




Chris Duffey/University of California at Berkeley 

Whoever still maintains, as does Peter 
Duesberg, that there is no clear correla­
tion between HIV and A IDS, can no 
longer claim to be serious. See p.  64. 

On the cover: The ether-drift apparatus of 
Dayton Miller at the Mt. Wilson Observatory 
in California, used between 1 924 and 1 926. 
Meteorological instruments a re on the 
turntable; the optical pathways are enclosed 
in insulated glass boxes. The l ight beam 
source is at the center top, mi rrors are on 
the right arm of the interferometer, and the 
telescope lens is left of center. This photo 
and those of Mil ler and Morley courtesy of 
Case Western Reserve University Archives; 
Michelson photo courtesy of Nimitz Library, 
U.S. Naval Academy, Special Collections 
and Archives. Cover design by Rosemary 
Moak. 
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EDITORIAL 

Unlock the Book on Physics! 

I f you've l ived through the last 25 to 30 
years, you know the stup-efyi ng effect 

on science-and the popu lation-of en­
v i ronmenta l myths and Malthusian ide­
o logy .  Ozone depletion, g lobal warm­
ing,  nuclear scares are some of the frauds 
now enshrined as "science." 

Even more entrenched is the fraud that 
permeates the very fou ndation of 20th 
century physics: the Michelson-Morley­
Mi l ler coverup. The textbooks tel l us that 
the Michelson-Morley interferometry ex­
peri ments from the 1 880s and i nto the 
turn of the centu ry, produced a "nul l" re­
sult, thus proving that the speed of l ig ht 
is constant and that there is no ether­
dr ift-which, they say, constitutes em­
p i r ica l  proof that E i nste i n ' s  Theory of 
Relativity was correct. Today's textbooks 
present this as an open and shut case; on 
this matter, the book on physics is closed 
tig ht, with no room for q uestions. 

The re i flcat ion (and de if icat ion )  of 
M iche lson-Morley's nu l l  resu lt, and its 
i� p l ications, occu rred after E i nste in ' s  
death. Einstein, h imself, was not so sure, 
and in fact, encouraged Dayton Mi l ler in  
the 1 920s to cont inue h i s  exper iments 
that found, contrary to the imposed con­
sensus, that the in terferometry resu I ts 
were not nu l l .  

(S im i l ar ly, i n  the 1 950s, E i nste in  en­
cou raged phys ic i st Benny So ldano, a 
member of 2 1st Century's scientific advi­
sory board, in h is work that cha l lenged 
the theory of equivalence of inertial and 
g ravitationa l  mass-work that w i l l  be 
presented further in a future issue. Again, 
it was not unt i l  E i nstein's death that any 
chal lenge to Relativity was ru led out of 
order, and that Relativity Theory was set 
in stone.) 

Debate Reopened 
Th is  i ssue's cover story opens the 

locked book. We i ntend, i n  fact, to re­
open a fu l l  debate on the q uestion of the 
nature of I ight, its propagation, and a l l  
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the rel ated and fasc i n ati ng questions 
about how the u n iverse works. This is 
not an  arcane campa ign ,  but one that 
aims to put the search for truth back into 
phys ics, and to remove the ideolog ical 
and egotistical p i l lars of the physics edi­
fice that get in the way of how science 
works today. 

This campaig n  leads with the work of 
Nobel Lau reate Maur ice Al la is, who re­
v iews the 1 92 5- 1 9 2 6  exper iments of 
Dayton C. Mi l ler. Not only were the in­
terferometer resu l ts pos i t ive, Al la is  
shows, but a l s� ,  they probably cohere 
with the anoma l ies he found in h is ex­
peri ments i n  the 1 95 0s with the para­
conical pendu l um .  (The Su mmer 1 998 
issue of 21st Century wi l l  contin ue this 
campaign with a presentation of Al la is's 
work on the paraconical pendu lum and 
related experiments in  optics.) 

Accompanying the A l l a i s  art ic le is a 
h i storical rev i ew of the 1 9th and 20th 
centu ry exper iments, and theory con­
cern i ng the M i che l son-Morley-M i l l er 
work, which wi l l  enable readers to situ­
ate the importance of Al la is's work. As­
soc i ate Ed i to r  Lau rence Hecht beg i ns 
with the or ig i  n of the wave theory of 
l ig ht, in the work of August in  Fr esnel 
and Thomas Young ,  and d i scusses the 
q uestion of relative motion and aberra­
t ion .  Then Hecht describes the experi­
ment that Michelson desig ned to test the 
Fresnel hypothesis in the 1 880s, the sub­
seq uent experiments i n  the next few 
decades, and, fi na l l y, the debu nkers of 
Mi l ler's work_ 

And, whi le the book on physics is be­
i ng pried open, we point out the article 
on physic ist David Bohm in the Books 
section (p. 86). The review of Bohm's l ife 
and work by Caro l i ne Hartmann,  g ives 
one the flavor (more precisely, the stink) 
of how the phys ics  commun ity molds 
and preserves its "consensus," discour­
ages debate, and crushes dissenters. 
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Letters 
Religion, Leibniz, 

and Darwin 
To the Editor: 
I p ick up 2 1  st Century Science and 

Technology from the newsstand. I greatly 
appreciate the views expressed on nu­
clear energy and "environmental" issues. 
Unti l  now, however, I never read any of 
the phi losophical materia l .  

With the Fa l l  i ssue I decided to  settle 
in and read the article, "Was Darwin an 
Evolut ionist or J ust a Soc ia l  Reformer?" 
by Dino de Pao l i, and I found it fascinat­
i ng. 

I ad m i t  I d i d  not understand  a fa i r  
amount of the phi losoph ical detai ls, but 
as somebody who h as been se l f-con­
sc ious ly  deve lop ing  and  b u i l d i ng my 
own worldview from a coherent theo­
logical and ph i losoph ical base, I under­
stood its thrust. I greatly appreciated the 
explanation of the impact of Darwin ian 
thought on the idea of entropy and the 
notion that we are operat ing in a world 
with a pre-determ ined and fixed maxi­
mum size that impacts our views on so­
ciety and susta inable popu lation size. 

Dino de Paoli Replies 
I think that your insights are qu ite cor­

rect, and,  de  facto, they a nswer your  
own questions. Nevertheless, I wi l l  try to 
add some specificat ion  wi thout go ing 
into any depth, which would requ i re an­
other article! 

As far as I know, Leibniz not only was 
persona l l y  a re l ig ious  man ,  but  ded i­
cated h is l ife to try to find an i ntel l ig ib le 
form to St. Pau l 's statement: "The Law of 
God is written i n  our  hearts" ( Romans 
2 : 1 5 ) .  From that standpoi nt, he  looked 
for a common ground to reun ify the d if­
ferent Ch r is t ian doctr ines, and a l so  a 
common ground with other rel igions and 
cu ltures. To mainta i n  this h igher stand­
point, he rejected, for example, the pos­
s i b i l i ty of becom ing  a card i n a l  i n  the 
Catholic Church . 

If you are i nterested i n  fol lowing th is 
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Gottfr ied Leibn iz's a l ternative views 
are very i nterest ing and provide a very 
compel l ing rebuttal to the i nsanity of to­
day's popu lar mentality. They also have 
many para l lel s  with the B ibl ical world­
view I have accepted, and it is these sim­
i larities that spur me to ask several ques­
t ions, wh ich  wou ld  perhaps c larify h i s  
ideas further for me. 

I am very i nterested in knowing some­
thing of the nature of Leibn iz's own rel i­
gious convictions. Essential ly, I am won­
der ing why h i s  ph i losophy, with a few 
m i nor changes, cou ld not be the B i b l i­
ca l  wor ldv iew .  Le ibn iz,  for examp le, 
ident if ies man  as un ique, not j u st an­
other an ima l ,  and th is  is certa i n ly the 
message in the B ible. Man, as no other 
created being, is created in the image of 
God. 

He also talks about a " l ight with i n  us" 
that relates to our ab i l ity to creat ively 
add ress our problems, develop new 
technology, and expand our world. The 
termi nology in de Paol i's artic le sounds 
l i ke the idea of man being God, or God­
l i ke. The Bible, though, says that man is 
in no way God-he i s  not created as 
part of God, or out of God (as a panthe­
ist may argue} -but He is c reated i n  
God's  i mage, wh ich  i s  w h y  he has 
thought processes, creativ i ty, and  an  
imaginative process which separate h im 
from an imals and which are not expla in­
able from natural i st ic and mechan ist ic 
presuppositions. 

Certa i n l y  the v iew expressed in de 

up, we can provide you with some refer­
ences. I n  any case, I wou ld suggest that 
you read Leibn iz's Theodicy to get a d i­
rect impression on this issue. 

My general poi nt of v iew is that the 
B ible, i n  itself, is a very inspiri ng, but d if­
ficu lt, book. Because it does not have to 
explain or justify, but to inspire, it neces­
sari l y  uses ambigu ities and metaphors, 
whose l iteral i nterpretations have often 
led to m isunderstanding, and, de facto, 
to anti-Christian pol icies and practices. 
The case of Darwin ,  mentioned in the 
article, is not unique. 

We have to rediscover also in us a l iv­
ing certitude, otherwise expressed in the 
B ible and books in general .  This is un i­
versa l ly  necessary to acqu i re truth and 
any type of real knowledge, contrary to 
s imp le  doctr ina l  learn ing.  Man, to d is­
cover and fol low the truth, has some­
times "to break the Law." This is the only 

Paol i 's art ic le about the tremendous po­
tential man has demonstrated to improve 
h i s  world, rather than the common view 
that he s imply has to find his l ittle niche 
i n  a mechanistic world, is very consistent 
with what I understand the B ib le to be 
saying. 

Many modern Christ ians have appar­
ently rejected the h i storic Christ ian idea 
that sees God's redemptive p lan as ap­
pl icable to all of l ife, not just man's sou l .  
Th is  h i storic v iew, however, wou ld  de­
fend, at least i n  principle, the importance 
of advances i n  industry and technology 
to expand the wealth and "size" of the 
world to fac i l i tate larger popu lat ions. It 
recogn izes moral and metaphysical en­
tropy, but identif ies redempt ion as a 
stronger i n i t i ative wh ich can rol l  back 
the effects of entropy, if people exercise 
thei r respons ib i l ity to accept and apply 
God's redemption. 

De Pao l i  a lso ta l ks about the i mpor­
tance of reproduction i n  the advance­
ment of human c iv i l izations. The B ib le  
consistently cal ls ch i ldren a blessing and 
encourages procreation much more than 
modern Christians do. 

Also, cou ld Leibn iz's idea of "a h igher 
domain" be the Bibl ical God who, as the 
Creator, is separate from and outside of 
H is creation? He is a lso unchanging and 
almighty. 

Thank you for de Paol i 's very ins ight­
ful article. I welcome any comments. 

Timothy Bloedow 
Van ier, Ontario, Canada 

way man can make "ontological jumps" 
(he, h imself, be ing a reflect ion of one) 
and so help the world, sometimes even 
in contradiction to establ ished do's and 
don'ts. 

How does man fi nd in h imself, with 
a l l  h is i mperfect ion, the references for 
the h igher standpoint? Once "free w i l l "  
i s  accepted as onto log i ca l l y  p r imary, 
when we accept that the world, in  order 
to be, needed a free act of God's w i l l ,  
how do  we  know and act i n  a non-arbi­
trary way to respect God's  Law of na­
ture? I n  the art ic le, I tried to give some 
answers to th is, so I do not want to re­
peat myself here. 

Leibniz's main thesis is, that to go from 
one given to the next, there is no simple 
automatism, no s imple "repetit ion." The 
passage needed, and needs, a conscious 
and wi l lful act of creation. This is the ac-

Continued on page 4 
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tual basis of a l l  the i nsoluble paradoxes 
confronted by log ical, biolog ical, or ma­
ter i al i st i c  mon i sm or panthe i sm .  We 
know th is best, because we experience 
it, when we a re confronted with the 
paradoxical nature of  man. 

From Plato to Leibniz, never was man 
considered a "god . "  Never was a fi n ite 
considered an i nfin ite, or a l i ne a curve! 
Expl ic itly, Plato attacked the Soph ists on 
this and rejected their thesis that "man is 
the measure of everyth ing ." 

But what is, then, the measure? What 
is the meaning of "image of God"?  

We cannot hope to judge d i rectly, as 
God w i l l  one day j udge.  But we have 
no other means than to try to see, a l ­
thoug h  a s  "through a m i rror darkly"; we 
cannot avo i d  pass i ng th roug h the i m­
perfect med iat ion of man's j udgment. 
To escape from the soph ist's moral rela­
tivism and subjectivism, we cannot use 
any simple "objective" measuring stick. 
The i ssue bo i l s  down, then, to g rasp 
what i s  natural l aw, what i s  rea l l y  the 
mean i ng of " image of God " ?  Re l ig ion 
and sc ience here share the same d iffi ­
cu lty and  m ust operate i n  a common 
coherent fash ion.  

I n  my l ast a rt ic le,  as wel l as i n  th ree 
preced ing ones (see 2 7st Century, Sum­
mer 1997, Summer 1 99 1, and Executive 
Intelligence Review Vol .  22 ,  No. 3 1 ), I 
strugg led prec ise ly with the issue you 
raised : Pantheism is not only wrong the­
olog ical ly, but also scientifical ly. 

Modern ecology  i s  based prec i se l y  
on t he  axioms o f  pantheism (for exam­
p le ,  see H aecke l ) .  But, to h ave a hu­
man eco log y,  we have to d rop such  
s imple monism, wh ich  negates the ex-

i stence of a l i v i ng God because i t  h as 
to deny the efficient use of human cre­
at ive powers; it wants to destroy h u -

• man d ig n ity and worth to prove that we 
are j ust worki ng cattle ! To get a better 
u nderstand i ng of th is ,  I recom mend  
that you read some of  t he  wr i t ing s  o f  
Lyndon H .  LaRouche, J r . ,  whose ideas, 
as far as I have g rasped them, I used i n  
part of the article. 

To conclude and summarize: I t h i nk  
that Leibn iz's concepts are probably one 
of the best express ions for the universal­
ity of Christ ianity .  I hope these answers 
are helpfu l to you . Otherwise, feel free 
to keep up the dialogue. 

On Science and Politics 
To The Editor: 
I have read the Darwin article in your 

Fa l l i ssue,  and I wou ld  l i ke to pose a 
quest ion : Do pol i tica l  issues h i nge  on 
whether l i fe has a random mater ia l i st 
or ig i n ?  Catho l ics have the i r  C rusades, 
a nd H it ler  had h i s  holocaust. Rea l ly, 
honest scientific debate does not control 
political action. 

Darwi n ,  a l thoug h  he d i d  share the 
prej udices of  h is age, abhorred slavery, 
and he was an Eng l ishman whose father 
and g randfather were h ig h ly rega rded, 
famous phys ic ians  of the i r  t ime .  Dar­
win's grandfather treated the el ite as well 
as whoever knocked on the front door of 
h is home. To equate these people to the 
Nazis is very strange. 

Herbert Spencer, Karl Marx, and many 
others focussed on the pol itical fa l lout of 
science in Darwin's era. 

I t  appears necessary to rem i nd your 
ed itors that a decent respect for the opin­
ion of others caused Thomas Jefferson to 
write the Declaration of I ndependence. 
Whether " inborn l ig ht" is de Paol i 's eu­
phemism for d iv i ne, or i f, as Darwi n 
says, we are ennob led by the story of 
evo l ut ion matters l i tt le to me.  We a l l  
must l ive on the planet together, n o  mat­
ter what science says. 

Tom Manaster 
Albuquerque, New Mexico 

Dino de Paoli Replies 
Although your remarks enlarge the de­

bate in very complicated areas, I wi l l  try 
to answer some of your questions. 
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( 1 )  Does science have anyth ing to do 
with pol itical decisions? 

Whatever ou r  understand i ng of the 
physical world, l ife, the b iosphere and 
man is, being able "to l ive on this planet 
together," has, or shou ld have, a lot to 
do with the cultural (soc ia l ,  economic, 
po l it ica l )  cho ices wh ich  defi ne the re­
production of man and our world! 

I t  happens that soc i a l  dec is ions are 
also contro l led (somet imes tota l ly) by 
other considerat ions .  Th i s  is prec isely 
what I tried to say in  the article. It is ide­
ology a lone, wh ich can destroy a c ivi­
l ization! 

(2) Darwin's theory was flawed by ide­
ology. I tried to show that this is not l im­
ited to the widely admitted "Malthusian 
ideology," but reaches the core of "New­
ton ian ideology." 

(3) To share the prejudices (ideology?) 
of one's own age is not a crime, but it 
makes a b ig d ifference if you pretend to 
establ i sh  theor ies concern i ng natural 
laws! Normal ly, to do  that, you should 
be ab le  to rise, above the prejud ice of 
your  own time! J •••. : 

I compared Darwin's social theories to 
Nazi ideology, not because he "shared 
the prejud ice," but because he tried to 
make simple prejudices appear to be 
natural law! The rac i st conclus ions at 
which he arrived, were inscribed in h is 
premises. Nazi ideology, at its core, was 
Social Darwi n ism. So the comparison is 
not just an analogy. 

(4) I t  appears to" me, that somet imes 
you yourse l f  reflect the "prejud ice of 
our  t i me , "  t h at i s ,  what is ca l led i n  
F rance the "Bof! generat ion . "  "Bof" i s  
a pho net ic  express ion  o f  a F rench  
youth who  i s  u n ab l e  o r  too l azy to 
speak, but who wants to say : "What do 
I care? What does it matter? I t  is a l l  the 
same!" 

The "decent respect for the opinion of 
others," means also the decent criticism 
of such opi n ion ,  espec i a l ly when that 
op in ion pretends  to h ave the status of 
theories and pol icies. And such possibi l­
i ty of cr i t ic i sm i s  nowhere a l l owed so 
strong ly as in the U n ited States. Moral 
and soc i a l  i nd ifferent ism characterize 
an ima l  societ ies ;  there the choices are 
made by Mother Nature. 

For us, the poss ib i l ity of " l iving on the 
p l anet together,lr hopefu l ly for a very 
long time; depends i n stead on our own 
choices, and on well-g rounded ideas be­
h i nd the important choices. 

LETI ERS 
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TYPICAL BERT VALUES 
FOR X-RAY STU DI ES OF AN ADULT 

Type of X-ray BERT:The time it takes 
to get the same amount 

of radiation from nature 

Dental, intra-oral 1 week 

Chest X-ray 1 0  days 

Dental, panoramic 2 weeks 

Thoracic (upper) spine 6 months 

Lumbar (lower) spine 1 year 

Upper digestive system 1.5 years 

Lower digestive system 2 years 
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Radiation Protection 
,: Quantities and Units 

There are two quantit ies defined 
by the ICRP for rad iation protection: 
equivalent dose and effective dose. 
The risk of producing a fatal cancer 
in any tissue of the body is assumed 
to be proportional to the equ ivalent 
dose to the tissue. If the radiation is 
non-un iform, the risk of fata l  cancer 
is assumed to be proportional to the 
effective dose. 

There is no evidence that either of 
these assumptions is correct at the 
low doses from diagnostic X-rays. 

The equ ivalent dose i s  the ab­
sorbed dose mul t ip l ied by a rad ia­
t ion weighting factor, or  WR. WR is  
a biological constant that is assumed 
to be a measure of the  b io log ica l  
damage to the t i ssue from a given 
type of rad iation. Val ues of WR are 
spec ified by the ICRP .  For X-rays, 
the WR i s  1 .0 ;  for a l pha  part i c les 
from radon progeny (wh ich g ives 
our lungs a large annual dose equ iv­
alent), the WR is 20. 

If the absorbed dose i s  i n  Gy, the 
equ iva lent dose i s  g iven in s ievert 
(Sv). 

If the rad iat ion dose is not u n i­
form over the body, the ICRP  as­
sumes that the relat ive r isk of fatal 
cancer to the body is proportional to 
the effective dose to the whole body. 
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The effect ive dose is ca lculated by 
obta i n i ng the  equ i va l ent dose for 
each organ and mu lt iplying it by its 
tissue weighting factor, WT. The sum 
of these va l ues for a l l  the organs i s  
the effective dose, or E .  

The va lue of the  WT for a given 
organ i s  assumed to be a measure 
of the r i sk  of rad i at ion i nduc ing a 
fatal cancer. The ICRP has specified 
WT val ues based primari ly on stud­
ies of cancer i nc idence among A­
bomb survivors. The un it used here 
for effect ive dose  i s  a l so the Sv. 
S ince a Sv i s  a relatively large effec­
t ive dose, it i s  common to use the 
m i l l i s i evert (mSv) ,  wh i ch  is one­
thousandth of a s ievert. 

A study  by an NCRP  Sc ient if ic 
Committee of Q values (now cal led 
WR va l u es )  conc l uded that it was 
not possible to specify Q (now WR) 
va l ues for any type o f  radiat ion 
(NCRP Report No . 1 04) .  No inde­
pendent group has eva l uated WT 
values. ICRP values of WT changed 
sign ificantly from 1 977 to 1 99 1 . 

You w i l l  occas iona l l y  a l so see 
rem, the outmoded radiation un it for 
equ iva lent and effective dose; 1 Sv 
= 1 00 rem .  Yo'u may a l so see the 
rad, the outmoded absorbed dose 
un it; 1 Gy = 1 00 rads. 
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low Doses May 
Prevent Cancer 

The sma l l  amou nts of rad i a­
tion we receive from ord inary X­
rays are comp lete ly  ha rm less .  
They may even be benefic ia l  for 
ou r  hea l t h : There i s  good ev i ­
dence t hat l ow, to moderate 
doses of rad i at ion sti mu l ate the 
immune system and other cel l u ­
l a r  protective mechanisms, such 
as apoptosis  (Feinendegen, et a l .  
1 998) ,  wh ich  i s  t he  body's way 
of protect ing  itself aga inst dam­
aged ce l l s .  In apoptos i s ,  dam­
aged ce l l s  a re  programmed to  
d i e  to  protect the body. 

Th ree of these protect ive 
mechan isms are most effective at 
moderate doses up to about 0 . 1  
to  0 .2 Gy-about t he  amount of 
rad iat ion that you receive from 
nature i n  30  to 60 years .  At 
h igher doses, apoptos is  cont in­
ues  to be benefic ia l .  It i s  s ign ifi ­
cant that  there i s  no ev idence 
from the A-bomb su rv ivor stud­
ies of any stat ist ical increase i n  
cancer below about 0 . 2  Gy. 
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EDITOR'S NOTE 
Or. Benjamin Sonnenblick, a member 

of the scientific advisory board of 2 1  st 
Century, died Feb. 3 at the age of 88. 
We will miss him. Ben reviewed our arti­
cles on biology and medicine, as well as 
other topics, and was a wonderful source 
of the news behind the science news, 
able to tell you of h is encounters with 
the good, the bad, and the famous in sci­
ence. He was also a good friend; you 
could be sure that when you asked for 
his opinion, he would tell you the truth. 

We will publish some of his colorful 
memoirs in a future issue. 

This obituary is written by his son, 
Mark. 

D r. Benjamin Sonnenbl ick, my father, 
d ied, Feb.  3 ,  near  h i s  home i n  

Southbu ry, Connect icut, o f  what h e  
wou l d  have cal led "the i n teract ion of 
multiple factors ." 

Last year, Lyndon LaRouche cited Ben 
as one of the on ly  rema in ing  "truthfu l 
sc ient ists . "  I n  November 1 9 74, when 
LaRouche convened the founding meet­
i ng of the Fusion Energy Foundation, Ben 
was there. He was one of the few scien­
tists with the i ntegrity to serve on the Sci­
entific Advisory Board fi rst of FEF  and 
Fusion magazine, and then of its succes­
sor, 2 1st Century Science & Technology. 

Sonnenb l ick should be remembered 
for two important advances in medic ine 
and publ ic health. The fi rst was h is post­
doctoral discovery, in the late 1 930s, of 
a techn i que  for s l i c i ng,  sta i n i ng, and 
photograph i n g  fru i t  f ly eggs .  H i s  de­
scr ipt ion of the geometry of ce l l  d iv i ­
sion and d ifferentiation in embryos was 
a necessary step toward l ater progress 
in  genetics. 

The second was h i s  pioneeri ng of ra­
d iation protect ion. Although thousands 
of rad io logists and techn ic ians used x­
ray mach i nes and f luoroscopes in the 
early 1 950s ,  none of them thought to 
ask how much rad iation they and their 

Ben Sonnenblick in h is laboratory at 
Rutgers in the 1 950s. 

patients were rea l l y  receiv i ng .  He 
"raised the question," as  he  l i ked to  put 
it .  H i s  study, which found that the ma­
ch i nes were em itt i ng  up to 1 00 t i mes 
the rad iation needed for the X-ray pic­
ture, was so shock ing  that the state of 
New Jersey formed a Comm iss ion  on 
Rad iat ion Protect ion ,  upon wh ich  he 
served from 1 958 unt i l  1 985.  He d rafted 
the fi rst state law requ i r ing tra i n i ng for 
operators of d iagnostic radiology equ ip­
ment, cal ibration of machi nes, and lead 
sh ield i ng .  He also got fl uoroscopes re­
moved from shoe stores. 

Ben was recru i ted to p lay a s i m i l a r  
role i n  drafting standards for the National 
Commission on Radiation Protection . In 
the 1 970s, he assembled 5,400 stud ies 
of low-dose radiation effects i nto a com­
prehens ive b ib l iography, wh ich made 
research reports showing the benefic ia l  
effects of very low doses of rad iat ion 
(hormesis) more widely avai lable. 

Ben's  proudest ach i evement was to 
serve as an inspiration to the thousands 
of students he instructed in zoology at 
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the Newark col leges of Rutgers Univer­
s ity from 1 947 u nti l 1 966 .  H i s  election 
as "Outstand i ng Teacher of the Year" in 
1 965 reflected long hours preparing lec­
tures, pass ion and luc id ity in del ivering 
them, and the openness and h u m i l i ty 
with which he counsel led students and 
faculty. 

'B. P. Sonnenblick Blues' 
An ode t it led "The B . P .  Sonnenblick 

B lues," found in a fi nal exam blue book 
of h is  1 976 course on rad iation biology, 
reflects the war he  waged aga i n st the 
lack of truthfu lness in  modern science. It 
beg i ns, "Take 35 roentgens and throw 
them at a L ilium; Feed a l ittle mousie a 
contraceptive pi l l i um;  I nduce mutations 
in Drosoph i l a  fl ies, But you won't find 
out why an old man dies." And it ends, 
"Cause a mon key's not a man ,  and a 
man is not a mold; and a mold is not an 
orange tree growing i n  the cold .  So be 
carefu l what you say about a g iven ef­
fect . . . .  What's sauce for the Goose 
may break the Gander's neck." 

Sonnenb l ick ' s  favorite spot was the 
Marine B iological Laboratory in Woods 
Ho le ,  Mass .  For the past 45 years, he 
spent a l most every summer doing re­
search in the l abs or read i ng in the l i ­
brary. There, a s  everywhere, he  preferred 
the company of jan itors, l i brarians, and 
scientists who were u npretentious l i ke 
h im, to that of Nobel Prize winners and 
other "big wheels ." A memorial celebra­
tion wi l l  take place for h im there on July 
1 8, at wh ich time, in  accord with his in­
structions, h is ashes wi l l  be scattered on 
the waters, and the 40th symphony of 
h is  favorite composer, W.A. Mozart, wi l l  
be played. 

Sonnen bl ick  was often ret i r ing and 
sometimes hero ic .  He he lped form the 
nation's first teachers' un ion. He jumped 
on an obviously d i sabled knee u nt i l  an 
Army i nd uction med ic  acceded to h i s  
des i re to fight the Nazis .  He was a Cap­
ta in  i n  the Army A i r  Corps dur ing  the 
war, and later his remorse at bei ng pe-
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Stuart Lewis 

Ben (right) speaking at a December 1989 meeting of the Committee to Defend Sci­
entific Freedom, in Washington, D.C., which celebrated the court victory of the Fu­
sion Energy Foundation against the federal government's illegal forced bankruptcy 
of the organization in April 1987. 

riphera l ly  associated with the d ropping 
of the atom ic  bombs on j apan he lped 
impel h im towards his vocation of radia­
tion biology. 

At Rutgers he was one of the few pro­
fessors to stand up against McCarthyism. 
Later, for more than 20  years, he  de­
fended fe l low maver icks Lyndon 
LaRouche and LaRouche's  associ ates 
from persecution .  He wou ld constantly 
ask what more cou Id be done to free 2 1  st 
Century associate editor Larry Hecht and 
the other im pr i soned associates of 
LaRouche from unjust incarceration. 

A year ago, he wrote to each member 
of the Senate jud iciary Committee to de­
mand a fu l l  investigation of m isconduct 
by the Department of j ust ice i n  the 
LaRouche cases. Introducing h imself as 
"an octagenarian American of jewish de­
scent," Son nenbl ick  condem ned The 
New York Times for in itiating the l ie  that 
LaRouche is "anti-Semitic." 

An Open Mind 
L ike Socrates, Sonnenbl ick was more 

often "rais ing questions" than giving an­
swers. Un l i ke many protesters, he was 
usua l l y  w i l l i ng  to reverse h i s  op i n ion  
when i t  was demonstrated to h im that it 
was wrong. For example, after decades 
of "sowing doubts" in h i s  expert testi ­
mony on the safety of n uc lear  power 
plants, he changed his mind .  When con-

fronted with the fact that abundant en­
ergy and technology are the only way to 
end the abysmal poverty I had witnessed 
in the Peruvian Andes, where 1 0  percent 
of chi ldren die in thei r fi rst year, he read­
i l y came around to v iew Barry Com­
moner and others of the "environmental­
ists" with whom he had worked, as 
contemptible "fakers ." 

He partic ipated in a few of the semi­
nars LaRouche held in  the 1 980s with 
sc i en t i sts from a var iety of back­
g ro u nds .  Had  the persec ut ion of 
LaRouche not interrupted these interac­
tions with scientists, Sonnenbl ick might 
have gotten closer to accompl ish ing h is  
l ate- l ife goal  of reorienting the l i fe sci­
ences away from reductionism, and to­
ward com i ng to gr ips with the "com­
p lex it ies" ar is ing from " i nteractions of 
mu lt iple factors." 

For h im ,  the un iqueness of the ind i ­
v idua l  organ i sm, not  the  average of a 
group, was what was most important. In  
h is  l ater years ,  he fought aga i nst the 
dominant notion that simpl istic probabi l­
i t i es exp la i ned anyth ing important i n  
natural sc ience o r  med ic i ne. H i s  phe­
nomenal memory was a lways avai lable 
for 21st Century ed itors to shake, for a 
harvest of "pearls of wisdom." 

Son nenb l i ck wai ted eager ly for h i s  
weekly copy o f  the polit ical newspaper 

New Federalistto arrive. He read it cover 
to cover, start ing with the l etters page. 
New Federalist served as an antidote to 
the cyn ic i sm engendered by h i s  da i ly 
read ing of The New York Times. If a few 
issues d id n't arrive, he became despon­
dent about the fate of the human race. 
He a lways sought to he lp us win, often 
by " ra i s i ng  questions"  about how we 
could do things better. Some of the most 
sat i sfy i ng  moments for h i m-a nd for 
me-i n the last few years, were our  d is­
cussions of LaRouche's battle plan to de­
feat "the Wal l Street hyenas" and the i r  
ol igarchic backers. 

Hav ing been affected by ant i-Semi ­
t i sm as a youth, Sonnen b l ick  fe l t  that 
every jew had a special responsibi l ity to 
work for j u stice for a l l  members of the 
h u m an race. Thu s, noth i ng d i sgusted 
h i m  more than "that bastard Henry 
K i s s i nger ,"  as he cal led h i m .  For h i m, 
there was noth i ng worse than "a  jew 
who acts l i ke a Nazi  swine." 

He enjoyed confounding banal ity and 
mind lessness. When a clerk wished h im, 
"Have a n ice day," he wou ld beam and 
cou rteou s l y  reply, "Thank you, but I 
have a l ready made other plans." 
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RESEARCH COMMUNICATIONS 

Ozone Holes Are A 
Natu ral Phenomenon 
by Ju l ian  Kin isky 

The British med ical journal The Lancet 
reported Aug. 23, 1 997, that HCFCs, 

which are now used to replace the con­
demned CFCs as refr igerants, have 
caused severe or acute hepatit is . I was 
angered that the use of HCFCs was intro­
duced before the i r  toxic effects had been 
determ i ned, when it i s  a l ready known 
that CFCs are relatively safe. 

That concern encou raged me to re­
v i ew my own ro le in spectroscop i c  
measurements of ozone du ring t he  In­
ternational Geophysical Year ( 1 957) in  
Edmonton, Alberta, some 40 years ago. 
At that ti me, Dr .  Gordon Dobson, of 
Oxford, who had invented the Dobson 
Double Monoch rometer Photoe lectric 
Spectrophotometer, was superv i s i ng  

worldwide measurements. He regularly 
sent a spec ia l  lamp to each measu ring 
stat ion in the wor ld  network, so that 
the perfo rmance of a "standard l amp 
test" wou ld assure comparable ca l ibra­
tions. 

Two incidents come to mind. The first 
was that the B ritish in the Antarctic were 
unab le  to measu re any ozone in the 
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THE CI RClE OF I LLUMI NATION 
During the fall and spring equinoxes, the circle of illumi­
nation cuts all the parallels in half, and days and nights 
are equal in length worldwide ( 12  hours). At the time of 
the summer solstice in the Northern Hemisphere, the 
South Pole is in darkness for six months, while the North 
Pole, which is inclined toward the Sun, has six months 
of day. This is reversed at the time of the winter solstice, 
at which time the North Pole is in darkness for six 
months. 

The length of day is noted in hours and minutes at 
every 10 degrees latitude. 

Source: Adapted trom Glenn T. Trewartha, An Introduction to Climate (New York: 
McGraw-Hili Book Company, Inc., 1954), p. 1 2. 
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early Antarct ic  spri ng. The 
fo l lowi ng spr i ng, a col­
league who was located at 
Resolute, North West Terri­
tories, had the same experi­
ence. At that time, I assumed 
that they had not properly 
cal ibrated their i nstruments. 
Now that I look back, I sus­
pect that, i n  fact, neither i n­
strument was fau lty, but that 
there was s imply no ozone 
to be measured ! 

We know that, when u l­
traviolet rad iation impinges 
on oxygen i n  its d iatom ic  
form, the excited molecu le  
can sp l i t  to produce two 
oxygen atoms. Th is  atomic 
oxygen i s  u nstab le  and 
q u ick ly  takes one of two 
paths; it wi l l  pair up with an-

Sun 

North Pole 

Figure 2 
CONE OF DARK NESS other oxygen atom and be­

come a d iatom ic  oxygen 
molecu l e  aga i n ,  or i t  w i l l  
join a diatomic oxygen mol­
ecu le  and become the tr i ­
atomic  form of oxygen 
(ozone). The process i s  on-

This view of the circle of illumination, illus­
trates the cone of darkness that surrounds the 
South Pole during the Southern Hemisphere 
winter. 

going just so long as u ltraviolet radiation 
of sufficient strength impinges on the at­
mosphere. 

Winter' s  Cone of Darkness 
Dur ing  the Antarct ic w in ter ,  when 

the Sun  i s  we l l  north of the eq uator, 
there i s  a large cone of darkness which 
envelopes th i s  area, thus robb ing  i t  of 
u ltraviolet rad iation. Under such cond i­
t ions ,  there i s  no ozone being made ,  
and the oxygen system becomes very 
stable and is composed a lmost entirely 
of the normal d iatomic form of oxygen. 
Dur ing w i nter in the N orthern Hem i ­
sphere, the same is  true, a s  the apparent 
pos ition of the Sun i s  wel l south of the 
equator. 

Th i s  cone of darkness is effect ive ly  
much larger than that which the geome­
try wou ld  d i ctate. Immed iately outs ide 
that  cone of darkness, so lar  rad i at ion  
must pass  through an extreme ly  th ick  
l ayer of atmosphere and has what i s  
cal led an  extremely h ig h  mu va l ue­
path-length through the atmosphere. The 
scatter ing and absorption of t h i s  l ayer 
renders u l traviolet rad iation ineffective 
in the production of new ozone. 

As a result, the cone of u l traviolet ra­
d iat ion darkness i s  very much  ex­
panded. 

However, the circumpolar c i rculation 
patterns of the Antarctic and the Arctic 
are qu ite d ifferent. In the Antarctic, the 
c i rcu lation has a strong tendency to be 
zonal, which genera l ly prevents the ad­
vection of ozone from more northerly 
l atitudes. I n  the Northern Hemisphere, 
the c i  rcu l at ion  pattern is much  more 
mer id iona l ,  and expressed as Rossby 
waves, which qu ite often penetrate wel l  
i nto t he  h igh  Arct ic ,  t h u s  advect ing  
some ozone. 

A Natural Phenomenon 
Accordingly, one could expect serious 

ozone defic ienc ies dur ing  the wi nter, 
and ,  espec ia l l y, the spr ing months at 
both polar regions, with th is defic iency 
somewhat more pronounced i n  the 
Antarctic .  I wou ld  suggest that th is  i s  a 
q u ite natu ral phenomenon, wh ich ex­
isted wel l before the use of CFCs or any 
other refrigerant. 

In contrast to the polar geometry, the 
Edmonton Mun ic ipa l  A i rport, where I 
measured ozone local ly, showed a d if­
ferent pattern . I have not reviewed my 
measured data s ince 1 95 7- 1 958,  but I 
do  h ave a reco l l ect ion that the data 
showed very high ozone measurements 
during the winter and very low measure­
ments during hot summer days. I recal l  

these measu rements 
ranging from .450 cm 
in  winter, to as low as 
. 1 50 cm d u ri ng hot 
s ummer days .  I h ave 
not seen any recent 
d ata, but I wou ld  
doubt that ozone lev­
e l s, even today, d rop 
much below . 1 50 cm. 
Moreover, I further re­
ca l l  that ozone leve l s  
var ied as warm a i r  
a l oft began to move 
in .  

I can on ly conclude 
that, in some way, 
ozone was t ied i nto 
fronta l  act iv ity, a l ­
though I was never 
able to come up with 
an acceptable hypoth­
esis. 

What a terrible pity 
that some sc ient i sts, 
the envi ron mental  
movement, and, espe­
c ia l ly, the pol i t ic ians 
j umped on the ozone 

depletion bandwagon at Montreal ,  thus 
i ntroduc i ng  H C FCs w h i l e  pun i s h i ng 
those who pers i st i n  us ing CFCs.  I s in ­
cerely hope that my refrigerator, which 
i s  rel atively new, i s  us ing CFCs as a re­
frigerant rather than dead ly HCFCs. It i s  
enough that I have to suffer the fool ish­
ness of proposed global warm ing with­
out having to worry that a fault i n  my re­
frigerator may bring on an attack of acute 
hepatitis. 

Julian Kinisky, now retired, worked as 
a meteorologist for 45 years, and lives in 
Calmar, Alberta. 

Coming in 
21 st CENTURY 

• Thomas Phipps on 

"Simulation of Amperian 

Current Elements by Magnetic 

Toroids" 

• Lyndon LaRouche on "Science 

Is Not Statistics" 

• "Extraterrestrials Have Never 

Visited the Earth: A Socratic 

Dialogue" by Julian Grajewski 
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NEWS BRIEFS 

Philip Ulanowsky 

David Merrell on his project: "It's too 
bad that it's not a subject that is widely 
publicized, because I found multiple ar­
eas of research, which are extremely 
significant. " 
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The mice that listened to classical music 
learned faster than the control group, 
while the mice that listened to hard rock 
(Anthrax) went downhill. 

Source: Courtesy of David Merrell 

Haroun Tazieff (1914-1998) 

CLASSICAL MUSIC I MPROVES THE MI NDS OF MICE-AND MEN 
Mice that l istened to the music of Mozart dai ly improved their cognitive ski l ls (the 

abi l ity to run through a maze) over those of normal m ice, whi le those subjected to 
hard-rock music became so aggressive that they l itera l ly  k i l led each other with in 
days. These were the research findings of David Merre l l ,  a 1 7-year-old high school 
student in Virg inia, whose two-year science project has won top honors in regional 
and state science fai rs .  Merre l l  presented h i s  fi nd i ngs at a Feb.  7 sympos ium in  
Washington, D.C., sponsored by the Committee for Excel lence in  Education Through 
Music and the Sch i l ler Inst itute. A detai led report on Merre l l 's speech appears in 
"Classical Music Improves the M ind!" by Mar ianna Wertz, The New Federalist, 
March 2, 1 998. 

U.S. NUCLEAR ENERGY RESEARCH I NITIATIVE IS POSI TI VE, BUT LIMITED 
In  its fiscal year 1 999 budget request for the Department of Energy (DOE), the Cl in­

ton Administration has included a Nuclear Energy Research I n itiative, to be funded at 
a level of $24 mi l l ion next year. It is the only worthwhi le l ine item in the $2 .7  b i l l ion 
that the White House is proposing be spent on its Cl imate Change In itiative over the 
next five years, the rest going mainly for "energy efficient" appl iances, bu i ld ings, and 
automobiles. Accord ing to B i l l  Magwood, from the DOE Office of Nuclear Energy, 
the In itiative responds to the recommendation by the President's Committee of Advi­
sors on Science and Technology (PCAST), which recognized the strategic importance 
of nuclear energy as a "carbon-free" electricity source. 

The government wi l l  not set any long-term goal for nuclear energy, Magwood said, 
but wi l l  fund peer-reviewed research proposals in nuclear technology. He expects 
that research in advanced reactors, advanced nuclear fuel, and prol iferation-resistant 
designs wi l l  be proposed, but he does not see a rebi rth of h igh temperature reactor 
work, or any other large-scale (that is, expensive) technology demonstration. The 
DOE is interested in developing a smal l ,  50-MW "prol iferation-resistant" reactor that 
would be suited for developing nations with l im ited infrastructure. The DOE, Mag­
wood said, is also d iscussing joint R&D programs with the French nuclear industry. 

FRENCH SCI ENTIST HAROUN TAZI EFF DI ES FEB. 2 
Haroun Tazieff, a volcanologist who was one of France's most beloved scientists, 

d ied of cancer Feb. 2, at age 83.  After working as an agricultura l  and m in ing engi­
neer, Tazieff embarked on a career in  volcanology in 1 948, during which he led four 
exped itions to the Erebus volcano in Antarctica. 

Although Tazieff was one of the first in France to fight against pol lution, he never 
conceived of it as a fight against progress. When he entered pol itics in 1 981 , as the 
Secretary of State for Natural and Major Risks, Tazieff launched scientific studies of 
the technology catastrophe scenarios promoted by the greens-the PCB accident at 
Seveso, nuclear accidents, man-caused cl imate change. He then publ icized his find­
ings, debating the non-science of the catastrophe supporters. In his foreword to 21st 
Century's book The Holes in the Ozone Scare, Tazieff talks of h is pol itical career and 
"the qu ite sol itary path that I fo l lowed in d i scover ing that the catastrophes an­
nounced by great blowing of the trumpets are no more than windmi l l s  for naive ecol­
ogists to t i lt at." 

Tazieff never sacrificed the search for truth nor compromised for the sake of his ca­
reer or media approval .  As he wrote in the Spri ng 1 996 issue of 21st Century about 
"fi nance-corrupted 'scientists' " in the ozone mafia :  "1 do not hesitate to compare this 
big brainwashing enterprise and del iberate lying, to that of the Comintern between 
1 920 and 1 955 ,  which i nduced tens of m i l l ions of left i ntel lectuals to transform 
themselves into as many mi l itants wil lfu l ly made stupid." 
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PRI NCE PHI LI P  BRI NGS TOGETHER WORLD BANK, GREENS, AND RELIGIONS 
The World Wide Fund for Nature (WWF), presided over by Prince Ph i l i p, and a 

WWF offshoot, the Al l iance of Religion and Conservation, sponsored a conference 
Feb. 1 8- 1 9 in London of top rel ig ious and World Bank leaders for the pl)rpose of 
shaping "the underlying phi losophical assumptions and axioms in economics . . .  in 
an era when the nation-state is crumbl ing, and must be superseded ." 

BBC TELEVI SION HITS MYTHS OF OVERPOPU LATION, ENVI RONMENTALISM 
A three-part series on the British Broadcasting Corp. Channel 4, which ai red in No­

vember and December 1 997, attacked major features of green ideology, i nclud ing 
the myth of overpopulat ion.  Accord ing  to a just-received summary transcript, the 
broadcasts presented arguments showing that global warming i s  a hoax, that the en­
vironment in the developed world i s  improving, that overpopu lation is a l ie, and that 
the greens are fascists. 

" It can be argued that Africa i s  underdeveloped precisely because it is underpopu­
lated," the BBC said. " [ I lf there are more people, there wi l l  be more ideas, which in 
turn wi l l  lead to better technology and an improved qual ity of l ife. I n  the West, every 
ind icator of qual ity of l ife has improved as the population has grown." 

As for green fascism, the broadcast noted that "Greens are often portrayed as left­
wing radicals, battl i ng against a backward-looking establishment. But they are in fact 
part of a long trad ition of conservatism that ideal izes nature and the past. . . .  The 
most notorious environmental i sts in h istory were the German Nazis . . . .  Adolf H itler 
and other lead i ng Nazis were vegetarian and they passed numerous laws on animal 
rights." Although the broadcasts i ncluded many themes fami l iar to 27 st Century read­
ers, the BBC refrained from noting the Nazi roots of Prince Phi l ip .  

7,OOO-YEAR-OLD SOLAR OBSERVATORY FOUND IN BAVARIA 
A team of archaeologists, headed by geophysicist Helmut Becker, has discovered a 

7,OOO-year-old solar observatory in Bavaria of "unbel ievable precision," accord ing to 
a report in  the Feb. 1 4  German dai ly Frankfurter Rundschau. The e l l iptical construc­
tions at the Landau-Meisternthal observatory site were used as a solar calendar, to de­
termine the solstices and equinoxes. The newspaper report notes that "the neol ithic 
engineers must have had a knowledge of mathematics, astronomy, and geometry far 
exceeding that of most people today." There are s imi larities to the Stonehenge con­
structions in Britain, but the Bavarian observatory is about 2,000 years older. 

RADON REPORT FAI LS TO CONSI DER IMPORTANT EVI DENCE, RSH SAYS 
In a preemptive press conference Feb. 1 8  in Washington, D .C., the Radiation, Sci­

ence, & Health (RSH) organ ization urged reporters and science writers to look care­
fu l l y  at the Nat ional Research Counc i l ' s  report on radon and health, and "judge 
whether a l l  contrad ictory evidence has been properly considered . . . .  " The report, 
"Health Effects of Exposure to Radon," was scheduled for release the fol lowing day. 
RSH expected.-....correctly-that the report wou ld continue recommending strict l im i­
tations on radon, even though the data show that radon is "not only harmless even at 
the h ighest levels encountered i n  homes, but that it m ight even be benefic ia l . "  The 
radon report does not even consider the work of radiation expert Prof. Bernard L. Co­
hen, whose study measured radon in 350,000 homes and found that the higher the 
radon level, the lower the cancer rate-the opposite of the assumptions of the current 
regulatory model . 

RSH charged that "hundreds of b i l l ions of dol lars are being committed to protect 
people from a natural environmental cond it ion that has never been shown to be 
hazardous." 

Stuart Lewis 

Prince Philip wants to supersede the 
nation-state and "weed" out most of the 
human race. 
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The damaged Chernobyl nuclear plant in 1 992. 

The 1 1  years that have passed s ince 
the Chernobyl catastrophe are more 

than enough for a real istic assessment of 
both the early and the late health effects 
of the nuclear accident. 

The ear ly  effects a re those deaths 
caused by acute rad iation sickness, and 
thermal and mechanical i nj u ries, whi le 
the l ate rad ia t ion effects are cancers 
and hered itary d i seases. I n  t h i s  l atter 
group, the max imum number of excess 
deaths caused by rad ia t ion- induced 
leukemias appear three to five years af­
ter exposure, and of sol id  cancers after 
n i ne to e l even years (Da rby, et a l .  
1 987) .  Thus, these l ate effects, i f  any, 
should now be visible. 

I t  was expected that such l ate effects 
would occur among three categories: (1 ) 
the 1 06 persons who survived acute ra­
d iation sickness after receiving very high 
doses of radiation; (2) the several mi l l ion 
i nhabitants of contaminated reg ions i n  

U krai ne, Be larus, and Russ i a  who  re­
ceived doses comparable to their  aver­
age n atura l  l i fet ime dose; and  ( 3 )  the 
600,000 to 800,000 acc ident recovery 
workers ( " l iqu idators"), who rece ived 
s imi lar  doses in the 30-km zone around 
the Chernobyl reactor (Table 1 ) . 

As I sha l l  show, by far the l a rgest 
group affected are those people in the 
three post-Soviet countries (Ukraine, Be­
l arus, and Russia) whose rea l ,  but psy­
chosomatic health effects are caused not 
by rad iation, but by the pol icy and ac­
tions of the pol itical and regu latory au­
thorities, and by the mass media. 

Several large i nternationa l  projects, 
and many hundreds of stud ies, were 
ded icated to exam in i ng the effects of 
Chernobyl .  Their results were presented 
at various i nternational sympos ia  over 
recent years (the la rgest to date was :  
"One Decade after Chernoby l :  Summing 
up the Consequences of the Accident," 
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Vienna,  Austr ia, in Apr i l  1 996) and i n  
the scientific l i terature. I nformation now 
avai lable a l lows us to estimate the true 
impact of Chernobyl .  Unfortunately, the 
mass med ia often p lay down, or ignore, 
publ ications which show the effects of 
this catastrophe in a rational perspective. 
Instead they perpetuate the scare stories. 

For the ant i-nuclear lobby, the Cher­
nobyl  d i saster was a godsend for the 
promotion of rad iophobia :  i rrational fear 
of ion iz ing rad iat ion.  When the Cher­
nobyl reactor was sti l l  on fi re, the mass 
med ia were fi l led with fal se and terrify­
ing i nformation.  For example, the Lon­
don Daily Mail on April 29, 1 986, fi l led 
half its front page with the words "2000 
DEAD," and reported that "80 persons 
were k i l led on the spot, 2000 d ied on 
way to hospita l , "  and their bod ies "are 
not bur ied at the  cemeteries, but  at 
Pi rogovo, i n  the rad ioactive wastes de­
pository." 
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The next day, The New York Post 
screamed on the front page, "MASS 
GRAVE," and claimed that 1 5 ,000 bod­
ies had been b u l l dozed i nto n uc lear  
waste p it s .  The National Inquirer re­
ported, "From Chernobyl, Russia, comes 
news of a rad ioactive, 6-foot-ta l l  mon­
ster ch i cken ,  a pathetic v ic t im of the 
world's worst nuclear d isaster . . . .  The 
ch icken i s  tal ler than most men and it 
must weigh close to 250 pounds." One 
month afte r the catastrophe, Thomas 
Cochran from the N atura l  Resou rces 
Defense Counci l ,  i n  Wash ington, D .C. ,  
projected that there wou ld  be 1 1 0,000 
post-Chernobyl  cancers in the Soviet 
Union, Eastern Europe, and Scandinavia 
(Sweet 1 996). 

