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EDITORIAL 

Pursu ing the Genie 
Of Cold Fusion 

The book on science can't be closed ! 
A true d i scovery, as opposed to a 

tec h n ica l  e l aborati on of an accepted 
pr inc i p le, must by its nature overturn 
some, if not a l l ,  of the cheri shed ax
iomatic assumptions accepted as true. In 
the 20th century, we have seen repeated 
attempts to destroy the tru ly great d is
covery by Max Planck of the quantiza
tion of all physical processes-a discov
e ry that com p l ete l y  sh attered t h e  
plausibil ity of Newtonian physics. 

Most notable has been the effort to 
impose N iels Bohr's Copenhagen i nter
pretation of quantum physics upon the 
field. True, quantum field theory has re
placed Bohr's quantum mechanics, just 
as the f i e l d  theory of Lagra n ge a n d  
Lap lace rescued N ewto n i an phys ics  
from what wou ld otherwise have been 
wel l-deserved obl ivion, but by doing so 
they have su bmerged genu ine  science 
i n  a more or less effective technology of 
science. 

It is the moment of d i scont i n u ity,  
which characterizes the actual creative 
process of d i scovery, that is science. 
Such a process may occu r  as a sudden 
burst of insight or it may be protracted 
over years; it may be the act of only one 
man or woman or of a group of scientists 
in  a kind of d ialogue. It may occur as an 
act of recognition-the observation of 
someth i n g  n ew that has  e m e rged 
serendipitously-or it may come as the 
resu lt of a conscious search for a more 
fundamental understanding of real ity. 

This was beautifu l ly expressed in a let
ter by Bernhard Riemann, then a gradu
ate student at G6ttingen U n iversity, to 
his brother. In this he describes h is  l ife's 
work, the outli nes of which he had al
ready substantia l ly  conceptual ized : He 
wrote: "My pri nc ipa l  task concerns a 
new conception of known laws of na
tu re-an exp ress i o n  of the same by 
means of d i fferent fu ndamental  con
cepts-through which the use of experi-

mental data concern ing the interaction 
between h eat, l i ght, magnet ism, and 
electricity would be possible for investi
gation of their complexity." 

Here we see an antic i pation of the 
task picked up by Al bert E instein ,  and 
yet to be drawn to a successfu l conclu
s ion : the e laboration of a true u n i fied 
field theory. 

R iemann demonstrated that physical 
space-t ime cann ot be properly u nder
stood in terms of classroom mathemat
ics; i n  other words, as the flat space of 
Eucl idean geometry. On June 1 0, 1 854, 
he presented a paper titled On the Hy
potheses Which Underlie Geometry. 
This was his habi l itation paper (a thesis 
presented as a prereq u i s ite for accep
tance to a u niversity teaching position). 

In this paper he wrote: "The question 
of t h e  v a l i d i ty of t h e  p o st u l ates o f  
geometry in  the indefin itely s m a l l  is  in
volved in the q uestion concern ing the 
u lt i m ate bas i s  of re lat ions  of s i ze i n  
space. . . . E ither then the actual things 
form i n g  t h e  g r o u n dwork of a space 
must constitute a d iscrete man ifold, or 
e lse the bas is  of metric relations must 
be sought for o utside that actual ity, in  
co li igat i n g  [gro u p i n g  conceptu a l l y] 
forces that operate u pon it.  . . .  Th is 
path leads i nto the domain of another 
science [other than pure mathematics], 
i nto the rea l m  of physics, into which 
the nature of th i s  present occasion for
bids us to penetrate." 

In the Footsteps of Riemann 
When Max P l a n c k  recogn i zed the 

physical real ity of the quantum of action, 
he was cou rageous ly  fol l owing in the 
footsteps of Riemann.  It is  precisely this 
same question of metrical relations i n  
the indefinitely smal l  realms of physics
i n  this instance with i n  the sol id state
that is raised by the d iscovery of Martin 
F l e ischmann and Sta n l ey Pons of the 
phenomenon popular ly known as cold 
fusion (or chemica l ly assisted fusion). 
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A F i fth I nternat ional  Cold 
Fusion Conference took place 
in Monte Carlo this year, Apri l 
9-1 3 .  Conti nued progress i n  
pinning down the phenome
non was reported at the con
ference, although there have 
been no extraordinary break
throughs. The Fal l issue w i l l  
cover the conference; here we 
comment upon the vehement 
attacks sti l l  leveled against this 
research by major scientific 
societies and their journals. 

Perhaps progress in pinning 
down cold fusion either ex
perimenta l l y  or theoretica l l y  
has  been d i sappo i n t i n g l y  
slow, but the fai lu re to make 
rapid progress should be s�en 
in the context of the kind of 
attack to which researchers 
are sti l l  exposed. 

The most c�plete evaluation of 
the .Ie ..... of cold fiaslon ioo far 

Nature' 

The atte m pt to s u p p ress  
continued work on cold fu
s ion, despite the wide array 
of experimental evidence that 

For Huizenga, the laws of physics won't allow cold fusion-or 2 7  st Century's coverage of it. 

now substantiates the existence of the 
phenomenon-if not a l l  of the experi
mental c la ims that have been made
warns us that al l fundamental d iscover
_Les in the science are in grave danger of 
being suppressed. Even if co l d  fusion 
were somehow shown to be a mere ar
tifact of the expe r iments-somet h i n g  
that the variety of successful experimen
tal methods makes extremely u n l i kely
the attempt to stop research in this field 
constitutes an outrageous attack u pon 
science. 

The v i c i o u s  attack to w h i c h  F l e is
chmann, Pons, and thei r  col laborators 
have been su bjected is i ntended as a 
warning to a l l  scientists that they must 
conform to existing prejudices or risk be
ing barred from their profession, if not 
prosecuted for fraud. 

The Huizenga Story 
John R. H u izenga conducted the origi

nal review of cold fusion for the Depart
ment of Energy i n  1 989. The DOE re
view panel, which he chaired, issued a 
report in November 1 989 recommend
ing against any major funding of cold fu
sion. In  1 992, h is book on the subject 
(Cold Fusion: The Scientific Fiasco of the 
Century) was released by the U n iversity 
of Rochester Press, and subsequently the 
book has been repri nted by Oxford U n i
versity Press in Engl ish and Japanese-
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most recently in 1 994. 
H u i z e n g a ' s  esse n t i a l  co n c l u s i o n  

then-and now-is that cold fusion can
not exist because it violates the precepts 
of accepted physics. In an epilogue ap
pended to the most recent edition of his 
book, H u izenga d i rectly attacks 2 7st 
Century Science and Technology editor 
Carol White. To do th is he quotes from 
Wh ite's report in the Fal l  1 991  2 7  st Cen
tury on the Second Annual Cold Fusion 
Conference, held in Como, Italy, in sum
mer 1 99 1 . 

White wrote: "What I find most excit
i ng about being there [at the conference] 
was being present at the birth of a new 
advance in science . . . .  Cold fusion is 
l ikely to be the most important discovery 
of this half century, and the conference 
was a celebration of th is fact: Two years 
after the in itial March 23 announcement 
by M a rt i n  F l e i s c h m a n n  and Sta n ley 
Pons, an international team of  top scien
tists uneq uivocal ly confirmed their 1 989 
results, and their conclusions that what 
was occurring was a nuclear event-not 
merely electrochemical." 

H u izenga then quotes a comment on 
cold fusion by Lyndon H.  LaRouche, as 
fol l ows: "The Aristotel ian cult that runs 
science in the United States and Britain 
today w i l l  not tol erate a chal lenge to 
thei r  hegemony. Here, with cold fusion, 

is another al1omaly, which may tip over 
the whole apple cart, and open up a 
whole new generation of-not gi mmicks 
. . .  but fundamental science. [O] nce 
scientists start looking back at history in 
the l ight of the discovery of cold fusion 
then they wi l l  have to revise their thi nk
i ng about such basic subjects as the peri
odic table. And this wi l l  mean revising 
their  th ink ing  about the u n i verse as a 
whole." 

Perhaps H u i zenga th i n ks that these 
quotes are a damning refutation of cold 
fusion or of th is magazine, which he ac
cuses of having a secret pol itical agen
da. Rather, it is he who is exposed as 
u s i n g  every pol i t ical  tr ick-i n c l u d i ng 
the pol itical slanders against LaRouche, 
which also appear in his book-to justi
fy the d isgraceful record of the scientific 
establ ishment. 
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EIRNS 

The Schiller Institute's photogenic bull 
in Berlin. Its sign says, "The Climate 
Apostles are predicting the end of the 
world/ and they want your money. " 

Greenpeace lost its lawsuits in France to 
stop reports of the 1 993 Danish docu
mentary, "The Man in the Rainbow, "  
which exposed the organization's col
laboration with Earth First!, among oth
er things. Pictured here are scenes from 
the film, including Greenpeace founder 
Bennett Metcalfe calling David McTag
gart, the former head of Greenpeace In
ternational, a Frankenstein "monster. " 

NEWS BRIEFS 

GLOBAL WARMING CHALLENGED BY BUll AT BERLIN IPCC CONFERENCE 
Global warming proponents who attended the Intergovermental Panel on Cl imate 

Change OPCC) March 28-Apri l 4 in Berl in  met up with some surprises: bitter cold and 
snowy weather and a huge, hel ium-fi l led bal loon shaped l i ke a bul l ,  sporting a sign 
that asked (in German), "Do you real ly bel ieve my that my emissions could warm up 
the c l imate?" The bul l  was supplied by the Sch i l ler Institute, which also distributed the 
"Open Letter to the I PCC" by atmospheric scientist Hugh W. Ellsaesser (see p. 58), 
which reviews the scientific evidence against the IPCC's global warming scenario. 

The prominently displayed bull got the attention of the international media, up
staging the usual Greenpeace demonstrators. This was too much for the German me
dia, however. Deutsche Presse Agentur (DPA) put out a wire story and picture on the 
bull, but gave it both a sex and l ifestyle change: The photo was retouched to blur the 
bul l 's sign, and the text used the German id iom "the i nternational cow m ust be 
brought off the ice," meaning that catastrophe must be averted. The DPA caption 
stated : "At the Berl in  cl i mate conference, ecologists demonstrated yesterday, saying 
the 'environmental issue has to be solved . '" 

GLOBAL WARMING PROPONENTS LAUNCH BREAKAWAY ICEBERG SCARE 
The latest global warming scare story was a report in late March that warming had 

detached a chunk of the Antarctic ice cap that would melt and flood coastal cities. In 
fact, this event is neither predicted nor explai ned by the global warm ing theory, 
which holds that ambient air temperatures wi l l  increase and, centuries later, cause 
ocean temperatures to increase. The opposite has happened, however. Ambient air 
temperatures in  Antarctica have not changed; they remain well below DoC, while 
ocean temperatures are increasing. 

Ignored by the global warm ing theorists is the role of u nderwater volcan ism in de
termin ing ocean temperatures and currents. More than 1 , 1 00 u nderwater volcanoes 
were discovered in a recent geophysical expedition to the South Pacific, close to 
Antarctica. From 3 to 20 volcanoes were spewing lava, gases, debris, and nutrients 
into the ocean at any one time. Geophysicists have connected the volcanism to the 
EI Nino phenomenon and the ongoing change in ocean currents and temperatures. 

GREEN PEACE STRIKES OUT FOUR TIMES IN FRENCH COURT 
Greenpeace-france lost a series of legal actions in France, taken against publ ica

tions that made use of 2 1st Century's documentation of Greenpeace's collaboration 
with the ecoterrorist Earth F irst! organ ization. Greenpeace sued Editions Alcuin and 
two of its publ ications, the magazine Fusion and the newsletter Industrie & Environ
nement for refusing to print its rebuttal to the publ ications' charges. "It is urgent that 
Greenpeace's honor be restored," said Greenpeace. But Greenpeace lost this case on 
a technical ity. 

When Industrie & Environnement issued a press release on the loss, noting that 
Greenpeace could have sued for defamation but chose not to, the head of Greenpeace
France promptly sued again for defamation. Later, however, Greenpeace asked the 
Paris H igh Court to drop both cases. Most recently, in March, the court granted Fusion 
magazine 5,000 French francs from Greenpeace in compensation for legal harassment. 

21 ST CENTURY'S SPACE PIONEERS BOOK PUBLISHED IN GERMANY 
How We Got to the Moon: The Story of the German Space Pioneers, written by 

Marsha Freeman, was released in a German-language edition in early March by Dr. 
Boettiger Verlags-G mbH, u nder the title Hin zu Neuen Welten: Die deutschen 
Raumfahrtpioniere. Reviews have been favorable. The dai ly Franfurter Allgemeine 
Zeitung in its March 1 5  review, emphasized how the book conveys the "unshakable 
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belief in technology" of Wernher von Braun and other space pioneers. jaeger Blatt, 
the official magazine of the fighter pi lots' association, stated in its review, "Marsha 
Freeman tells without prettyi ng-up but also without ugly distortion the exciting and 
inspiring story of . . .  these pioneers with . . .  much insight into their motivations 
and their scientific, techn ical, and political difficulties." 

NEW LEGISLATION AIMS TO REVERSE DAMAGE OF OZONE HOAX 
A b i l l  to repeal the provisions of the Clean Air  Act dea l ing with stratospheric 

ozone protection, H.R. 475, was introduced into the House of Representatives Jan. 
1 1 , 1 995, by Rep. Tom Delay (R-Tex.) .  The b i l l ,  one of a series introduced by Delay 
to amend the 1 990 Clean Air Act, states simply, "Title VI of the Clean Air Act (42 
U .s.c. 7401 and fol lowing) is hereby repealed ." In addition, Rep. John Doolittle (R
Calif.) plans to amend and resubmit the ozone b i l l  (H.  Res. 291 )  that he introduced 
in the last session. The new Doolittle b i l l  is expected to call for the U nited States to 
pul l  out of the Montreal Protocol .  

STATE OZONE BILLS PLAY INTO 'STATES' RIGHTS' DANGER 
Arizona Governor Fife Symington signed i nto law Apri l  1 8  a b i l l  passed by both 

houses of the legislature that permits the possession, use, manufacture, export, im
port, transport, and sale of ch lorofluorocarbons with in  the state, "notwithstanding 
any other law." As we go to press, state representatives in  Texas and Colorado plan 
to introduce simi lar bi l ls. Although the Arizonans backing the b i l l  see it as " largely a 
symbolic gesture" and the existing federal restrictions on CFCs have no scientific ba
sis and cause much damage, the state b i l l  is dangerous because it plays into the 
"states' rights" attacks on the U nited States that are now being engineered to promote 
violent confrontations between en raged citizens and the federal government (see 
Special Report, p. 8), 

How We Got to the Moon:  The Story of 
t h e  G e r m a n  S pace P i o n ee rs is now 
available in German. 

PROTOTYPE FOR NEW GENERATION OF LARGE TELESCOPE MIRRORS IS PROVEN 
Some of the fi rst astronomical images taken with the 1 .8-meter Vatican Advanced 

Technology Telescope on Arizona's Mt. Graham were released Feb. 27 by the Vati
can Observatory and the University of Arizona's Steward Observatory. The i mages 
are sharp. The Vatican telescope is the prototype us ing technologies of m i rror
making that permit mi rrors up to 8 meters of extremely short focal ratio. The Vatican 
mirror has an unprecedented focal ratio of 1 . Among these technologies is the cast
ing and cool ing of mi rrors in a spinn ing mold, producing a paraboloid, so that most 
of the grind ing is e l iminated. The new technologies are being pioneered by the Stew
ard Observatory M irror lab under the leadersh ip  of British astronomer Roger Angel .  

IN MEMORIAM: PALEONTOLOGIST C.  BERTRAND SCHULTZ 
The editors of 2 7  st Century were saddened to l earn of the death of a good friend 

and scientific advisor, Dr. C. Bertrand Schu ltz. Schu ltz, a world-renowned paleon
tolgist, d ied March 7 at age 87 in  L incol n, Nebraska. A former d i rector of the Ne
braska Academy of Sciences, Schu ltz was i nternationa l ly  known for h is  work on 
the Tertiary and Quaternary periods and served as the official delegate appoi nted 
by the National Academy of Sciences to many world congresses of the I nternation
al Association for Quaternary Research .  Schu ltz's c losest col l aborator was h i s  
wife, Marian, who d ied i n  1 992, and with whom he had explored more than 50 
cou ntries. U nti l h i s  death, Schu ltz fought to  promote the  truth about c l i mate 
change,  th ro u g h  t h e  o r ga n i z a t i o n  he h a d  co-fo u n d e d ,  t h e  I n st i tute fo r 
Tertiary/Quaternary Studies (TER-QUA) and the Center for C l i mate-Change Re-
search and Water Resources. Dr. C. Bertrand Schultz, 7 908- 7 995 
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VIEWPOINT 

Affordable Energy Is Not Enough 

T
he Spring 1 995 issue of 2 1st Centu
ry featu red an article by Dr. Bernard 

L. Cohen ["The B reeder Reactor-Af
fordable Energy Forever," 2 1st Century, 
Spring 1 995, p.  46] . While I agree with 
the author about the desirabil ity of de
veloping breeders, I do not agree that 
ava i l a b i  I i ty or afford a b i  I i ty are the 
"yardsticks" for the development of  en
ergy policy. 

To put the point in context, I would 
l ike to reference the discussion of ener
gy policy contained within  my original 
proposal for a 40-year Mars-colon iza
tion perspective as the basis for a revi
talized U .S .  space program.' This was 
the pol i cy l ater featured in my 1 988 
campaign for the Democratic Party's 
presidential nomination. 

The notion that energy policy should 
be prem ised primari l y  on duration of 
relevant types of energy suppl ies, such 
as "fuels" avai lable, or related matters, 
is a plausible but unsc ientific way of 
approaching the matter. At issue here is 
someth i n g  t h at goes back  to Sad i 
Carnot's in itial d iscussions of the ques
t i o n  of thermod y n a m i c  eff i c i e n cy, 
which subsumed the h ighly relevant no
tion of the importance of energy flux 
dens ity. Even though that use of the 
term "energy" is  more the engi neer's 
pragmatism than a scientific concept, 
up to a point, it does the job. 

The Example of Spaceflight 
Up to a point, there is a rather neat 

corre l at ion between the energy-fl ux 
density of  a mode of  power generation, 
which can be indicated as a character
istic of that mode, and the economic 
and other effi c iency of the mode. A 
more refined view of the subject matter 
than that confronts us when we exam
i ne the topic from the standpoint of the 
PeenemOnde aerospace pioneers:  We 
m ust consider both the specif ic i m 
pulse suppl ied (for example, energy
fl ux density appl ied), and the ratio of 
effective impu lse to fuel-mass carried 
(and depleted) in fl ight outside the at
mosphere. 

In th is regard we wi l l  want eventual ly  

by Lyndon H. LaRouche, Jr. 

to consider the power-to-mass advan
tage of matter-antimatter reactions over 
the best-guess performance for second
generation thermonuclear fusion. This is 
the point I stressed in my objections to 
the program which NASA issued shortly 
after the publ ication of my own design. 
N ASA's own p roposed vers ion of a 
Mars-colon ization perspective wou l d  
rely upon non-nuclear fuels, at least in  
its fi rst phase. My earl iest design em
phasized the necessity of  developing a 
fusion rocket which could transport per
sonnel to and from Mars orbit rapidly. 

Up to th is point, the issues addressed 
are fai rly wel l known, and also fai r ly  
wel l  understood among relevant profes
sionals who have worked in the field of 
thermonuclear fusion. 

I put it in  the fol lowing terms of ref
erence: Let us pose the issue of ther
monuc lear fusion versus matter-anti
matter reactions in  terms of round-trip 
capab i l ities of spacecraft usi ng contin
uous power for acceleration/decelera
tion during flight. For th is purpose we 
may cons ider  seve ra l facts that are 
known at present: 

( 1 ) Extended exposure of persons to 
microgravities is bad for their health, 
and we may presume that there are lev
e ls  of fract ional gravity that are a l so 
thresholds for a qualitative degree of the 
kinds of damage suffered in microgravity 
environments. Thus, it is useful to exam
ine extended-range intrasolar man ned 
spaceflights from the vantage point of 
1 -g continuous acceleration/deceleration. 

(2) Present experience with matter-
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antimatter reactions ind icates approxi
mately three decimal  orders of magni
tude of potentia l  advantage in power
mass rat i o  over  best-guess thermo
nuclear fusion modes. 

The result of this estimate is  that with
out refueling, such round-trip flights, in 
thermonuclear modes, would not reach 
farther  o u t  t h a n  a pp rox i mate l y  the 
mean asteroid orbit. Matter-antimatter 
modes would be desired for ful l  intraso
lar explorations. 

A Science City in Space 
As I stated the case i n  my first pub

l ished proposal announcing a 40-year 
Mars colonization policy, the in itial mis
sion for Mars colonization should be the 
establ ishment of a "Los Alamos"-echo
ing "science city." Its function would be 
to support an array of telescopes, rela
tively nearby. These would. be used to 
accumulate deep-space spectroscopic 
surveys of crucial anomalous phenome
na, and would pursue space-laboratory 
work of a related nature. 

While all crucial anomalies available 
should be exami ned, the h ighest priori
t ies shou Id be assigned to a spec i al 
class of anomalies: those in which the 
rece i ve r  a rrays would be exa m i n i ng 
principles of physics also being studied 
otherwise in the domain of nuclear and 
subnuclear microphysics, and in  respect 
to those c h a racte r ist ics  of l i v i n g  
processes that u n iquely d istinguish l iv
ing from non l iv ing ones. 

So far, that is no more than a good, 
engineering-grade insight into the mat
ter. To move beyond such shrewd in
sights into a scientific resolution of the 
point, one m ust proceed from the stand
po i nt of m y  work in the sc ience of 
physical economy: No other standpoint 
would be a successfu l choice. 

Physical Economy 
To reach a deeper level of u nder

standing than is possible with in  the do
main of today's l ead ing mathematical 
physicists, we must consider two i nter
related characteristics of technological 
progress's ro l e  i n  foster ing i ncreased 
potential relative population density. 
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The fi rst, relatively more read i ly  ac
cess ib le, is i n  modes of production, 
and i n  the req u i red qua l ity of infra
structure development required by im
proved modes of production.  

The seco nd i s  more fundamental 
and beyond the capacity of any mathe
matician per se: The role of those ax
iomatic-revolutionary advances in sci
ence and c u l t u re w h i c h  c a n not be 
comprehended by, and which, charac
teristica l l y, overthrow a l l  preexi sting 
mathematical systems. 

When we consider the effective in
crease in the req u i red quantit ies and 
"energy-fl ux dens it ies" of ava i lab le  
power, per capita, per household, and 
per squ are k i lometer of land area i n  
use, relative to maintaining and increas
ing any existing level of potential rela
tive population density, we observe a 
"geometric" increase in both the q uan
tity and qual ity of power sources re
quired for successfu l ly conti nued hu
man existence. 

This is applicable for the case of hu
man l ife on Earth, alone; the less spec
u lative case-that is, the case which 
conforms to the actual l y  emerging situ
ation-is that mankind is in transition 
from mankind on Earth to mankind in 
the solar system, and-beyond that. 

This latter standpoint, referenced in 
my proposal for a 40-year Mars colo
n ization m i ss i on, provides the o n l y  
va l i d set o f  pre m i ses for esti mat ing 
man k ind 's  power requirements,  on 
Earth, and i n  space, a l ike. 

Implications for Science 
Thus far, my standpoint is strictly that 

impl icit  in Bernhard Riemann's argu
ment of 1 854, as that argument is rein
forced by my own unique accompl ish
ments in p i npo int ing  the ax iomatic 
absurd ity of the so-cal led information 
theory and systems analysis of Norbert 
Wiener, John von Neumann, et a l . 2 

I have always defined a "Keplerian" 
kind of coincidence of proven, anom
alous pri nci p les among astrophysics, 
microphysics, and distingu ishing char
acteristics of l iv i ng processes, as the 
precondition for establ ish i ng a va l id 
improvement, in qual ity of princi p le, 
within science. 

This argument is  prem ised u pon a 
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point which can be shown to be im
pl icit in Riemann's work, but which is 
fi rst exp l icitly developed in my redefin
ition of the science of physical econo
my and the broader imp l i cations of 
Riemann's habil itation d issertation; ap
proximately a century later. This relates 
d i rectly to the question of energy pol
icy when we rel ate the existence of 
these anomalous  c haracter ist ics  to 
quantum physics as such. 

Here I refer to Max Planck's origi
n a l  d i scoveries,  of the "Kep ler ian"  
d i st r i b u t i o n ,  accord i n g  to  re l at i ve 
ranges of wave l e ngths of d i ffe rent 
quanta of energy, which we may look 
at as qual itatively different species of 
energy . Then we are able to coord i
nate such a v iew of "spec ies" with 
modes of power generation.  The'in
verse re l at i o n s h i p  between wave
length and "energy-density" correlates 
with our study of these. 

For a correct energy pol icy, it is im
pl icitly necessary that it begins with an 
understandi ng of those poi nts that were 
the plain intent of Riemann's 1 854 ha
b i l itation d issertat ion and that have 
been largely m isunderstood by scien
t i sts and mathemat i c ians ,  with  the  
q u a l if ied except ion of E i nste i n  and 
some of  his fol lowers in this matter. 

To bring this back to the question of 
fuels referenced in the nuclear breeder 
artic l e  by Dr. Bernard Cohe n :  Were 
mankind doomed to rely solely upon 
nuclear fuels, then this wou ld impose 
an unacceptable l i mit not on l y  in the 
rea l m  of techno l ogy but a l so in the 
real m  of science. 

Economist L yndon LaRouche is a 
"precandidate" for the 7 996 U.S. Presi
dential race. 

Notes -------------
1 .  LaRouche's Mars colonization program was 

the cover story of the Nov.-Dec. 1 988 issue 
of 21 st Century, "Designing Cities in the Age 
of Mars Colonization," p.26. 

2. Bernhard Riemann's habil itation paper of 
1 854, "On the Hypotheses Which Lie at the 
Foundations of Geometry," appears in David 
E. Smith, A Source Book in Mathematics 
(New York: Dover Publications, 1 959), p. 
41 1 .  

For the concept of physical economy in op
position to the work of John von Neumann, 
see Lyndon H. LaRouche, Jr., "An Econo
mist's View of Gauss's 'Pentagramma Mirifi
cum'," 21st CentUly(Summer 1 994), p. 44. 

Letters 
Cold Fusion Featured at 

ACS Meeting 
To the Editor: 

The American Chemical Society (ACS), 
the most conservative of the major scien
tific organizations, has given the propo
nents of "cold fusion" another hard-to-be
l ieve idea: space at its 209th meeting in 
Anaheim, Cal if., in March to show their 
evidence. And show they did. N ine poster 
sessions presented evidence for excess 
energy production as wel l  as for several 
nuclear products incl uding hel i u m  and 
tritium. Most of the work was done in the 
United States, but there were also several 
excellent studies done in Japan. 

Although the work shown at tris meet
ing  i s  on ly  a very sma l l  samp \e of the 
amazing positive results now being ob
tained, the sample made a good case for 
the generation of sign ificant excess energy 
without radiation or radioactive products. 

The absence of sign ificant rad iation, 
both gamma and neutron, is  a blessing 
as wel l  as a curse. The curse resu lts be
cause the absence of such expected radi
ation has made the claims very hard to 
bel ieve. Yet, people keep seeing hel ium 
as wel l as smal ler amou nts of tri t ium, 
two e lements that are shown to result  
only from n uclear reactions produced 
d u ri n g  the ex per iment. The  d ry land 
ava i lab le  to skeptics is  be i ng washed 
away as the level of good data rises. 

The blessing is that this phenomenon 
promises the ideal energy source-non
pol luting, cheap, and inexhaustible. This 
claim is hard to bel ieve in its own right. 
How many times has this promise been 
made only to be withdrawn when over
looked radioactivity production or over
l ooked d ifficu lt ies i n  making the basic 
concepts behave properly were revealed? 

In this case, the claims appear genu ine 
although sti l l  far from a practical device. 
In spite of the long road to a usefu l prod
uct, the claims need to be given at least 
the benefit of doubt. Everyone who wel
comes a safer, less pol l uted world needs 
to hope this promise is not withdrawn. 

Edmund Storms 
Los Alamos, N .M. 
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SPECIAL REPORT: A WARNING ON THE 'WISE USE' MOVEMENT 

'Wise Use' and Environmentalists 
Both Played by Same Forces 
by Marjorie Mazel Hecht 

L
ike Paul Revere riding from Boston to 
Lexington 220 years ago to warn fel

low patriots that the Redcoats were com
ing, th is Specia l  Report warns Ameri
cans, especial ly those i n  the West, of an 
imminent threat: u.s. farmers, ranchers, 
loggers, miners, and other groups are be
ing set up for violent confrontations with 
federal officials by the very same forces 
that fund and d i rect the environmental 
rad icals. Nye County, Nevada, is an im
m ed i ate case in poi nt, but there are 
many more. 

The Nye County Scenario 
Reacting to the increasi ngly restrictive 

federal regulations that prohibit any use 
of pub l ic  l ands, local offic ia ls  in Nye 
County dec lared in November 1 9 9 3  
that the state a n d  the federa l  govern
ment have "equal footi ng" in  respect to 

the management of publ ic  lands.  The 
county based its ru l ing on a 1 9 79 Neva
da resolution asserting states' rights over 
publ ic lands. 

The situation heated up when a feder
al memo went out to u.s. Forest Service 
employees Feb. 24, 1 995, in which re
gional special agents are asked to supply 
employees with contact numbers to call 
" in  the event that they are detained or ar
rested by local authorities." A week later, 
on March 8, the Environmental and Nat
ural Resources Division of the u.s. De
partment of Justice filed suit against Nye 
County to permanently enjoin the county 
from enforcing its resolution. 

Meanwh i le, antigovernment propa
ganda coming from British inte l l i gence 
agent Lord Wi l l iam Rees-Mogg (as de
scribed in the accompanying article, p. 
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1 2), is ai med at inciting local mi l itias to 
violence. Rees-Mogg, it should be noted, 
i s  a l l ied w i t h  the same peo p l e  who 
made the pol ic i es of  publ ic  land  set
asides and conservation that he is u rg ing 
Americans to rebel against. 

