  many an­
cient wor ld a rt i facts fou nd o n  the 
beaches in M i crones ia  and  i n l a n d  i n  
nearby Austra l i a :  for example, a th ree­
foot carved statue of a baboon holding a 
papyrus scro l l  was fou n d  i n  Queens­
l and,  near  a mound i n  the town of 
Gymp ie .  I n  G era ld to n ,  Austra l i a, i n  

THE PACIFIC OCEAN A N D  ITS ISLANDS 
Nan Madol, the lost city explored in this book, is on the eastern Caroline 
Island of Pohnpei. 
Source: Ancient Micronesia, frontispiece. 
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1 9 63,  a workman fou n d  an E gypt i a n  
bronze plate. The Sidney suburb o f  F ive­
dock y ie lded gold co ins  and  Egypt ian  
jewe l ry. N u merous wrecks have been 
excavated on Austra l ian beaches, Many 
of them very l a rge s h i ps, w h i c h  were 
bui lt without nai ls  or screws. 

Chi ldress describes the excavation of 
some 400 gravel h i l l s  at the Is le of Pines 
on New Ca ledon ia ,  w h i c h  conta i n ed 
cement co lumns .  Ya le scientists found 
that the  col u m n s  w h i c h  i n c l u ded or ­
gan ic  matter were d ated to  between 
5,000 and  1 0,000 years ago. 

Chi ldress has written a lmost a dozen 
books descr ib ing his explorations over 
the last 30 years, and is the fou nder of 
Adventures U n l i m i ted Press .  A se l f­
described maverick archaeologist, who 
focusses on the "mysteries" of the p laces 
he vis its, he has combed the g l obe to 
gather data on l ost c iv i  I izat ions, often 
walking or hik ing for weeks at a t ime to 
see ru ins  at some very remote s ites 
where no tou r ist  wou l d  attem pt to 
travel. 

Despite the emphasis on "mysteries, " 
this, and the other books by Chi ldress in  
his ancient lost c iv i l ization series, have 
much to provoke readers. 

James "Scotty" Doohan 
of "Star Trek" 

$34.95 No. America 
$44.95 Foreign 
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Wernher von Braun 
(Continued from page 77) 

l ite, Sputn ik .  Less than two months be­
fore that, the R-7, which launched Sput­
n i k, made its fi rst successfu l test for its 
i n tended pu rpose, carry ing  a d u m my 
warhead . The leap i nto the Space Age 
for the Sov i et l eaders h i p  was u sefu l 
merely as a publ icity stunt, to prove the 
superiority of the Soviet system to capi­
tal ism. 

As H arford richly documents, the So­
viet reg ime was constantly an obstac le 
to Koro l ev's plan for the order ly pro­
gress ion of new space capab i l ities. The 
Sov iet government funded design bu­
reaus that were developing compet ing 
designs to Korolev's, in everyth ing from 
seco nd-generat ion  ICBMs to Moon 
rockets-a practice that treated confu­
sion and left inadequate funds for every­
one. The regime, and Khrushchev per­
sona l l y, made outrageous demands on 
the C h ief Des igner  to meet dead l i nes 
for space "fi rsts , "  based on p o l i t i c a l  
considerations, such a s  speeches before 
the U n ited Nations, or concerns about 
when the Un ited States wou ld do it. 

The Anonymous Chief Designer 
U n l i ke Wernher von Braun, who be­

came a widely recognized proponent of 
space exploration in the U n ited States 
th rough magazi nes, newspapers, and 
television in  the early 1 950s, Sergei Ko­
rol ev's name was not known outs i de 
the c i rc l es of the Soviet govern ment, 
the m i l i ta ry, and h i s co l l eagues who 
were i nvolved with the space program, 
u nt i l  after h i s  death . Although i ntel l i ­
gence services i n  the West knew there 
was a "Ch ief Designer, " h i s  name was 
never made publ ic .  He was not seen i n  
photographs with the cosmonauts, nor 
at state ceremon ies where awards and 
medals were bestowed upon those rec­
ogn ized for their contributions. Yet, he 
was the man most respons ib le for the i r  
successes. 