The press coverage has not improved 
in more recent years. For  examp le, 
Reuters annou nced on Oct. 1 3 , 1 995 ,  
that "800,000 chi ldren were h it by  Cher­
nobyl, as in a nuclear attack." The BBC 
Mon itori ng Summary of World B road­
casts reported on a release from the 
Ukrai n ian  news agency, U N IAR, Dec .  
23, 1 995 ,  that "3 .3  m i l l ion people be­
came vict ims of th.e accident, (lmong. 
them 1 m i l l i on  ch i ld ren . . . .  [Ml ore 

. than 1 25 ,000 have a l ready d ied . "  The 
Bri·tish televis ion docu mentary, " Igor­
Child of Chernobyl ," stated that " 1  m i l ­
l ion ch i ldren were heav i l y  deformed ." 
The Pol ish da i ly  Oziennik Polski wrote 
on Feb. 8, 1 996, that there were " 1 00 
Chernobyl deaths per day," and a "per­
manently increasing number of leukemia 
cases . "  And in  1 996,  G reen peace an­
nou nced that  30,000 persons had a l ­
ready d ied as the resu I t  of post-Cher­
nobyl cancers (Sweet 1 996) .  

Faulty Assumptions 
Perhaps the most important factor i n  

creati ng the Chernobyl mythology was 
the assumption that any radiation dose, 
even one close to zero, has some detri­
mental effect. This assumption, on which 
the I nternational Commission on Rad io­
logical Protection ( ICRP) based its regu­
lations ( ICRP 1 95 9), is cal led the l i near  
hypothesis ,  or  the l i near no-th resho ld  
hypothes i s .  Th i s  ho lds that there i s  no 
threshold, or l imit, below which  the ef­
fects of rad i at ion (that a re known and 
observed at  h igh doses) cease to appear. 1 

This assumption, however, contradicts 
experimental and epidemiologica l  ob­
servations, which show that low doses of 
ionizing rad iation are beneficial for l iv­
ing organ i sms .  As the we l l -known 
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Table 1 
ACUTE RADIATION EFFECTS I N  EMERGENCY WORK ERS 

Dose range (mGy) Number of patients Number of deaths 
with acute radiation sickness 

800-2 , 100 

4,200-6,400 
6:506�H),6Q6 
Total 

Source: Adapted from lIyin 1 995 

Swed ish rad iob io log ist, P rof. G u nnar  
Wal inder, has documented, the cu rrent 
rad iat ion protection and ICRP regu la­
t ions,  based on the l i near no-th reshold 
assu mpt ion ,  a re a rea l  health hazard 
(Wal inder 1 995) .  

Wa l i nder 's  statement f i ts the Cher­
nobyl aftermath :  The appl ication of the 
ICRP regulations and recommendations, 
by Soviet and post-Soviet authorities, has 
d ramat ica l l y  i ncreased the sufferi ng, 
morbidity, and impoverishment of peo­
p le i n  vast regions of .U krai ne, Belarus, 
and Russia. 

41 

22 
21: 
1 34 

The staggering numbe'rs of Chernobyl 
deaths, so. often, cited by the med i,v are 
not a result. of epidemiological observa-, 
t ions. Somefim�s, in fact, the'y are pure 
l i es, as i n  the U N IAR report, or the 
B ri t i sh TV documentary noted above. 
More often, they are s imply estimates, 
calcu lated using the l i near no-th reshold 
hypothesis, as a simple extrapolation of 
the effects of the atomic bombs observed 
in H i roshima and Nagasaki. But in these 
J apanese c it ies rad iat ion doses were 
higher by orders of magnitude, and were 
absorbed in a period shorter by a factor 
of 1 0  1 5 , than were the doses from the 
Chernobyl fallout. 

No epidemiological data exist to indi­
cate that a l i near, dose-effect relation­
sh i p  ho lds  in  the Chernobyl s ituat ion .  
Protracted radiation doses, such as  those 
from Chernobyl, are much less effective 
than the single short-term ones. Further, 
the radiation doses from Chernobyl fal l­
out are lower than the 200 mSv level be­
low which no cancers were detected at 
H iroshima and Nagasaki. As Prof. Wal in­
der has stated, "The hypothetical nature 
of th i s  calcu l ational method (based on 
the l i near no-th reshold dose-response 
assumption) is completely unsc ientific, 
and I consider it to be more or less crim­
i na l  to specify figu res of this kind, bear-

7 
. 26 c' 

28 

ing in  mind the damage and anxiety they 
can provoke . . . .  " 

Early Effects 
At the time of the accident, there were 

about 470 people on the site of the Cher­
nobyl N uclear Power P lant: about 200 
personnel on duty, about 250 construc­
tion workers, and about 20 firemen and 
gua rds  on-d uty. Among them, 1 3 4 
(about one th i rd)  were d i agnosed with 
acute rad i at ion s ickness, or  ARS ( I ly in  
1 995) .  These ARS patients received h igh 
rad iation doses, and 28 of them died in 
the fi rst fou r  months after the accident 
(Table 1 ) . 

The death of 26  of these patients was 
assoc iated with rad iat ion sk in  les ions 
i nvolvi ng more than 50 percent of the 
total body su rface area .  Two more pa­
tients d ied during the fi rst few days as a 
resu l t  of severe thermal burns and me­
chan ica l  accidents .  One fu rther death 
was thought to have been the resu l t  of 
coron ary th rombos i s .  T hu s, the tota l 
number  of deaths caused by the ear ly 
effects of the Chernoby l  acc ident  
amounts to 3 1 . 

late Radiation Effects 
Acute radiation sickness patients. 

Over the last 1 0  years, 1 4  persons have 
d ied, among the 1 06 ARS patients who 
s u rv ived the acute phase .  These l ater 
deaths (cau sed by car accidents, l u ng 
gang rene, coronary heart d i sease, tu­
bercu los i s, th igh  sarcoma, and so on) 
are not d i rectly attributable to rad iation 
expos u re (Wagemake r  et a l .  1 996 ) .  
However, there must be fo l low-up of 
the surv iv ing ARS patients for the next 
two or three decades, to d isti nguish be­
tween any  rad iat ion-re l ated d i seases 
and confounding factors intri nsic to the 
popu lation .  

Inhabitants of contaminated regions 
in the former Soviet Union and else­
where. The late effects in the inhabitants 
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The average depos ition den­
Table 2 

Russ ia from which people were evacu­
ated . 

DISTRIBUTION OF WHOLE BODY DOSES 
1 986-1 989 AMONG I NHABITANTS 

s ity of ces i um- 1 3 7  in Eu rope, 
outs ide  the former Soviet 
Un ion, ranged from 20 Bq/m2 
in Portugal to 23,000 Bq/m2 i n  

No adverse health effects have been 
found in these regions of h igh natural ra­
d iation. To the contrary, some of the res­
idents of these areas have been found to 
l ive longer and have fewer cancers (for 
example, see Jaworowski 1 997) . 

OF REGIONS CONTAMINATED WITH 
>555 KBQ/M2 OF CS-1 37 Austria. These deposition densi­

ties of cesium-1 37 were usual ly 
measu red i n a 1 O-cm-th ick  

Dose (mSv) Number of persons 

5-20 88,000 

50-100 

200-250 420 

TOTAL 273,000 

Source: Adapted from Barkhudarov, et al. 1 994 

of conta m i n ated reg ions  can be est i ­
mated from ep idemio log ica l  observa­
tions, and on the basis of the rad iat ion 
dose they received from the depos ited 
rad ionucl ides. 

The greatest contam i nat ion covered 
several regions in Belarus, Ukrai ne, and 
Russia, often in the form of is lands, tens 
and hund reds of k i lometers away from 
Chernobyl .  Contamination with cesium-
1 3 7 above 1 85 kBq/m2 covered 1 ,530  
km2 in Belarus, 8,1 30 km2 i n  Russia, and 
4 ,630 km2 in U kra i ne  (Anonymous 
1 996a). About 1 .06 m i l l ion people l ived 
in these regions. Even in the regions con­
tam i nated above 5 5 5  kBq/m2, on l y  a 
sma l l  number of persons (about 670) re­
ceived whole-body rad iat ion doses 
h igher than 200 mSv, i n  the years 1 986 
to 1 989 (Table 2) .  

It shou ld be noted that below the dose 
of 200 mSv, epidemiological stud ies in  
H i roshima and Nagasaki d id not f ind an 
i nc reased i nc idence of cancers ( U N­
SCEAR 1 994) . However, the former So­
viet Un ion carried out a mass relocation 
of people from areas where the radiation 
contam i n at ion from ces i um- 1 3 7  was 
even lower-37 kBq/m2)  (Anonymous 
1 996b). 

There were a lso is lands of h igh conta­
mination in regions remote from the for­
mer Soviet U n ion .  For example, i n  the 
Oppland region of Norway, contamina­
t ion with rad ioces i um  reached 1 04 
kBq/m2 (Backe et a l .  1 986), and in Givle 
region in Sweden, i t  reached about 200 
kBq/m2 (Snihs 1 996). Such is lands, with 
rad iocesium contamination reaching up 
to 1 20 kBq/m2, were a l so fou nd i n  
Greece, Romania, Switzerland, Austria, 
and southern Germany. 

l ayer of so i l ,  and they can be 
compared with the average 
content of natural rad ionucl ides 
(potass ium-40, 1 4  members of 
the uranium-238 fami ly, and 1 0  
members of the thor i um-228  
fam i ly) i n  the  same vol ume of 
soi l  or rock (Table 3) .  

Even i n  h igh ly contaminated 
a reas of the former Soviet 

Un ion, the level of ces ium-1 37 is lower 
than the level of natural rad ionucl ides. 
In Eu rope, outs ide the former Sov iet 
Un ion, the amount of ces ium- 1 37 from 
Chernobyl is two to three orders of mag­
n itude lower than the level of natural ra­
d ionucl ides, and in most regions is lower 
than or s im i la r  to the average deposit 
from the nuclear weapons tests of 5,000 
Bq/m2. 

The average, whole-body rad iat ion 
doses received in the  per iod 1 9 86-
1 9 9 5 ,  i n  the  mos t  conta m i nated re­
gions of the former Soviet Un ion, were 
lower, by a factor of 3, than the aver­
age l ifetime doses that the populat ion 
of the Earth receives from natural rad i­
at ion sources (Tab le  2) .  However, i n  
reg i on s  w i th h i gh  na tu ra l  rad i at i o n  
background-where, i n  I n d i a, for ex­
ample, people have been l iv ing for 30 
generat ion s-the  typ i c a l ,  average,  
who le-body doses a re more than 20 
times higher than the doses i n  contam­
i n ated parts of U kra i ne, Be la ru s, and  

The Un ited N at ions  Sc ient i fi c  Com­
mittee on the Effects of Atomic Radiation 
(U NSCEAR) has  est imated the who le­
body doses from C hernobyl fa l lout for 
i nhabitants of the Northern Hemisphere. 
These data suggest that the average l ife­
t ime  ( 70-year) doses w i l l  range from 
0.004 mSv in Canada, to 2 .3 mSv in Bul­
gar ia .  I n  Centra l Eu rope, t h i s  l i fet ime 
dose wi I I  reach about 1 mSv; that is, 
about 0 .6 percent of the average natural 
l ifetime dose of about 1 80 mSv. 

About 74 percent of the whole-body 
dose from the Chernobyl fa l lout comes 
from cesi um-1 3 7, 20 percent from ce­
s i um- 1 34, l percent from iod i ne-1 3 1 , 
and 5 percent from other rad ionucl ides 
(U NSCEAR 1 988). 

Now, for comparison: The average ra­
d iation dose from the natural rad ioactive 
gas radon-222, is about 25 t imes h igher 
indoors than outdoors (UNSCEAR 1 988). 
I n  Poland, a country c losest to the for­
mer Sov iet Un ion, the average annua l  
whole-body dose o f  rad i at ion from in ­
door inha lation of  radon is  1 .4 mSv. An 
average Pole, who rema ins at home for 
about 1 5  m i nutes longer, da i ly, for 70 
years, w i l l  receive from radon an addi­
t ional dose of natural rad iation equiva­
lent to that of the Chernobyl fa l lout (that 
is, 1 mSv in 70 years). Thus, to e l iminate 
the imag i n a ry carc i nogen ic  effect of 
who le-body i rrad i at ion from the Cher­
nobyl fal lout in Poland, it i s  sufficient to 

Table 3 
AVERAGE CONTENT OF CS-1 37 FROM THE CHERNOBYl AND 

NUClEAR TEST FALLOUT AND OF NATURAL RADION UClI DES IN 
1 0-CM-THICK LAYER OF SOIL ( IN BQ/M2) 

Cs-137 from Chernobyl: 20-23,000 UNSCEAR 1 988 
Europe outside the former 
Soviet Union 

Cs-137 from Chernobyl: 
Contaminated regions of 
the former Soviet Union 

Cs-137 from nuclear tests: 
Central Europe 

Natural radionuclides: 
K-40, members of the 
U-238 and Th-228 families 

40,000-5,000,000 OECD 1 996 

5,000 UNSCEAR 1 993 

1 77,000-6,500,000 UNSCEAR 1 982 
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rema i n  outdoors da i l y  for 1 5  m i n u tes 
longer than usua l .  

No Cancer Increases Found 
The whole-body doses from Cher­

nobyl, outs ide the former Soviet Un ion, 
are so smal l ,  that no i ncrease i n  cancer 
or in the incidence of hereditary d i seases 
shou ld be expected . I ndeed, no increase 
that could be related to Chernobyl radia­
t ion has been found .  Ep idemio log ica l  
studies in  19  European countries a lso re­
vea l no i nc rease of the i n c idence of 
Down's synd rome after May 1 986  (De 
Wals et a l .  1 988). 

I n  th ree stud ies, there was a stat ist i­
cal ly sign ificant i ncrease of Down's dis­
ease reported from Ber l i n ,  Scot l and ,  
and  Sweden,  but  rad i a t ion  from the  
Chernobyl accident was regarded as an 
un l i kely factor i n  th is  increase (Bu rkard 
et a l .  1 997 ) .  A lso, in the former Soviet 
repub l ics wi th the h ighest Chernobyl  
fal lout, there was no change of congen­
ital anomal ies found that m ight be as­
soc i ated wi th  rad ia t ion ( L i tt l e  1 99 3 ) .  
This fi nd i ng agrees with the earl ier ob­
servations in H i rosh ima and Nagasak i ,  
where no i nc rease in  genet ic  effects 
has been observed among offspr ing of 
su rvivors of the ato m i c  bom b i ngs 
(UNSCEAR 1 994) .  

No i ncrease in the i ncidence of sol id  
cancers or  leukemia, that could be attrib­
uted to Chernobyl radiation, has been de­
tected in countries outside the former So­
viet Union (Card i s  et a l .  1 996; Parkin, et 
a l .  1 996). An increase in i nfant leukemia  
was reported from Greece (Petridou et a l .  
1 996), i n  ch i l d ren exposed in  utero to 
about 0 .33 mSv of Chernobyl rad iation, 
and from Germany exposed to about 0.49 
mSv (Michael i s  et al .  1 997) .  Petridou et 
a l .  (1 996) interpreted their results as i ndi­
cating a two-fold to three-fold increase of 
infant leukemia in Greece result ing from 
Chernobyl rad iation. However, after ana­
lyz ing these Greek and German resu lts 
Michaelis et a l .  ( 1 997) concluded that th� 
observed leukemia increase in both coun­
tries was not caused by uterine exposure 
to ionizing radiation from the Chernobyl 
accident. 

In the highly contaminated regions of 
the former Soviet Un ion, no i ncrease i n  
leukemia o r  sol id cancers was found ex­
cept for thyroid cancers (see below), ' i n  a 
study carried out fou r  years after acci­
dent by a group of 200 international ex­
perts ( ICP  1 99 1 ) , a nd  i n  l ater stud ies 
(Cardis  et  a l .  1 996) .  
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Figure 1 
I NCIDENCE OF ALL MALIGNANT NEOPLASMS I N  

CONTAMINATED REG IONS O F  U KRAI N E, AND I N  All U KRAI NE 

Source: Prisyazhniuk e t  al. 1995 

Figure 2 
NUMBER OF NEW LEU KEMIAS I N  CHILDREN I N  

CONTAMINATED REGIONS OF BElARUS 
The shaded area shows the number of all children. 

Source: Ivanov et al. 1996 
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The i nc idence of a l l  cancers i n  the 
contaminated regions of Ukraine has in­
creased systematical ly in  t ime (Figure 1 ), 
as it does i n  the majority of other coun­
tries, mostly because of the aging of the 
popu lation (Zatonski 1 993) .  In  the cont­
aminated regions of the Ukraine, this in­
cidence is lower than the average for the 
country. In the contaminated regions of 
Belarus, the i n c idence of leukem i a  (a 
maximum of which should appear by 
about 1 9 9 1 ) d i d  not change between 
1 982 and 1 994 (Figure 2 ) .  

The majority of  people l iv ing i n  cont­
am i n ated reg ions  received rad i a t ion  
doses ranging between 5 and 1 00 mSv. 
Epidemiological stud ies of surv ivors of 
nuclear attacks on H i rosh ima and Na­
gasaki show that, at such doses, a de­
crease of l eukem i a  i nc i dence, not an  
i nc rease, can  be expected . Th i s  ha s  
also been shown for leukemia and  sol id  
cancers by nu merous epidemiological 
stud ies of people working i n  the Cana­
dian,  American, and Brit ish nuclear in­
dustries; of patients i rrad iated during x­
ray d iagnostics; and people i rrad iated 
in v i l l ages in the Eastern U ra l s ,  after a 
thermal explos ion i n  a Soviet m i l i ta ry 
fac i l i ty (see rev i ew i n  J aworowsk i  
1 997) .  

"L iquidators. " The fo l low-u p of the 
recovery operation workers i n  Belarus, 
Ukra i ne, and Russia i s  much more ac­
tive than that of the general popu lat ion 
of these three countries. The i ntensity of 
this screening, i n  fact, may greatly i nfl u ­
ence the observed i n c i dence of d i s­
eases. Among the " l iqu idators" general 
i nc idence of d i seases (980 per 1 ,000 
men of worki ng age per  year) i s  about 
25  percent lower than among the gen­
eral pop u l at ion  of Ru s s i a  ( 1 , 3 00 per 
1 ,000) ,  and no i ncrease in the rate of 
l eukem i a  was observed (Tu kov and  
Dzakoeva 1 993) .  

Accord ing to Logachev, et a l .  ( 1 993), 
the number of a l l  neoplasms in "l iqu ida­
tors" from Ukrai ne did not i ncrease dur­
ing the the fi rst seven years after acci­
dent .  Among the " l i qu idators" from 
Bel arus, the i nc idence of cancers was 
lower than in the general population by 
22  percent ( i n  men), and 9 percent ( i n  
women) (Okeanov e t  a l .  1 996) .  Wel l -or­
gan ized stud ies, based on comparisons 
with appropriate contro l  groups have 
shown identical morbidity and mortal ity 
for " l iqu idators" and for other popu l a­
t ion groups ( Logachev et a l .  1 99 3 ;  

Table 4 
AVERAGE WHOLE-BODY RADIATION DOSES AFTER 

CHERNOBYL AND FROM NATURAL SOU RCES 

Inhabitants of the most contaminated regions of the 
former Soviet Union 
Inhabitants of other contaminated regions of the former 
Soviet Union 
Liquidators 

1 35,000 persons relocated from the 30-km zone around 
the Chernobyl plant 
In: Europe 

Asia 
Northern America 

50-60 

6-20 
1 70 
1 30 
30 
1 5  

1 5  
0.1 5-1 .2 

0.006-0 . 12  
-0.003 

1 986-1 995a 

1 986-1 995a 
in 1 
in 1 987 
in 1 988 
in 1 989 

in 1 986c 

lifetime (70 years)d 

Sources: (a) Cardis et al. 1996; (b) Sevankaev et al. 1 995a; (c) Sevankaev et al. 1 995b; (d) OECD 1 996; (e) 
Jagielak et al. 1 996; (I) UNSCEAR 1 988 

4�--------------------------------------__ n Maxim u m  
thyroid 
dose 

3 

30 

� 
� 25 c III U 

'0 .� 20 
-£; 
� � 1 5  
(;; .c 
§ 1 0  z 

5 

pole-68 

' .... _I-flielsko 
Podlaskie­

O� __ �� __ �� __ �� __ �� __ r-�����'-� 87 
1 979 80  81 82  83  84  85  86  87  88  89  90  91 92  93 

Years 
Figure 3 

THYROID CANCERS IN IN HABITANTS OF FIVE REGIONS (VOIVODITIES) 
I N  POLAND (AGE 0-85 YEARS) 

Source: Centrum Onkologii 1 979-1996 

N i lova et a l .  1 995 ;  Ok ladn i kova et a l .  
1 992). 

Thyroid Cancers in Children 
Est imating the effects of rad io iod ine 

d i spersed from the Chernobyl reactor 

and concentrated in the thyroids of peo­
ple in contaminated regions, is more d if­
f icu I t  t han  esti m at i  ng  the eff�cts of 
whole-body i rrad i at ion . One reason is  
that there i s  great uncerta inty in the esti-
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Table 5 
AVERAGE THYROID DOSES FROM 1-1 31 AND 

THYROID CANCERS I N  CHI LDREN 

Region 

Belarus (all) 
Gomel 
Mogilev 
Brest 
Minsk 
Grodno 

Russia(all) 
Contaminated regions 

Ukraine(all) 
8 contaminated regions · 
around Chernobyl plant 
One settlement 
Kiev 

Thyroid radiation 
dose (mSv) 

51 a 
200a, 290c, 1 ,000n 
70', 90c 
20', 30c 
16', 20c 
1 0', 1 5c 

2e 
30-63 d,1 

1 3g 
380i 

3,300k 
1 8- 104 (aver. 37) 0 

Thyroid cancers 
Per 1 00,000 in Total number in 
1 993 and 1 991-1994 1 986-1 995 

[increase since 1 986] 

3, 4b 424 [45]b, c 
9,4b 
2,4 b 
6,7 b 
1 , 1 b  
1 ,5b 

6P 17 [4 in 7 contaminated 
regions]b,C 

0,39i ,i 21 1 [4]h,; 
1 , 1 i,j 

Total number of cancers 652 ' 

Poland' (all) 
Western 
Eastern 
Opolskie region 
5 percent children 

2-30m 
1 O-90m 
9-68m 
200m 

Notes'--------------------------------------------------------
, Range of doses 

Sources: (a) Gavrilin at al. 1 996; (b) Demidchik at al. 1994; (c) Cardis et al. 1 996; (d) Zvonova and Balonov 
1993; (e) Balonov 1996; (f) Stepanenko et al. 1 996; (g) likhtarev et al. 1 995; (h) Tronko et al. 1 994; (i) Williams 
and Tronko 1 996; Q) likhtarev et al. 1 993; (k) Williams et al. 1 996; (I) Centrum Onkologii 1 979-1993; (m) Krajew­
ski 1991 ; (n) Barkhudarov et al. 1 994; (0) likhtarev et al. 1 994a; (p) Remennik et al. 1 996. 

mates of the thyroid rad iation doses re­
ceived in these regions, I n  addit ion, the 
epidemiological stud ies of patients re­
ceiving rad ioiodine (iod ine-1 3 1 )  for ther­
apeut ic and  d i agnost ic reasons,  h ave 
demonstrated a lesser inc idence in thy­
roid cancers after doses that were higher 
than those rece ived by i n h ab i tants of 
contaminated regions. 

Although several hu ndred measu re­
ments of rad io iod i n e  in thyro id  were 
perfo rmed i n  Be l a rus ,  1 5 0 ,000 i n  
Ukra i n e, and  60,000 i n  Russ ia ,  these 
measu rements were of poor q u a l i ty ,  
because of i nadequate i nstrumentation  
and measurement  cond i t ions  (OECD 
1 996), l ri  Poland, the  country closest to 
Chernobyl outside of the Soviet Un ion, 
on l y  1 ,400 d i rect measu rements  of 
iod ine- 1 3 1  in thyro id  were done ( Kra­
jewski 1 99 1 ) . Therefore, thyro id doses 
are usua l l y reconstructed from mea­
su rements of other  rad i onuc l ides ,  
ma i n l y  ces i u m - 1 3 7 ,  i n  t he  env i ron ­
ment, foodstuffs, a n d  i n  t he  h u m a n  

body. Such reconstructions are subject 
to great u ncertai nty. 

I t  is we l l  known that thyroid cancers 
appear six to n ine years after external i r­
radiation with X-rays or gamma rays. No 
ch i ldhood study has found an excess of 
thyroid cancer within five years of expo­
sure, even after h igh-dose rad iation ther­
apy (Tucker et a l .  1 99 1 ;  Ron et a l .  1 995). 
However, in  the former Soviet Union, the 
r ise in the i nc idence of thyro id cancer 
was registered as soon as four years after 
the accident (Pr isyazhn i uk  et a l .  1 99 1 ;  
Kazakov et a l .  1 992), and even after one 
year (Remenn ik  et al. 1 996). 

In stud ies of more than 34, 000 
Swed i sh  pat ients who received l arge 
doses of iod ine-1 3 1 ,  and whose thyroid 
rad i at ion  dose reached up to 40,000 
mSv (with an  average dose of 1 , 1 00 
mSv), there was no stat ist ica l l y  s ign if i­
cant i ncrease in thyroid cancers detected 
i n  adu lts or ch i l d ren who had not a l ­
ready been thought to  have cancer be­
fore treatment with iod ine- 1 3 1  (Holm et 

a l .  1 988; Hal l  et a l .  1 996). In fact, an op­
posite effect was observed : there was a 
3 8  percent decrease i n  thyro id  cancer 
inc idence as compared with the non-ir­
rad iated adult population. 

S i m i l a r  resu lts were found  in other 
stud ies in ch i l d ren who received even 
l arger therapeutic doses of iod i ne-1 3 1  
(Ho lm  et a l .  1 99 1 ; Tucker e t  a l .  1 99 1 ; 
Ron et a l .  1 99 5 ) .  Max i m u m  thyro i d  
doses i n  ch i ldren from the former Soviet 
U n ion were not h igher  than  in the 
Swed ish patients. I n  Belarus, these doses 
reached above 1 0 ,000 mSv i n  on l y  
about 300  c h i l d ren  ( l l y i n  e t  a l .  1 990 ;  
Zvonova and Ba lonov 1 993 ;  Bu ldakov 
1 993) .  The average thyroid doses in vari­
ous contaminated regions of the former 
Sov iet U n ion  ranged from 1 0  mSv to 
3,300 mSv (Table 5) .  

If these est imates of thyroid doses are 
correct, then, accord ing to Swed ish stud­
ies of iodine-1 3 1 ,  one should not expect 
any i ncrease i n  thyroid cancers i n  Be­
larus, Ukra i ne, and Russ ia .  Why, then, 
dur ing the l ast 1 0  years, has the number 
of registered thyroid cancers in ch i ldren 
i nc reased by a factor of 45 in Bel arus, 
and i n  U kra ine and Russia by a factor of 
4 (Table 5 ) ?  

The total number of  thyroid cancers i n  
ch i l d ren  registered u nt i l  1 995 i n  conta­
minated regions of these three countries 
i s  about 650, and to date, th ree chi ldren 
have d ied OECD 1 996). Thyroid cancers 
are curab le in more than 90 percent of 
the cases (Reiners, et a l .  1 996). 

The Screening Factor 
There was a lso an i ncrease in the inci­

dence of thyroid cancers observed in the 
adu l t  recovery operation workers ( " l iq­
u i d ators" )  from  Russ ia ,  Be l a rus ,  and  
Ukraine (Card is e t  a l .  1 996) .  Bu t  i t  is sti l l  
not clear whether the observed i ncrease 
in thyroid cancers is caused by rad ioac­
t ive iod i ne- 1 3 1  from the Chernobyl re­
actor, or by some other factor. The most 
important among such other factors are 
probably the i ncrease in screen ing pro­
cedures, and the increased awareness of 
parents, teachers, and medical  doctors 
(Ron et a l .  1 992 ;  Beral and Reeves 1 992; 
Sh igematsu and Th iesen 1 992 ;  Ha l l  et 
a l .  1 996; Remennik et a l .  1 996). 

That Chernobyl rad iation i s  a cause of 
the thyro id  cancers in ch i l d ren i s  sug­
gested by the age d istribution of chi ldren 
with these cancers i n  Be la rus  and  
Ukraine: The greatest incidence of  these 
cancers appeared in a group of chi ldren 
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that were 1 to 2 years old at the time of 
the catastrophe-that is, in the period of 
when the thyroid gland has the greatest 
rad iosens i t iv ity ( Re i ners, et a l .  1 996 ) .  
However, t h i s  group may be  the one  
whose parents were most aware o f  the 
need for screen ing. 

The incidence of thyroid cancers was 
not d i rectly related to the thyroid rad ia­
tion doses in particular regions (Table 5 ) .  
For example, among five regions i n  Be­
larus, a Brest oblast (region) has the sec­
ond h i ghest i nc idence of thyro id  can­
cers,  but thyro id  rad i at ion doses were 
lower there than the average in the coun­
try; in fact, the B rest doses were s imi la r  
to those i n  the reg ion of  Mi nsk, where 
the lowest i nc i dence of cancer was 
fou n d .  In the Mogi lev ob last, thyroid 
doses were th ree t imes as h igh  as i n  
Brest, but the inc idence of thyro id can­
cer was a lmost three t imes lower i n  
Mogilev than in Brest. 

I n  a part of Po land adjacent to the 
B rest obl ast (B i a lystok and B ie lsk Pod­
laski provinces), where the thyroid doses 
in chi ldren were s imi lar to those in Brest 
( i n  the B i alystok province, the aver'age 
thyroid dose was 20 mSv), there was no 
increase in the incidence of cancers (Fig­
ure 3) .  There were no increases found in 
the rest of Pol and,  even though 5 per­
cent of Pol ish chi ldren had thyroid doses 
of 200 mSv, which was s imi lar to that of 
the h ighly contaminated Byelorussian re­
gion of Gomel (Table 6) . 

In  1 993, the h ighest number of thyroid 
cancers in Poland were observed in re­
gions where thyroid radiation doses were 
lowest (Poznan and Gdansk) .  The lowest 
number of thyroid cancers were found in 
the Opole provi nce i n  southwestern 
Poland, and B ie l sk  Pod l ask i  provi nce, 
which had the highest thyroid doses (F ig­
ure 3) .  

I n  v iew of the Swed ish stud ies men­
tioned above, the rad iation doses to the 
thyro id  in Po l and  were too sma l l  to 
cause the thyroid cancers . The low thy­
roid doses in Poland may be in part the 
resu l t  of the adm in istration of stable io­
d ine to 1 0.5  m i l l ion chi ldren and 7 mi l ­
I ion adu lts, which satu rated the thyroid 
g l ands,  and  thereby part i a l l y  b locked 
the uptake of radioiod ine of a large por­
t ion of the Pol i sh popu lat ion .  (Th i s  in­
cluded about 90 percent of  ch i ldren 0 to 
1 6  years old, 40 percent of you ngsters 
1 6  to 1 9  years o ld ,  and 20 percent of 
adu lts). 
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INCIDENCE OF THYROID CANCERS I N  CHI LDREN 

0 
z 

100 

0 
96 

Compared here is the incidence of thyroid cancers in children (per 1 00,000 
persons) in Belarus (age 0- 1 1 years), in Poland (age 0- 14  years), and of thyroid 
nodules in a population group in the United States (among which 68.5 per­
cent were children, age 0- 1 5  years). 

Source: Centrum Onkologii 1 979-1996; Ron et al. 1 992; Demidchik et al. 1 994. 

Table 6 
INCI DENCE OF THYROID CANCERS IN CHI LDREN I N  POLAND 

(AGES 0-1 4 YEARS), IN GOMEL AND BREST REGIONS IN BELARUS, 
AND IN BRANSK REGION IN RUSSIA 

Years Poland, all country Belarus, Gomel Belarus, Brest Russia, Briansk 

.1 981 0.05 0.1'  

1 982 0 

1 983 

1 984 0 

1 985 0.05 

1 986 0.05 0.05 0.3 

H �87 0.05 0.3 

1 988 0.1 5 0.5 0.3 0.3 

1 989 0.1 0.0. 

1 990 0.1 3.3 1 .7 0.6 

1 991 · 0.1 0.0 ' -

1 992 0.1 8.8 4.5 0.6 

1 9.;l3 0.1 0.3 • .  _ 

1 994 2.5 

Notes--------------------------------------------------------
'Estimate for years 1 981-1 986. 

Source: Centrum Onkologii 1979-1993; Demidchik et al. 1 994; and Ramennik at al. 1 996. 
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The lack of i ncrease of reg-
Table 7 

where peop le  h ave l i ved 

i stered thyroid cancers i n  
Poland, however, was proba­
bly caused by a more impor­
tant factor, of a political, not a 
rad io log ica l  nature. As op­
posed to Be l arus, U kra i ne, 
and Russ ia ,  ne ither eastern 
Poland, nor any other parts of 
Poland, were declared "cont­
aminated," and there were no 
economic or  psycholog ica l  
motivat ions  for i ncreased 
awareness by parents and  
medical staff, and  for a change 
in the number and qual ity of 
medical exam inations. 

I NCI DENCE OF OCCULT THYROID CANCERS 
IN NORMAL POPU LATIONS, OBSERVED AT 

AUTOPSIES, AND MAXIMUM INCIDENCE OF 
CLIN ICALLY DIAGNOSED THYROID CANCERS 

IN CH I LDREN IN BELARUS 

s ince time immemorial ,  with­
out any s igns of detri ment to 
their health. 

Those responsible for bring­
i ng on  these m ass  stress ef­
fects are the mass med i a  i n  
t h e  Sov iet U n ion a n d  e l se-Country Incidence per 1 00,000 persons 

Colombia 5,600 

Can�da 
Poland 
USA (contiguous) 

6,000 
9,000 

1 3,000 

28,1 00 

28,400 

28,400 

35,600 . .  

Hawaii 
Jap�(1 ($endai) 
Japan (Hiroshima and Nagasaki) 
Finland 

If such motivat ion were 
present, then one wou ld ex­
pect a m u l t i fo ld  i ncrease i n  
the number of thyroid cancers 

Belarus (Gomel) 1 1 .3 

Sources: Harach. et at. 1985; Table 5 

in Poland-or in any other country. Such 
an increase m i ght a l so occu r  after the 
implementat ion of an  epidemiologica l  
project wh ich a imed to detect any i n­
crease in thyroid cancer. This is because 
of the very h igh number of h idden thy­
roid cancers, those with no c l in ical man­
ifestations, which occur in  normal popu­
l at ions ( F rans i l l a and  H arach 1 986 ;  
Harach et a l .  1 985) .  

Diagnosed, U ndetected 
Thyroid Cancers 

In normal popu lations, the incidence 
of c l i n ica l ly  d i agnosed thyro id cancers 
ranges from less than 0 .5  per 1 00,000 
men ( in the U n ited Sta,tes and Central 
Europe) to 8 per 1 00,000 among Ch i ­
nese and  F i l ipinos l iv ing i n  Hawa i i .  The 
corresponding numbers for women a re 
1 .0 ( i n  Po land)  and  24 ( F i l i p i nos  i n  
Hawa i i )  (Zatonski et a l .  1 996) .  The oc­
cult thyroid cancers, which are detected 
in autopsies by h istological stud ies, oc­
cur in normal populations with an i nci­
dence that i s  thousands of t imes h igher­
ranging from 5 ,600 per 1 00,000 persons 
in Colombia to 35,000 per 1 00,000 per­
sons in F in land (Table 7) .  In younger age 
groups (0 to 1 5  years), the inc idence of 
occult cancers in F in land is lower (2,400 
per 1 00,000). 

These occult cancers are of the same 
papi l lary type as those found in Belarus, 
and show the same invasive growth pat­
tern (Frans i l l a  and Harach 1 986) .  Thus, 
the potent i a l  for detection of "excess" 
thyroid cancers, after improving or i n ­
tensifying the d iagnostics, i s  enormous, 
and cou l d  l ead to even greater i n c i -

dence than those found  i n  the h igh l y  
contam i nated reg ion o f  Gomel i n  Be­
larus, where the incidence of 1 1  .3 thy­
ro id cancers per 1 00,000 ch i ldren was 
reported to have been caused by Cher­
nobyl rad iation. 

That undetected cancers and changes 
i n  d iagnostics may d ramatica l l y  i nfl u ­
ence  t he  number o f  reg istered thyro id  
cancers, i s  i nd icated i n  the  resu lts of  a 
screen i ng study i n  the Un ited States of 
people who had received radiation treat­
ment for the head and neck. As Figure 4 
shows, dur ing the most active period of 
screen ing in 1 974- 1 979,  the i ncidence 
rate of mal ignant and other thyroid nod­
u les was greater by 2 1 -fold than the inci­
dence of such disease before 1 974. This 
increase is of the order of that seen in Be­
la rus  ( Ron et a l .  1 992 ) .  Thus, the i n ­
creased number of thyroid cancers regis­
tered in the former Soviet Un ion may be 
an effect of i ntensification and improve­
ment of diagnostics, rather than a real ef­
fect of radiation. 

Non-Radiation Effects 
Nearly 5 m i l l ion people i n  the former 

Soviet Un ion have been affected by se­
vere psychological stress, leading to psy­
chosomatic d i seases (F i lyushkin 1 996) .  
Th i s  real harm outweighs any hypotheti­
cal radiation risk caused by low-level ra­
d iation in contaminated areas. 

The psychological stress was infl icted 
on inhabitants of contaminated areas by 
convincing them that i t  was fatal ly  dan­
gerous to l ive there, even though the ra­
d i at ion level i n  these areas was lower 
than natural radiation in many countries 

where, the i l l -advi sed pol it i­
cal decisions of the Soviet and 
post-Soviet governments, and 
the establ ished system of radi­
ation standards based on the 
I i near no-th reshold hypothe­
sis developed by the I nterna­
t iona l  Comm ittee on Rad i a­
t ion Protection . The med ical 
profess ion a lso played an im­
portant role i n  this ,  based on 
a knowledge of rad iat ion ef­
fects formed more by the mass 

med ia than un iversity science curricu la .  
Many doctors i nterpreted the various 

symptoms of com mon d i seases as the 
effects of C hernobyl i rrad ia t ion .  Th i s  
was common in Poland and  i n  other Eu­
ropean cou ntr ies  outs i de  the Sov iet 
Un ion, where, because of i ncompetent 
med ica l  advice, probably severa l hun­
d red thousand abort ions of "wanted" 
pregnancies were carried out in  order to 
avo id  nonexi stent rad i at ion damage to 
the  fetus  (Tr ichopo lous  et a l .  1 98 7 ;  
Sp i n e l l i  a n d  Osborn 1 99 1 ,  Czeize l  
1 994). 

In the countries of the former Soviet 
Un ion, misdiagnosis reached such a cat­
astrophic scale, that even a sore tooth or 
d ryness of mouth was regarded as a 
Chernobyl effect ( ICP 1 99 1 ) 1  Fu rther, an 
imaginary, nonex istent new d isease was 
tai lor-made there for the post-accident 
situat ion :  "vegetat ive d istonia ," suppos­
edly caused by Chernobyl rad iation. This 
d i agnosis, with no defi n it ive d iagnostic 
tests, was assigned by parents and doc­
tors to accou nt for var ious  c h i l d hood 
comp la i nts, and accepted by adu lts as 
an explanat ion for vague symptoms. At 
any one t ime, up to 1 ,000 chi ldren were 
hosp i ta l i zed i n  K iev a lone, often for 
weeks, for treatment of th i s  nonexistent 
"disease" (OECD 1 996). 

Dur ing the past 1 0  years, mass media 
and pol itical figures of the former Soviet 
U n ion have tried their best to convi nce 
the people in contam inated regions of 
Belarus, U kraine, and Russia that Cher­
nobyl rad i at ion endangers the i r  health 
and l ife. More that 55  percent of i nhabi-
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i ly and commun ity soc ia l  
networks and of work­
p l aces, a nd  exposed the 
relocated persons to re­
sentment and ostracism in 
new loca l i ties, where o ld 
i n hab i tan ts treated them 
as privi leged intruders. 

I n  sp i te of these d raw­
backs, about 70 percent of 
the people l iving in conta­
m i nated a reas wished to 
be relocated, probably in­
fl uenced both by fea r  of 
rad iation, and by the eco­
nomic  i ncentives and 
hopes for improved l iv ing 
standards that might result 
from relocation by the 
government (OECD 1 996). 

PAP/CAF 

Children in Poland taking stable iodine in a Lugol solution, after the Chernobyl accident, to pre­
vent the thyroid from absorbing radioactive iodine. Stable iodine was administered to 18.5 million 
children and adults in Poland just after the accident in 1986. 

At fi rst, relocat ion was 
performed in areas where 
the l i fet ime dose (that is, 
the dose rece ived over a 
period of 70 years) might 
be h igher  than  3 5 0  m5v 
(about double the average 
natura l  rad ia t ion dose) .  

tants of both contam i nated, and non­
conta m i nated, reg ions  of Be la rus  be­
l ieve that the Chernobyl accident causes 
the i r  psycho log ica l  stress (Ageeva 
1 996) .  This bel ief has led to i ncrease of 
the i nc idence of psychosomatic suffer­
i ngs not related to rad iat ion ,  such as :  
d iseases of  endocrinological system, c ir­
cu l atory and gastro i ntest i na l  d i seases, 
depression and other psychological d is­
turbances, headaches, s leeping d i stur­
bances, d i ff icu I t ies i n  concentrat ion ,  
emotional i n stabi l ity, inab i l ity to work, 
and so on ( ICP  1 99 1 ;  WHO 1 99 5 ;  
Ivanov and Tsyb 1 996). 

Victim Creation 
This  problem was aggravated by the 

offic ia l  declaration that m i l l ions of peo­
ple should be categorized as "Chernobyl 
vict ims." Laws were passed and imple­
mented to g ive these vict ims fi nanc ia l  
compensat ion,  ca l led by the loca l s  a 
"coffi n subsidy." I n  the Ukra ine  a lone, 
this category encompassed about 3 mi l ­
l ion people, and the costs involved total 
one-s ixth of the state budget (OECD 
1 996). 

In  the impoverished Belarus, such sub­
s i d i es w i l l  tota l $ 8 6  b i l l ion ( U .S . )  by 
201 5 (Rolevich 1 996). For mi l l ions of re­
c ip i ents of these subs id ies, each t ime 

they s ign  a receipt for the i r  month l y  
money, i t  confirms that they rea l l y  are 
the "v ict ims of Chernoby l . "  For who 
would pay them such funds if there were 
not a real hea l th detr iment be ing suf­
fered, or if there were not a situation of 
radiation risk, which sooner or later wi l l  
cause such detriment? 

Nobody tel ls  these "victims" that their 
sma l l  rad iation doses (averaging 6 mSv 
to 60 mSv in var ious reg ions ) ,  or the 
h igher doses of the " l iqu idators" ( 1 70 
mSv in 1 986) are below the level of 200 
mSv at which an increase of cancer inci­
dence was detected i n  H i rosh ima and 
Nagasaki .  Nor are they told that in  these 
Japanese cit ies, i rrad iated surv ivors of 
nuclear attack l ive longer than the non­
irradiated su rvivors, and that no increase 
of congenital d i seases was detected i n  
thei r offspri ng. 

Unnecessary Relocation 
The second important cause of non­

rad iation health effects is the legis lation 
(currently in  force) that prescribed relo­
cat ion of 850,000 people,  and i mp le­
mented relocation of about 400,000 in­
habitants of contaminated regions ( l ly in 
1 99 5 ;  Anonymous 1 996a ;  F i l yu shk i n  
1 996) .  Relocation was cont inued even 
in 1 992 .  It caused the destruction of fam-
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Later, t h i s  l i fet ime l i m it 
was changed to 1 50 mSv (which corre­
sponds to an annua l  dose of about 2 . 1  
mSv) ,  a n d  then to 70 mSv ( 1  m S v  per 
year ) .  For a compar iso n :  The average 
global natural rad iation dose i s  2 .4 mSv 
per year .  Th is  relocat ion decis ion was 
taken in 1 990 by the Su preme Soviet, 
under pressure from the pseudo-experts 
coming from ecologica l ,  popul ist, and 
nat ion a l i st grou ps ( I l y i n  1 995 ;  F i­
Iyushkin 1 996). 

Relocation was a drastic measure, the 
dec lared a im  of wh ich  was to protect 
health, and specifical ly to protect against 
DNA damages in somatic cel ls  (wh ich 
could induce cancers) or in  genetic cel ls  
(wh ich cou ld  i nc rease congenita l  d i s­
eases). The facts are that i rrad iation of 
the human body with a dose of 1 mSv 
per year-the level at which relocation 
was sta rted-causes in each cel l  about 
0.2 damage of DNA per year, or 1 4  dam­
ages per 70 years. These rad iat ion- in­
duced DNA damages a re of the same 
several types as sponta neous damages 
caused by other factors; only the propor­
tion of particular types differs. 

The number of spontaneous (natura l )  
DNA damages, for example, caused by 
the body's thermodynamic processes and 
the action of free rad icals (such as OH, 
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perox ides, and reactive oxygen species) 
is 70 mi l l ion in one cel l  per year (B i l len 
1 990). Th is  number g ives an ind ication 
of the power of DNA repai r  mechanisms, 
and other mechan isms of homeostasis, 
which i n  the flood of physical-chemical 
changes preserve the i ntegrity of organ­
isms both during the individual's l ife, and 
over thousands of generations. 

"Nobody tells these 'victims' 
that their small radiation 

doses (averaging 6 mSv to 60 
mSv in various regions), or 

the higher doses of the 
'liquidators' (1 70 mSv in 

1 986) are below the level of 
200 mSv at which an 

increase of cancer incidence 
was detected in Hiroshima 

and Nagasaki." 

Th is  a l so shows the absu rd ity of the 
mass relocation decis ion i n  the former 
Soviet Union. The a im was to defend the 
population aga inst about 1 4  DNA dam­
ages per cel l  over 70 years, whereas i n  
the same time period, a s  a resu l t  of nat­
u ral causes, there wou ld be 4 .9  b i l l ion 
DNA damages per cel l !  The probabi l ity 
that these 1 4  DNA damages wi l l  cause a 
cancer-as opposed to a cancer bei ng 
caused by one of the 4.9 bi l l ion sponta­
neous damages-is  1 i n  3 5 0  m i l l ion ,  
which practical ly means: zero. 

Accord i ng to the l i near no-threshold 
hypothesis ,  the l i m its of 350 mSv and  
1 50 mSv, which were accepted for relo­
cation, were supposed to spare the pop­
ulation from 1 .75 percent and 0 .75 per­
cent i nc rease i n  the i n c idence of 
cancers, respect ively. These l im its were 
in agreement with the ICRP recommen­
dations for protection of the publ ic i n  ra­
diation accidents, which were publ ished 
two years before the Chernobyl catastro­
phe ( ICRP 1 984) .  I n  th i s  document, the 
ICRP recommended relocation in the in­
termed iate phase of an accident, when 
i nd iv idua l  whole-body rad i at ion dose 
may reach 50 mSv i n  the fi rst year. This, 
in the case of Chernobyl rad iat ion, cor­
responds to a l ifetime dose of about 1 50 
mSv. The sti l l -lower l imit  of 70 mSv was 
based on the ICRP dose l im i t  of 1 mSv 
per year for the ent i re popu l at ion  ( F i ­
Iyushkin 1 996). 
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These ICRP l imits are lower by a factor 
of 4 to 40 than the natural l ifetime doses 
in many i nhabited regions of the world 
(fo r  examp le, 1 , 500 mSv in Norway, 
2,000 mSv in Ind ia ,  and 3,000 mSv in 
I ran ) .  I n  the case of the Chernobyl acci­
dent, the imp lementat ion of the ICRP  
recommendations led to d isastrous prac­
tical consequences: the unnecessary re­
locat ion of several hund red thousand 
people, the unnecessary i ntroduction of 
an aggravated form of rad iophobi a  with 
psychosomatic consequences in mi l l ions 
of people in the former Soviet Un ion. 

I doubt, however, that the ICRP would 
be w i l l i ng to accept respons i b i l i ty for 
these practical consequences of its easy­
chair, speculative recommendations. 

Chernobyl in History 
The in itial fatal ities caused by ionizing 

radiation from the Chernobyl accident, 
total 3 1  persons: 28 victims succumbed 
to acute radiation s ickness; 3 more per­
sons d ied during the first few weeks after 
the accident, as a resu lt of non-radiation 
factors of the catastrophe. Over the next 
1 0  years, 3 ch i l d ren d ied as a resu l t  of 
thyro id  cancers, but it is not certa i n  
whether these 3 fatal cancers, and 679 
other thyroid cancers registered through 
the end of 1 995 ,  were caused by the 
Chernobyl rad iat ion .  As noted above, 
meticulous stud ies of Swed ish patients, 
in which no increase of thyroid cancers 
was found after average rad iation doses 
from rad ioiodine h igher than from Cher­
nobyl fallout in the former Soviet Un ion, 
i nd icate that these cancers apparently 
were not caused by Chernobyl accident. 

The average whole-body rad i at ion 
doses from the Chernobyl fallout to pop­
u lations of the former Soviet Un ion were 
sl ightly smal ler than the average global 
natural l i fetime dose, and smal ler  by a 
factor of 4 to 40 than in regions with high 
natural radioactivity. Even smal ler doses 
were received in other countries. There­
fore, it shou ld not be su rpri s ing that no 
i nc rease in the inc idence of sol id can­
cers, leukem ias, or hereditary d i seases 
that might be caused by the whole-body 
doses of Chernobyl rad iat ion, was de­
tected in the popu lat ions of the former 
Soviet Un ion and elsewhere. 

Psychosomatic consequences, on the 
other hand, appeared in a great number 
of the i n hab itants of contam inated re­
gions in Be la rus, U krai ne, and Russ ia .  
The cause of these psychosomatic con­
sequences was not rad i at ion ,  or any  

other physical factor, bu t  hyster ical ra­
d iophobia, i nduced by the mass med ia  
and improper regu latory pol icies, based 
on the l i near  no-th reshold hypothesis 
and ICRP recommendations. 

Apart from enormous economic losses 
in the former Soviet Un ion and in other 
countries, most of which were the result 
of unwise pol icy (Becker 1 996), in terms 
of early and late fatal ities, the Chernobyl 
catastrophe should be regarded as a mi­
nor  one, in compar ison with other  in­
dustrial accidents of the 20th century. 

For example, a river dam catastrophe 
at Vaiont, Italy, in 1 963, destroyed five 
v i l l ages and k i l led 2 ,600 people.  A re­
l ease  of 30 tons  of tox i c  methyl  iso­
cya n i de  from a pest i c i de  factory i n  
B hopa l ,  I n d ia ,  caused the immed i ate 
deaths of 1 ,762 persons, and more than 
1 5 ,000 fata l i t i e s  i n  a l l ,  as  of 1 9 9 6 .  
About 200 ,000 persons were i n j u red 
and developed pathological symptoms 
such as l ung  and  eye a i lments, neuro­
logical and central nervous system d is­
orders, i nc lud ing para lysis and gastroin­
test i na l ,  ca rd iovascu l a r, reproduct ive, 
and immunologic abnormal it ies (for ref­
erences, see Jaworowski 1 996) .  

I t  i s  stri k ing that the two most famous 
d i sasters, wh i ch  a re permanent ly  im­
pr i n ted in  the  common pub l i c  mem­
o ry-Th ree M i l e  I s l and ,  and Cher­
nobyl-are those with the lowest death 
tol ls ( I n  the case of Three Mi le Is land, the 
death tol l  is 0.) One of the causes of this 
imbalanced view is the l i near no-thresh­
o ld hypothes is of harm from radiat ion, 
which was a l so the most important fac­
tor respons ible for starti ng, and perpetu­
ating, the Chernobyl scare stories. In the 
coming decade, the refutation of the l in­
ear no-threshold hypothesis, should help 
i n  shap ing a more rat ional  approach to 
radiat ion p rotection of the publ ic, and 
more real istic estimates of r isks from the 
nuclear industry. 