As we go to press, there are reports of 
bombings at two u.s. Forest Service sites 
in Nevada. 

This latest setup for violence fol lows 
the nation-destroy i ng formula  that the 
British colon ial ists have perfected over 
the past 300 years-the gang vs. coun
tergang model .  Both sides of a conflict 
are set up and control led in  order to en
sure British hegemony over the nation as 
a whole .  Palest ine, I re l and,  Pakistan! 
Ind ia, and South Africa are a few of the 
b loody examples of the past 50 years, 
where the British have pitted sections of 
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a population against each 
other-inc lud ing  tra i n i ng 
both sides in terrorism-as 
a way of m a i n ta i n i n g 
British dominance. 

Colonial Rule: 
Playing Both Sides 

The overa l l  B r i t ish ob
ject ive today,  as it h a s  
been si nce the time of the 
American Revol ution, is  to 
obl ite rate the repu b l ican 
ideas of  our Founding Fa-
t h e rs ,  w h o  c reated t h e  
U n ited States as a nation 
that wou ld use the m ost 
advanced s c i e n c e  a n d  
technology to develop and 
industria l ize its vast, u nex
plored territories and cre
ate a new world where in
diviouais could develop to 
their  fu l lest potential . 

The F o u n d i n g  Fathers 
del iberately created a fed

J 0 I N, or DIE. 

The Founding Fathers fought to establish the Union in opposition 
to British imperialist policy, which they saw as committed to loot
ing the colonies and preventing industrial and agricultural devel
opment. The "Join or Di�" cartoon was part of Benjamin Franklin's 
educational campaign to convince the colonies that without such 
a Union, the British would subjugate the entire American popula
tion, fostering disunity by pitting town against country and farmer 
against landlord around narrowly perceived immediate interests. 

agents, inc luding top-level 
B rit ish I ntel l igence figures 
l i ke Rees-Mogg, is also ma
n i pu l at i  ng anti-env i  ro n 
menta l ists. Its a i m  is  to fin
ish off w hat is known as 
the Amer ican system,  so 
that an industrial American 
g i a n t  c a n  n ever  aga i n  
threaten the B ri t ish colo
n ial  system .  America is to 
be d i s m e m be red a n d  i ts 
separate, squabbl ing local 
terr i tor ies  w i l l  b e  too 
poor-and too impotent
to h ave any effect i n  the 
world. 

We u rge readers, and es
pecial ly those connected to 
t h e  so-ca l l ed W i s e  U s e  
m ovement ,  t o  read t h i s  
S p ec i a l  Report a n d  a s k  
themselves " c u i  bono?"
who benefits from the ide-

eral system of gove r n m e n t ,  w i t h  a 
strong, central, national government, so 
that, as George Washington said, " . . .  it 
can never be in danger of degenerating 
into a monarchy, an o l igarchy, an aris
tocracy, or any other despotic or oppres-

sive form, so long as there shal l remain 
any virtue in  the body of the people." 

This federal concept of a United States 
devoted to making progress is precisely 
w h at the B r i t i sh  tr ied to w i pe out i n  
1 776, in  the Civi l  War, and sti l l  today. 
For a nation based on scientific progress 
and the development of the individual is 
bound to succeed-and to leave the old 
order, the ol igarchs, in  the dust. 

o l ogy a n d  confrontat i o n  
being foisted o n  American citizens who 
have legit imate gr ievances aga inst an 
out-of-control environmental regulatory 
syste m ?  H o w  d i d  i t  happen that the 
same smal l ol igarchical group is d i rect
ing both sides of this issue? Where are 
those c itizens of "virtue," as described 
by George Was h i n gton, who can see 
through this setup and fight to save this 
nation and what it stands for? 
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Cui Bono? 
2 1  st Century readers u nderstand how 

the rad ical envi ronmental ists are shutting 
down this nation's industrial and agricul
tural productive capabi l ity from coast to 
coast. Across the nation we see this hap
pening every day, and many have been 
personal ly affected by the unjust regula
tory bu reacracy-whether it's pay i n g  
h undreds o f  dollars more for car air-con
dition i ng or having to find another job as 
entire i ndustries are forced to shut down. 

Less wel l u nderstood is the fact that 
these env i ronmenta l ists are not j ust a 
group of m isguided Earth-lovers but that 
the i r  march ing orders are com ing top
down from a smal l group of o l igarchs, 
ce n te red on the B r i t i sh  crow n .  Th i s  
Malthusian faction, a s  2 1st Century has 
documented, created the environmental
ist movement spec ifica l l y  to carry out 
pol icies of deindustria l ization, depopula
tion, and destabil ization worldwide. * 

The same sma l l  group of E u ropean 
roya lty  a n d  its wea l t h y  f r iends  a n d  

Notes 
• See ''The Really Shocking Royal Secret: British 

Crown Rules the Greens:' 21st Century, Winter 
1 994-1 995, p. 9; "The Coming Fall of the 
House of Windsor." Executive Intelligence Re
view, Oct. 28, 1 994, p. 12.  
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A Warning 9n the 'Wise Use' Movement 
by Anton Chaitkin 

Operatives of British inte l l igence and 
international banking are meddl ing 

dangerously in the United States through 
the so-cal led Wise Use movement. They 
are involved in promoting a confronta
tion pitt ing ranchers and others, espe
cial ly in Nye County, Nevada, in a legal 
battle and potent ia l  man ipu lated vio
lence against the u.s. government. 

T h ese a n t i -A m e r i c a n s ,  the  same 
British overlords who run the environ
mentalists, are playing upon real griev
ances of Western U.S .  citizens long vic
ti mized by environmenta l i st antigrowth 
tyranny. 

The "Wise Use" concept stems from 
the  d ecept ive i n i t i a t i ves  of the  A n 
gloph i l e  U .S .  President Theodore Roo
sevelt and his ch ief forester, Gifford Pin
c h ot, to b r i n g  a n t i - U . S .  programs,  
designed by the British Empire in  Ind ia, 
i nto the U n ited States d i sg u i sed as a 
"conservative" alternative to more rad i
cal  environmental ist paganism. 

Rooseve l t  and P i n c hot c l a i med to 
sponsor the "wise use," or conservation, 
of resou rces rather than its total lockup 
as the radicals wanted. Teddy Roosevelt 
then shut down settlement, froze West
ern land, and overturned the Abraham 
Li nco l n  p rogram of government-subsi
dized rail road bui ld ing, ending L incoln's 
government grants for homes, farms, col
leges, factories, and mines. 

Work ing in c l ose cooperat ion with 
B r i ta i n ' s  K i n g  Edward V I I ,  Rooseve l t  
used h is  newly formed Federal Bureau of 
Investigation to arrest prodevelopment 
Westerners, including Congressmen. 

The Rangelands Storm 
Ron Arnold, who heads the Center for 

the Defense of Free Enterprise in Wash
i n gton state, rev i ved the  fra u d u l e n t  
Roosevelt-Pi nchot "wise use" theme. It 
now has the effect of steering Americans 
away from the fight for a national pol icy 
of technological progress and i nto the 
trap of fighting against the existence and 
authority of the U.S. government. 

There is a whole  witches'  brew of 
British-instigated, FB I-riddled antigovern
ment mi l itias and populist organ izations 
in the field. They operate alongside their 

s u p posed oppos i tes
B rit ish-organ i zed env i ron
menta l terrorists deployed 
i nto the same field on the 
"left." 

A book publ ished in 1 989 
by Ron Arnold's Free Enterprise Press for 
the Wise Use movement, t it led Storm 
Over Rangelands: Private Rights in Fed
eral Lands, circu lates among credu lous 
people as the "bible" of this movement. 
It wel l  i l l ustrates this d i rty British intelli
gence game. 

I n  the name of protect i n g  pr ivate' 
property from too much government, the 
book sets up the U nited States of Ameri
ca-the very concept of the nation it
self-as the enemy of the Americans! It 
attacks the federal U n ion,  ta k i n g  the 
standpoint of the southern slaveowners' 
Confederacy. Us ing Br it ish l ies about 
American history, the author attacks the 
American Revolution's comm itment to 
nat ional  i ndustr ia l  and techno logica l  
progress as a violation of  "rights" that it 
says are derived from feudal ism.  Most 
important, the book violently assai ls the 
fundamental u.s. preference for human 
rights over usury. 

The author of the Storm Over Range
lands book, Wayne Hage, is a resident 
of Nye Cou nty, Nevada, where county 
authorit ies have annou nced that U . S . 
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l aws have no l o c a l  effect-a tested 
recipe for civil war. 

In the book's  p reface, H age thanks 
"the intel lectual leader of the privatiza
t ion movement of the 1 980s," Steven 
Hanke, for sti m u l at ing the start of the 
movement. Arnold confirms that Hanke 
is cred ited with coi n i ng the word "priva
tization,"  w h i c h  i s  synonymous with 
their Wise Use in itiative. 

Hanke: The British Bankers' Guru 
H a n ke, w h o  i s  a l so a professor at 

Johns H opki ns U n iversity i n  Baltimore, 
has rare credentials as the guru of a "rad
ical antigovernment" movement. He is a 
consu ltant to Brit ish Empire and all ied 
bankers with his headquarters in Cana
da. He is a c lose co l l aborator of Mar
garet Thatcher's ch ief economic adviser, 
S i r  Alan A. Walters, with whom he has 
coauthored a series of books. 

Hanke is  a lso a rad i ca l  advocate of 
international bankers' d ictatorsh ip  over 
the nations of the world, and for the 
sweeping away of al l  laws everywhere 
that wou ld interfere with the specul ative 
plu n d e r i n g ,  ga m b l i n g, d rug-pu s h i n g  
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Courtesy of Johns Hopkins University 

Is Stephen Hanke today's Bakunin? Russian anarchist Mikhail Bakunin 7 8 74- 7 876 
(right), was an aristocrat and a terrorist bomber, working on behalf of Britain's Lord 
Palmerston in the 7 848- 7 849 revolution in Europe, along with German composer 
Richard Wagner. Later Bakunin became the spiritual father of Russian terrorism. 

Hanke has repackaged Bakunin's doctrine of destroying all governments (except 
the British) under the label of "privatization. " Like Bakunin, Hanke serves as an 
errand-boy for the enemies of the u.s. Constitution in London; in this case, 
Baroness Margaret Thatcher's crowd. 

forms of finance. In this strategy, the In
ternat i o n a l  Mo netary F u n d  a n d  t h e  
United Nations are to pol ice each cou n
try to prevent even a h i n t  of nat ional  
sovereignty. 

As one of the world's leadi ng spokes
men for i m pos i n g  "cu rrency boards" 
over developing countries, the mode of 
bankers' dictatorsh ip  traditional ly prac
t i ced by the  B r i t i s h  E m p i re over i ts  
colonies, Hanke has been much quoted 
recent ly  deman d i n g  t h i s  so lut ion  for 
such nations as Mexico. 

H a n k e ' s  fa s c i st book,  Currency 
Boards for Developing Countries, was 
publ ished by a Panama-based i nstitute 
cha i red by n a rcoti cs-banker N i co l as 
Ardito- Bar letta. Among the i nstitute's 
overseers are Gustavo Cisneros, notori
ous leader of the pronarcotics party in 
South America; Pau l Vo lcker, former 
Federal Reserve chairman who cracked 
the U.S .  economy with 20 percent i nter
est rates; and Mahbub u l-Haq and E l len 
Johnson S irleaf, executives of the Un i t
ed Nations " Development Program,"  
the ant inat ional  env i ronmenta l i st en
forcement bureaucracy. 

·G u ru H a n ke teac h e s  derivatives 
(super-speculative bets on which banks 
and governments now have $ 30 tri l l ion 
outstanding at ri sk) at Johns  Hopk ins  
Un iversity, and he writes col umns for 

Forbes magazi ne defending derivative 
specu lation from the threat of regulation. 
He draws h i s  inspiration from B rit ish
based A u str ian  fasc ist  F r ied r ich  von 
H ayek, of whom a photograph hangs 
over h is  desk. The B ritish are imposing 
t h e i r  " C o n servative Revo l u t i o n "  o n  
American pol i tics through a tight net
work of Hayekian organizations. Thatch
er adviser Alan Walters is now resident 
at Johns Hopkins Un iversity as Hanke's 
partner in this subversion. 

Ron Arnold's proud assertion that the 
Wise Use movement is "not Christian" is 
echoed by a j ingle in the frontispiece of 
g u ru H a n ke's Currency Boards book, 
which starts out: 

"In the beginning God created sterl ing 
and franc. 

"On the Second day He created the 
currency board and Lo, money was wel l  
managed. 

"On the th ird day God decided that 
man shou ld have free wi l l  and so He 
created the budget deficit." 

In the Confederate Tradition 
Steven Hanke was briefly an econom

ic ("privatization") adviser in the Rea
gan- B u s h  ad m i n i stratio n .  An a l l y  of 
George Bush, Hanke was in a factional 
war agai nst fo rmer i nterior secretary 
J a m es Watt, w h o  was c l oser  to t h e  
progrowth, protechnology "elements of 

the "Sagebrush Rebel l ion"-the Western 
Reaganites. 

Hanke, and the other British-party de
s igners of the "Wise U se" movement, 
wou l d  destroy the U n i ted States faster 
than the G reens could do, by breaking 
up the government and the Un ion, with
out which there is  no development of 
technology and no h uman survival. 

In Storm Over Rangelands, the de
fense of the American U n ion is por
trayed as a contemptible trick by the free 
North to impose its "particular pol itical 
persuasion" instead of the su pposed ly 
mora l ly  equivalent Southern s lave soci
ety. When the Civ i l  War came, writes 
Hage, "Nevada found itself saddled with 
U n ion war objectives." Fol lowing in this 
Confederate tradition, today's Nevadans 
are su pposed to throw off th is  u nwel
come bondage of American citizenship. 

Storm Over Rangelands attacks l i n
coln's Homestead Act as a trick. It at
tacks a l l  U . S .  i nfrastructure i n it iatives. 
There is  the 1 841 law that, according to 
the book, "donated 5 00,000 acres of 
p u b l i c  l a nds d i rectly to n i ne western 
states and promised the same gift to al l  
new states that m ight be admitted into 
the U n ion . . . .  Proceeds [from sale of 
the lands to settlers) were to be ' . . .  ap
pl ied to objects of i nternal improvement, 
namely: roads, rai lways, bridges, canals, 
and i mprovements of water courses, and 
drai n i ng of swamps.' " Hage cal l s  this  
law "anti-western sectional ism"! 

The book attacks the national ist Whig 
Party, which "saw government as an ac
tive i nstrument of progress and improve-
ment. . . .  Their rhetoric was anti-West-
ern  . . . .  " Even Pres ident  T h o m as 
Jefferson is rid iculed, as a sel lout of the 
n o-gove r n m e n t  c a u se ,  beca u s e  h e  
signed "the Ohio Enabl ing Act of 1 802 
i nto l aw . . .  [to) c reate the state of 
Ohio, committing [h is) and all future ad
min istrations to contracting i nternal im
provements with in the states."  

Rewriting American History 
British atheist phi losopher John Locke, 

who wrote the original feudal ist constitu
t ion of American s l ave colony South 
Carol ina, is  falsely portrayed as the fa
ther  of Amer ican l aw .  T h e  book ap
p l a u d s  L o c k e ' s  i n s i stence that  the  
usurer's concept of  property rights-in
c lud ing s lave "property"-takes prece
dence over h u man r ights or nat ional  
sovereignty, even when the Declaration 

Continued on page 7 3  
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Rees-Mogg: B lack Propagandist 
For B lood in  America's Streets 
by Scott Thompson 

Lord Wi l l iam Rees-Mogg, 
a member of the highest 

level of British inte l l igence, 
is publ ish ing black propa
ganda to sti r  up a civil war 
i n  the U n ited States. The 
March 22,  1 995,  i ssue of 
Rees-Mogg' s newsl etter, 
Strategic Investment, fea
tures a flagrant piece titled 
"Wac02 ," wh ich  seeks to 
foment an uprisi ng of mi l i
t i a s  i n  t h e  U n i ted States 
against a purported "decla
ration of mart ia l  l aw" by 
"Field Marshal [U.s. Attor
ney General Janet] Reno." 

The Ilaugbter of dotena of "omen and �· 
dun in Waeo by government Itormtroopera under 
the command of Field Manhall Reno may pall in 
eomparieon to what haa been planned (or late 
March: a nationwide BATFIFBJ "Iault on pri· 
vate militia. as the prelude to II �Iible declara
tion of martial law throu,hout the Unit«! Statea. All leave. and vlcatioDI have been c:aoceled (or 
BATFIFBI penonnel, and (or various State Pollee 
and National Guard. luch .. C.lIforni.· •. The Army'. inramoul Joint Task Foree 5i:.: (which did 
the training for Waco) haa been tfainlDI BATF 
Jacltbooten with Bradley .ulault VebidH .t Ft. BUn, Tex ... Governmont agont provocateun are 
lilt. to plant fully automatic and heavy weapont, 
like rocket.launchen, on thll property of militia 
leadefl. Every militia in the country-and thare 
are dozenl, many of which are well-armed and 
well-led by former or even active-duty omcen-ia 
on a Itate of Red Alert. Should ReDO be Itupld 
enough to actually att.-ck them militarily. there 
il going to be a lot of blood. 

The ettabUlhment media il programmed to 
immediately thoreafter thunderoualy bellow (or 
nationwide gun confilcation and eVen martial 
law. The Senate Armed Forcea Committee hal 
been alerted and II qUlltioning key Dafenae and 
Juatice people behind clOJIed doon. Hopefully, 
Reno', Wacor can be atopped in time. But thet it 
wu plotted in the fint place mould be a aobering 
lellon .. to what a horrifying extent liberalllm, 
the political philolophy ofthe adminiltraUon and 
the Democratic Party, has been converted into a dOle coualn orraaciam. 

Real civil rlghL� 

arrue 
in America h .. 

£rom a heroic atruille 
ago ag,inet evil of Jim Cro" lawe to 

a faaciat empire of ever-expanding government 
intrulion and controle. Thll was accompliahed by 
making private dilcrimination (the right to free 

e n o u g h  t o  a c t u a l l y  attack 
them m i l itari ly, there i s  going 
to be a lot of blood . . . .  " 

The article concludes by re
stat ing the slanders that Lord 
Wi l l iam Rees-Mogg and com
pany h ave t h rown at Pres i
dent B i l l  Cl i nton : 

"Hopefu l l y, Reno's Wac02 
can be stopped i n  t ime.  B ut 
that it was plotted in the first 
p lace shou ld  be a sober ing 
lesson as  to what a horrifying 
extent l iberalism, the political 
phi losophy of the admin istra
tion and the Democratic Par
ty, has been converted into a 
c lose cousin of fascism." Rees-Mogg's newsletter 

co-editor and frequent co
author, it should be noted, 
is James D a l e  Davidson,  
fou nder and c h a i rman of 
t h e  N a t i o n a l  Tax payers 
U n i o n ,  w h i c h  i n  J a n u ary 
formed a "Green Scissors" 
a l l iance with Friends of the 
Eart h  a n d  other  green 
groups to cut advan ced 
techno logy projects from 
the U.s. budget. 

Members of the Montana 
Mil itia, which has spawned 
other  m i l i t i as  across t h e  
country, report t h a t  they 
have been i n u ndated by 
faxed copies of the Rees
Mogg article. But, so far at 

Lord William Rees-Mogg spelled out his view of the conserva
tive economic future in a Jan. 5, 7 995, article in The Times, 
where he states that "Britain must concentrate on educating the 
top 5 percent" of the population for lithe employment of the 95 
percent will depend on the success of the few." Shown here is 
Rees-Mogg in 7 980 and a page from his Strategic Investment 
newsletter, March 22. 

The Role of British Clones 
The i rony beh ind this kind 

of scare p ro paganda i s  that 
certa i n  e l ements with i n  the 
federa l law enforcement bu
reaucracy- u nder the i nf lu
ence of such B ri t ish-cloned 
outfits as the Anti-Defamation 
League (ADL)  and the C u l t  
Awareness Network (CAN)
were responsible for instigat
i n g  the or ig ina l  Waco holo
c a u st b y  fa l s e  repo rts that  
c h i l d re n  of t h e  Wa co . sect 
were i n  danger from severe 
abuse. 

B o t h  t h e  A D L  a n d  C A N  
w e r e  a l so operative i n  t h e  

least, they are not prepared t o  be drawn 
i nto a "fl ight forward" response to the 
poison that Rees-Mogg et a l .  are ped
dl ing. 

Black Propaganda 
The "Wac02" article states: 
"The s laughter of dozens of women 

and c h i ldren in  Waco by government 
stormtroopers u nder the command of 
Field Marshal Reno may pale i n  com
parison to what has been p lanned for 
late March:  a nationwide BATF/FBI  as
sau lt  on private m i l itias as the pre lude 
to a possib le declaration of mart ia l  law 

throughout the Un ited States . . . .  The 
Army's i nfamous Jo int Task Force S ix  
(wh ich d id the tra in ing for Waco) has 
been trai n i ng BATF jackbooters with  
B rad ley Assau l t  Veh i c l es at Ft.  B l i ss, 
Texas . . . .  Government agent provo
cateurs are set to plant fu l ly  automatic 
and heavy weapons, l i ke rocket launch
ers, on the property of m i l i t ia leaders. 
Every m i l itia in  the cou ntry-and there 
are dozens, many of which are wel l
armed and wel l-led by former or even 
act ive-d u ty officers-is on a state of 
Red A l e rt .  S h o u l d  R e n o  be st u p i d  
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Randy Weaver tragedy in Ida
ho, and now they are trying to instigate 
the government  to take steps aga i n st 
groups l ike the Montana Mi l it ia. Sen ior 
Department of Justice officials, such as 
the British-i nfluenced Mark Richard, are 
qu ite capable of col l ud ing with the ADL 
and CAN to stage-manage exactly the 
kind of insurgency the City of London is  
so anxious to un leash against the Cl inton 
admin istration and the American people 
in  this instance. 

Who is Lord Wi l l iam Rees-Mogg any
way? Born on J u ly 1 4, 1 928, he attended 
Charterhouse public school, then Ba l l iol 
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Col lege, Oxford. After working at the Fi
nancial Times from 1 952-1 960, he got a 
job with the London Sunday Times. 
From 1 967-1 981 , Rees-Mogg was editor 
of The Times of London and since 1 992, 
he has been a Times col umnist. 

Who Is Rees-Mogg? 
Rees-Mogg was also vice-chairman of 

the Board of Governors of the Br it ish 
B roadcast ing  Corp. ( 1 98 1 - 1 986) and 
vice-chairman of the Board of Standards 
Council ( 1 988-1 993). He has also been 
a d i rector s i nce 1 968 of J. Rothsc h i l d  
Holdings, the holding company for the 
junk bond buyout and derivatives specu
lation of Baron Jacob Rothschi ld .  

Rees-Mogg's fi rst major  book, co
authored with James Dale Davidson,  
who holds a masters degree from Pem
b roke Co l l ege, Oxfo rd , appeared i n  
1 987. Its title, Blood in the Streets: In
vestment Profits in a World Gone Mad, 
came from Baron Nathan Rothsch i l d's 
maxim, "The time to buy is  when blood 
is running in the streets." 

Among other thi ngs, the authors claim 
to have forecast the Los Angeles riots as 
symptomatic of a col lapsing of the wel
fare system.  A second book by Rees
Mogg and Davidson, The Great Reckon
ing: How the World Will Change in the 
Depression of the 1 990s, forecast a col
lapse of the global economy-i ncluding 
the United States-as a resu lt of cumu la
tive debt. This event wi l l  end the 500-
year cycle si nce the start of the Renais
sance, the authors sa id ,  and w i l l  be 
accompanied by great chaos, which the 
authors are not loathe themselves to fo
ment. It wi l l  end, they say, in the transi
tion from the I ndustrial Age to the I nfor
mation Revol ution. 

In the coming Information Age, Rees
Mogg and Davidson say, only a 5 per
cent el ite wi l l  need any sign ificant edu
cat ion; the re m a i n i n g  95 percent of 
soci ety w i l l  be t h rown on t h e  scrap 
heap. Actua l ly ,  the authors note that 
through biogenetic engineering, people 
who are half man and half robot wi l l  be 
induced to love jobs l i ke garbage col
lection under the lordsh ip  of the I nfor
mation Age e l ite. 

Thus Lord Wi l l iam Rees-Mogg does 
not hesitate at the prospect of causing 
chaos in the United States today. 

Clinton Innocent? 50 What? 
In fact, Lord Wi l l iam Rees-Mogg has 

declared war on President B i l l  C l i nton 
through a series of s leazy Whitewater-
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gate "expose articles," because President 
Cl inton is the fi rst President since John F.  
Kennedy to consciously break the "spe
c ia l  relationsh ip" between the Un i ted 
States and Britain. In one of h is  numer
o u s  art ic les  on the to pic ,  on Feb.  6,  
1 995,  Rees-Mogg crowed:  " President 
Cl inton is  trapped i n  a process of inquiry 
from which he would be un l ikely to es
cape even if he were whol ly innocent of 
any wrongdoing." 

A n d ,  in a recent i n terv iew with  a 
Washi ngton journal ist, Rees-Mogg gave 
negative confirmation that the British on
s l aught agai nst President C l i nton was 
m ot i vated i n  part by C l i nton hav ing  
overturned the "U .S.-British special rela
tionship."  "I don't worry about the An
glo-American special relationsh ip," said 
Rees-Mogg. " It functions when it's need
ed, and I don't th ink Cl i nton is going to 
be a ro u n d  fo r m ore than two years,  
when we shal l have someone else to 
deal with. "  

'5cumbag' Journalism 
This Whitewatergate p lotti ng against 

Cl inton got the goat of Chicago Tribune 
column ist Mike Royko, whose Feb. 1 6, 
1 995, column was titled "Rupert Mur
doch's Scu m bag Connect ion."  Royko 
wrote: 

"The English have a knack for making 
the Americans feel clumsy and self-con
scious . . . .  So it is always jarring to look 
at the English press and find that the jour-

Wise Use Movement 
Continued from page 7 7  

of Independence rejects this notion. 
U .s. President John Adams, a nation

a l ist, is  presented d ishonestly as a sup
posed advocate of these B ritish atheist 
concepts. Claiming that "During revolu
tionary t imes John Adams saw private 
property as the most i m portant s ing le  
foundation of  human l iberty," Hage rips 
from its context an Adams phrase, that 
property shou ld be as sacred as the laws 
of G o d .  H age g i ves  it t h e  oppos i te 
meaning from Adams's actual writing
from which the reader is diverted by a 
false footnote citation! 

In the actual Adams text (see Works of 
John Adams, Cambridge, Mass . :  L ittl e 
and Brown, 1 85 1 ,  Vol .  6, p. 9 and pre
ced ing pages) Adams condemns anar
chical mob leaders and cal l s  for a strong, 
central, national government as the only 

nal ists seem to be a bunch of sc-mb-gs . .  
. .  I n  th i s  case the sc-mb-g is  W i l l iam 
Rees-Mogg, a featured writer for The 
Times, the big i nfluential English newspa
per . . . .  A few days ago th is Wi l l iam 
Rees-Mogg wrote a column in The Times 
that set out to reveal how much trouble 
President Cl inton is real ly in ."  

After quoting from it, Royko asks: 
"So why wou l d  he write someth i ng 

that is so off the wal l ?  A h int: 
" H i s  paper is  owned by journal ism's 

No. 1 scu mbag-Ru pert Murdoch . . . .  
M u rdoch, a b i l l ionai re, loathes Demo
crats. He prefers Republ ican politicians, 
to whom he can give multi m i l l ion-dollar 
book advances. 

"He owns Fox N etwork and several 
A m e r i c a n  newspape rs .  So i f  Rees
Mogg's story is  true, the Murdoch em
pire has the resources to dig it out and 
give us the facts. Instead, his lackeys nip 
at the heels." 

When a journal ist's vituperative attack 
is  too unbel ievable to satisfy even the vi
tuperative M i ke Royko, you know that 
Rees-Mogg is  us ing smoke and m i rrors 
in h is  Whitewatergate plotting to cripple 
the American presidency. Having tried 
to enve lop the Pres ident  i n  sca n d a l ,  
thereby paving t h e  way a s  wel l for 'the 
option of his assassi nation, Lord Wi l l iam 
Rees-Mogg et al. are now trying to create 
a strategy of tension that wi l l  make the 
Un ited States ungovernable. 

guard i an of the people's l i berties and 
p roperty. Ad a m s  w a r n s  spec i f ica l l y  
about the dangerous ly  fl awed person 
who l ooks out for his own narrow self  
i nterest and doesn't care a whit about 
the fate of the entire nation. 

The h igh point of this B ritish offensive 
aga i  n st A m e r i c a n  n a t i o n a l  ity is the 
book's complaint that thoroughout U.S.  
h istory Americans have wrongly stigma
tized speculators as mora l ly  i nferior to 
actual  settlers. Americans, H age com
plai ns, have viewed the d ifference be
tween specu lators and others the same 
way that they viewed the d ifference be
tween Satan and Christ. This is suppos
edly a de l i berate p lot by the North to 
squelch the development of the West. 

Accord ing to the Hayek-Hanke-Hage 
doctri ne, (Satan ic) spec u l ators are the 
same th ing as ord inary settlers! 

One would hope that real Americans, 
even today, can tel l  the difference. 
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Restart N uclear Re rocessln 

EDITOR'S NOTE 
Since the U.S. Atomic Energy Com

mission was abolished in 1 975, U.S. nu
clear policy has regressed from one of 
development to one of a "green maid 
brigade. " Today, the Department of En
ergy (DOE) has junked the development 
of new nuclear technologies and instead 
is spending hundreds of billions of dol
lars cleaning up radioactive waste at  
DOE civilian and military sites. 

Yet, as nuclear expert Clinton Bastin 
points out: "Radioactive waste and pluto
nium cannot be cleaned up. It can be 
moved from here to there and it can be 
stabilized, but it cannot be 'cleaned up. "' 

Instead, Bastin proposes spending just 
a small fraction of the planned clean-up 
fund on protecting the public from any 
danger at waste sites and, at the same 
time, on accelerating the research and 
development that will help the United 
States regain its former lead in nuclear 
technology. Developing of reprocessing 
plants and breeder reactors would turn 
DOE's trillion-dollar clean-up operation 
into an asset that could supply the nation 
with its next 500 years of electricity. 