Anonym ity was u ndoubted ly vex i ng 
to Korolev, a lthough it was not h i s  most 
ser ious problem.  But the successfu l ef­
fort by the paranoid Soviet government 
to keep the i dent i ty of the Ch ief De­
signer a v i rtua l  state secret, produces a 
most  frustrat i n g  aspect of H a rford's 
book. 

A l th o u g h  the author  spent many  
years and made  an  hercu l ean  effort to 

i nterv iew h u n d reds  of peo p l e  who 
k new a n d  worked w i th  Korol ev, the 
Ch ief Designer's thoughts, h i s  v i s ion  of 
the futu re, and h i s  long-range plans for 
space exploration, are miss ing.  There is 
no exp l a n at i o n  g iven  as to how how 
th i s  m a n ,  who h ad been u n j ust ly i m­
prisoned, and stymied at every turn by 
a v i c i o u s  a n d  opport u n i s t i c  reg i me,  
cou ld have driven h i mself and h i s  co l­
l eagues to acco m p l i s h  what they d i d  
dur ing  h i s  l i fet ime.  Ones assumes that 
th is was poss ib le because he had a goal 
that a l lowed h i m  to see everyth ing else 
around h i m  as merely ephemera l .  

It seems i n conceivable that Korolev 
left no notes, d i a r ies, l etters, or other 
personal  materia l  which wou ld  give us 
an  i ns i g ht i n to what i deas susta i ned 
h im .  It is conceivable that such material 
has not yet been made accessib le to re­
searchers by the Russ i an  govern ment, 
which is a great d isservice to the mem­
ory of the Ch ief Designer. 

It can  be h oped that such  mater i a l  
wi l l  soon be made ava i l ab le, a n d  that 
J i m  Harford w i l l  be ab le  to write a se­
quel  to th is  i nformative and moving bi­
ography. 

t � 
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ANCIENT DISCOVERY 

Ancient Civi l iz 
Austral ia's Ki 
by Marjorie Mazel Hecht 

The Bradshaw rock art of the Kimber­
leys is a stunn ing record of early civi­

l ization in Austra l i a ,  dati ng  back to at 
least 20,000 years before present (YBP) 
and perhaps even as ear ly  as 40,000 
YBP. The rock art is  named after explorer 
josep B radshaw, who fi rst observed it 
in 1 895 .  At the ti me, he wrote that the 
paintings looked d i sti nctively Egyptian.  
" I ndeed, looking at some of the groups, 
one m ight t h i n k  h i mse l f  v iewing the 
painted walls of an Egyptian pyramid." 

The next reporting of this rock art was 
done by an exped ition of the Frobenius 
Institute, based in  F rankfurt, Germany, 
which stud ied the pai nti ngs for several 
months in 1 93 7- 1 938,  made copies of 
them, and named them "Bradshaw" fig­
ures, after their d iscoverer. 

This very brief report reviews some of 
the work of contemporary explorer Gra­
hame Walsh, who over the past 21 years 
has d i scovered and  recorded tens of 
thousands of B radshaw rock art s i tes, 
travel l i ng 1 00,000 ki lometers over some 
of the world's roughest terrai n  . . A more 
detai led report, on which th is  artic le  is 
based, appears in the Aug.-Oct. 1 999 is­
sue of The New Citizen, pub l ished by 
the Cit izens E l ectoral Cou nc i l  of Aus­
tral ia. ' 

Wa lsh ,  whose data base of rock art 
conta i ns 1 . 2 m i l l ion  i m ages,2 is con­
vinced that the Bradshaw rock art is not 
s imply an art form, but an early type of 
h ieroglyph ics, u s i ng a styl ized human 
form, and is s im i la r  to that of  the Egyp­
tians, or the Mayans in Central America. 
He has demonstrated that the peop le  
who painted the Bradshaw figures had a 
maritime cu lture and arrived i n  Austra l ia  
with their h igh cu lture fu l ly formed . 