Chernobyl was the worst poss ible cat­
astrophe of a bad ly constructed nuclear 
power reactor, w i th  a comp lete core 
meltdown, fo l l owed by a free d i sper­
sion of rad ionucl ides i n  the atmosphere. 
Noth i ng worse could happen. I t  resu lted 
i n  a comparat ive l y  m i nu te death to l l ,  
amount ing to about half of that of each 
weekend's  traffic in Poland .  When the 
i rrat ional rumble and emotions of Cher­
nobyl  f i n a l l y  sett l e  down, in the cen­
tu r ies to come, th is  catastrophe w i l l  be 
seen as a proof that nuclear fission reac-
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tors are a safe means of energy produc­
tion . 
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D.Sci., is a professor at  the Central Labo­
ratory for Radiological Protection in War­
saw. A multidisciplinary scientist, he has 
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Committee on the Effects of Atomic Radi­
ation (UNSCEARj. This article was com­
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Michelson-Morley-Miller: The CQverup � 

The Experimerifs of 
Dayton C.  Miller (1925-1926) 
And the Theory of:'Relativity 

by Mau r ice Al la i s  

� 
The interferometer used by Dayton Miller between 7924 and 7926 at the Mt. Wilson Observatory in California. 

Einstein 's theories of special and general relativity rest on the allegedly null results of 
Michelson's interferometer experiment. Here, a French physicist and Nobel Laureate in 

economics, demonstrates that Michelson 's results were not nun and that the interferometer 
experiments of the American scientist Dayton Miller produced positive results, thereby 

invalidating the foundation of the Theory- of Relativity. 
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Summary: The interferometric observations of Dayton C. Miller in 1925-1926 re­
veal a very real internal  coherence, independent of any spurious effect. They 
demonstrate that the velocity of light is not the same in all directions, and that it is 
possible to determine the motion of the Earth in its orbit from purely terrestrial ex­
periments. Accordingly, Miller's experiments invalidate the very foundation of the 
Theory of Relativity. 

1 .  The Genesis of the Theory of Relativity 
In 7900, it was considered, as "well-established, " that all at­

tempts to detect, by purely terrestrial experiments, the motion 
of translation of the Earth had failed. 

To explain this negative outcome, Lorentz presented his hy­
potheses of the contraction of bodies according to their veloci­
ties and the local time, and, fol lowi ng Lorentz, E instein devel­
oped his Special Theory of Relativity ( 1 905), and subsequently, 
his General Theory of Relativity ( 1 9 1 6) .  

From t he  formu l at ion o f  t h e  Spec i a l  Theory o f  Relat iv ity 
stem both the impossib i l ity of detecting the Earth's motion in 
its orbit, and the invariance of the velocity of l ight in  a l l  d i rec­
tions. 

Today, i t  is everywhere admi tted without reservation, as 
postulates, that the velocity of l ight is independent of its d i rec­
tion, and that no purely terrestrial experiment can detect the 
velocity of translation of the Earth, or even s imply its position 
in its orbit. 

2. The Reputedly 'Negative' Outcome of 
Michelson's Experiment and Miller's Experiments 

The pr inc ip le  of M i l ler 's exper iments' i s  the same as for 
Michelson's experiments. Accord ing to th is  pr inciple, the i n­
terferometer makes it possible to measure the difference of the 
velocity of the light for two perpendicular directions. I n  h i s  
1 933 paper, M i l ler presented h i s  observations i n  the form of 
eight figu res, four for the azimuths and four for the velocities, 
in sidereal time, for four periods of continued observations 
during six or eight days (Mi l ler 1 933,  p. 229) .  

Any appreciation of the scope of Miller's observations boils 
down to three utterly fundamental questions: 

First Question : Do Mi l l er's observat ions resu l t  from mere 
disturbances (of temperatu re, for example), or do they present 
a very real internal coherence? 

Second Question: Do they permit us to detect variations in 
the velocity of l ight according to its d i rection ? 

Third Question: Is it possible to deduce the Earth's position 
in its orbit from these observations? 

3. The Very Remarkable Coherence Underlying 
Miller's Observations Excludes Any Spurious Effect 
A very marked coherence appears when one considers the 

variations in the azimuths and velocities, not in  civ i l  time, but 
in sidereal time. 

F igures 1 and 2 represent the fitti ngs, with s i nusoids of a 
period of 24 hours, of the curves representing velocities and 
az imuths in sidereal time. They are on the whole very re­
markable. 

1 .Dayton C. Miller: "The Ether-Drift Experiment and the Determination of the 
Absolute Motion of the Earth," Reviews of Modern Physics, Vol. 5, July 
1 933, No. 3 pp. 203-42. 

"It is startling that the findings published 
in Miller's paper in 1 933 should have 

been ignored for 25 years. 
The outright pigeonholing of Miller's 

paper strikes me as one of the 
scandals of contemporary physics." 

-Maurice Allais, "Should the Laws of 
Gravitation Be Reconsidered?, " p. 55 

The sidereal t ime 9* for which the velocity is m in imal ,  and 
the sidereal t ime 9** for wh ich the az imuth A i s  equa l  to its 
A mean value, and for which dNdt < 0, are very similar for the 
four considered periods (Table 1 ) . 

The top parts of Figures 3 and 4 represent the hodographs of 
velocities for the four periods on the basis of the hourly values 
of velocities and azimuths in sidereal time. [A hodograph is the 
curve traced out in the cou rse of t ime by the t ip  of a vector 

Table 1 
OBSERVATIONS OF MI LLER: SINUSOI DAL 

FITTINGS WITH A 24-HOUR PERIOD 

Feb. 8 
April 1 
Aug. 1 
Sept. 1 5  

Feb. 8 
April 1 
Aug. 1 
Sept. 1 5  

Velocities 

R 

0.361 
0.981 
0.882 
0.854 

Azimuths 

R 

0.856 
0.939 
0.970 
0.927 

1 - R2 

0.869 
0.0377 
0.223 
0.271 

1 - R2 

0.267 
0.1 1 8  
0.0593 
0.141 

Estimations of 8* and 8** ( in sidereal time) 

8* 8** S·· - 8* 
Feb. 8 1 7.65 1 8.56 0.91 
April 1 1 4.55 1 5.48 0.93 
Aug. 1 1 6.50 1 5.83 -0.67 
Sept. 1 5  1 7.59 1 7.78 0.29 

R = correlation coefficient 
8· = sidereal time of the velocity minimum 
8·· = sidereal time of the equality A = A with dAldt < 0 

Sources: Calculations of Figures 1 and 2. The correlations were cal­
culated by this author in February 1 996. 
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representi ng some phys ica l  quantity . )  On each graph the A 
mean value is represented. 

It is remarkable that on the whole the figures representing 
the hodographs are approximately perpendicular to the direc­
tions of the A mean azimuths. 

The bottom parts of F igu res 3 and  4 represent the 
hodographs deduced from the sinusoidal fitti ngs of the veloci­
t ies and  az imuths .  For the fou r  per iods,  the calculated 
hodographs a re almost exactly perpendicular to the mean A 
di rections of the azimuths and symmetrical relatively to those 
directions. I ndeed that is an even more remarkable circum­
stance. 

Final ly, the figures change gradual ly from one period to an­
other. They attain the i r  maximum d imensions around Sept. 2 1 ,  
which corresponds to the autumn equ inox, and thei r minimum 
d imens ions around March 2 1 , correspond i ng to the spr ing 
equinox. They are therefore dependent on the Earth 's position 
in its orbit. 
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A ll these properties, which indisputably correspond to a 
very marked coherence underlying Miller's observations, al­
low us to give an unquestionably affirmative answer to the first 
two fundamental questions of section (2) above. 

It is therefore absolutely wrong to concl ude that Miche l ­
son's experiment, as taken up by Mi l ler, gives a negative out­
come. 

4. The Very Significant Correlation of Miller's 
Observations with the Earth's Position in Its Orbit 

The most significant parameters characterizi ng Mi l ler's eight 
fundamental figures are the maximum and min imum velocities 
V M and V m' the A mean values of the A azimuths, and the am­
pl itudes A� of their variations around the i r  mean values. 

Table 2 g ives the d i rect estimations I made graph ical l y  of 
these parameters through the photograph ic  en l argement of 
Mi l ler's eight fundamental figu res (or ig ina l  observations and 
runn ing averages of M i l ler's figures), and that quite indepen-
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HOURLY OBSERVATIONS O F  Mi llER: DAILY VELOCITY AND AZIMUTH CURVES 
(in sidereal time) 

Sources: Hour·by-hour values of the running averages of Miller's figures (Miller 1933, p. 229). The fittings were calculated by this author in February 1996. 
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dently of any hypothesis or any the-
oretical interpretation whatsoever. 

A thorough harmonic analysis of 
these parameters s hows that all 
have a marked semi-annual or an­
nual periodical structure. The max­
imum and minimum values of the 
corresponding sinusoidal fittings 
all occur around the March 2 7  
equinox. 

For lack of space, I must l i m i t  
myself  t o  commenti ng  on t he  f i t­
t i ngs of Tab le  3 of the observed 
data with si nusoids for a period of 
six or twe lve months, all having 
their maximum on March 2 7 .  

Although each of the two groups 

Table 2 
FUNDAMENTAL FIGU RES OF Mi llER: GRAPHICAL 

ESTIMATIONS OF VElOCITIES AND AZIMUTHS 
Velocities ( in km per sec) 

V M V m 

April 1 ,  1 925 1 0  7.8 April 1, 1 925 
Aug. 1 ,  1 925 1 1 .6 6.5 Aug. 1 ,  1 925 
Sept. 1 5, 1 925 9.8 4.2 Sept. 1 5, 1 925 
Feb. 8, 1 926 1 0  7.3 Feb. 8, 1 926 

V M and V m: maximum and minimum values of velocities 
AM and Am: maximum and minimum values of azimuths 

Azimuths (in degrees) 
AM Am A 
60 20 40 
45 
90 
1 5  

- 20 
20 

-40 

Po. = (AM + Am)/2 
A� = (AM - Am)/2 
A' = A  - Po. 

1 2.5 
55 

- 1 2.5 

20 
32.5 
35 
27.5 

Source: These estimations of V M' V m' AM' and Am were deduced graphically from photographic enlargements of Miller's fig­
ures (Miller 1 933, p. 229), independently of any hypothesis. These estimations were made in June 1 995, and have been 
used for all the calculations of Table 3. 

of fitt i ngs corresponding to six- or twelve-month periods re­
lates to only one reference sinusoid with a maximum on March 

27 ,  al l  the correlation coefficients are relatively high. They are 
a l l  the more s ignificant as the considered parameters do not 
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Figure 2 
HOURLY OBSERVATIONS OF Mi lLER: DAilY VElOCITY AND AZIMUTH CURVES 

(in sidereal time) 
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Sources: Hour-by-hour values of the running averages of Miller's figures (Miller 1 933, p. 229). The fitlings were calculated by this author in February 1 996. 
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Figure 3 
OBSERVATIONS OF MillER: OBSERVED HODOGRAPHS OF HOURLY VALUES AND CALCULATED 

HODOGRAPHS DEDUCED FROM THE FITTINGS OF VElOCITIES AND AZIMUTHS 

Source: Figure 1 

correspond to isolated observations but to the averages of very 
numerous observations. The stat i st ica l  s i gn i ficance of the 
whole of these results, for semi-annual or annual periods cor­
respond ing to fitt i ngs to the same functions, is very high, and 
amounts to a quasi-certainty. 

Thus it may be considered as perfectly established that the 
observations corresponding to the four series of experiments 
have a semi-annual or annual periodicity centered on March 
21, the date of the spring equinox, and that  it is possible 
through purely terrestrial experiments, to determine the Earth's 
position in its orbit. 

An affirmative answer must therefore be given, in all cer­
tainty, to the third question of section (2) above. 

30 

5. Interpretation of Miller's observations 
The above analysis leads to a fourfold conclusion : 

Spring 1 998 2 1 st CENTURY 

• First, there i s  a considerable and absolutely indisputable 
coherence between Mi l ler's interferometric observations, and 
it corresponds to a very real phenomenon. 

• Second, it is quite impossible to attribute this very marked 
coherence to fortu itous causes or to spurious effects (of tem­
peratu re, for example). 

• Th ird, the velocity of the light is not invariant in all direc­
tions. 

• Fourth, a l l  M i l ler's observat ions d i splay a very marked 
correlation with the Earth's position in its orbit. 

These conclusions are independent of any hypothesis and of 
any theoretical analysis whatsoever. 

Most of the  res u l ts, on wh ich  these conc l u s ions  a re 
founded, particularly the most sign ificant ones, were not per­
ceived by Miller. 

On the basis of h is  own analysis, Mi l ler considered it possi-
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OBSERVATIONS OF MILLER: OBSERVED HODOGRAPHS OF HOURLY VALUES AND CALCULATED 

HODOGRAPHS DEDUCED FROM THE FITTINGS OF VELOCITIES A N D  AZIMUTHS 

Source: Figure 2 

ble to provide an estimation of the cosmic velocity of the Earth 
in relation to its orbital velocity (Mi l le r  1 933 ,  pp. 230-23 7). 
However, Miller's analysis only considers the A - A differ­
ences, and does not provide any explanation for the mean de­
viations A of the azimuths and their variations from one period 
to another (Mil ler 1 933, pp. 234-235) .  

Consequently, the interpretation given by Miller to his ob­
servations cannot be considered as valid. 

In fact, it is possible to show that the observed velocities and 
azimuths can be explained by the conjunction of two effects: 

• an optical anisotropy of space in the direction A;  
• an effect proportional to  the tota l veloc ity of  the Earth 

(orbital velocity + cosmic velocity toward the Hercu les con­
stel lation) . 

6. The Significance and Scope 
of Miller's Observations 

The very basis of the Special and General Relativity Theory 
rests on a triple postulate: the reputedly "negative" result of 
Michelson 's experiment; the invariance of the speed of light 
in all directions; and the impossibility of detecting the ab­
solute motion of the Earth, through any purely terrestrial ex­
periment. 

However, with regard to the analysis above, it i s  certa i n  
that it is impossible to mai nta i n  that in terferometric experi­
ments provide a "negative" outcome, that the velocity of the 
l ight i s  invariant in all directions, and that any pure ly terres­
tr ia l  experiment cannot determine the motion of trans lation 
of the Earth. 

2 1 st CENTURY Spring 1 998 3 1  



Table 3 
OBSERVATIONS OF MI LLER: SEMI-ANNUAL OR 

ANNUAL DOMINANT PERIODICITIES 

Fittings to a sinusoid of a period of 6 or 7 2  months with 
its maximum on March 2 7 .  

Period Correlation 

Series in months coefficient (R) 1 - R2 

VM 6 - 0.772 0.404 
(VM + Vm)/2 6 - 0.607 0.632 
A 6 + 0.834 0.305 
A + A·M 6 + 0.744 0.447 
A - A·M 6 + 0.880 0.225 

Averages: IRI = 0.767 1 -R2 = 0.403 

Vm 12  + 0.880 0.225 
VM - Vm 1 2  -0.9994 0.0012 
VmlVM 1 2  + 0.980 0.041 
A" M 1 2  -0.924 0 .145 

Averages: IRI = 0.946 1 - R2 = 0.103 

Overall averages: IRI = 0.847 1 -R2 = 0.269 

Source: Estimations of Table 2 

Consequently, the Special and General Theory of Relativity, 
resting on postulates invalidated by the observation data, can­
not be considered as scientifically valid. 

As Einstein h imself wrote in 1 925 in a review in Science: "If 
Dr. Mi l ler's observations were confirmed, the Theory of Rela­
tivity would be at fault. Experience is the u ltimate judge. " 

The "positive" outcome of Mi l ler's experiments means that 
there is no distinction to be made between the rotation of the 
Earth and its translation as mainta ined by the Theory of Rela­
tivity. Both can be detected through purely terrestria l  experi­
ments. 

Rejection of the Special and General Theory of Relativity as 
being incompatible with observational data cannot in any way 
mean that all Einstein 's contributions should be rejected. It 
means only that all theoretical developments based on data in­
validated by experimental data should be discarded as such. 

Those contr ibutions of E i nste i n  that appear to have been 
confirmed by experience should natural ly be preserved, but, 
quite obviously, they must be given a theoretical justification 
other than that of the Theory of Relativity. 

A theory is only worth what its premises are worth. If the 
premises are wrong, the theory has no real scientific value. In­
deed, the only scientific criterion of the scientific validity of a 
theory is its confrontation with experimental data. 
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These are excerpts from an ifutobiographical essay that, 

Allais completed in 7 988, the year he received the Nobel 
Prize in Economic Science. The 20-page essay, titled "My 
L ife Philosophy, " appeared in The American Economist, 
Vol. 33/ No. 2, Fall 7 989. - ' d 

Allais was born in Pads in 1 9 7 7, and grad�ated from the 
Ecole Polytechnique, first in his class in 7 933. He began his 
professional career as an engineer in the national mining 
industry, simultaneously working on economics and his­
tory. From April 7 948 on, he devoted his time to teaching, 
research, and writing, working' in both physics and history. 
Although he retired in 7 980, he has continued to work ac­
tively in all these areas. 

Allais is the recipient of many awards, including 74 sci­
entific prizes. As he (Jotes in his essay: ". . . [Olver the past 
50 years, I have never stopped reflecting and working on 
the problems involved in the elaboration of a unified theory 
of physics. II 

Whatever the f ie ld of appl icat ion, my wh<;>le l ife has 
been dominated by the th i rst to know more, by the 

passion for research .  I have felt th is  pass ion s ince my early 
youth; it has since formed the very foundatiOn of my entire 
existence, and without any <;loubt, wi l l  remain  so unt i l  the . 
end . . . .  
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" Effects of the T ota'
i Eclipse 

F i l)a'l Iy, d ur ing the. total ec l ipse of the Sun  on June  30,  
1 954, a remar.kable deviation of the plane of osc i l lation of 

tthe/ Raraco� ical pend�w� was obsetved. Th iS deviation is  
'

9i.Jit't inexplicable witfii� the fram�work of the currently ac-
• cr;!pted theories_ An entire l'y similar deviation was observed 
on¢e aga i n  dur ing  the Jota l ecl i pse of the Sun  on Oct. 2 ,  
1 959': ' \i"E ' 

. 
' These varipus anoma'1 ies appeared to me  to be c losel y  
tOllnected to  the very many anomal ies observed during the 
1 9t11 'and 20th centuries in mechanical, optical ,  and electro-

, . .  , 
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. cOecoH dt 10 s.US�!n5ion 
The paraconical pendulum used by Allais. Clockwise from top I�ft: The entire apparatus; the 
of the suspension; and the suspension system. Small ball bearing at S supports weight ()f pendu/�m. 

magnetic experiments, which have .remained unexplained, 
and of which I presented an overa l l  ana lysis i n  a paper i n  
1 958 (publ ished i n  Engl ish i n  1 9;59) [see References] . 

To 'Conclude this very brief survey of my experiments, I 
bel ieve I can make a prediction. If, without interruption, for 
at least a month, at ,the same place and s7multaneously, ob­
servations were made of the movement of the paraconical 
pendu lum,  together with optical s ightings such as those I 
made i n  1 9 58 ,  and a repet i t ion  of the exper i ments of 

. Michelson-Morley ( 1 887) and Mil l�r (] 925),  tile purpose of . 
which was to. d isplay the movement of the Earth relatively 
to the ether, it wou ld be found that the effect$ observed by 
M i l ler in 1 92 5  correspond to tile anomal ies of the move­
ment of the paracon ical  pendu lum and the anomal ies of 
the optical sightings observed in Ju ly 1 958.  
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Th� accom�anying articl
.
e by French physicist Maurice AI­

la ls  (who I S  also the winner of the 1 988 Nobel Prize i n  
economics), presumes a fam i l iarity with the c lassic ex­

peri ments of Amer ican phys ic ist  Dayton C .  M i l l er ( 1 866-
1 94 1 ) .  For the reader unfami l iar with this important work, car­
ried out during the fi rst th ree decades of this century, and with 
the physical theory on which it is premised, we provide this 
summary review. Our interpretations may not, of course, agree 
in a l l  cases with those of M. Al lais. 

1 .  Origin of the Wave Theory of Light 
By the t ime of the death of Augustin Jean Fresnel i n  1 827, 

at the early age of 39,  I saac Newton's theory of l ight, which 
had preva i led for the ent i rety of the previous century, was 
dead and  a l l  but  bu ried . The assau l t  on Newton ' s  Optics 
had origi nated in England itself with the work of the h ighly 
controversial gen ius  Thomas Young; i t  was brought to a de­
c i s ive conc l u s ion  by the Eco le Poly techn ique's  Augusti n 
Fresne l ,  through an experimental-theoret ical  effort, last i ng 
approx imately 1 2  years, from 1 8 1 4  to h i s  unt imely death. 

Newton had argued that the principa l  phenomena in optics, 
such as the refraction (bending) of a ray of l ight when passing 
from one med i u m  in to another, or i ts d iffract ion (apparent 
bending around small objects), cou ld be explained on the ba­
s is  of a theory of attraction, consistent with h i s  hypothesis  of 
universal gravitation. In Newton's view, l ight rays consisted of 
tra ins of very smal l  corpuscles, which, on encounter ing ob­
jects, are attracted to them in proportion to their mass. It i s  a 
consequence of this theory that l ight would travel at a greater 
velocity i n  denser substances, such as g lass or water, than in 
air. Not unt i l  the m iddle of the 1 9th century was it poss ible to 
defin itively prove that the opposite is the case. 

Wel l before that time, Young and Fresnel had proved the in­
va l i d ity of Newton's optics by focuss i ng their efforts on the 
more subtle phenomenon of diffraction. 

When a penci l of l ight of one color is d i rected at a very nar­
row object, such as a hair, or 
the edge of a kn ife, or i s  
caused to  pass th rough a � 
smal l  aperture or s l it, and i s  � 

.'" 
then projected onto a screen, � 
c lose exam i nat ion with a .t 
magnify i ng lens reveals the 0 
presence, on the wh i te 
screen,  of para l le l  bands of 
a lternat i ng  l ight  and dark­
ness. Young explained these 
interference fringes, as they 
came to be known, by reviv­
ing the wave theory of l ight, 
last propounded by Gottfried 
Leibniz's famous teacher and � 
co l l aborator, Ch r is t iaan � 
H uygens, i n  h i s  1 678  Trea- :; 
tise on Light. � 

matter contained with in  it. The propagation of l ight, in this the­
ory, consists of a wave-l ike d isturbance of th is ether, somewhat 
analogous to the passage of a wave on the surface of water. (The 
analogy of l ight, and sound, to water waves, which exh ibit the 
phenomenon of interference, was first proposed by Leonardo da 
Vinci.) In  Huygens's theory, an unobstructed l ight source sends 
out l ight in all d i rections, forming a spherical wave-front of ex­
panding concentric spheres. 

Young exp la ined the a lternat ing l ight  and dark fringes, as 
seen on a screen placed beh ind a knife edge, for example, as 
places where l ight waves proceed ing d i rectly from the source 
to the screen, were meeting up with l ight waves that had been 
sl ightly deflected by the edge of the blade. Having thus trav­
e l led a sl ight ly  longer path, the deflected (diffracted) rays 
should be in a different phase than those which proceeded d i­
rectly to the screen. (The concept of phase is best understood 
by analogy to water waves. If two water waves, as from the 
wakes of passing motor boats, cross each other when both are 
at their peak, or crest, the resultant wave formed by their mo­
mentary combination i s  larger than either of the two compo­
nents. Alternatively, if the two waves cross when one is  at its 
peak and the other in its trough, their momentary combination 
cancels the effect of either, producing a smooth surface on the 
water. The results are known, respect ive ly, as constructive or 
destructive interference.) 

By carefu l experimentation, Young was able to estimate the 
length of a l ight wave, with considerable accuracy, and to ex­
plain in great detai l  a variety of d iffraction phenomena, includ­
ing the fringes produced by thin plates separated by air or clear 
l iquids. H i s  success in developing the wave theory to take ac­
count of these complex phenomena was remarkable, espe­
c ia l ly considering that he worked a l most a lone, in a country 
fanatical ly committed to defending Newton's system. After the 
publ ication of h is  early papers critical of Newton, Young be­
came the object of a fierce attack by Henry Brougham, later 
Lord Chancel lor of England, in the Edinburgh Review, an at-

I ' 

Accord ing  to H uygens, a 
su bstance, known as the 
ether, cons ist i ng perhaps of 
invisibly smal l particles, must 
pervade a l l  space, and the 

Augustin Fresnel ( 7788- 7 827) Thomas Young ( 7 773- 7 829) 
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Young and Fresnel proved the invalidity of Newton's optics by focussing their efforts on the 
more subtle phenomenon of diffraction, the disturbance in a wave front caused by a small 
obstacle. 
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tack that was so successful that when Young attempted to re­
ply by pamphlet, Young's work sold only one copy. 

The son of a wealthy Quaker business fami ly  from Somerset­
shire, Young was a precoc ious polymath . He mastered eight 
languages by early adolescence, and later was said to be able 
to play every i nstrument in the orchestra with proficiency. He 
studied a year at Gbttingen Un iversity i n  1 795, and returned to 
England to take a degree in medic ine .  H i s  fi rst study brought 
him i nto controversy with the leading authorities in the field, 
over the function of the crysta l l i ne lens i n  the eye in accom­
modation. He authored monographs in mechanics, geometry, 
natural h istory, and machine design, and took up the decipher­
ment of Egyptian h ieroglyphics, making important early contri­
butions to the fie ld .  

Fresnel Revives Huygens's Principle 
In  1 8 1 4- 1 8 1 8, the further development of the wave theory 

shifted ground to France, where the superior resources of the 
Eco le Poly techn ique, and a 1 50-year tradit ion of Le ibn iz ian 
science wou ld be brought to bear on it .  Augusti n Fresnel, a l ­
ready by then in i nt imate d ia logue with Andre-Marie Ampere 
on matters of theology and natural ph i losophy, began h i s  at­
tack on the problem in 1 8 1 4. 

Fresnel was born May 1 0, 1 788, at Brogl ie in Normandy. The 
revolution having interrupted h is  father's work as an architect on 
the harbor at Cherbourg, the family moved to a small town near 
Caen, where you ng Fresne l  was rai sed and schooled. He 
showed no taste for languages, and was an undistingu ished stu­
dent in h is  early years. But h is  scientific talents bloomed early; 
he designed toy bows of such power, for use in chi ldhood war 
games, that the neighborhood parents had to confiscate them. 
His childhood friends called him "the gen ius." 

Fresnel entered the Ecole Poly techn ique i n  Paris at age 1 6, 
i n  poor health, but so d isti nguished h imself i n  geometry as to 
win public praise from the famed Legendre. He worked for 1 0  
years i n  a modest position as a civi l  engineer i n  the department 
of ponts et chaussees (bridges and roads) .  H i s  work in optics 
began in 1 81 4, the same year he a l l ied h imself to the cause of 
the Bourbon restoration. He so vehemently opposed the brief 
return of Napoleon in 1 81 5, that he was deprived of his office 
during the Hundred Days, although he was al lowed to l ive in 
Paris . Between then and 1 824, amid i nterm ittent bouts of i l l  
health, h e  revolution ized physical science with h i s  work in op­
tics. Poor health i n  1 824  forced h im  to abandon a l l  scientific 
research, except for a successful project to design a new type 
of lens for l ighthouses. He d ied in 1 827, barely 39 years old. 

I n  1 81 6, Fran<;:ois Arago, then in experimental col laboration 
with Fresnel, vis ited Young in England to d i scuss the interpre­
tation of polarization. By 1 8 1 8, Fresnel had made a d iscovery 
that brought the wave theory beyond the point ach ieved by 
Young. To do so, he reintroduced a hypothesis concern ing the 
propagation of l ight which had fi rst been proposed by Huy­
gens more than a century earl ier, and whose broader impl ica­
tions are yet to be explored. 

In  examin ing more closely the cond itions under which inter­
ference fri nges a re produced, by the i nterposit ion of a s l i t  or 
narrow object i nto the l ight path, Fresnel saw that it was insuf­
ficient to suppose that the fringes resu lted merely from the in­
teraction of the d i rect rays from the source, with rays deflected 
by the smal l  obstruct ion. Rather, it was necessary to suppose 

that every point of the advancing wave front acts l i ke an inde­
pendent sou rce of reprod uct ion of the i n it i a l  d i stu rbance, 
which we cal l  l ight. Thus, from each poin t  in the space sur­
rou nding a l ight source, new spherical wave fronts are being 
generated . I f  no obstruction i s  encou ntered, the l i ght  from 
these new spherical sources wi l l  continue onward on the same 
outward ly d i rected rad ia l  l i nes, whi le  the backward-di rected 
rays wi l l  be cancelled as a result  of interference effects. 

Suppose, however, that the spherical wave front should pass 
through a small aperture in a screen as in Figure 1 .  Let AG be 
the small aperture through which the l ight from C passes. Let P 
represent the darkest point i n  the darkest band of the interfer­
ence fringe formed on the screen BO. According to the earl ier 
interpretation of Young, the darkness i s  produced by the meet­
ing of the two extreme rays, A P  and GP, whose d ifference i n  
length corresponds to  one-half wavelength (that is, to  a maxi­
mum difference in phase, where, by analogy to water waves, 
crest meets trough). 

But, careful experimentation showed Fresnel that the darkest 
point in the darkest band occu rred where the d i fference i n  
length between the extreme rays, A P  and GP, corresponded to 
one whole wavelength . If the two extreme rays, A P  and GP, 
were alone responsible, they would interfere constructively to 
produce here a maximum i l l um inat ion. By carefu l considera­
tion of this paradox, Fresnel was led to a new hypothesis, com­
bining the principle of interference with Huygens's Pri nciple of 
propagation. 

The l ight passing through the aperture AG constitutes a very 
smal l segment of the spherical wave front emanat ing from C. 

c 

Figure 1 
FRESNEL APPLICATION OF H U YGENS'S 

WAVE THEORY TO I NTERFERENCE 
L ight of one color, originating at C and passing through 
the small aperture AG will form dark and light bands, 
known as interference fringes, on the screen PBOO. 
Augustin Fresnel (1788- 7 827) applied Huygens's 
Principle of continuous re-propagation of light to ex­
plain the phenomenon. 
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At each point along this segment AC, accord ing to Huygens's 
Pri nciple, new, secondary waves are being generated, whose 
effect at the point P cannot be ignored. Fresnel shows that it is 
the action of these secondary waves which produces the de­
structive interference, hence darkness, at P. 

To see how, Fresnel  asks us to imag ine  another ray, PI, 
drawn to meet the center of the arc AG. Because of its marked 
incl ination to the arc (when P fa l l s  close to the center 0, the 
interference patterns d isappear), the ray PI is a lmost exactly the 
mean between CP and AP. As these differ by one whole wave­
length, PI must be i n  exact ly opposite phase with either of 
them. The resu lt of its i nteraction with either is destructive in­
terference at P, and the same is true of correspond ing pairs of 
secondary rays coming from the two halves of the arc. As Fres­
nel describes it in the report of h is experimental tour de force: 

We now have the arc d ivided into two parts, whose 
corresponding elements are almost exactly equal, and 
send to the point P vibrations in exactly opposite phases, 
so that these must annul each other. 1 

I n  later investigations, Fresnel worked out the theory of re­
flection and refraction, polarization, and the transverse nature 
of l ight vibrations, showing a l l  to be in accord with h is wave 
conception. H i s  treatment of the phenomenon of double re­
fraction, occurring in certain types of crystals, where two rays, 
refracted at d ifferent angles, an ordinary and extraordinary ray, 
are produced from a s ingle penc i l  of l ight, drew much atten­
tion .  H is  solution requ i red the construction of a geometrical 
surface of the fourth order to describe the hypothesized density 
d i stribution of the ether within a certain type of such crystals, 
known as biaxia l .  In 1 832 ,  the I rish mathematician Wi l l i am 
Rowan Hami lton noted that points of d iscontinu ity in Fresnel's 
surface should give rise to physical s ingu larities in the propa­
gation of l ight rays passing through them, which results were 
verified in the course of subsequent decades, establ ishing the 
valid ity of Fresnel's theory with great certa inty. 

The second half of the 1 9th century saw an explosion of at­
tempts to prov ide what came to be known as a dynamical 
model of Fresnel's ether. By this was meant, essentially, a me­
chanical analogy (such as, for example, the supposition that 
the ether is an elastic solid l i ke a crystal), from which the equa­
tions describing the behavior of l ight cou ld be deduced with 
mathematical consistency. 

The essent ia l  f law in such an approach was the unques­
t ioned assumption that processes in the un iverse cou ld fit a 
s imple mechanical analogy. Fresnel had to battle early efforts 
a long these l i nes by h i s  r ival S i meon Den i s  Poisson ( 1 78 1 -
1 840). Poisson 's ether, Fresnel remarked in correspondence 
with Poisson, was only "a mathematical abstraction," not the 
real th ing.  Or, to put the matter on broader foundation, one 
might ask: why should God have so constructed the un iverse 
that the propagation of l ight be expl icable by analogy either to 
a fluid, or to a simple mineral crystal ?  To Fresnel and his phi lo­
soph ical a l l ies, such as Ampere, as to Carl F. Gauss and Wi l­
helm Weber in  Germany, whose para l lel researches in  mag­
netism and electricity were leading to simi lar paradoxes,2 such 
reductionism was not acceptable. But, among the lead ing sci­
entists of the generation fol lowing Fresnel, only Bernhard Rie­
mann at Gottingen Un iversity dared a fu l l -scale assault on the 
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reductionist prejudices then engu lfing scientific d iscourse. In a 
bold effort, Riemann attempted to construct a new physics in  
which the principle of  operation of  the human m ind in gener­
ating new thoughts, rather than a s impler, mechanical analogy, 
or formal mathematical representation thereof, was to be the 
foundation.3 

Unfortunately, the work of Riemann and a smal l circle of as­
sociates was effect ively conta i ned ,  with the resu l t  that the 
main l i ne of experimental development in optics proceeded 
from the far more restricted framework establ ished by james 
Clerk Maxwel l ,  beginn ing about 1 858 .  This i s  the standpoint 
sometimes referred to as the Engl ish school, a lthough it origi­
nated with the lead ing French opponents of Fresnel and Am­
pere-namely, Pierre Simon Laplace, Poisson, August in Lou is 
Cauchy, and jean Baptiste B iot.4 

2. The Question of Relative Motion 
The paradox that consistently arose to explode al l  efforts at 

constructing a self-consistent theory of the propagation of l ight, 
centered on the question of the effect of the relative motion of 
the med ium on the velocity of l ight. To best understand this 
paradox, we go back to the d i scovery of the  phenomenon 
known as aberration. 

The Danish astronomer Ole R0mer first suggested the exis­
tence of aberration, i n  a 1 677 letter to Huygens. In 1 728, the 
Eng l i sh astronomer james B radley reported on observations 
confirm ing the presence of such a phenomenon as the resu lt of 
the retarded rate of propagation of l ight.s From Bradley's stand­
point, which was that of the corpuscular theory of l ight, aber­
ration cou ld be explained in the fol lowing way. 

Imagi ne that you are trying to land a drop of water from an 
eye d ropper d i rect ly onto the bottom of a narrow test tube, 
which is attached to the outside of a revolving turntable. If the 
opening of the test tube is pointed d i rectly up at the eye drop­
per, the water droplet wi l l  clearly h i t  the side of the test tube 
before stri king the bottom .  The problem is that in the time the 
droplet fal l s  from its entry i nto the mouth of the tube, the side 
of the test tube moves forward to meet it. This problem can be 
overcome by inc l in ing the test tube forward, in the d i rection of 
its motion. If the angle is correct, a drop of water entering the 
mouth of the test tube, wi l l  fa l l  to the bottom, never touching 
the s ide of the tube. The proper angle of inc l i nation w i l l  de­
pend on the ratio of the velocity of the turntable to the velocity 
of the fal l ing water droplet. 

Now, substitute for the test tube, the tube of a telescope; for 
the turntable, the Earth's motion in its orbit; and, for the veloc­
ity of fal l  of the water d roplet, the velocity of l ight. The latter 
two quantities are, respectively, 30 and 300,000 k i lometers 
per second.  This leads to a desi red angle of i nc l i nation of a 
telescope tube of a I ittle more than 20 seconds of arc (about 
1 /1 80th of a degree) in the d i rection of the Earth's orbital mo­
t ion, when viewing a star whose actual  posit ion is d i rect ly 
overhead. The figure of roughly 20.5 seconds of arc is known 
as the constant of aberration. 

The same explanation appl ies on the assumption that the 
l ight consists of a wave, or a train of waves, travel ing down the 
telescope tube, as the tube is propel led through space. One 
must, however, assume that the ether inside the telescope tube 
is not carried along with it (if it were, there would be no aber­
ration); rather, that the Earth, and the telescope tube, move 



Courtesy of Case Western Reserve University Archives 

Albert Michelson with his interferometer in the 7920s. 

freely through the ethereal medium, which must be at rest with 
respect to the Earth's motion . Notice that we are considering 
two med ia  here: the air i n  the telescope tube, which we as­
sume to be carried along with the tube, and the lumin iferous 
ether, which we suppose passes through the pores of matter 
"as freely as the wind through a grove of trees" (Young). 

Suppose, now, that instead of a i r, we fi l l  the telescope tube 
with water. We know precisely the rate at which the velocity 
of l ight is slowed in water , as compared to a i r. Looking at our 
example of the water d rop and test tube, we should have the 
case now, in which the d rop fal l s  more s lowly, and thus the 
tube wou ld need to be more inc l i ned-that is, a greater con­
stant of aberration. But experiments by the Engl ish astronomer 
G .B .  Ai ry, in 1 87 1 , showed that there was no change in the 
constant of aberration using a water-fi l led telescope. 

This was precisely the resu l t  anticipated by Fresnel a half a 
century earl ier, when he formulated h i s  theory to expla in  the 
resu lts of experiments by the French astronomer Arago, which 
had shown that the motion of the Earth does not change the re­
fract ion of starl ight by the Earth's atmosphere. To expla in the 
lack of change in the constant of aberration, when the trans­
mitting med ium is  changed, Fresnel i ntroduced the hypothesis 
that the ether is carried a long, or convected (entraine), i nside 
the telescope tube. To expla in the variations in index of refrac­
t ion between d i fferent t ra nsparent media ,  h i s  p redecessor, 
You ng, h ad a l ready su pposed that the ether is more com­
pressed ins ide of substances with a h igher refractive i ndex. I n  
an  1 8 1 8  letter to Arago, Fresnel added to  this, the  assumption 
that the ether ins ide a mov ing body is  parti a l ly  carried along 
with it. Thus, if a rectangu lar glass prism is  moved through the 
a i r, for example, i t  takes in less dense ether th rough the front 
surface, condenses it, and expe l s  i t  out the tra i l i ng su rface, 

somewhat l i ke a ramjet. But a part of the denser ether is carried 
along with it, the more so, the greater the i ndex of refraction. 

To u nderstand the non-change of the aberrat ion constant 
when the telescope tube is fi l l ed with water, we have, now, 
the fol lowing :  The telescope is i nc l i ned forward in the d i rec­
tion of orbital motion of the Earth, so that when the wave front, 
were it moving through a i r, reaches the eyepiece of the tele­
scope at the bottom of the tube, the eyepiece has moved for­
ward the requisite amount to "catch" the wave front. But, be­
cause we have now fi l led the tube with water, the wave front, 
which travels more slowly in water than in air, should be arriv­
ing at the eyepiece too late. However, because the more con­
densed ether with i n  the water i s  part ia l ly  carried along with 
the telescope tube in the d i rection of the Earth's motion, the 
wave front is advanced along with the ether, just enough so as 
to arrive at the eyepiece in t ime to be seen. 

So, with two crucial hypotheses, Fresnel was able to give a 
complete explanation of aberrat ion .  As summarized later by 
h is  famous American successor, A.A. Michelson, these two hy­
potheses were: first, that the ether is at absolute rest, excepting, 
second, in the interior of transparent med ia, where the ether 
moves with a velocity less than the velocity of the medium i n  
the ratio (n2 - 1 )/n2 (where n is the i ndex o f  refraction). These 
were considered as fu l l y  confirmed by l ater experiments, of 
which an 1 85 1  effort by French physicist A .H .  F izeau was the 
most famous. 

3. The interferometry Experiments 
It was the first hypothesis of Fresnel, which American physi­

cist Albert Abraham Michelson ( 1 852- 1 93 1 )  set out to test i n  
h is  famous i nterferometry experiment, fi rst i n  1 88 1  i n  Berl in, 
then, i n  1 887, with an improved apparatus, at the Case School 
of Appl ied Science in Cleveland, and several t imes thereafter 
i n  the decade of the 1 920s .  Bu t  h i s  resu l ts a l so cal led i nto 
question the val id ity of the second hypothesis by which Fres­
nel had explained aberration. 

A.A. Michelson was born in 1 852  in Strel no, Prussia (now 
Poland), to a German-Jewish fam i ly, which emigrated to the 
Un i ted States in 1 854 .  After temporary employment in New 
York as a jeweler, h i s  father took the fami ly  to San Francisco, 
where he establ ished a sma l l  d ry goods bus i ness serv ing the 
gold rush mi ners in northern Cal ifornia, mov ing later to Vir­
g in ia City, Nevada. Young M ichelson was educated at Boy's 
H igh School in San Franc isco, where headmaster Theodore 
Brad ley encouraged h im  on a career in sc ience. He tied for 
fi rst place with two other boys from h i s  state in the examina­
tion for scholarsh ip to the U.S .  Naval Academy. When he did 
not get the appointment, he travel led overland to Washington, 
with a letter from h i s  congressman, seeking an audience with 
President Ulysses S .  G rant. The President told him that the last 
of the 1 0  special appointments-at-Iarge had been fi l led, but ad­
vised h im  to go to Annapol i s  to see the Commandant of the 
Naval Academy, who created an add itional open ing for h im. 

In 1 877, whi le an i nstructor i n  physics and chemistry at the 
Naval Academy, Michelson conceived of an improvement i n  
the French physicist J . B .R .Foucau lt's apparatus for determin ing 
the velocity of l ight. Using a $2 ,000 subsidy from his father- in­
law, the wealthy New York businessman Heminway, he deter­
m ined the velocity of l ight to be 1 86,508 m i les per second, 
with an estimated error of one part in 1 0,000. It was the fourth 
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terrestrial measurement of the speed of l ight, the other three 
having been carried out in  France by Fizeau, Foucault, and A. 
Cornu .  

I n  1 880, M ichelson traveled to  Eu rope for post-graduate 
study under Naval sponsorship. While in  Berl in, he conceived 
of a means to measure the relative motion of the Earth with re­
spect to the ether, i n  defiance of the assessment of lead i ng 
Brit ish scientist James C lerk Maxwe l l  ( 1 83 1 - 1 879), who had 
recently asserted the imposs ib i l ity of such a measurement.6 

Drawi ng on a fund establ i shed by Alexander Graham Bel l  
with the Berl i n  i n strument-making f i rm Schmidt & Haensch, 
Michelson had an apparatus constructed, which he put to the 
experimental test in 1 881  at Berl in  and Potsdam. His idea was 
to use the phenomenon of interference to detect very smal l  d if­
ferences in path length between two penci ls  of l ight, one trav­
el l ing back and forth in the d i rection of the Earth's orbital mo­
tion through the hypothesized stationary ether, and the other 
perpendicular to it. The apparatus, which came to be known 
around the world as the Michelson interferometer, consisted of 
two perpend icular brass arms of equal length (about 1 meter), 
each with a mirror on the end (Figure 2) .  A source of l ight at a 
projects its rays to a piece of plate glass, located at b, and an­
gled at 45 degrees to the d i rection of the ray. A th in coating of 
si lver al lows approximately half the l ight to pass through the 
glass, and down the arm to the mirror at c. The remain ing half 
is reflected by the si lver coating at a right angle at b, down the 
other arm to the mirror at d. 

On the return trip, half the rays from c are reflected from the 
s i lvered back side of b into the tube of the telescope at e. Half 
the rays reflected from the end of the other a rm at d pass 
through the part ia l ly s i lvered g lass b, and a lso enter the tele­
scope at e. (At g a plate of glass of the same th ickness as b is 

Figure 2 
FI RST MICHELSON INTERFEROMETER (1 881 ) 

interposed to compensate for the fact that the ray along the 
arm bd i s  refracted three t imes, by the th ickness of the glass, 
and that along bc only once, in  their passage to e.) , 

The apparatus is adjusted so that an interference fringe pat­
tern is seen i n  the eyepiece of the telescope. Any s l ight" change 
in the path length or time of travel of l ight traversing one of the 
arms, wi l l  produce a sh ift in the observed fringe pattern. If one 
of the arms of the apparatus were then placed in the d i rection 
of the Earth's motion through the ether (presumed stationary), 
calcu l at ion showed that i t  wou l d  take the l ight ray a longer 
time to travel the round trip down this arm and back, than the 
ray travers ing the other a rm in the perpend icu lar  d i rect ion.  
(The calcu lation is akin to that of comparing the t ime it takes a 
swimmer in a river to swim upstream and back down again, as 
against swimming across the current?) 

But, what was the motion of the Earth with respect to the sta­
tionary ether? At the t ime of the 1 88 1  experiment, astronomers 
had detected a motion of the solar system, of u ndetermi ned 
speed, in the d i rection of the conste l lation Hercules. The mean 
orbital velocity of the Earth, about 30 k i lometers per second, 
was wel l known.  Michelson assumed that the resultant of the 
two would be the Earth's absolute, or cosmical, motion. By es­
t imating a range of values for the veloc i ty toward Hercu les, 
Michelson estimated an expected d isplacement of the i nterfer­
ence pattern of at least 1/1 0 of a fringe. H is apparatus, which 
was capable of detecting shifts an order of magnitude smal ler, 
could fi nd no such positive resu lts .  

Michelson's first interferometer was plagued with problems. 
Its sensitivity to vibration meant that it cou ld not be used dur­
ing  the day i n  Berl i n ,  and at n ight on ly  with d ifficu lty .  The 
brass arms were 'subject to differential expansion as a resu l t  of 
temperatu re changes, and to bend i ng when rotated .  A l te r-

.1 

a 
A.A. Michelson's instrument, constructed in Berlin in 1881, for detecting 
the relative motion of the Earth through the ether, used the principle of 
interference developed by Fresnel. Inset shows the path of a light ray 
through the apparatus. 

c 

Source: A.A. Michelson, 1881 . "The Relative Motion of the Earth and the Luminiferous Ether," Am. J. Sci. , 
Vol. 3, No. 22, pp. 1 22, 124 
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incorrect, and the necessary conclusion fol lows 
that the hypothesis is erroneous. 

This conclusion d i rectly contradicts the 
explanation of aberration which has been h itherto 
general ly accepted, and which presupposes that 
the earth moves through the ether, the latter 
remain ing at rest [Michelson 1 881 , p. 1 28 ;  the 
hypothesis he refers to is Fresnel's1 . 

After h is  return from Europe in 1 882, Michelson took 
the position of Professor of Physics at the newly orga­
n ized Case School of Appl ied Science i n  C leveland, 
Oh io .  Here he met Edward W.  Morley, professor of 
chemistry at the neighboring Western Reserve Un iver­
sity, who had ideas for improvements in the interferom­
eter, part icu la r ly  respect ing  the stab i l ity of i ts base. 
Apart from the hyper-sensitivity of the Berl i n-made in­
strument, a smal l error in  experimental conception had 
been pointed out to Michelson by M.A. Potier of Paris 
in  the winter of 1 88 1 , and later in a publ ished analysis 
of the experiment by H .A .  Lorentz. 

Courtesy of Case Western Reserve University Archives 

Edward W. Morley, (upper right), with chemistry students at Western 
Reserve University, 1 896. Although trained as a theologian, Morley 
became a gifted experimenter in chemistry; he precisely determined 
the ratio of the densities of oxygen and hydrogen, and the atomic 
weight of oxygen.  Born in New Jersey in 1 83 8, Morley attended 
Williams College and Andover Theological Seminary. He was the 
president of the American Association for the Advancement of Sci­
ence in 1 895, and of the American Chemical Society in 1 899. 

With money from the Bache Fund of the National 
Academy of Sciences, an  entirely new instrument was 
constructed and  put  i nto operat ion i n  1 887 ,  i n  the 
basement of the ma in  bu i l d i ng of Western Reserve's 
Adelbert Col lege in C leve land .  I t  consisted of a sol id  
block of  sandstone 1 .5 m square and 30 cm thick, on  
which was mounted the optical apparatus. To reduce 
v ibrat ions, the sandstone b lock rested on a wooden 
d isk, which floated on mercury contai ned in a c ircular 
cast i ron  tank, the tank  rest ing  on a brick pier. Th i s  
made it poss ible to  rotate the  sandstone block holding 
the optics through 360 degrees, with almost no vibra­
tion (Figure 3) .  

The optical apparatus, bu i l t  by John A. B rashear of 
P ittsburgh, was i n  pr inc ip le the same as that used i n  
M ichelson's Berl i n  i n strument .  However, t he  effec­
t ive l i ght path was i nc reased by reflect i ng  the l ight 
back and forth with fou r  m i rrors at each corner, so 
that it traversed the d iagonal of the stone block eight 
times. Th is  was equ ivalent to us ing an i nterferometer 
arm 1 1  m long. On the theory of a stat ionary ether, 

ations were made, and the instrument was removed to the less­
trafficked locale of the Astrophysical Observatory in Potsdam, 
and fi nal ly to a stone cellar in the vicin ity. 

Here, the fringes under ord inary c i rcumstances were 
sufficiently quiet to measure, but so extraordinari ly 
sensitive was the instrument that the stamping of the 
pavement about 1 00 meters from the observatory, made 
the fringes disappear enti rely !  [Michelson 1 881 , p. 1 241 

From four  series of observations made in April 1 88 1 , no sig­
n ificant evidence of a relative motion through the ether could 
be found. Michelson concluded :  

The interpretation o f  these results i s  that there i s  no 
d isplacement of the interference bands. The result of the 
hypothesis of a stationary ether i s  thus shown to be 

poi nti ng one arm of the apparatus in the d i rection of 
a velocity equal to that of the Earth i n  its o rb i t  wou l d  pro­
duce a d i sp lacement i n  the i n terference pattern of 0.4 of a 
fringe width . 

Michelson and Morley conducted observations with the ap­
paratus for one hour  at noon on J u l y  8, 9, and 1 1 , and one 
hour in  the eveni ng of July 8, 9, and 1 2  of 1 887, the enti re se­
ries of observations lasti ng s ix hours. I n  each observational ses­
sion the apparatus was s lowly turned through 36 rotations. An 
observer walked around the i nstrument, keeping the telescopic 
image of the interference fringe in h is  field of view. Every 1 6th 
of a c i rcu lar  "tu rn," the observer read off h i s  est imate of the 
fringe displacement along graduated marki ngs that were vis i­
ble in  the eyepiece; these were recorded by an assistant. 