In this report, Bastin, a chemical engi
neer, who has worked with the U.S. 
spent fuel program since 1 959, tells the 
story of what happened at the DOE over 
the last 20 years to kill programs like re
processing of fuel. Most startling is his 
evaluation of the "secret" to safe repro
cessing-a function of the plant configu
ration more than the actual chemical 
process-and how the United States pre
vented other nations from learning this 
reprocessing plant design. Also startling 
is his frank evaluation of the poor design 
of the never-operated Barnwell Repro
cessing Plant in South Carolina. 

Bastin provides an inside look at what 
was going on at the DOE while nuclear 
technology suffered the dual death blow 
of the Carter administration's antinuclear 
policy and of the' Reagan administra
tion's "privatization" policy. He provides 
the personal documentation of how 
competent assessments of  technologies 
were ignored as part of the larger politi
cal decision against nuclear energy. 

Although Bastin gives a plausible ex
planation for nonproliferation policy and 
the need for international controls over 
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� This design for a reprocessing plant, 
based on the successful operation of the 
Savannah River plant, was killed on the 
drawing board. 

nuclear technology, we note that 2 1 st 
Century has countered this view with a 
specific h istorical account of how 
Bertrand Russell and his utopian faction 
intended to use the making and drop
ping of the atomic bomb as a way of fur
thering their plans for one-world govern
ment-"The Great Atom Bomb Hoax, " 
(Fall 1 994, p. 28). As discussed in that 
article, the Russellites campaigned to 
stop the spread of civilian nuclear pow
er, particularly in the developing sector. 

Bastin was responsible for the AEC's 
reprocessing, plutonium and plutonium 
scrap operations, plutonium-238 pro
duction, transuranic materials process
ing, tritium and deuterium production 
for weapons programs, radioactive 
waste management, and related activi
ties at the Department of Energy's Sa
vannah River Plant. He also was in
volved in the diplomatic side of U.S. 
international nuclear efforts. 
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Currently Bastin works at the DOE 
headquarters where he is president of 
the employee union. This a rticle is 
adapted from the many technical memos 
he has written to DOE administrators, in
cluding most recently to Hazel O'Leary, 
urging the DOE to restart reprocessing at 
the Savannah River Plant. 

I
n the best reprocessing concept, essen
tia l ly  all of the fiss ion products pro

duced in nuclear reactors cou ld be re
covered and put to benefi c i a l  u ses . !  
With good reprocessing techn iques and 
recycl ing of fuel into fast reactors, where 
all of the long-l ived act inides are used 
for energy production and bu rned up, 
nuclear wastes remain s ign ificantly ra
dioactive for only a few hundred years, 
compared with hundreds of thousands of 
years for unreprocessed fuel. 

Decision makers for every l ight water 
reactor built in the world to date had the 
ful l  expectation that spent fuel would be 
reprocessed, the remain i ng energy val
ues would be recycled for production of 

o energy, and the weapons-usable plutoni
um wou ld be destroyed in prod u c i ng 
pollution-free electricity. 

Right now, the U n ited States has  a 
policy not to reproc,ess spent fuel but to 
bury it in a repository. This plan, which 
has been tied up i n  very expensive red 
tape for years, does not solve the spent 
fuel/pluton ium problem. 

The planned u.s. repository at Yucca 
Mou ntain,  Nevada, wou ld store spent 
fuel conta in ing enough pluto n i u m  and 
fuel to supply al l  of the electricity needs 
of the Un ited States for about 200 years, 
at present rates of use. 

Reprocessing History 
Reprocessing requires competent man

agement, as described below, because 
there are major safety concerns associated 
with handl ing weapons-usable material .  

In 1 974, after Ind ia's detonation of a 
nuclear explosive brought major interna
tional attention to the concerns of nu
clear prol iferation, the Un ited States pro
posed to the  rest of the  w o r l d  that  
reprocessing plants be operated u nder 
multinational control .  The International 
Atom ic Energy Agency started a major 
study of this multinational reprocessing 
concept, whi ch i t  named the Regional 
Fuel Cycle Center. 

The IAEA study concl uded that the 
concept of a mu ltinational reprocessing 
plant was feasib le  and wou ld provide 
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good assu rances that potential nuclear 
weapons material wou ld not be d iverted 
to such purposes. However, because the 
Un ited States at the time wanted to stop 
reprocessing throughout the world, the 
concept was abandoned. 

In 1 976, in a speech before the Un it
ed Nations General Assembly, Presiden
t ia l  candidate J i mmy Carter endorsed 
the m u l t i nat ional  reprocess ing p l ant 
concept and proposed for it the Barn
wel l  N uclear Fuel Plant, a reprocessing 
plant near Barnwe l l ,  S .c. ,  which was 
parti a l l y  completed by A l l ied General 
N uclear Services (a subsidiary of Al l ied 
Chemical Company and General Atom
ics and whol ly owned by Gulf and Shell 
Oil Companies). 

This plant became a political football 
and was never l icensed to operate by the 
Nuclear  Regulatory Commission. How
ever, un l ike the plant design based on Sa
vannah River, Barnwell had major design 
deficiencies and could not have been op
erated successful ly. The Barnwell plant 
was about one fourth the size of any suc
cessfu l reprocessing plant, but was de
signed to process more than 1 0  times as 
much radioacti�itY. The tight space and 
large amounts of radioactivity, combined 

with inabi l ity for remote mai ntenance, 
v i rtu a l l y guaranteed l o n g  per iods
years-for shutdown and inabil ity to con
ta i n  rad ioactivity and protect workers 
from high rad iation exposure. 

Later in 1 9 76, President Ford under
took a major study of reprocessing and 
fast reactors, but there was no input from 
persons knowledgeable of reprocessing 
and a concl usion was reached that re
processi ng should not move forward and 
fast reactors should not be deployed.2 

When he became Pres ident, Ca rter 
undertook a restudy of reprocessing and 
fast reactors, agai n  with no i nput from 
persons knowledgeable of reprocessing. 
Carter concluded that reprocessing and 
fast reactor development should be de
ferred, pending a study of alternative re
process i n g  methods.  T h i s  study was 
known as the I nternational Nuclear Fuel 
Cycle Evaluation or I N FCE. 

In  real ity, it is  the facility design con
cepts, not the techn ical processes them
selves, that make the real difference i n  
reprocessi ng, but design concepts were 
l argely ignored and no i nformation on 
the best design cc;>ncept was incl uded in 
the study. Results of I N FCE were i ncon
clusive. 

cated A i rect ly i r:lto new reactor du�eli ' 
assembl ies. ' - :1};/ 

D e s i g n  stu d ies  of a {ue l  recyc l e , ; 
complex by the-DuPont Coh;pany dyr�: ' 
i.ng' the 'm i d - 1 9 70s, w h i c h  i nc l ud�'d' . 
technology based on the world's best'. 
reproces�i ng experience, 'also incorpo
rated d i r�ct fabrication of fresh fuel as� . 
sem b l i es from recovere 'd p l uto n i u m, 0 
(and uranium).  

. , 0 ' 

In aCldition, the i nd ividual fac i l iti,es 0 were , con n e cted by u rld e rg ro u n � , ; 
fleayi lf r�inforced tunnels, arid access 0 
to any of the fqc i l i t ies was through", 

4 such t�nnels-a feature of existing re-ro o �v .< t. . , '  . " . ., ' �_� . " :  
processing p lants at Savannah .River. ;,· 
These': des ign  stu d i es p rov ided the: 
wor/dr s  best opport u n i ty . • for safe-;, 
guard i ng, potential weapon , material . 0 
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Carbon steel high-level waste storage tanks at the Savannah River Plant in South Carolina, shown before they are encased in 3-
foot-thick concrete 40 feet underground. Tanks are also equipped with cooling coil assemblies to remove the heat produced by 
radioactive decay. 

In the meantime, the Congressional 
Office of Technology Assessment (OTA) 
began a major study of safeguards and 
proliferation that focused on reprocess
ing. Fairly late in the study I was asked 
by an OT A staff member to review a sec
tion on reprocessing technology, and I 
informed the staff person that the infor
mation was in error. 

A few days later I was cal led by the 
staff member and told that their consul
tant had reconfirmed the original infor
mation. Again, I stated that the informa
t i o n  was i n co r rect,  a n d  that  o u r  
differences could not b e  reconci led with
out d irect d iscussions. A few days later I 
was given the name of the OT A consul
tant, who turned out to be a long-term 
colleague at Los Alamos National Labo
ratory whose experience was in pl utoni
um operations, not in reprocessing. After 

a few minutes of d iscussion, he agreed 
with my position. 

H av i ng thus establ i shed cred i b i l ity 
with the OTA staff member, I was asked 
to review the entire document. I did so 
and found many errors and mislead ing 
statements. But it was too late. Prior to 
my meeting with the OTA staff member, 
DOE officials had approved and issued 
the document, which then became the 
basis for the Nuclear Non-Prol iferation 
Act of 1 978. 

The Secret of Safe Reprocessing 
This act precluded transfer to another 

nation of important technology on repro
cessing unless that nation gave the Unit
ed States consent rights on its reprocess
ing activities-wh ich, of course, other 
nations d id not want to do. Thus repro
cessing plants bui lt  elsewhere were de
n ied access to many design features that 
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cou l d  have i nc reased v iab i l ity, safe
guardabi l ity, d iversion resistance, envi
ronmental protection, safety, rad iation 
protection, and so on.3 

It is genera l l y  bel ieved that the cru
cial i nformation on reprocessing i s  the 
detai ls  of processes and process equ i p
ment. In fact, the important information 
for a successfu l ly operated reprocessing 
plant is in the faci l ity concepts: instal la
tion of equ ipment for good remote op
erat ions and mai ntenance; protection 
from rad iation; and sampl ing of process 
chem icals for material  safeguards, ac
countabi l ity, and process control .  These 
systems in a reprocessi n g  plant wou ld 
be s imi lar to those i n  a h igh-level waste 
processing plant. 

The United States abandoned the de
sign concept for what wou ld have been 
the world's best power reactor fuel re-
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processing plant for political reasons and 
because of bureaucratic fol ly.  F rance 
and Japan had each sought detai led in
formation on th i s  concept, but it  h ad 
been denied.4 

One of the frequent criticisms of re
processi ng is that it costs too much. Let's 
look at some of the figures. 

Cost of Reprocessing 
The French and British have a monop

oly on reprocessing and charge less than 
$ 1 ,000 per ki logram for the service, in
c l u d i n g  sol id ification of the res u l t i ng 
h igh level waste. The French plants op
erate at about 20 percent of u ltimate ca
pacity (average throughput per year di
vided by dai ly capacity times 365 days). 

The plant designed by DuPont in the 
mid-1 970s, i n corporat ing the world's 
best technology, would have operated at 
80 percent of capacity with a dai ly ca
pacity of about 1 0  tons per day. Thus, 
the DuPont faci l ity, which was estimated 
to cost about the same as that of the 
French, would have had about 1 5  times 
the capacity. It is  certain that the cost per 
k i logram of reprocessi n g  wou ld have 
been much, much less than the approxi
mately $ 1 ,000 price establ ished by the 
French and British. 

Let's also compare this  to the costs of 
a waste repository. The U n ited States 
plans to spend huge sums of money at 
Yucca Mountain, Nevada, to i nvestigate, 
explore, characterize, and so on .  Yet, 
wi l l  th is  convince those who don't want 
the waste stored at Yucca Mountain that 
the waste shou ld  be stored at Yucca 
Mountain?  And even if it does, wi l l  we 
rea l ly leave the wastes there? What i s  
planned for safeguard i ng o f  the potential 
weapons-usable material ? How wi l l  we 
generate electricity in the future? 

The spent fuel that is now defined as 
waste m ust be u sed for futu re power 
generation. Until that is  done, the spent 
fuel can be safe l y  and i nexpensively 
stored at reactor sites. 

The Department of Energy should halt 
wasteful expenditures on the repository 
at Yucca Mounta in  and s i mply accept 
respon s i b i l ity for the fuel  at reactor 
sites-as the Atom i c  Energy Comm i s
sion d id  at the Dresden I and Yankee 
Rowe Nuc lear power p l ants pend i ng 
availabil ity of commercial  reprocessing. 
Spent fuel should be stored in dry casks 
on site in a faci l ity provided by DOE. 

Development of fast reactors once 
was, and should be now, one of this  na-

NUCLEAR REPORT 

tion's h ighest priorities. As part of our 
best energy development program, we 
shou ld maintain good survei l lance of the 
radioactivity at a l l  DOE sites and per
form needed cleanup. We can undertake 
these needed deve lopment programs, 
and properly manage them, i nc lud ing  
survei l lance and cleanup, for a fraction 
of the expenditures planned for so-cal led 
environmental restoration. 

The most important gift ever received 
by this nation is the Statue of Liberty, a 
gift of the people of France. Perhaps of 
equal value, if we follow the advice, are 
the words of the Prem ier  of France, 
Fran\;ois Mitterrand : "The denial of tech
n ical progress, the fear of the creative 
act, are the mark of lost societies. The 
danger for humanity is not that man i n
vents, but that he does not master what 
he has created." 

Notes--------------
1 .  For example, cesium-1 37 is being used for ir

radiation of blood plasma to reduce patient 
rejection tendencies, an application that is of 
increasing importance in immune system defi
ciency cases. 

2. A person knowledgeable of reprocessing is a 
person who has been significantly involved at a 
responsible management level for an extended 
period of time in a reprocessing program that 
includes one or more reprocessing plants that 
proces� ton-per-day quantities of highly irradi· 
ated nuclear materials. Such a program must 
routinely achieve excellent safety and environ
mental and radiation protection goals, produc
tion commitments (including quantities and mao 
terial specifications), safeguard assurances, 
containment of radioactivity, good radioactive 
waste management, and other important crite-

ria, and routinely carry out proper reporting to 
higher management and reporting of accidents 
to the news media. 

3. The actual processes used in reprocessing are 
only one component of reprocessing 'technolo
gy." Also critical to successful operation are the 
plant configuration, equipment and piping lay
out, type of equipment, remotability features, 
remote maintenance system, intersystem tank
age, sampling systems, ventilation, contain
ment, safeguards and accountability, and so 
o n .  Sign ificant differences in these non
process components could make as much as 
two orders of magnitude difference in oper
ability or unit cost of operations-and could in 
some cases preclude operations. 

During the mid-1 950s to mid-1 970s, the Ida
ho Chemical Processing Plant (ICPP) and the 
reprocessing facilities at the Savannah River 
Plant used similar processes, but operability 
and many other important parameters were 
vastly different. On-stream time during periods 
of product demand was more than 80 percent 
at Savannah River, and about 2 to 3 percent at 
the ICPP. Failure of a major piece of equip· 
ment resulted in one day of lost operating time 
at Savannah River, and up to one to two years 
at ICPP. Return to equilibrium (that is, produc· 
tive operation) after shutdown for maintenance, 
accountability, or other reasons at Savannah 
River would take a few minutes; it would take 
about 30 days at ICPP and about 8 days at 
Hanford PUR EX. 

Equipment maintenance at ICPP resulted in 
large radiation exposure to personnel, because 
personnel were required to enter process cells 
for direct maintenance of equipment. Average 
radiation exposures to operating and mainte· 
nance personnel at ICPP were about a factor 
of 3 higher than at Savannah River and Han
ford on an overall basis, and a factor of some 
50 to 1 00 times higher on a unit of production 
basis. 

4. Germany did obtain full information on this con
cept from the United States through collabora
tion on high-level waste management during a 
period of maximum embargo on the export of 
technology on reprocessing, and it designed 
the WA-350 reprocessing plant on the basis of 
this concept. 
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I
f a young person, inspired by the great scientists of the past, 
decides to study physical science today, he wi l l  u ndergo a 
profound sobering when, after a few semesters spent devel

oping his  knowledge about the laws of nature through experi
ments and theoretical work, he confronts quantum physics. 

On the one hand, the student wishes to fi nd sol utions to 
every u nsolved problem and intu itively he knows that each 
step of progress in  the h istory of mankind has been achieved 
by pursuing this aim. On the other hand, he comes to real ize 
that today's science has secretly made a compromise, occupy
ing itself with reckoning probabi l ities to the smal lest possible 
decimal places, rather than pursu ing solutions for unresolved 
problems. H i s  professors reply to the student's doubts, "We can 
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calcu late perfectly wel l  using our formu las," and, depending 
on how deeply the student loves truth, the student says either, 
"Well, if I can earn money that way, so be it"--or, he revolts. 

The Quantum Paradox 
When Max Planck d iscovered the existence of quanta of en

ergy (that is, that bodies emit radiation not continuously but in 
d i sti nct "packets" cal led quanta), the unsolved q uestion of 
whether l ight is an electromagnetic wave or a stream of parti
cles returned to the center of d iscussion.  For Planck, these 
quanta were defined by the so-cal led constant of action, the 
Wirkungskonstante. 

Since the time of Leonardo da Vinci (1 452-1 5 1 9), the abi l ity 



of l ight rays to pass through each other and, under certain con
ditions, to mutual ly reinforce or to cancel each other (interfer
ence) l i ke waves on water had suggested that l ight is a wave 
phenomenon, later understood as an electromagnetic wave. 
Th is picture of th ings, however, cannot be reconci led with the 
existence of quanta, at least not within the bounds of so-cal led 
classical physics. For Planck, "the question of whether rays of 
light are themselves quantized, or whether this  quantum effect 
exists in matter only, is, in fact, the first and most acute d i lem
ma facing the entire quantum theory." 

After Leonardo, oppos i ng schools of physics developed : 
Isaac Newton's fol lowers insisted that l ight must consist of par
ticles, whi le others, l i ke Christiaan H uygens (1 629-1 695), pur-

Max Planck, 7 858- 7 947, fought against the Copenhagen 
school's adoption of Heisenberg'S uncertainty principle, 
which made it meaningless to speak of exact simultaneous 
values of momentum and position: "This is an intolerable lim
itation of the freedom of thought and a mutilation of the main 
work the theoretician has to deal with, " he wrote. 

sued the wave theory. A third, more dangerous school began 
to emerge at the beginn ing of the 1 9th century. This last school 
claimed that the question did not need to be solved; natural 
phenomena could simply be represented by "models" adapted 
to empirical phenomena. The most i mportant representative of 
this  school was James Clerk Maxwel l  (1 879-1 93 1 ) . 
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The scientists who con
t inued to make serious at
tempts to solve this puzzle 
were w i l l ing to turn estab
I i shed physical  theory up
side down, if necessary, in 
order  to s u cceed . T h e  
young Austrian physicist Er
win Schredinger, for exam
ple,  p roposed i n  1 9 2 5  to 
describe the d istribution of 
energy with in an atom as a 
superposition of a number 
of waves. His in itiative was 
supported by several scien� 
t i sts at t h e  U n i vers i ty of 
Berl i n ,  most emphati ca l l y  
Max Planck, but also b y  Al
bert E i nste i n ,  W i l h e l m  
Wien, and Max von Laue. 
Planck described th is theory 
as "wonderfu l" and "epoch
m a k i n g . "  He w rote to 
Schredinger: "I am read ing 
your essay as a chi ld eager
ly l istens to the solution of a 
i'idd,le which it has labored 
over for a long time." 

T h i s  group of " revo l u 
tionary" scientists, howev
er, fai led to overcome the 
massive opposit ion of the 
Getti ngen School and the 
Copenhagen group led by 
N iels Bohr. This latter fac
tion wanted at a l l  costs to 
protect the  estab l  i s h e d  
physics worldview, which ' 
calcu l ated the conti n uous 
propagation qf waves i n  space us ing Maxwel l 's electrody
namic equations. Indeed, the empir ic i sm of Maxwel l ,  Her
mann Helmholtz, Leopold Kronecker, and Emi l  DuBois-Rey
mond pronounced a l l  epistemological questions moot. They 
were content merely to "describe" natural phenomena; the 
quest ion of l awfu l re l at ion s h i ps was s i m p l y  not posed . 
Maxwe l l  even c l a i med i n  h i s  essay " F araday's L i nes of 
Force," written in 1 856 :  

In  order to get a physical conception, or  to construct a 
specific physical theory, we have to get acquainted with 
the existence of physical analogies. Physical analogy I un
derstand as a partial s imi larity between the laws in one 
area of phenomena to those in another, which has the ef
fect that the former i l l ustrate the latter . . . .  Thus, in  for
mal terms, we find perfect conformity between the laws of 
two different areas of phenomena, which both have be
come the point of departure for a physical theory of l ight. 

Thus, at the famous Solvay physics conference in 1 927 ,  
N iels  Bohr  decreed the  fo l l owing "compromise" : He la id  
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down the law that the nature of l ight was not open to d iscus
sion by the Copenhagen School.  Light would simply be treated 
as a wave or as a particle, depending on the formulation of 
each particular experiment. Accord ing to Max Born, quantum 
theory is  just a method of calculating probabil ities. Thus, prob
abil ity theory was born-and is sti l l  the last word in quantum 
mechanics. In order to be able to calculate with "precision," 
Werner Heisenberg's "uncertainty pri nciple" was employed, 
according to which one cannot calculate with a high degree of 
accuracy both the position and the momentum of a subatom ic 
particle at the same time. 

Planck Defends Causality 
Denou ncing th is  approach, Max Planck declared that the 

uncertainty principle would make it meaningless to speak of 
exact values of momentum and position, p and q: "This is an 
intolerable l im itation of the freedom of thought and a muti la
tion of the m a i n  work the theoret ic ian has to deal with,"  
Planck said. 

The idea of a lawfu l ordering of the universe, an idea that 
had been the moving force behind scientists' passionate search 



Institute International de Physique Solvay, courtesy of Emilio Segre Visual Archives/American Institute of Physics 

The famous Solvay physics conference in 1 927, where Niels Bohr ruled that the nature of light was not open to discussion: 
Light would simply be treated as a wave or as a particle, depending on the particular experiment. In the front row, from left: I. 
Langmuir, M. Planck, M. Curie, H.A Lorenz, A Einstein, P. Langevin, c. E. Guye, C. T.R. Wilson, O. W. Richardson. In the sec
ond row, from left: P. Debye, M. Knudsen, W.L.  Bragg, H.A Kramers, P.AM. Dirac, AH. Compton, L .  V. de Broglie, M. Born, 
N. Bohr. In the third row, from left: A Piccard, E. Henriot, P. Ehrenfest, E. Herzen, T. De Dander, E. Schrodinger, E. Verschaf
felt, W. Pauli, W. Heisenberg, R.H. Fowler, L. Brillouin. 

for truth, had now been outlawed. Planck considered it unac
ceptable that the Copenhagen school refused to keep seeking 
for the truth and accepted a state of ignorance concern ing is
sues that had been of the utmost importance for earl ier physi
cists. He was amazed at their complacency toward what Ein
stein  cal l ed the " Heisenberg-Bohr phi losophy, or rel igion, of 
consolation." As Max von Laue characterized it, "Th is exalted 
pessimism, this eagerness to submit, is noth ing else than an ex
pression of that deep cu l tu ra l  pessi m i s m  wh ich darkened 
everything during that time." 

Nevertheless, the Copenhagen school prevai led, not least 
because of the Solvay conferences of physicists, where figu res 
l ike Bohr, Heisenberg, and Born preached these theories to the 
world's leading scientists. The efforts of the scientists around 

Pl anck and Schrod inger, who became Planck's successor at 
the Prussian Academy of Science, came to nought. 

Was that fai l ure the result of the two world wars that had se
verely constrained pure science and research and k i l led many 
students and young scientists? Was it the result of hesitation to 
attack the " i ndeterm i n acy" theory aggress ively  enough, be
cause its opponents expected truth to prevai l  some day if only 
they continued their work? 

Planck warned, "The introduction of noncausal ity i nto the 
physical world view m ight br ing about opin ions that could 
have disastrous consequences for our society." But h is  warning 
was not heeded . Indeed, Planck's own a l l-too-tolerant attitude 
toward the empiricists was certa in ly  one of the most important 
factors inhibiting a solution to the questions about the universe 
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posed by the quantu m theory. Maxwe l l ' s  equations were 
based on empiricism and determi n ism and were thus i nca
pable of describing any " leaps" in nature. 

Planck, of course, recognized the d ifficulties created by the 
wave/particle paradox. "It is obvious," he wrote, "that in this 
situation the d i fferential equations of c lassical physics lose 
their fundamental importance." He also stated : 

But the very existence of an objective l imit  of the kind 
represented by the elementary quantum of action has to 
be considered a sign of the governance of a certain law
fulness of a new kind, which itself cannot be attributed to 
statistics . . . .  [O) bviously, there is noth ing left but the 
manifestly radical assumption that the elementary terms of 
c l assical  physics do not suffice any more i n  nuc lear 
physics [emphasis addedl . 

Yet neither Planck, nor Schrodinger, nor Einstein, made use 
of the theory of cardinal numbers proposed by the mathemati
cian Georg Cantor (1 845-1 9 1 8). In his  unique and revolution
ary approach, Cantor considered the universe to be a negen
tropic self-developing unity. He was convinced that the human 
mind itself possesses an un l imited potential for self-develop
ment, which al lows it to understand the development of the 
un iverse, and that he cou ld develop mathematics in such a 
way as to be able to express this  process. "I bel ieve that the 
words ' l imited reason,' which one hears so often," Cantor said, 
"are in no way truthful :  As l im ited i ndeed as human nature is, 
a great deal of infin ity c l ings to it." 

' 

"Mankind makes every effort to further 
extend the present l imits of its capacities, and 
we hope to achieve many things in the future 
which at present are perhaps ' considered by 

many people to be impossible." 

Cantor draws on the Monadology of Leibniz and on Plato's 
Parmenides dialogue, which identifies the paradoxes of de
veloping levels of knowledge. He took the princi ple of devel
opment as the foundation of his  new mathematics and, be
cause of this, he was attacked by the empiricists, especial ly 
by Leopold Kronecker, who tried to muzzle Cantor in a most 
ugly way. 

Unfortunately, Planck and his fel low scientists in Berl in nev
er recognized that Cantor was the only mathematician �ho, in 
the tradition of Karl Gauss and Bernhard Riemann, had taken 
up the chal lenge to explain the "leaps" in the universe as sin
gular points in a self-developing un ity. Thus, they themselves 
did not rigorously pursue the task of developing a new mathe
matics; thus, after Cantor, truth-seeking in its ful lest scientific 
sense faded away. 

Who Was Max Planck? 
Max Planck was born on Apri l 23 ,  1 858,  in K ie l ,  Ger

many. Planck's mother came from a fami ly  of pastors. H is fa
ther was a highly respected law professor, who in 1 867 was 
i nvited to the University of Munich in Bavaria, to fi l l  an im
portant position representing h is  colleagues i n  the un iversity 
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admin istration. 
Pl anck's great-grandfather, Gottl ieb Jakob Planck ( 1 75 1 -

1 833), was an adherent of Gottfried Wi lhelm Leibniz.  In  1 78 1 , 
when the great poet-to-be Friedrich Sch i l ler left the Karlsschule 
i n  Stuttgart, Gottl ieb Jakob Planck arrived there as a professor 
and pastor. In 1 784, he was invited to the University of Gottin
gen, where he stayed for 49 years, rejecting a n umber of posi
tions at other institutions. One of the characteristics that Got
tlieb shared with his great-grandson, Max, was tolerance and 
justice toward those whose views d iffered from h is. As Hans 
Hartmann, a nephew of Planck's wife, reports in h is  biography 
of Max: 

Whoever got to know Max P lanck was struc k  by h i s  
chivalrous attitude, which expressed itself not only i n  h i s  
ever-honorable methods o f  battle, but a lso i n  h is j udg
ment about other people. For h im, it was utterly impossi
ble to attribute to others a bad motive, unless they clearly 
demonstrated it. 

Max Planck nearly became a musician instead of a physi
cist. As a young student, he composed songs and even an op
eretta for a fami ly theater group's performances. With perfect 
pitch, he sang solo soprano i n  the great oratorios for the boys' 
choir .  He became assistant master of the academic choir, 
played the organ for university church services, and became a 
director of the orchestra association of laymen and profession
al  musicians. While studyi ng ih Berl i n, he considered starting a 
musical career, but he finally decided on physics, although he 
continued to study harmony and counterpoi nt. 

Later, working in Berl in,  Planck and the other theoretical 
physicists thought of themselves as artists. Planck remarked : 

It is not logic but creative imagination which ignites the first 
flash of an idea in the mind of a researcher who is pressing 
toward a dark area . . .  and without imagination, fortunate 
new ideas cannot be presented . If there is one thought 
strengthening and upl ifting our minds and bodies when 
they are consumed by patient and exacting work on detai ls, 
it is this, that in physics, we are not working for the present, 
for momentary success, but, so to speak, for eternity. 

Music was essential in the l ives of the Berl in physicists in the 
late 1 800s. Einstein pointed to Planck's "tru ly artistic side" and 
to his "artistic needs, which were the motor of his  creative ac
complishments." Planck played the piano l i ke a professional, 
and often Brahms's friend, the great vio l in ist Joseph Joachim, 
visited Planck to perform Beethoven sonatas for piano and vio
l in .  Many professional musicians admired Planck's sensitivity 
to the i ntentions of the composer and h i s  energetic perfor
mances. Together with other physicists, i ncluding E instein and 
Arnold Sommerfeld, Planck invited physics students to join 
trios and quartets. Hans Hartmann noted in his  biography of 
Planck that Planck did not perform music for mere relaxation 
but that music was an essential part of h i s  l ife, a real m  i n  
which he could freely develop h i s  spirit. 

Work on Thermodynamics 
Planck studied for three years at the U n iversity of Munich 

and then went to Berl in for a year to study under Hermann 



Hel mholtz and Gustav Robert Kirchhoff ( 1 824-1 887). He re
ported : 

Unfortunately, I have to admit that I did not real ly profit 
from these lectures. Hel mholtz apparently was never real ly 
prepared; he always spoke hesitantly, looking into his  l ittle 
notebook for the necessary detai ls;  in addition, he con
stantly made miscalculations at the blackboard, and we got 
the impression that he was at least as bored as we were. 

Planck in no way defended Helmholtz's mechanistic con
ception of nature but he did admire h im as a celebrity of the 
scientific world. Planck never made an al l -out attack on the 
mechanists and their l i near image of the world as Georg Can
tor had dared to do. 