Walsh's work, therefore, contrad icts 
the assumptions of accepted archaeol­
ogy and anthropology, which ma intai n  
that modern man descended from apes 
only very recently ( i n  the sca le of pre-

h i story), that proto-humans had no ca­
pab i l ity of speech u nt i l  about 40,000 
years before present, and that such  
proto-humans cou ld  not possib ly have 
had a maritime cu ltu re, or even hu nted 
for food . Particularly in Austral ia, where 
Aboriginal land priorities are a pol itical 
issue, Walsh's work is explosive. 

Three Epochs of Rock Art 
According to Walsh, there are at least 

three epochs of rock art in the K imber­
l eys.  The o ldest is what he c a l l s  the 
"Pecked Cupu le Period," i n  which sma l l  
pits are pecked out  of  rock, sometimes 
as many as 4,000 at one site, sometimes 
in patterns. These are found in very hard 
sandstone surfaces, which, Walsh says, 
"wou ld  have requ i red a cons iderab l e  
amount of time and energy" to peck out. 
The cupules are typica l ly found in caves 
that were used for human habitation .  

The next form of Kimberley art, Walsh 
terms the I rregular Infi l l  Animal  Period, 
named for its characteristic rock paint­
ings of an imals ,  which have clear out­
l i nes, but are irregu larly fi l led in .  Some of 
these figures are of animals or fish known 
from the foss i l  record but now exti nct, 
thus prov id ing contemporary scientists 
with an accurate record of what the ac­
tual animal or fish looked l ike. 

The rock pai nti ngs shown here a re 
from what Walsh cal ls the Erudite Epoch. 
These pai nt ings are typ ica l ly found i n  
rock shelters, which are not used a s  l iv­
i ng places, and often do not have even 
room to l ie  down or sit. This  art is  very 
wel l  preserved, Walsh says, because of a 
combination of rock type ("wh ite to pale 
brown coarse-gra i ned th ick-bedded 
quartz sandstone") and the paleoc l imate. 
"Sometime after the pai nti ngs were ap­
pl ied to the rock, the rock developed a 
th in  sk in ,  probably composed of s i l ica 
and oxa lates, wh ich  bonded the p ig­
ments right into the rock. " 

The most i nteresting paintings, Walsh 
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Rock painting of an ancient watercraft, 
shown in graphic outline for clarity . 

says, therefore may be discovered un­
derwater, off the Kimberley coast, where 
the marit ime cu ltu re that produced the 
B radshaw pa i nt i ngs probab ly  wou l d  
have l ived . Because o f  the rock's bond­
i ng process, Wa lsh  th i n ks t h at the art 
would survive wel l  under water. 

One of the ways the paintings can be 
placed in time is by using state-of-the-art 
dating techn iques for wasps' nests found 
on top of a B radshaw figu re. The nests 
a re b u i l t by the wasps with gra i n s  of 
sand. Using optical stimulated thermolu­
mi nescence, scientists can take a s ingle 
g ra i n  of sand from one of these n ests, 
and prec isely date when it was last ex­
posed to I ight;  that is, when the wasp 
brought it into the rock shelter and out of 
the sun l ight. th is  is one of the methods 
by which Walsh has dated the paintings 
to at least 20,000 YBP. 

Tassels and Sashes 
Walsh has d ivided the Erud ite Epoch 

i nto phases, the fi rst phase being the Tas­
sel  B radshaws, and  the l a rgest group 
what he calls the Sash Bradshaws, which 
fol lowed the Tassels. The names refer to 
the part ic u l a r headd resses depicted­
tassels or th ree-cornered sashes. There 
are subgroups of these, which Walsh has 
named "Elegant Action" B radshaws and 
" Dynamic" Bradshaws, referri ng to the 
motions that are beautifu l ly  depicted. In  
some cases, figures of  the l ater period 
are painted over earl ier Bradshaws, ind i­
cating which came first. 

An even l ater period is termed 
"Clothes-Peg," named for the character­
istic c lothes-peg look of the legs. In this 
period, there a re the fi rst portraya l s  of 
aggress ion,  with barbed spears loaded 
to th row, and boomera ngs ready to 
l a u n c h .  Wa l sh  has hypothes i zed that 
this coinc ided with the onset of arid c l i-
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