No ' Null Effect' 
The observations d id not produce the 0 .4 of a fringe width 

d isplacement that the motion of the Earth in its orbit wou ld  
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produce, given the theory of a stationary ether. To this day, 
most popular treatments, textbooks, and even advanced refer­
ence works report that the 1 887 Michelson-Morley experiment 
yielded a null result .  However, as Dayton C. Mi l ler, who be­
gan experiments with Morley with an improved form of the 
original apparatus in 1 902, later noted : 

/TJhe indicated effect was not zero; the sensitivity of the 
apparatus was such that the conclusions, publ ished in 
1 887, stated that the observed relative motion of the earth 
and ether did not exceed one-fourth of the earth's orbital 
velocity. This is qu ite d ifferent from a nul l  effect now so 
frequently imputed to th is experiment by writers on 
Relativity [Mil ler 1 933, p. 206; emphasis in original ] .  

We w i l l  return to Mi l ler's work and the impl ications for the 
Special Theory of Relativity, shortly. Michelson's own evalua­
tion of the experiment does not contradict the words of Mil ler, 
although the flavor may be d ifferent. We cite it for compari­
son : 

Considering the motion of the earth in its orbit only, 
this d isplacement [of the fringes] should be 2D  v2/V2 = 

2D x 1 0.8 .  The distance D was about eleven meters, or 
2 x 1 07 wave-lengths of yellow l ight; hence the 
d isplacement to be expected was 0.4 fringe. The actual 
displacement was certainly less than the twentieth part of 
this, and probably less than the fortieth part. But since the 
displacement is proportional to the square of the velocity, 
the relative velocity of the earth and the ether is probably 
less than one-sixth the earth's orbital velocity, and 
certainly less than one-fourth [Michelson and Morley, 
1 887, p. 341 ] .  

Figure 3 
MICHELSON-MORLEY I NTERFEROMETER (1 887) 

Edward W. Morley, chemistry professor at Western Re­
serve University, conceived of this design for greatly re­
ducing the sensitivity of the interferometer to vibration. 
The optical apparatus is placed on a 30-cm-thick stone 
slab, which floats on a circular tank of mercury, allow­
ing the optics to be rotated through 360 degrees. 

Source: Illustration from American Journal of Science, Vol. 34, No. 203 (Nov. 
1 887), p. 337, courtesy of Nimitz Library, U.S. Naval Academy, Special Collec­
tions and Archives. 

Michelson then adds the fol lowing important qual ification: 

In  what precedes, only the orbital motion of the earth is 
considered. If this is combined with the motion of the 
solar system, concern ing which but l ittle is known with 
certainty, the result would have to be modified; and it is 
just possible that the resultant velocity at the time of 

Courtesy of Nimitz Library, U.S. Naval Academy, Special Collections and Archives 

The Michelson-Morley experiment of 7 887, set up in the basement of Adelbert Hall, Western Reserve University. Results were 
smaller than expected, but not null! 
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Figure 4 
MORLEY-MI LLER INTERFEROMETER (1 903) 

Dayton C. Miller joined Morley in designing a new apparatus, more stable, and, at the same time, more sensitive, than 
that used by Michelson-Morley in 1 887. Structural steel girders forming the arms floated on the original mercury tank. 
New optics with four mirrors at the end of each arm formed a 32-m effective light path. The instrument is shown almost 
completed, but without the optics, in 1 903, Inset shows the fringe pattern, as seen through the telescope of the interfer­
ometer on narrow and broad magnification. The observer estimated the fringe position with respect to the pointer at bot­
tom, in tenths of a fringe width. 

Source: E.w. Morley and D.C. Miller, 1 905."Report of an Experiment to Detect the FitzGerald·Lorentz Effect: Phifosophical Magazine, Ser. 6, Vol. 9 (May), Plate X; D.C. Miller, 
1 933. "The Ether-Drift and the Determination of the Absolute Motion of the Earth," Rev. Modern Phys., Vol. 5,  p. 2 1 1  (July). 

observations was smal l though the chances are much 
against it. The experiment will therefore be repeated at 
intervals of three months, and thus all uncertainty will be 
avoided [Michelson and Morley, 1 887, p. 341 ] .  

Unfortunately, Miche lson d id not have the opportun ity to 
make such repeated observat ions .  I n  1 889,  he left the Case 
School for a brief position at Clark Un iversity, and then moved 
on to the Un iversity of Ch icago, where he taught for 38 years. 
His work in the next decade centered on using interferometry to 
determine the standard of length, for which he became world fa­
mous. 

But the anomaly in the Fresnel theory of aberration, which 
Michelson's apparatus had detected, remained,  and soon be­
came a topic of worldwide d i scuss ion among physic i sts. I n  
1 89 1 ,  physic ist G .F .  F itzGerald o f  Dub l i n  proposed that the 
smal ler than expected resu lts of the Michelson-Morley experi­
ment m ight be caused by a shortening of the stone base of the 
in terferometer in the d i rect ion of mot ion of the i n strument 
through the ether, owing to a change i n  i ntermolecular forces 
effected by relative motion through the ether. If the effective 
l ight path became shorter in that d i rection, i t  cou ld reduce or 
annul  the resu lts expected with the Fresnel hypothesis. British 
physicist Sir Ol iver Lodge promoted the FitzGerald contraction 
hypothesis in an 1 892 address to the B ritish Royal Society. 

In 1 895 ,  the Dutch phys ic ist H .A .  Lorentz, who was en­
gaged i n  an effort at mod ify ing Wi l he lm Weber's electrody­
namics  to address new exper imental  resu lts, adopted and 
elaborated on the F itzGera ld hypothes i s .  He suggested, that 

the motion through the ether of the electrica l ly  charged parti­
cles constitut ing a body, wou ld  generate a magnetic effect 
that wou ld  i ncrease the i nteratomic  attractive forces, resu l t­
i ng  i n  a contraction i n  the d i rection of mot ion . If Lorentz's 
supposition were true, the amount of the contraction wou ld 
depend on the physical p ropert ies of the sol id ;  a change in 
the material separat i ng the ends of the i nterferometer ought 
to produce a change i n  the amount of sh ifting of the interfer­
ence fringes. 

Enter Dayton C. Miller 
I n  1 890, the you ng Amer ican phys ic i st Dayton C. M i l l er 

joined the faculty at the Case School, which Michelson had re­
cently left, and soon became a close friend of Professor Morley. 
While the names of Michelson and Morley have become world 
famous, thanks to the popularity of the Theory of Relativity, that 
of M i l l e r  is less we l l  known.  Th i s  is un fortu nate, because 
Mil ler's investigations with the i nstrument invented by Michel­
son to detect the relative velocity of the Earth through the ether, 
were far more extensive than those of either h i s  predecessor, 
Michelson, or their joint collaborator, Morley. 

Dayton C larence M i l l e r  ( 1 866- 1 94 1 )  was born i n  
Strongsvi l le, Ohio.  He  graduated from Baldwin-Wal lace Col­
lege, and earned a doctorate in science from Princeton Un iver­
s i ty in 1 890, working u nder astrophysic ist Charles A. Young. 
He was pres ident of the Amer ican Phys ica l  Society dur ing  
1 925-1 926, chairman of  the National Research Counci l 's Divi­
sion of Physical Sciences from 1 92 7  to 1 930, and president of 
the Acoustical Society of America from 1 9 1 3  to 1 933 .  Apart 
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from h is  extended work on the ether-drift experiment, Mi l ler 
had a l ifelong in terest in mus ic and acoustics. H is mother a 
church organist, h i s  father a choir member, Mi l ler became an 
accompl i shed fl ut ist. I n  1 908, he invented an instrument he 
cal led the phonodeik, to photographical ly record sound pat­
terns, and with which he establ ished the physical characteris­
tics of the vowels in speech and music. As an expert on archi­
tectural acoustics, he was consulted on the design of a number 
of col lege chapels, and of Severance Hal l  in Cleveland. 

The Michelson-Morley experiment and the Lorentz contrac­
tion hypothesis were a subject of much discussion at the Inter­
national Congress of Physics in Paris in 1 900, at which Profes­
sors M i l ler and Morley were both present. At the urg ing of 
Wi l l iam Thomson (Lord Kelvi n), the two undertook the con­
struction of a more powerful apparatus to repeat the ether-drift 
experiment of 1 887. By 1 902, they had completed an interfer­
ometer designed to test the Lorentz-F itzGera ld contraction . 
The base was constructed of planks of wh ite pine 4.3 m long, 
arranged in a cross. The optical apparatus was the same as 
the 1 887 experiment, but the effective I ight path was more 
than th ree t imes longer. In observat ions made in 1 902 and 
1 903, a smal l  pos it ive effect was observed, but the wooden 
support was so sensit ive to changes in temperature and hu­
mid ity that the apparatus was abandoned . 

With an appropriation from the American Academy of Arts 
and Sciences, a new interferometer was completed by 1 904 
(Figure 4). Its arms, about 4.3 m long, were made of structural 
steel g i rders. I t  was floated on mercury in the same cast i ron 
trough used in the 1 887 experiment. New optical parts made by 
O.L. Petitd idier of Chicago were used. Four mirrors at the ends 
of each arm produced an effective l ight path equivalent to an in­
terferometer arm 32 m long, almost three times that of the 1 887 
apparatus. This same apparatus was used by Mi l ler in numerous 
observational sessions over the course of more than 25 years, 
and in several locations, including atop Mount Wi lson in Cali­
forn ia. 

In the fi rst test of the new Morley-Mi l ler apparatus, the d is­
tance between m i rrors at the ends of the i nterferometer arms 
was made to depend on p ine wood rods, i n  hopes of test ing 
the Lorentz contract ion.  Resu lts of the observations were in­
conclusive: 

If pine is affected at all as has been suggested, it is 
affected to the same amount as is sandstone. Some have 
thought that this experiment only proves that the ether in  
a certai n  basement room is carried along with i t .  We 
desi re, therefore, to place the apparatus on a h i l l  to see if 
an effect can be there detected . 

So reads the conclusion of Morley and Mi l ler's 1 905 report 
on the experiment (cited i n  Mi l ler 1 933, p. 2 1 6) . 

In 1 905, the interferometer was moved to a hut, on an unob­
structed s i te on a h i l l  in C leveland Heights, at an a ltitude of 
about 2 85 m. The p ine rods were removed, and. the mi rrors 
fastened d i rectly to the steel base of the i nstrument. The hut 
and wooden covering of the i nstrument were provided with 
glass windows, to prevent poss ib le obstruction of the ether 
flow. Observations were made in Ju ly, October, and Novem­
ber, consisting of 230 turns (rotations) of the apparatus in  three 
sets. These showed a very defin ite positive effect (displacement 

44 Spring 1 998 21 st CENTURY 

of the fringes in certa in d i rections), but too smal l to be recon­
ci led with the Fresnel theory. 

When Mi l ler returned from summer vacation the next year, 
the property where the interferometer was housed had been 
sold, and the new owner demanded its i mmed i ate remova l .  
The retirement o f  Professor Morley, and other c ircumstances, 
contributed to a long delay in Mi l ler's interferometry work. 

The Theory of Relativity 
It was not unt i l  1 92 1  that M i l ler resumed experimentation 

with the interferometer. By that time, E instein's Theory of Rela­
tivity had gained support among some scientists, and a great 
deal of pub l i c ity. Ne ither M iche l son nor  M i l ler cou l d  be 
counted among its adherents. 

When E instei n  developed the Specia l  Theory of Relativity, 
in 1 905, the i nterferometry experiments of M ichelson, Mor­
ley, and Mi l ler were not much in h i s  thoughts .  The title of h is  
fi rst paper on the subject, Zur Elektrodynamik bewegter Kor­
per ("Toward the Electrodynamics of Mov ing Bodies"), i nd i­
cates the d i rection of h is  thoughts. The problem he addressed 
in physics had its roots in Wilhelm Weber's formulation of the 
fundamental law of e lectrodynam ics, wh ich  he had devel­
oped in conjunction with Carl Friedrich Gauss i n  1 845 .  We­
ber had determ ined, by an experimental proof of the val id ity 
of the Ampere angular force, that the force between two mov­
ing electrical particles would be dependent on the relative ve­
locities and accelerations of the particles, and on a constant, 
which was determined in 1 854 to be equal to the square root 
of 2 t imes the speed of l ight. Some important derivatives of 
Weber's work i ncluded an electrodynamic determ ination of 
the cause of the advance of the peri hel ion of Mercury,8  the 
determ ination of a l imit  on relative velocities, and a theoreti­
cal determ i n at ion  of the c lass ica l  e l ectron rad i u s, several 
decades before its experimental val idation .9 

What remained to be done after Weber's work, was to con­
struct an intel l ig ible representation of the deeper relationship 
among the phenomena of gravity, e lectrodynam ics, and op­
tics. This was the stumbl i ng block already addressed by Gauss 
in  his correspondence with Weber in 1 845.1 0  

E instein's imagi native attempt a t  a solution centered on h is  
recogni t ion of the physical  s ign i ficance of a ph i l osophical  
problem which he cal led the paradox of simultaneity. The de­
term ination of the s imu ltaneity of two events depends on the 
position and relative velocity of the observer. Depending on 
the arrangement of these two variables, the same two events 
can occur before, after, or s imu ltaneous with another. The im­
pl ication for physics is an interdependency between the mea­
sures of length and time (and therefore, by the system of un its 
which Gauss had establ ished in 1 832 ,  of mass, as wel l , l l )  an 
i nterdependency whose imp l ications were most thoroughly 
explored by Gauss's prized student, Bernhard Riemann, in  h is  
1 854 Habil itation dissertation. 

However, E i nste in  in troduced i nto his system some addi­
t ional assumptions; pri nc ipa l  among which were ( 1 ) the re­
qu i rement that the velocity of l ight be invariant, regard less of 
the velocity of the emitting source, and (2) the non-existence of 
an ether at absolute rest. Thus, for the theory of relativity to be 
val id ,  it was necessary that the resu lts of measurements with 
the Michelson interferometer be absolutely zero, or null. Un­
fortunately, the experimental evidence d id not satisfy this re-



The Morley-Mi l ler steel in terfer­
ometer with its large cast i ron tank 
for mercury was transported across 
the conti nent to the grounds of the 
Mount Wi lson Observatory in Cal i ­
forn ia ,  and set  up  i n  March 1 92 1 , 
with the i ntention of measuring the 
ether-d r i ft at the  h i gher  a l t i tude 
there ( 1 ,750 m) .  S ixty-seven sets of 
observations produced a positive ef­
fect, corresponding to a relative mo­
tion of Earth and ether of 1 0  ki lome­
ters per second. Tests were made on 
the instrument to isolate the effects 
of radiant heat. A concrete base was 
tr ied i n  p l ace of the steel g i rders, 
sti l l  producing positive resu lts .  

Courtesy of Case Western Reserve University Archives 

Front row, from left: Dayton Miller, Albert Michelson, and H.A. Lorentz. 

The apparatus was retu rned to 
C l eve l and and experi ments were 
made under various control led con­
d it ions ,  between 1 9 22  and 1 924 .  
Art i fi c i a l  l i ght  sou rces were tr ied, 
and the resu l ts fou nd not to d iffer 
with those obta ined with sun l ight. 
(From then on, the acetylene head­
lamp, used at that time on automo­
b i l es ,  became the sta ndard l i ght  
source.) Extended tests were made 
of the  effect of heat var iat ions on 
d ifferent parts of the i nstru ment. 

quirement. A smal l, but persistent positive result kept cropping 
up in the most carefu l ly conducted experimental trials with the 
most powerfu l interferometry apparatus avai lable. 

In  1 9 1 9, the General Theory of Relativ ity gai ned notoriety 
after an astronomical exped it ion to equatoria l  Africa, led by 
S i r  Arthur Eddi ngton, photographed the l i ght from a star oc­
cu lted by the Sun dur ing a total solar ec l i pse. Examination of 
the photographs seemed to suggest a sl ight  bend i ng of the 
path of the starlight around the Sun, consistent with Einstein's 
theory. The scant physical evidence was somewhat out of pro­
portion to the worldwide publ ic ity bl itz that fol lowed its an­
nouncement. 

First Mt. Wilson Experiment 
This was the context for Dayton C. Mi l ler's return to his ear­

l ier experiments i n  i nterferometry, as he describes i n  a 1 933 
review of h is  efforts: 

S ince the Theory of Relativity postu lates an exact nu l l  
effect from the ether-drift experiment which had never 
been obtained in fact, the writer felt impel led to repeat 
that experiment in order to secure a definitive result. An 
elaborate program was prepared and ample funds to 
cover the very considerable expense i nvolved were very 
generously provided by Mr. Eckstein Case of Cleveland 
[Mi l ler 1 933, p. 2 1 7] .  

Albert E instein vis ited Mi l ler at Case o n  May 25,  1 92 1 ,  and 
urged further experimentation. 

Miller's New Hypothesis 
The in terferometer was moved aga i n  to Mount Wi lson i n  

1 924, and set up i n  August a t  a new s i te, less exposed to the 
wind. A series of observations was made in September 1 924, 
and in March-Apr i l  1 92 5 .  Wh i le posit ive resu lts were aga in  
obtained, a new paradox i n  their interpretation arose, the solu­
tion of which led Mi l ler to his fi nal theory of the ether-drift ex­
periment. Calculations based on the effects of the orbital mo­
tion and apparent motion toward Hercules, predicted maximal 
variations in magnitude and az imuth to occur  between Sep­
tember and Apr i l .  These were not detected. 

Mi l ler real ized that an assumption u nderly ing all previous 
experiments with the i nterferometer m ight be inva l i d .  I t  had 
previously been assumed that the Earth's velocity through the 
ether was known; namely, that it was the resu ltant of the or­
bital motion, combined with the motion of the solar system to­
ward Hercu les. What if, i n stead,  the assumption were made 
that we do not know all of the motions which combine to pro­
duce the Earth's absolute motion through the ether? As we do 
know the results observed by the interferometer, however, we 
may take these as the primary data for the purpose of adducing 
the magnitude and d i rect ion of the Earth's abso l ute motion 
through the ether. 

Why had no one thought of th i s  approach before, M i l ler 
wondered ? He wrote: 

The answer is, in part, the fact al ready stated that the 
purpose [of previous experiments] had been the 
verification of certai n  pred ictions of the so-cal led classical 
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Figure 5 
MI LLER'S CHART OF THE APEX OF EARTH'S COSMICAL MOTION (1 933) 

Miller's analysis of the 1 925- 1 926 observations at Mount Wilson, showed the Earth was moving in space at 208 km per 
second, toward a point in the southern celestial hemisphere in the constellation Dorado. The calculated apex of motion is 
at the center of the dotted circle. Starred points indicate the calculated apex of motion at each of the four epochs when 
observations were made. The accompanying stellar map shows the position of Dorado. 

Source: D.C. Miller, 1933. "The Ether-Drift and the Determination of the Absolute Motion of the Earth," Rev. Modem Phys., Vol. 5, p. 232 (July). 

theories; and, in part, that it is not easy to develop a new 
hypothesis, however s imple, i n  the absence of d i rect 
ind ication . Probably a considerable reason for the fai lure 
is the great difficulty involved in making the observations 
at all times of day at any one epoch. Very few, if any, 
scientific experiments requ i re the taking of so many and 
continuous observations of such extreme d ifficu lty; it 
requ i res greater concentration than any other known 
experiment. . .  [Mil ler 1 933,  p. 222] . 

Results from Mount Wilson 1 925-1 926 
The observations at Mount Wi lson of Apri l ,  August, and Sep­

tember 1 925, and of February 1 926 were conducted under the 
new hypothesis. 
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The reduction of the data from th i s  cycle of observations 
was an enormous effort. The records consisted of 3 1 6  pages 
of read i ngs, showing the fri nge d isp lacement at each of the 
1 6  c i rcu l a r  pos i t ions  (az i m uths )  of  the i n te rfe rometer on 
each turn .  A number of i ngen ious geometr ic models were 
constructed to aid in the v i sua l ization and computation of 
the effect. Altogether, 250,000 d isti nct observat ions were in­
volved. 

Mi l ler presented a pre l im inary solution on Dec . 29, 1 925 ,  
in  h is  address as president of  the American Physical Society to 
its Kansas C ity convention. The poi nt on the celest ia l  sphere 
toward which the Earth moves because of its absol ute motion 
is defi ned as its apex of motion. Based on observat ions  
through Sept. 1 5 , 1 925 ,  M i l ler  and assi stants ca lcu lated an  



apex of motion i n  the northern ce lest i a l  
hemisphere o f  r i gh t  ascens ion  1 7  hours 
and dec l ination +65°. 

Fol lowing a fourth observational series, 
made on Feb. 8, 1 926, a l l  of the data were 
subjected to an elaborate reexami nat ion .  
The resu I ts, presented to the  Pasadena  
Ether-Dr i ft Conference, Feb. 4-5 , 1 927 ,  
showed an apex o f  motion  o f  r ight ascen­
sion 1 7  hours and decl i nation +68°-close 
to the 1 925 resu lts. 

Miller's Final Results 
M i l le r  u ndertook a new study of the 

Mou nt W i l son ser ies of observat ions  in 
1 932 .  The poss ib i l ity that the apex of mo­
tion was on the same l i ne, but in the oppo­
site d i rection, was examined, and found to 
be the more probable. The apex fi na l ly de­
term ined  was i n  the southern cel est i a l  
hemisphere a t  r ight ascension 4 hours 54  
minutes and dec l i nation -70°33'. I t  l ies i n  
the conste l l at ion Dorado (Sword F i s h )  i n  
the great Magel lanic Cloud. 

The ca lcu l at ions  con n ected with the  
1 932 re-analysis also permitted, for the  first 
t ime,  an est imate of the  Earth 's  cosm ic  
speed. For each o f  the four  epochs (Feb. 8 ,  
Apri l 1 ,  Aug. 1 ,  a nd  Sept. 1 5) ,  an  apex of 
motion was calculated, once from the data 
for the magn i tude of fri nge d i sp lacement 
(velocity), and once from the record of az­
imuth of the interferometer. From the two 

Courtesy of Case Western Reserve University Archives 

Dayton Miller at the Case School, with the Henrici harmonic analyzer, which he 
used earlier for sound and later for interpretation of interferometer data. 

ap ices, which lay c lose to each other i n  each case, a mean 
apex was der ived for each of the fou r  epochs .  These were 
found to l ie on a small c i rcle on the celestial sphere (Figure 5), 
whose center was taken to be the a l ready reported apex of cos­
mic motion. 

The model in  Figure 6 i nd icates how the estimation of speed 
was made. Depicted are the orbital posit ion of the Earth, at 
each of the fou r  epochs  when i n terferometer observat ions 
were made. The d iagonal of each para l lelogram poi nts to the 
mean apex for that epoch ;  the long side points to the calcu­
lated apex of motion (the center of the c i rcle). The short side of 
the para l le logram represents the known orbital velocity of the 
Earth, of about 30 k i lometers per second. Knowing the d i rec­
tion of three sides of a triangle, and the magnitude of one side, 
a l lows a s imple determinat ion of the magnitude of the other 
sides. By such means, an est imated velocity of 208 k i lometers 
per second toward the southern conste l lation Dorado was ob­
tained. That is M i l ler's estimate of the absolute motion of the 
Earth through the ether. 

The d i rection of motion is with in 6 degrees of being perpen­
dicular to the plane of the ecl i ptic (the plane in which the el­
l iptical motion of the planets occu rs), from which M i l ler con-
jectures: 

This suggests that the solar system might be thought of as 
a dynamic disk which is being pul led through a resisting 
medium, and which therefore sets itself perpendicular to 

the l ine of motion. 
The fact that the sun i s  moving towards the southern 

apex with a velocity of 208 ki lometers per second and at 
the same time is apparently moving, with respect to the 
near-by stars, in the opposite d i rection towards the 
constel lation Hercules with a velocity of 1 9  k i lometers 
per second, ind icates that the group of stars as a whole is 
moving towards the southern apex with a velocity of 227 
ki lometers per second [Mi l ler 1 933, p. 234] . 

A new paradox now arises. By the methods just described, 
M i l l er found a veloc ity of approxi mately 200 k i lometers per 
second for each of the four  epochs .  However, the velocities 
adduced from d i rect observation of the fri nge disp lacements 
are smaller by about a factor of 20. Some additional physical 
assumption is necessary, as M i l ler notes, to account for the re­
duction in observed velocity. Perhaps th is  is to be explained by 
an add itional "drag" on the ether at the Earth's surface, or, per­
haps, by an ent i rely d ifferent hypothes i s .  The question is left 
open. 

An extraord i nary coincidence of phase, in  both the velocity 
(fringe d isplacement) and azimuth curves for a l l  four epochs, 
when they are p lotted aga i nst s i dereal t ime, was noted by 
Mi l ler. The m in ima of the velocity curves occu r  at about 1 7  
hours for a l l  four  epochs. These can be seen i n  Mi l ler's graphs, 
reproduced as Figures 1 and 2 in the accompanying article by 
Maurice Al la is (p. 26) .  The same coincidence of phase among 
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a l l  fou r  epochs was not present when the data were p lotted 
against c iv i l  t ime. Mi l l er took th is as strong evidence for h i s  
conclusion that the orbital velocity is only a smal l  fraction of 
the Earth's cosmical velocity through the absolute ether. (Civil 
time is based on the apparent position of the Sun in  the sky, 
and thus reflects the Earth's orbital motion. Sidereal time is a 
measure of the Earth's rotation against the background of rela­
tively fixed, d istant stars; the Earth's orbit of the Sun is not in- . 
volved .) 

The phase correlation is also strong, almost i rrefutable, evi­
dence of the existence of a real effect, as opposed to a spurious 
or accidental cause. Mi l ler also showed how the orbital com­
ponent was responsible for the flattening of the curves in Feb­
ruary and Apri l ,  and the accentuated m i n imum s ix  months 
later-again a coincidence of theory and observation which is 
difficult to ascribe to accident. 

The Debunkers 
In 1 955, R.S. Shankland of the Case Institute of Technology 

in Cleveland, who had been a research assoc iate of Mi l ler i n  
the 1 932-1 933 reanalysis, reported on a new study of  Mi l ler's 
work by a four-man team which he led . H i s  conc lus ion was 
that 

the smal l  periodic fringe d isplacements found by Mi l ler 
are due in part to statistical fluctuations in the readings of 
the fringe positions in a very d ifficult experiment. The 
remaining systematic effects are ascribed to local 
temperature conditions [Shankland et aI., 1 955, p. 1 67 ] .  

Shankland re-examined Mi l ler's 1 923 laboratory tests on  
the  effect of  temperature var iat ions on the i n stru ment, i n  
which Mi l l er i ntentional ly exposed d ifferent parts of the ap­
paratus to the output of electric heaters. Shankland bel ieved 
that the laboratory records showed "smal l  but certai n  temper­
ature effects," in contrast to Mi l ler's conclus ion. By a sophis­
t icated ana lysis ,  he attempts to prove that it is poss ib le for 
temperature variations to produce regu lar periodic effects. 
Examin ing the carefu l temperature records from Mount Wi l -
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Figure 6 
MODEL USED TO CALCULATE THE 

EARTH'S ABSOLUTE VELOCITY 
Miller's model shows the Earth's orbital po­
sition at each of the four epochs in 7 925-
7 926, when interferometer observations 
were made at Mount Wilson. The parallelo­
grams indicate the Earth's orbital velocity 
(horizontal leg), and velocity of cosmical 
motion. The direction of motion is south, or 
downward. 

Source: D.C. Miller, 1 933. ''The Elher·Drift and the Detennina· 
tion of the Absolute Motion of the Earth," Rev. Modem Phys., 
Vol. 5, p. 234 (July); photo courtesy of Case Western Reserve 
University Archives. 

son, Shankland then concl udes that temperature variations i n  
the exposed shed on Mount Wi lson were the cause o f  the pe­
riodic fr inge d i sp lacements, which M i l ler and h i s  ass istants 
observed. 

By itself, the Shankland study might not be too s ign ificant, 
but it is supported by two other important elements. One is the 
great cred ib i l ity afforded the Theory of Relativ ity, which re­
qu ires as a premise the non-existence of the effects detected by 
Mi l ler. The second, stronger supporting element is the fact that 
the results of a number of other i nterferometry experiments, 
carried out by carefu l and competent investigators contempo­
rary with Mi l ler, produced almost nu l l  resu lts. These were, i n  
summary: 

• An experiment by R.J. Kennedy, using a very sensitive in­
terferometer sealed in hel ium, on Mount Wi lson in 1 926. 

• An interferometer enclosed i n  a vacuum casing, sent up 
by bal loon to an a l titude of 2,500 meters, and l ater taken to 
the summit of Mount Rigi, by A. Piccard and E. Stahel of Brus­
sels in 1 927. 

• An interferometer having an effective l ight path of 25 .9 m, 
mounted in the constant temperature vault of the Mount Wil­
son Observatory, by Michelson himself, with assistance of F.G. 
Pease and F. Pearson in 1 929. 

• An i nterferometer of 21 m l ight path mounted on a quartz 
base (to avoid effects of magnetostriction), i n  a vacuum hous­
ing with photographic registration, by Georg Joos at lena i n  
1 930. 

(The l ight path of Mi l ler's apparatus was 32m.)  
To account for the almost zero d isplacements found in these 

varied attempts, Mi l ler noted that in a l l  these experiments, the 
interferometer was enclosed either in metal casings, or base­
ment rooms of laboratories, or both. " If the question of an en­
trained ether i s  involved in the investigation, it wou ld seem 
that such massive and opaque sh i e l d i ng  is not j u stif iab le"  
(Mil ler 1 933,  p .  240) . He also noted that none of the other ex­
perimenters conducted observations over a suffic iently ex­
tended time period to be able to detect epochal variations. 

In  1 959, Maurice Al la is  commented on the Shankland pa­
per: 



However, this criticism does not account for the 
extraordinary consistency of Mi l ler's results with the 
motion of the earth about the sun (see Figs. 23 and 28 of 
his paper, pp. 232, 237) .  S imi larly, it does not account for 
the remarkable adjustments with phases which agree with 
sidereal time, as shown on p. 235 of h is  work. It also 

. leaves out the agreement between Mi l ler's and 
Esclangon's resu lts . . .  [Al lais 1 959] . 

Science and U ncertainty 
As d ifficult as it is to prove with absolute certainty (without 

more experimentat ion) that Mi l ler's resu lts a re real ,  and not 
spurious, it is worth considering that the opposite case, an ab­
solutely null result, as requ i red by Einstein's theory, is far more 
difficult to establ ish with certainty. It is, first of a l l ,  in the nature 
of th ings that nothing is very d i fficu lt to prove, and for such 
reasons, we do not requ i re a crim i na l  defendant to prove his 
innocence, but rather put the burden on the other s ide to es­
tablish gu i lt. 1 2  

The u ncerta inty in  connection with Mi l ler 's observations 
does not at al l  d im in ish their importance; qu ite the opposite. 
The experimental detection of very sma l l  deviations from an 
expected result is the very heart of science, and the foundation 
of its progress. It is always attended by uncertainty. 

Kep ler's determi nation of the very s l ight deviation of the 
Earth's orbit from a perfect c i rcle is a case in point.1 3 A statisti­
cal analysis of Tycho B rahe's data, combined with considera­
tion of the effects on h i s  meta l l ic i n struments of the horribly 
cold winter n ights on the is land of Hven, i n  Denmark, can pro­
vide plausible grounds for ignoring the t iny angular deviations 
on which the whole of Kepler's astronomy rest. The d ifference 
between the major and m i nor  ax is  of the e l l i pse, which,  as 
every school chi ld is taught, constitutes the Earth's orbit around 
the Sun, is about one part in one thousand.  It is not visible to 
the naked eye in a scale d rawing, nor wou ld it be in a time­
lapse photograph taken from a spacecraft hovering above the 
d i sk of the solar system.  A test by reproduc ib i l ity was not a 
poss ib i l ity. I n  short, the experimental grounds for Kepler's as­
tronomy were not va l id  at the t ime he developed it, by the 
standards many scientific authorities wou ld  wish to apply to­
day! The same app l ies to many of the most important d iscover­
ies in the history of chemistry, the proof of which rested on ex­
tremely fi ne measurements, at the edge of uncertainty, with a 
precis ion balance. One cou ld  start with Anto ine Lavois ier's 
early work in  determin ing the m inute impurities present in  wa­
ter, for a case study. 

Scientific d iscovery has never been the surefire certainty that 
textbooks and popular commentaries so often portray. Like a l l  
creative exercise of the mind, i t  i s  fi l led with uncertainty, am­
bigu ity, subjectivity .  I t  i s  a lways an  uph i l l  battle, too often 
amidst great adversity. Matters here are not decided by major­
ity vote, popu lar opin ion, or consensus. The t imid, the faint­
hearted, the seeker of praise, of publ ic approval ,  or recogn ition 
with in  h i s  l ifet ime had best stay away. I f  th is  d isqual ifies the 
vast majority of ou r  cu rrent crop of, even h igh ly  decorated 
academic special ists, so be it. 

The Contribution of Maurice Allais 
The beauty and gen ius of M. Al lais's work in physics is that 

he recognizes the necessary existence of an anomaly in our  

understand ing of  the propagation of  l ight, and at  the same time 
seeks to d iscover its mean ing by extend i ng the investigation 
into the necessari ly related rea lm of gravitation. In this issue, 
we are, regretfu l ly, l i m ited to a presentat ion of h i s  u n ique 
analysis of  the Dayton Mi l ler experiments. I n  futu re, we hope 
to be able to present the rest. 

A brief overview of Al la i s ' s  scientific work is found in the 
box accompanying his a rt icle, p. 26. To put it i n  a nutshe l l :  
Al lais found that anomal ies in the motion o f  the Foucault pen­
du lum,  and i n  a pendu l u m  of an addit iona l  degree of rota­
tional freedom (paraconical), exhibited a periodic character in­
explicable by accepted gravitational theory. He d iscovered an 
identical periodicity in the anomal ies found in reciprocal opti­
cal sightings made by two theodol ites, a l igned on north-south 
axis, and thus he establ i shed a lawful connection between the 
separate domains of mechan ics and optics. Th is led to the pro­
posal for experimental verification of the hypothesis that s imul­
taneous observations of the paracon ical pendu lum, the recip­
rocal theodol ite s ightings, and the Michelson interferometer 
would lead to a coincidence of effects. M. A l lais, age 86, has 
not yet enjoyed the opportun ity to see his prediction tested. 

Related I nvestigations 
Dayton M i l ler provides a summary, i n  h i s  1 933  report, of 

some of the related investigations, which he regarded as show­
ing evidence of a cosmical motion s imi lar to that he detected . 
They might, alternativel y, be interpreted from A l l a is's stand­
point as evidence of an optical anisotropy of space. 

At the same t ime that M i l l e r  was conducti ng h is experi­
ments, the d i rector of the Paris Observatory, E .  Esclangon, 
made extensive studies of periodic deformations i n  the Earth's 
crust (Earth tides). These suggest a motion of the solar system 
in the plane cutt ing through the s idereal t ime mer id ian of 4 
and 1 6  hours. Esclangon a lso studied anomal ies in the reflec­
tion of l ight which, he concluded, was evidence of an "optical 
dissymmetry of space" around an axis lying in the plane of the 
merid ian of 8 hours and 20 hours .  A l l a i s  a lso references Es­
clangon's work. 

Observation of the i ntensity of cosm ic  rays at the t ime of 
M i l ler 's work showed a defi n i te max imum i n  the s idereal 
meridian of 5 hours and 1 7  hours .  Studies of galactic motions, 
and anomal ies in astronomical observations are also cited. Fi­
nal ly, the work of Karl Jansky at Bel l  Telephone Laboratories in 
1 933 showed a h iss ing sound in  shortwave rad io reception, 
coming from a cosmic d i rection i n  the sidereal meridian of 1 8  
hours. 

A systematic review of more modern work is not avai lable to 
us. The recent observations of astronomers Nodland and Ral­
ston are worth noti ng . 1 4 By studying the rotation of plane of 
po larization of rad iowaves from d i stant cosmic sources, an 
anisotropy is adduced. The axis of an isotropy l ies in the d i rec­
tion between conste l lation Aqu i l a  and Sextans at right ascen­
sion 21 and 7 hours ±2 and decl i nation 0° ±20°. Th is might be 
considered as perpendicular to the apex of cosmic motion de­
termined by Mi l ler. 

Laurence Hecht, an associate editor of 2 1  st Century, is in 
the fifth year of a 33-year prison sentence imposed by the 
Commonwealth of Virginia. He was sentenced by jury trial in 
January 1991  in the aptly named venue of Salem, Virginia, as 
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part of a nationwide witch-hunt against leading political asso­
ciates of Lyndon H. LaRouche, Jr. All appeals have been de­
nied. A worldwide campaign is under way for the exoneration 
of  LaRouche and the release of  Hecht and four other 
LaRouche prisoners, all serving long sentences arising from a 
politically motivated frame-up. For more information and to 
find out what you can do to help, contact the Schiller Insti­
tute, P. O. Box 20244, Washington, D.C. 2004 7,  Tel. (703) 
777 -8390. 

Notes------------------------------------------------
1 .  A. Fresnel, "Memoir on the Diffraction of Light," in Henry Crew, ed., The 

Wave Theory of Ught (New York: American Book Co., 1 900) p. 1 1 6. 
The Huygens-Leibniz conception of propagation as a self-reproduc­

ing phenomenon is considerably more sophisticated than many later de­
fenders of the wave theory recognized. Modern discussion of the issue 
tends to focus on two other problems: the existence, or non-existence of a 
transmitting medium, and the question of wave versus particle. Whichever 
alternative is chosen, the problem of what occurs in between transmission 
and reception is usually subjected to an overly close shave with Occam's 
razor. The assumption of a linearly continuous action is introduced, ignor­
ing the fact that the whole power of modern optics rests on Fresnel's 
recognition of the efficient power of a non-linear, self-reproducing mode of 
propagation known as Huygens's Principle. 

2. Laurence Hecht, ''The Atomic Science Textbooks Don't Teach: The Signif­
icance of the 1 845 Gauss-Weber Correspondence," 21st Century Science 
and Technology, Fall 1 996, pp. 2 1 .  

3 .  Bernhard Riemann, "Philosophical Fragments," and excerpts from "On the 
Hypotheses Which Lie at the Foundations of Geometry," in 21st Century, 
Winter 1 995-1996, p. 50. 

. 

4. Present approved history of physics is premised on an oft-repeated histor­
ical fraud concerning Maxwell's alleged contribution to the interpretation of 
Weber and Kohlrausch's 1 854 determination of the Weber constant (what 
is today, mistakenly, referred to as the ratio of the electromagnetic to the 
electrostatic unit of action). In a letter to his brother in 1 853, Riemann, who 
would assist at the classic experiment the next year, had already predicted 
the identity of the velocity of light with the velocity of propagation of elec­
trodynamic action. Weber, preceded in publication by Gustav Kirchoff, 
demonstrated by 1 857 the theoretical propagation of an electric wave in a 
conducting wire at the velocity of light. The solution of the problem of a 
unified conception of gravity, electricity, and magnetism, on which Rie­
mann and associates labored, was not advanced, but set back, by the ac­
ceptance of Maxwell's mechanistic reductionism. 

5. E.T. Whittaker, A History of the Theories of the Ether and Electricity. 
6. Michelson's experiment was the second serious American challenge to 

British scientific authority in the period. The first was the 1 879 work of Ed­
win Herbert Hall and Henry Augustus Rowland in discovering the trans­
verse electrical force known as the Hall effect. Hall's report of the discov­
ery in "On a New Action of the Magnet on Electric Currents," (Am: J. 
Math., Vol. 2, p. 287, 1 879), describes his and Rowland's doubt over the 
truth of Maxwell's assertion that a magnet acts "not on the electric current 
[in a wire], but on the conductor which carries it." Their experiment proved 
Maxwell in error, and established the existence of a force on an electric 
current, acting perpendicular to the direction of its flow, when the current is 
moving in a plane perpendicular to the line connecting the north and south 
poles of a magnet. 

7. To find the difference in the two paths aba and aca, Michelson shows in 
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his 1 887 paper: 

Let V = velocity of light 
v = velocity of the earth in its orbit. 
o = distance ab or ac, fig. 1 .  
T = time light occupies to pass from a to c. 
l' = time light occupies to return from c to a' , (Fig. 2). 

o 0 
Then T = V-

v
' 1'= V+v

' The whole t ime of going and coming is 
V V 

T+1'=2D V2_ V2 ' and the distance traveled in this time is 20 V2_V2' = 

20 ( 1 + �: ) , neglecting terms of the fourth order. The length of the 

other path is evidently 20 �1 + �:, or to the same degree of accuracy, 

( V2 ) v2 
20 1 +2V2 . The difference is therefore 0 1j2. If now the whole 

apparatus be turned through 90°, the difference will be in the opposite 
direction, hence the displacement of the interference fringes should 
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v2 
be 20 Ij2 ConSidering only the velocity of .the earth in its orbit, this 
would be 20 x 1 0-8. If, as was the case in the. first experiment, 0 = 2 
x 1 06 waves of yellow light, the displacement to be expected would 
be 0.04 of the distance between the interference fringes [Michelson 
1 887, p. 336]. 

8. C. Seegers, 1 864. "De motu perturbationibusque planetarum secundum 
legem electrodynamicam Weberianam solem ambientium" (Giittingen). 

F .F .  Tisserand, 1 872. "Sur Ie mouvement des planetes ,autour du . 
Solei I d'apres la loi electrodynamique de Weber." (Paris:. Compt rend.,. " 

Sept. 30). , ' . "
. . " ' : •. .. : . >''-' 

9. Hecht, op. cit. 
. . .  . 

.
'

. ,� • . ' :,: .
' ,: . . 

10 .  For an English translation:cif the relevant correspondence, see 21st Cen- . .  
tury Science & Technology, Fall 1 996, pp. 41 -43 . . '. . 

. . 

1 1 .  C.F. Gauss, 1 832. Intensitas vis magneticae terrestris ·ad mensuram ab, 
solutam revocata. Unpublished English translation. 

. 

1 2 .  The difficulty of experimentally verifying a nul l  result has an important 
precedent in the history of modern physics. When Wilhelm Weber set out 
to establish the validity of Ampere's angular electrodynamic force, he 
noted as a weakness of Ampere's case, that his experimental evidence 
rested on null results, the non-appearance of movement in certain configu­
rations of current-carrying wires. Weber noted that it were possible that ef: 
fects, such as friction, might be masking very small forces which Ampere 
had not considered. With the help of Carl Friedrich Gauss, Weber was 
able to design an experiment which measured the electrodynamic interac­
tion with such precision that the Ampere angular force could be estab­
lished through positive evidence. 

See Wilhelm Weber, 1 846. "Elektrodynamische Maasbestimmungen: 
uber ein allgemeines Grundgesetz der elektrischen Wirkung" in Wilhelm 
Webers Werke (Berlin: Julius Springer, 1 893) Vol. 3, pp. 25-214. Unpub­
lished English translation by Susan P. Johnson. 

1 3. Pedagogical series by Jonathan Tennenbaum, "How Gauss Determined 
the Orbit of Ceres," in The New Federalist newspaper, beginning in De­
cember 1 997. 

14. See David Cherry and Charles B. Stevens, "Does Light Travel Faster in the 
Earth-Sextans Direction?" and interviews with Nodland and Ralston in 
21st Century, Summer 1 997, p. 72. 
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Since the da wn of the space age, nations have 
lofted satellites into space from launch sites 
on land. Soon, for the first time, satellites will 
also be reaching space from the sea. 

The way to space began i n  1 957 ,  from the Earth's sur­
face-a surface i n  the true sense of the word, from the 
h ard so i l of l a nd .  Later, i t  was proposed that space 

launchers be l ifted into the air by a irplanes before their launch 
into space, and it seemed logical that rocket launchers should 
be started in the sky, closer to space. 

However, when a recent project was proposed, to put to 
sea a launch site for a large rocket i ntended for geostationary 
sate l l ite i njections, th i s  project was met with aston ishment, 
and ra i sed quest ions  not on l y  from the general pub l ic, but 
also from some specia l ists. The proposal i n  question i s  the in-

Artist's drawing of the launch of 
a Zenit rocket from the Sea 
Launch platform. In the back­
ground is the rocket Assembly 
and Command Ship. 

ternationa l  Sea Launch project, 
wh ich  is now in the process of 
fi na l  imp lementat ion .  Sea 
Launch w i l l  use the U kra i n ian­
bu i l t Zenit three-stage launch ve­
h ic le ;  a float ing, self-propel led 
launch p latform converted from 
a former o i l -dr i l l i n g  p l atform; 
and a specia l  command sh ip for 
launch control (see i l l ustrat ion) .  
I ts first commercia l  launches are 
schedu led for October 1 998.  

Sea Launch is not the only pro­
posal for us ing the sea as a base 
for space launchers. Two years 
ago, the Russian/American "Surf" 
project was near to real ization, 
but was halted for po l it ical rea­
sons .  The San  Marco floati ng 
p latform, from which the Ital ians 
launched their suborbital Scout 
rockets many years ago, is sti l l  in 
the sea near the coast of Kenya, 
and the Russian bui lders of sub­
mar ine- l aunched ba l l i st ic  m i s­
s i l es ( SLBMs )  cont i nue  to pro­
pose conversion of their m issi les 
i nto space launchers, and have 
launched one such miss i le along 
a su b-orb ital trajectory, w i th a 
scientific payload. 

'5 Why launch from Sea? 
c: j I n  order to u nderstand the 
ill prospects for rea l i z ing  the " into 
Cf) space from the sea" concept, it is 

necessary to examine its advan­
tages in comparison with the ground- and a i r-basing of space 
lau nchers . lau nches of ba l l i s t ic  m i ss i les  and ,  l ater, space 
launches, have been traditional ly  considered dangerous work, 
not on ly for the personne l  i nvolved i n  their preparation and 
operat ion, but a l so for the reg ions s ituated near the launch 
sites. Two recent d isasters i n  Ch ina, where a number of peas­
ants were k i l led when Long March lau nchers fai led, unfortu­
nately confirmed this danger. 

There i s  danger near a launch s i te in the i n it ia l  part of the 
trajectory, and a l so with the descent of the spent m i ss i le  or 
launcher stages, after its burn ing  i s  completed . For example, 
dur ing the recent (March 4, 1 997)  first launch from the new 
Russian Svobodny cosmodrome i n  the Far East, one of the Start 
launch veh icle's stages landed near the Yakut settlement. Only 
the fact that no bu i ld i ng (to say noth ing about people or ani­
mals), was in th is spot, has apparently prevented the Yakuts 
from receiving their first space revenue in the form of compen-
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sation from the Russian Mi l itary Space Forces. The Yakuts have 
brought a lawsuit. 

For safety reasons, bui lders of missi le test ranges and launch 
sites, or cosmodromes, always chose deserts or seas as the re­
gions over which rockets should fly. Deserts have the advan­
tage that after any fai l u re, hardware can be eas i ly  found and 
exami ned, in order to determ i ne the reason for the fa i l u re. 
However, the problems of equ ipment deliveries, infrastructure, 
astronaut rescue, and so on ,  a re more d i ff icu l t  to solve i n  
desert regions than in the sea. So, from the point of view of op­
erat iona l  safety, a cosmodrome opt i ma l l y  shou ld  be su r­
rounded by a sea, which extends sufficiently in the direction of 
flight to provide for safety from jettisoned rocket stages. 

The U n ited States, hav i ng placed its fi rst cosmodrome at 
Cape Canavera l ,  is l uck ier than the former Soviet U n ion ,  
which had no su itable lau nch location su rrounded by a sea. 
The U n ited States had fu rther advantage when i njections of 
geostationary payloads were begun, because Cape Canaveral 
was c loser to the equator than the Soviet Ba ikonur Cosmo­
drome. A sign ificant add ition of injected payload mass is pos­
s i b l e  if the space lau nch has low i n c l i nat ions from near­
equatorial latitudes. 

Some countries, however, have no territory or colonies near 
the equator. Why cou ldn't such an unhappy country, which 
has powerfu l geostationary launchers, but no near-equatorial 
cosmodromes, use the cosmodromes of other countries under 
cooperative arrangements, partnersh ips, or s imply by leas ing 
of fac i l ities? This wou ld seem to be a better solut ion than the 
development and manufactu ring of compl icated special sh ips 
for sea lau nches, or even a i rplanes, to be used as mobile a i r­
launch sites. 

There are two important factors i nfluencing this sol ution in 
the present political-economical environment: F i rst, is compe­
tit ion, and an unwi l l i ngness on the part of the countries that 
have rocket technologies, to spread such technologies. It is d if­
ficult to imagine the construction of a launch site for any com­
peting geostationary launcher, side by side with the European 
Ariane launch s ites at Kou rou, French Guyana, for example, 
with the perm ission of the French authorities. Even a proposal 
for the construction of a launch site at Cape Canaveral, for the 
Russian Proton launch veh icle, which is now being marketed 
in a business partnership with Lockheed Martin, was wrecked 
in a sea of proh ibitions and coordination agreements. 

S imi larly, a proposal to use the Braz i l ian AI Cantara launch 
range for commercia l  purposes met with the accusation that 
rocket technologies were being transferred for m i l itary pur­
poses. The underlying opposition apparently, was the unwi l l ­
i ngness of certai n  space interests ( inc lud ing the U .S .  Depart­
ment of State) to foster the creation of a new, competing launch 
faci l ity. In  addition, the AI Cantara site does not yet have infra­
structure sufficient for commercial launches. 

There are s imi lar concerns about the new cosmodromes be­
ing  created at Cape York near Darw in  i n  Austra l ia ,  and i n  
Papua New Gu inea. Many hundreds of m i l l ions o f  dol lars, if 
not b i l l ions, wi l l  be requi red to upgrade these sites to cosmo­
dromes operating at a level that can attract international cus­
tomers. 

The second factor m i l itat ing agai nst the use of thi rd-coun­
try lau nch fac i l it ies, is that the lead ing technological coun­
tries have a l ready accumulated vast experience in the devel-
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opment, manufactu ri ng, and operat ion of mobi le  platforms 
for launches of long-range bal l istic and cru ise m iss i les .  Some 
of these sea carriers seem su itable for use as mobi le cosmo­
dromes because, as i s  wel l known, a majority of space-launch 
vehic les were derived from bal l istic missi les, and some of the 
recent bal l istic missi les, inc luding even Submari ne Launched 
Ba l l i st ic M iss i les (SLBMs), recent ly became comparable tp 
space- launch vehic les of the l ightweight c l ass, in mass and . I size. 

There have been n u merous projects to convert ba l l ist ic 
missi les to launch veh icles, mostly in  Russia and Ukraine. Af­
ter the Soviet Un ion col l apsed, these countries had an abun­
dance of excess a rmaments, and a great lack of money to 
support their economies. 

One solution proposed was the convers ion of bal l i stic mis­
s i l es i nto commerc ia l  space l aunchers. I t  i s  clear that there 
are sufficient grounds to justify the development of sea-based 
space launchers. It is a lso clear that, between Russia and the 
Ukra ine, Russian engineers are better qual ified, by reason of 
the i r  experi�nce, and techn ical capab i l i t ies, to create these 
launchers, because the i r  Ukrain ian rocket/space col leagues 
never developed SLBMs. 

Rocket Launches from the Air 
Before examin ing the Russian capabi l ities to provide space 

launches from the sea-and before answering the question of 
why the Ukra i n ians a re tak ing part i n  such launch prepara­
t ion-it i s  necessary to exam i ne whether a i r-based space 
launchers cou ld compete with sea-based launchers, and if not, 
why not. 

As is wel l known, the former Soviet Un ion had land-based 
i ntercont inenta l  ba l l i s t ic  m i s s i l es ( IC BMs) ,  in add i t ion  to 
SLBMs. After the end of the Cold War, some projects to con­
vert the ICBMs to a ir-based launchers were developed; for ex­
ample, the Shtil MA and the "Space Cl ipper." There was also a 
project to use the strategic superson ic  TU-1 60 bomber for an 
a i r  launch of cru ise-m issi le-derived technolog ies, the Burlak 
project. In  add ition, there were non-convers ion projects of air­
launched aerospace vehicles, l ike the old Spi ral project, or, its 
modern version, MAKS. 