In 1 878, Planck, who was only 20 years old, wrote his doc
toral thesis in less than four months. A year later, after extend
ed studies of Rudolf Clausius's works, he fin ished his d isserta
tion on the two major laws of thermodynamics. Planck tried to 
oppose a too-narrow formulation of Clausius's law concern ing 
the increase of entropy. Clausius had deduced his "proof" of 
the Second Law of Thermodynamics from the hypothesis that 
"heat does not move by itself from a colder body to a warmer 
body." Planck commented on th is: 

This hypothesis demands a special  c larification, because 
it says not only that heat does not move d i rectly from a 
colder body to a warmer one, but also that it is impossi
ble to transport heat from a colder body into a warmer 
one without leaving beh i nd a lasting change in nature as 
compensation. 

Planck proposed a s impler and more appropriate wordi ng 
of the hypothesis :  "There is no way in which the process of 
transport of heat can be completely reversed." He cal led th is 
kind of process "natura l . "  Today it is  cal led " i rreversi ble." 
Planck wrote: 

But the m istake that is being comm itted in interpreting 
Clausius's law too narrowly, and which I have tirelessly 
fought against all my l ife, cannot be erad icated, it seems. 
Instead of the defi n ition cited above, I see the fol lowing 
defin ition of i rrevers ib i l ity sti l l  being used today: "An i r
reversible process is one that cannot proceed in the op
posite d i rection." This is not sufficient, however, because 
it is qu ite conceivable that a process which cannot pro
ceed i n  the opposite d i rection can be completel y  re
versed in some way. 

After the discovery of the quantum of action, Planck stated 
expl icitly i n  a 1 908· speech titled "The U nity of the Physical 
Worldview" : 

The original defin ition of i rrevers i b i l ity suffers a sign ifi
cant defect, as we have seen, from presupposing a spe
cific magnitude of human abi l ity, whi le  in fact, we can
not prove the existence of such a l i m it. On the contrary: 
Manki nd makes every effort to further extend the present 
l i m its of its capacities, and we hope to achieve many 
things i n  the future which at present are perhaps consid-

ered by many people to be impossible. Cou ld i t  not oc
cur that a process that up to now has been considered i r
reversi ble, cou ld be proven reversible by some new in
vention or d i scovery? Then the whole ed if ice of the 
Second Law [of Thermodynamicsl would  i nescapably 
col lapse, for the reveq; i b i l i ty of one s i ng le  p rocess 
means, as can easi ly be demonstrated, the reversib i l ity of 
al l  other processes. 

Yet Planck himself, in his  famous paper "The Discovery of 
the Quantum of Action," later used the Clausius equations for 
entropy in deriving his  formula.  

Not surprisingly, the 2 1 -year-old doctoral candidate found 
no sympathetic ear for his  critique in a world of science dom
inated by Helmholtz, Maxwel l ,  Clausius, and Wi l l iam Thom
son, later Lord Kelvin (1 824-1 907). Planck, therefore, adapted 
to his  environment and chose the path of relentless work to 
refine his  own conception of Nature. In  the end, this untiring 
effort enabled him to turn upside down the establ i shed physi
cal worldview t h rough h i s  mathemat ica l  explanat ion of 
blackbody radiation. 

In Munich, Planck's professors, such as Ph i l l i p  von Jol ly, did 
not understand Planck's doctoral thesis, and Helmholtz paid 
no attention to it. Planck's repeated attempts personal ly to pre
sent Clausius with a copy of h is  d issertation were futi le. 

Planck Defends leibniz 
After his habi l itation in 1 880, Planck left the U niversity of 

Mun ich and took a position at the Un iversity of Kiel, where the 
professor of physics, Gustav Karsten, was a close friend of his 
father. Planck fi rst gained public recognition when he won an 
essay competition on the "nature of energy," sponsored by the 
phi losophy faculty at Gottingen U n iversity. 

I n  the paper w r itten for th i s  contest, P l a n c k  n ot o n l y  
demonstrates his  fascination with the principle o f  the conser
vation of energy, but raises one of the most profound ques
tions in the h istory of science. He d iscusses the differences 
between Gottfried W i l helm Leibniz's notion of "l iving force" 
(vis viva) and Newton's notion of force, and Leibn iz's battle 
on this subject with Rene Descartes as wel l  as with Newton's 
ally Samuel Clarke. 

Leibniz distinguishes l iving force from "dead" force: 

Thus, a new, twofo ld d i st i n ct ion of force a ri ses: The 
one-which I cal l  dead force-contains only the element 
of force, because here we have no motion, but only an 
i m p u lse for mot ion,  as i n  the case of a sto ne be ing 
whirled in a sl i ng which tries to move in the direction of 
the tangent, even if the s l i ng prevents it from doing so. 
The other force, which I cal l l iv ing force, is the normal 
one, which is  endowed with actual motion . . . .  For l iv
ing and dead force, speed and tendency of movement, 
have a relation to one another l i ke a l ine and a point, or a 
plane and a l ine. 

Planck wrote in his paper on the conservation of energy: 

. . .  [Dl ifferences of opin ion were qu ite poss ib le as to 
whether Descartes's quantity of motion or Leibniz's l iv ing 
force is the true measure of this notion. If the fight had 
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been fought i n  a more rigorous manner, Leibniz would 
have prevai led. 

Concern ing Newton, Planck acknowledged: 

Newton's concept no longer has anyth ing to do with the 
" l iving force" of Leibniz . . . .  [Newton's concept] obvi
ously has noth ing to do with the conservation of "force," 
and this may have been one of the reasons why interest in 
th is principle was lost to some degree. Leibniz's notion of 
force today appears as the accompl ishment of work on 
the part of Newtonian force; the latter represents merely a 
necessary, but not a sufficient, condition for accompl ish
ing work . . . .  Newton h imself apparently never 
real ly worked on the notion of accomplishment 
of work by a given force. 

Later, in France, Sadi Carnot (1 796-1 832) applied 
the principle of the conservation of energy to heat. It 
was Robert Mayer (1 81 4-1 878) who explained how 
energy is conserved i n  heat phenomena. Mayer d is
covered the mechqnical equivalent of heat and with 
it "the common measurement of al l  the phenomena 
recogn i zed as equ iva lent, which are movement, 
chem ical affi n ity, cohesion, electricity, l ight, heat, 
and magnetism." 

In his work on heat equivalence, Mayer closely 
fol lows Leibn iz's Monadology, where Leibniz says: 

There can never be an effect without any cause, 
or a cause without any effect: Ex nihilo nihil fit 
[ n oth i n g comes from noth i n g ] ,  or ,  tu rned 
around, nil fit ad nihilum [nothi ng leads to noth
i ng] . Rather, every cause has a wel l -defi ned, 
prec isely correspon d i ng effect, not lesser or 
greater; the cause thus contains precisely every
th ing which leads to a certain  effect, and th is is 
completely reflected in the effect, although i n  a 
d ifferent form. Thus, cause and effect are i n  a 
certain  sense equivalent: Causa aequat effectum. 

Robert Mayer decided to use the term "force" in  
the Leibnizian sense because he considered i t  more 
fundamental .  Planck fittingly remarked : 

is documented by the i ntense battle against Leibn iz's i nfluence 
and Leibniz's works, a battle that was launched while he was 
sti l l  al ive and that succeeded after his death in bann ing Leib
n iz's principles from science. In  most physics textbooks today, 
Leibniz's name is not even mentioned. 

Planck's fascination with the principle of the conservation of 
energy may be explained by his knowledge that nature bares 
its secrets in the simplest and most general phenomena. 

Planck Resists Helmholtz 
After Kirchhoff's death, the phi losophical faculty of Berl in  

Un iversity appointed Planck to succeed h i m  as  professor of 
theoretical physics in spring 1 889 . Planck soon ran up against 

Mayer may be right to take th is into considera
tion : Accord ing to the present state of natural 
science, Leibn iz's notion has indeed become 
more important; but he d id not take into account 
the strength of the historical development of sci
ence. Physical science was based on mechanics, 
and in mechan ics, Newton's notion had been 
adopted too sol id ly to be replaced by another 
term . . . .  This i nconsistency, which today at 
least no longer runs the danger of generating a 
m isu nderstand i ng, can on ly  be expla i ned by 
deference toward history. 

But it was not "accidental" h i storical develop
ments that pushed Newton's notion to the fore. This 

Max Planck Gesellschaft 

"If there is one thought strengthening and uplifting our minds and bod
ies when they are consumed by patient and exacting work on details, it 
is this, that in physics, we are not working for the present, for momen
tary success, but, so to speak, for eternity. " Here, Planck in his library. 
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Helmholtz and his mechanistic outlook, which considers any 
elementary forces to be "central forces"; that is, they attract or 
repel with an intensity depending solely on their d istance. 

In his  work on the conservation of energy, Planck had al
ready recognized the errors in  th is  conception : 

It is remarkable that with the d iscovery of the mechani
cal equivalent of heat and the development of the un i 
versal principle of  the conservation of  energy, the con
cept that all  natural phenomena of nature are based on 
motion emerged so immediately, and was even more or 
less identified with it. For the principle, strictly speaking, 
does not imply anyth ing other than the transformabil ity 
of one natural force i nto another accord ing to clearly de
fined relationships; whi le  it tel ls us noth ing  about the 
way in which this transformation occurs. Thus, the val id
ity of this principle does not permit us to deduce from it 
the necessity of the mechanistic outlook, wh i le converse
ly, the principle itself turns out to be a necessary conse
quence of this outlook, at least if we proceed from the 
idea of central forces. 

This latter c i rcu msta nce, i n  combi nation with the 
need to develop a unified conception of the worki ng of 
natural forces, explains suffic;:iently the rapid, unopposed 
acceptance of th is mechanistic theory, which in fact has 
up to now been spectacu larly confirmed; at least, I do not 
believe at present that I share the fears about this theory's 
universal appl icabi l ity as a too narrow reading of natural 
phenomena. 

The proponents of the mechan i st ic outlook reduced any 
phenomenon-whether heat, magnetism, or mechan ics�to 
the rec i p rocal  effects of mec h a n ica l  bod ies .  Moreover, 
Helm holtz, one of the most pro m i nent spokesmen of the 
mechanists, spread Lord Kelvin's ideology of the "heat death" 
of the universe, asserting that nature wi l l  ru n down l ike a com
bustion engine ru n n ing out of fuel .  Their fel low mechan ist 
Du Bois-Reymond, who ad m i red Cha r l es Darw i n  as the 
"Copern icus of the organic world," presented his "seven world 
riddles" in a lecture to the Prussian Academy of Sciences on 
July 8, 1 880-problems that he proclai med were " insoluble 
for the human m i nd." 

Planck was convinced that this  outlook would prove unten
able in the long run :  

I knew with absolute certainty that m y  claim of a differ
ence in  principle between the conduction of heat and the 
reduction of weight wou ld u ltimately be proven right. . . .  
Thus, in  the end, th ings developed so that my claim of a 
d ifference i n  principle between the conduction of heat 
and a purely mechanical process won the victory over the 
outlook defended by promi nent authorities; but my in
volvement in  this battle was absolutely unnecessary, be
cause without my involvement, the change would have 
come about anyway. 

In another location, Planck remarked with dry humor: 

Thus, I had the opportun ity to make an observation which 
I bel ieve was a remarkable one. A new scientific truth 

does not usual ly prevai l  by persuading its opponents to 
acknowledge that they have learned something, but it pre
va i l s  on ly  as its opponents d i e  off, one after another, 
whi le the generation growing up has been acquainted 
with the truth from early on. 

Unfortunately, this  is  not true. As we can see in the disas
trous state of science today, quite the opposite has occurred. 
-As the history of the battle between wave and particle theorists 
has demonstrated s ince the t ime of Leibn iz, H uygens, and 
Newton, the degraded conception of natural forces as purely 
l inear reciprocal action, as s imple forces of attraction and re
pu lsion, has a lways found new proponents, as if it were a 
many-headed hydra-whether under the banner of Newton's 
"emanation theory," Helmholtz's "mechanical doctri ne of na
ture," or Bohr's "uncertai nty principle." As Lyndon LaRouche 
recently commented, "The proponents of evil die, but evil it
self does not, unless it is destroyed." 

With regard to physics, this last statement translates: If we 
do not get rid of the mystical idea of particles moving l i near
ly in rect i l i near space according to probabi l ities and restore 
the idea of a un iverse developing to ever h igher beauty and 
harmony in a way that can be presented geometrica l ly  in an 
i ntel l igible way, science w i l l  not progress i n  any fundamen
tal way. Only this method, associ ated with Leibn iz, H uy
gens, Cantor, and Riemann, is  adequate for man as imago vi
va dei, i n  the l iv ing image of God, and h istory demonstrates 
that no other method has produced tru ly fruitful new scientif
ic i nsights. Th is battle remains undecided, and never in the 
past 600 years has mechanist ic th i n king been more prevalent 
than today. 

Discovering the Quantum of Action 
In 1 894, P lanck was e lected a member of the Pruss ian 

Academy of Sciences. I n  the fol lowing years, he attempted to 
apply thermodynamics to broader areas. He recognized that 
th is would require l i m it ing both the principle of entropy and 
its appl icat ions .  I n  h i s  d i spute w i th Leopold Boltzmann,  
Planck stated, " I t  wou ld be absolutely without foundation to 
assume that changes i n  nature wi l l  always occur in the d i rec
tion from the lower to the h igher probabi l i ty." 

Planck was convinced as wel l  that the essential problem in  
physics was to reconcile mechanics and thermodynamics and, 
therefore, he was attracted to the phenomenon of what is 
cal led normal d istribution of energy in blackbody radiation. 
He reports: 

The measurements taken by O. Lummer and E. Pring
sheim of the Phys i ka l i sch-Tech n ische Reichsansta l t  i n  
their research on the heat spectrum d i rected m y  attention 
to Kirchhoff's law, that in an evacuated chamber, whose 
walls reflect any rad iation whatever, over t ime a state 
emerges i n  which a l l  bodies i n  the chamber w i l l  have 
the same temperature, and rad iation in a l l  its properties, 
including its spectral energy distribution, wi l l  not depend 
on the properties of the body, but only on the tempera
ture. Therefore, this so-cal led normal d istribution of en
ergy is  someth ing absol ute, and since I considered striv
ing for the absolute the most beautiful task of research, I 
eagerly went to work. 
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Max Planck Gesellschaft 

In the early 1 9305, Planck predicted "fateful consequences" if physicists failed to solve the problem of causality. Concerned with 
the growing antiscience mood in the country, he toured Germany to give public lectures on the value of science and its relation
ship to religion. Here, a meeting of the secretariat of the Berlin Academy of Sciences in 1 930. From left: Heinrich LOders, Ernst 
Heymann, Max Planck, and Max Rubner. 

Interestingly, some British physicists, especial ly james jeans, 
tried to persuade Planck not to investigate blackbody radiation 
any further, after Wilhelm Wien's establ ished formu las fai led 
to work for infrared radiation. I n  a letter to Wien, Planck wrote 
that jeans " is  the image of a theoretician as he should not be, 
exactly what Hegel was in  phi losophy-al l  the worse for the 
facts, if they do not fit the theory." 

With in  three years, Planck solved the problem. He discov
ered the quantum of action, h, which is part of the equation E = 
hv, where E is the energy of a specific frequency, v. The factor 
h (Planck's constant of action) meant that the energy could not 
be released in just any amount but was quantized; that is, it ap
peared in smal l ,  discrete "packets." This quantization of energy 
d id not conform to the wel l-establ ished notion of a continuous 
distribution of energy. Planck had proven a true inconsistency 
between the general ly accepted classroom physics-especial ly 
Maxwel l 's equations-and the results of his work. 

In 1 907 and 1 908, his Berl in  col leagues nominated Planck 
for the Nobel Prize in physics. To everyone's su rprise, the 
award went to the British physicist Ernest Rutherford instead. 
Apparently, Planck's "atom istic energy" was not acceptable. 
The Swed ish Academy cited i n  this matter the authority of 
Hendrik Antoon Lorentz, a professor of theoretical physics at 
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the U niversity of Leyden in the Netherlands, who was consid
ered one of the greatest physicists of the day. Lorentz had de
clared that although Planck's formu la had been proven experi
mental ly, it lacked a satisfactory theoretical foundation. 

At a mathematics conference i n  Apr i l 1 908 i n  Rome, 
Lorentz presented h is  proof that Planck's formula  could not be 
deduced from c lassical physics. N ever m i nd that c lass i cal  
physics had been proven wrong by Planck! Lorentz's argument 
remai ns a common method today: The scientist who discovers 
that an accepted concept is wrong is immediately chal lenged 
to produce a new theory that conforms to the a lready well es
tablished axioms. This is obviously impossible when the dis
covery is a refutation of precisely these axioms. 

Planck was embarrassed by the turbulence he had caused 
in physics but he insisted that "there are not enough facts arid 
too few physicists with a sense of the urgent necessity of re
form ." He saw the necessity to revise "untouchable" premises 
of physics. 

In  order to prevent this from happeni ng, some of the lead
ing physicists of the ti me, among them Lorentz and Walter 
Nernst, persuaded the Belgian industria l i st Ernest Solvay to fi
nance an "urgently needed" physics conference to be held 
Nov. 2 1 ,  1 9 1 1 ,  in  Brussels. They wanted either to explain the 



quantization phenomenon somehow with i n  the l imits of es
tabl ished classroom physics or, preferably, to stop any re
search i n  th i s  area. I n  any case, the preva i l i ng consensus 
should not be chal lenged. 

However, to revise the establ ished theory was precisely 
Planck's aim. He was convinced that the development of sci
ence had reached the point where revision was i nescapable. 
Twenty-one of the leading physicists of Europe heard Planck 
argue at the Solvay conference that the gap between the quan
tum theory and the classical theory was too large to be bridged 
by any of the general ly accepted concepts in physics. 

As Planck had anticipated, the Solvay conference could not 
solve the questions it was supposed to address. He found the 
sess ions exhausting and was rel ieved when the conference 
came to an end. 

As part of his effort to revise the existing theory, Planck tried 
to draft Einstein at the U n iversity of Berl i n  as a theoretician, 
because he took such great pleasure i n  the paradoxes of rela
tivity, of contraction of space and expansion of time. Later, 
Planck declared that paradoxes arise only from the l imitations 
of man's perceptive faculties: 

The abil ity of physicists to transcend deeply rooted intu
itions l ike space and time nourishes hope that mankind 
wi l l  succeed in developing a tru ly  u n iversal physics-a 
physics that wi l l  be applicable for Martians just as wel l  as 
fbr human beings. 

I Responsibility for Research and Education 
Planck's work at Berl in's Friedrich Wilhelm U n iversity and 

the Prussian Academy of Sciences, then among the most im
portant scientific institutions in  the world, bore more immedi
ate fruit. After the death of the u niversity's professor of experi
me tal physics, August Kundt, Planck actively lobbied for the 
appointment of Emi l  Warburg, who shared Planck's outlook. 
Experimental physics had become i ncreasingly important for 
technology and was attracting more and more students. Planck 
also devoted h imself intensively to the German Physical Soci
ety, publ isher of the Annalen der Physik, the most prestigious 
international scientific journal of the time. 

As a fol lower of Leibn iz, Planck was an ardent defender of 
the principle that causal ity must u nderl ie all natural phenome
na. Thus, he felt compelled to protect students from charlatans 
l i ke the lead i ng positivists of the time, Ernst Mach and Wil
helm Ostwald. He vehemently opposed a proposal to insert 
Mach's crude, mechanistic outlook i nto the sem inar curricu
lum for prospective physics teachers. 

Mach had attacked Planck publicly, claim ing that his own 
positivism remained unrefuted and refusing to take Planck's 
objections seriously. Mach fi na l ly  went so far as to contest 
Planck's competence to participate in the work on the episte
mology of physics. Planck defended h imself i n  a number of 
speeches and lectures. He closed his  publ ic appearances by 
ironically citing the New Testament, "By their  fruits, ye shall 
know them." 

In 1 91 2, Planck and Wi lhe lm Waldeyer were e lected two 
of the four permanent secretaries of the physical-mathemati
cal section of the Prussian Academy. Now Planck had one of 
the most influential positions in the adm i n istration of science 
in  Germany. The four  secretaries rotated every three months 

as presidents of the academy, convened the assembly u nder 
their chairmanship, supervised its ongoing projects, regulated 
its budget, and arranged for publ ication of the proceedings of 
its sessions. 

In addition, Planck was elected vice chancel lor of the Uni
versity of  Berl in .  Here, his  first official act was to create a sec
ond professorial chair for theoretical physics and to offer Al
bert Ei nste in  an honorary professorship.  He also brought i n  
two American guest professors, i ntend ing t o  transmit to the 
university the vital ity and the optimism of the U nited States 
that he had come to know and adm i re during a visit there. 
Comparing h is  nation to the U n ited States, Planck said : " I n  
Germany, we lack confidence in  the future and bel ief in our 
goals, and there exists a general d isease of disproportionality 
between wish ing and doing." 

Sanctions against German Science 
In 1 9 1 9, the victorious powers of World War I fou nded the 

I nternational Research Counci l  as a replacement for the I nter
national Association of Academies of the prewar period, which 
had been domi nated by the Pruss ian Academy of Sciences. 
This was clearly a move against German science and research; 
the bylaws of the new research counci l  prohibited citizens of 
the defeated Central Powers from partic ipating in the admin is
tration, meeti ngs, and projects organ ized by the cou nc i l 's  
member associations. 

Along with many of his scientific col leagues, Planck was 
convinced that Germany had been drawn i nto World War I 
by the mach i nations of the B ritish and French, the leaders of 
the Entente Cord iale.  Together with other representatives of 
German culture and science, he signed the " Proclamation of 
the 93,"  a document pub l i shed in German newspapers on 
Oct. 4, 1 9 1 4, and translated i nto 1 0  foreign languages. The 
proclamation rejected the Entente Cordia le's charge that Ger
many was responsible for the outbreak of the war. Shortly af
terward, the procl amation was repub l i shed with the signa
tures of 3,01 6 academ ics. 

Planck, l ike many other scientists, was d isgusted by the Ver
sail les Treaty and demanded its revision. The treaty was one of 
his reasons for joining the German People's Party. 

Many scientists noted that the war was motivated not only 
by politics in the ordinary sense, but also by fear and envy of 
German science and technology: O n ly four weeks after the 
outbreak of the war, for exam ple, on Aug. 28, 1 9 1 4, Great 
Britain authorized its Board of Trade to al low B ritish compa
nies to appropriate German patents. 

Given these circumstances, Planck's close col laborator, Wil
helm Wien, bel ieved that " peacefu l rel ations between the 
[Ger.man and British] peoples" had been irreparably destroyed 
by these events. Wi en issued an appeal to German physicists 
to break off relations with British scientific journals, except to 
answer personal attacks on German scientists. " British physi
cists claim German d iscoveries for themselves, mix  up truth 
and l ies, and argue in bad faith," Wien said, asserting that Ger
many's worst enemies were in B ritain.  Planck remarked that he 
himself "often felt exactly the same way." 

From abroad, i mmense pressure was put on German scien
tists to withd raw the " Proclamat ion of the 9 3 , "  i nc lud ing  
threats to suspend resumption of  i nternational scientific rela
tions u nti l  the statement was revoked. 
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But when the war had ended, physicists l i ke Walter Nernst, 
Planck, Fritz Haber, and Wi lhelm Waldeyer concluded, after 
some d iscussion, that i n  l ight of the cruel Versa i l les peace 
treaty imposed on Germany, there was no need for any further 
concessions. Planck wrote, "As thi ngs stand, I think it would 
be tota l ly  u nproductive, from the point of view of personal 
moral ity as wel l  as from a practical standpoi nt, to draw back 
from the 'Proclamation of the 93' addressed to the civi l ized 
world in any form." 

None other than Hendrik Antoon Lorentz pressured Planck, 
again and again, to renounce the "Proclamation of the 93" in  
the interest of  peace. He even had a statement pri nted for 
Planck to sign. In a memorial address on Lorentz, Planck later 
charged that the World War I victors " in itiated an unnatural in
volvement of science in pol itics, with no material justification." 

The International Research Counci l 's sanctions had the ef
fect of excluding German and Austrian scientists from more 
than three-quarters of a l l  international scientific congresses. 
Only after the treaty of Locarno was signed in 1 925, and Ger
many was adm itted to the League of Nations, were these sanc
tions reduced. 

Efforts for the Next Generation 
With in the space of a few years in the first decades of the 

century, Planck's younger son was k i l led in the war, and each 
of his twin daughters d ied shortly after giving birth to her first 
chi ld.  Despite these personal traged ies, he never lost his sense 
of responsibi l ity for others, especial ly for the next generation. 
Without Pl anck, h i s  students Otto Hahn, L ise Meitner, and 
Fritz Strassmann wou ld not have ach ieved what they did in  the 
field of nuclear fission. 

After the Swedish Nobel Prize comm ittee received a report 
from the leading theoretical physicists of the European conti
nent-E instein,  Born, Wien, and Sommerfeld-arguing em
phatica l l y  that physics had become a physics of quanta, 
Planck was awarded the Nobel Prize in  physics in  1 9 1 9. 

After World War I, Max Planck-then 60 years old-headed 
the Prussian Academy of Sciences and worked hard to rebu i ld 
Germany's scientific institutions. Together with former Pruss
ian culture min ister Friedrich Schmitt-Ott and Professors Fritz 
Haber and Adolf  von Harnack, Planck organized the Wis
senschaftl iche Notgemei nschaft (Scientific Emergency Com
mittee), which u n ited German scientists of a l l  pol itical col
orations and specia l izations to raise the necessary funds to 
continue their work. 

Although he formal ly retired in 1 926, Planck continued his 
work as editor of the Annalen der Physik and cofounded the 
Deutsches Museum of Science and Technology in Munich. 

Then, i n  1 927,  the most famous Solvay conference took 
place. N iels Bohr and h is  Copenhagen school knocked down 
every attempt to pursue the fu l l  impl ications of the quantum 
theory and forced a standoff. Planck, Heisenberg, and Born 
were' the only German physicists invited. After this conference, 
no one but the small group around Planck continued to try to 
solve the quantum paradox. 

P lanck's successor at the Pruss ian Academy of Sciences 
was Erwin Schrod inger, whose appointment was greeted with 
optimism by the other Berl in  physicists, a l l  of whom vehe
mently opposed proba b i l ity theory. Schrodi nger wrote to 
Planck, " In  l ight of emerging new aspects, I bel ieve that we 

28 Summer 1 995 21st CENTURY 

are obl igated to renew this battle with the same amount of se
riousness as before. "  

The coming years, however, would put a n  e n d  to this opti
mism. 

The Garden of Science Wilts 
The emergency comm ittee's financial resou rces were hard 

hit by the economic crises in Wei mar Germany. Extremism 
and antisemitism spread among scientific admin i strators. Po
sit ions were exc l u sively g iven to "Aryan "  scient ists, even 
though Jewish scientists were often better qual i fied. An anti
science mood spread among the publ ic, b laming science and 
technology for the growing u nemployment and a l leged over
production. 

Various charlatans took advantage of the increasing d isori
entation in  the real m  of science. J ust as Planck had anticipat
ed, even theologians used Heisenberg's uncertai nty principle 
as a proof for i ndeterm in ism.  In the early 1 930s, for example, 
Pascual Jordan attempted to justify h is theory of "vital ism" 
and to prove the existence of extrasensory perception using a 
principle of noncausal ity that he based on quantum physics. 
Jordan also used physics to try to bolster Freud's psychoana
lytic theory, whi le the physicist Wolfgang Pau l i  tried to do 
the same for Carl Ju ng's psychology. Later Jordan joi ned the 
Nazi Party. 

Planck tried to defuse the general misconceptions in physics 
by tou ring Germany to del iver an urgent series of publ ic lec
tures. He predicted "fatefu l consequences" if physicists fai led 
to solve the problem of causal ity. He lectured on the value of 
science and its relationship to rel igion. 

But the most omi nous devel opment for the work of the 
Berl in  scientists began after the Nazis were placed in power in 
1 933 .  Scientific leaders l ike Erwin Schrodinger were forced to 
leave the country; others left in protest. Max Planck considered 
reti rement from his positions, but h is  sense of duty to his stu
dents prevai led.  When Heisenberg wanted to leave the coun
try because of the Nazis' incessant attacks on "Jewish" quan
tum physics, P lanck  to l d  h i m  that s u c h  a gestu re wou l d  
accompl ish noth ing and that h e  wou ld render much more ser
vice to science if he stayed in Germany and d irected the gifted 
young students who would be indispensable for the future of 
science. Heisenberg stayed. 

In 1 93 3 ,  Planck met with H itler, hoping to convince h im 
that the e m i grati on of Jews wou l d  ru in  German science. 
Shocked by the fanaticism of the Nazis, he declared that it  was 
impossible to talk  with H itler: 

When I remarked that it was a self-muti lation to force 
val uable Jews to emigrate, s i nce we bad ly  needed their 
scientific work, which otherwise wou ld only benefit oth
er countries, he did not answer, but lau nched into gener
al ities. F inal ly he ended with : "Some say that I suffer oc
casional ly  from weakness of nerves. That is a slander. I 
have nerves l i ke stee l . "  Whi le  saying this, he punched 
his knee, tal ked faster and faster, and worked h i mself in
to such a rage that there was noth i ng more to do but  
leave in  si lence. 

After many Jewish scientists had fled, the garden of mathe
matical physics in Germany became a wasteland. Planck and 



The Nazi regime tried to break Planck's spirit and his influence. At the end of the war, the regime executed his son, Erwin, as a 
co-conspirator in the attempt to kill Hitler. The news of his son's death nearly killed the 87-year-old Planck, but he continued 
fighting for truth, giving lectures until his death at age 89. At left, Erwin Planck at his "trial"; at right, Max Planck in 7 935. 

Heisenberg put out the watchword : "Stay in Germany, keep 
up the work, preserve and rescue." But in the fol lowing years, 
it became more and more d ifficult to tel l  the truth. 

The Kaiser Wi lhelm Gesel l schaft, of which Planck was the 
pres ident, was accused of a lways having p u rs ued "Jewish 
physics," spearheaded by Ei nste in and h is  relativity theory. In 
the Nazi newspaper Volkischer Beobachter Planck was at
tacked for h is  "wicked" infl uence on German science. The 
Physikalische Zeitschrift, a physics news bul let in,  wrote that 
Planck had gained fame and recognition for h is  formula  only 
through the intrigues of "Ei nstein's c l ique," and that his  formu
la was only an "elementary mathematical accessory" to the 
measurement of the "origi nal groundbreaking physical d iscov
ery" it reflected . 

Shortly before the end of P lanck's term as president of the 
Kaiser Wi lhe lm Gesel lschaft, in May 1 938,  the Kaiser Wi l 
helm I nstitute for Physics was founded. Planck stressed : "The 
future devel opment of phys ica l  sc ience in Germany w i l l  
greatly depend o n  whether we succeed in  fi na l ly  giving l i fe to 
a fi rst-rate modern phys ics i n st itute, w h i c h  we pa infu l l y 
lacked in Germany." 

In  the same year, Planck's 80th birthday was observed with 
a grand celebration, at which the Max Planck award was given 
to the French physicist Lou is  de Brogl ie. Planck warned on that 
occasion, "May a good fate bring Germany and France togeth
er, before it is too late for Europe." 

Toward the end of his l i fe, Planck joi ned the anti-Nazi Resis
tance in  his own way. As a faithful Christian, he had been an 
elder of his parish in Grunewald, a suburb of Berl in,  s i nce 

1 920. In  h is  speeches, he declared again and again that true 
science presupposes bel ief in someth ing h igher than science: 

Might such a deeper conception of science be the founda
tion for an outlook useful in l ife? The surest answer to this 
question wi l l  be rendered by a look at the men in h istory 
who adopted th is  outlook, and who i ndeed benefitted 
from it. Among the many scientists whom science helped 
to bear earthly hardships, we recal l . . .  fi rst of a l l  . . .  Jo
hannes Kepler. Viewed from the outside, he l ived amidst 
wretched conditions, heavy disappoi ntments, bitter want 
of food, and constant pressure for h i s  l ivel i hood . . . .  
What carried h i m  through a l l  th is, and enabled h i m  to 
work, was science: not the data o

'
f astronomical observa

tions as such, but his  belief in the prevalence of rational 
laws in  the universe. This i s  seen most clearly through a 
comparison with h is  employer Tycho Brahe. The latter had 
the same scientific knowledge, the same observational da
ta, but he lacked the bel ief i n  great and eternal laws. Thus 
Tycho Brahe remained one among many scientists of mer
it, but Kepler became the founder of modern astronomy. 

In  his many lectures and writi ngs, Planck again and again 
cited Lei bniz and h i s  Theodicy, pointing to the principle of 
least action as the most comprehensive of a l l  scientific princi
ples and one that provided proof of a reasonable world order: 

It is the never-ending, never-retreating battle against skep
ticism and dogmatism, d isbel ief and superstition, which is 
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joi ntly waged by rel igion and science, and the guiding 
watchword i n  th is battle has a lways been and wil l  be 
throughout the future: "On to God ! "  

In  the fol lowing years, i t  was tantamount to a felony even to 
mention the names of lead ing Jewish scientists l i ke Einstein or 
refer to relativity theory. U nder these circumstances, a speech 
Planck gave to Nazi Party cadres in the Foreign Office in 1 943 
or 1 944 is exceptional .  The Swedish journal ist Gunnar Pihl ,  
who was present, reported : 

Planck presented his convictions about existence: calm, 
modest, wise. . . . He mentioned the Jew Einstein as a 
lead i ng and pioneering personal ity in the realm o( our 
ideas; his view, reached far beyond primitive prej udices 
and fanaticism, without any regard for where he was giving 
the speech. In  his soft voice . . .  he pleaded for a vision of 
the sanctity of l ife and a world of justice . . . .  This small 
man in the black suit . . .  was too great to be affected by 
any attempts of the Nazis to alter the u niverse . . . .  It was 
as if a solemn celebration or a sermon were taking place. A 
forceful antithesis to the prevai l ing spirit of the place . . . .  

The Nazi regime continued its efforts to break Planck's per
sonal ity and his power, which had consoled and inspired so 
many. If they did not dare to touch h im directly, .they found 
their revenge at the very end of World War I I  by taking away 
what he loved most of anythi ng that remained to h im:  his son. 
Father and son were very close to each other and they both ' 
participated in the Wednesday Society for scientific discussion, 
w,hich was a meeting place for the 2 0th of J u l y  resistance 
movement against the Nazis. At the end of 1 944, Erwin Planck 
arid his longtime friend, Ernst von Harnack-the son of the 
fou nder of the Kaiser Wilhelm Gesellschaft-were convicted 
as co-conspirators in the attempt to k i l l  H itler and were sen
tEmced to death. The Nazis executed Erwin Planck on Feb. 23,  
1 945.  The news nearly ki l led his 87-year-old father. 

Nevertheless, Planck continued his activities at many uni
versities. He traveled to his last lecture dur ing the middle of 
winter in an u nheated rai l  car, suffering from a highly painful 
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"Being 89 years old, I cannot be scientifical
ly productive; what is left to me is to follow 
the progress made possible among others by 
my work, and, by repeating my lectures from 
time to time, to help those striving for truth 
and discovery, especial ly the young people." 

ossified spine. Asked why he was burden ing h imself so much, 
he repl ied : 

Being 89 years old, I cannot be scientifical ly productive; 
what is left to me is to follow the progress made possible 
among others by my work, and, by repeating my lectures 
from time to time, to' help those striving for truth and dis
covery, especial ly the young people. 

Max Planck died on Oct. 4, 1 947. His l ife stands as an im
pressive reminder of our responsibi l ity to study our scientific 
precursors, to pass on their knowledge and wisdom to the next 
generation, and to i mplant new ideas in this soi l .  Planck l ived 
in faithfulness to a great precept of Leibniz: " Heed what you 
do; declare why you are doing it, for time flies." 

Caroline Hartmann works with the Schiller Institute in 
Wiesbaden, Germany. Her article was translated from the 
German by her husband, Alexander Hartmann. It apeared 
originally in the German-language magazine Fusion, July
Aug.-Sept. 1 994. 
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Hubble's Quasar Images 
A MOMENT OF TRUTH 

by David Cherry 

According to the standard theory held for the past 30 years, the quasar phenomenon results from the infall of a galaxy's matter 
onto a black hole at the galactic center. Here, a Hubble Space Telescope image of quasar PKS 2349 from a study by John Bah
call of the Institute for Advanced Study. Surprise: There is no surrounding galaxy. 
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Quasar observations from the Space Telescope 
were instantly fatal to the accepted theory of 

quasars, but they support the theories of Victor 
Ambartsumian and Halton Arp. 

T
he Hubble Space Telescope has been trained on 1 4  of 
the brightest q uasars, with the result that the standard 
model of the quasar for the past 30 years is now deci

sively overturned. 
Quasars are the stars that are not any kind of stllr at a l l .  Ac

cording to the traditional story, Al lan Sandage, in 1 963, was 
the first astronomer to bag a quasar and nobody knew what it 
was. Its spectrum, taken repeatedly, was indecipherable. Even
tually, h is Caltech col league Maarten Schmidt, agonizing over 
another quasar's indecipherable spectrum, real ized that the fa
mi l iar pattern of certain hydrogen l i nes was present, although 
greatly shifted toward the red. 

Actual ly it was Fritz Zwicky, also at Caltech, who first no
ticed quasars, and some of their h igh redsh ifts had a l ready 
been identified when Sandage announced his find.1 

When in itial excitement over the work of Sandage, Zwicky, 
and Schmidt had subsided, it was clear that a new class of ob
jects had been identified, objects with h igh redsh ifts, nonther
mal emission, and more ultraviolet in the i r  l ight than any stars 
have. Additional ly, u n l i ke most stars, the energetic output of 

Courtesy of the Institute for Advanced Studyl© 1 990 by Randall Hagadorn 

John Bahcall: Most of the 14 quasars in his Space Telescope 
study had no surrounding galaxy. "We were shocked . . . .  It's 
in nobody's theory, " he said. 
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these objects was u nstable. It coul d  increase or decrease in 
just a few days--or in a month or a year. And quasars might, 
or might not, emit radiowaves and X-rays. 

The Standard Model 
What sense could be made of these characteristics? The red

sh ifts could only mean that q uasars were speeding away from 
us as part of the universal expansion or, at least, almost every
body agreed to say so. Such h igh redshifts-under this inter
pretation-also meant that the q uasars m ust be exceedi ngly 
distant. Despite such distances, however, the q uasars were of
ten very bright. Their i ntrinsic brightnesses (energies) wou ld 
therefore have to be incred ibly great. 

Some bright quasars' rapid variab i l ity, however, was the 
basis for conc lud ing that the tremendous energies must be 
pouring out of objects of relatively tiny physical d i mensions. 
The argument for th is is  that an object, as a whole, cannot 
vary its output faster than the time req u i red for an internal 
change to comm u n icate itsel f  th roughout at the speed of 
l ight. The argument, based on textbook (Gal i lean) physics, 
was and is  genera l ly believed (although false) and shaped the 
discussion of q uasars.2 

Quasars had to be emitting 1 0  to 1 00 times the energy of an 
entire galaxy l i ke the Mi lky Way, but-according to textbook 
physics-it had to emerge from a region only a mi l l ionth of the 
diameter of our galaxy (not more than 0 . 1  l ight-year). For some 
quasars, according to th is calculation, it was not clear how so 
much energy could escape from so smal l an object without 
blowing it apart. 

H ow cou ld such great energies be produced in the fi rst 
place? Stars are general ly  bel ieved to be powered by nuclear 
fusion, but fusion is  not efficient enough to explain the quasar 
phenomenon.  The s i m p l est model  was to su ppose that 
quasars were outpourings of energy resu lting from the i nfal l  
of galactic materia l  onto a black hole at the galaxy'S center. 
Although black holes-those theoretical constructHo not 
a l low any l ight to escape, the i nfal l  itself wou ld  cause intense 
em ission of l ight at a safe enough d istance from the black 
hole's threshold .  

The black hole  model had the advantage that it solved (at 
least i n  the sense of a mathematical sol ution in textbook 
physics) the problem of intense energy emission from a smal l 
object. 

But where was the galaxy of which the quasar was the puta
tive nucleus? Wisps of matter could be detected around some 
quasars and so it was concl uded that a l l  were at the center of 
galaxies, but that the bri l l iance of the quasar simply obscured 
the galaxy by wash ing it out. No other mechanism for such 
prod ig ious ene rgy p roduction cou l d  be fou n d  with in  the 
bounds of Einstein ian physics. 



The standard model of the quasar thus emerged with very 
serious problems relegated to a l arge q uantity of very fine 
print. There was a reluctance to take the salutary step of admit
ting ignorance. Science suffered as astronomers bought in to 
the only game in town. 

Years l ater, another ser ious problem with the energy
producing mechanism crysta l l ized. Quasar specia l i st Daniel 
Weedman wrote i n  1 988:  " [N]one of the black hole models 
can make sufficient pred ictions to lead to true observational 
tests. In fact, the primary observations that led to the black
hole model in the first place turn out to be i nconsistent with 
its theoret ical pred ictions.") This  remarkable defect didn't 
seem to damage the model's popu larity, however. 

The Hubble Observations 
In 1 994-three decades after the character of quasars was 

seem ingly settled for good-John Bahcal l  of the Institute for 
Advanced Study at Pri nceton and his col leagues4 took advan
tage of the Hubble Space Telescope's long-awaited capabi l i 
ties to get a closer look at 1 4  quasars. I n  January 1 995 at a 
meeting of the American Astronomical Society in Tucson, Bah
cal l  told a news conference what they had found. 

He announced that 1 1  of the 1 4  quasars had no surrounding 
galaxy and only 3 showed host galaxies of moderate bright
ness. One of the 1 1  had faint, wispy material near it, proving 
that if there were any faint matter near the quasar, it would 
have been detected by the H ubble. 

"We were shocked to see them," Bahcall said of the "naked" 
quasars. "It's in nobody's theory . . . .  All I can say is, 'Who or
dered them?' " Co-investigator Donald Schneider commented, 
"This is the most enigmatic data I have ever analyzed." Bahcall 
added, "This is  a giant leap backwards in our understanding of 
quasars . . . .  "5 

In Nobody's Theory? 
Surely John Bahcal l  knows whose theory has for years con

sidered quasars as the precu rsors of galaxies, thus predicting 
the existence of some quasars with, and some without, a sur
rounding galaxy. Bahcal l  chaired the 1 989- 1 991 Astronomy 
and Astrophysics Survey Comm ittee of the National Research 
Counci l ,  which was appoi nted to chart the future of the field. It 
wou ld mean a substantial gap in his knowledge if he did not 
know. Let us see who his "nobody" is. 

Even before quasars had been identified, Victor Ambartsum
ian, founder and fi rst d irector of the Byurakan Astrophysical 
Observatory in Armenia and a member of the Soviet Academy 
of Sciences, had developed a theory of types of activity i n  
galactic nuclei .  Accord ing to Ambartsumian's theory, explo
sive ejections of "prestel lar" matter from the nuclei were the 
seeds from which new galaxies formed. 

Ambartsumian's theory was most unwelcome to the main
stream of academic astronomy i n  that he rejected the prevai l
ing concept that gravitational condensation and col lapse is the 
general rule in the un iverse. Instead he began his theoretical 
work in the 1 930s and 1 940s by noting that the processes we 
observe are diffusion, explosion, and ejection. The general d i
rection of astrophysical evolution, he argued, runs from dense 
states to d iffuse ones.6 

Ambartsum ian's work was hardly obscure. After an address 
on the evolution of galaxies at the 1 958 physics conference of 

Courtesy of Prot. Vahagn Gurzadian 

"In nobody's theory"? Armenian astrophysicist Victor Ambart
sum ian wrote in 1 969 that explosions in the nuclei of galax
ies eject quasars that do not have surrounding galaxies, but 
from which galaxies eventually form. Here, Ambartsumian in 
Moscow in 1 990. 

the famed Solvay Institute in Brussels and an invited discourse 
on problems of extragalactic research at the General Assembly 
of the International Astronomical Un ion in Berkeley in 1 96 1 , 
Ambartsumian served as the president of the latter association 
from 1 96 1  to 1 964. 

Today it is sti l l  true that what we observe are diffusion, ex
plosion, and ejection. In 1 988, astronomers wish ing to observe 
the process of gravitational condensation in the bi rth of stars 
had to report that 

not a single object in the actual act of stel lar formation has 
been conclusively identified . . . .  The unambiguous identi
fication of such a protostel lar object is . . .  crucial .  . . .  It is 
a vital test of our present theoretical conceptions. It re
quires the direct detection of i nfa l l  motions . . . .  During 
the last decade or so extensive m i l l imeter-wave molecular 
l i ne observations of protostel lar candidates have been 
made . . . .  However, these studies have produced the un
expected result that most embedded i nfrared objects are 
sources of energetic outflow of molecular gas rather than 
infal l .  Convincing evidence for infall motions around in
frared protostars has so far el uded detection? 

Ambartsumian on Quasars 
With the d i scovery of q uasars, Ambartsumian made the 

case that they were one of the kinds of explosive ejecta that 
evolved i nto new galaxies. Problems of Modern Cosmogony 
( 1 969), written by Ambartsumian and his students, states : 

F inal ly, to the forms of activity of [galactic] nuclei already 
mentioned must be added explosions, which lead to the 
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formation of quasars. In scale and magnitude these explo
sions exceed a l l  other forms of nuclear activity and indi
cate the formation of a new galaxy, even of a galaxy cl us� 
ter or of a group of galaxies.8 

As the ejecta of galactic nuclei, quasars would not in itially 
be surrounded by a galaxy, which would develop later. What 
Bahcal l  and col leagues reported in January-some quasars 
surrounded by a galaxy and some not-is predicted by Am
bartsumian's theory. The finding by itself does not, of course, 
prove the theory. 

Ambartsumian's theory, however, was just the beginn ing. 
After the close of the 1 960s, Ambartsumian did not elaborate 
further h is  theory of the activity of galactic nuclei .  I n  early 
1 966, the American astronomer Halton Arp, then on the staff 
of Palomar Observatory in Cal ifornia, independently reached 
the hypothesis that luminous bodies, includ ing quasars, were' 
ejected by galactic nuclei and represented the kernels of new 
galaxies. The idea emerged from studying images i n  the Atlas 
of Peculiar Galaxies, which he had just f inished compi l i ng. 
Later Arp d iscovered Ambartsumian's work.9 

Arp asked, where do we see quasars in the big picture? If 
quasars are always at the distances indicated by their redshifts, 
then they should be coricentrated i n' those parts of the sky 
wh,ere distant galaxy clusters are found. They were not. He al
so asked, if quasars are always at their redshift distances, then, 
on average, fainter quasars shou ld have greater redshifts-that 
is, they shou ld form a l inear or near-l inear H ubble d iagram as 
galaxies do. But a plot of quasars in terms of brightness versus 

redshift forms a blob. 
Conclusion: Redshift is  not a rel iable indicator of distance 

for quasars, which must therefore acquire some variable part 
of thei r  redsh ift from a property that is not d istance-related. 
Further conclusion: Without the hindrance of redshift as an er
roneous measure of distance, the contradiction of impossib ly 
great energy emerging from too smal l  a body can be resolved 
by "bringing the quasars in ."  (Again,  the physics of the contra
d iction was only apparent, but was accepted as real by both 
Arp and his opponents.) If quasars are not so d i stant, their in
trinsic brightnesses are less stupendous. 

But if quasars are nearer, where do they fit i nto the picture? 
If quasars were ejected from galactic n uclei ,  they shou ld be 
found in greater n umbers immediately around galaxies. The 
quasars bright enough to be readi ly detected should be most
ly concentrated around the nearest galaxies. Were they? I n  a 
bitter, 20-year fight, Arp showed that they were. 

This success came in several steps. l 0  F i rst it was conceded 
that there was an apparent excess of bright quasars around 
nearby galaxies, but this was explained away as the result of 
gravitational lensing of background quasars by faint stars in  
the spherical halos around the galaxies :  The q uasars' l ight 
wou ld be made. br.i g hter by th i s  gravitat iona l  �ffect (m i 
cro

'
lensing), .witlio�t the  effect being so  strong as to  create 

double images of tlie quasars. The phenomenon wou ld affect 
the counts of bright quasars by bringing fainter ones i nto the 

. bright category. 
Then some d i l igent astronomers (with no sympathy for Arp's 

views) sought a rigorous test of the adequacy of observed 

Halton Arp, Quasars, Redshifts, and Controversies 

quasar counts to pro
d u ce by m i c ro l e n s i n g  
the necessary excess of 
apparently bright quasars 
aro u nd ga l a x i es .  They 
showed that to produce 
the effect, there had to 
be a ra p id i n c rease i n  
q u as a r  c o u nts a s  o n e  
went to fainter apparent 
m a g n i tudes .  But  they 
found that there was no 
such rapid i ncrease. 

A new attempt con
f i  rmed t h e  excess of 
q uasars around galaxies 
at "more than the 99.99 
percent confidence lev
e l ,"  but resu rrected the 
m i cro l e n s i n g  thes i s  by 
i nvok i ng dark matter in 
the s p h e r i c a l  h a l os 
around galaxies-hypo
thetical matter that does 
not radiate enough to be 
seen, but can be known 
by its grav i tat iona l  ef
fects. 

The disturbed galaxy M82 provides evidence that quasars are ejected from galactic nuclei. Four 
quasars found near M82 are circled here, along with a radio source (the donut). Their placement 
suggests they have all been ejected from the asymmetrical notch in the galaxy. 

Aga i n ,  t h i s  exp l a n a
tion was tackled by as
tronomers u nsympathet-
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Ambartsumian with students of astrophysics at Yerevan University in 1 96 1 .  Ambartsumian, trained at Leningrad University, 
was the founder and first director of the Byurakan Astrophysical Observatory, not far from Yerevan, Armenia. 

ic to Arp's hypothesis, but having detai led knowledge of the 
dynamical (gravitational) behavior of galaxies. They concluded 
that the required dark matter " is  m uch too close to the lumi
nous parts of the galaxies to be consistent with other dynami
cal mass measurements." In other words, if  the dark matter 
were there, it would have a gravitational effect on the visible 
matter-an effect that is not observed. 

"Within a conventional understanding of galactic systems 
we can find no model to explain the large enhancement" in 
numbers of quasars around galaxies, these astronomers con
cluded. 

Despite this success of Arp's hypothesis, it continued to be 
evaded on another front. Astronomers pointed out that "fuzz" 
could be seen around some q uasars; on that basis it was ar
gued that a l l  would be seen to be the nuclei of galaxies when 
a powerfu l enough telescope was avai lable. (Moreover, it was 
said, s i nce a l l  q uasars are the nuclei  of galaxies, and s ince 
galaxies are at their redshift d istances-which is not entirely 
true-quasars also m ust be so.) 

The leap from the fuzz to presumed host galaxies was insist
ed upon even though Arp pointed out that the dimensions of 
the fuzz in some cases were much larger than those of normal 
galaxies (under conventional assumptions about the quasars' 
distances). He also pointed out that there was no spectroscopic 
evidence for the existence of stars in the fuzz. One would ex
pect a galaxy to have stars." 

Later it became genera l ly  accepted that al l  galaxies were 
formed during a single phase of the B ig Bang expansion. This 
put the idea of ejected q uasars evolving i nto galaxies-and 
continu ing to do so today-:-at odds with the almost un iversal
ly accepted Big Bang theory. 1 2 

The state of affairs today, in sum, is that ( 1 ) there is a strong 
argu ment that quasars are not always at the i r  redshift d is
tances; (2) it is  clear that there are more quasars i mmediately 
around galaxies than should be there by chance; and (3) Bah
cal l 's study-showing some quasars to be nuclei of galaxies 
and some "naked"-is consistent with the concept of quasars 
as the ejected seeds of galaxies that later settle in as the nuclei 
of those galaxies. 

A Moment of Truth 
It is ungenerous for a scientist to deny the work of a col

league or predecessor.1 3 Unfortunately, the practice is wide
spread in science today, and there is a long and hoary trad ition 
of such ungraciousness running back to Newton and Gal i leo. 
But often more is involved than mere self-promotion. There is 
the more serious matter of the process of scientific discovery 
being aborted through excessive self-assurance. 

To understand th is, take the example at hand. Ambartsum
ian and Arp develop a highly original theory of the behavior 
of galactic nuclei that includes certain  predictions concern ing 
quasars. The theory arises from the use of an unfash ionable 
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Earl Fisher 

American astronomer Halton Arp independently concluded 
that quasars are ejected from the nuclei of galaxies and in 
the 1 970s and 1 980s showed-as one might then expect
that there are more quasars in the sky immediately around 
galaxies than elsewhere. The most recent counterargument
that this excess was only an illusion produced by the gravita
tional microlensing of background quasars-has not with
stood close examination. Arp 's 1 972 debate with Bahcall, 
published as The Redshift Debate, is still provocative reading 
today. 

method, one that gives priority to astronomical observation 
and to ideas suggested by observation, and does not give pri
ority to Einste in ian theory or the l i mits of Earth-bound physics 
results. Method and theory a l i ke are unacceptable to leaders 
of the field. 

A key pred iction of the theory, however, proves correct. 
What to do? The tried and true remedy is to weave the unden i
able fact into the preferred theory that did not predict it, whi le 
ignoring the theory that did predict it .  (I ndeed, in  this case, 
Bahcal l  seems to be considering the idea that quasars are the 
seeds of galaxies that somehow suddenly emerge in their great 
compactness from the primordial gas of the early Big Bang ex
pansion . )  Repeated appl ications of th is patchwork remedy, 
however, have a profoundly deadening effect on the mi nds of 
those who submit to it. 

Ambartsumian's friend, the late Jan Oort, d irector of the Ley
den Observatory, who never subscribed to either Ambartsum
ian's method or theory, nevertheless said, "I have ceased to be 
su rprised at how al l of Ambartsumian's hypotheses, which he 
prophetical ly put forward many years ago, are confirmed one 
after another." 14  

Isn't it t ime to ask why th is  is happeni ng? 
David Cherry is an associate editor of 2 1  st Century Science 

& Technology. 

Notes -------------------------
1 .  Dennis Overbye, Lonely Hearts of the Cosmos-The Scientific Quest for the 

Secret of the Universe (New York: Harper Collins, 1 991) ,  pp. 79-82}. 
2. It is actually false because we cannot assume that quasars' variations are 

controlled by a means that has anything to do with the speed of light, nor 
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that we know the upper limit of the speed of light under the internal cond� 
tions of quasars. 

3. For details, see Daniel Weedman, 1 988, "Quasars: A Progress Report," 
MercUly (Jan.-Feb.}, pp. 1 2-17. 

4. Donald Schneider, Pennsylvania State University, and Sofia Kirhakos, In
stitute for Advanced Study at Princeton. 

5. "A Galactic 'Smoking Gun' " by Kathy Sawyer, The Washington Post, Jan. 
1 3, 1 995, p. 2, and Space Telescope Science Institute press release 95-
04. The press release says "no current models predict. . .  ." 

6. For an overview of Ambartsumian's work on the origin of stars, see Ludwig 
V. Mirzoyan, 'The Origin and Evolution of Stars: An Observational Ap
proach," 21st Century, Winter 1 99 1 ,  pp. 43-51 .  For his work on stars and 
on galaxies, see "The Problem of Protostellar Matter" by the same author, 
21st Century, Fall 1 994, pp. 68-74. 

There is, however, no substitute for reading Ambartsumian's papers 
themselves. A significant number are in English, as seen in the references 
to these 21st Century articles. He is no advocate of Big Bang or Steady 
State cosmology, both of them being essentially mathematical elabora
tions of General Relativity, and to his mind, insufficiently ground.ed in the 
observations. 

7. From a conspectus of the tasks and the technology of the now completed 
Heinrich Hertz Submillimeter Telescope on Mt. Graham, Arizona, issued in 
early 1 988, Sec. 2.3. 1 .  In Sept. 1 993, astronomer John Bieging of the 
Hertz telescope confirmed to the author that the state of affairs had not 
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Richard N. Thomas and his colleagues concur: "Unfortunately for such 
conjectures, mass-infall models do not well represent the strong and 
variable H-a emission profiles characterizing [T Taurij stars. . . . [T]he 
authors of Chapter 4 of this Volume 7 [Lawrence E. Cram and Leonard 
V. Kuhij . . .  conclude that the observations are best represented by a 
mass outflow . . . .  Based on my own efforts at modeling T Tauri atmos
pheres, I accord." T Tauri stars are believed to be stars still in the 
process of formation. The quotation is from Thomas's "Perspective" that 
opens FGK Stars and T Tauri Stars (Volume 7 in the NASA-CNRS 
Monograph Seri'es on Nonthermal Phenomena in Stellar Atmospheres, 
edited by Lawrence E. Cram and Leonard V. Kuhi, NASA SP-502, 1 989). 

8. This work is available in RUSSian, German, and French. The passage 
quoted here, translated by this author from the 2nd German edition of 
1 976 (Probleme der modemen Kosmogonie), appears there in Sec. 2.3, 
p. 1 1 5. 

Much of Ambartsumian's argument in this section is stated or strongly 
foreshadowed in his English-language publication "On the Nuclei of Galax
ies and their Activity," in Proceedings of the 13th Conference on Physics of 
the Solvay Institute, Brussels, Sept. 1 964 (New York: Wiley Interscience, 
1 965). 

9. Halton Arp, 1 987. Quasars, Redshifts and Controversies (Berkeley, Calif.: 
Interstellar Media), pp, 7-16, 1 34-135. 

1 0. The microlensing story that follows here is told in more detail, and with 
references, in "Why Are There More Quasars Around Nearby Galaxies?" 
by David Cherry, 21st Century, Fall 1 991 , pp. 78-82. The article also re
ports a new class of positive evidence developed by Arp. 

1 1 .  Arp summarizes these and other observational arguments against the om
nipresence of host galaxies--arguments that were available long before 
the new Hubble study-in "Naked Quasars," Mercury (Journal of the As
tronomical Society of the Pacific), March-April 1 995, p. 35. 

1 2. Donald Hamilton, 1 985. 'The Spectral Evolution of Galaxies. I .  An Obser-. 
vational Approach," Astrophysical Joumal, Vol. 297, pp. 371 -389. 

1 3. For Bahcall not to know the Ambartsumian-Arp theory, he would have had 
to miss not only numerous papers of Ambartsumian and Arp, but a sizable 
number of articles--especially by opponents of the theory who addressed 
the microlensing of quasars near bright galaxies-appearing in the Astro
physical Joumal, Astronomy and Astrophysics, and Nature throughout the 
1 980s and into the 1 990s. (See note 1 0  above for references.) But Bahcall 
has studied microlensing and read a paper on it at the January 1 995 meet
ing of the American Astronomical Society in Tucson. 

Bahcall would also have had to close his eyes to Arp's book, Quasars, 
Redshifts and Controversies (note 9 above), read by many an astronomer 
under the bedcovers by flashlight; the quasar chapter of an important re
cent Russian-American collaboration, Astrophysics on the Threshold of the 
21st Century, edited by N.S.  Kardashev (Philadelphia: Gordon and 
Breach, 1 992); and numerous other books and articles. 

Also, two participants in the controversy over the Ambartsumian-Arp 
theory of quasars, Claude Canizares and Wallace Sargent, were members 
of the 1 989-1991 Astronomy and Astrophysics Survey Committee of the 
National Research Council, which Bahcall chaired. 

Finally, he would even have to have forgotten his own debate with Arp 
on Dec. 30, 1 972, at the meeting of the American Association for the Ad
vancement of Science in Washington, D.C.,  published in The Redshift 
Debate, edited by George Field (Reading, Mass.: WA Benjamin, 1 973). 

1 4. Quoted on the flyleaf of a Russian-language biography, Victor Ambartsum
ian, by Ludwig V. Mirzoyan (Yerevan, Armenia: Aiastan, 1 985). 