However, the post-Soviet countries, i nc lud ing Russ ia and 
U krai ne, had no money to deve lop new projects l i ke the 
MAKS, and a l l  of the projects for converting ai r-based launch­
ers had one mutual shortcomi ng: These former ba l l istic mis­
s i les cou ld  only be converted i nto launch vehicles of a l i ght­
weight class. Although they had been designed to carry heavy 
m i l itary payloads, these miss i les were requ i red on ly to reach 
sub-orbital flight, in order to hit a target on Earth . They had no 
capac ity to i nj ect payloads i nto geostat ionary orbit (G EO), 
wh ich is the orbit req u i red for commun i cat ions and other 
commerc ia l  sate l l i tes .  In order to be ab le  to compete with 
ground-based launch s ites, it was necessary to use a sign ifi­
cantly larger, and more powerfu l ,  air carrier that cou ld  l ift a 
heavy geostationary launcher i nto orbit. 

Most l ightweight payloads, however, such as Earth remote­
sens ing  sate l l i tes, need to be i njected i nto low-Earth orbits 
(LEOs), which inc lude near-polar and high- incl i nation orbits. 
Therefore, for such low-Earth orb i ts ,  the prox im ity of the 
launch s ite to the equator, wh ich is poss ib le with a launch 
from an airplane, does not provide any significant advantage. 



Figure 1 
DESIGN FOR THE AIR-LAUNCHED ZEN IT 

of t h i s  vers ion  were un ­
derstandab le .  A l though 
t he  V-2 was a n  i m preg­
nab le  weapon (an t i -a i r­
c raft defen se cou I d  not 
intercept bal l i stic missi les 
at that t ime), the Germans 
h ad no poss i b i l i ty of u s­
i ng  it agai nst remote tar­
gets because its range is 
very l i m i ted-at most, 
200 mi les. Although the Ukrainians proposed that their Mria plane would be able to air-launch the Zenit 

rocket, there were doubts that this could be done successfully. However, the Germans 
had a means which cou ld 
assist them in stea l i ng up 
on remote ta rgets-the 

Source: Courtesy of 0le9 Sokolov 

U kra ine  has a la rge, powerfu l carr ier, the l a rgest i n  the 
wor ld,  the Mria cargo p lane, which i s  being developed and 
bu i l t  in K iev by the Antonov company. ( /t shou ld be noted 
that Ukra ine  was, and is ,  more i n terested in "cosmodrome­
less" space lau nches, because it has no cosmodromes at a l l ,  
although its m i ss i le/space industry has s ign ificant capacities 
and experience, and cou ld  be a sou rce of national income.) 
The Mria would be able to l ift the fueled, Ukraine-bu i lt Zenit 
lau ncher. The addit ion of the Russian B lock-D upper stage, 
gives the Zen it a geostationary i njection capacity. 

Such a concept had been developed (F igure 1 ), but its real­
izat ion was in dou bt ,  because a hor izonta l  l au nch of the 
near-sOO-ton Zeni t  rocket from the "back" of a giant a i rplane, 
wou ld create non-calculated side overloads and other condi­
t ions, which were not foreseen in the design of the exist ing 
Zenit. 

The number of mod ifications requ i red for a i r- launching the 
Zenit wou ld be so great, that i t  wou l d  have been s i mpler to 
create the all new MAKS project, using the same a i rplane and 
a new, reusable aerospace veh icle. But, unfortunately, neither 
Ukraine nor Russia had the money to realize this new project. 
They could only consider using existi ng (developed and tested) 
hardware. Because of th is ,  the U kra i n i ans were forced to in­
volve thei r  Zen it i n  the unknown (for 
them) fie ld  of sea- l aunch  techno lo­
g ies ,  wi th wh ich  the i r  Russ i an  co l ­
leagues were fami l iar because of the i r  
experience with mi l itary technology. 

Launching Missiles from the Sea 
The h istory of rocket launches from 

water begins with the German rocket 
pioneers of the 1 920s and 1 930s, who 
launched their experimental rockets in 
1 93 3  from a raft, f loat i ng, for safety 
reasons ,  in the Shwi  lov Lake, near  
Ber l in (see photo). 

submarine. Germany very successfu l ly  used its submarines, or 
U-boats, during both World Wars, and its submarine technolo­
gies were then the most advanced i n  the world. Of course, the 
idea of a synthesis of these two most advanced weapons came 
into the minds of the German engineers. 

For a submarine-based V-2 ,  the miss i le would be housed in 
a separate pressurized conta i ner to be towed by the subma­
r ine in a submerged pos i t ion with bal l ast c i sterns. Before a 
launch, this contai ner wou ld be transferred to a vertical pos i ­
t ion by a part ia l  fi l l i ng  and d ra i nage of the ba l l ast c isterns. 
Then the missi le wou ld be fueled from the submarine, through 
flexible pipel i nes passing to the container, together with a tow 
rope. The containel- with the fueled miss i le wou ld be raised to 
the surface of the water so that its top l id  was above the sur­
face. The l id wou l d  be opened,  and  a m i s s i l e  wou l d  be 
lau nched by a command tran sm i tted from the submar ine 
through a cable. 

Some experiments were performed in the Balt ic Sea at the 
end of World War I I, but the Germans d id not solve their main 
problem : the production or storage of l iqu id oxygen for the V-
2, on board a submarine. Because of this, the sea-launch tech­
nology was not adopted by the Al l ies, inc lud ing the Russians, 
after the war. But it was not forgotten.  

Modern bal l i stic miss i le h i story and 
the evolut ion of space launchers be­
gan with the wart ime  German V-2 ,  
and the h istory of sea-launched bal l is­
tic m iss i les a l so had its or ig i n in the 
development of the sea version of the 
V-2 . The reasons for the development 

Courtesy of 0le9 Sokolov 

The first test launch of a rocket from the sea was carried out in 7 933 by the amateur 
German Rocket Society, seen here. 
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The time of real SLBM development came i n  the 1 950s, but 
d ifferent methods were used in the Soviet Un ion and Un ited 
States. Neither country adopted technology s imi lar to the Ger­
man V-2, although the Soviet technology was closer to it, per­
haps because the Russian engineers began to develop a SLBM 
somewhat earl ier than their American col l eagues. Let us see 
what experience and techno logies were at the d i sposa l of 
Russian engineers in th is  f ield, after the mu lt i-year develop­
ment of SLBMs for the Soviet Un ion. 

In  the early 1 950s, the R-1 1 tactical bal l istic m issi le was de­
veloped in the Design Bureau of Sergei P. Korolev, who is well 
known as the father of the fi rst ICBM, the first space launcher, 
the first artific ia l  satel l i te, the fi rst manned spacecraft, and so 
on. At that t ime, however, Korolev was only the author of the 
Russian R-1 (wh ich was a copy of the V-2), and its improved 
R-2 version. The R-1 1 m issi le was the Russian replacement for 
these German/Russian designs. 

Anyone who wou ld  l i ke to see the R- 1 1  in action, should 
take a look at a fi lm about the 1 99 1  Gu lf War: The Scud mis­
s i les were d i rect descendants of the R- 1 1 ,  w i th on ly  a few 
changes, thanks to the rel iab i l ity and relatively s imple design 
of this missi le. With one chambered rocket engine burning n i­
tric acid and kerosene, this miss i le covered approximately the 
same range as the V-2, but had on ly half the mass. The R-1 1 
was designed for mobi le basing on a tracked transporter; con­
sequently, it was su itable for other kinds of mobi le basing, in­
c luding i n  the sea. 

The development of the R-1 1  sea version (R- 1 1 MF) was per­
formed under the personal management of Korolev, who even 
took part i n  test launches from a submari ne. Why was a sub­
marine selected as a sea carrier for a missi le? For the same rea­
son that it had been selected by the Germans: The Soviet Navy 
never had the capacity to come near enemy coasts with sur­
face s h i ps i n  wart ime, because, l i ke the G erman Navy of 
World War I I , it had no a i rcraft carriers which cou ld defend 
these ships. 

The R-1 1 MF was housed vertically inside a missile tube that 
passed through the h u l l  and house of a submar ine .  These 
mass-produced submarines had two or three missi le tubes. In i­
t ial ly, m i ss i les cou ld be launched only when the submarine 
was on the surface. A missi le was loaded into the submarine in 
an u nfueled condit ion. Later, i n  a harbor, the rocket was fu ­
eled. Before a launch, the miss i le  was pu l led out of the tube 
and fastened by a special device, in order to keep it in position 
during pitching or rol l i ng. During the launch of a missi le, this 
device was opened automatical ly. Because of its shape in the 

(5) A 30-foot 
diameter 
anchor 
reduces 
heave. 

( 1 )  Dolphin is shipped to launch site. 

(2) Mud tanks are flooded, lowering the 
stern to water level. 

(3) As the boat pulls slowly ahead, the 
Dolphin slides down the roller ramp 
into the water. 

(4) A g,OOO-pound ballast unit is 
lowered to make the rocket 
erect. 

(6) The Dolphin 
stabilizes in 
launch-ready 
pOSition. 

(7) Ballast and lines 
are released at the 
time of engine ignition. 

Figure 2 
SCHEMATIC OF THE PROPOSED 

DOLPHIN LAUNCH 
The Dolphin rocket was to be launched from a free­
floating stabilized position in Hydra, a 1 960s American 
sea-launch project that was never carried out. 

Source: Courtesy of Oleg Sokolov 

opened posit ion, the device received the n ickname, "horns 
and hoofs." 

The first launch of an R-1 1 MF, from aboard a B-67 d iesel 
submarine, took p lace on Sept. 1 6, 1 955 .  Th i s  was the fi rst 
launch in the world of a bal l i st i c  m i ss i l e  from the sea (see 
photo). Some time later, the R-1 1 FM version with an underwa­
ter launch was developed. 

Courtesy of Oleg Sokolov 

The underwater version of the Soviet ballistic missile, the R- 1 1, is readied and launched from a Soviet submarine. 
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Figure 3 
THE FAMILY OF SOVIET SU BMARI NE-LAUNCHED 

BALLISTIC MISSILES 
From left: the R-2 1 (SS-N-5), the RSM-25 (SS-N-6), the 
SS-NX- 1 3, the RSM-45 (SS-N- 1 7), the RSM-50 (SS-N-
1 8), and the RSM-54 (SS-N-23). 

Source: Courtesy of 0le9 Sokolov 

Figure 4 
TYPHOON NUCLEAR SUBMARI NE 

The Typhoon submarine carries 20 RSM-52 missiles. 
The largest SLBM in the world, weighing about 90 tons, 
was designed for the giant Typhoon-class submarines. 

Source: Cou·rtesy of 0le9 Sokolo
·
v 

( 1 )  Landing ship of 
the Ivan 
Rogov class 

(3) Launch vehicle evac­
uation and 
vertical positioning 

Figure 5 
THE SEA-BASED SURF LAU NCH SYSTEM 

L ike the 'U.S.-designed Hydra Project, the Russian Surf 
concept fires thi /rocket directly from the water. A I­
tho�gh this i$ ,:!ore

. 
gifficult �i§ln firing from a ship, it 

avoIds �he terms of the,Strategle Arms Reduction Treaty. 

Source: Courtesy of 0le9 Sokolov 

At approximately the same time in the Un ited States, devel­
opment began of the Polaris SLBM. This became the first real 
battle SLBM, but was less l i ke future sea space launchers than 
the R-1 1 FM. From 1 960 to 1 975 ,  the Americans also devel­
oped the German concept of sea launch in their HYDRA pro­
gram. Indeed, it is suffic ient to look at Figure 2, to see the l ike­
ness. It is a towed container, which was transferred to a vertical 
pos it ion by bal l ast c i sterns before the launch of a sound ing 
rocket ( i nstead of a ba l l i st i c  m iss i l e ) .  The launch itself was 
commanded by a cable from a tow sh ip  ( i nstead of a subma­
r ine) .  The ma in  d i fference was the use of a sol id-prope l l ant 
rocket, which avoided an in-water fue l i ng or pre l iminary fuel­
ing of l iquid propel lant. 

A l l  Russian SLBMs after the R-1 1 MF were designed in the 
Design Bureau for Mach ine-bu i ld ing, s i tuated in the town of 
Mi ass, i n  the U ra l s .  T h i s  Des ign B u reau was headed by a 
young assistant of Korolev, Viktor P. Makeev. (When Korolev 
proposed making Makeev the chief of a newly establ ished sub­
sidiary in Miass, Makeev dec l i ned the appointment, saying that 
he would depart only to become the ch ief designer of an inde­
pendent design bureau.  Th i s  requ i rement was met, and Ko­
rolev made no mistake, because Makeev played a bri l l iant role 
in h is  new post. 

Under Makeev's management, a range of Soviet SLBMs was 
developed. Mostly two-staged, they had many i nteresting fea­
tures. For example, the miss i l e  designated the SS-N- 1 3  i n  the 
West, was designed especia l ly  for h itting ai rcraft carriers, and 
had a radar homing warhead . However a l l  the SLBMs had a 
general mutual feature-they used l iqu id propel lants, i n  con­
trast with the sol id-fueled SLBMs of the Un ited States. i l l ustra­
tions of some Soviet SLBMs are shown i n  Figure 3 .  

The  design o f  the f i rst Sov iet sol id-prope l l ant  SLBM,  the 
RSM-52 (SS-N-20 by the Western designat ion) ,  was fi n ished 
j u st after Makeev's death i n  1 9 85 ,  by h i s  successor, Igor I .  
Vel ichko. Th i s  SLBM, t h e  la rgest i n  t h e  world ( lau nch mass 
was about 90 tons), became a weapon of the giant Typhoon 
class submarines, which had a d i sp lacement of about 24,000 
tons (Figure 4). 

Vel ichko became widely known, not as a designer of th is  
SLBM and the RSM-54 (SS-N-23), or the more advanced l iquid 
propel lant SLBM that fol lowed it, but because he was the first 
to propose using h is  SLBM m issi les as space launchers. 

Attempts to Convert Missiles to Launchers 
At the end of the Cold War, the Soviet Un ion rap id ly  ap­

proached its col l apse. Most of the m i l itary industry's design 
bureau managers searched for commerc ia l  app l i cations for 
their products, in order to remain afloat in the rough waves of 
the approaching market economy. Vel ichko and h is  col leagues 
from the former Design Bureau for Machine-bu i ld ing, renamed 
the Makeev State Rocket Center (SRC), proposed a range of 
suborbital sou nd ing rockets and l ightweight launch veh icles, 
us ing a l l  of the types of SLBMs u sed by the Soviet ( l ater the 
Russian) Navy. 

One of these converted launchers, the Vo lna, was actual ly 
launched from a nuclear submarine with a scientific payload, 
a part of which was a German instal lation for experiments with 
materials under m icrogravity condi tions (see photo). But th is  
was a fl ight along on ly  a sub-orbital trajectory, and the pay­
load capacity was qu ite smal l .  
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Oleg Sokolov 

Igor I. Velichko, who completed 
the design of the first solid-fueled 
sea missile. 

The main shortcom ing 
of Makeev SRC's projects 
was the use of n uclear 
submari nes as platforms 
for space lau  nches.  I n­
deed,  the l i m ited vo l­
umes of m i s s i l e  tubes 
provided no capacity for 
i nc reas i ng  the payload 
accom modat ion zones; 
fu rther, the routine con­
d it ions  on board a sub­
marine, d id not meet the 
needs of pre- launch 
preparat ion  of  the pay­
load. The advantages of 
using submarines as mo­
b i l e  l aunch  p l atforms, 
very doubtfu l for l i ght­
weight l aunchers, was 

eaten up by the h igh cost of the submarine's operation. 
So, the Makeev designers deve loped projects of su rface­

based and even a i r-based launch veh ic les,  based on the i r  
SLBMs. One of them, the Rif launcher, i s  shown i n  the photo. 

However, su rface and a i r  versions of converted SLBMs had 
strong competition from converted ICBMs (such as the Start and 
Rockot), which were just being tested in flight as space launch­
ers, and had ready launch sites. Further, the use of large cargo 
a i rp lanes had the same shortcomi ngs that su bmari nes had. 
Moreover, some skeptics asked, maybe it would be more prof­
i table to earn money by us ing such cargo a i rpl anes for their 
original purpose, and then to use the money gained from th is to 
buy a launch of the Start, Rockot, or Cosmos launch vehicle. 

So, designers of SLBMs were forced to return to thei r  ele­
ment-the sea. During this return, Vel ichko and his col leagues 
used their fu l l  store of advanced technologies, created during 
the deve lopment of the most recent SLBMs .  These were a 
sol id-propel l ant propu Is ion system, and the so-ca l led con­
tainered launch of an SLBM. While the first technology is well 
known, the second one requi res some explanation. 

The contai nered launch technology i nsta l l s  the SLBM in a 
sealed, pressurized container. During a launch, the conta iner 
with the SLBM is pushed off from a submarine's miss i le tube, 
and the miss i le i s  started when the top end of the container is 
opened on to the sea su rface. The structure of a m iss i le  (or 
lau ncher) cou ld  be less stu rdy, because it is i ns ide the con­
tainer and does not have to bear hydraul ic loads. 

One appl ication of these technologies was the Priboy, or 
Surf project. The Surf project consisted of using a former land­
ing ship of the Ivan Rogov class, which had a submerged dock 
chamber and large holds, in tended for the transportation of 
battle veh icles .  The Surf launch vehic les, up to three in one 
ship, could be accommodated in these holds. The launch vehi­
cle was fu l ly sealed, and could float autonomously at sea, in a 
vertical pos it ion. From th is  posit ion, it cou ld lau nch upon a 
command transmitted by a radio or by wi res. The overal l  view 
of the Surf launch vehicle is shown in Figure 5 .  

Droppi ng t he  l au nch vehic le i nto t he  water i s  performed 
through a docking chamber. The sealed body of the launcher, 
i nc lud ing  the rear p lug in the fi rst stage's nozz le, was con-
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ta inerized . It was not necessary to make a separate contai ner 
because the water su rface pressure was eq ual  to the atmos­
pheric pressure. So, as can be seen in the figure, the Surf de­
sign repeated the concept of the HYDRA (DOLPHIN)  project 
and, therefore, also of the German V-2 sea vers ion. 

Why should the launcher be fired from the water, rather than 
from a ship? For one, it provides safety and, at first, th is launcher 
was the only proven one. But its positioning and aim ing would 
be much s impler du ri ng lau nch from a sh ip, rather than as a 
floati ng sealed tube with bal last cisterns. The answer concerns 
nontechn ical issues: The requi rements of the Strategic Arms Re­
duction Treaty, or START, forbids launches of SLBMs from sur­
face sh ips, and the Surf launcher, having the fi rst stage of an 
SLBM, was considered by START to be equal to an SLBM. 

The Surf project had many advantages over its predecessors. 
It did not requi re the expensive operation of a nuclear subma­
rine; it used manufactured (and paid for!) hardware-the stages 
of SLBMs and a land i ng sh ip; and it p rovided mobi l ity and,  
therefore, could launch from near the equator. Because its suf­
ficiently powerfu l launcher had a capac ity for injections of 
some payloads i nto geostat ionary transfer orbits, be i ng near 
the equator wou ld be a benefit. In fact, the Surf project was 
recogn ized to be so attractive, that the American Sea Launch 
Investors company was establ ished in order to provide i nvest­
ments for the project's real ization. 

Courtesy of Oleg Sokolov 

The Volna rocket, converted from fln SLBM, was successfully 
launched from a nuclear submarine in 1 995. 



However, whi le the Makeev SRC's managers and engineers 
were waiti ng for money from the Un ited States, they received 
instead pol it ical protest. The U .S .  State Department accused 
Russ ia of the "creation of a sea-launched i ntercontinental bal­
l istic m issi le based at a free-floating platform," which was pro­
h i.bited by the START Treaty. Thus, the activity of Sea Launch 
I nvestors was ha lted, and future prospects of the Surf project 
�ere d i scussed in d iplomatic c i rc les-without success. The 
Makeev engineers have recently redesigned the Surf launcher 
i n to i ts su rface-based cou s i n ,  the Berkut  (Go lden Eagle) 
launcher project. The prospects of th is  project, however, are 
very questionable because of strong competition from existing 
l ightweight launchers that a re bei ng converted from ICBMs. 

o 

( 1 )  Fairing (the structure that protects 
the spacecraft and reduces drag) 

(2) Spacecraft 

(3) Fifth stage 

(4) Oxidizer tank of fourth stage 

(5) Fuel tank of fourth stage 

(6) Rocket engine of fourth stage 

(7) Third stage 

(8) Second stage 

(9) First stage 

( 10) Solid propellant of first stage 

(1 1 )  Nozzle of first-stage rocket 

Figure 6 
SCHEMATIC OF THE SURF LAUNCHER 

Source: Courtesy of  Oleg Sokolov 

(So, one can say that a pol i t ical surf has cast ashore a semi­
dead golden eagle, for a l l  that.) 

The last attempt of the Makeev SRC to put its new launcher 
to sea, was its partic ipation in the R iksha project. Developed 
jointly with the Energomash N PO, known in the Un ited States 
as a suppl ier of rocket engines for the new version of the Atlas 
launch veh icle, th is  new l ightweight launcher w i l l  use l iqu id 
oxygen/l iqu id  methane as the propel lant  for its two stages. 
When a scaled mock-up of the Riksha was shown at the Paris 
Air Show in Le Bourget, France, in 1 995 ,  it was announced 
that this launcher wou ld have a ground launch site, as wel l  as 
a rai lway platform or surface sh ip, preferably a former refriger­
ator trawler, because it has the refrigeration equ ipment neces­
sary for cryogen ic propel lant storage. 

The R iksha is not a converted launcher and, consequently, 
l im itations of START do not apply. However, for the same rea­
son, the opportun ity for using existing, formerly mi l itary, hard­
ware is lost, and the project w i l l  be more expens ive. In any 
case, this project wil l  be realized in its land-based version, if it 
is to be realized at a l l .  

The Prospects for the Sea Launch Project 
The gradual transition of the Makeev SRC's projects to land­

basing exemplifies the loss of hope for the sea-basing concept, 
for space launchers in this Russian company. However, whi le 
the "sai lors" are d isappointed, the fal l ing banner has been sud­
denly taken up by " land rats." 

These "rats" are the size of an elephant, even in comparison 
with the Makeev SRC, which was not a smal l  company. They 
are the Russian Energ ia SRC (Space/Rocket Corporation), the 
Ukra i n ian Yuzhnoye N PO, and the American Boeing Com­
mercia l  Space Company, and, more recently, the Norwegian 
Kvaerner. (It i s  interest i ng that the present Energia SRC is  the 
former Korolev outfit that had begun sea launches many years 
ago. A circle has been closed.) 

The first negot iations began in 1 994, and at t imes the busi­
nesses were on the verge of breaking off relations. However, in  
1 996, the Russian/Ukra i n ian  partners began to manufacture 
hardware, whi le  Kraevner began to reconstruct a former off­
shore oi l-dri l l ing platform i n  Norway, (see photo). 

Although the concept of the Sea Launch project may be un­
derstood, some questions may remain to be answered for lay­
men, and even for spec ia l i sts. The fi rst question is, undoubt­
edly, why the Zenit  launch veh icle was chosen as the basis of 

Oleg Sokolov 

A cutaway model of the a ir-launched version of the Rif 
launcher, which was designed also to use the RSM-S2 missile. 
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Figure 7 
ZARIA SPACECRAFT DESIGN 

Artist's conception of the Zaria manned reusable space­
craft, designed in Russia. Launched by the Zen it rocket, 
the Zaria would use small rocket thrusters for a gentle, 
controlled landing, as pictured here. 

Source: Courtesy of 0le9 Sokolov 

this project. Indeed, it is a Ukrainian launcher and, because of 
pol i t ica l  cl ashes between Russ ia and Ukra i ne, the Russ ian 
Space Agency (RKA) recently decl i ned to use the Zen it for 
Russian partic ipation in the International Space Station ( ISS) 
project. 

Further, the Zen it in its present two-staged version, Zenit-2 
(the number denotes its stages), has no geostationary injection 
capacity, although the Zenit-3 version was developed in order 
to give it this capacity. 

And last, the Zen it does not yet have as h igh a proven rel ia-
bi I ity as that of the Russian Proton .  The ',e'· ' '"' �;v 
destru ct ion of one of the two Zen i t  
l aunch pads at the Ba i konur  Cosmod­
rome remains as a reminder of the Zenit  
explosion in 1 990 (see photo). 

s igners were in a hurry, wish ing to put a new lau ncher i nto 
operation as soon as poss ib le ;  second,  there were unavoid­
able disturbances of order and discipl ine during the events ac­
companying the Perestroyka (Reconstruction )  i n  the former 
Soviet Un ion. 

The main technical  i nnovation of the Zen it was its launch 
site. Because the Zen it was designed during preparation for a 
"Star Wars" program, the prime developer of its ground infr.a,­
structu re, the Design Bureau for Transport Machine-bu i ldin'g' in 
Moscow (the Russian acronym is KBTM), was given the task by 
the launcher developer, Ylizhnoye Design Bureau, of develop­
ing a completely unmanned launch·site. ·Work on this concept 
was begun during the development of the hyklon launcher. 

There is a legend that Mikhai l  Yangel, former ch ief designer 
of the Yuzhnoye Design Bureau, had vowed after an explosion 
of his R- 1 6  ICBM at Ba ikonur in October 1 960, which k i l led 
about 90 men, that he wou ld aspire to have no man near the 
launch s i te dur ing preparat ion or lau nch . Apparently, how­
ever, there were also more important, "practical ," mi l itary rea­
sons for a quick and safe launch preparation . 

In any case, the KBTM created such an automated launch 
site. Its performance is  stri king; there are no men at the launch 
s i te, and on ly  a few men in a she l tered control room.  The 
lau ncher i s  prepared over a period of 2 . 1  hours, beg i nn i ng 
with the del ivery of an u nfueled lau nch veh ic le .  A second 
launch can fol low the fi rst after 5 hours, and up to five such 
consecutive launches can be carried out; ,with ,only a brief time 
for repair !  This feature of Zen it was never used for war, fortu­
nately, but it w i l l  be very .usefu l when the Zen it is prepared 
and launched from a sea .p l a�form. The KBTM (s one ot

'
the 

Russian participants in  the Sea La�nch project. 
The necessary i ncrease in payload capacity of the Zen it is 

relatively s imply achiev�d by the addit ion of a th i rd (upper) 
stage, After examin ing a range of upper stages, inc lud ing the 
most advanced oxygen/hydrogen ones ,  the  des i gners at 
Yuzh noye decided i n  favor of the exi sti ng  B lock-DM upper 

Sea Launch 

Despite these problems, the selection of 
the Zen it for the Sea Launch project was 
wel l grounded. It is the most advanced 
launcher in the formerly Soviet states, and 
may even be the most advanced opera­
tional launcher in the world. Developed 
in the 1 980s as one of the main designs of 
the ,new Soviet space launch vehicle fleet, 
the Zenit used a vers ion of the Energia su­
per-heavy l aunch veh ic le's strap-on 
booster. Because it was considered as a 
booster for the Soviet manned space shut­
tle, Buran, the Zenit's rel iabil ity standards 
were set for man ned spacefl ight. More­
over, the basic Zen it itself was intended 
for i njections of the reusable Zar ia 
manned spacecraft (Figure 7) .  

Regard ing  the fa i l u res of the Zen i t  to 
date, there are two causes : F i rst, the de-

Sea Launch's self-propelled launch platform, shown here under construction in 
7 996. It is 430 feet long, and displaces 3 7, 000 tons. It is being converted from an 
offshore oil rig, in Stavanger, Norway. 
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Courtesy of Oleg Sokolov 

Photo of one of the two Zenit launch pads at the Baikonur 
Cosmodrome, which was destroyed during the explosion of a 
launcher. 

stage, wh i ch  was used, a nd  con t i n ues to be used,  i n  the 
four-staged vers ion of  the Russ ian  Proton heavy lau ncher 
(see photo). 

This upper stage was developed by Energia RSC and is man­
ufactured by the Krasmash Machine-bu i ld ing Plant in Krasno­
yarsk, S iber ia .  The i nsta l l at ion of the gu idance and control 
eq u i pment, and fi na l  
testing, are provided by' 
Energia itself. I n  the Sea 
Launch project, Energi a  
i s  respons ib le  for the 
adaptation of the B lock­
OM to the Zen it-3 ,  and 
for calcu l at ions  on i ts 
dynamics and other per­
formance character is­
t ics .  Pre l im inary calcu­
l at ions i nd icate good 
prospects for us ing  the 
Sea Launch's Zen it-3 as 
a geostationary launcher 
(Figure 8) .  

Using Energia's B lock­
OM upper stage for the 
Sea Lau nch Zen i t  par­
t ial ly  answers the ques­
tion : What is the role of 
Russian compan ies, es­
pec ia l ly  Energia, in the 
Sea Launch activity ?­
but on ly  part ia l l y .  Th i s  
is on ly the  above-water 
part of the iceberg. 

The Zen it was not re­
a l l y  des igned as a 

launch site, but a lso the rocket engines, the control/guidance 
system, and many other systems and subsystems. Not without 
reason, do Russian engineers today h umorously describe the 
Zen it as, "a Russian launcher, which has Ukrai n ian tanks, i s  
assembled in  U kraine, and is  launched from the Kazakh terri­
tory by Russian troops." It is on ly  a joke, of course, because 
the general design of the Zen it was created by the Yuzhnoye 
Design Bureau in Dnepropetrovsk, U krai ne. But the produc­
tion of th is  launcher requ i res wide cooperation, mostly with 
Russian compan ies. 

Which Russian organization wi l l  be the manager, supervi­
sor, and coord i nator for th i s  cooperat ion?  Not the Russ ian 
Space Agency (RKA), which dec l i ned to use the Zen it for the 
Russian space program.  Even the Zen it's launch site at the PIe­
setsk cosmodrome, which was near completion, is being re­
constructed to be used instead for Russia's advanced Angara 
heavy launch veh icle. 

Coord i nating the project on the Russian side is Energia RSC, 
the oldest and one of the most powerfu l Russian space com­
panies, which is now a jo in t  stock company, not offic ia l l y  
subord inated to  the RKA.  However 5 1  percent of  Energ ia's 
shares belong to the RKA !  Most probably, th is  i s  a far-sighted 
pol icy of the RKA's h igher management: In th is way, through 
Energia, the RKA not on ly  receives control over the prospec­
tive commercia l  project, but a lso supports (at the expense of 

Figure 8 
SEA LAU NCH CAPACITIES Ukra i n i an product, but 

a Soviet one. Russ i an  
des ign  bu reaus devel­
oped not on I y  the on­
the-ground i nfrastruc­
tu re, i n c l ud i n g  the 

The Sea-Launched Zenit rocket, with an added third stage, will be able to deliver 7 5,000 kg 
of payload to low-Earth orbit, and 2,800 kg to geostationary orbit. Shown here are its 
trajectory data. 

Source: Courtesy of Sea Launch 
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American i nvestments )  prod uct ion of 
the advanced Zen its, wh ich  the RKA 
wou ld need as a back-up i n  case of an 
Angara project fai lu re. 

Using the sea-based Sea Launch ca­
pab i l ity wou ld  free the Russ ian Space 
Agency from the need to use the  
Ba ikonu r  Cosmodrome i n  Kazakhstan, 
for geostat ionary, i nterp l anetary, and 
near-equatorial launches. Even manned 
projects, l i ke the  resu rrect ion of the  
Zaria, wou ld  be possi ble, because the 
Zen it was  certified for manned space­
craft. 

F i n a l l y, w i th  Sea Launch ,  one can  
note that  the  second and  mos t  ad ­
vanced of  the Confederat ion of I nde­
pendent States launchers (after the Pro­
ton) ,  is com ing i nto the  i nte rnat iona l  
space launch market i n  i ts most prof­
itable sector-geostationary injections. 
F rom an  i nterna t iona l  po in t  of vi ew, 
t h i s  w i l l  mean an i n tens i f icat ion of 
competition and, consequently, oppor­
tun ities for price decreases and the op­
portun ity of add it ional access to space 
for interested customers. 

s i tes i s  a more serious problem, especia l ly 
for such countries as B raz i l  or Papua New 
Gu inea. 

Even such stable.countries as the Un ited 
States, France, and Austral ia are not free of 
this problem. Indeed, considering the diffi­
cult economic situation in Russia today, for. 

. 

example, each one of these countries tha�' 
owns near-equatorial cosmodromes should"� 
requ i re rent in advance, and this would be 
more expensive for Russia than using a sea­
float ing p latform, even a newly bui l t  one, 
at Russia's own expense. 

At the same t ime, Russia (or Ukraine, or 
both together) cou ld  find  that their prop­
erty at the l eased territory cou ld be used 
against them as a tool for pol itical or eco­
nomic  man i pu l at ion  ( i n  order to repay 
debts, for example), espec ia l ly  if the eco­
nomic situation in these countries deterio­
rates further. Competition cou ld  a lso play 
a negative role. 

This would seem to be enough to have 
the Sea Launch with seven feet of water 
under  the kee l ,  wai t ing for the fi rst 
lau nches. However a l ast item remains 
und i scussed : Wi l l  the Sea Launch pro­
ject have successors, or wi l l  it be l ike the 
Ital ian San Marco platform, which, after 
the first successful launches, was left un­
used for many years? 

Courtesy of Sea Launch 

The Zenit rocket, here being readied 
for a launch at the Baikonur Cosmo­
drome, will be the workhorse of the 
Sea Launch project. 

Also, one shou ld  not forget about the 
technological aspects of this problem. Stan­
dards and common equipment being used 
in the infrastructure of existing near-equator­
ia l  cosmodromes are not compat ib le with 
those of Russ ian/U kra in ian  techno logies, 
whi le  for the construction of float ing p lat­
forms, the Russian spec ial ists can use their 
own equ ipment. 

Second-and th i s  is very important­
everyone who is i nterested in the new, ad­
vanced Russian Angara heavy launch veh i-

What Is the Future of launches from the Sea? 
As d iscussed above, there are two main reasons for the de­

velopment and manufactur ing of such compl icated and ex­
pensive equ ipment as a floating launch platform, and the use 
of command and logistics sh ips. These reasons are safety, and 
avoid ing the need to use foreign territories near the equator. 
However, as mentioned, the task of prov id ing safety is also 
solved at the coastal cosmodromes, such as Cape Canaveral 
and Kourou. Hence, the question comes down to the pol iti­
cal-economic problems of the long-term leas ing of a reas at 
existing or newly bui l t  near-equatorial cosmodromes, and real 
guarantees that large-scale i nvestments in the construction of 
a launch s i te, and its i nfrastructure at th is leased s i te, wou ld 
not be lost for any pol itical or economical reasons. 

Because of the pol itical uncertainty, a necessary condition 
for ground-based launch sites should be lower prices for the 
construction of both the launch site and the infrastructure, as 
wel l  as for sh ipping of the necessary hardware, in comparison 
with using floating launch platforms and supporting sh ips. As 
can be seen from the projects of commercial cosmodromes at 
Cape York, Port Darwin, and even AI Cantara, the last condi­
t ion cou ld  be relative ly simply met. However, the pol it ical­
economic guarantee of long-term stabi l ity of foreign launch 

60 Spring 1 998 21 st CENTURY 

c le, developed by the Khrun ichev State 
Research and Production Space Center, as ordered by the RKA, 
should pay attention to the 'fact that the Angara cou ld use the 
Zenit launch pad. 

Hence, the float ing platform cou ld be used to launch the 
Angara, which wou ld have twice as much payload mass ca­
pab i l ity as the Zen it, with approx imately the same l i ft-off 
mass. True, the Angara, in contrast to the Zen it, w i l l  use l iq­
u i d  hyd rogen in its second stage, but the necessary add i ­
t ional  equ i pment cou l d  be  i nsta l led i n  a f loat ing p latform 
without serious difficu lties, If the Angara were put to sea, af­
ter the Sea Launch's Zen it, i n  the next decade, it wou ld  not 
have any  competitors among expendab le  l aunchers any­
where i n  the wor ld ,  and the f loat i ng  cosmodrome wou ld  
have a long l ife. 

Only when the political and economic problems are solved 
at the level of intergovernmental agreements between national 
compan ies, w i l l  float ing cosmod romes return to hard land,  
where space launches are not exposed to the dangers of the 
sea. Apparently, however, this time will not come very soon. 

Oleg Sokolov is chief of the department for international 
programs at the Krunichev State Research and Production 
Space Center in Moscow, and a laboratory chief at the 
Moscow A viation Institute. Since the 7 960s, he has worked 
on the spaceplane program, the Soviet manned lunar pro­
gram, and cruise missile and other military programs. 
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EDITOR'S NOTE 
This article, by Australia-based journalist Gary Robertson, 

is a response to Or. Wolfgang L illge's criticism of Prof. Peter 
ouesberg's approach to the AIDS pandemic ("Statistical 
Tricks and 'The Big L ie about A IDS, "' which appeared in 
2 1  st Century, Summer 7 995, p. 45, and a follow-up com­
ment by Lillge, "We Need a Commitment to Eradicate AIDS, " 
which appeared in 2 1  st Century, Fall 7 995, p. 7. , 

ouesberg is professor of molecular and cell biology at the 
University of California at Berkeley, and this article was writ­
ten with his collaboration. Lillge's response appears on alter­
nate pages. 

21 st Century exposes propaganda and fraud i n  sci­
ence-a function that necessitates ana lyt ical rigor 

and  a h igh  degree of impart i a l i ty .  D r .  Wolfgang L i l l ge,  
however, exhibits a profound lack of d iscernment in h is ap­
praisal of the d i ssension over the cause of A IDS .  I ndeed, 
"Statistical Tricks and 'The Big Lie about AI DS' " is a highly 
selective and biased commentary on a paper that had pre­
viously been refuted1 in the scient ific l i terature. Moreover, 
the article is host i le and contains unwarranted a l legations. 

We therefore welcome this opportun ity to voice correc­
tions to Dr. L i l lge's article, and to del i neate the reasons for 
the growing d issent from the consensual H IV hypothesis. 

'Correlation' between AIDS and HIV? 
Li l lge bel ieves that "an u nambiguous relationship exists be­
tween infection with H IV and the appearance of 'AIDS' ."  
However, th is  bel ief is unfounded because of the fol lowing: 

(1 ) AIDS is biased toward a correlation with H IV because 
AIDS is defined as d iseases occurring in the presence of HIV 
antibodies. Thus, the "unambiguous" corre lation between 
AIDS and H IV is an artifact of the defin ition itself. Moreover, 
this "correlation" is between AIDS and H IV antibodies-not 
HIV (see Point 2) .  
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C UMULATIVE H IV 
I N  ADULTS, ESTIMATE 

Global total:  

Sources: Adapted from WHO, UNAtDS, Institute o f  Medicine 
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I NFECTIONS 
FOR YEAR 2 000 

50 mil lion + 

Australasia 1 50,000 + 
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South and Southeast Asia 
25 mill ion + 

North Africa, Middle East 
250,000 + 

Wolfgang L illge, M . D.,  is the editor of the Cerman­
language Fusion magazine, and a member of the scientific 
advisory board of2 1 st Century. Lillge has followed the AIDS 
issue since -1 9BO. 

The only:reason that i t  may be usefu l to pick up Prof. Pe­
ter Duesberg's a rgu ments aga in ,  as they are presented 

here by journal ist Gary Robertson, i s  to d i rect a warn ing to 
those who feel attracted by such modern skept ic ism, that 
they not lose s ight of the rea l ity of the A IDS problem_ A IDS 
is a pandemic with a potentia l  to depopu late the world .  

I n  the scientific commun ity, Duesberg's views have been 
considered a lost cause for a long t ime. Someone who con­
sistently presents the same fixed arguments over a period of 
at least 1 0  years, may be able to impress a crowd of unshak­
able d isciples, but he can not lead a scientific debate-espe­
c i a l l y  50 when we a re d ea l i ng w ith such  a v i ta l  i ssue as 
AIDS. . 

It i s  not true that D uesbe rg i s  rejected on ly  by the so­
cal led "AIDS estab l i s hment, " wh ich  decides on research 
grants and determ ines the latest "offic ia l "  opin ion on AIDS 
research. He has increasi ngly angered especia l ly those virol­
ogists and med ical A IDS researchers who do not agree either 
with the rushed dogmatic statements of the "AIDS establ ish­
ment" (Gal lo & Co., the condom dogma, and so on) but who 
are committed to u ncoveri ng the real worki ngs of the H IV 
virus with scientific hypothesis and especia l ly to develop ef­
fective therapies for this d isease-an aspect wh ich, in  Dues­
berg's case, always fal ls by the wayside. 

Robertson and Duesberg are masters of twist ing words .  
Th is  i s  characterist ic of those who c l i ng  to  a fu ndamental 
skepticism and forget that thereby objective reality i s  lost i n  
an  absolute relativ ism of  permanent doubt. I n  the end phase 
of anc ient -Rome', t h i s  type of skept ic i sm was very wide­
spread and represented then, as in a l l  ti mes of cu ltural de­
generation, a typ ical state of m ind : a complete ly impotent 
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fect ions a re preva­
lent, H IV tests have 
been shown to reg­
i ster more than  70 
percent fa l se-pos i ­
t ive resu lts . s Thus ,  
i t  i s  poss ib le  that  a 
considerable num­
ber of  apparent ly 
H IV-antibody-posi­
t ive AIDS cases a re 
actua l l y  H IV-ant i ­
body-negative. 

( 5 )  The Centers 
for Disease Control 
and Prevent ion ' s  
(CDC) gu i de l i nes 
on the defin it ion of 
A IDS st ipu late how 
to d i agnose A IDS  
when pat ients test 
H IV-anti body-neg­
ative.2 

(6) It is not known 
how many HIV-neg­
ative AIDS cases ex­
ist as the CDC does 
not record H IV-free 
A IDS cases . 2  De-

Chris Duffey/University 01  Calilornia at  Berkeley spite th i s ,  a l most 
Prof. Peter Ouesberg: "AIDS fails the criteria of infectious 5,000 AIDS sufferers 
disease. " have been docu­

mented as H IV-anti­
(2 )  Most A I DS tests do not measu re 

H IV, they measure only H IV antibodies. 
Consequently, it is not known how many 
cases of A IDS have been H IV-antibody­
positive, but vi rus-negative. Therefore a 
proportion of A IDS cases may have H IV 
antibodies, but no HIV-a phenomenon 
ind icative of a successfu l immune re-
sponsel 

(3 )  The d i agnos is  of A IDS  is l a rge ly  
based on presumption : 

(a)  On ly  about 75  percent of U . S .  
A IDS  patients have been tested for H IV 
antibodies; the remai nder are presump­
tively diagnosed on the basis of their d is­
ease symptoms;2 

(b) I n  Afr ica, H IV  is presu med to be 
the cause of nearly all AIDS cases as es­
timations of the number of H IV-positive 
Africans are extrapo l at ions from ant i ­
body tests of smal l populations.3 

(4) A IDS test ing is grossly inaccurate. 
Both El isa and Western B lot tests have a 
h igh fa lse-posit ive rate due to cross-re­
act ions  wi th other m i c robes2 ,4 and 
chron ic parasitic infections .s I ndeed, i n  
Africa, where concurrent microbia l  in-

body-negative (Table 1 ) . 
Because of these factors, the extent of 

corre l at ion between H IV and A I DS i s  
largely unknown. Hence there i s  no ba­
s i s  for L i l lge's assertion that the " re la­
t ionsh i p" between the two i s  u nam­
b iguous .  L i kewise, Professor E i gen ' s  
calcu lation supposed ly showing a " 1 00 
percent" correspondence between "the 
annua l  i nc idence of A IDS  cases" and 
"the annual incidence of  H IV-seroposi­
t ive persons 6 to 8 years ago" i s  without 
mer it, because it is not known how 
many cases of H IV-free A IDS exist, nor 
how many cases of H IV-seropos i t iv ity 
d iagnosed annual ly are real ly antibody­
or vi rus-negative. 

Correlation Doesn't Prove Etiology 
Because a "great deal of unclarity sti l l  

p reva i l s  about  the actua l  worki ngs of  
H IV i nfect ion ,"  the  on ly  tang ib le  ev i ­
dence for the H IV hypothesis i s  epidemi­
o log ica l  correlat ion6 (a lthough, as we 
have j u st shown,  th i s  "corre l at ion"  i s  
ambiguous a t  best). However, correla­
tions-unambiguous or otherwise-rep­
resent inconclusive support for a hypoth-
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esis, because they cannot d i stingu ish be­
tween a causal and a non-causal corre­
l ate of a d i sease. For examp le, there i s  
an  "unambiguous relationsh ip" between 
yel low teeth and l u ng cancer, yet th is  
does not prove that one causes the other. 
Fu rther, there is a perfect correlation be­
tween death and  eat i  ng tomatoes as 
everybody who eats a tomato eventual ly 
d ies. However this does not prove that 
tomatoes k i l l .  

Because correlat ions or  "u nambigu­
ous relationsh ips" are inadequate for de­
term i n i n g  the  cause of a d i sease, the 
standard etiologic criter ia of infect ious 
disease consist of more rigorous parame­
ters, such as Koch's postulates and vari­
ous genetic and molecular requ i rements 
(Table 2) .  

Thus ,  regard ing the etio logy of A I DS, 
" [tj he most important question to c lar­
ify" is not whether an u nambiguous epi­
demiological correlat ion between H IV 
and AIDS exists, but whether H IV passes 
the standard criteria for estab l i sh ing in­
fect ious-d isease et io logies .  S i nce H IV  
fa i l s these cr i ter ia 7 ,8 t he  v i ru s  wou l d  
have to cause A IDS by mechan isms pre­
viously and presently unknown to v i rol­
ogy. Moreover, because A I DS fa i l s  the 
criteria of i nfect ious d i sease (Tab le 3) ,  
AIDS is most l i kely caused by non-infec­
t ious agents (wh ich exp la ins  why, de­
sp i te apoca lypt ic pred i ct ions ,  A I DS 
rema i n s  confi ned to the or ig ina l  r isk­
groupS7) .  Therefore, other hypotheses 
should be considered9 and relevant epi­
dem io log ica l  s tud ies  shou ld  be con­
ducted to test exist ing evidence for the 
H IV hypothesis. 

The causes of H IV-free A IDS ( i d io­
path ic C D4+ T-Iymphocytopen ia) have 
not been determined. Yet if non-HIV im­
munosuppressive agents can cause AIDS 
i n  H IV-negative peop le, they can a lso 
cause AIDS i n  H IV-positive people. Thus, 
A IDS may be caused i n  some or a l l  i n­
stances by the immunosu ppressive 
agents or cond itions that cause HIV-free 
A I DS, and H IV cou ld  merely be a con­
founding variable. 

In contrast to H IV, drug use i s  unam­
biguously correlated with American and 
European AIDS.7, l o Nearly all cases are 
assoc iated with one or more of the fo l­
lowing : long-term, habitual consu mp­
tion of recreational drugs; long-term ex­
posu re to prote i n  contam i na nts i n  
blood-c lott ing factors o r  b lood transfu­
s ions ;  or short-term exposu re to DNA 
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Keystone's Blunt Message: OPINION 
AIDS ACQUIRED B Y  DRUG CONSUMPTION 

AND OTHER NONCONTAGIOUS RISK FACTORS 

who sha red the i  r nee­
d les ?  Why, in Afr ica,  
were women affected as 
much  as men from the 
beg i n n i ng ?  Were there 
common characteristics 
which defined AIDS as a 
d isease in its own right? 

'It's the Virus, Stupid' 
. ... ...... . .. 

Duesberg O� ArpS Causation: The Culplit Is Noncontagious Risk Factors 

Groups Oppose HIV Tesl'i for Medical Profe-;siooals 
'''' '',._,,,,''0'''''·1 u.s. Of!irirJlJ'OJIad1ltron. Art' Said /q 0.'''''''0 Fbtk.,,' Risk uf In/et/ioo 

Review of Mystery Syndrome 
leaves AIDS Experts Skeptical 
ltwl.r [<wi Saurt EviIknct of 1'MIIaI /0 Public HeaUh 

tl\t?'L�LL'\o.i.:..'\� Jl: t �� 
(,, .... :It.:l' �il;f', b.11 \o-et��br �� It :tn.'It ,;!I;rt ""I�� �ht 

!iru ';t�\e- r4,$:I)" fm� ha",k 1' .. ,.1(.",.), "'1' !ht. 
Wt�f:'U' fl�ru.��t, H� d*d � jail: ru� �"""M.,, h-.ll 
"AiOS' fI.!t'.t.l cho4t tw � f¢( �It �ti� 

Although the scientific establishment has rejected Duesberg's claim that HIV is not the cause of 
AIDS, the establishment has come to the same conclusion on what to do about it: No public health 
measl.{res are nec;essary to �t�p its spread. 

Later, when it was ob­
served that i nd iv idua l s  
outs ide of  the  so-ca l led 
" h igh-r i sk groups" a l so 
became i l l  with A IDS­
patients who had re­
ce ived H IV-pos i t ive 
b lood transfus ions ;  he­
moph i l i acs treated with 
H I V- i nfected c lott i ng 
factors; hospital person­
nel who came i nto con­
tact with H I V-contami ­
nated, b lood ;  . persons 
outs ide of "r isk groups" 
who  became i nfected 
through sexua l  i n ter-

.,. . "" 

att itude toward rea l i ty, fu l l  of ind iffer­
ence and cynic ism derived from its i n ­
herent relativism. 

When one dou bts that the  very d i s ­
ease symptoms of  AIDS, as  complex as 
they may be, are the consequence of an 
infection and that H IV at l east p lays a 
prominent role (disregard ing here possi­
ble co-factors in the i nd iv idua l  expres­
sion of the disease, or other, not yet iden­
t i fied v i ruses), then one is bound  to 
manica l ly  look for ever new "factors" of 
etiology and for an ever larger-and thus 
impractical-definition of AIDS, 

For that reason we wil l  not attempt to 
refute a l l  the ind ividual .points made by 
Robertson and Duesberg i n  thei r ,paper. 
That wou ld  be a fru itless enterprise, be­
cause the i nner logic of the i r  a rgumen­
tat ion wou l d  generate, m i racu lous l y, 
ever new "factors" wh i ch  wou l d  cast 
"doubt" on certain  factua l  statements­
the typical characteristic of an add icted 
skeptic. 

Ijowever, one thing shQu ld be stressed 
right from the begin ning:  Whoever, after 
a l l  the l atest findings, sti l l  maintains that 
there is no c lear  corre lat ion between  
H IV and AIDS, c a n  no lon'ger c la im that 
he is serious, Although the exact patho­
genic mechanism (etiology) also may be 
known on l y  part i a l l y  i n  the  cases of 
many other i nfectious d i seases, never­
theless, no one wi l l  doubt- that these are 
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infectious diseases. And, espec ia l l y  i n  
the case of A IDS ,  there was very. l i tt le  
doubt, more or less from the beginn ing, 
that we were dea l i ng with an i nfe<:tious 
d i sease, and even a worldwide pan­
demic. 1 

Conceptualizing the AIDS Process 
As in the time ,of Robert Koch, the Ger­

man sc ient ist who isolated the fi rst 
pathogens at the end of the last century, 
we are faced with the task of uncovering 
the pathogen ic mechan isms of A I DS, 
which threatens to depopulate whole re­
gions of the world, i n  particular, i n  black 
Africa. 