FROM HOT TO COLD FUSION 

A Look at the Life of 
Yoshiaka Arata 

japanese cold fusion scientist 
Yoshiaka Arata has pioneered new 
technologies since the 1 950s, when 
he was the the first japanese 
scientist to work on controlled 
thermonuclear fusion. 

by Carol White 

Y
osh iaki Arata's research has spanned the 40-year period 
of postwar nuclear research in japan. The story of his 
ach ievements in  the broader f ield of plasma engi neer

ing, which he created, proves the stupid ity of using a cost-ac
countant mentality to evaluate the success of fundamental re
search work. 

Because genuine scientific advances-as opposed to tech
nological elaborations-imply reconsideration of general ly ac
cepted assumptions, not just inventiveness but a certain  tough
mindedness is required of the scientist wi l l i ng to take up the 
cha l lenge of a genu i nely fu ndamental  d iscovery. In the s ix 
years since the Fleischmann-Pons d iscovery, not only has the 
cold fusion experiment proven to be d ifficult to repl icate and 
hard to understand, but those hardy sou ls  who have been wi l l 
ing to pursue the cold fusion gen ie  have been subject to extra
ordinary abuse. Even i n  japan this has been the case, although 
to a lesser degree than in the U nited States or Europe. 

Despite the fact t h at as e m i n e n t  a s c i e n t i st as j u l i a n  
Schwinger resigned from t h e  American Physical Society i n  
disgust a t  the attitude o f  h is peers, despite the credentials of 
Fleischmann h imself (a Fel low of the Royal Society) and of 
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.. Yoshiaka Arata was the first Japanese scientist to carry out 
experiments in controlled thermonuclear fusion. This photo 
of Arata checking his ultra-high-voltage electric discharge ap
paratus after its first successful fusion test appeared in Japan
ese newspapers Feb. 12, 1 958. 

numbers of other scientists in the field, calumn iators present 
cold fusion as though it were named kook fiction. Therefore 
it is a particular pleasure to report on the work of Dr. Yoshia
ki Arata. 

Arata was one of the earl iest researchers in the field of hot 
fusion-and he is now a recogn ized world leader in the field 
he created, plasma engineering. He received his doctorate in 
engineering from Osaka U n iversity in 1 956, the same year that 
he began studying n uclear fusion reactions. This  work was 
supported by H ideki Yu kawa, who in 1 949 had been awarded 
the Nobel Prize for his work i n  anticipating the discovery of 
mesons and the role that they play with i n  the nucleus. (Even 
before nuclear research in japan was al lowed to resume after 
World War I I ,  Yukawa had worked to create the conditions for 
its resumption.) 
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Outer cathode (Pd) 

Figure 1 
CROSS SECTION OF DOU BLE-STRUCTURED 

CATHODE FOR COLD FUSION 
The double-structured cathode permits deuterium to be 
directly loaded without gasification into finely ground . 
palladium. Its structure is double because it consists of 
a vacuum bottle of palladium metal that is packed with . 
fine palladium powder. With ordinary cathodes, high 
loading ratios depend upon using a high current densi
ty. This is not true of the double-structured cathode, 
and a large cathode size is not a problem. 

The incubation period depends upon the thickness of 
the outer cathode, the volume of the palladium black, 
and the size of its grains. 

Along with his Ch inese collaborator, Professor Vue-Chang 
Zhang, currently a visiting professor at Osaka U niversity, he 
has been studying the Fleischmann-Pons experiment since its 
1 989 announcement. Arata and Zhang have also designed a 
unique experimental apparatus that i nvolves electrolysis in its 
first phase as a way for deuteriu m  to be di rectly loaded with
out gasification i nto finely ground pal lad ium at the cathode. 

They cal l  their configuration a double-structured cathode 
(F igures 1 ,  2 ) .  The hol low cyl i nder is fi l led with very fine 
microcrystals of pal ladium (pal lad ium black) . The density of 
the deuterium is almost that of a l iquid metal .  Deuterium (or 
hydrogen) is released from the electrolyte by electrolysis and 
sucked through the cathode. It is then absorbed by the pallad
ium black, with which it is highly reactive. 

Reactions have continued for as long as 3,000 hou rs, and 
over th is almost two-month period, 50,000 times more heat 
was released than could be accounted for by an exothermic re
lease of heat from chemical reaction energy as a result of load
ing. In fact, this excess energy was about 200 megajoules, of 
which only 4 ki lojoules can have been produced as chemical 
energy from reaction with the 0.1 moles of pal lad ium black. 
The average rate of heat output was between 50 and 1 00 kilo
joules per hour. The rate of excess heat generation was on the 
order of 60 percent. Although the total excess heat was not 
large, it continued even after the power was turned off. This, 
even though the most successful ,  is only the latest in a series of 
experiments that the two scientists have conducted since 1 989. 
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Figure 2 
EXCESS HEAT WITH DOUBLE-

STRUCTURED ELECTRODE 
In this 600-hour cold fusion experiment from january 
and February of 7 993, effective output (Q.)  and elec
tric input (Qin) diverge sharply after an incubation per
iod of 270 hours of electrolysis (A to B). Cell voltage 
(Veell) is also indicated . 

Source: Y. Arata and Y.C. Zhang, Proceedings of the Japanese Academy, Series 
B, Vol. 70, No. 7, pp. 106-111 

The Theory of the Experiment 
Zhang and Arata were guided from the beg inn ing by a be

l ief that m icrodefects in the pal lad ium have an i mportant role 
in the cold fusion reaction by producing zones of extremely 
h igh concentration of deuterium in or near these m icrode
fects. Aro u n d  certa i n  of these c racks (know n  as G ri ffith 
cracks), three-dimensional stress fields would be induced in 
many cases. These should also help to concentrate the deu
teri um. This tendency is well known in the field of welding 
engineering, an area i n  which Arata has great expertise. In  the 
case of steels, for example, the concentration of hydrogen gas 
in such a stress field is about 1 0  times h igher than that in the 
stress-free area. 

Since Arata is a world-renowned expert in plasma and laser 
welding, it was a natural step for him to construct a cathode
in an earlier experiment-by spraying pal ladium onto nickel . 
Not only did this surface have many m icrodefects, but the area 
of the surface layer was greatly enlarged by the irregularities, 
which generated local regions of h igh stress and strain. 

Although they bel ieve surface microdefects are important in 
promoting the loading of deuterium i nto the pal ladium, they 
do not consider that cold fusion is induced only on the skin 
su rface of the meta l .  N onetheless, because the surface wi l l  
tend to have the greater n u m ber of  defects, they natura l ly  
looked to powders in order to maximize the surface-to-volume 
ratio of the pal ladium.  I n  fact, when Arata first heard of the 
Fleischmann-Pons d iscovery, th is was his first thought, even 
though at the time, l i ke many other people, he had what he 
cal l s  "sl ight doubts" about the reported experimental results. 

U n l ike those who either dismissed the experiment out of 
hand or were easi ly discouraged by i nitia l ly  poor results from 
their own experiments, Arata and Zhang began the course of 
experiments that now, after six years, appear to be yield ing 
highly promising results. 
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Electron-beam welds on the superconductive high-frequency cavity for the 33 GeV electron-proton-collider-type accelerator. 

The Experiments 

They began in 1 989 with two separate experiments carried 
out in paral lel,  using two different cathodes. In one, the cath
ode itself  was made of powders, and in the other, palladium 
powders were sprayed in order to produce a surface layer on 
the cathode. Deal ing with the powders i n  this way caused 
many technical problems, so that they never publ ished results 
from these experiments but learned a good deal that led to 
their final design. One lesson was that the smaller the powder 
crystals, the greater the surface area and the greater the possi
ble activation of this surface. 

Arata considered the question of substituting gas-loading in 
place of e lectrolysis .  I n  some ways it i s  easier to manage. 
However, to ach ieve an absorption ratio of hydrogen into pal
ladium of 0.9 is not so easy and for deuterium it is even more 
difficult (Sieverts' law). If sol id pal lad ium is replaced by pow
dered, however, Arata bel ieves the absorption wi l l  occur much 
more quickly and reach a far higher ratio. When the crystals 
are less than 1 0  nanometers i n  size, with a sufficiently high 
pressure of deuteriu m  within the cyl indrical cathode, then the 
powders shou ld absorb deuter ium virtua l ly  instantaneously, 
and achieve a load ing ratio of D/Pd = 1 .  

In  their earlier experiments, Arata and Zhang had used sim
ple electrolysis (with a l ith ium hydroxide electrolyte) without 
the double-structured cathode. Their cathodes were surround
ed by a cyl indrical anode of platinum. 

One of their earl iest concerns was to di rectly measure the 
temperature of the cathode rather than i nferring an i ncrease 

there as the electrolyte became warmer. In these early experi
ments an attempt was made to detect a neutron flux, but this 
was fou nd to be l ittle greater than one neutron per second. 
Different neutron detectors were used, one hel i u m-3 detector, 
and one boron-fluoride detector. A l ow neutron f lux (maxi
mum 420 counts i n  five m i nutes) was repeatedly observed 
from the deuterated cel l s  but not from l ight water cel l s. 

In this experiment, it was observed that a cathode with a 
sprayed layering of pal lad i u m  underwent a large heat emis
sion when the deuterated target was removed from the elec
trolyte and placed in air, as compared to m uch l ess heat from 
an ord inary pal lad ium rod. This was because of oxidation of 
the deuterium, but the i nterest l ies in the fact that that absorp
tion was obviously so much greater in the cathode with a 
sprayed pal ladium layer. I n  steels, the concentration of hy
drogen in the stress f ield is about 1 0  times h igher than i n  
stress-free areas, a fact that is working knowledge i n  welding 
engineering. Arata thi nks many such concentrated zones exist 
everywhere in the sprayed layer, and therefore the use of a 
sprayed cathode is superior for achieving a h igh concentra
tion level .  

These experiments were reported at  the 1 993 I nternational 
Conference on Cold Fusion ( ICCF-3) held in Nagoya, Japan.1  
Si nce then, however, they have completely redesigned their 
experiment, and are now fi nd ing an impressively h igh, re
peatable heat f lux.  The same pr incipl es have gu ided Arata 
and Zhang in the present experimental design as before. Their 
pal ladium cathode with an i nterior of pal ladium m icrocrystals 
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is designed to have a high surface area with structural d iscon
ti n u ities. Whereas i n itia l ly  in 1 990 they had sprayed pow
dered pal ladium onto the cathode su rface, they are now con
tain ing it in what is essential ly  a 50 mm x 20 rT)m diameter 
cyl i ndrical bottle. 

The pressure of deuterium gas i nside the cathode is wel l  
above 200 bar, although i t  has only been precisely determined 
up to this point. It m ight wel l  go as high as 700 bar; however, 
the cel l  is not sealed in order to prevent too h igh an e·nergy 
buildup. This is a safety precaution that Arata considers wel l  
warranted, especia l ly  since they are already achieving a high 
heat excess u nder the existing conditions. 

Several d ifferent ki nds of b lank experiments have been run 
to establ ish that the heat excess is being generated by the pa:l
ladium black contained with i n  the cyl i nder, rather than by 
electrolysis on the pal ladium cyli nder itself. One i ndication is 
that the measured temperature is h ighest with in  the cyl in
der-a temperature of about 1 degree h igher is maintained 
inside the active cathode, as compared to that of the elec
trolyte. Furthermore, heat was not generated in an empty cel l .  

The experiment i s  r u n  i n  a conti nuous manner, and the 
crucial  e lement, in Arata's op in ion,  is the atta i nment of a 
loading ratio of deuterium to pal ladium at or above 1 -to-1 . 
For him, th is is an indispensable condition . The density of the 
del,Jterium withi n  the cylinder wou ld be somewhere between 
that of a l iquid and a metal .  Although the McKubre group at 
SRI i n  Cal iforn ia and Kuni matsu at I MRA Japan have deter
mined that they begin generating excess heat at lower loadi ng 
ratios, it should be 
remem bered that 
they are measur
i n g a n  average 
rathe r  than local  
loading ratios. 

T h i s  p h ase of 
the i r  expe r i m e n 
t a l  work was be
gun in September 
1 9 9 2 ,  a n d  they 
subm itted a patent 
appl ication based 
upon it before the 
end of that year. 
Many aspects of it 
had a l so been 
conf i  rmed i n a 
p re l i m i n a ry way 
by ear l ier  experi
ments .  But they 
f i  rst reported on i t  
pub l ic ly  i n  1 994. 
On two occasions 
Zhang and Arata 
h ave w it n essed 
very h i g h  heat  
b u rsts fo r a 1 7 -
hour period. Heat 
was m e as u re d  
by heat f l ow 

From Hot to Cold Fusion 
Arata developed his un iquely designed cathode, which he 

cal l s  the double-structured cathode, some 40 years ago, at a 
time when he was experimenting in the field of hot fusion. To
day he uses this electric discharge electrode to investigate solid
state fusion. 

In 1 9 5 5 ,  deuter i u m  was not commerc i a l l y  avai lable i n  
Japan and s o  h e  used the design i n  order to produce the deu
terium necessary to conduct fusion experiments. At that time, 
of course, he was not concerned to load the pal ladium with 
deuterons (deuter ium n ucle i )  to ach ieve cold fu s ion,  but 
merely to use the cyl inder packed with crystals  to col lect the 
deuterium u nder vacuum conditions. The electrolysis device 
which he designed then is the basis for his double-structured 
cathode, which rema ins  su bstantia l l y  u nchanged today. It  
employed a pal ladium bottle for the cathode and plati num for 
the anode. 

He investigated the characteristics of pal ladium qu ite thor
oughly at that time. 

He remarks about his work then : "1 shall never forget how 
strongly shocked I was by the anomalous characteristics of pal
ladium-[capable of] a high concentration of deuterium, and 
the violent change in concentration by a temperature change of 
several degrees, as wel l as intef)sive hysteresis at low tempera
tures." Hysteresis is the lag of an effect behind its cause, exhibit
ed in this instance by the slow change of the palladium's char
acteristics as it absorbs and then releases hydrogen .  "This effect 
was deeply etched into my memory over the 40 years between 
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t h e n  a n d  the 
F l e i s c h m a n n 
Pons d iscovery. It 
provided a l i n k  
between m y  hot 
plasma fusion re
search and work 
on s o l id -state 
plasma fusion. 

calori metry. Electron-beam welds on the pressure vessel of a nuclear power reactor. 

" I n  fact, 4 0  
years  ago t h e  
pos s i b i l i ty o f  
sol  id-state p las
ma f u s i o n  in a 
pal ladium lattice 
occu rred to me. 
O f  c o u rse ,  at 
that time, I had 
n o  idea that fu
s i o n  cou l d  be 
a c h i eved by 
m e a n s  of e l ec 
tro lys is  a lone .  I 
certa in ly  did not 
th i n k  that a f u 
s i o n react i o n  
c o u l d  b e  i n 
d u ced o n l y  b y  
therma I mot ion 
at  approx imately  
room te m pe ra
tu re .  I n ste a d ,  I 
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thought it wou ld be necessary to bombard the deuterium of 
the lattice with concentrated energy from an external energy 
source" (Figure 3) .  

Obviously what is occurring i n  cold fusion, in a sol id-state 
experiment, is vastly d ifferent from hot fusion, although there 
are almost as many theories as to what constitutes these d iffer
ences as there are experimenters. In Arata's case, he bel ieves 
that whereas h igh energy electrons play a crucial role in hot 
fusion, for example in i nciting plasma osci l lation, this is not so 
with cold fusion, where in his view deuterium ion osci l lations 
in the lattice-caused by what he cal ls  " Iatticequakes"-are 

actual ly far h igher than those of the electrons, yielding a far 
higher kinetic temperature in the deuterium ions. For this tem
perature to be mai ntained there m ust be a continuous appl ica
tion of high power. 

Arata says of his model : "The basic major problem with re
spect to cold fusion, however, is that deuterium exists in an 
ionic state in pal ladium, and that u n l i ke hot p lasma fusion, 
deuterium ion movement is l i m ited by the powerfu l constrain
i ng force of the palladium lattice. In other words, the location 
and direction of reaction, and the reaction conditions, are se
verely restricted, and the reaction process occurs u nder differ-
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(a) Plasma fusion device (b) Solid-state plasma fusion de\1ice 

I Discharge tube 

e r
' h I � p�?sed :::J Pd bottle (cathode) (J current 

"0 CD II) 
:; Pinched a. 

plasma 

To Pd bottle 1 
- " 

(d) Deuterium generator (c) Solid-state plasma fusion device 

Figure 3 
PRECURSORS OF THE DOUBLE-STRUCTURED ElECTRODE (1955-1958) 
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Because deuterium was not commercially available in the 1 950s, Arata developed his own deuterium generator 
(d), which supplies deuterium to experimental fusion devices (a) and (b). Devices (b) and (c) were designed 
simultaneously for solid-state experiments. 

In the generator, heavy water is electrolyzed, and deuterium gas is released into the vacuum chamber as a 
result. The deuterium is supplied to the discharge tube (a), where a current of maximum 1 .5 to 3 x 106 amperes 
confines (pinches) the deuterium plasma to produce fusion. Deuterium is also supplied to the solid-state fusion 
device (b). The palladium bottle has walls of palladium and is packed with fine palladium crystals. Deuterons 
(deuterium nuclei) penetrate the wall of the bottle from both sides, and fusion reactions can take place in the 
palladium lattice of the wall with sufficient loading of deuterons. The solid-state device (c) uses no deuterium 
gas and no palladium crystals. Deuterium is loaded into the palladium cathode only from the electrolyte. 

The double-structured cathode emerged by combining devices (d) and (b). 
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ent dynamics than hot fusion. 
"There are two aspects to cold fusion : academic interest and 

practical importance. 
"The former means the birth of a new academic field, while 

the latter could contribute to the development of a new energy 
source. Both, however, are extremely important as separate pur
suits, just l i ke the balancing weight of the wheel. In practical 
terms, however, output less than approximately 1 0  watt/cc is 
basical ly meaningless, and yet from a theoretical perspective it 
must be possible to explain how the 1 01 3 reactions/second re
quired to ach ieve this output can be sustained continuously." 

The Latticequake Model 
Arata believes he has obtained a model that explains cold fu

sion in terms of lattice dynamics i nvolving a resonant relation
ship between the pal ladium and deuterium ions, the latter nor
mally being located at what are called octahedral sites of the 
palladium lattice. The octahedral sites are the midpoints of the 
1 2  edges of the face-centered configuration of pal ladium ions. 
Deuterons or protons absorbed by the pal ladium wil l  normally 
locate there and at the center of the cube. The pal ladium cube 
is face-centered : the pal ladium ions are located at the centers of 
the six faces of the cube, but also at the eight vertices. 

"For cold fusion to occur," he says, "the deuterons must be 
vigorously tossed around by a latticequake." This creates a gi
gantic distortion of the lattice, with just the right kind of vibra
tion of the deuterons of about 1 0 -1 1 sec. The latticequake acts 
as a " Iattice. accelerator," accelerating the deuterons as the oc
tahedral sites are tremendously expanded and compressed, 
and this gives the deuterons a high kinetic energy if they are 
densely loaded to a ratio equal to or greater than 1 .  This would 
be the equivalent of several tens of m i l l ions of degrees kelvin, 
even though the lattice itself is at room temperature. 

Arata explai ns, "The idea of the latticequake came to me as 
a result of my personal experience during the recent Kobe 
earthquake, which occurred at 5 :46 a.m. on Jan.  1 7, 1 995.  
My house is located i n  the most terribly col lapsed and de
stroyed d isaster area of Kobe, in the vicin ity of the seismic 
center. When it occurred, I '  had the experience of being so 
horribly tossed about on my bed that for a minute I thought 
my l ife was coming to an end. Almost a l l  of the glass and ce
ramic kitchenware was thrown from the kitchen shelves and 
smashed on the floor. This  led me to c larify a vague idea 
which I had had for 40 years that deuterons in sol id-state 
plasma fusion also should have h igh energies, comparable to 
those fou nd in hot fusion . 

"At that very moment the thought flashed into my mind. For 
a latticequake to occur there must be what I cal l a first 'shock 
of God'-which may be cosmic rays or some other types of 
collision or i mpulse energy-into the lattice, which would cre-

Figure 4 
THE GAS TUNNEL HIGH.TEMPERATURE PLASMA JET 
A plasma jet can propagate in a vacuum (less than 
1/100 atmosphere) at the center of a "supervortex" of 
gas in the plasma chamber. Arata invented the device, 
which is useful as a high energy density heat source for 
thermal spraying, alloying, heat processing, and other 
applications. 

ate an i ntense deuteriu m  pressure ins ide the double-structured 
cathode. This could al low continuous, powerful ,  cold fusion to 
be achieved by the occu rrence of a ' I atticequ ake,' which 
wou l d  be p roduced fi rst in  o n e  p l ace a n d  then another 
through a process of ign it ion. I n  th is  way a chain reaction 
could be developed. I th ink of this chain reaction as similar to 
the kind of chain reactions that occur in n uclear fission and 
with the growth of a crystaL" 

I n  a recent communication to the Japan Academy and the 
H igh Temperature Society, Arata compares hot and cold fu
sion. In cold fusion, he says, the field of the pal ladium lattice 
plays the role of the magnetic field in hot fusion. The solid
state plasma of cold fusion is characerized by h igh density and 
low temperature, wh i le  i n  hot fusion, low density and h igh 
temperature prevai l .  In each case, according to Arata, there is 
a crucial condition:  For hot fusion it is stabil ity with respect to 
plasma oscil lations and runaway electrons, whi le for cold fu
sion the crucial condition is a D/Pd loadi ng ratio equal to or 
greater than one, which is crucial for effective latticequakes. 
But the end result in each case, he says, is the same: h ighly en
ergetic deuterons, and nuclear fusion is the resu lt. 

Arata and the Progress of Science in Postwar Japan 
The conditions for conducting research in Japan at the end 

of the World War II were very hard, yet the kind of training 
that Arata got was actual ly irreplaceable. As a young graduate 
student he was faced with the task of constructing the very in
struments with which he worked. Compared to the experience 
of a young researcher today, his situation was certainly more 
difficult, but from it he learned far more. I n novations in ap
pl ied science can come from the creation of new technologies 
for conducting scientific experiments. 

Too often today computer s imulations are substituted for ex
periment. Yet by confronti ng anomal ies, the assumptions of 
the accepted scientific parad igm that are bui lt  into such simu
lations are overturned, and new fu ndamental d iscoveries
such as that of F le ischmann and Pons-become poss ib le .  
Arata's l ife story i l l ustrates this. 

Arata says of his student days, "The Second World War end
ed only a few years before I was graduated from the Facu lty of 
Engineering of Osaka U n iversity in 1 949, and began my grad
uate research. The u niversity had been severely damaged dur
ing  the war, and there were v i rtua l l y  no research tool s  or 
equipment avai lable other than optical m icroscopes. My first 
and primary task was therefore to bui ld the equ ipment needed. 
This included an electron microscope, X-ray generators, elec
tron d iffraction apparatus and so on-al l  of the equ ipment that 
would al low me to pursue research. 

"My in itial research involved the construction of an i ntense 
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Courtesy of Y. Arata 

Arata 's collaborator, Dr. Yue-Chang Zhang, was awarded the 
first prize for science and technology by the shipbuilding 
ministry in China in 1 985. She won the Thesis Award of the 
Japanese Welding Society in 1 985 and the Okada Science 
and Technology award in Japan in 1 989. Zhang received her 
Ph.D. from Osaka University in 1 987 and has been associat
ed with Shanghai's jiao-Tong University since 1 985, where 
she became a full professor in 1 992. Almost continuously 
since 1 984 she has also been a visiting professor at the Osaka 
University Welding Research Institute. 

u ltrasonic  wave generator and improvement of the radar 
which had been used du ring the war, so that it could be ap
pl ied to the analysis of the sol idification of materials and also 
of welds. This  was in the general area of defect ana lysis, 
which was necessary to establ ish qual ity control in manufac
turing. I bel ieve that this research was the fi rst of its kind in 
Japan and the world. 

"Next I developed an 'AC magnetic analyzer' that was the 
first device of its kind in the world. This device proved to be a 
powerfu l tool for the analysis of phase transformation (includ
ing the analysis of martensite, the hardest steel, produced by 
rapid quenching in cold water) and heat treatment in steel, and 
particularly for the analysis of dynamic behavior of these phe
nomena. The results of this research were a part of my doctoral 
thesis-I received my doctorate from the U niversity in 1 956. 

" Because I had conceived of and developed so many kinds 
of apparatus in  succession, which were, for that time, state-of
the-art tools for specific research objectives, I had no misgiv
ings about dramatica l ly changing my fie ld of research and 
chal lenging the then-un known field of hot plasma fusion. The 
nuclear fusion problems defined in my research from 1 955-
1 959 became the basis for al l  of my subsequent research." 

A Hot Fusion Pioneer 
There were two severe problems to overcome in order to re

al ize hot fusion at that time. One was to generate and maintain 
a stable plasma at a temperature of several hundred mi l l ion de
grees K, and the other was to confine it-to develop a discharge 
tube resistant to intense radiation. In 1 977, Arata developed a 
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concept for a new fusion plasma confinement system that he 
calls a "gas tun neli, because it is a vacuum tunnel within a h igh
pressure gas (Figure 4). In  order to create the gas tunnel he in
vented a "supervortex" which he l i kens to an intense typhoon. 
At sufficiently high temperatures a vacuum tunnel forms at the 
eye of the vortex. This was a major d iscovery in the basic phe
nomena of gas dynamics. While the theoretical minimum pres
sure in the eye of the typhoon phenomenon is a l ittle less than 
half of 1 atmosphere, the pressure with in Arata's supervortex 
can be reduced to less than one hundredth of an atmosphere. 

The p l asma is confi ned by the h igh-pressu re gas with i n  
which the tunnel i s  formed . With in these wal ls  the temperature 
of the p lasma c o u l d  be mai n ta i ned at a tem perature of 
1 00,000 K under vacuum conditions. He conceived of this as 
as a sort of base point from wh ich it would be easy to increase 
the temperature with in the tunnel by a thousand steps to the 
hundred m i l l ion K necessary to achieve a hot fusion reaction. 
In  this way he hoped to be able to overcome the instabil ity of 
a magnetized plasma i n  a high vacu um, whi le  at the same 
time protecting the sol id wal l  of the discharge tube with the 
high pressure gas wal l .  

Arata also recognized that h i s  invention could have immedi
ate practical appl ications for engi neering, and i ndeed it did 
open up what became the new field of plasma engineering. A 
p l asma beam c o u l d  be g e n e rated i n  t h e  gas  t u n n e l  at 
30,OOO°C, with important technological and theoretical uses. 

Although he was not able to procure sufficient fu nding to 
continue his work i n  hot fusion, doubtless because of the un
usual  nature of his concept, his career was extremely fruitful 
in the area of plasma engineering, where he turned his atten
tion to developing practical u ltra h igh energy density heat 
sou rces, such as strongly focused electron beams and h igh 
power carbon-dioxide laser beams. He was also able to es
tabl ish that whatever the character of the beam-be it p lasma, 
electron, or high power laser beam, the. characteristic interac
tion of beams with metals  is on ly  dependent u pon energy 
density and power-a very important discovery. In th is way 
he has contributed to the creation of many new materials pro
cessing technologies. 

Although Arata retired from Osaka U n iversity in 1 988, he 
and Zhang have col laborated on cold fusion experiments since 
1 989. He has never lost h is  interest in hot fusion research even 
though he was prevented by c i rcumstances from working to 
real ize his own idea. " Even though the hot fusion methods cur
rently being tried have not succeeded," he says, "and no one 
knows which method wi l l  u ltimately ·prove to be the best. In 
addition, no one can predict when hot fusion wi l l  be achieved, 
and whether it wi l l  be practical as an energy sou rce. 

"I am convinced that achieving hot fusion is important for 
a l l  mankind and I am therefore convinced that long-term in
vestment in hot fusion research on even a 1 00-year time scale 
is worthwhile. I would therefore be immensely pleased to have 
some young researcher become interested in my hot fusion 
concepts, which are fundamental ly different from conventional 
concepts, compare these concepts with other methods current 
today, and achieve in my stead those dreams which I myself 
did not have time to achieve." 

Notes ---------------------
1 .  See also an earlier account by Arata and Zhang of these experiments in 

Fusion Technology, Sept. 1 992, pp. 287-295. 
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Statistical Tricks and 
'The Big Lie about AI DS' 
by Wolfgang L i l lge, M.D.  

Keystone's Blunt Message: 
O',PIN'ION 'It's the Virus, Stupid' 

AIDS ACQUIRED BY DRUG CONSUMPTION 
AND OTHER NONCONTAGIOUS RISK FACTORS 

Duesberg On AIDS Causation: The Culprit Is Noncontagious Risk Factors 
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Wolfgang L illge is the editor of the 
German-language magazine Fusion and 
has covered the AIDS issue since the 
early 1 9805. His article first appeared in 
the Sept.-Oct.-Nov. 1 994 issue of Fusion 
and was translated by Susan Johnson. 

I t is an astonishing phenomenon of the 
period we l ive in that in the view of 

some sc ient ists, the A I D S  ep idemic ,  
whose species-threatening potential has 
now become more and more apparent 
in Africa and Asia, does not exist. More 
precisely, the existence of disease symp
toms and the existence of a retrovi rus 
called H IV are not disputed, but the con
nection between the two is denied. 

Since the end of the 1 980s, increasi ng 
international circulation has been given 
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, A Controversy That Will Not Die: 
The Role Of HIV In AIDS 

to the assertions of Peter Duesberg, pro
fessor of molecular and cel l  biology at 
the U n iversity of Cal iforn ia at Berkeley, 
a respected expert on retrovi ruses. Ac
cording to Duesberg, AIDS does not ex
ist; it is either an i l l usion or the effect of 
drugs and of the AIDS medication AZT. 
I n  Germany, Duesberg has found an ac
tive fan club among the readership of the 
j o u r n a l  Raum und Zeit [Space and 
Time] , which has published several runs 
of a special issue head l ined "AIDS: The 
Disease That Doesn't Exist." 

This docu ment popu larizes "the B i g  
L i e  about AI DS," the danger o f  a n  "AI DS 
d i ctato rs h i p , "  a n d  the l i ke l i hood of 
"nasty doings" using the pretext of AI DS. 
It also says that it is unnecessary to test 
donated blood for HIV antibodies and it 

• The scientific establishment has re
jected Peter Duesberg's claim that HIV 
is not the cause of AIDS, but it reaches 
the same conclusion: No public health 
measures a re necessary to s top its 
spread. 

is a criminal  act to admin ister the drug 
AZT in the effort to prolong the l ife of 
AIDS patients. 