G i ven the tremendous ly  complex 
processes associated with H IV, t�e first 
human "Ientivi rus" d iscovered at the be­
g inn ing of 1 983, scientists were moving 
i nto new territory, and completely new 
hypotheses had to be put forwC).rd to at 
l east begi n  to uncover the most impor­
tant mechanisms by which H IV destroys 
the human immune system. In this in itial 
phase, it was not only, a, 9missibl�/�ut ab­
sol ute ly mandatory to be "opeh' to a l l  
s ides," i n  order t o  steal a march on the . 

new d i sease, Acqu i red Immune  Defi­
ciency Syndrome, or,AIDS. , 

Questions had to be answered, such 
as :  Why did the d i sease break out fi rst 
among homosexual men in the Un ited 
States?  Why d id  the d isease spread so 
qu ick ly  among i ntravenous d rug users 

course-'-the suspicion in­
creased that H IV played a central role in 
the disease process of A IDS. A l l  the other 
assumed transmission pathways, i nclud­
ing the " l ifestyle" of homosexuals, drugs, 
'and so forth were excluded, one after the 
other.2 The key was that the i nfectious 
character of A IDS became undeniable. 
A I DS was estab l i shed as a pandemic 
spreading in  different parts of  the world, 
in d ifferent ways and at d ifferent speeds. 

To conc l u de that there was no 
'pathogen meant to become lost i n  a mul­
titude of s ingular causes, such that only 
C).n individual pred isposition ( i ncapable 
of disproof), or " l ifestyle," p layed roles, 
but the regu larly isolated virus was seen 
o'n ly as a "harmless companion." 

Approaches to New Treatments 
In recent years, physicians and phar­

macolog ists have learned to combine 
i tbe ava i lab le  ant i -v i ra l  substa nces, i n­
¢ Iud ing  some completely new ones, to 
prolong the l i fe expectancy of AIDS suf­
ferers sign ificantly. Even though no one 
shou l d  c l a im that A I DS patients or the 
·AIV-infected can be cured, nevertheless, 
i n  many  cases, the d i sease symptoms 
have completely disappeared with such 
therapies. The simple empirical fact that 
H I V-positive patients l ive longer when 
their  virus counts decrease or even d is­
appear, in response to therapy, is proba­
bly the most striking indication that there 
is a d i rect relationship between HIV and 
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chain-determ in ing chemotherapies, l i ke 
AlT. 1 O G iven the im portance L i l lge 
places on unambiguous relationships in  
determ i n i ng etio logy, we wonder why 
he gives the H IV hypothesis precedence 
over the drug-A IDS hypothesis .  Further, 
in Africa, H IV antibodies have been de­
tected in on l y  about 50 percent of a l l  
A IDS cases,2 ,7 whereas ma lnutr it ion­
the world's lead ing cause of immunode­
ficiencyl l-is a lmost 1 00 percent corre­
lated with AIDS.7 

I t  i s  noteworthy that E igen, in h i s  
Naturwissenschaften art ic le, caut ions 
that a l though ep idemio logica l  stud ies 
show a corre l at ion  between H I V  and 
AIDS, the cause of  A IDS "remains unset­
tled ."1 2 

I n  short, an "unambiguous relat ion­
sh ip" i s  not sufficient to prove etiology. 
I ndeed, the use of epidemiological cor­
relation as the only criterion of etiology 
has resulted in some of the most spectac­
ular misd iagnoses in virology. 1 3  

Establishing Etiology Is Important 
L i l lge's charge that Duesberg lacks a 

comm itment to combat A I DS ("We 
Need a Com mi tment  to Erad icate 
AI DS," 2 1st Century, Fall 1 995, p .  7) is 
preposterous. S ince 1 987, Duesberg has 
spent countless hours col lating and pub­
l ic izing crucial evidence against the H IV 
hypothes i s .  He has j ust as consistently 
enunc iated why A IDS is  not an i nfec­
t ious  d i sease 1 4 (Tab le  3 )  and cam­
paigned against the unjustifiable use7 of 
h ighly toxic/,1 O, 1 5 anti-H IV drugs-such 
as AlT. Rea l iz ing the d i re ramifications 
of a faulty hypothesis, Duesberg has of­
fered to conduct epidemio logica l tests 
which wou ld demonstrate "whether H IV 
or  non-H IV factors cause A IDS . " 1 6 He 
a l so appl ied for a research grant with 
the National Institute on Drug Abuse to 
test h i s  hypothes i s  that chron ic  recre­
at ional- and med ica l-d rug use are the 
main causes of AIDS. 1 7,1 8 

I n  spite of int im idation, lost research 
funding, nonc itation in the scientific l it­
eratu re, the reject ion of h i s  papers for 
publ  icat ion, and soc ia l  i so lat ion from 
the scientific commun ity, Duesberg has 
not devi ated from his commitment to 
provide the Public Health Service with a 
factual basis from which it may devise 
and imp lement effective pub l ic  health 
strategies to combat AIDS. 

Pathogenetic Mechanisms 
L i l lge is correct to po i nt out that the 

lack of knowledge of how HIV suppos-

Table 1 
H IV-FREE AIDS CASES DOCUMENTED I N  THE SCI ENTIFIC LITERATURE 

Risk Group U.SJCanada Europe Africa 

Homosexuals 722 37 

I ntravenous (IV) drug users 251 335 

Infants of IV drug users 55 1 1  

Hemophiliacs 256 78 

Unclassified/Unreported 352 1 4  2,555 

Totals 1 ,636 475 2,555 

Sum total 4,666 

Sources: Peter H. Duesberg, 1 993. "The HIV Gap in National AIDS Statistics," BiofTechnology Vol. 1 1 ,  pp. 955-
956; Bryan J. Ellison et aI., 1 996. "HIV as a Surrogate Marker for Drug Use: A Re-analysis of the San Francisco 
Men's Health Study," in Peter H. Duesberg (ed.), 1996, AIDS: Virus- or Drug-Induced? (Dordrecht: Kluwer Acad­
emic), pp. 97-104. 

Table 2 
STANDARD CRITERIA FOR ESTABLISHING THE CAUSE 

OF AN I NFECTIOUS DISEASE1 

(1 ) The agent is present in every case of the disease and in quantities sufficient to 
cause pathological effects. 

(2) The agent is absent in other diseases, or present in quantities insufficient to 
cause pathological effects. 

(3) After it is isolated and grown in culture, the agent can induce the disease anew. 

(4) The disease caused by the agent can be prevented through naturally acquired 
immunity or vaccination. 

(5) The disease can be cured by drugs which target the agent. 

(6) The disease can be prevented by preventing infection with the agent. 

Note--------------------------------------------------------

1 .  HIV fails to meet any one of these criteria. 

Sources: Peter H. Duesberg, 1992. "AIDS Acquired by Drug Consumption and Other Noncontagious Risk Fac­
tors," Pharmacololgy and Therapeutics Vol. 55, pp. 201 -277; and Peter Duesberg and John Yiamouyiannis, 
1995. AIDS: The Good News Is That HIV Doesn't Cause It (Delaware: Health Action Press), p. 1 1 .  

edly causes AIDS does not exonerate the 
v i rus, because an understand i ng of the 
pathogenetic mechanism of a microbe is  
not a criterion for establ i sh ing etiology. 
However, Duesberg does not reject the 
H I V  hypothes is  because the patho­
genetic mechanism of HIV i n  AIDS is not . 
understood; he bases his rejection on the 
fa i lure of HIV to meet the standard crite­
r i a  for establ i s h i ng et io log ies .  Thus ,  
Duesberg does not "throw the baby out 
with the bathwater." Rather, by pointing 
out the fai lure of HIV to meet these crite­
ria, he shows that there is no baby-only 
murky bathwater. 

L i l lge's bias toward the H IV hypothe­
s i s  i s  exempl ified by h i s  statement :  " I f  
we were to  learn more prec i se ly  how 

H I V  d i sab les  the  body's immune re­
sponse, t h i s  sort of specu lation [about 
A IDS  et io logy] wou l d  q u ick ly  d i sap­
pear." It seems that L i l lge regards testing 
the hypothes is  as u nnecessary because 
he "knows" that one  day  researchers 
w i l l  end the causation argument by dis­
cover i ng  H IV's  pathogenet ic mecha­
n ism. 

The fai lu re so far to find this hypothet­
ical mechanism does not deter L i l lge, as 
he deems the lack of success to be a re­
su l t  of "deficiencies of cu rrent methods 
of scientific research" and of an " ideo­
logical-reductionist bl i ndness" of the sci­
entific establ ishment. It i s  this biased atti­
tude that is responsib le for L i l lge's lack 
of comm itment towards u rg ing pol icy-
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AIDS.3 S i mply sa i d :  When H IV "d isap­
pears" from the b lood, the symptoms of 
AIDS a lso d i sappear. 

The currently used therapy, combi n­
ing  var ious  ant i-v i ra l  su bstances (to 
avoid the development of resistance to a 
s ing le  d rug), has the effect of massively 
suppress ing v i rus reproduct ion ,  wh ich  
means that patients w i l l  survive. I t  i s  now 
regular ly observed that, if the v i rus  can 
no longer  reproduce, no one w i l l  d i e  
from AIDS any more. 

So, A IDS research, accused of d isori­
entation and lack of planning-not with­
out reason-has fi na l ly  developed sub­
stances that a re effect ive aga i nst v i ra l  
d isease. Logic has to  be  severely twisted 
to c l a im , as D uesberg dOes, that jus t  
such a d rug as AlT, and surely a lso the 
more recent d rugs (ddl, ddC, d4T, 3TC, 
F-dda, and so on) are the causes of AIDS, 
when it has been shown that i t  is the re­
duction of the H IV load which offers the 
greatest l ikel ihood of reducing

' 
the symp­

toms of the d isease. 
That the new AIDS therapies are very 

expens ive, so that the vast major i ty of 
AIDS patients, especia l ly in the develop­
ing sector, w i l l  never be ab le  to afford 
them, is an ent ire ly d ifferent . issue. The 
recent progress in A I DS research w i l l  
benefit on ly  a relatively smal l group of 
A I DS pat i ents in North  Amer ica and  
Western Europe, u nt i l  a cheap vacc ine  
or other preventative can be found.  

Even the u se of AlT a lone, the fi rst 
anti-A IDS d rug, with severe s ide-effects 
i n  some cases, shows that, as a mono­
therapy, resistance qu ickly develops. But 
its use was just ified because of its c lear 
(although weak) anti-H IV effect. To out­
law AlT, as Duesberg d emands, be­
cause it is supposed to be the cause of 
AIDS on account of its immune suppres­
sive effect, is irresponsible and inhuman.  

Scientific studies have establ ished that 
especia l ly chi ldren born to H IV-positive 
mothers treated wi th AlT, deve lop a 
much lower incidence of AIDS than they 
wou ld if thei r  mothers had not been so 
treated.4 With new testing equipment, it 
is now poss ib le  to determ ine  the v i ra l  
load i n  the  b lood, wh ich i s  a very rel i ­
able ind icator of  the future development 
of the d i sease. H igh v i ra l  load is  associ­
ated with a bad prognos i s, wh i l e  a low 
viral load is associated with a good prog­
nos i s .  Every H IV- infected person and  
AIDS patient, who  is  currently u nder a 
combi nat ion therapy, knows t h i s .  A 
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more defin i te corre lation between H IV 
and A IDS in practice i s  hard ly imagin­
able! 

The Case of the Hemophiliacs 
Duesberg is extremely evas ive con­

cern ing hemoph i l iacs who have been in­
fected by H IV-contaminated blood prod­
ucts, and with good reason.  Th is  aspect 
is not mentioned in the Robertson/Dues­
berg paper pub l i shed here; i n  other  
places, Duesberg usual ly refers to "cont­
aminations" of factor V I I I  products with 
foreign proteins from blood donors.s The 
more of such anti-clotti ng b lood prod­
ucts a hemoph i l i ac has received, the 
more " immunosuppressive" contamina­
tions . he has received which may cause 
A I DS.' And H I V, aga i n , i s  here on l y  a 
"ha rm less compan ion" wh ich  i s  on l y  
u sefu l as an  i ndex for t he  n u mber of 
blood transfusions received. 

In this case, Duesberg's search for an  
H IV- i ndependent factor for A I DS be­
comes absurd indeed. It is somewhat un- . 
clear what he rea l ly understands by these 
"contam i nat ions ,"  but i t  has  been 
shown, in at least two large studies, us­
ing s imp le  statist ical methods, that the 
cause of i nfection, subsequent d i sease, 
and death of many hemophi l iacs was as­
sociated with H IV, and not with contam­
ination of clotting factors .6 

Here, some recol lections from the first 
years of A IDS are he lpfu l .  In 1 982,  re­
ports suddenly began to accumu late i n  
the United States and Europe of patients 
who had received b lood transfus ions ,  
and shortly thereafter also hemophi l iacs, 
becoming i l l  with AIDS. All of a sudden, 
a part of the population was hit by AIDS 
wh ich d i d  not man i fest any of those 
practices domi nant in the origi na l  r i sk 
groups of homosexuals and i ntravenous 
d rug users. 

A l l  of these persons had only one thi ng 
i n  common : They had rece ived b lood 
transfus ions  or had been treated wi th  
clotti ng factors, sometimes years before. 
I n  a l most every case reviewed at that 
t ime,  i t  was poss ib le  to trace a b lood 
product to an H IV-positive donor i n  the 
risk groups. All large statistical analyses 
a lso establ ished, without doubt, that H IV 
i nfect ion was  not the consequence of 
the practices of the risk groups ( inc lud­
i ng drug use) but was a lways associated 
with presence of H IV ant ibodies in the 
donor.? 

In  1 985, actua l ly  very late, systematic 
H IY  antibody testing of a l l  blood donors 

and the safe process ing  of b lood prod­
ucts was started . The effects of this pro­
cedure were shown in a British study be­
tween 1 977 and 1 992,  which i nc luded 
6 , 278  hemoph i l i acs .  F rom  1 9 79 to 
1 986, 1 , 2 2 7  of them were in fected by 
therapy with blood products. Among the 
2,448 severe hemophi l iacs of that group, 
the death rate between 1 977 and 1 984 
was stable at 8 per 1 ,000. Between 1 985 
and 1 992 ,  the death rate among HIV­
negative persons with severe hemophi l ia  
rema ined u nchanged , wh i le the death 
rate among seropos i t ive persons 
zoomed, and reached 81 per 1 ,000 in 
1 99 1  to 1 99 2 .  Among the rema i n i ng 
3 ,830 hemop h i l iacs w ith moderate or 
s l i gh t  hemop h i l i a ,  the same p ictu re 
emerged : The death rate was 4 per 1 ,000 
between 1 977 and 1 984, and i ncreased 
to 85 per 1 ,000 i n  1 99 1 -9 2  among 
seropositive individuals.8 

"Whoever, after all the latest 
findings, still maintains that 
there is no clear correlation 
between H IV and AI DS, can 

no longer claim that he is 
serious." 

In Duesberg's theory, pract ica l ly  no 
A IDS deaths occur  because of i nfected 
blood transfusions, because, apparently, 
he has  not yet fou nd a "factor" wh ich  
cou ld  be c i ted as a cause.  A IDS deaths 
among hospital personnel are said to be 
casua l ,  the cause of which may sti l l  be 
fou nd i n  yet u nd i scovered drug  con­
sumption. As a cause of AIDS in women, 
whose husbands are H IV-infected hemo­
ph i l iacs, Duesberg refers to the "normal 
aging process" or misclassification.9 

Koch's Postulates 
Robertson/Duesberg claim in their pa­

per that Koch's  postu l ates a re not fu l ­
fi l led by H IV. At  the  end of  the last cen­
tury, Robert Koch set forth the fol lowing 
conditions for establ i sh ing a microbe as 
the cause of an i nfect ious  d i sease:  ( 1 )  
The microorganism must be found i n  a l l  
cases of  the  d i sease. (2 )  I t  must be  iso­
l ated from the host a nd grown in pu re 
cu lture. (3) It must reproduce the original 
d isease when introduced into a suscepti­
ble host. (4) I t  must be found in the ex­
perimental host so infected . 
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Table 3 
CLASSICAL CRITERIA OF I N FECTIOUS DlSEASE1 

( 1 )  The pathogen is abundant and very active in target tissues during the course of 
the disease. 

(2) The disease manifests within days or weeks after infection.2 

(3) The disease spreads exponentially in an unimmunized population within weeks 
or months, and subsequently diminishes as immunity builds up (Farr's law). 

(4) The disease is equally distributed between the sexes. 

(5) The disease mostly affects those with weak or immature immune systems, such 
as those under 20 and over 60 years of age. 

Notes-------------------------------------------------------
1 .  AIDS does not fulfill even one criterion of infectious disease. 
2. "Slow viruses" or lentiviruses have never been isolated, and thus remain hypothetical entities. 

Source: Peter H. Duesberg, 1 996. "How Much Longer Can We Afford the AIDS Virus Monopoly?" in Peter H. 
Duesberg (ed.), AIDS: Virus· or Drug·lnduced? (Dordrecht: Kluwer Academic), pp. 241 -270. 

makers and scientists to campaign for a 
provable cause of AIDS. 

L i l lge's casual and r isky approach to 
sett l i ng the et io logical  debate (to wait 
and see if a pathogenet ic mechan i sm 
can be found)  bel ies the i nherent seri­
ousness of the current s ituat ion.  I f  H IV  
is  not the cause o f  AIDS, the search for 
a presumed pathogenetic mechan ism is 
a waste of t ime and money, and current 
med ical  treatments and pub l i c  health 
strategies d i rected at combatt ing A IDS 
are based on a fa lse premise .  

In  view of this ,  and the fact that tests 
have been devised that may either con­
firm or fa lsify the HIV hypothesis, 1 6,1 9,20 
why recommend that we wait to see i f  
the etiological argument can be settled 
by the d i scovery of a pathogenetic 
mechanism of H IV? 

Public Health Strategies 
L i l l ge ca l l s for the worldwide imp le­

mentation of effective publ ic health mea­
su res a imed exc lu s ive ly at contro l l i ng 
the spread of H IV. We wonder why pub­
l ic  health systems should commit solely 
to preventative "measures" based on an 
incoherent hypothesis that is supported 
on ly  by c i rcumstant i a l  evidence and 
anecdotes . 7  To make such a restricted 
com mitment i s  not on ly  un just i f iab le, 
but irresponsible. 

We bel ieve that AI DS researchers 
should commit to establ ish i ng a proven 
cause of AIDS so as to provide the Public 
Health Service with a tenable basis from 
wh ich it may devise and implement ef­
fective pub l ic  health strategies. At pre­
sent, 1 5  years after the first official cases 
of A IDS were d i agnosed, the Pub l i c  

Health Service cannot demonstrate that 
its efforts have saved even a s i ngle l i fe. 
Moreover, a l l  public health measures de­
veloped on the basis of the HIV hypothe­
sis have fai led to stop the spread of AIDS. 

Unt i l  the cause of AI DS is  identified, 
pub l ic  health measu res for combatt ing 
the syndrome are h i t-or-miss affa i rs. In­
deed, if AIDS is caused by factors other 
than H IV, such as chronic i ntravenous 
d rug u se, then cu rrent pub l i c  hea l th 
measures, l i ke supplying steri le  need les 
to i ntravenous drug users, cou ld be ex­
acerbat i ng the epidemic .  Viewi ng H IV  
a s  synonymous with AI DS, as L i l lge 
does, is to ignore non-HIV immunosup­
pressive factors, such as those wh ich  
cause H IV-free A IDS .  We bel ieve that 
such tunnel vis ion represents "a publ ic 
danger." 

Testing the HIV Hypothesis 
The H IV hypothesis became interna­

tional dogma before it was subjected to 
the usual scient ific scrutiny and debate 
afforded by refereed publ ication 21 ,22 I n  
other words, the U .S. government's en­
dorsement of the premi se that H I V  
causes AIDS was based solely o n  the al­
l egat ions  of Ga l lo and h i s  co l l abora­
tors.23 Thus, despite the fact that only 26 
out of 72 AIDS patients studied by Gal lo 
were infected with HIV,24 th is  less-than­
convi ncing "correlation" was touted as 
"overwhel m ing evidence" and the H IV 
hypothesis was subsequently carved in  
stone at a press conference. 

Although most AIDS researchers agree 
that the strongest ev idence that H I V  
causes AIDS i s  merely epidemiological,6 
they state that test ing the hypothesis is 
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unnecessary. This is because they have 
an unrelenting faith in the HIV hypothe­
s is-a faith that often can only be just i ­
f ied with c i rcu lar  reason i ng .  For exam­
ple, the ed itor of Nature, John Maddox, 
wr i tes that "the ev idence [that H I V  
causes AIDS] necessari ly seems circum­
stant ia l"  because " [t ] he  mechan ism of 
the pathogenesis of the d i sease has not 
yet been u ncovered . "25 For most re­
searchers though ,  c i rcu mstant ia l  evi­
dence is suffic ient for the HIV hypothesis 
because they believe in 'gu i lt by associa­
tion'--at least where H IV is concerned.6 

Some researchers a re even sati sfied 
with anecdotal evidence. For instance, 
commenting on a rare case in which a 
laboratory worker developed A IDS after 
accidenta l infection with H IV, Anthony 
Fauci ,  head of the National I nstitute of 
A l lergy and I nfect ious  D i seases, de­
clared, "As far as I 'm concerned, the . . .  
[anecdotal evidence] . . . .  prove [s] cau­
satio n .  I don ' t  need any  more than 
that." 1 7  

However, s i  nce the burden of proof 
rests with proponents of an u nproven 
hypothes is , the A IDS estab l i shment is 
eth ically obligated to perform tests, such 
as those that have a l ready been pro­
posed, 16, 1 9,20 to establ ish whether or not 
H IV is the cause of AIDS. 

Simian Immunodeficiency Virus 
Li I l ge states that the development of 

"AIDS-l ike symptoms" in monkeys inoc­
u l ated with s im ian  immu nodefic iency 
vi rus (S IV) i s  ev idence for the H IV hy­
pothes i s .  However, we fa i l  to see the 
connection. 

The hypotheti ca l  character i st ics of 
H IV pathogenesis inc lude a long latent 
period, the depletion of T-cel ls, the de­
ve lopment  of A I DS o n l y  i n  the pres­
ence of ant iv i ra l  a n t i bod i es ,  and the 
development of certa i n  d i seases such 
as Ka pos i ' s  sa rcoma and  dement i a .  
None of these parameters i s  appl icable 
to the pathogenes i s  of S IV .  Moreover, 
even if the parameters of S IV  i nfect ion 
were completely analogous to the para­
meters of H IV i nfection, i t  wou ld prove 
only that, under analogous condit ions, 
other retrovi ruses may cause d i seases 
in  an imals .?  

We acknowledge that a putative etio­
logical agent, such as H IV, meets Koch's 
th i rd postulate if it reproduces a d isease 
when introduced into a susceptible host. 
However, SIV is not H IV, and simian ac­
q u i red immu nodefic iency syndrome 
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But a 1 995 paper, "The Relationsh ip 
Between the Human Immunodeficiency 
Virus and  the Acq u i red I m m u nodefi­
ciency Syndrome," 10  i ssued by the U .S. 
Nat ional  I nstitute of Al le rgy. and I nfec­
t ious D i seases (Nat iona l  I n st i tu tes of 
Hea l th )  s hows that Duesbe rg · i s a l so  
wrong on th i s  account. 

. 

By means of PCR (polymerase cha i n  
react ion) ,  accord i ng  to  the  pape r, t he  
presence of  cel l -associated as  wel l as  
cel l-free H IV  (as  RNA or provi ral DNA) 
can be establ ished i n  pract ical ly al l  pa­
tients with AIDS and in persons with ear­
l i er stages of H I V  i nfeCt ion .  I mprove­
ments in co-culture techniques have a lso 
made it possible to isolate H IV i n  practi­
ca l l y  a l l  A I DS pat ients and a l most a l l  
seropositive persons.l l 

... 

The paper i nc lioldes a report on three 
l aboratory workers ,  w i th no other r i sk  
factors, who developed A IDS  or  severe 
immunosuppression after accidental ex­
posu re to a concentrated, molecu lar ly  
cloned HIV strain (H IVI I I B) i n' the labora­
tory. In a l l  three cases, it was shown that 
the Koch postulates were fu lfi l led . Two 
of the laboratory workers were i nfected 
in 1 985, and one i n  1 99 .1  " A l l  three have 
shown marked dD4.;, T cel l  deplet ion, 
and two had CD4+ T cel l  counts d rop­
p ing  below 200/mm3  of b lood .  I n  a l l  
th ree cases, H I VI I I B  was iso lated from 
the in fected i nd iv iduals ,  and shown to 
be the or ig i na l  i n fecti ng  stra i n  of the  
virus. Fu rthermore, two of the i nfected 
persons had not been treated for a long 
time with AZT, which Duesberg c la ims 
to be the cause of A I DS,  and  none of 
them had any othe( "risk fa!=tors." 1 2 

Apart from this clear evidence; the in­
sistence on the striCt ful fi l lment of Koch's 
postulates sounds very much l i ke funda­
menta l i sm .  F i rst, Robert Koch had set 
them forth on ly for bacter ia l  i n fect ions 
(vi ruses, which u nt i l  recently cou ld  not 
be cu ltured, or only with great d ifficu lty, 
were not known i n  h i s  t ime), and, sec­
ond, they are not a lways completely fu l­
fi l led for other infectious diseases. At the 
end of his research career, Koch devi­
ated from h is  own rules, for example, in 
uncovering the causes of cholera.1 3 

In connection with Koch's postulates, 
Robertson/Duesberg claim that H IV does 
not lead to A I DS i n  ch impanzees, a nd 
therefore, Koch 's  th i rd postu late i s  not 
fulf i l l ed .  Thus ,  H IV cou l d  not be the 
cause of  A IDS.  Th is  i s  an espec ia l l y  v i ­
cious a rgument, because i t  i s  on ly  true 
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Contrary to experience with hemophiliacs and others, who developed AIDS after re­
ceiving blood transfusions from HIV-positive donors, in Duesberg's theory, practi­
cally no AIDS deaths occur because· of infected blood transfusions. 

that H IV-1  does not lead to A IDS  i n  hemoph i l i acs, i t  i s  caused by contami-
ch impanzees. I t  i s  not true for the other nat ions  of the  c l otti ng  factors, and so 
basic stra in ,  H IV-2, that i s  prevalent i n  on. 1 5 

' 

We sf Africa and differs from H IV-1 only , It i s  pointless to review the val id ity of 
s l i ghtly, but is very s imi lar to the s imian these arguments case by case: I i- one of 
immune  defi c iency v i rus  S IV .  H iv-2 the factors were to drop out, the skeptics 
causes a·strong d isease process in Asian wou ld eas i ly fi nd a new one, so that the 
monkeys extremely s im i l a r  to AIDS i n  who le  game wou ld  start aga i n .  I n  gen-
hu mans ,  wi th  a l l  typ ica l  character i s- eral ,  ma ln utr i t ion, tubercu losis ,  d rugs, 
tiCS. 1 4  .. .  and s o  forth wi l l ,  of course, weaken the 

Cause or Marker? 
Because Duesberg rejects H I V  as  

cause of  AIDS, he i s  forced to develop a 
theory that i nserts at every poi nt a new 
factodor every proven aspect of the d is­
ease'development. Since AIDS h its such 
d i verse groups as ma le  homosexua l s ,  
drug addicts, hemophi l iacs, and transfu­
s ion  rec i p ients, and a l so has  a com­
pletely d i fferent manifestation i n  Europe 
and North America than in Africa, Dues­
berg is compe l led to g ive a d i fferent 
cause for every s i ngle man ifestation of 
the d isease-an extraord i nar i ly  u nnat­
ural procedure. 

Accord i n g  to Duesberg, A I DS i s  
cau'sed i n  Afr ica by ma lnu tr i t ion and  
tubercu losis, "Qr else i t  appears on l y  by 
m i sc lass ification; in male homosexuals 
in the  U n ited States, i t  is caused by 
consumption of  n itrites; i n  female i ntra­
venous drug users and thei r  babies, i t  i s  
caused by consumption of other d rugs; 
in many other HIV posit ives, who take 
no drugs, i t  i s  caused by taking AZI; in 

i m m u ne system, and H IV w i l l  have 
greater opportun i ty, but the mechanism 
of immunological weakening is d ifferent 
i n  each case, and the sum of them does 
not define A I DS.  Duesberg's theory is a 
hunt for a "bad i nfin ity," A typical sign of 
it is that h i s  theory is a lways far beh ind 
current deve lopments and i s  u nable to 
predict. 

If H IV is  only a marker for a mu ltitude 
of practices or " l ifestyles," which expla in 
the fa i l u re of the immune system better 
than i nfection by H IV, then it should be 
poss i b l e  to pred ict  by means of these 
factors the futu re development of AIDS 
in i n d iv i dua l s  st i l l  hea l thy today, in a 
more prec i se way than  i s  poss ib le  by 
means of thei r  H IV status. That is not the 
case. Rather, it has been shown in large 
studies that H IV-positive persons wi l l  de­
velop A I DS wi th regu la r ity-i ndepen­
den t  of those factors presented by the 
H IV skeptics as the causes. 

F i na l ly, to admit, in biology or med i­
c ine, that most of the molecular mecha-
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does not resemble A IDS .  Koch ' s  th i rd 
postulate remains unfu lfi l l ed because in  
the 13  years s ince chimpanzees were in­
jected with H IV no chimpanzee has de­
veloped AI DS.? 

Statistical Tricks and 'Big lies' 
L i l lge charges Duesberg with manipu­

lating data, stat ing  that, "Ca lcu l at ions 
and stati st ics can not be arb itra r i l y  
thrown together to  su it the  researcher's 
purpose." However, L i l lge might wel l  tar 
Eigen with the same brush, s ince Eigen's 
calcu lations are biased towards correla­
tion: the number of H IV-seropositive per­
sons N(t) "can be constant or fluctuating 
and sti l l  be correlated overa l l "  with the 
cumu lative total of AIDS cases n(t). Any 
assertion that the d iscrepancies in Dues­
berg's and Eigen's calcu lations constitute 
trickery is hypercritical conjecture. 

If L i l lge is tru ly concerned about the 
manipulation of data, he might wish to 
examine the tact ics that A IDS re­
searchers use to salvage the HIV hypoth­
esis. For example, knowing that H IV fai l s  
Koch's  postu lates-the standard etio­
logic criteria of infectious d isease (Table 
2, points 1 -3)-they either reject the pos­
tulates7,26 or alter them to fit the H IV hy­
pothesisY The d ismissal of Koch's pos­
tulates is defended by the circular logic 
that the fai lure of H IV to meet the postu­
lates inva l idates the postu lates, rather 
than the hypothesis'? 

Fu rthermore, each time their  specu la­
t ive model of H I V  pathogenes i s  i s  
shown to be  a t  variance with orthodox 
virology, A IDS researchers mod ify it to 
accommodate the H IV hypothesis. Also, 
when it became evident that H IV cou ld 
not be the cause of AI DS, they saved a 
role for the virus by hypothesiz ing that 
it requ i red a cofactor to cause A I DS .  
However, a lthough various candidates 
have been proposed as cofactors, not 
one has been supported by tenable evi­
dence. 

Since "it is the detai ls  that matter" and 
since L i l lge considers "an u nambiguous 
relationship" to be the "most important" 
criterion for establ ish ing etiology, we are 
curious to know how he rational izes the 
unambiguous relationship between AIDS 
and drugs.?, l D L i l lge states that "Serious 
research exists by means of hypothesis 
and experiments." We submit, as an ad­
dition, that accurate interpretations of re­
search experiments exist by means of 
logical and unbiased reasoning and ob­
servation. In the case of H IV and AI DS, 

mainstream interpretations of the experi­
mental data have been far from logical 
and unbiased. 

If evidence points to a hypothesis be­
ing invalid, the honest and logical th ing 
to do is to abandon the hypothesis and 
form u l ate a new one that does fit the 
facts. Surely the ascription of mi raculous 
properties to H IV so that it fits estab­
l i shed v i rological facts is manipu lat ing 
data to su i t  the pu rposes of the re­
searchers. 

Conclusion 
In th i s  rebutta l ,  we have shown that 

the correlation between HIV and AI DS, 
the bas is  for the H I V  hypothes is ,  i s  
mere ly an  art ifact o f  t h e  defi n it ion of 
A I DS, and that corre lation, u nambigu­
ous or otherwise, is an insufficient crite­
rion for determin ing the etiology of a d is­
ease. We have also shown that the data 
contradicting the H IV hypothesis are sig­
n ificant and that AIDS fai ls the criteria of 
infectious d isease. 

Because of the forego i ng, we and 
many other investigators28 quest ion the 
HIV hypothesis and propose that "a thor­
ough reappraisal of the existing evidence 
for and agai nst the hypothesis be con­
ducted by a suitable independent group" 
and that "critical epidemiological studies 
be devised and undertaken."29 
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ru le_ Du�sberg should not ,boast that he 
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Some Additional Remarks on the 
Duesberg Controversy 
by Dr. Jonathan Tennenbaum 

jonathan Tennenbaum heads the Fu­
sion Energy Foundation in Europe and is 
a member of the scientific advisory 
board of2 1  st Century. 

l As Wolfgang Li l lge has correctly stated 
(p.65) , the strength of Dr. Duesberg's 

argumentation, and that of his fol lowers, 
l ies exclusively on the negative side. They 
observe, and part ia l ly  correctly so, that 
cu rrent scient if ic op in ion  concern ing  
A IDS and H IV  has not  been p roven in  
many key points. However, not much i s  
won by that. Because, strictly speaki ng, 
Duesberg, too, has proven nothing, not 
the least his own theory on the cause of 

these fatal d iseases wh ich fa l l  under the 
cl in ical definition of AIDS.  

Where is his detai led account of the bi­
o logical processes, wh ich prod uce the 
symptoms associated with AIDS? Where 
are his experiments and other crucial evi­
dence? Vague references to "abnormal"  
l i festyles, special problems of hemophi l i­
acs and other so-cal led risk groups, effects 
of drugs, and so on, may impress the inex­
perienced layman by superficial plausibil­
ity; val id proofs have not been presented 
by Duesberg. Rather, h i s  arguments re­
mind one of the bitter resistance to Lou is 
Pasteur, when he had to push through the 
concept of commun icable pathogens 

Dr. Peter Duesberg: 
D·isinformation Agent? 
by E rnest Schapiro, MD. 

Ernest Schapiro works with the Schiller 
Institute in Washington, D.C. 

D r .  Leonard Horowitz is the first sci­
entist to conclus ive ly demonstrate 

that the AIDS virus was not natu ral, but 
rather that it began in a laboratory, qu ite 
poss ibly at the National Cancer Institute. 
Horowitz, a dentist with an master's de­
gree in pub l ic  health, lays out the evi ­
dence i n  h i s 1 9 96 book, Emerging 
Viruses-AIDS & Ebola : Nature, Acci­
dent, or Intentional?l 

I n  th i s  book, Horowitz shows that a 
team of sc ient ists was employed w ith 
government fu nd i ng, specifica l ly  to de­
velop new infectious agents for which the 
immune system would have no defense. 
The fu nd ing  for the project inc l uded a 
portion of the 1 9 70 Department of De­
fense budget. One of the team members 
was Dr. Robert Gal lo, who shares credit 
for the "discovery" of the AIDS vi rus with 

fellow retrovirologist Luc Montagnier of 
the Pasteur Institute in Paris. 

Ho rowitz a l so makes the case that 
Duesberg was involved in  this, working 
on a Special Virus Cancer project under 
the National Cancer Institute. 

The Population Motivation 
The infectious agents project was in iti­

ated, Horowitz says, by Henry Kissi nger, 
then head of the National Security Coun­
cil du ri ng the Nixon admin istration. The 
u nder ly ing pol icy, he says, concea led 
u nder the cover of b io logical warfare, 
was one of population control .  Horowitz 
documents the Malthusian fanaticism of 
Kissi nger, George Bush, and their col lab­
orators, and shows how, beg inn ing un­
der N ixon, Malthusian ism became U .S .  
pol icy.2 

Horowitz states that Gal lo conducted 
experiments, reported in 1 972, in which 
he combined the outer shell of a monkey 
retrov i ru s  wi th the vi ru ses that cause 
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against the then popu lar dogma of "spon­
taneous" creation of d iseases. 

2 1 t  is no scandal at a l l ,  when scientific 
opin ion and c l i n ical pranice, in the 

fight against AIDS, are based only on hy­
potheses, wh ich at most have a l im ited, 
but not an absolute claim for truth. Who­
ever demands that medicine only be prac­
t iced on the basis of truths proven with 
"mathematical certainty" and beyond any 
conceivable doubt, wou ld thereby cause 
a complete paralysis of med ical practice, 
and wou ld be cu lpable for the death of 
mi l l ions of patients by negl igence. 

The question is, how to react to an un-

leukemia i n  chickens and cats, and then 
grew the new hybrid v i ruses in hu man 
wh ite blood cells, thereby breach ing the 
natural spec ies barrier which ord i nar i ly 
renders one species immune to the retro­
vi ruses which are found in other verte­
brates. This type of experiment had been 
strongly opposed, start ing in the 1 960s, 
by some immu nologists, such as Nobel 
Prize w inner S i r  McFarlane Burnett, as 
l i kely to lead to catastrophe. 

Duesberg's Involvement 
Gal lo's work was part of the massive, 

government-supported research on can­
cer-cau s i ng and i m m u ne-system­
destroy i ng vi ruses .  Much of th i s  work 
was done as part of the semi-secret Spe­
c i a l  V i rus  Cancer Program, u nder the 
ausp ices of the Nat iona l  Cancer I nst i­
tute. Dr. Peter Duesberg was d irector of 
a Special Vi rus Cancer Program project, 
whose pu rpose was to determ i ne  the 
mechan isms by wh ich certa i n  types of 
retroviruses, inc lud ing the C types, pro­
duced cancer in a variety of animals. As 
such, Duesberg was l isted in 1 9 7 1  as a 
consu ltant to the Spec ia l  Virus Cancer 
Program. 

As Horowitz puts it: "The fact i s  that 
Duesberg, l i ke Gal lo, Montagnier, Fran­
c i s ,  H i l leman,  and a few others-had 
been part of a core group of investiga-
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paral leled th reat to mankind on the basis 
of necessari ly incomplete knowledge. 

3DUesberg makes it easy for h imself, 
because he chooses as a rhetor ica l  

target of  h is  criticism, an extremely dog­
matic position that is not at a l l  typical of 
serious AIDS research.  It is doubtless the 
case, that a number of cofactors, perhaps 
even other viruses ( includ ing so far undis­
covered ones), play a more or less impor­
tant, or possibly even decisive, role in the 
development of AIDS. In fact, it is true for 
any commun icable disease, that the spe­
cific state of health of the ind ividual and 
many other cofactors are highly determi­
nant for the course of the infection. 

4Without doubt, it is important to criti­
cally review the question, to what ex­

tent the HIV virus constitutes the sale bio­
logical agent responsible for the spread of 
the AIDS syndrome, and to what extent 
HIV is the crucial factor in  a l l ,  or only for 
a part, of the cases d i agnosed as A I DS .  
From our  po i nt of- view, no t  everyth ing 

tors funded by the NCI  
[Nat ional  Cancer I n st i ­
tute] to study 'spec i a l '  
viruses and their l i nks to 
cancer." 

When A IDS  fi rst ap­
peared, D r. Dona ld 
Franc i s ,  one of the top 
virologists at the Centers 
for Disease Control, and 
former head of the H e­
patitis Branch, noted the 
occurrence of oppor­
tun ist ic i nfect ions i n  
AIDS patients as reminis­
cent of a s imi lar pathol­
ogy in fel i ne leukemia, a 
d isease on which he had done research. 
This example should make clear why re­
search wh ich  pu rported to dea l  w i th 
viruses that caused cancers of the cel ls of 
the immune system, was also potentia l ly 
research i n  the product ion of immune 
deficiency. 

It i s  scarcely surpr is ing that the ch ief 
suspects, as Horowitz poi nts out, have 
been u n iformly u nwi l l i ng  even to con­
sider the evidence that the v i rus  was 
man-made. Duesberg, Ga l lo, and Max 
Essex, for example, but a l so the publ  ic 
spokesmen for the b io logical  research 
establ i shment, have put forward a series 
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has been resolved i n  th i s  field. But  when 
Prof. Duesberg d i rects the main thrust of 
h is  attacks exclusively against the role of 
H IV, he avoids the really decisive ques­
t ion; namely that question which is key 
for the practical fight agai nst A IDS:  Are 
we dea l i ng with a pandemic spread of a 
commun icable disease-at least in a large 
part of, if not in almost al l , AIDS cases? 

S it real ly becomes dangerous if the d is­
orientation caused by Prof. Duesberg 

over the i ssue of H I V  as sale cause of 
A I DS-which is an important, but sec­
ondary question-d iverts attention from 
the fact, that a deadly pandemic is in 
progress. Even if the existence of H IV an­
t ibod ies were at best a "marker" for the 
probabi l ity of future AIDS (which we do 
not bel ieve), that wou ld al ready be of i n­
est imab le  va l ue  for fight ing A I DS, for 
lack of more precise knowledge about 
the causes of AIDS. 

6Unti l the late 1 9th century, there were 
phys ic ians  and even researchers 

of preposterous, ad hoc 
"explanations," start ing 
i n  1 98 1 , w ith the idea 
that homosexua l s-at 
that time the only known 
v ict ims of A I DS-were 
gett ing  s ick  because of 
their use of chemical in­
halants. Then we had the 
green mon key theory 
that the d i sease was 
transmi tted in Afr ica 
from mon keys to hu­
mans. 

Everyth ing to date i n­
d icates that  the ep i ­
demic began separate ly 

in  the Un ited States and Africa, the two 
areas where th i s  type of research was 
be ing  cond ucted by the same people 
and i nstitutions i nvolved i n  large scale 
vacc i n e  t r i a l s .  No  a n i ma l  has been 
fo und  in n atu re ha rbo r i ng  the  A IDS  
v i rus, o r  the Ebola virus. And there has 
never been any evidence demonstrat­
ing the existence of the A IDS virus prior 
to 1 976.  

I t  i s  i n terest i ng, however, that there 
were laboratories i n  Africa which were 
conducting virus cancer research at the 
same time as the National Cancer I nsti­
tute project. L i tton Bionetics, a d ivis ion 

who-s im i l a r  to Prof. Duesberg in the 
case of A I DS-den ied vehemently the 
commun icab i l i ty of, for example, 
cholera. They stressed that cholera was 
the resu l t  of bad env i ron mental  i nf lu­
ences, po isons of d i ffe rent k inds ,  bad 
l ifestyle, and so forth. Some of them even 
went so far as to dr ink contaminated wa­
ter, i n  o rder  to d i sp rove the thes i s  of 
commun icabi l ity of cholera. 

The natural  phenomenon "cho lera," 
as we l l  as the natural phenomena "tu­
berc u l os i s , "  " i n f luenza ,"  and several 
others, are i n  reality much more compl i ­
cated than they tend to be presented in 
the textbooks of med ic ine and biology. 
But the ent ire exper ience of man's l i fe­
and-death battle against d isease demon­
strates, that blocking the potential path­
ways for cha ins  of i nfection leads to an 
effective conta inment of these and other 
d i seases. 

It wou l d  be i rrespons i b le, and even 
neg l i gent, to ignore t h i s  exper ience, 
given our cu rrent-adm i tted ly  i ncom­
plete-knowledge about AIDS. 

of L itton Industries, the mi l itary technol­
ogy g iant, was the pr inc ipa l  suppl ier of 
monkeys for use i n  research around the 
wor l d .  L itton managed the vast NC I  
Cancer  Research Fac i l i ty i n  Frederick, 
Maryland (which had formerly been the 
Fort Dietrick biological warfare faci l ity); 
L i tton a lso, Horowitz bel ieves, ran the 
laboratories in Uganda in a para l lel op­
eration. 

D uesberg is u ndou bted ly  j u st as 
aware of these matters as Ga l lo and the 
rest of the scientists i n  the Spec ial Virus 
Cancer Program .  In his case, i t  i s  l i ke 
the boy who gets caught with h i s  fingers 
i n  the  cook ie  j a r  a nd  says, "What 
cookie jar?" 

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

1 .  Leonard G .  Horowitz, 1 996. Emerging 
Viruses-AIDS & Ebola: Nature, Accident, or 
Intentional? ( Rockport, Mass. :  Tetrahedron 
Inc.) .  

Among Horowitz's previous books is 
Deadly Innocence, i n  which he showed that a 
dentist, David Acer, had deliberately infected 
his patients with the AIDS virus. 

2. It was in the 1 974-1 976 period that the classified 
document National Security Study Memorandum 
200 was put forward, targetting 1 3  Third World 
countries for population reduction. NSSM 200 in 
essence implemented the depopulation plan put 
forward at the 1 974 United Nations World Popu­
lation Conference, held in Bucharest. See ''The 
Near-Term Danger of World Population Implo­
sion," by Paul Gallagher, 21st Century, Winter 
1 997-1 998, p. 1 2. 
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The Chal lenge �f 
Developing 

. ltAn AI DS Vaccine , � 

by Col i n  Lowry 

NIAID 

HIV budding from the membrane of a T-cell. 

The rapid spread of the AIDS epidemic 
throughout the world in the past year 

u nderscores the need for an effect i ve 
vacc i ne aga inst the H IV virus .  In 1 997 ,  
the World Hea l th  Organ izat ion est i­
mated there were 5 .8 mi l l ion new cases 
of HIV infection, 30.6 mi l l ion people in­
fected, and 2 . 3  m i l l ion  deaths due  to 
AIDS worldwide. 

Research toward develop i ng a vac­
cine against H IV has given scientists new 
ins ights into how the immune system re­
sponds to this virus, whi le presenting for­
m idable obstacles scientists w i l l  have to 
overcome if they are to succeed in creat­
ing an effect ive vaccine. At present, the 

i ncreased specia l ization of biology has 
led to the iso lat ion of much of the re­
search, preventing scientists from other 
f ie lds  from effect ively contr ibut ing to 
A IDS  researc h .  A crash research pro­
gram, implemented with pol ic ies s imi lar 
to those of the Apol lo Program,  wou ld 
be an important step toward overcoming 
many of these obstacles. 

Vaccination is one of the great break­
throughs of modern med ic i ne, start i ng  
with vacc i nes aga inst sma l l pox, d i ph­
theria, and then polio, which led to the 
control or e l imination of these diseases. 
However, modern med ic i ne confronts 
an  u ny ie ld i ng  enemy in H I V, a retro-
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v i ru s  that  tu rns  the i m m u ne system 
aga i nst i tself .  Sc ience can not fu l l y  ex­
pla in how the HIV virus causes massive 
immune defects when it i n fects on ly  a 
smal l  percentage of immune cel ls . Also, 
t he  H I V  v i rus ' s  ab i l i ty to mutate fre­
q uently, may u nderm ine the effective­
ness of a vacc ine. 

A vacc ine genera l ly  works by educat­
ing the immune system in advance about 
a specific i nfectious agent, stimulating a 
response that  c reates a reserve of i m­
mune cel l s  designed to attack the in fec­
tious agent. When these reserve cel ls  en­
counter the active i nfectious agent, they 
mobi l ize the immune system to defend 
the body from in fection. In  order to un­
derstand how the H IV virus destroys the 
immune system, and the d ifficu l t ies i n  
developing an  effective vaccine, a closer 
look at the immune response i s  neces­
sary. 

The Immune Response 
The immune  system responds to a 

pathogen i n  two ways : The f i rst is hu­
moral immun ity, which involves the pro­
duct ion of an t ibod ies .  The second  i s  
cal led cel l u l ar immun ity, and  i nvo lves 
the k i l l ing of infected cells, wh ich is key 
in clearing v iral i nfections. 

H u moral immun ity i s  a p r imary de­
fense against vi ruses, bacteria, or other 
pathogens that are in c i rcu lat ion in the 
b lood or  l ymph .  Ant ibod ies a re pro­
duced by B-ce l l s, and b ind specifica l ly  
to the pathogen, neutra l iz ing it, and tag­
ging it for destruction by other immune 
cel l s .  The B-ce l l  can b ind soluble pro­
tei ns, or engu l f  i nvaders, chopp ing up 
these fore ign prote i ns ,  wh i ch are 
processed and then presented on the 
membrane su rface of  the B-cel l on a spe­
cific receptor. Surface receptors are pro­
duced i ns ide the cel l ,  and protein frag­
ments that are being processed there are 
bound by the  receptor, wh ich is then 
s h i pped to the membrane  su rface for 
presentation. 

In order to become act ive, and start 
producing a specific antibody, the B-cell 
needs the help of another immune cel l ,  
known as the CD4 T-ce l l  (or he lper T­
cel l ) .  The B-ce l l  presents a prote in frag­
ment (antigen) from the pathogen on its 
membrane receptor known as MHC I I ,  
wh i ch  i s  found  on ly  on immune ce l l s .  
The C D4 T-ce l l  can b ind to MHC I I  re­
ceptors, and it w i l l  b ind to the ant igen 
presented by the B-ce l l ,  i f  the variable 
region of i ts T-cell receptor has the spe-
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Electron micrograph of a monocyte engulfing an antibody-coated target. 

cif ic b i nd i ng  affi n ity for that an t igen .  
Once the  T-cel l  and  B-ce l l  have bound 
together, the c l ustering of other recep­
tors on the membrane produces s igna ls  
that activate the B-ce l l  to produce ant i­
bodies, as wel l as to prol iferate. The acti­
vated T-cel l w i l l  a lso secrete molecu les 
known as cytok i nes, wh i ch cause the  
pro l i ferat ion of  th is  T-ce l l ,  and the pro­
duction of a l i ne of memory T-cel ls spe­
cific for this antigen. 

To complete the process of h u moral 
immunity, the antibody-secreting B-cel l s  
i nd i rectl y  recru i t  the hel p of other im­
mune  ce l l s, i nc l ud i ng  macrophages, 
monocytes, and neutroph i l s, that engulf 
and chemical ly destroy targets bound by 
the antibody. 

Cellular immunity is responsible for de­
stroying cel ls that are infected with viruses 
or have become damaged or cancerous. 
The CD8 T-cel l ,  often cal led a cytotoxic 
lymphocyte, identifies i nfected cel ls by 
the presence of fore ign prote ins  on the 
membrane surface. The CD8 T-cel l  binds 
to the MHC I receptor, read i ng the ant i­
gen held by the receptor, which is found 
on the surface of a lmost all cel l  types. As 
an example, a virus-infected cell wi l l  pro­
duce v i ra l  proteins  i nterna l l y, and frag­
ments of these proteins wi l l  be presented 
on the MHC I receptor. A CD8 T-cel l  with 

the correct specificity, can bind to MHC I 
presenting a viral antigen. Once bound to 
the MHC I receptor, the clustering of co­
receptors may activate the CD8 T-ce l l ,  
which w i l l  then k i l l  the infected cel l ,  by 
lys ing (bu rst i ng) i t  w ith chemicals .  The 
activated CD-8 T-cell w i l l  then pro l ifer­
ate, and memory cel l s  specific to the anti­
gen wi l l  a lso be produced . CD-8 T-ce l l s  
are restricted to k i l l ing cel l  targets that ex­
press the MHC I receptor, and are not in­
volved in attacking free viruses or bacte­
ria in the circulatory system. 

HIV's Devious Attack 
By studying the progression of patients 

from i n it ia l  i nfect ion with H IV, to tota l 
im mune su ppress ion character i st ic  of 
fu l l -blown AIDS, scientists have learned 
what damage H IV does to the immune 
system, but how th i s  damage occu rs i s  
not completely understood. 

The H IV  v i rus  uses many of the im­
mune system's defense mechanisms to 
its own advantage, infecting responding 
T-cel ls, and relentlessly suppressing and 
defeating the immune system as a whole. 
H IV  is  a retrovi rus, wh ich uses RNA as 
its genetic materia l ,  but transcribes this 
i nto DNA u s i ng a spec i a l  enzyme. A 
retrovirus can integrate its DNA i nto the 
genome of the host cel l ,  and remain dor­
mant, or it can force the cel l to rep l icate 

the virus u nt i l  the cel l  is k i l led, and the 
new vi ruses are released. 

One of the ways H IV destroys the im­
mune system is by i nfecting CD4 T-cel ls, 
d isabl i ng their  function, and eventua l ly  
k i l l i ng  them.  H IV can b ind to the CD4 
receptor on the membrane su rface of the 
T-cel l ,  and, with the help of another co­
receptor, ga i n  entrance i n to the cyto­
p lasm of the cel l  i ntact. This i s  very un­
u sua l ,  i n  that the vi rus  escapes any 
enzymatic cleavage or processing by the 
host cel l , by enter ing through these re­
ceptors. Once i nside, the vi rus may repli­
cate, k i l l i ng the ce l l ,  or may i n tegrate 
into the genome and l ie dormant. 

The destruction of CD4 T-cel ls, i s  re­
flected by the low T-ce l l  cou nts in the 
b loodstream of AIDS patients. The CD4 
T-cel l acts mostly as a med iator for acti­
vation of immune responses. Communi­
cation with i n  the immune system is nec­
essary for mobi l i z i ng  a response. H IV  
d isrupts this commun ication, altering the 
normal prod uct ion of s igna l l i ng mole­
cu les, cal led cytokines, wh ich wou ld be 
produced i n  response to i nfect ion . By 
destroying  C D4 T-cel ls ,  HIV a lso dam­
ages the fu nct ion of B-ce l ls ,  wh ich  re­
qu i re the help of CD4 T-cel ls to produce 
antibodies .  

H IV  a lso d i rectly destroys another im­
portant immune cel l ,  known as the den­
d ri t ic cel l .  Dendrit ic ce l l s  res ide in the 
mucous mem branes, in lymph nodes, 
and i n  epithel ia l  t issue general ly. These 
cel l s  act as surve i l l ance against viruses 
or bacteria, by taking in foreign antigens, 
and presenting them to T-cel ls .  Dendritic 
cel l s  norma l ly  take in pathogens, d igest 
them with proteolytic enzymes, and d is­
play the protei n  fragments on their sur­
face with i n  the MHC I I  receptor. A CD4 
T-ce l l  w ith the correct specif ic i ty can 
then b ind to the MHC II receptor of the 
dendr i t ic  cel l ,  beco m i ng act ivated to 
pro l ife rate. In th i s  way, dendr i t ic ce l l s  
activate a T-cel l  response to  pathogens 
encountered with in  mucous membranes, 
often before the pathogen gets i nto the 
bloodstream. 

The H IV vi rus uses the abi I ity of the 
dendritic cel l to pass antigens to T-cel ls, 
as a d i rect route to infect the CD4 T-cel l  
popu lation . H IV can also b ind  to  and en­
ter the dendritic cel l  intact. When an in­
fected dendrit ic cel l  contacts a CD4 T­
cel l ,  i t  often passes i ntact H IV to i t, 
infecting the T-cel l .  In AIDS patients, the 
number of dendr it ic cel l s  remain ing in 
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the mucous membranes de-
creases rapid ly, as the d i sease 
progresses. 

Cytotox ic  T- Iymphocytes, 
predominantly COB T-cel ls, re­
spond i ng to H IV prote i n s  on 
the su rface of infected cel ls, are 
activated to destroy i n fected 
CD4 T-ce l l s, dendr i t ic  ce l l s ,  
and others, also contributing to 
the dec l i ne i n  im mune fu nc­
tion. However, ce l l s  infected 
with H IV that are in l atency, 
with no viral proteins being ex­
pressed on their cel l  surface re­
ceptors, w i l l  not be detected 
and ki l led by COB T-cel ls, leav­
i ng a reservo i r  of the v i ru s .  
Once the  H IV v i rus has  i n­
fected enough immune cel ls to 
suppress immune function, the 
amount of virus present in the 
blood increases, accompanied 
by the loss of COB T-ce l l  re­
sponse to H IV  antigens, over­
whelm ing the system in the fi­
nal phase of AIDS. 

Vaccine Problems 
Specific to HIV 

The H IV virus presents some 
specia l  problems for scientists 
who are designing an effective 
vaccine. The virus mutates fre­
quent ly ,  d i sgu i s i ng itse l f, so 
variants may escape detection 
by the immune  system.  The 
coat protei ns of the v i  rus a re 
not h igh ly  ant igenic; they are 
not recogn ized wel l  by B-cells, 
meaning that they do not el icit 
a strong ant i body response.  
Also, most of the antibodies to 
HIV coat proteins isolated from 
AIDS patients, do not neutra l ­
ize the virus, or are antibod ies 
to viral debris or immature coat 
proteins, that are not found on 
the actual infectious virus. 

An effective vacc ine  wou ld  
have to stimu late an ant ibody 
response, and a strong cyto-
tox ic  T- Iymphocyte (CTl) re-

Glossary 
Antibody: A specia l  protein ,  made with. specific 

capacity to b.ind Jo a region of another protein .  Pro­
duced by B-cel ls. AntibQdies bind to foreign proteins 
on invaders, and target them for destruction by other 
immune cel ls, such as macrophages and monocytes, 
which engulf and chemiCal ly destroy the target. 

B-cell :  Responsible for production of ant ibod ies .  
The  B-ce l l  b i nd s  to  sol uble proteins, or  engulfs i n­
vaders whole, then presents these antigens on its sur­
face with in  MHC 1 / .  Requ i res T-cel l  help for activa­
tion to prol i ferate, and secrete antibodies. 

C04 T-cel l :  B i nds to ant igens presented by the " 
. M!-lC 1 /  receptor.. When active, helps B-cel l s  by pro- . . 'il 

, vid i ng second activation signal for. production' ot anfi., '\' 
bod ies. Secretes cytokines which promote prol ifer�­
tion of T-cel is .  

C08 T-cell :  Acts as a cytotoxic cel l ,  k i l l s  infected 
cel ls .  B inds to antigens presented by the MHC I re­
ceptor. The COB reacts to prote ins produced i nter­
na l ly  by other cel l s, that are held on the su rface by 
MHC I .  

Dendritic .cel l :  A specia l ized immune cel l ,  found 
with i n  membranes and epithel ia l  t issue. I t  engu l fs 
pathogens, and presents antigens to T-cel ls  on MHC 
I I  . . lt is easi ly. infeCted bY H IV. 

Macrophage : A J)rofess ional  engulfi ng cel l . De- · 
stroys foreign bacteria, vi ruses, etc. Can a lso present 
antigens on MHC il to T-cel ls .  

M-cell: A mucosal membrane immune cell , found 
in the l i n ing of the gut. It takes antigens from the g'ut, 
and passes them to immune cel ls in associated lymph 
nodes. 

MHC I receptor: Th i s  ce l l  su rface receptor i s  
known as t he  "self recognition" receptor. I t  presents 
protein antigens from proteins produced with in the 
cel l .  I t  i s  found on a lmost al l cel l  types. An f:;J IV-i n­
fected cel l  w i l l  present vira l  protei n  antigens on this 
receptor. 

M H C  I I  rec�ptor :  Th i s  ce l l  su rface receptor i s  
found only on  immune system cel ls. I t  is used to pre­
sent antigens from one immune cel l  to the next. CD4 
T-cel l s  recognize antigens held by th is  receptor. Im­
mune cel ls interact by cel l-to-cel l contact. 

Monocyte: A lymphocytic cel l .  It is also an engulf­
ing cel l .  It can present antigens on MHC 1/ to T-cel ls .  

knows what the long te rm ef­
fects of retrovi ruses are in hu ­
man be i  ng s ,  and  t he  fact that 
retrovi ruses can i n tegrate i nto 
the host DNA, means they may 
create mutat ions which, in the 
long term, would lead to can­
cer. Also, there i s  the possibi l ity 
of caus ing an active i nfect ion 
us ing a l ive H IV vaccine. 

Experiments in monkeys us­
i ng weakened vers ions of the 
s im ian S IV, wh ich i s  related to 
H IV, have shown that v i ruses 
that were supposed to be non­
pathogenic, when used as vac­
c i nes, caused fu l l -blown AIDS 
symptoms in some of the mon­
keys . However, in mon keys 
that d i d  not get s ick, the l i ve 
v i rus vacc ines  produced a 
strong i m m u ne response, 
which protected them from in­
fection when the monkeys were 
chal lenged with the pathogenic 
SIV virus. Scientists are not sure 
how the weakened SIV caused 
d i sease, because several genes 
bel ieved to be involved in path­
ogen ic i ty had been de leted 
from it. When researchers ana­
l yzed the v i rus  present i n  the 
s ick monkeys, it was c lear that 
the v i rus  had u ndergone ge­
net ic changes.  Because there 
are so many u nknowns, and a 
h igh  r isk of caus ing infect ion, 
use of a l i ve, attenuated H I V 
vacc i ne i n  human  bei ngs re­
mains only a remote possib i l ity. 

The f i r s t  vacc i ne des igns ,  
tested about  1 0  years ago i n  
an i mals , i nvo lved i njection of 
the  coat p rote i n s  of H IV/S IV  
u nder the sk in .  These vaccines 
cou l d  e l i c i t  a n  an t i body re­
sponse in rough l y  40 percent 
of the an ima ls, but d id  not in­
d u ce any  cytotox ic  l ympho­
cyte. response.  When the an i-
mals  that produced antibod ies 
to the S IV  coat protei ns were 

sponse. Vacci nation with H IV coat pro­
te i ns may be ab le  to generate an  
ant ibody response, but not a CTl re­
sponse, because CTls recognize foreign 
prote ins made with in  cel ls  that are pre­
sented on the ce l l  su rface. By the t ime 
antibodies in  the blood can b ind to HIV, 
it is usua l ly  too late, because the v i rus 

has i nfected the CD4 T-ce l l  population, 
through the dendritic cel l  pathway. 

Many vacc i nes aga i nst v i ruses have 
been based on l i ve, non-pathogen ic ,  
weak versions of the infectious virus. Ap­
p l ication of a l ive, weakened H IV v i rus 
vaccine in human beings would be very 
dangerous, for several reasons. No one 

chal lenged with infectious vi rus, only a 
very sma l l  percentage were protected 
from i nfection.  The problems with th is  
type of vacc ine stem from the fact that 
i t  does not prod uce a CTl response, 
and i t  i s  u n l i ke ly  that any of the ant i­
bod ies produced wi l l  neutral ize the in­
fect ious v i rus .  Other problems with us-
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ing the whole H IV coat prote ins  as im­
mune st i m u l ators h ave on l y  recent ly  
come to  l ight. 

Several scientists have pointed out that 
the deg ree of immune su ppress ion  i n  
H IV-infected ind iv iduals before the de­
velopment of AIDS is qu ite high. The per­
centage of infected immune cel ls, includ­
ing CD4 T-cel ls, i n  these patients i s  too 
low to accou nt for the immune defects 
observed. A study by K.J. Weinhold and 
D.P. Bolognesi et a I . ,  demonstrated that 
the purified H IV coat prote in gp1 20 can 
suppress T-cel l  activat ion, and may set 
up the C D4 T-cel l  for cytolyt ic destruc­
tion by CD8 T -ce l l s .  The coat protei n ,  
gp1 20, is a glycoprotein, mean ing it con­
tains carbohydrate residues attached to 
its surface. The gp1 20 protei n  b inds d i­
rect ly to the C D4 molecu le on the su r­
face of the T-cel l .  The binding of gp1 20 
to CD4 may act to block the T-cel l  from 
receiving antigens presented to it with i n  
MHC I I ,  wh ich  wou ld resu l t  i n  a com­
plete lack of T-cel l  activation. The b ind­
ing of gp1 20 to the CD4 molecule of the 
T-cel l ,  may also in itiate programmed cel l  
death (apoptosis) , i n  the absence of an­
other activating signal. 

This is consistent with what was found 
in a study by j .J .  Eron, in  which i nd ividu­
als al ready infected with H IV, were given 
an immunization of recombinant gp1 20, 
which fa i l ed to s low the cou rse of the 
disease. A trend that was perceptible but 
j ust u nder stat ist ica l  s i gn i ficance, was 
that many of the immun ized patients ac­
tua l l y  progressed to fu l l -b lown A I D S  
faster than the non-immun ized group. 

A DNA Vaccine Approach 
The idea of using v i ral DNA as a vac­

cine offers several advantages over using 
viral prote ins alone. The goal i s  to i ntro­
duce a port ion of v i ra l  D NA, such as a 
gene for the H IV coat prote in ,  i nto cel ls  
us ing a vector such as a harmless v i rus, 
so that the DNA is  translated i nto protei n  
made inside the cel l .  Once the protei n  i s  
prod uced ins ide the ce l l ,  port ions of i t  
w i l l  be  d isplayed by MHC I su rface re­
ceptors, wh ich cou Id act ivate a cyto­
tox ic T-cel l  response. A l so, the prote i n  
could be secreted by  the cel l ,  or cel ls al­
ready lysed (ki l led) by CTLs may release 
the v i ra l  prote in ,  which wou ld  activate 
an antibody response. 

Stud ies by E . L .  Cooney and P . D .  
G reenberg com pared t h e  ab i l ity o f  a 
DNA-based vaccine  and a prote i n  vac­
c i ne, to i nduce an immune  response 
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aga i nst H IV  i n  human  
beings. A vacc in ia  virus 
conta in ing the HIV gene 
for the fu I I  length coat 
prote i n ,  gp1 60, was 
used as a DNA vaccine. 
Used alone, this vaccine 
el icited a low T-cel l  pro­
l iferative response i n  8 
of 1 1  patients. However, 
the response was not 
susta i  ned, and 1 2  
months after immun iza­
t ion,  T-cel l s  from these 
patients did not respond 
to H I V  ant igens .  Th i s  
vacc i ne a l so e l i c i ted a 
poor antibody response, 
wi th on ly  3 of 1 1  pa­
t ients produc i ng ant i ­
bod ies, none of wh ich  
neutra l i zed the v i ru s .  
The  ant ibody response 
was no longer measu r­
able 1 2  months after im­
mun ization. 

Resu Its us i  ng gp 1 60 
protei n  alone gave even 
lower percentages of 
immune response. Only 
1 of 4 patients pro­
duced antibody to H IV, 
and th i s  response a l so . � 
d i sappeared with i n  1 2  
months after vacc i n a- Normal T-cells. 
t i on .  T-ce l l  responses 
were even lower, and more fleet ing than 
with the DNA vaccine alone. These un­
successfu l resu l ts prom pted the re­
searchers to try a vaccine regimen com­
b in i ng the H IV  gp1 60 DNA and gp1 60 
prote in .  

Combi ned vaccination with the vac­
c in i a  v i rus conta in ing gp1 60 DNA, fol­
lowed by i njections of the gp1 60 pro­
te i n ,  p roduced stronger and longer­
lasti ng immune responses to H IV. Neu­
tra l iz ing antibodies to HIV were found in 
7 of 1 3  patients. T-ce l l  responses, pr i ­
mar i  I y  CD4 T-ce l l  prol i ferat ive re­
sponses, were found in 1 2  of 1 3  patients. 
Cyto lyt ic T-ce l l s were detected in sev­
era I pat ients, but the study, done i n  
1 993, had d ifficu lty determ in ing if any of 
these were CD8 T-cel ls. 

More recent ly, experi ments con­
ducted i n  1 996 by B .  Fleury and Y. Riv­
ie re et a l . ,  at the Pasteu r  I n st i tute i n  
Paris, have shown that a combined vac­
c i ne  reg imen does i nduce a CD8  cy-

j 
Tom FolkS/NIAID 

tolytic T-cel l  response aga inst H IV anti­
gens. In these experiments, a canarypox 
v i ru s  conta i n i n g  H IV gp1 60, fo l l owed 
by two i njections of recombi nant gp1 60 
protein,  e l icited CD8 T-cel l  responses in 
7 of 1 8  immun ized pat ients .  I n  two of 
these seven subjects, the CD8 T-cel l  re­
sponse was sti l l  present two years after 
immun ization. 

Peptides and Fusion Proteins 
Vaccines conta in ing the coat proteins 

of HIV suffer from their inabi l ity to acti­
vate a cytotox ic  T-ce l l  response, be­
cause the coat proteins are not internal­
i zed by cel l s .  Severa l  strateg ies a re 
currently being worked on to use fusion 
prote ins or peptides, that can get i nside 
the cel l ,  and be presented on the MHC I 
receptor, to e l ic it a CTL response. The 
immune system recogn izes and reacts 
strong ly  to certa i n  bacter ia l  p rote i ns ,  
such as coat proteins from tuberculosis, 
o r  other common i n fect ious  bacter ia .  
These bacteri a l  prote ins  are often used 
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as an adjuvant, m ixed with the vacci ne 
antigens, designed to recru it an immune 
response that recogn izes the vacc i ne  
antigens. Because t he  H IV prote ins  do 
not produce a strong immune response 
alone, fus ing the H IV proteins to h ighly 
antigenic bacterial proteins would cause 
a mob i l ization of the immune system, 
and strong recognition of accompanying 
HIV proteins. 

NIAID 

One of the more i ngen ious  ap­
proaches uses the natural abi l ity of pro­
teins from the tox ic anthrax bacteria, to 
cross ce l l  membranes and enter the cy­
toplasm. Experiments by T.J. Goletz and 
J .A. Berzofsky, constructed genet ic fu­
sions of the H IV gp1 20 with the anthrax 
lethal factor, which had its catalytic do­
main deleted, making it non-toxic, and 
tested whether th is  fusion prote in could 
be processed and presented on MHC I .  
T he  anth rax fus ion prote i n  acts as a 
"molecu I a r  syr i  nge," de l  iver i  ng the 
gp1 20 prote i n  i ns ide the cel l ,  which is 
then processed and presented on MHC I .  
This was shown to produce a strong CTL 
response in mice. 

AIDS virus penetrating a eel/, magnified many thousands of times. 

I n  experi ments not related di rectly to 
H I V, heat shock fu s·ion prote i n s  have 
also been shown to be effective immune 
sti mu l ators of ant ibody and CTL re­
sponses, and prom is ing candidates for 
vacc i nes. Heat shock prote ins are pro­
duced by cel ls under stress, and have the 
ab i l ity to chaperone other prote i n s  
across cel l membranes. Heat shock pro­
te i n s  from mycobacter ium act as the i r  
own adj uvant, st imu lat ing a strong im­
mune response, activat ing the immune 
system by trigger ing the prod uction of 
cytoki nes, which enhance the prol i fera­
tion of immune cel ls, such as T-cel ls .  

Exper i ments by K .  Suzue and R. 
Young, tested whether a tumor cel l pro­
tein fused to mycobacterium heat shock 
prote i n  cou ld  i nduce CTL response 
against the tumor cel l s .  Mice were fi rst 
immun ized with the fusion protein ,  and 
then injected with tumor cel ls . These im­
mun ized m i ce prod uced strong C08  
CTL responses aga i nst t he  tumor cel ls, 
and 80 percent of the immun ized mice 
survived, as compared to 1 00 percent fa­
tal ity i n  the control m ice, 2 1  days after 
injection of the tumor cel l s .  The use of 
heat shock fusion prote ins for H IV vac­
cines is very promis ing, and is currently 
under development. 

A very d ifferent approach to vacc i ne 
design involving synthetic peptides is be-

ing developed by Jay Berzofsky and Jef­
frey Ah lers .  Th i s  approach req u i res 
knowing what parts of the H IV coat pro­
te i ns actua l l y  b ind  to MHC receptors, 
and stimulate a strong response. The idea 
is to synthesize peptides that correspond 
to these H IV prote i n  areas, wh ich  can 
then directly bind to MHC I and MHC I i ,  
and stimu late a neutra l iz ing antibody re­
sponse. By directly binding to MHC I, the 
peptide tricks the system, in that normal ly 
only internal protein fragments would be 
presented on this receptor, which is key 
to stimulating a CTL response. 

Another var i ab le  in i m m u ne re­
sponses is that there are many d ifferent 
varieties of MHC receptor genes in the 
general  popu l at ion .  The s l ight  d i ffer­
ences in variety influence what portion 
of an antigenic protein is strongly bound 
by the MHC receptors. Through careful 
study in m ice and in i nfected humans, 
Ahlers and Berzofsky have identified re­
g ions of the coat prote ins  of H IV, that 
are recognized by mult ip le MHC types. 
By ana lyz ing segments of these prote in 
reg ions, they have ident i fied specif ic 
sections, cal led determ inants, that stim­
u late CTL response, neutra l i z i ng ant i ­
bod ies, and he lper T-cel l s .  These pro­
tein sections are usual ly 20 to 30 amino 
acids long, and can be synthesized i n  
the form of peptides. 

The vacci nes based on this approach 
are composed of peptides that conta i n  
mu lt ip le determ inants for several MHC 
b ind ing types, consist ing o f  protei n  re­
gions common to several H IV subtypes. 
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The peptides a re m ixed with an  adju­
vant ,  conta i n i ng bacter ia l  prote i n s  
known to  e l i c i t  a strong immune re­
sponse, which helps the peptides to be 
recogn ized by the immune system.  Ex­
peri ments with these vacci nes in m ice 
have been successful in  st imu lating neu­
tra l iz ing ant ibody and helper T-ce l l  re­
sponses, as wel l  as CTL responses to H IV 
coat proteins. 

The stimu lated T-cel ls from these mice 
were tested aga i nst var ious  stra i ns of 
H IV. These T-cel ls were found to react to 
two H IV stra ins common in Europe and 
North Amer ica ,  but not to two stra i ns 
from Afr ica and H a i t i ,  wh ich  d iffered 
enough from the pept ide determ inants 
used in the vaccine, to escape detection. 
This problem of recognit ion of several 
d ifferent HIV stra ins  affects any vaccine 
design, but by add ing peptides that rep­
resent determ inants of more stra ins, this 
synthetic peptide approach may be able 
to overcome it. 

HIV Variants Escape Detection 
One of the most t rou b lesome prob­

lems with H IV, is that smal l  variations in 
its prote ins  occur rap id ly  as a resu l t  of 
mutation, which often al lows these vari­
ants to escape detection by the immune 
system. This is one of the ways vaccines 
made aga inst a spec ific subtype of H IV, 
can fa i l  to protect agai nst i nfection by a 
variant stra in .  

A case of  a vacc i ne fa i l u re i nvolv ing 
an  unusua l  phenomenon known as T­
ce l l  antagon i sm, was docu mented i n  a 
study by S.J . Kent and M.J .  McElrath . An 
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i nd iv idua l  immun ized with a vacc i n ia 
virus vector conta in ing gp1 60 DNA, and 
boosted with recombi nant gp1 60 pro­
tein, produced strong CD4 pro l i ferative 
and CTL responses, as wel l as neutra l iz­
ing ant i bodies to H IV.  Researchers as­
sumed that th i s  level of i m m u n e  re­
sponse would provide protection against 
H IV infect ion.  However, th is  i nd iv idual  
later became infected with an HIV stra in  
that d iffered s l ightly from the one used to 
make the vaccine. 

T-cel l s  that recogn ized a specifi c re­
gion of the H IV  gp1 60 were removed 
from the immun ized ind iv idua l ,  before 
he became infected, and cultured. These 
cultured T-cel ls  were compared to the T­
cel ls present in the immun ized ind iv id­
ua l  after he became in fected, for the i r  
abi l ity to recognize and  lyse target cel ls 
bearing the gp1 60 sequence used i n  the 
vaccine.  Surpr is ingly,  the T-ce l l s  taken 
after the ind ividual became i nfected with 
the variant H IV, fai led to recogn ize or 
lyse cel l s  bearing the original gp1 60 se­
quence, to wh ich  they had prev ious ly  
responded . The stra i n  of H IV that i n­
fected this ind ividual had two mutations 
in the region of gp1 60 that was used to 
make the vaccine. Th is  phenomenon of 
T-cel l  antagon ism, where a variation i n  
the region o f  t he  H IV  prote in bound by 
the MHC receptor, causes the T-ce l l s  to 
lose the abi l ity to recogn ize the original 
strain, is not fu l ly understood. 

Other stud ies of T-ce l l  a ntago n i sm 
have provided clues to its importance i n  
the progression to  AIDS. Experiments by 
D .A .  Pr ice and R . E .  Ph i l l i ps ,  h ave 
demonstrated that the immune system's 
CTL response in in it ial HIV infection, ex­
erts a se lect ive pressure on  the v i rus ,  
which promotes the survival of variants 
that can escape detection. These escape 
vari ants, were shown to have mutated 
the sites that were recogn ized by CTLs in 
proteins of the viral envelope. However, 
the escape variants d id  not become the 
dom i nant  v i ra l  spec ies .  The var i an ts '  
ab i l i ty to  a ntagon ize T-ce l l s ,  wh i c h  
causes the T-ce l l  to fai l  to recognize the 
or ig i na l ,  domi nant  form of the v i rus ,  
does not requ i re large numbers of vari­
ants. These escape variants provide pro­
tection for themselves, and the dominant 
spec ies of v i rus ,  by d i s rupt ing T-ce l l  
function. 

T-ce l l  antagon ism has been found to 
occu r in hepat i t i s  B i nfect ion ,  and the 
mechan i sm by wh ich  it i nact ivates T-
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cel l s  has on ly  been part ly defined . Ex­
peri ments us ing peptides, as substitutes 
for variant vi ruses, have shown that pep­
tides with only 1 or 2 sequence changes, 
can bind to MHC I, but do not trigger ac­
t ivat ion of T-cel l s .  Norma l ly, immune 
cel l s  requ i re two s ignals for activat ion, 
as a safeguard to avoid over-responding 
to rare antigens or nonspecific binding of 
a receptor. A signal from an isolated re­
ceptor wi l l  be ignored, and no activation 
wi l l  occur. H IV isolates the components 
of the signal l i ng network, cutting off acti­
vation, and tu rn ing the immune system 
against itself by i nterfering with this s ig­
na l l ing. T-ce l l s  that have a variant pep­
tide bound to MHC I, often go into pro­
grammed cel l death in the absence of a 
second activation s ignal . Th i s  leads to 
i nactivation of the T-cel ls, and by unex­
p la i ned mechan i sms, to the loss of 
recogn i t ion  of the or ig ina l  prote i n  to 
which they first responded. 

H IV has some other tr icks to escape 
detect ion by the immune system .  The 
v i rus can i nfect types of neu ronal cel ls ,  
which do not d isplay MHC I receptors, 
al lowing the v i rus to h ide from immune 
responses. Latently infected neurons are 
tolerated by the immune system, which 
provides a reservoir  of vi ruses which can 
be reactivated at a later time. This strat­
egy is used by many v i ruses other than 
H IV, such as herpes. 

Recently, H IV  was shown to h ave a 
u n ique  method of escap ing  detect ion 
once i nside a cel l .  The H IV nefprotein, 
critical to its pathogenicity, was shown to 
be capable of forcing the i nfected cell to 
e l iminate the express ion of MHC I recep­
tors on i ts membrane su rface. Without 
MHC I receptors, the cel l cannot signal 
to immune cel ls that i t  is infected, as no 
viral prote ins can be presented to CDB T­
cel ls .  The v i rus can then repl icate i n  the 
camouflaged ce l l  u ndetected, u nt i l  it is 
ready to k i l l  the cel l ,  and re lease more 
viruses. This effect requi res some incuba­
tion time, and does not always occur. 

An u n expected property of CDB  T­
ce l l s  has been found through the study 
of the i r  response to H IV-infected CD4 T­
cells. Usual ly, CDB T-cel ls  lyse infected 
CD4 T-cel ls , but it has now been d iscov­
ered that CDB T-cel ls  can secrete a solu­
ble factor that inh ibits v i ral replication in 
the i nfected C D4 T-ce l l s  in c lose prox­
i m ity. Th i s  factor i s  bel ieved to i nh ib i t  
the transc r i b i ng of the v i ra l  genes, a l ­
though it has  not yet been identified. 

Stimulating Mucosal Immunity 
One of the  m a i n  routes for the H IV  

v i rus to i nvade the body is  through mu­
cous  membranes .  A vacc i ne  that can 
e l ic i t  mucosal immunity to HIV may pro­
vide effective protect ion aga i nst i nfec­
tion. Researchers are experimenting with 
salmonel la  bacteria as a vector for del iv­
ering HIV antigens specifical ly to the im­
mune cel l s  that reside in mucous mem­
branes, and the gastro-i ntest ina l  tract. 
With i n  the gastro- i ntestina l  tract mem­
b ranes l i e  spec i a l  c l u sters of i mm u ne 
ce l l s ,  ca l led Peyer's patches. These 
patches conta i n  M-ce l l s, which sample 
the antigens in the gut, and are associ­
ated with underlying lymph nodes, con­
ta i n i ng monocytes, T-cel ls ,  B-cel l s, and 
macrophages. M-cel l s  act by presenting 
ant igens to the ce l l s  in the associated 
lymph node. Sa lmone l l a  is u n usua l  i n  
that i t  crosses the mucosal barrier, and 
targets M-cel ls .  Salmonella i s  highly anti­
gen i c, and  e l i c its strong mucosal  im­
m u ne responses. These character ist ics 
make it a good vector for a mucosal vac­
c ine to H IV. 

Exper iments by S. Wu ,  D. Pascua l ,  
and D.  Hone, tested a salmonella vector 
express ing H IV  gp1 20 in an imals for its 
ab i l i ty to sti mu l ate mucosal immun ity. 
Oral doses of this vaccine induced T-cell 
prol i ferative responses, and the secretion 
of IgA ant i body, wh ich  is fou nd i n  the 
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gut, and differs from the IgG ant iboqies 
found in the bloodstream. It was unclear 
whether any  CD8 T-cel l s  were st imu­
lated by th is vacci ne, a l though they are 
present i n  the l ymph nodes beneath M­
cel ls, and are often stimulated by salmo­
nel la i nfection . The development of sal­
monel la  vectors ' as HIV vaccines is in  an 
early stage, and has not been tested i n  
humans, although an ima l  experiments 
have shown it to be a prom i s i ng  ap­
proach.  

Will a Vaccine Protect a Population? 
Sign ificant unanswered questions re­

main concerni ng the effectiveness of any 
of the H IV vaccines in protecti ng a large 
popu lat ion from i nfect ion .  There have 
been only smal l  trials of vaccines in hu­
mans, from which it i s  very d ifficu l t  to 
extrapolate results to a larger popu lation. 
The first large-scale tria l  of an H IV vac­
cine, based on recombinant gp1 20 pro­
tein ,  is schedu led to beg i n  in Thai land 
th is  year .  Whether or  not th i s  vacc i ne  
w i l l  protect against i nfection from mu lti­
ple stra ins of H IV, and how the genetic 
background of the population i nfluences 
the vaccine's effectiveness, w i l l  only be 
partly known once the trial is over. Un­
fortu nately, the gp 1 2 0 vacc i ne  be ing 
tested i n  Tha i  land,  has  shown poor re­
su lts in smal l  tr ials in the Un ited States. 
The vaccine has been shown to be safe, 
and without side effects, and as such has 
been approved for further testing. How­
ever, some of the better vaccine designs, 
which have provided excellent resu lts in 
sma l l  t r ia l s, shou ld  be acce le rated to 
la rge-scale tr ials, espec ia l l y  in areas of 
the world where the HIV virus is spread­
ing most rapidly. 

Research on treating H IV-infected pa­
t i ents has led to treatments wh ich  do 
pro long the i r  su rv iva l .  However, the 
much touted "tr ip le  drug therapy" has 
been shown to l eave reservo i rs of the 
v i ru s  in the pat ient 's  i n fected T-ce l l s .  
Even when th i s  drug therapy e l im i nates 
the virus from the bloodstream, experi ­
ments have shown that rest ing C D4 T­
cel l s  from infected ind ividuals, conta i n  
H IV, that when stimulated, actively repli­
cates, as shown by T.W. Chun and An­
thony Fauci .  

Is the lack of more complete knowl­
edge of the immune system, one of the 
la rgest obstacles to the effective treat­
ment of AIDS, and the development of a 
vaccine against H IV? The problem with 
much of the research being done today, 

is that it rests on mechan istic, often l i n ­
ear, concepts of the immune system,  
and l iving systems i n  genera l .  Key parts 
of the b io logical p icture are missed by 
this mechanistic approach .  The appl ica­
tion of technologies usua l ly reserved for 
phys ics, such as advanced spec­
troscopy, cou ld prov ide sc ient ists the 
means to explore the fundamental elec­
tromagnetic processes characteristic of 
l iving systems. 

Proposals for a crash research program 
in b io logy us ing advanced b iophys ics, 
were made by this magazine's predeces­
sor, Fusion, in 1 985 and 1 986, as part of 
a strategy to stop the spread of AIDS, and 
fi nd  a cu re .  Researchers have bare l y  
opened up investigations into t he  e lec­
tromagnetic interactions between cells, 
wh ich may prov ide i ns ight i nto a new 
level of organization in the immune sys­
tem .  Perhaps if scientists can overcome 
these conceptua l  problems, the prob­
lems of creat ing an H IV vaccine wil l be 
solved. 
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ENVIRONMENT 

Kyoto Protocol Means 
U .S. Energy Austerity 
by Marsha Freeman 

As the  U .S .  Congress holds a 
series of hearings to weigh 

the C l i n ton Ad m i n i strat ion 's  
commitments to meet the restric­
tions of the Kyoto Protocol, even 
the U.S.  government's own en­
ergy analysis demonstrates that 
the proposed cuts i n  so-cal led 
greenhouse gas emiss ions w i l l  
deal a body blow t o  t h e  U . S .  
economy. 

g loba l  warm ing  and ozone 
hoaxes, h ave no i ntent ion of 
supporting the d�velopment of 
new (or even old), technologies 
that i ncrease the energy density 
and, therefore, real effic iency 
of the economy. Unfortunately, 
the C l i nton Adm i n i strat ion 's  
environmental pol icies m i rror 
those of the most rabid anti-sci­
ence gr.eenies. 

At a Feb. 4 hearing before the 
House Committee on Science, 
Jay H i kes, the d i rector of the 
U.S. Department of  Energy's En­
ergy I nformation Adm in i stra­
tion, showed that in orde r  to 
meet the Kyoto emissions caps, 
U .S. energy prices wou ld  have 
to increase. Even if a l l  of the en­
ergy-efficient technologies into 
wh ich the Adm i n i strat ion  i s  
pour ing  money, come on l i ne 
early i n  the next centu ry, h i s  
testimony ind icated that there 
wi l l  not be much  energy eff i ­
ciency to show for  these tech­
nologies in the t i  meframe 
agreed to at Kyoto. 

Bey Wesley 

Creenpeace's dinosaur at Kyoto is an appropriate symbol 
for the antediluvian low-tech, non-dense sources of energy 
that the global warming crowd is promoting. 

F u l ly $ 1 00 m i l l ion  of the 
funds for the C l i mate Change 
I n i t iat ive are to subs id ize the 
use of " renewable" energy 
sources, which have come to 
mean wind,  geothermal ,  b io­
mass, and smal l-scale hydro­
electric power. A l l  of the eco­
nom i .c advantages of hav ing  
c reated l a rge-sca le  power 
plants that are i ntegrated into a 
reg iona l  e l ectric gr id  system 
wi l l  go out the window, as we 
tu rn  back the c lock to 1 9th 
century Hol land, and to pre- in­
dustrial mim, burning biomass, 

Numerous studies have tried to deter­
m ine the " level of pr ice mechan i sms  
necessary to achieve stabi l ization or re­
duct ion of carbon em i ss ions , "  H i kes 
stated in his testimony. These vary from 
$20 per ton of carbon to reach stabi l iza­
t ion, to $ 3 2 0  per ton, to ach ieve the 7 
percent red uct ion below 1 990  leve ls  
agreed upon at  Kyoto. 

Although some of the emi ss ion  cuts 
cou ld be accompl i shed by making cars · 
and refrigerators more energy-effic ient, 
H i kes sa id ,  the Energy I n format ion 
Agency "bel ieves it wi l l  take a sign ificant 
price signal" to ach ieve the cuts in  emis­
sions that the Admin istration agreed to at 
Kyoto . These i nc reases i n  the cost of 
electric ity and pr imary sou rce energy 
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w i l l  be passed on to consumers, H i kes 
added . "The more stri ngent the carbon 
em iss ions reduction target, the h i gher 
the GDP [Gross Domestic Productj loss ." 

'Climate Friendly' Austerity? 
President Cl i nton presented h is $6 bi l­

l ion  C l i mate Change I n i t iat ive to the 
Congress Jan. 3 1 ,  i n  an effort to set the 
nation on the path of cutt ing so-cal led 
green house gas emiss ions to 7 percent 
below 1 990 levels, as agreed to in the 
Kyoto Protocol . Over the next five years, 
$2 .7  b i l l ion of that is to be spent on de­
ve lop ing "techno log ies" that a re sup­
posed to be more energy "efficient" and 
"cl imate friendly." 

Desp ite those who m ight fool them­
selves into th i nking otherwise, the envi­
ronmenta l i sts who have brought us  the 

such as animal waste and trees. 
The President has proposed tax credits 

of up to $4,000 for the purchase of "fuel 
effic i ent" au tomob i l es ,  wh ich  w i l l  be 
ab le  to go 80 m i l es per gal lon  of fue l .  
There a re  t ax  c red its for p l ac i ng  so lar  
col lectors on the roof of a house .  I f  th is 
a l l  sounds fam i l iar, it i s  because it has 
been tried before. 

Re-warmed Jimmy Carter. 
During the m id-1 970s Admin istration 

of Pres ident J i mmy Carter, b i l l ions  of 
do l l a rs were spent on the same a rray 
of energy "tech no log ies . "  They were 
promoted on the bas is that i n  the near 
futu re, petro l eum wou ld  r i se to $ 1 00 
per barre l ,  which wou ld  make burn ing 
manure "competitive." Of course, at to­
day's price of about $ 1 4  a barrel of o i l ,  

Continued on page 95 
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PEDAGOGY 

S PEC IAL FOR YO U N G SC I E NTISTS 

Getti ng to the Square Root 
Of the Math Problem 
by E l ijah  C.  Boyd 

Asure method for destroying the prin­
c i pa l  device used to effect "track­

ing" of ch i ld ren i nto various categories 
of stu p id i ty i n  the Un i ted States, and 
e l sewhere, is to  engage i n  s imple geo­
metric constructions. Any of you can do 
these constructions, if you can write, or 
draw, and exercise your own powers of 
reason. It is these powers of reasor) that 
are den ied, if not obl iterated, in normal 
classroom practices. 

F i rst, draw a square. 

D 
Now, next to it, d raw a square root. 

No, not the symbol known as the radi- Barbara Boyd 

The author (right) working on squares with a young scientist. 

cal, and the bar over i t, the vinculum, 
but the th ing which the symbol repre­
sents: the square root itself. 

Hmm. What seems to be the problem? 
What do you mean, your bra in seems to 
be frozen ?  How can that be? OK.  Let's 
attack this from a different d i rection. 

Multiplying Fractions 
Let us, instead, do the simplest fraction 

mu l t ip l icat ion prob lem in the world .  
Mu l t ip ly  1 /2 t imes 1 /2 ,  by  us i ng the 
square you have just constructed. Now, 
probably the first th ing you r m ind asks, 
when confronted with the task of mult i­
plying 1/2 by 1/2, is , one-half of what? 

IT] 
o 

Aha! Let's try to use the square for this. 
We want to fi nd 1 /2 on this square, so 
we cut it in  half. 

When we cut the square in half verti­
cal ly, that· takes care of one of our frac­
tions, namely, the first 1 /2 .  

Then we cu t  the same square i n  ha lf  
horizonta l ly, to account for the second 
fract ion.  Now, mark the bottom of the 
square, and the left-s ide of the square 0, 
1 /2, 2/2, as shown. 

This is the most important step, so pay 
carefu l attent ion : Take your two i ndex 
fingers, place them both at the corner la­
bel led zero. Move only the right i ndex-
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fi nger over to the l i ne marked 1 /2, and 
stop! Now, move both i ndex-fingers up, 
to the l i ne marked 1 /2 ,  and stop. Color 
in the l ittle square that your  fingers cov­
ered, i ns ide the borders of 1 /2 by 1 /2 .  
Now number the squares. 

�::� [T] 
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What Have We Accomplished? 
Wel l ,  we see that we started wi th a 

blank square. We d iv ided the square i n  
half, wh ich  gave u s  a square with two 
parts. Then we divided the square aga in 
in half, giving us a square with a total of 
four parts : four  l ittle squares. One of the 

1 /2 x 1 /2 = 1 /4 

l ittle squares is colored i n .  So, we have 
multipl ied 1 /2 x 1 /2 = 1 /4 .  

Now, practice the above process by 
multiplying 2/3 times 3/4, geometrically. 
With this method, i nstead of memoriz­
ing, anyone can see what mu lt iplying is 
about. And we now have the pattern to 

�:[JJ- ' . 2/. _ _  

'I. - -

o '13 213 313 

mult iply any fraction by any other frac­
tion. But, we have done someth i ng that 
also illiows _ us to use 6ur reason to enter 
phi los'ophy and physics. 

". How's That Again? 
Let's now tackle the idea offinding the 

square root of .81 000. You can represent 

10 �-,��'" 
8 
6 
4 
2 

o 2 4 6 8 1 0 
8 x 8 = 64 
9 x 9 = 81 

this by us ing the rad ical-and-v incu l um  
symbol over .81 000. (Yes, I know w e  are 
supposed to be answering the question 
of what is a square root, but be patient!) 
Now, fi rst, what i s  1 0  ti mes 1 a?  Every­
body knows that it's 1 00 .  Wel l ,  let's 
draw that, a big square of 1 a un its by 1 0  
un its, which w i l l  have 1 00 u n its ins ide 
it-l Oa l ittle squares. 

Now, what is 8 t i mes 8? Everybody 
knows that it 's 64. And 9 times 9 is 8 1 . 
You can see how th i s  works i n  the b ig  
square, mov ing one i ndex fi nger across 
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the bottom (or top) of the big square, 9 
sq uares, and the other  fi nger start i ng 
from the same poi nt and moving up (or 
down) 9 squares, and co lor ing in the 
square that th  is marks out. 

Now, we can use the same l O X 1 0  
grid for fractions of 1 .  By dividing a l l  the 

1 .0 
.8 
.6 
.4 
.2 

o .2 .4 .6 .8 1 .0 

numbers on the bottom, 1 ,  2, 3, 4, . 
by 1 0, we' l l  have . 1 , . 2 ,  . 3 ,  .4, and so 
on .  And if we do the same to the l eft 
s ide, count ing off . 1 , .2 ,  . 3 ,  .4 . . .  we 
can then f ind that .9 t i mes .9 g ives us 
.8 1 . Voi l a !  We have the square roots of 
.8 1  being equal to .9 times .9 (just as the 
square roots of 1 /4 are equal to 1 /2 times 
1 /2 ) .  

Further, we now see that square roots 
come in equal pairs, and are constructed 
as two s ides of a square.  And,  we see 
that i t  is impossible to be able to con­
struct a square, without, at  the same 
time, also constructing its square roots, 
a l l  four  of them, taken two at a time, any 
way you l ike! But, there's also something 
more here. 

Look at the s ide of the square div ided 
in half twice ( 1 /2 times 1 /2 )  above. Can 
we d ivide the side from a to 1 /2 in half? 
Yes, th i s  g ives us the mark at 1 /4 .  And 
we could go on to fin ish the process by 
d iv id ing from 1 /2 to 2/2, produc ing the 
mark for 3/4. 

Now, the fu l l  weight of the concep­
tua l  d iffi cu lty ar i ses. We had the col­
ored-i n  square marked as 1 /4, d idn't we? 
B ut, now we have another marked 
p lace, 1 /4 .  What g ives? I s  1 /4 equa l  to 
1 /4, or not? 

Pay Attention! 
Pay carefu l attent ion here. Th i s  i s  

where the track ing  usua l ly occu rs. We 
have two d ifferent geometr i c  ent i t ies :  
one i s  a square area, 1 /4th of a square, 
and .the other is a geometric l i ne, 1 /4 of a 
l i ne .  They both appear as parts of the 
same constructed square, and they are 
both numbered 1 /4, but they are differ­
ent. Once the mind grasps th i s  d i st i nc­
t ion ,  the mystery van i shes and  is re­
placed by the joy of mastering a mental 
process! 

We can c lear  th i s  up :  L i nes do not 
have square roots! But after constructing 
the square, we see that the area of the 

'12 

• • 

square determines the l ine, which is also 
known as the square root. However, the 
l i ne is merely a s ide of the square. If the 
d i s t inct ion,  between the a rea and the 
l i ne, both l abel led 1 /4, is omitted from 
the i nvestigation of numbers and mathe­
matics, by the ch i ld-or by the parent, 
or teacher, for that matter, the math be­
comes mind less. 

{O 
Let's look aga i n  at the  f i rst em pty 

sq uare .  Do you see where the square 
roots are? They are looking back at you, 
sm i l ing and laugh i ng because you have 
caught them ! 

I f  you,  or you r c h i ld ,  is depr ived of 
th is ,  because the schools  have omitted 
this geometry of squares from the course 
materia ls ,  what happens is that the stu­
dent convi nces herself or h imself that 
"square roots," and al l h igher mathemat­
ics, is mysteriously d ifficult and therefore 
i s  someth i ng that on l y  "smart people" 
can understand. 

Does this sound fam i l iar? Because of 
acts of om iss ion ,  the student  "b ra i n­
washes" h imself, or herself, into lowered 
expectat ions .  The next step, from th i s  
mathemat ics se l f-bra i nwash i ng,  i s  
"tracking" away from th ink ing. 
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I s  There a Causal ity i n  
Quantum Physics? 
by Caro l i ne Hartmann 
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David Bohm 
F. David Peat 
Reading, Mass.: Addison-Wesley, 1997 
Hardcover, 353 pages, $1 6.00 

"In Berlin later that week Einstein 
had dined at the Grand Hotel with 
his old friend Fritz Kreisler, the vio­
linist. They had been taking after­
dinner drinks a lone in Kreisler's 
rooms when Einstein recounted his 
discussion with Bohr. Kreisler lis­
tened carefully, then walked over to 
his violin case and took out his in­
strument, a two-hundred-year-old 
Stradivarius. Without any prelimi­
nary movement, he drew his bow 
back slowly over the E string and 
commenced to play the Adagio 
from Beethoven 's Concerto in A­
Minor. Kreisler played it without 
flourish and without excessive 
sweetness; the effect was a tone so 
pure that it wavered perfectly on the 
edge between the pure physics of 
sound wa ves and the magic of 
dreams. Einstein didn't remember 
its ending. But he remembered 
Kreisler's putting the instrument 
away and sitting down opposite him 
again. 

"'Could such a thing exist in 
Bohr's universe, ' Fritz had said softly, 
and placed his cognac to his lips. 
Both men felt that Bohr's challenge 
had been met and disposed of. "7 

This  book tel ls the extraordinary story 
of another 20th century phys ic i st 

who disposed of Bohr's chal lenge: David 
Bohm. But to understand Bohm's contri­
bution to phys ics, we must fi rst set the 
stage: 

S i nce the t imes of Andre-Marie Am­
pere, Carl Friedrich Gauss, and Wilhelm 
Weber, systematic research on natural 
phenomena l ike electricity or magnetism 
has virtual ly ceased to raise questions on 
what rea l l y  happens at the level of the 
e lectron or atom. A wide gap-which  
opened before the tu rn  of  the century 
and continued to widen through both 
world wars-ex ists between those who 
experi ment, to d i scover knowledge of 
the natural world (for example, Wi lhelm 
Roentgen, L ise Meitner, Otto Hahn, and 
the Cu ries), and theoret ical  phys ic i sts 
l ike Max Planck, Albert Einstein, and Er­
win Schrodinger. 

Who, today, cou ld  d i rect ly col l abo­
rate, as did theoretician Gauss and ex­
perimenta l i st Weber, in their stud ies on 
magnetism : formu lating an hypothesis 
on the unfo ld ing of a phenomenon;  
preparing devices for targetted experi­
ments, then brainstorming on a crucia l  
experiment, designed to prove that hy­
pothes i s ;  and, f ina l ly, after many at­
tempts, formu l at ing a new law, wh ich 
possibly supersedes current science? 

Because of James Clerk Maxwel l  and 
Hermann Helmholtz's campaign against 
Weber (and through him, against Gauss 
as wel l ) ,  and because of N iels Bohr's ar­
rogance in quantum physics, one can­
not speak of real science today. Experi­
mental phys ic i sts look for quarks, but 
they do not real ly know why, and math­
emat ic ians  have long s i nce locked 
themselves in the ivory towers of nu ­
merology o r  logic. 

We need a modern Gauss to intervene 
and say that " logical  means by them­
selves cannot perform anything and pro­
duce only steri le germs, unless the ferti l­
iz ing, l iv ing v iew of the matter reigns 
everywhere." 
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After Planck d iscovered the quantiza­
tion of energy transm ission, the Copen­
hagen I n terpretat ion  of N ie l s  Boh r, 
Wolfgang Pau l i ,  and  Werner He i sen­
berg decided on one of many poss ib le  
i n terpretat ions  of the  data  on atom ic  
processes, and defended i t  with polemi­
cal and v ic ious attacks on a l l  other hy­
potheses that  m ight  exp l a i n  the phe­
nomena. 

Bohr  ru l ed the wor ld of phys ic i sts 
from his posit ion in Copenhagen . Th is  
Copenhagen vers ion of quantum me­
chanics, which today is taught as law in 
every u n iversity, has the d i sadvantage 
that one cannot, at the same time, deter­
m ine the prec ise location and momen­
tum of a part ic le .  He isenberg'S uncer­
ta i nty p r i nc ip l e  states that at the 
subatomic level, nature l im its the accu­
racy of such measurements : One can 
have either the exact location, or the ex­
act momentum, but not both. 
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Because e lectromagnet ic beams 
change behavior accord ing to  the  stand­
point of the observer, such beams appar­
ently behave as a wave or as a partic le, 
depend i ng on experimental cond itions, 
and, therefore, accord ing to this theory, 
we shou Id forget about model l i ng na­
tu re .  S upporters of th is  i n terpretat ion  
have consc ious ly adopted t h i s  ind iffer­
ence to what rea l ly  is going  on i n  the ir  
theory. 

Schrodi nger, E instein,  and, above a l l ,  
P lanck ,  promoted the v iew that  one 
should exp la in  those processes from the 
standpoint of a higher causality, and that 
"probab i l ity theory," in which the out­
come of the experiment depends on ac­
cidental factors, should not be accepted, 
for any reason . Schrod i nger, therefore, 
deve loped h i s  wave mechan ics ,  i n  
which he described the electron as a sort 
of matter wave, thus moving a gigant ic 
step forward in u nderstand i ng .  Bu t  
Bohr's bruta l ly promoted doctrine made 
sure that such ideas wou ld never be ac­
cepted or further developed by the sci­
entific commun ity. 