At fi rst, Duesberg m ight seem to be 
p l a y i n g  d ev i l ' s advocate w i t h  h i s  
provocative theses i n  order to stir u p  dis
cussion with i n  a sphere dominated by a 
few A I D S  "authorit ies." H owever, h i s  
l itany of  arguments ca l l s  to mind an  ef· 
fort at esoteric conversion, and his ad
herents exhibit a missionary fervor that 
has noth ing to do with science. 
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Chris DuHey/ University of Califomia at Berkeley 

Peter Duesberg. His adherents "exhibit a missionary fervor that has nothing to do 
with science. " 

It is obvious why Duesberg finds such 
a receptive echo in some circles: A great 
deal of unclarity sti l l  prevai ls  about the 
actua l  workings of H IV i nfection. De
spite h uge i nternational expend itu res, 
only very fragmentary knowledge exists 
about the molecular and immunological 
processes that lead to the breakdown of 
the i m m u ne system and to the we l l 
known symptoms of AIDS. The evidence 
is contradictory and anomalous, and 
above al l ,  no one has succeeded in de
ve lop ing  e i ther  an effective c u re for 
AIDS or an immun ization against it-a 
deplorable situation that certain ly casts 
l ight on the deficiencies of cu rrent meth
ods of scientific research. 

Throwing Out the Baby 
To draw the conclusion, however, that 

HIV is in no way the "AIDS agent" is, of 
course, to throw the baby out with the 
bathwater-al l  the more so because ba
sic facts about H IV have been estab
l i shed that leave Duesberg's arguments 
without foundation. 

Professor Manfred Eigen, a Nobel lau
reate who heads the Max Planck Institute 
for Biophysical Chemistry in Gotti ngen, 
Germany, took note of Duesberg's views 

as early as 1 989, in a contribution to the 
journal Naturwissenschaften [Natural Sci
ences) (No. 76, pp. 341 -350), in which 
he reviewed the central aspects of Dues
berg's claims point by point. Because it 
has lost none of its sal iency, portions of 
Eigen�s critique are presented here. 

The most important question to clarify 
is whether an u nambiguous relationship 
exists between infection with H IV and 
the appearance of "AI DS." 

Here Eigen takes up Duesberg's claim 
that the yearly incidence ( increase) of 
AIDS among H IV-positive i ndividuals in 
the U nited States varies from almost zero 
to more than 1 0  percent, and that the av
erage conversion rate of seropos it ive 
Americans to patients with AIDS symp
toms is only 1 .5 percent. If  th is  were 
true, E igen comments, the corre l ation 
between H IV and AIDS would,  in fact, 
be more than dubious. But Duesberg's 
calculations do not add up. 

Eigen's Statistics 
Eigen presents the fol lowing counter

statistics: 
"Duesberg bases h is calcu lations on 

tota l s  vary i n g  between 9 , 0 0 0  a n d  
29,000 (corresponding to the changing 
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Centers for Disease Control definition of 
the i l l n ess) for the year l y  increase i n  
A IDS cases i n  the U n ited States for the 
year end ing in August 1 988, and juxta
poses them to the esti mated 0 .5  mi l l ion 
to 1 .5 m i l l ion H I V-seropositive Ameri
cans. In this way he arrives at the cited 
average a n n u a l  i nc idence rate of 1 .5 
percent. What does this figure mean? 

"G iven that n(t) i s  the (ti me-depen
dent) cumulative total of AIDS cases at 
a n y  arb i trary t i m e  t, t h e n  d n (t)/d t '" 
t1n(t)/1lt s ign ifies the rate of change of 
n(t), which is itself a function of time, if 
the  i n c rease i s  n ot secu l a r l y  l i near. 
D u esberg assumes that t1t represents 
one year and accord i n gl y  uses a later 
estimate for t1n(t). We now designate as 
N(t) the  n u mber  of H I V-seroposit ive 
persons. The rate dN(t)/dt '" t1N(t)/1lt is, 
o nce more, in a l l  probabi l ity a ti me
dependent magnitude. Duesberg corre
lates the rate t1n(t)/1lt (Ilt is 1 year) with 
the overa l l  total N(t) (t is the present) 
and cal l s  th is  the rate of inc idence, a 
number that is obviously meaningless, if 
the conversion does n ot i m med iately 
occur but instead there is a latency peri
od of 6 to 8 years. 

"A significant magnitude in this case is 
t1n(t = t1 )/t1N(t = to)' in which tl and to 
a re refe re n c e  p o i n ts i n  t i m e  ( i . e .  
mean/average/intermediate intervals) i n  
the relevant time periods, and t1-t2 signi
fies the latency period. Naturally, the ac
tual value of N(t) is not known, and the 
yearly estimates presented (which relate 
to risk groups which are al ready partly 
saturated) simply reflect this uncertainty. 

"(Duesberg is thus  correct when he 
criticizes the i nvariance of this estimate 
i n  past years.) On the other hand, n(t), 
the number of reported AIDS cases, is 
far more rei iable than N(t), and if we as
sume that the growth characteristics of 
N(t) are s imi lar to those of n(t) (F igure 
1 ), we maintain,  insofar  as this is possi
b le with the estimates at hand, a 1 00 
percent correlation of n(t = t1 ) with N(t 
= to )' if we assume a latency period of 6 
to 8 years. 

" In  other words, the annual incidence 
of AIDS cases now corresponds to the 
annua l  inc idence of H IV-seropositive 
persons 6 to 8 years ago. Naturally, this 
is sti l l  a simpl ified representation, since 
al l  the functions cited are average/mean 
val ues for statistical distributions. Si nce 
the i nception of the infection must be 
extremely variable among d ifferent geo-
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graphic areas, countries, and risk groups, 
and there exist further dependencies on 
saturat ion,  rec i p rocal  effects, a n d  so 
forth, the numbers for 'fluctuations be
tween zero and over 1 0  percent' as de
fi ned by D u esberg m u st be rejected . 
Moreover, the incidence rate of b lood 
transfusion recipients m ust conti nue to 
show an i ncrease (as is reported), since 
at the outset 3 years of the 6- to 8-year 
latency period have elapsed . . . .  

" Duesberg could reply to this i nterpre
tation that it presupposes an existing cor
re l at ion between H I V i n fect i o n  a n d  
AI DS; in other words, N(t) can b e  con
stant or fluctuating and sti l l  be correlated 
overa l l  with n(t). Even if we concede 
that, Duesberg cannot deny that the ac
curately  calcu l ated correlation contra
dicts his low rate of incidence. Either we 
assume that a corre l at ion ex ists, and 
then the data for incidence support the 
correlation, or we deny the existence of 
any correlation, and then it is simply im
possible to use the data as an argument." 
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The Details Matter 
We have quoted Eigen so extensively 

because in this case it is the details that 
matter. Calcu lations and statistics cannot 
be arbitrari ly thrown together to suit the 
researcher's pu rpose. When Duesberg 
s imply "forgets" to take account of the 
long AIDS latency period, that does not 
augment his cred ibi l ity. 

E igen's remain ing arguments against 
Duesberg, which relate to the evolution 
a n d  eti o l ogy of the d i sease, can be 
found in Eigen's useful article in Natur
wissenschaften. It is scarcely compre
hensible that Duesberg, who is other
w i se res pected a m o n g  v i ro l o g i sts, 
wou ld u n reasonably stick to h is  thes is 
despite al l  refutations-and this, i n  the 
view of many, draws him close to the 
position of a sectarian tub-th umper for 
whom personal opin ion counts, not the 
truth. 

Many AIDS researchers are rightly fu
rious about Duesberg's extravagancies. 
Serious research exists by means of hy-
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Cumulative totals n(t) (and their logarithms) of reported AIDS cases in the 
United States as a function of time t. Note that a purely logarithmic increase 
in the log representation would appear as a straight line. 

Source: Manfred Eigen, Naturwissenschaften. 1 989, No. 76, pp. 341·350 

"If we were to learn more 
precisely how HIV disables 

the body's immune response, 
this sort of speculation would 

quickly disappear, and the 
search for a cure would have 

a sol id basis." 

pothesis and experiments. If a col league 
presents opin ions that so grossl y  contra
d i ct every res u l t  of d a i l y  work, then 
sooner or l ater he loses his cred ib i l ity. 
When, in pursuit of a vaccine, monkeys 
are inoc u l ated with S I V  (s imian A I D S  
vi rus) a n d  regular ly devel op AI DS- l i ke 
symptoms, w h i l e  i n ocu l ated an i m a l s  
show neither seroconversion nor disease 
symptoms, then Duesberg's denial of a 
direct relation between HIV and AIDS is 
not i nte l l igible for the researcher. 

The practical imp l ications Duesberg 
draws from his conclusions are also dubi
ous. He says that his "analysis offers sev
eral advantages. It ends the anxiety about 
HIV infection and especial ly about H IV 
antibod ies . . . .  " Moreover, Duesberg 
says, "efforts on behalf of AIDS prophy
laxis should focus on AIDS risks rather 
than on the transmission of H IV." 

A Public Danger 
The i nternal logic of his argument pro

pels Duesberg into clearly reckless infer
e nces that, i n  fact, represent a pub l ic  
danger. He gives carte blanche to every
one with AIDS or HIV infection to ignore 
the potential danger to fel low human be
ings. If HIV is decoupled from AI DS, then 
HIV i nfection no longer presents any risks 
and al l  public health measures to combat 
epidemics-whether simple reporting of 
cases, investigation of infection routes, or 
special provisions for the infected-are 
i neffectual and inappropriate. 

Rejection of such measu res by certain 
pol itical and social  c i rc les is not new; 
now Duesberg endows it with the im
pr i matu r of sc ience .  Professor E i ge n  
considers Duesberg's conclus ions not 
only u njustified but dangerous because 
they promote a risk-laden, wishfu l  delu
sion among those who are i n  the great
est jeopardy. 

If we were to learn more prec ise ly 
how H IV d isables the body's i mmune re
sponse, this sort of specu l ation wou ld 
quickly disappear, and the search for a 
cure would have a sol id basis. 
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FRONTIER TECHNOLOGY 
SONOLUMI N ESCENCE 

Tapping the Light Fantastic 
by Mark Wilsey 

(a) Sound waves cause 
low pressure. Water 
molecules move apart, 
creating a bubble. 

(c) B ubble collapse 
accelerates and a shock 
wa ve forms, further 
compressing and heat
ing the trapped gases. 

B u bb l es are very fam i l a r  th i n g s .  
Whether it's a c h i l d's soap bubble 

floating in  the air  or the refreshing fizz in  
a carbonated dr ink, there seems to be 
somet h i n g  com fo rt i n g  i n  the s i m p l e  
beauty o f  bubbles.  Wel l ,  consider the 
case i n  which a bubble that is created in 
a l iqu id with u l trasound (sound at fre
q u enc ies above the range of h u man 
hearing) col lapses and em its l ight. This 
phenomenon of prod uc ing  l ight from 
sound is cal led sonoluminescence. 

M i chael  Moran at Lawrence L ive r
more N at i o n a l  Laboratory, w h o  has 
studied sonoluminescence, says that i t  is  
"an essential mystery that eludes every
one's best efforts" to u nderstand . A l 
though ultrasound has long been used in 
industry and medicine as a d iagnostic 
tool ,  the sonoluminescence effect has re-

(b) Sound-wave pressure 
increases; the gases are 
compressed as the bub
ble collapses. 

(d) Shock wa ve slams 
into the center of the 
bubble. Temperatures 
and pressure a re very 
high. Light is emitted. 

MAKING LIGHT FROM SOUND 

mained largely unexplored. 
Scientists have known of sono l u m i 

n e scence f o r  d e c a d e s .  I n  t h e  m i d -
1 93 0s, scientists observed that photo
graphic plates submerged in a sol ution 
could become fogged when exposed to 
an u l trasonic field. Later it was deter
m i ned that the l i ght  em iss ions  were 
com ing from bubbles that had formed at 
the pressure nodes of standing acoustic 
waves. The nodes are areas in which u l 
trasound and i ts  refl ections i n te rfere 
with each other, either i ncreasing or di
min ishing their  i ntensities. Because the 
u l trasound is  usua l l y  of a s i n g l e  fre
quency this interference pattern wi l l  ap
pear to be fixed or stationary. 

Depending on the shape of the con
tainer and how the u ltrasound field is 
appl ied, a large number of these nodes, 

and thus bubbles, can form in the l iq
u i d .  Th i s  case is c a l led m u l t ibubb le  
sonol urn i nescence. 

The u ltrasound produces areas of h igh 
and low pressure in the l iqu id .  U nder 
certa in  conditions, the pressure is low 
enough to al low a bubble to form from 
the dissolved gases in the l iquid. As the 
pressure i ncreases, the bubble shrinks as 
the trapped gas is compressed; again, if 
the conditions are right, the gas in this 
col lapsing bubble w i l l  g ive off a brief 
flash of l ight. This cycle of bubble forma
tion and col lapse occurs very rapidly at 
ultrasonic frequencies. 

U nti l  recently, mu ltibubble sonolumi
n escence was the o n l y  fo rm known . 
Kenneth Susl ick of the U n iversity of i l l i 
nois at U rbana-Champaign, an expert on 
u l traso u n d  who is at the forefront of 
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sonochemistry, uses the mu ltibubble ef
fects of ultrasound to make new materi
als and enhance the rate of chemical re
actions in solutions. 

For the chemist this is fine, but for the 
physicist trying to study the phenome
non of sonolumi nescence, the m u ltiple 
bubbles are a difficult case. 

Single-Bubble Sonoluminescence 
The breakthrough i n  the physics of 

sonol u m i nescence was made several 
years ago by researchers at the U niversi
ty of Mississippi, Lawrence Crum and h is  
doctoral student Fe l ipe Gaitan .  Crum 
and Gaitan were able to produce sono
lumi nescence in an isolated bubble i n  
the middle o f  a contai ner. Equa l l y  i m 
portant, they cou ld now coax t h e  phe
nomenon into producing a steady glow 
instead a brief flash. Now physicists had 
something that was much more accessi
ble for probing. 

S u s l i c k  exp l a i n s  that s i n gle-bu bble 
sonolumi nescence is d istinctly different 
from the m u l t i b u b b l e  p h e n o m e n o n .  
"They're first cousins  b u t  not identical 
twins," he says. 

. 
In multibubble sonoluminescence the 

temperatures inside col l apsing bubbles 
reach seve ra l thousand d egrees.  The 
emission is produced by h ighly excited 
states of molecular species l i ke d iatomic 
carbon, C2 (a molecule made up of two 
atoms of carbon). 

"In single-bubble sono lumi nescence, 
however, it appears that the col lapse is 
much more effi c ient and generates a 
shock wave that cau ses m u c h  h i gher  
temperatures," Susl ick said. "The emis
sion is not molecu lar  but l ooks to be 
some kind of plasma emission." It is not 
known whether a shock wave forms in 
the m u l t i b u b b l e  case, a l though  it i s  
possible. 

Since Crum and Gaitan's d i scovery, 
other laboratories have begun investigat
ing sonoluminescence. Most notable is 
the University of Cal ifornia at Los Ange
les, where a great deal of work has been 
done. There researchers were the first to 
attempt to measure the du ration of the 
l ight emissions. Their work showed that 
the steadi l y  glowing bubble was emitting 
l i ght with each cyc le  of the acoustic 
field, which is measu red i n  m icrosec
onds ( 1 0-6 sec). However, the flash itself 
was found to be much shorter, on the or
der of p icoseconds (1 0-1 2 sec). 

UCLA researcher Seth Putterman and 
graduate student B rad ley Barber found 
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another remarkable aspect to these flash
es. They found that the average interval 
between flashes in a 3 0-ki lohertz fie ld 
was 3 3  microseconds, with a fluctuation 
of only 50 picoseconds over a period of 
1 00,000 cycles. This stabil ity greatly ex
ceeded that of the acoustic frequency 
generator used. 

I magine a s imple mechanical device 
that would ring a bel l  once a week and 
not vary the interval by more than a sec
ond, week after week, for 2,000 years. 
That is the precision of these intervals
an ach ievement that wou l d  make any 
watchmaker happy! 

Measuring Sonoluminescence 
An.other laboratory studying sonol u

mi nescence is the Naval Postgraduate 
School in Monterey, Cal iforn ia. Antho
ny Atchley, who had done his doctoral 
work at the U n ivers ity of Miss i ss ippi  
and knew Gaitan's  work with s i ngle
bubble sonol uminescence, invited Gai
tan to the Postgraduate School to con
ti nue his research. 

There are three areas in which Atch ley 
and his col leagues are working: measur
ing the optical spectrum of sonolumi nes
cence, the size of the bubble, and the 
duration of the pulse. 

In m e a s u r i n g  t h e  spectru m they 
looked at  different l iqu ids for sonolumi
nesence, primari ly  water and m ixtu res 
of water and g l yceri n .  The spectrum 
was found to be broad, increasing in  in
tensity toward the u ltraviolet, which is 
consistent with what other researchers 
had found. 

The spectrum was measured by plac
ing an optical fiber of quartz close to the 
bubble to try to e l im i nate some of the 
I ight absorption caused by the water. 
T h e  q u a rtz, however,  d i d  not h e l p  
much.  Atch ley explains that water ab
sorbs wavelengths shorter than about 
2 1 0 or  200 nanometers ( 1 0-9 m)  and 
quartz cuts off somewhere around 1 70. 
In  any case, there would sti l l  be a l ittle 
water present between the end of the 
quartz optic fiber and the bubble. 

The experi menters wanted to "push 
that down by a factor of 2, to real ly get 
down i nto the u ltraviolet and see what 
happens," Atchley said. 

Another area i nvolved measuring the 
size of the bubble with a laser scattering 
technique. A laser is shone on the bub
ble, which scatters the l ight. Two detec
tors are used to look at the scattered l ight 
from two angles for greater acc u racy. 

Bryan Quintard 

Anthony Atchley's team at the Naval 
Postgraduate School was able to mea
sure the bubble 's s ize to within 1 0  
nanoseconds of its final col/apse and 
emission. But after that is "when every
thing interesting happens, " Atchley said. 

The amount of scattering is then used to 
determ ine the bubble size. By using a 
pu lsed laser, Atchley's team could look 
at the bubble at various parts of its cycle. 

They were able to measure the bub
ble's size to within  1 a nanoseconds of its 
final collapse and em ission. "Of course 
that's when everything interesting hap
pens," Atch ley said. At this time the bub
ble is sti l l  a few m icrons in rad ius. At 
times closer to em ission, the bubble is so 
smal l that its d iameter is approaching the 
wavel ength of the l aser l ight  and the 
scattered signal becomes very weak. 

The th ird area of research concerned 
measuring the duration of the pulse. Re
searc h e rs at the  N aval  Postg rad u ate 
S c h o o l  a s ke d  M i c h a e l  Moran at 
Lawrence Livermore for help in measur
i ng the optical spectrum of sonolumines
cence and the time-dependence of the 
em issions. Yet, even with the u ltrafast 
cameras avai lable at Livermore, the du
ration of the pu lse could not be defini
tively measured. 

The results indicated that the pulse was 
very fast, possibly faster than the 50 pi
coseconds that other researchers had in
dicated. " But the instrument was pushed 
to its l imits," Moran explains. "It was not 
clear, precisely, what the result was." 

Computer Models 
Sus l ick  notes that there is as yet no 

experimental measure of temperature in 
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s ingle bubble sono luminescence. The 
temperatures and pressures reported are 
for the most part based on theoretical 
ca lcu lat ions .  The problem he sees i s  
that a lthough shock-wave models are 
appropriate for the macroscopic scale, 
they m a y  not be a p p r o p r i ate on a 
nanometer scale, particularly for gases 
at these very h i g h  tem peratures a n d  
pressures. "There's a reason why the 
Department of Energy at Livermore and 
Los Alamos has always had state-of-the
art computers," Susl ick said, "that's be
c a u s e  b o m b  code ca l c u l at i o n s  a re 
among the most complex computer pro
grams on the planet." 

Wi l l iam Moss at Lawrence Livermore 
agrees with this assessment. For h im it is 
an important point that in studying sono
luminescence they can make use of al l  
of the ski l l s  that have been acquired in  
the nuclear weapons program over the 
past 40 years at the lab. Regarding the 
theoretrtal ,  computational, and experi
mental ' ta lent at L ivermore, Moss said, 
"this is  a perfect place to do this work." 

Moss has done some of the most so
phisticated calculations to date on bub
ble growth and col lapse. He has per
fo rmed fu l l y compres s i b l e  no n l i near 
hydrodynam ic s imulations, which start 
with equations of state for the gas and 
i n corporate the l i q u i d  and even the  
g lass flask i n  an effort to  s i m u l ate as  
much of  the problem as  possible. Moss 
bega n with a standard hydrodynamic 
program, but  is now us ing some of the 
weapons codes, "which are optimized a 
l ittle better for these ki nds of problems," 
Moss says. 

Shock Waves 
When a bubble  contracts, a shock 

wave i s  generated that s lams i nto the 
center of the bubble. The bubble rad ius, 
at least in the calculations, is about half 
a micron. It is only its inner portion that 
gets rea l ly  hot-between 1 00,000 and 
1 ,000,000 degrees, accord ing to h is  cal
c u l at i o n s-w i t h  p ressu res reac h i n g 
1 00,000,000 atmospheres. These condi
tions last for about 1 0  p icoseconds as 
the shock wave crashes i n  and then 
bounces out. 

Moss bel ieves that the rapid bounce is 
caused by the intermolecu lar potential ;  
that is, as the atoms are pushed closer 
together, the rep u l s ive force between 
them become stronger, which also caus
es the short timescale. "What we're talk
ing about," Moss expla i ns, "is just the 

William Moss at Lawrence Livermore 
National Laboratory: A well-timed spike 
of positive pressure on the acoustic 
wave could "give the bubble a real 
good whomp at just the right time. " 

mechanical process." 
Moss notes that one of the factors con

tro l l ing temperature is ionization. Ion iza
t ion of a mater ia l  removes e l ectrons, 
thus removing energy that would other
wise go i nto temperature.  Therefore, 
someth i ng that becomes s ign if icantly 
ion ized i s  not going to get as h ot as 
something that does not ion ize as much. 

It was this real ization the led Moss 
and Moran to look at deuterium, an iso
tope of hydrogen.  It has only one elec
tron. Once the electron is gone, it was 
thought that the energy cou ld then go 
i nto ra i s i n g  the temperatu re, thereby 
making the deuter ium very hot com
pared to a ir. 

U nfortunately, it turns out that deuteri
um is much more compressible than air 
at h igh density, so it is harder to get it as 
hot as air, given the same kind of driving 
condit ions.  The calcu lat ions i n d i cate 
that the air wi l l  get hotter because it has 
a stiffer repulsion potential .  

Moss bel ieves that one way to over
come th is l im itation is to shape the pulse 
on the driver. By putt ing a wel l-ti med 
spike of positive pressure on top of the 
osci l l atory f ield,  one cou ld "g ive the 
bubble a real good whomp at just the 
right t ime." H is calculations have shown 
that such an approach wou ld h ave a 
large effect, but this has yet to be borne 
out experimental ly. 

Sonofusion? 
This research process is what led them 

to start working on a deuterium experi
ment and to look at the "remote possibi l-
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ity" of fusion, Moss said. 
In  comparing sonoluminescence to in

ertial confinement fusion, there are some 
s i m i l a r i t ies,  but a l so b i g  d i ffe re n ces .  
There_ is an  enormous amount of  mat,eri
al  in a fusion target as compared to a 
sonoluminescing bubble. The tempera
tures and densities are also much h igher 
in  the fusion target. 

But the important difference, Moss is 
qu ick to point out, is that l aser fusion 
works : I t  prod uces fu s i o n .  H owever, 
Moss added, "I would say, to be as opti
mistic as we can and to be scientifica l ly 
honest, that what we think  we've shown 
is that it may not be i mpossible to get fu
sion this way." 

Although Moss is  hopeful ,  he said that 
even i f  fus ion d oes not occ u r, there 
should be a wealth of physics com ing 
out of this .  " It seems to me that you can't 
lose scientifical ly," Moss said. 

For Sus l ick  the possi b i l ity of fus ion 
from sonolumi nescence is , an open ques
tion. "To date no one has detected neu
trons, no one has produced excess ener
gy out compared to what's gone in ,  and 
so I think we're at a very tanta l iz ing ear
ly stage," he noted. 

Atc h l e y  p o i nted o u t  t h at n o body 
knows what the l i mitations of sonolumi
nescence are i n  terms of temperatures 
and densities. " I t  may turn out that the 
l i m itations are exactly the same ones 
that people trying to do fusion research 
are butting up against," he said. Yet, he 
added,  " m aybe b u b b l e s  a re a n i ce,  
spherica l ly symmetric envi ronment that 
people haven't thought about before for 
doing this kind of work." 

On a broader point Atch ley noted that 
son o l u m i n escence puts in the experi
menter's hands a new regime to study, a 
region that in general has not been stud
ied before. " It is a different window on 
the world," he said, "and who knows 
what you could find with that." 

The Next Step 
So where does sonolumi nescence re

search go from here? There are a num
ber of ideas on how to enhance the phe
n o m e n o n  to bette r stu d y  i t .  S u s l i c k  
suggests that to ach ieve a bigger bub
ble-with the idea that a larger amount 
of gas wo u l d  prod u c e  m o re l i gh t
wou ld req u i re going to lower frequen
cies. Most s ingle-bubble sonol u m i nes
cence work has been done at between 
20 to 40 ki lohertz. One of the problems 

Continued on page 53 
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TH E I NVIS I B L E  REVOLUTION 

Microelectromechanical Systems 
by Jim Olson 

D
uring the last several decades, from 
the stu n n i ng ly successfu l effort to 

miniaturize the components and circu it
ry of the computer has come a para l lel 
quiet revol ution. This revol ution centers 
on the development of m i c roe lectro
mechan ical systems (MEMS), and it i s  
doubly invisible. I t  does not get the same 
head l i ne coverage i n  the mass med i a  
that i s  devoted t o  t h e  o n rush of n ew 
computer and computer-related capabi l 
ities-the so-cal led i nformation su per
highway-and it involves b u i ld i ng de
vices so smal l  they are far below the 
abil ity of the human eye to see. 

These devices are not computer elec
tronics but are rather electrical, mechan
ical, and sensing devices that i mitate, on I 
a micron scale (m i l l ionths of a meter), 
many of the ordinary devices that are a 
vital part of modern l ife-el ectric and 
other motors and pu m ps, mechanica l  
actuators, accelerometers, and a whole 
array of other sensing devices, including 
temperature, pressure, and l ight sensors 
able to detect intensity and frequency in 
different bands of the e lectromagnetic 
spectrum (see box p. 52).  

Enabling Technology 
The basic enabl ing technology for a l l  

of this miniaturization i s  an o l d  one, l ith
ography. Lithography has been a method 
for making printing plates and electronic 
circuit boards. For circuitry, it has been 
described as "a p rocess i n  which the 
desired c i rcuit pattern is projected onto 
a photoresist coat ing  a s i l icon wafer. 
When developed, portions of the resist 
can be selectively removed with a sol 
vent, expos ing  parts of the wafer for 
etching and d iffusion.'" The same l itho
graphic processes are also used in mak
ing microelectromechanical devices. 

An i mportant adju nct was the discov
ery of the remarkable properties of s i l i 
con a s  a semiconductor, a s  wel l  a s  its 
other very useful physical and chemical 
propert ies .  Because of these u n i q u e  
propert ies ,  s i l i c o n ,  i n  t h e  fo rm o f  a 
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Sandia National laboratory 

Figure 1 
A MICRON-SCALE GEAR 

Close-up of a high-rpm gear with a diameter of about 50 microns. 

wafe r, se rves as the bas i c  b u i l d i n g  
b lock for both computer ci rcuitry and 
m icroelectromechanical  (MEMS) appl i
cations. 

MEMS Devices 
MEMS technology is being appl ied to 

two areas, actuators and sensors. Actua- . 
tors cause a mechanical force or motion 
usual ly in response to an electrical sig
nal .  Generally, actuators involve devices 
with moving parts, as in an electric mo
tor, or a solenoid-actuated valve. Sensors 
convert physical conditions such as tem
peratu re, p ressu re, acce l erat ion,  and 
l ight level i nto an electrical signal, and 
devices to measure temperature, pres
s u re,  acce l e rat i o n ,  fl u i d  f low rates, 
chemical composition, and l ight intensi
ty and frequency are starting to move out 
of the laboratories and into the market. 

Us ing l ithography, these minute de
vices can be bui lt on a single s i l icon (or 
other) wafer, by means of successive and 

repeated operat ions of resist coating, 
pattern-making (using vis ib le l ight, u ltra
violet l ight, and in some cases X-rays as 
the expos ing e nergy sou rce), wash ing 
with solvents, etch ing, and deposition of 
mater ia l s .  B y  repeated appl i cation of 
these steps, a fair ly compl icated device 
can be bui lt as a single process. 

For example, a gear can be bui lt on its 
shaft and freed to rotate, a l l  in a single, 
u n ified in-situ process (no assembly of 
i nd ividual parts, as in ordinary manufac
tu ri ng p rocesses, is req u i red). Further
more, it is l i kely that many of them can 
be m a n u factu red o n  a s i n g l e  wafe r 
(batch fabrication). 

Seeing the Unseen 
Because it is h i g h l y  des i rab le, per

haps essential, to be able to see what is 
going on in this m icron-scale process, 
the ordinary optical l ight microscope is 
of l im ited uti l ity, and most imaging i s  
done with some variation o f  the e lec-
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Peter Horton, Brookhaven National Laboratory 

Figure 2 
PRODUCTS OF X-RAY LITHOGRAPHY 

Precision gears made at Brookhaven National Laboratory using high-energy 
X-ray lithography, 

tron m i croscope. I n  add it ion,  various 
forms of the e l ectron m icroscope are 
used to determ ine characteristics other 
than the mere size and shape of the ob
ject, properties such as crystal structure 
and composition. 