Bohr fought for h i s  doctr ine with no 
ho lds barred . A l though the young 
Heisenberg was one of h i s  c losest fo l ­
lowers and ad m i rers ,  H e isenberg was  
treated ruthlessly i f  he d isagreed. Heisen­
berg had worked out an experiment for 
demonstrating his u ncertai nty pr inciple. 
If an electron's momentum and position 
cannot both be defi ned exact ly  at one 
instant, then physic ists wi l l  be unable to 
compute its path. He imagined an exper­
iment to measu re the exact path of a n  
electron :  An  ord i nary m ic roscope, one 
that makes use of v is ib le l ight, would be 
too gross to determ ine the position of an 
electron, but suppose th i s  m ic roscope 
used gamma rays of exceptional l y  short 
wavelength, Heisenberg hypothesized. 

With th is  hypothetical microscope, it 
wou ld be possible to determine the elec­
tron's position with a great degree of ac­
curacy. But when a gamma-ray photon 
h its the electron, i t  a l ters its momentum 
in an u ncontro l lable and unpred ictable 
way. The shorter the wavelength of the 
gamma ray, and the more accurate ly  it 
determ i nes the e lectron's  pos i t ion,  the 
greater i s  i ts u npred ictable d isturbance 
of the electron's momentum. 

With this imagined experiment, Heisen­
berg was able to show that any attempt 
to measu re momentum, or pos i t ion,  of 
an elementary partic le produces an un-
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control lab le and unpred ictable d i stur­
bance. So, he concl uded, does nature 
prevent us from ever knowing the pre­
c i se value of these variables s imu ltane­
ous ly and, consequently, the trajectory 
of the electron's path. 

Bohr rejected the whole tenor of th is  
example .  I ndeed, so forcefu l were h i s  
object ions  that they reduced He i sen­
berg to tears. Bohr  poi nted out that in  
sett i ng  up th is  menta l  exper i ment, 
Heisenberg had tacitly assumed that the 
e lectron actua l ly has a path and actu­
a l l y  possesses a prec i se pos i t ion  and  
momentum a t  each instant. Interestingly 
enough,  Bohr, He i senberg, and Pau l i  
d id not always agree over thei r  own the­
ory, which they imposed on the rest of 
the world !  

Bohm Meets Bohr's 'Doctrine' 
The work of physicist David Bohm, as 

told by h i s  friend and co l league, David 
Peat, in t h i s  fi rst b iography of Bohm,  
s hows, however, that  the ideas  of  
Schrod inger and E i nste in  and Lou is  de 
B rog l i e  have s u rvived desp i te Bohr' s  
tyranny, and today the d i scussion of the 
rea l ity ly ing beh ind the appearances of 
physics can start afresh .  As in the past, 
there are sti l l  a few sc ient i sts who are 
committed to searching for truth and, es­
pecia l ly, to learn Bohm's physics, which 
stands  fu l l y  i n  the trad i t ion of P lanck, 
E instein, and Schrodinger. 

David Bohm was born on Dec. 20,  
1 9 1 7, i n  Wilkes-Barre, Pennsylvania, the 
son of Frieda Popky and Samuel Bohm. 
As a c h i ld ,  Bohm cu l t ivated a love of 
e laborate specu l at ive thoughts, and i n  
h igh school, h e  fol lowed the heated dis­
cussions around questions generated by 
Planck's d iscovery, as he began to make 
up h i s  own m i nd on e lectron mot ion .  
When Bohm entered Ca l tech i n  Pasa­
dena as a graduate student, he had a l ­
ready developed an aversion to the prob­
ab i l ity theory of the Copenhagen 
Interpretation. 

At Ca ltech ,  Bohm learned Sch ro­
d i nger 's  wave mechan i c s  and deve l ­
oped the beginn ing of  a theory in which 
e l ectrons a re wave-mass, wh i ch  ac­
qu i res a stable character in  proxim ity to 
the nuc leus .  Bohr's Copenhagen I nter­
p retat ion  h ad a l so become orthodox 
teach i ng in American col leges, and so 
Bohm had count less d i scuss ions  of 
quantum theory with h i s  col leagues, in 
which he always refuted the arguments 
used to support this interpretation. 

After fi n i sh i ng his stud ies at Ca ltech, 
Bohm went to the Un iversity of Cal ifor­
n ia  at Berkeley, where J. Robert Oppen­
heimer had founded the I nstitute for The­
oret ica l  Phys ics .  For 1 3  years, Oppen­
he imer  was Bohm's  much  ad m i red 
teacher .  Oppe n he i mer came from a 
wealthy fami ly

·
and had had the opportu­

n ity to study with Max Born at Gottingen 
U n ivers i ty, and to meet He i senberg, 
Pau l i ,  and Pau l  D i rac .  Because of h i s  
charismatic style o f  teachi ng, many stu­
dents gathered around h im .  H i s  parties 
a lways e nded wi th  the p l ay i ng  of 
Beethoven ' s  l ate str i ng  qua rtets, and 
Bohm's l ove of c l ass ica l  mus i c, espe­
cia l ly Mozart and Beethoven, developed 
from this time on. 

Only l ater, when Oppenhei mer had 
caused Bohm great political trouble, did 
Bohm think about Oppenheimer's char­
acter-how he needed the admi ration of 
h i s  p up i l s  and  co l l aborators, but  was 
jealous of them and was more l i ke ly to 
exploit than to promote them. 

At B erke l ey, Bohm a l so sta rted a 
friendsh ip  with R ichard Feynman, who 
l ater su pported Bohm ' s  i deas and  
works, e laborat ing  and u s i ng many  of 
Bohm ' s  i deas i n  h i s  own Lectures o n  
Physics. 3 

Trying to Understand Causality 
Berkeley i s  where Bohm bega n h i s  

theoret ical i nvestigations of plasma, the 
fourth state of matter. More than 99 per­
cent of the matter i n  the un i verse is i n  
th i s  fou rth state, but on Earth, plasmas 
are art ific ia l ly  created i n  the laboratory, 
such as i n  the cyclotron ,  where Bohm 
stud ied them. Bohm was espec ia l l y  in­
terested i n  the relationsh ip between the 
s ingle partic le· and its environment. 

In 1 942, Oppenheimer was appointed 
as the ch ief of the Manhattan Project and 
left Berkeley. In those war years, when 
the Un ited States and the Soviet Un ion 
were partners agai nst H itler, there were 
many American sc ient ists who sympa­
th ized strongly with Marxism-Len in ism, 
i n  reaction to the growing anti-Semitism 
and the support for fascism that had de­
veloped in the 1 930s among sections of 
the el ite. 

Oppenheimer also had close contacts 
with Commun i st groups.  (H i s  wife and 
his lover were both act ive members of 
the Commun ist Party, and he belonged 
to party-associ ated organ izat ions . )  
When these ties were d iscovered, there­
fore, Oppenhe i mer was s ubjected to 
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long i n terrogat ions and hear ings with 
the security department of the Manhat­
tan Project. But, instead of being honest 
about actual ind ividuals with ties to the 
Commun ist Party, he l ied about ideal is­
tic students and co l l eagues who were 
s imp ly  i n terested in soc ia l  j u st ice and 
sympathized with Marxism. He mistak­
en l y  thought that  t h i s  g reat openness 
wou ld  protect h i m, but i n stead it cre­
ated enormous problems for Bohm and 
others. 

Oppenheimer's a l leged naivete is pre­
sented i n  a d i fferent l i ght  i n  the 1 994 
pub l icat ion of the book by Pavel and 
Anato l i  Sudoplatov : Special Tasks: The 
Memoirs of an Unwanted Witness-A 
Soviet Spymaster. There, Oppenheimer 
i s  named as one of the lead ing  figures 
who functioned (together with Pau l i  and 
Bohr) as decis ive i nformants on the de­
velopment of the atom ic  bomb for the 
Soviets. 

Because of Oppenheimer's statement 
that Bohm was "dangerous,"  Bohm­
who belonged to the Commun ist Party 
for n i ne months before dropping out i n  
d i sgust-also came under scrut i ny  by 
the intel l igence service. Many scientists 
were dism issed after 1 943, or held back 
from respons ib le teach i ng jobs. Bohm, 
who had started teach ing in 1 942, when 
Oppenheimer left (and who was remem­
bered by h i s  students for h i s  very l ively 
teach ing style), was increasingly isolated 
at Berkeley. F inal ly, in the 1 950s, he was 
put u nder  pressu re by hear i ngs and 
around-the-clock survei l lance. 

The Princeton Years 
Some years later, thanks to Ei nste in 's 

former ass i stant John  Wheeler, Bohm 
obtai ned a job at the I n st itu te for Ad­
vanced Stud i es in Pr i nceton, where 
Whee ler  h i mself  was work i ng.  S up­
ported by Wheeler, Bohm began to d is­
tance h imself from the general th i nking 
and usual teach i ng  methods of other 
physicists. He connected general physi­
cal questions to ph i losophical thoughts, 
someth i ng that gai ned h im  the reputa­
tion of being a l i ttle crazy. 

Students were used to lectures i n  
which the professor tal ked 1 0  m i nutes 
about the problem he wanted to present, 
and then they had to take out their note­
books, because for the rest of the time he 
wou ld  stand at the blackboard writ ing 
down mathematical formulas and equa­
tions. But Bohm was tota l ly  d ifferent. In 
his fi rst lectures he would start to talk  20 

minutes; then it became 30, and 40 . . .  
u nt i l  i n  the last 1 0  minutes the students 
would real ize with terror that he wasn't 
go i ng  to write any equat ions on the 
blackboard! 

It was already common practice not to 
ask questions about the reasons for plau­
sible ways of describ ing occurrences i n  
nature, espec ia l ly not for a h igher suffi ­
cient cause. Bohm vehemently attacked 
th i s  standpoint  or att i tude.  When the 
mathematician John von Neumann, who 
was a big defender of Bohr's "physics by 
chance," the so-cal led probabil ity calcu­
l us, once suggested that physics is orga­
n ized l i ke a church, Bohm rep l ied that 
Bohr wou ld then be the Pope, and von 
Neumann fancied h imself as one of the 
cardinals !  

Many students joined Bohm's lectures, 
however, exactly for this reason :  that he 
asked quest ions about the causes that 
might l ie behind phenomena. 

At Pri nceton, Bohm wrote his first im­
portant book, Quantum Theory, which 
was publ ished in 1 95 1 .  In  this work, he 
tried to make the Copenhagen explana­
tion of quantum mechan ics clearer and 
more plaus ible .  E inste in was present at 
the sem i nar  in wh ich  Bohm gave the 
fi rst presentation of h is book, and the 
most important reaction came from h im.  
He told Bohm that he described h is  view 
very c lear ly, but that he, E i n ste i n ,  sti l l  
cou ld not agree with this th i nk ing. After 
the semi nar, E i nste in  inv ited Bohm to 
v i s it h i m  i n  h i s  office.  There he ex­
p l a i ned h i s  dou bts about the Copen­
hagen Interpretation, and he strenuously 
defended the pr i  nci pie of a h i gher  
causal ity in  nature! On ly then did Bohm 
become total ly aware of his own incon­
sistencies. 

E inste in later cal led Bohm h i s  " i ntel ­
lectual son," and whenever the question 
was raised of whether someone cou l d  
fi nd a new in terpretat ion o f  quantum 
physics, E i nste in  wou ld say :  " I f  some­
body can, that is Bohm." 

The Hypothesis of 'Nonlocality' 
After t h i s  d i scuss ion with E i nste i n ,  

Bohm  made a dec i s ive change i n  h i s  
work. U nt i l  then h e  had always tried to 
fi nd a causal explanation for the existing 
quantum mechan ics .  But now, he ac­
knowledged i ts total i ncompat i b i l i ty 
wi th the tru th .  Truth can not be de­
scr i bed by acc idents, or  by cou nt i ng  
probabi l i ti es-even i f  they seem to be 
total ly exact. 
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This problem is  s im i lar to the method 
often u sed by N icho la s  of Cusa,  t he  
"squar i ng of the c i rc l e . "  Actua l ly, t he  
very term "squaring o f  t he  c i rcle" is am­
biguous. I t  is impossible to construct the 
ci rcumference of a c ircle in  a " l inear" or 
"algebraic" way. The reason for this im­
poss ib i l ity, and the solution to the prob­
lem, is described by Cusa in his work De 
Circuli Quadratura.4 

I n  fact, the i n sc r ibed and c i rcum­
scribed polygons, as they approach more 
and more close ly  the c i rcumference of 
the c i rc le ,  have a greater and greater 
number of edges, and thus the polygons 
move further and further away from the 
idea of a c i rcle (F igure 1 ) . This is a para­
dox: As the sides of the polygon are fur­
ther d ivided, the i nscribed and c i rcum­
scr i bed po lygons approx imate the 
c ircumference of the c ircle more closely, 
but, at the same time, they move away 
from the conception of the c ircle, which 
i s  curved, even in any arbitrar i ly  sma l l  
part of it. 

Bohm, at this point, began to develop 
h i s  own in terpretat ion of the quantum 
processes. He started from Schro-d inger's 
wave equation, and ta lked for the fi rst 
t ime about h i s  idea of the pr i nc ip le  of 
"nonlocal ity" in  nature, the idea that d is­
tant objects a re corre lated i n stanta­
neously: Quantum processes, he said, in­
clude the fact, that the world functions as 
an i nd iv i s ib le  u n it, i n  wh ich  even the 
characteristic nature of each si ngle part 
(be it wave or particle) depends on its re­
lationsh ip to its neighborhood. 

The effects of Bohm's quantum poten­
t ial do not fal l off with d istance. The ef­
fect of the f ie ld  depends not upon i ts 
strength but  u pon i ts "form,"  wh i ch  
means that qu ite d i stant objects can sti l l  
affect each other. i n  other words, even 
d istant parts of quantum systems are i nti­
mately l i n ked through the quantum po­
tentia l .  

L i ke E i nstein ,  Bohm was clear about 
the fact, that Newton's  mechanics col ­
lapse on the quantum level, and that sci­
ence needs a new descr i  pt ion of the 
processes. But it doesn't work in the way 
Einstein had thought, which is expressed 
in the EPR paradox. (EPR stands for E i n­
ste i n ,  Bor i s  Podolsky, Nathan Rosen . )  
The EPR  thought experiment unsuccess­
fully attempted to prove that the trans­
mission of information between particles 
can function only through the transmis­
s ion of radiation. 
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(a) 

(b) 

Figure 1 
SQUARING THE CI RCLE 

The more you try to make a polygon take on the shape of a circle (aJ, the more 
it becomes less like the circle. And no matter how much more closely the in­
scribed polygons seem to resemble the circle, the circle· remains curved in 
any arbitrarily small part (b). 

Bohm's  hypothes i s  of non loca l ity 
states that there is a s imu ltaneity of reac­
tions from one particle to another, with­
out the transmiss ion of I ight; activit ies 
are non loca l l y  i nfl uenced by a h i gher 
lawfu l ness, which i s  not dependent on 
the d i stance between the particles. 

In 1 952 ,  Bohm pub l i shed h i s  n ew 
ideas i n  a two-part Physical Review arti­
cle, "A Suggested I nterpretat ion of the 
Quantum Theory in Terms of H idden 
Var iables ."s The react ions from physi­
c i st c i rc les ,  for i nstance from the sup­
porters of the Copenhagen I nterpreta­
tion, were skeptica l .  Bohm commented 
on th is in a letter to E i nste in ,  whom he 
thanked for h i s  help: lilt may i nterest you 
to know that Pau l i  has admitted the logi­
cal cons i stency of my i nterpretat ion of 

the quantum theory in a letter, but sti l l  
rejects the ph i losophy. He  states that he 
does not bel ieve in a theory that permits 
us even to conceive of a d istinction be­
tween the observer's bra in  and the rest 
of the world."6 

With the exception of a very interested 
react ion from the you ng phys ic i st 
R ichard Feynman, the physics commu­
n ity remained s i lent. Even de Brogl ie, i n  
the scientific publ ication Comptes Ren­
dus, s imp ly  repeated the doubts ex­
pressed by Pau l i .  

Oppenhe i mer's react ion to  Bohm's  
work was  s im i lar ly negative. A lthough 
he admitted to not having read the Phys­
ical Review papers on h idden variables, 
he characterized Bohm's theory as "ju_ 
ven i le  deviationism" and even stated, " If 

we cannot d i sprove Bohm, then we must 
agree to ignore h im."l 

Such i gnorance made Bohm furious, 
but he "had a pass ionate desi re to fight 
th i s  stupefy ing  sp i r i t  of forma l i sm, and 
pragmatism in physics," that ins isted on 
immed iate, practical results.8 Bohm said 
that although others took 20 years to pro­
duce results, he alone was "supposed in 
a year or two to produce a scientific rev­
ol ut ion comparable to that of Newton, 
E i n ste i n ,  Sch rbd i nger, and  D i rac a l l  
rolled i nto one."9 

Regard i ng the Pr i nceton I n st i tu te, 
where Oppenhei mer was active aga i n, 
Bohm wrote: liAs for Pais and the rest of 
the 'Pr incetitute' what those l itt le farts 
th ink is of no consequence to me. In the 
past 6 years, a l most no work at a l l  has 
come out  of that p lace . . . .  I am con­
vinced that I am on the right track."1 0  

L ater, de  B rog l i e  changed h i s  m i nd  
about Bohm.  When h i s  assi stant, Jean­
Paul Vigier, reported to him on a lecture 
given by George Yevick on Bohm's the­
ory i n  Par is, de Brogl ie was so exc ited 
and h appy about it, that he sent Vigier 
to Bohm in B raz i l  to fi nd out what was 
going on. A few years later, when Bohm 
was i nvited to the Techn ion I nstitute i n  
I s rael ,  h e  spent three weeks i n  Eu rope 
with de B rog l ie  and V ig ier; later, when 
he left Israel, he was offered a professor­
sh ip  by de Brogl ie in Paris. 

Dur ing this European trip, Bohm met 
the young physic ist John Be l l ,  who was 
also concerned with the problem of how 
causal ity should be understood in quan­
tum physics. Bell used Bohm's work on 
h idden var iab les to deve lop his "Be l l  
Theorem," i n  which he  proves that there 
are no " independent elements of real ity," 
as posited by E i n ste in ' s  EPR  paradox, 
wh ich states that observ ing one of two 
correlated but widely separated particles 
wou l d  h ave no effect on the second . 
Rather, Bel l  said, quantum mechanics is 
i nherently nonlocal and outside classical 
l im itations. Such non local ity chal lenges 
everything in classical mechanics. 

In h i s  position as theoretical physicist 
at the B i rkbeck Co l l ege i n  London,  
where he worked for the rest of h i s  l ife, 
Bohm occu p ied h i mse l f  w i th p l asma 
processes. Above a l l ,  he  constantly dealt 
with the question of how, out of a seem­
i ng ly chaotic and complex state, an or­
dered state i s  suddenly produced, as i s  
the case with plasmas. He also started to 
develop thoughts on the motion of elec-
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trons, and he abandoned the bel ief i n  
t ime and space a s  absolute coordinates, 
in which a l l  other things develop; on the 
contrary, t ime and space are produced 
out of the activity of matter, under the in­
fluence of natural laws. Such an activity 
existed before time and space. 

In this context, Bohm attacked Carte­
s ian ,  th ree-d imens iona l  order i ng, and 
po inted to the fact that both Newton's  
physics and E i nste in ' s  relativity theory 
are based on the same assumption : that 
is, a conti n uous, th ree-d i mens iona l  
space. However, Bohm said, th is  Carte­
sian approach is i rreconc i lable with the 
d i scoveries made in quantum physics. 
Bohm rea l ized that we need a com­
pletely new theory, instead of the Copen­
hagen I nterpretat ion ,  wh ich  merely 
poured the new quantum wine i nto the 
o ld  bott les of Cartes ian  th ree-d i men­
sional ordering. 

Bohm's  reflect ions  and - works were 
theoretical, not experimental . Even if he 
developed ideas on how better experi­
ments cou ld  be done with i n  quantum 
physi cs, condit ions at  un i vers i ties d id 
not al low theoretical physicists a d i rect 
access to the pract ica l  sphere, where 
they cou ld  organ ize the i r  own experi-
ments. 

The Political Witch-hunt 
In the 1 930s and 1 940s, pol itical con­

d itions in the Un ited States were polar-

ized in the extreme. On one s ide, ant i­
Semites and H itler fans received a wide 
aud ience; for instance, Father Cough l i n's 
rad io broadcasts, in wh ich  he raved 
against "Jewish bankers," the New Deal, 
and commun ists, were l i stened to by 5 
m i l l ion people i n  1 934, and some said 
that he was "more popular than the Pres­
ident." 

On the other side, many of those who 
felt threatened, i nc lud ing David Bohm, 
tu rned to Marx ist-Len i n ist propaganda .  
Bohm tried to  reconci Ie the ideas o f  di­
a lectical materia l ism with h i s  physical 
ideas, and saw through them a possibi l ity 
of improving the l ife of mankind. He at­
tacked bou rgeois  soc iety, as accept ing 
only what i s  fixed or  changing very l ittle. 

The House U n-American Act iv i t i es 
Committee was not an honest effort, but 
an  operat ion to i nduce terror in the 
Amer ican people, and to destroy the 
l ives of those whom it smeared-regard­
less of "gu i lt" or " innocence"-including 
many scientists. 

After Oppenhei mer's statements be­
fore the secur i ty i nvest igat ion in Los 
Alamos, Bohm was constantly under sur­
vei l l ance; he was photographed, and 
even f i l med . I n  May 1 949, Bohm was 
subjected to a series of interrogations, i n  
which he  refused to give information on 
h i s  fr iends at Berkeley, who were sus­
pected of passi ng i nformat ion on the 
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atom ic bomb to the -Soviets. Because of 
h i s  s i lence, Bohm was eventua l ly i n­
d icted for contempt of Congress, a long 
with 56 other defendants. 

On Dec. 4, 1 949, Bohm was arrested 
in h i s  Pr i nceton office, and was freed 
on ly  after pay ing $ 1 ,500 i n  ba i l .  The 
b i tterest su rprise was wait i ng for h i m :  
Pr i nceton 's  new president, Harold W .  
Dodds,  re leased a statement barr i n g  
h im  from teachi ng, or even sett ing foot 
on campus, for the duration of the tria l .  

Nearly two years later, Bohm was ac­
qu itted on a l l  counts on May 3 1 ,  1 95 1 .  
Yet, despite h is  acquittal, and despite the 
fact that many students open ly  s ided 
with Bohm, Princeton Un iversity refused 
to reinstate h im,  and the FB I  conti nued 
to keep h im under surve i l lance. Attempts 
of friends to fi nd Bohm a new pos it ion 
were also thwarted by this pol itical taint. 
The constant psychological pressure and 
inab i l ity to teach hit Bohm particular ly 
hard, and he seriously considered leav­
ing America. 

F i na l l y, in October 1 95 1 , after the 
general pol it ical situation i n  the Un ited 
States h ad become even more tense, 
Bohm decided to go to Braz i l  to head a 
university physics department. But th ings 
d i d  not i mprove for h im .  A few weeks 
after his a rrival, his passport was with­
drawn under some pretext, and he was 
told he could have it back only when he 
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David Bohm (right) entering the Un-American Activities Committee hearing room in 
Washington in May 1 949, where he refused to answer the committee's question of 
whether he was then or ever had been a Communist. 

decided to return to the U n ited States. 
Furthermore ,  su rve i l l ance went on i n  
Brazi l  as wel l .  

These developments increased Bohm's 
bitterness toward the U n ited States, 
which he thought was moving toward 
fascism. He continued to work in Brazi l  
unti l spring 1 955 ,  when he accepted a n  
offer from Israel . But i n  order to be  able 
to travel to I s rael ,  he  had to become a 
Brazi l ian citizen to gain a passport. Years 
later, when he appl ied for a visa to visit 
his dying father in the U n ited States, he 
discovered that he had lost h is  American 
cit izensh ip,  and he had to travel on a 
tou r ist v i sa  with a waiver as a former 
member of the Commun i st Party. (H i s  
U .S .  c i t izensh i p  was  restored retroac­
tively in the 1 980s, however, because its 
loss had never been val id. ) 

In I s rae l ,  Bohm met h i s  futu re wife 
Saral Woolfson, and in 1 957,  he moved 
with her to England, to take a position as 
research assi stant at B r istol U n iversity. 
Later, he became chairman of theoreti­
cal physics at B i rkbeck Co l l ege of the 
Un iversity of London, where he worked 
until his death on Oct. 27, 1 992 .  

I n  London ,  Bohm fel l  prey to  cu lt ist 
New Age circles. He developed a fasci­
nation for the teach ings of I nd ian Gu ru 
J iddu Krishnamurti , who had been pro­
moted by the Theosoph ica l  Society' s 
Madame Blavatsky and Annie Besant as 
the coming "world teacher." In h is auto­
biography, Bohm seems unaware of the 
mystica l -Satan i st con nections of these 
circles. 

Bohm had many ph i losoph ica l  d i s­
cussions with Krishnamurti, and became 
a co-founder of a school for h i s  teach­
i ngs,  where Bohm and h i s  wife spent 
many weekends. It is possible that Krish­
namurt i ,  who after the war needed a 
new " i mage," saw i n  Bohm somebody 
whose ideas he cou ld  exploit. Th is  im­
press ion i s  confi rmed by the fact that, 
when a book was made from audiotapes 
of K r i shnamurt i ' s  d i scuss ions  wi th  
Bohm, Krishnamurti decided not to pub­
l i sh  it, because Bohm d i d  most of the 
talking! 

Bohm's  work in physics, however, 
was influenced by these contacts, for he 
never aga i n  d i d  fu ndamental work i n  
quantum physics. As his close col labora-

tor Basi l H i ley commented, Bohm was 
always open to new ideas and wi l l ing to 
talk with people, and therefore often had 
to be rescued from id iots. Even the Is­
rae l i  magic ian Uri Gel ler, who cla imed 
to bend spoons with h i s  mental power, 
once attracted Bohm. 

Despi te h i s  New Age con nections ,  
David Bohm rema in s  important i n  any 
futu re d i scuss ions of quantum physics 
and the role of causal ity, most especial ly 
because of h is hypothesis of non local ity. 
After the death of E i n ste i n  and de 
Broglie, who had recognized Bohm's tal­
en t  and  s howed the cou rage to work 
with h i m  and accept h i s  i deas, Bohm 
was  v i rtua l l y  i n  isolation .  Nevertheless, 
h i s  teach ing  method has been decisive 
i n  the education of several good physi­
cists today. 

I n  th i s  l i ght, the b iography of Bohm 
by F .  Dav id  Peat ,  Infin ite Potential, 
has the ab i l ity to d i sturb the "peace of 
the g raves" re i gn i ng  on today's cam­
puses. 
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Wil l  Science Discover L ife on Mars? 
by Marsha Freeman 

Mars: The Living Planet 
Barry E. DiGregorio 
Berkeley, Calif.: Frog, Ltd., 1997 
Hardcover, 365 pages, $25.00 

A longstanding example of the deteri­
oration of a comm itment in science 

to the search for truth, is  the case of Dr. 
Gi lbert Levin and h is main col laborator, 
Dr. Patricia Ann Straat, regard ing the re­
su lts obtained from an experiment they 
bu i lt and flew on the 1 970s Viking m is­
sions to Mars. Of the three principa l  in­
struments aboard the two Viking landers, 
which had the m ission to search for l ife 
o n  the red p l a n et, the i rs was the o n l y  
o n e  that i nd i c ated evidence o f  extant 
m icrobial l ife on Mars. Evidence, author 
Barry DiGregorio poi nts out-not proof. 

. But with any evidence, one would ex­
pect to see great interest in a plan for an 
add i t iona l  ser ies of exper ime nts, to 
prove, disprove, or, at least, to add evi­
dence to the question of whether there 
is l i fe on Mars.  H owever, l i fe science 
experime nts h ave not even been i n ­
cl uded i n  the cu rrent series of u .s.  mis­
sions to Mars. 

That only one of the three l ife-seeking 
instruments aboard Viking should show 
evidence of l i fe stumped the scientists. 
Alternative theories i nvolving chemical  
and other non-biological  agents were 
developed to try to account for the data 
received from Levin 's  Labeled Release 
experiment. It is certa i n l y  necessary to 
question results, and play devi l 's advo­
cate to try to fi nd any flaws or mis i nter­
pretations in an experiment. But 20 years 
later, after Levin h as tried to reproduce 
i n  the laboratory the resu lts his i nstru­
ment prod u ced on Mars, u s i n g the 
chemical  and other agents that  the sc i­
entific commun ity ins isted m ust be re­
sponsible for his results, he has been u n­
able to find anything other than l ife that 
could accou nt for the data h i s  experi­
ment on Mars sent back to Earth. 

Does this mean there is l ife on Mars? 
Perhaps. 

Does the fact that there was not u nan­
i mo u s  agreement among a l l  of the i n­
struments that there is l ife on Mars mean 

that the Viking mission found no l ife on 
Mars? One wou ld not think so, but that 
is the way the history has been written, 
for two decades. 

Will Scientists Reconsider? 
D i G regorio's book provides the de­

ta i l s  of the V i k i n g  exper im ents, G i l  
Levin's background, h is scientific work 
before and after V ik i ng, and the reac­
tions to the results of his experiment. 

The author's impressive review of the 
recent d iscoveries that bear on Levi n's  
v i ews, strengthen the case t h at there 
may indeed be l ife on Mars. Whether or 
not those who have made the absolute 
statement in the past that there is no l ife 
o n  Mars are n ow w i l l i n g to keep a n  
open m ind, wi l l  be a test of the integrity 
of the scientific commun ity. In the past 
two years, additional evidence that there 
has been l i fe on Mars in the past, and 
that l ife can  and does ex ist i n  environ­
ments on Earth that are as extreme as to­
day's environment on Mars, has added 
grist to Levi n's m i l l .  

O n e  of the results from the Viking ex­
periments that baffled scientists looking 
for l ife, was the lack of evidence of any 
organic material on the surface of Mars. 
D i G regorio reviews the problems that 
existed with the i nstruments that were 
deployed to fi nd organ ics on Mars, and 
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the fact that there are q uestions about 
their sensitivity. 

In addit ion, Levin  points out in a pa­
per he presented in Ju ly  1 997, at the con­
ference of the I nternational  Society for 
O ptical  Eng i neering, that an exa m i na­
t ion  of M a rs m eteo r i te EET A7900 1 ,  
found that it  conta i n s  not only organ ic  
material ,  but c h i ra l  (or  "handed," as  in  
l eft- or  r ight-h a nded) · a m i no ac ids ,  a 
characteristic only of biological materia l .  

Most people are aware that i n  August 
1 996, scientists announced that they be­
l i eved they had fou nd evidence of re­
mains of microbial l ife in Mars meteorite 
ALH8400 1 . But the materials in that me­
teo r ite a re est i m ated to be 3 . 5  b i l l ion 
years old, when, most scientists wou ld 
agree, Mars's e n v i ro n ment was warm 
and wet, and, l i ke the Earth's, conducive 
to the development of l ife. 

EETA79001 ,  however, is only 600,000 
years old.  If l ife developed then, at a time 
when most scientists bel ieve Mars's c l i­
mate would have a lready evolved to the 
cold,  re lat ively d ry p l a net it  i s  toda y, 
Levin argues, it would mean that l ife was 
able to adapt to conditions on Mars com­
parable to those existing at the present 
t ime.  I t  is, therefore, possib le, that the 
l ife that  existed on Mars 600,000 years 
ago, exists there today. 

Detective work over the past few 
years, across n u merous scientific disci­
pl ines, has broadened scientists' view of 
what extreme cond it ions can be to ler­
ated by m icrobial l ife on Earth. DiGrego­
rio does an i m pressive job in this book 
of summariz ing a vast a rray of data on 
the existence of l ife in extreme environ­
ments, compar ing them to the cond i ­
tions that l ife would face today o n  Mars. 

For example, rather than being a dead 
p lanet, cou l d there be l ife i n  the lakes 
and r ivers u n derneath the  s u rface of 
Mars? Recent i mages from the G a l i leo 
spacecraft have led scientists to propose 
that there may wel l  be l iqu id  water un­
der the ice surface of as faraway a place 
as the Jovian moon, E u ropa .  But, o n e  
c o u l d  argue, n o  o rgan isms h ave been 
fou nd on Earth that could exist without 
dependence upon organic  material .  
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This full-size working model of the Viking Mars lander, at the Jet Propulsion Labora­
tory, shows the long arm of the soil sampler extended. On Mars, the arm scooped 
up samples of soil and delivered them to the three scientific experiments that were 
designed to look for life. Only Dr. Levin's experiment produced a positive response. 

New Evidence 
That appeared to be 'true u nt i l  1 995 ,  

when Drs .  T o d d  Stevens a n d  J a m e s  
McKinley, from Pacific Northwest Labo­
ratory in R i c h l a nd,  Was h i n gton,  re­
ported that at a depth of 1 ,500 meters, 
in the grou ndwater in C o l u m b i a  River 
basalt aqu ifers, they d iscovered anaero­
bic bacte r i a  l iv i n g  on noth i n g  b u t  the 
basalt  rock and oxygen-free water. No 
photosynthesis or other organic material 
was required. 

These rock-eat i n g  bacte r i a  were 
named Subsurface L ithoautotroph ic  Mi­
crobi a l  Systems, mean ing  an organism 
that manufactures organic nutrients from 
i norgan i c  su bstances, such as vo lcanic 
basalt  rock. Accord i n g  to D i G regorio, 
Stevens stated that the V i k i ng l i fe sc i ­
ence experiments wou ld not  have been 
able to detect such l ife forms, if they ex-

, ist, on Mars. 
.. Another example is  the case of rad ia­

tion. The accepted bel ief is, that with no 
ozone shield, the su rface of Mars i s  ex-

posed to level s  of u ltraviolet rad iation 
that would be lethal to al l  l ife forms. But, 
in Mars: The Living Planet, the author re­
ports on a variety of methods that organ­
isms have devel oped to p rotect them­
selves from u ltraviolet radiation on Earth, 
i n c l u d i ng i ncapsu l ation in water, and 
biomineral ization, where the incorpora­
tion of a small particle of iron, produced 
by the organ ism, protects it from u ltravio­
let l ight. It has also been shown that snow 
algae store d ust and metals with in thei r 
cel l  structure to use as nutrients, and as 
protection against solar u ltraviolet. 

DiGregorio reports that noted exobiol­
ogist Dr. Ch ristopher Mc Kay (an inter­
view with McKay appeared in  the Sum­
mer 1 992 issue of 2 1  st Century) does not 
be l ieve that in the end, cosmic rays or 
u ltraviolet radiation would preclude the 
development of l i fe, because organisms 
can b u ry themse lves u n dergro u n d .  
McKay does th ink, however, that the ra­
d ioactive decay of materials intri nsic to 
the soil would "do them in ."  

D iGregorio reports that i n  1 989, a ra­
d i ation-resistant m icroorgan ism, known 
as Deiococcus radiodurans, was d iscov­
ered l iv i ng i nside the core of the Three 
M i l e  Is land n uclear reactor. These cel ls 
s u rv ive by p rod u c i ng enzymes that re­
pair their D NA, doing "constant damage 
control," as they are metabol izing. 

Many other fasc i nat ing exam p l es of 
the existence of l i fe in  extreme environ­
ments on Earth  a re c i ted in t h i s  book. 
That there is  l ife i n  numerous p laces on 
the Earth that were bel ieved to be steri le, 
should sure l y  cause scientists to revisit  
the q u est ion of w h ether o r  not the re 
could be l ife on Mars. 

Crucial Experiments 
Gi lbert Levin has proposed crucial ex­

per iments for the u pcom i ng NASA un­
man ned Mars landers that cou ld, if  not 
answer the question, certain ly add to our 
knowl edge of the s u bject.  One c l ever 
experiment, to use the chira l ity of l iving 
systems to d isti ngu ish b i o l ogica l  from 
chemica l  reactions  in the so i l ,  was i n­
cl uded on the Russian Mars '96 m·ission, 
which, u nfortunately, failed before it left 
Earth orbit. 

NASA is p l a n n i n g  to send p a i rs of 
spacec raft to M a rs i n  each 2 6-month 
l a u nc h  opport u n i ty over the n ext 
decade. G i l  Levin has proposed specific 
l ife sciences experiments, which could 
be i ncorporated i nto the landers that are 
now being prepared . So far, h is  sugges­
tions have gone unheeded. 

Although D i G regorio tends to b lame 
a consp i racy in N ASA agai nst Lev i n's 
work, n u merous other examples of the 
same c u l t u ra l  pess i m i s m  a n d  corrup­
tion of the scientific search for truth un­
fortu n ate l y  m a ke th i s  p h e n o m e n o n  
much more widespread t h a n  one gov­
ernment  agency, or o n e  d i sci p l i n e  of 
science. 

It can be ho ped that the sc ient if ic 
commun ity is  at  least cur ious enough to 
want to answer the question of whether 
or not there is l ife on Mars as defin itively 
as possible, before human beings can go 
to search, in person.  One important rea­
son to do so, Levin and Barry DeG rego­
r io insist, is to make sure the necessary 
precautions are taken before any mater­
i a l  from M a rs is b ro ught back to the 
Earth, if it should be found that there are 
l iving organ isms there. 

F i nd i ng l ife on Mars wou ld certa i n l y  
b e  o n e  of the most profound d iscoveries 
of science. 
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Was . There Life· on Mars? 
Martian Fossils on Earth? The Story of 
Meteorite ALH 84001 
Fred Bortz 
Brookfield, Conn: The Millbrook Press, 1 997 
Hardcover, 64 pages, $21 .40 
Juvenile, ages 1 0  and up 

When  sc ien t i sts annou nced at a 
press conference i n  Wash ington, 

D .C . ,  on  Aug .  8 ,  1 996 ,  that they be­
I ieved a meteorite from Mars harbored 
remains of prim it ive l ife, science writers 
had their work cut out for them : 

There was no "smoking gun." The sci­
ent ists read i l y  adm i tted that the com­
plex clues they had found were only in­
d i rect evidence that there had been l ife 
on Mars. Other scientists d isputed their 
i nterpretation that l iv ing organisms had 
produced what they had found.  Writers 
struggled to understand what the scien­
t i sts had presented, and to neither un ­
derplay nor  sensat iona l ize the an­
nouncement. 

to Mars,  and  
end s :  "Chances 
are exce ( l ent  
that many of the 
young peop le  
read i n g  t h i s  
book-perhaps  
you-w i l l  com­
pete for the  op­
portun i ty to l ive 
on Mars for a 
year  or more .  I f  
you go, you and 
your fel low pio­
neers wi I I  arrive 
on Mars loaded 
w i th q uest ion s .  
You w i l l  retu rn  
home, l i ke a l l  
the scientists and 
explorers before 
you, w ith many more." 

For adults who did not take the t ime to 
grasp what David McKay and h i s  team 

of sc ientists were 
presenting in their 
study of Mart i an  
meteor i te ALH 
84001 , t h i s  book 
w i l l  provide a 
good refresher 
course. For young 
readers, F red 
Bortz has p re­
sented a compre­
hens ive look at a 
fasc i nat ing d i s­
covery, that is just 
beg inn ing. 

The only draw­
back to th i s  book 
is its high price. I f  
that  cost  i s  a de­
terrent to pu r-
cha s i ng  it for a 

young reader, this is a book worth a trip 
to the l ibrary. 

-Marsha Freeman 
To accompl ish such a task for young 

readers is a ta l l  o rder, but F red Bortz 
succeeds in conveying the excitement 
of the scientists, as wel l  as the data they 
presented, in an engaging and descr ip­
t ive way, wh i le emphas iz ing that there 
are now more questions to answer than 
before. 

B ig L ies for L ittle  People 

Difficult concepts, such as the chem­
i ca l s  and  c rysta l s  i n  the meteor ite, 
which scientists propose are organ ic in 
o r i g i n ,  are made c l ea rer  t h rough the 
use of  photographs from th is  part icu lar 
research, and s im i l a r  phenomena that 
Bortz cites, and through the use of d ia­
grams. 

The fi rst chapter of the book, "Why 
are scientists so excited about a rock?" 
is characteristic of the tone of the ent i re 
work. It begins :  "Because scientists love 
the excitement of d iscovery, they some­
t imes love the search for answers even 
more than the answers themselves. That 
is why they are so exc ited about  a 
rock." 

Th i s  book dea l s  w ith a work i n  
progress, a sc ient if ic puzz le that may 
not be defin i tively sorted out in  our lab­
oratories on Earth,  but on ly  when peo­
ple actual ly go to Mars. 

The last chapter of the book summa­
rizes the upcoming unmanned m issions 

Closer Look at the Greenhouse Effect 
Alex Edmonds 
Brookfield, Conn.: Copper Beech Books 
Hardcover, 32 pp., $1 9.90 

I t should be no surprise that today's en­
vironmental books for chi ldren, in this 

case, 9 to 1 1  year aids, convey the same 
d i s i nformation as environmental books 
for adu lts. Th is  book, fi rst publ i shed i n  
England by Al ladin Books Ltd ., i s  no  ex­
cept ion.  The overal l  message is one of 
impend ing danger caused by profl igate 
human beings. 

Fo r  exam p le, on  page 9, there is a 
box i l l u strated by two war r i ng  d i ­
nosau rs, one gori ng the other. The text 
reads:  "F rag i le  l ives. Why do we con­
t i n ue  to r isk d i s rupt i ng  the  c l i mate if 
c l i mate changes can h ave d rast i c  ef­
fects on l ife? The d inosaurs d ied out 65 
m i l l ion years ago due to a major nat­
u ra l  change on the p lanet-poss ib ly  a 
c l imate change." 

L ike other journal istic coverage of is­
sues, not a l l  the i nformation presented is 
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wrong, but the context in which "facts" 
a re presented, comb i ned with gross 
omiss ions, make the total presentat ion  
into a big l ie .  

Equa l ly  appa l l ing i s  the style. I n stead 
of a con t i nuous  na rrat i ve, each two-
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Kyoto Protocol 
Continued from page 83 

sel l i ng these low-tech systems wi l l  be 
l ike sel l i ng snake o i l .  

But  what  makes these so-ca l led re­
newable systems non-competitive i s  not 
just the price of oi I, but the fact that they 
are d ispersed, non-dense sources of en­
ergy, that per pound and per square me­
ter prod uce less energy than tod ay's 
coal-fired or nuclear power plants. 

If the Pres ident wou ld  take the $ 2 .7 
b i l l ion he i s  a l locat ing for new energy 
technologies, and deploy it to fi n i sh the 
engineer ing work and then commerc ia l  
deve lopment of a tech no logy such as  
magnetohyd rodynami cs, each ton of  
coal that is burned cou ld produce twice 
as much e lectricity, (and no pol l utants) 
as today's coal-fi red plants. 

Were some of those funds a lso used to 
commerc ia l l y  develop next-generat ion 
nuclear systems, such as h igh-tempera­
tu re nuc lear  reactors, the effic iency, 
mai ntenance, i n d ustr ia l  app l icat ions ,  
and I ifespan of nuclear energy systems 
would be improved . 

page spread i s  stuffed wi th  f ive or s i x  
separate items, each item i l l u strated ( i n  
color, o f  course), and each with a differ­
ent size or style of type. Perhaps the idea 
is to s imu late mov ing images on a tele­
vision screen or a video, but th i s  d izzy­
i ng array of i tems cou l d  not poss i b l y  
help a chi ld's concentration. 

The book ends by tel l i n g  the reader 
"Read a l l  that you can about the s ub­
ject to get a balanced view," but on the 
same page, presents its own off-balance 
conc lus ion .  U nder the tit le "To sum it 
al l up, "  the author states : "The green­
house effect i s  an important part of the 
Earth ' s  natura l  ba l ance ,  so we m u st 
learn how to avo id  d i s rup t i ng  i t .  We 
should look toward u s i n g  renewab le  
energy sources for t he  future-ones that 
work in ha rmony wi th  t he  Earth , not 
aga inst it ." 

-Marjorie Mazel Hecht 

To order these books, (24hrs, 365 days) 
please call (800) 962-6651 (Ext. 3800) 
or visit us at http://www.booksnow.com 
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" It happened in Kyoto, son , to get us ready for g lobal warming . "  

I f  some of the money al located for the 
promotion of fuel-efficient automobi les 
were deployed to design and bui ld mag­
net ica l l y  lev i tated transportat ion sys­
tems, the most efficient and only univer­
sa l  form of energy, e lectr i c i ty, wou ld  
beg in  to  ent ire ly replace l iqu id fuels  i n  
passenger transport. 

Every federal dol l ar wasted on pro­
mot ing low-technology, pre- i ndustr ia l  
energy systems takes resou"rces away 
from the technologies for the next cen­
tury that, rather than being a drain on the 
economy, would i ncrease the effic iency 
and productivity of all of our economic 
activity. 

Not Much Fight 
There have been on ly  a few lone 

voices at the hearings to question the as­
sumptions that underl ie the Protocol ne­
gotiated l ast December i n  Japan-that 
human economic act iv ity i s  produc ing 
emiss ions that are, i n  turn ,  warming up 
the planet. There i s  no evidence to  sup­
port such a contention. Actual ly, geolog­
ical and astronomical evidence points to 
the near-term start of a new ice age. 

At a heari ng before the House Com­
mittee on Science held on Feb. 5, Rep. 
Roscoe Bart l ett ( R-Md . )  was the so le  
voice to question the assumptions. "As a 
sc ient i st, " he sa id,  " I 'm  not convi nced 
that we are fac i ng d i saster." He re­
m inded those present that 20 years ago, 
he was being told by scientists that we 
were facing a new ice age, and "the data 
have not changed ." 

At the same heari ng, Constance 
Holmes, testifying for the G lobal Cl imate 
Coa l ition (GCC), included in her written 
statement a summary of the scientific op­
position to global warming, with quotes 
from a wide variety of experts on the un-

certainty of the science. But at the begin­
n i ng  of her  remarks, represent i ng  the 
views of more than 230,000 companies 
in manufacturing, agriculture, transporta­
t ion, energy, e lectric ut i l i t ies, and min­
i ng, Holmes stated that "the members of 
the GCC accept that potential human cl i­
mate change .i s  a ser ious concern that 
needs to be addressed . The i ssue i s  not 
action versus no action. The issue is what 
constitutes responsible action . . . ." 

Hol mes said the proposed treaty w i l l  
not be  effective i n  s lowing global warm­
i ng, and documented the expected "dis­
mantl ing of the U .s. economy," to meet 
the Kyoto goals .  She urged the members 
of the  comm ittee that the  U .S .  shou ld  
"set as ide the Kyoto Protocol a nd start 
over." 

Desp i te the  fact that  her  proposal 
cal led for a " return to the science," when 
asked what action she wou ld  support to 
red uce so-ca l led "greenhouse gases, " 
Holmes abandoned her cal l  for "start ing 
over," and said it should be done "at the 
pace the economy can afford." 

Although some congress ional  repre­
sentatives h ave sa id  that the "science" 
beh ind global warmi ng, i s  "not sound," 
they have been u nwi l l i ng to f ight the Ky­
oto Protocol on  that bas i s, but i n stead 
qu i bb le  with Adm i n i st rat ion witnesses 
over deta i l s .  Many have been suckered 
by the idea-staunchly defended by en­
v i ronmenta l i sts trying to rally support for 
t he i r  u n popu l a r  g loba l  warm i ng  pro­
gram-that even if, years from now, it 
turns out that there i s  no global warm­
i ng,  the  "no regrets" po l i cy  they a re 
propos ing  w i l l  be good for the nat ion, 
anyway. 

Th is  i s  a l ie. There i s  no such thing as 
a "no regrets" Kyoto program. 
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A Science Odyssey-1 00 Years of Dis­

covery, by Charles Flowers. Companion 
to the PBS Series. New York: Wil l iam 
Morrow, 1 998. Hardcover, 31 6 pages, 
$30.00. 

The Fusion Quest, by T. Kenneth Fowler. 
Baltimore: Johns Hopkins University 
Press, 1 997. Cloth, 250 pages, $29.95. 

The ESSENTIAL 
Magazine of 

Einstein's Theory of 
Relativity vs. 
Classical Mechanics 
by Paul  Marmet 

Mining the Sky-Untold Riches from the 
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John S.  Lewis. Reading, Mass . :  Addi­
son-Wesley, 1 997. Paperback, 274 
pages, $1 4.00. 
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SUBSCRIBE NOWI 

University of Ottawa, Canada 

The Manic Sun-Weather Theories Con­
founded, by Nigel Calder. London: Pilk­
ington Press, 1 997. Hardcover, 21 1 
pages, £24.95. 

Cosmic Winds and the Heliosphere, edit­
ed by J.R.  Jokipii, C.P. Sonett and M.S.  
Giampapa. Tucson: University of Ari­
zona Press, 1 997. Hardcover, 1 01 3  
pages, $ 1 00. 

The Planet Mars-A History of Observa­
tion and Discovery, by William Shee­
han. Tucson: University of Arizona Press, 
1 996. Paperback, 270 pages, $1 9.95. 

Puzzling Questions About the Solar Sys­
tem, by Martin Gardner. Mineola, N.Y. :  
Dover, 1 997. Paperback, 96 pages, 
$4.95. Reprint. 

Principles of Geoarchaeology-A North 
American Perspective, by Michael R .  
Waters. Tucson: University of  Arizona 
Press, 1 996.  Paperback, 398 pages, 
$24.95. 

The cults of 'political correctness', the world of make 
believe, are no longer the unchallenged wave of the 

future. The back-to-reality cultural paradigm-shift, is 
the changed pOlitical opportun ity to which wise 
statesmen will hitch the destiny of their nations. 
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Th i s  book demonstrates that 
classical physics ca n explain 

logica l ly al l  the observed phe­
nomena attri buted to relativity. 
For the first t ime, you will find a 
rat i o n a l  expla nation of length 
contraction, time di lation, and si­
multaneity. Also, a new demon­
stration of Lorentz equations, ad­
vance of the perihel ion of 
Mercu ry, equ ival ence princi ple, 
pseudo-black holes, etc. 

Hardcover, 200 pages, u.s. $30 

Newton Physics Books 
2401 Ogilvie Road 
Gloucester, Ontario 
Canada, K1 J 7N4 

For comments, send E-mail :  
pmarmet@ule.physics.uottawa.ca 

Janllary 31-February 4, 1999, Albllqllerqlle, NM 
This major international technical Forum promotes global participation 
and timely exchange of infonnation among technologists, academicians, 
industrialists, and program managers on technical and programmatic 
issues related to inexpensive access to space, including next generation 
launch systems, space commercialization and exploration, global virtual 
presence, orbital transfer vehicles technology, space nuclear power and 
propulsion, applications of thennophysics in microgravity, and 
breakthrough physics for space propulsion. Hosted conferences: 

Conf. On Life and Microgravity Sciences and Applications 
Conf. On Global Virtual Presence 
Conf. On Applications of Thermodynamics and Breakthrough 

Propulsion Physics 
Conf. On Next Generation Launch Systems 
16th Symposium on Space Nuclear Power and Propulsion 

ST AIF-99 is co-sponsored by NASA HQ and Field Centers, DOE, & 
USAF in cooperation with major professional societies. Government, 
aerospace industry, & universities exhibit and present papers. Exhibitors. 
Authors. & Attendees, for complete listings, contact Institute for Space 
and Nuclear Power Studies (lSNPS), University of New Mexico (UNM) 
(50S) 277-0446, fax: 277-2814,  or internet: http://www.chne.unm.edu 
/isnps/isnps.htm for details. Abstracts in any of the conference areas 
listed above are due by 6/1/98 and should be addressed to: 
PROF. MOHAMED S. EL-GENK, ST AIF Technical & Publication Chair 
ISNPS-UNM, Albuquerque, NM 87 1 3 1 - 1 34 1 ,  email: mgenk@unm.edu 
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