Th ink of any area of human endeavor, 
and it is most l i kely that one of these 
emerging capabi l ities w i l l  have a very 
usefu l role-manufacturi ng, chem icals, 
medicine, qual ity control, transportation 
( including aviation), agricultu re, energy 
production, consumer products, and so 
on. The l ist is endless. 
High-speed Motors and Steam Engines 

Scientists at Sandia National Laborato
ry in  Albuquerque, N .M., using microma
chining techniques and equipment most
l y  devel oped at the U n i vers i ty of 
Cal ifornia's Berkeley Sensor and Actuator 
Center, have added their  own contribu
tion : a un ique l i nkage to convert l i near 
motor motion to rotary motion to drive 
the l i tt le  gear shown in F igure 1 .  AI- . 
though they do not have the abi l ity at 
present to measure the rpm, they estimate 
it could be as high as 500,000. This has 
potential appl ications in medicine " . . .  
in  u nclogging arteries, destroying abnor
mal cel ls, or operating procedures inside 
eyes, ears, or perhaps even the brain," 

the Sandia scientists say. 
In 1 993, Sandia scientists succeeded 

in maki ng the world's smal lest steam en
g i ne, with a rectangular  p iston 6 m i 
crometers wide by 2 micrometers deep, 
and a travel of 20 m i crom ete rs. The 
wo rk i n g  f lu id  i s  water a n d  the  heat 
source i s  a hot w i re fi l ament .  Steam 
power is ' capable of much more power 
and d isplacement than state-of-the art 
electrostatic micro-actuators. Again, po
tential appl ications abound in med icine 
where more power is  needed to move 
m i c romech an ica l  parts, and i n  other 
fields as wel l .  

The Invisible Made Visible 
Scientists at the National Synchrotron 

Light Source (Brookhaven National Lab
oratory) in N ew York are u s i n g  the i r  
un ique capabi l ities at the micron level to 
make larger pa rts al so, up to s izes of 
about 2 centi meters (nearly an i nch ) .  
They use  powerfu l X-ray mac h i nes to 
make the exposures in the l ithographic 
process. Dr .  Peter S i ddon expl a i ned, 
"We use X-rays with a peak energy of 20 
ki lo-electron volts. Because X-rays at this 
energy can penetrate th ick structu res, 
relatively large objects can be fabricated 
without any loss of precision." 

They pass the X-rays through a form 
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of masked plexiglas cal led PMMA and, 
using solvents to wash away the i rrad i
ated port ions ,  are l eft with  a p l ast ic  
gear.  Seve ra l  exa m p l es of t h ese are 
shown in  Figure 2.  

Reversing the process, they can form a 
mold  of the gear, w h i c h  can then be 
filled with metal by electrolysis and used 
as is, or used as a mold for making plastic 
parts. What is un ique about this enlarging 
from the real m  of the invisible to about 
the size of a thumbnai l  is  the extraordi
nary precision-micron scale on all sur
faces. At present, a German firm is ex
ploiting this technology for production. 
Peter Siddon told 2 1st Century in a Janu
ary interview that Brookhaven MEMS sci
entists are also working on a way to sepa
rate D N A  i n to its compon ents,  with 
obvious medical appl ications. 

Current Applications 
Analog Devices, Inc.  of Wi lmi ngton, 

Mass., is currently sel l ing a h i gh-i mpact 
( 5 0  g's)  m i c ro-acce lerometer to both 
foreign and domestic auto manufactur
ers for triggering dash-mounted a irbags. 
The complete u n it, inc luding electronic 
c ircu itry, is  about the s ize of a transis
tor. The company c l a i ms the devices 
are low-cost, rel iable, easy-to-use, and 
self-testing. 

Analog Devices is  about to begin  to 
market a low-impact (5 g's) accelerome
ter that has many appl ications, ranging 
from triggering side-i mpact a i rbags, to 
serving as the backup navigational de
vice for the G lobal Positioning System of 
navigational satel l ites, as a monitori ng 
device for heavy rotat i n g  mac h i n ery, 
and even as a triggering mechanism to 
shut off gas or o i l  pipel i nes in  the event 
of an earthquake. 

Nows---------------------------
• "Miniaturization Technologies," Office of Tech

nology Assessment, U.S. Congress, publica
tion OTA-TCT-S14, Nov. 1 991 ,  p. 44. 
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Sonoluminescence 
Continued from page 50 

is that as the bubble becomes larger, it 
becomes more suscepti ble to structural 
deformation, l im iting the size that can be 
spherical ly imploded. 

The l im itation now is that the bubble 
is  bright enough to see with the human 
eye but too dim to be seen by some in
struments. If the bubble could be made 
brighter, it might permit more accurate 
measurements. Another approach, Atch
ley points out, is to determ ine what con
ditions are necessary to produce sonolu
m inescence in  different l iqu ids and with 
various gases dissolved in  those l iqu ids. 

UWhat we think we've shown 
is that it may not be impossi

ble to get fusion this way." 

Work at UCLA has shown that whi le 
sono l u m i n escence in a i r  b u b b l es is 
strong, bubbles of pure oxygen or nitro
gen do not work nearly as wel l ,  and 
sometimes they do not work at a l l .  How
ever, add ing trace amounts of argon or 
xenon greatly improves the sonol u m i 
nescence o f  the nitrogen bubble. 

Oth e r  i d eas i n c l ude c h a n g i ng the  
temperature of  the  l iquid or i ncreasing 
the pressure on the l iqu id  to a lter the 
rate of d iffusion of gas from the l iq u id 
into the bubble. 

One approach that does not seem to 
work is s imply  to crank up the sound 
field. There seems to be only a narrow 
range of acoust ica l  a m p l i tudes over 
which the bubble is stable. "If you drive 
it too l ow, the bubble doesn't glow," 
Atch l ey explai ned, and " if you drive it 
too hard, the bubble disappears." So the 
problem is, h ow does one more eff i 
ciently concentrate energy into the bub
b l e ?  Moss and h i s  p u l se-sh ap ing  ap
proach may provide the answer. 
For Further Reading 
Lawrence A. Crum, 1 994. "Sonoluminescence," 

Physics Today, (Sept.) pp. 22-29. 
RA Hiller and B.P. Barber, 1 995. "Producing Light 

from a Bubble of Air," Scientific American, 
(Feb.) pp. 96-98. 

Seth J. Putterman, 1 995. "Sonoluminescence: 
Sound into Light," Scientific American, (Feb.) 
pp. 47-51 .  

Kenneth S .  Suslick, ed. ,  1 988. Ultrasound: Its 
Chemical, Physical, and Biological Effects 
(New York: VCH Publishers). 

Carol White, 1 99 1 .  "Sonoluminescence Sheds 
New Light on Physics," 21st Century, (Winter) 
pp. 26-32. 

Did you miss 
some�g? 

Back issues to 

21 st CENTURY 
SCIENCE & TECHNOLOGY 

are available at $5 each 
($6 foreign) .  U.S. 
currency only. 

To receive the index for 
volumes 1 -7, send a self
addressed envelope (9 x 12) 
with 78<1: postage to: 

21st Century 
P.O. Box 1 6285 
Washington, D.C. 20041 

21 st CENTURY Summer 1 995 53 



ENVIRONMENT 
KOB E  EARTHQUAKE SOU N DS ALARM 

New Infrastructure Can Lessen 
Future Quake Damage 
by Rogelio A.  Madu ra 

On j a n .  1 7, 1 9 9 5 ,  the japa nese 
cities of Kobe and Osaka were hit 

by one of the most destructive earth
quakes of this century. The earthquake's 
tol l in l ives and col lapsed infrastructure 
was enormous. More than 5,470 people 
were k i l led and 34,400 were injured
the greatest number of casualties from an 
earthquake in japan since the great Kan
to earth q u ake of 1 9 2 3 ,  w h i c h  k i l led 
1 40,000 people. 

The quake, now known as the Great 
Hanshin  Earthquake, either damaged or 

destroyed more than 1 70,000 houses, 
bui ldings, and factories. In addition, ma
j o r  l i n es of tra n s port were a l so d e 
stroyed, including h ighways, rai l  l i nes, 
and the port of Kobe, one of the largest 
and most modern ports in the world. The 
esti mates of the cost of the earthquake 
now range between $ 5 0  b i l l i o n  and 
$200 bi l l ion, and the damage the earth
quake wrought may take more than a 
decade to repair. 

As awful as it was, the Kobe earth
quake may be just the first of several ma-
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JJ.. Kobe's "earthquake-proof" highway 
toppled by the Great Hanshin quake in 
January. 

jar  earth q u akes that are expected to 
strike u rban areas in  japan, Cal ifornia, 
the H i malayas, and other highly popu
lated areas in the years to come. For this 
reason, it is imperative that the scientific 
and engineering commun ity, as wel l  as 
national and local governments, learn 
the lessons of Kobe and i m med i ately 
start implementing measures that can re-
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duce the amount of destruction from fu
ture earthquakes and lay the ground
work to m o b i l i z e  the  necessa ry re
sources to deal with such d isasters once 
they happen. 

The Destruction 
The earthquake, measuring 6.9 on the 

Richter scale, struck early on the morn
ing of jan. 1 7. Its epicenter was located 
at the smal l  island of Awaj ima, 20 ki lo
meters south of the port city of Kobe in 
the Seta In land Sea. It took place shortly 
before 6 A.M. local t ime. As with the 
Northridge earthquake in Cal ifornia last 
year, there would have been many more 
fatal it ies had the q uake struck l ater i n  
the morning, when people wou ld have 
been on their way to work. 

The i m pact of the eart h q u a ke was 
devastating. Television footage showed 
expressways,  b r i d ges ,  a n d  ra i l road 
tracks that had been constru cted to 
withstand earthquakes b roken o r  col
lapsed on the ground. 

Several hundred fires broke out, most-
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separate scient if ic stud ie's
. 
were re- of th��:t fault$ , � n �he ,
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Iy throughout Kobe. F i res raged out of 
control i n  Kobe as fi remen were pre
vented from reac h i ng the b l azes by 
br i dges that had co l lapsed and roads 
that were blocked by fa l len bu i ld i ngs. 

. 145 

.220 

With power l i nes down in many areas 
there was no e lectric ity or water sup
pl ies in most parts of Kobe. Ruptured gas 
l i nes fueled the raging fires. 

The impact of the quake was sign ifi
c a n t l y  g reater t h a n  o n e  
wou ld expect from its mag
n itude. The reason is that the 
epicenter of the quake was 
very s h a l l ow and the fau l t  
l i n e  went  r i g h t  th ro u g h  
Kobe. Accordi ng to Professor 
Megumi Mizoe, head of the 
Ea rthq uake Research I n sti
tute at Tokyo U n ivers i ty ,  
"The q uake jolted the area 
sideways first and then shot 
vert ica l l y ,  w h i c h  bounced 
the land up several times. I t  
was the strongest q u ake to 
date." 

Osaka Bay 

The underlying reason be
h i n d  japan's propensity for 
earthquakes inhat it sits i n  
an area of i ntense tectonic  
activity. The earth's crust is  
composed of several p lates 
that are constantly sh i ft ing. 
These shifts occur along fault 
l i nes. When a sh ift occurs, 
an earthq ua ke takes pl ace. 
The i ntens i ty of the q ua ke 
w i l l  be determined by many 
factors, including how much 
stress has  been b u i l t u p  
a long t h e  fau l t  l i ne.  Areas 
where two or more p l ates 

The mainshock epicenter, aftershock zone, and peak ground motions of the Kobe earth
quake, superimposed on a map of active faults. The numbers refer to ground motion. 

Source: EOS, Transactions, American Geophysical Union, Vol. 76, Feb, 7, 1 995, as adapted from K, Koketsu, Earthquake 
Research Institute, University of Tokyo 

. L-__________________________________________________________________ � 

col l ide, such as the japanese 
islands, are dotted with ma
jor fau lt l i nes, and are sub-
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i n g  6 . 1  o n  the R i c hter  
sca l e  stru c k  Awaj i m a  I s 
land i n  1 9 1 6, k i l l ing more 
t h a n  1 , 0 0 0  p eo p l e  a n d  
devastating the c ity o f  Os
aka.  Several earthqua kes 
hit the area in the m id-to
late 1 940s, but so much of 
Kobe a n d  
O s a k a  h ad a l ready been 
d estroyed by A l l  ied 
b o m b e rs d u r i n g Wor ld  
War I I  that the earthquakes 
caused l ittle damage. 

After the G reat Hansh in  
earthquake, many leadi ng 
J a pan ese researchers re
doubled their warnings that 
several major earthquakes 
m a y  str i  ke J a p a n  i n  the 
com i n g  per iod.  They are 
u rg i n g  the Japa nese gov
ernment to d rastica l ly  in 
crease the pace of  prepara
tions for dea l ing with such 
natural catastrophes. 

Kiyoo Mogi, chairman of 
t h e  L i a i so n  C o u n c i l  for 
Earthquake Pred iction, told 
the p ress, " I n  west Japan 
earthquakes have entered a 
new stage of activity." Kat
s u h i ko Ish i bash i ,  head of 
the A pp l i ed S e i s m o l ogy 
Dep artm ent  of the Con
st ruct ion  M i n is t ry s a i d ,  
"There is  a high possibi l ity 
of severe earthquakes hap
pen i ng in several parts of 
t h e  C h u bu (cente red o n  
N agoya) and K i n k i  (cen
tered on Kyoto, Osaka and 
Kobe) regions, where there 
is a h igh density of danger

Gerald Brady/U.S. Geological Survey ous, active fau lt l i nes." 
Vertical ground failure in Kobe. In the background is the port. 

ject to i ntense earthquake activity. 
M izoe says that other recent earth

quakes that have struck Japan were far 
deeper. "Th i s  is the reason why th i s  
earthquake could b e  considered o n e  of 
the biggest and a special case in Japan." 

Scientists Not Surprised 
Although the earthquake surprised the 

Japanese government and the publ ic, it 
did not surprise the scientific commun
i ty .  J u st one week before the q u a ke, 
Kazuo Mino of the Ritsumeikan U n iver
sity in Kyoto had warned that the tecton-

ic fault that stretches along the western 
coast of Japan had built up enough ener
gy to cause a very powerfu l earthquake. 

Mino predicted that a series of earth
quakes registering more than 7 on the 
Richter scale would h it the region in  the 
coming century. Mino's was not the only 
warning, however; many other Japanese . 
scientists had made s imi lar warnings in  
the past. Furthermore, there have been 
several major earthquakes in the same 
area in the past century. 

For example, an earthquake measur-
, 
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Other seismologists are 
pointi ng out that Japan has 

entered a stage of earthquake activity 
after decades of re l at ive tranq u i l l i ty. 
Some Japanese scientists are pred icting 
that earthquake activity wi l l  increase to
ward the end of the centu ry into the 
start of next century in  the Kanto region, 
w h i c h  i n c l udes m etro po l i tan Tokyo.  
Professor Yoich i ro F uj i i  of  Ibaraki U n i 
versity, told the press, "There is  a h igh 
poss i b i l ity of a type of earthquake d i
rectly u nder an urban area fol lowing the 
active period of earthquakes." 

Japan's National Land Agency issued ,' 
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a study i n  1 988 warn i n g  that a major 
earthquake in the Tokyo metropol itan 
area could destroy as many as 866,000 
houses and bu i l d i ngs and affect more 
than 3,750,000 fam i l ies. 

lessons from Kobe 
There are several i m portant l essons 

that have to be l earned from the G reat 
Hanshin  earthquake. F i rst and foremost, 
as with the Mexico City and Northridge 
earthquakes, most of the damage was 
caused by g ro u n d  l i q u efact i o n .  T h i s  
phenomenon happens w h e n  s e i s m i c  
waves travel through soft soi ls or land
fi l led areas. These soi l s  ampl ify the seis
mic waves and at a certai n  point they 
" I iq uefy," open i n g  up the ground and 
toppl i ng even earthquake-proof b u i ld
ings. The greatest danger from th is  is, as 
with Kobe, that many of the great cities 
built in  earthquake-prone areas, inc lud
ing Los Angeles and Tokyo, sit on top of 
soft soi l s. 

Ground l iquefaction can be prevented, 
however. Kobe demonstrated the success 
of a Japanese program to stabil ize loose 
soi ls. In the past 20 years, more than 
200,000 special gravel drains and buried 
stone columns were instal led in certain  
landfi l led areas of  Kobe. These areas suf
fered minimal quake damage, wh i le oth-
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e r  l andfi l l ed areas, without benefit of 
these i m provements, suffered severe 
damage. A s i m i l a r program has been 
started in  the United States. 

The earthquake destroyed most of the 
u rban transportation infrastructure, i n
c l u d i n g  h i g hways, ra i l roads, and the 
port. I n  addition, mi les of water and gas 
p i pes broke. F ires caused by gas from 
broken gas pipes, and worsened by the 
lack of water and the fact that the roads 
were i mpassable, were major factors i n  
the h igh death tol l .  

T h e  importance o f  a very sol id urban 
infrastructure was made c lear by these 
tragedies. A great deal of damage was 
done to the poor suburbs of Kobe, one of 
the weakest areas in Japanese earthquake 
.damage-prevention efforts. In Kobe, as in  
many areas of  Japan, older homes use a 
wooden post-an d-beam construct ion 
style, where vertical posts brace long hor
izontal roof beams. Moreover, the trad i
tional roofing for these structures in Japan 
is heavy terra cotta t i le. This housing de
sign is  excel lent for preventi ng damage 
from typhoons. However, it makes the 
structures inflexible and inherently unsta
ble in  earthquakes. 

An exam i nation of the pattern of de
struction reveals that bui ld ings and other 

structures that were b u i l t  to the latest 
earthquake-proofi ng standards survived 
very wel l .  U nfortunately, bui ld ings bui lt  
to earl ier standards did poorly. 

Can someth i n g  s i m i l a r  to the Kobe 
horror take place in the U n ited States? 
U nfortunately, yes. As many safety ex
perts point out, Japan was much better 
prepared than the U nited States. 

Perhaps the most i m portan t  lessons 
from Kobe, as wel l  as the N orth ridge 
and Santa Cruz earthquakes, are that 
these are natural d isasters that w i l l  take 
place and wi l l  have devastating impacts 
on h uman habitation. Can someth ing be 
done about it? Yes. 

Steps such as anchoring l oose soi l s  
d o  work. Many compla in  i t  is  too ex
pensive to undertake such infrastructure 
projects. I n  fact, the money is read i l y  
ava i lable. The U n ited States and Japan 
are now spend ing wel l  in excess of $30 
b i l l ion a year fu nding studies and pro
grams to protect people from nonexis
tent th reats, s u c h  as g l obal  warm i ng 
and ozone depletion .  There is enough 
science to p rove these a l leged futu re 
" d i sasters" are sc ient if ic  frauds .  It i s  
t i m e  t o  sh i ft those funds t o  dea l with 
real d isasters. 
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t\J OPEN LETTER TO TH E I Pee 

EDITOR'S NOTE 
This open letter was distributed to 

the delegates at the Intergovernmental 
Panel on Climate Change meeting in . 
Berlin March 28-April 4, along with 
other ma teria ls demonstrating that 
apocalyptic theories of climate change 
don't stand up to the facts. The /PCC 
meeting discussed how to meet the cli
mate goals decided upon at the 7 992 
Earth Summit. 

Dr. Ellsaesser is an atmospheric scien
tist with 43 years in climate research 
with the U.S. Air Force and at Lawrence 
Livermore National Laboratory. 

M
ost d i scuss i o n s  of g ree n h o u s e 
warm i n g  beg i n  with at l east the 

impl ication that the Earth's c l imate and 
atmosphere existed in  natural, u nchang
ing states before man intervened; that is, 
unt i l  the pre industrial era, c i rca 1 850. 
I n  real ity, the annual ly and globa l ly av
eraged su rface temperature is bel ieved 
to have cooled some 5° to 1 0°C (9° to 
1 8°F) s i nce the t ime of the d inosaurs, 
approximately 1 00 m i l l ion years before 
the present. 

Over the same period, the carbon 
d ioxide content of the atmosphere is be
l i eved to have decreased so that in the 
pre i ndustr ial  era it was on ly  1 0  to 20 
percent of the level that produced the 
l ush vegetation on which the d i nosaurs 
feasted. 

The Antarctic ice cap began about 1 5  
m i l l i on years before present, and the 
Arctic ice caps, such as Green land, be-

Official U.S. Coast Guard Photograph 

gan 3 to 5 mi l l ion years before present. 
At about 2 mi l l ion years before present, 
we d ropped i nto the present P l e i sto
cence Glaciation or Ice Age. This ice age 
h as been characte r ized by some 1 7  
glacial/interglacial cycles. The most re
cent cycles have typical l y  shown a pro
l o n ged staged coo l i n g l a st ing  about 
90,000 years, fol l owed by a compara
tively abrupt warming to the interglacial 
stage, which has typical ly  lasted about 
1 0,000 years.' 

I t  is  estimated that the mean g lobal 
temperature was 3° to 5°C (5.4° to 9°F) 
colder than now at the c l i max of the 
glacials .  We are cu rrently i n  an i nter
glacial stage called the Holocene, which 
began about 1 0,700 years before pre
sent. Thus, by present understanding, the 
onset of the next glacial cycle, with ice 
sheets bui lding up to 3 km ( 1 0,000 feet) 
thick over Hudson Bay. and Scandinavia, 
is now due. Some bel ieve it is  a l ready 
under way. 

Why do we not hear the argu ment 
that we should be adding carbon d iox
ide to the atmosphere del iberate l y  to 
prevent or at least delay the onset of the 
now-due next glacial?  

Stude nts of the c l i mate of the 
Holocene recognize some three cycles of 
warming and cool ing, lasting up to 2,500 
years each.  Best recogn ized is  the so
cal led Cl imatic Opti mum, about 6,000 
years before present, when temperatures 
are believed to have been 1 ° to 2°C (1 .8° 
to 3 .6°F) warmer than at present. 

The most recent warm and cool peri-
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<III A U.S. Coast Guard icebreaker ap
proaches an ic;eberg in Greenland. 

ods are recorded i n  our  h istory books: 
the L itt le  or Med ieval C l i matic Opti
mum about 1 ,000 years before present 
when the ice in the North Atlantic melt
ed back and the N orsemen were able to 
colon i ze Iceland and G reen land,  and 
the fol lowing Little Ice Age (circa 1 430 
to 1 850) when the G ree n l and col ony 
d ied out and h i story recorded glacier 
advances and abandon ment of farms 

. and v i l lages in  parts of Europe, particu
larly in Norway. 

By present estimates, the roughly o.soc 
(O.9°F) warm i ng since the beginning of 
our temperature records has taken us on
ly about halfway from the nadir  of the Lit
tle Ice Age to the temperature believed to 
have prevai led during the Medieval Cli
matic Opti mum. In  short, we have two 
rather wel l documented periods of c l i
mate during the Holocene i n  which the 
mean surface temperature was warmer 
than it is now and our ice core data say 
that the carbon d ioxide i n  the atmos
phere was at the preindustrial level. 

That is, although we sti l l  have no clue 
as to the cause of these temperature cy
cles of the Holocene, a natural recovery 
from the Little Ice Age is the least contro
versial explanation of the warm ing we 
have seen to date. 

These temperature cyc les also show 
that our c l i mate is capable of warm i ng 
at least 1 °C (l .8°F) above our present 
temperature with carbon dioxide at the 
preindustrial leve l .  In other words, it did 
not need i ncreased carbon d ioxide to 
warm this much 6,000 years before pre
s e n t .  N ote a l so t h a t  t h e  p e r i ods of 
warmer c l i mate have been cal led cli
matic optima-and wel l  they must have 
appeared to the colonist left in Green
land and to the Norwegians who were 
pushed out of the i r  farms and v i l l ages 
by advancing glaciers during the L ittle 
Ice Age. 

The Failure of Climate Models 
Si nce the fi rst model -produced est i 

mate of 2 .36° of green house warm i n g  
for a doubl ing o f  carbon dioxide b y  Suki 
Manabe and D ick Wetherald in 1 967,2 
the observational temperature record has 
cons i stent ly fa i l ed to revea l c l i m ate 
warming as rapidly as predicted by the 
c l imate models. Th is inconsistency has 
grown both because the warm ing pre
dicted by the models has increased and 
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RECONSTRUCTION OF THE EARTH'S CLIMATE OVER THE MOST RECENT 850,000 YEARS 

1 976 

This artist's rendition shows the mean global temperature for the past 850,000 years (a) and in more detail for the past 
70,000 years (b) and the past 7,000 years (c). The air temperatures are inferred from ice volume, There were at least 
three cyclic warmings and coo lings in the past 1 0,000 years, lasting about 2,500 years each. Periods warmer than usual 
until recently were called climatic optima, not climatic catastrophes. 

Source: Adapted from S. W. Matthews, 1 975, "What's Happening to our Climate?" National Geographic (Nov.), p. 576 

because other greenhouse gases such as 
methane, nitrous oxide, the freons, and 
so on, have been incl uded, so that we 
are already halfway to an effective dou
bl ing of the carbon dioxide in the atmos
phere, Under equ i l ibrium conditions, we 
should have seen sl ightly more than half 
of the greenhouse warming predicted for 
a doubl i ng of carbon d ioxide; that is ,  
0.75° to 2°C ( 1 .25° to 3 ,6°F), U nti l  re
cently, the only explanation offered for 
th is fai l ure was lag caused by the long 
time required to warm up the oceans to 
considerable depth, 

The I PCC reports of 1 990 and 1 992 
contained the statements: "global mean 

54.1 
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u. 
� 52.9 

l!! Cl � 52.3 

51.7 

51.1  

50.5 

surface a ir  temperature has increased by 
03° to 0,6° over the last 1 00 years, , , , 
[T} he s ize of th is  warm i n g  is broadly 
consistent [emphasis added} with pre
d ictions of c l imate models."3 

At no point do either of these reports 
state the mode l-predicted temperature 
rise for 1 990, but Figure 8 of the Pol icy
makers' Summary o pec 1 990, p, xxi i )  is 
a graph of " Real ized Temperature Rise 
above 1 765." The ordinates for 1 990 of 
the " Low," "Best," and "H igh" estimate 
curves are 0.7°, 1 .0°, and 1 Aoe In other 
words, there is no overlap between these 
two est im ates that are c l a i med to be 
"broadly consistent" in the texts. 

Recently, one of the major contribu
tors to the l Pee reports released the fol
l o w i n g  p u b l i c  statement :4 " I n  ear l i e r  
calcu l ations, the cool ing effects o f  su l
phate aerosols and stratospheric ozone 
d e p l et i o n  were not i n c l u ded.  When 
they are, the  observed warm i n g  trend 
l i es right in the middle of the range of 
values s i m u l ated by models .  I n  other 
words, there is no longer any inconsis
tency between models and observations 
[emphasis added} , "  

Politically Shaded 
F rom the above, one can on ly  con

c l ude that the I Pee q uote emphasized 
Continued on page 6 7  

Figure 2 
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U.S. MEAN ANNUAL TEMPERATURE, 1 895-1 994 
This 7 00-year temperature record, based on data 
from the National Climatic Data Center, is consid
ered to be lithe greatest combination of areal extent 
and number of observing stations of any in the 
world, " according to the World C l i mate Review, 
with 7 6,000 measuring stations. 
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1 0.6 

1 895 1 905 1 9 1 5  1925 1935 1 945 1 955 1 965 1 975 1 985 

These data don't match the dire predictions of the 
global warming alarmists. Since 7 935, there has 
been no net change in temperature. The tiny rise 
that occurs in these 7 00 years takes place before 
7 935 and hence before the alleged industrial cul
prits were in business. 
Source: World Climate Review, Winter 1995, p. 1 7  
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Sol id Gold 
(X 1 0) Quai l 
by R .5 .  Bennett 

D
eep in  southern Arizona, near the 
Mexican border, there is a flock of 

possibly as many as 300 quail that have 
cost taxpayers more than $90,000,000. 
It is  a classic story of bureaucratic de
ception and incompetence. 

The story begins  in the early 1 980s, 
w h e n  a b i o l o g i st fo r the  F i s h  a n d  
Wildl ife Service o f  the Department of the 
Interior conceived the idea of "rei ntro
duci ng" the masked bobwhite quail into 
southern Arizona. It was not important 
that the bird had not been seen in Ari
zona for 80 years or that prior to that 
time, sightings had been occasional and 
sporad i c .  T h e  q u a i l s ' dem i se was 
bl amed on cattle graz i ng that had a l 
legedly depleted the plants that provided 
food for the quai l .  

The o n l y  known masked bobwh ite 
quai l sti l l  l i v ing were in the Mexi can 
Sonoran Desert near Hermosi l lo-some 
300 mi les from the U n ited States. The 
plan that the Fish and Wild l ife Service 
f i rst d eve l o ped was to c reate the  
1 1 5 , 000-acre B uenos A i res N at iona l  
Wi ld l ife Refuge (BANWR) i n  southern 
Arizona and then transplant quail cap
tu red in Mexico to th is  refuge where 
they wou ld breed in the wi ld and be
come established. 

These early attempts were unsuccessful 
but the coyotes in the area d id look fatter. 

The land acquired for the refuge was 
partial ly privately owned and additional 
acreage was obtained by land exchanges 
between the state and federal agencies. 
It had all been put to productive use and 
property and income taxes and grazing 
fees were being paid to local, state, and 
federal governments. 

U nder the authority given to them un
der the Endangered Species Act, the Fish 
and Wild l ife Service now declared the 
m a s ked bobw h i te s  an E n d a n ge red 
Spec ies .  O r i g i n a l ly ,  there was some 
question whether this could be lega l ly  
done, because no birds had been fou nd 
in the U n ited States i n  more than 80 

years, but that issue was s k i rted very 
n icely using the fact that the quai l  had 
been "rei ntroduced" from Mexico. 

Planned Parenthood 
The next plan was much more elabo

rate in s ize and scope. The Patu xent 
Wildl ife Research Center of the Fish and 
Wi ld l ife Service in Laurel ,  Maryland, 
was to be the source of newly hatched 
q u a i l  ch icks.  Ad u lt male  and fem a l e  
b i rds (at least they got that part r ight) 
were transported from Mexico and the 
breed i ng program began .  Female quai l  
normally lay eggs only once a year u nti l  
they get enough for a brood of 1 0  to 1 2  
b i rds,  but these b rood fe m a l es were 
tricked into laying eggs on a continual  
basis by taking away the eggs as they 
were laid. 

The chicks were fed on pel lets for a pe
r iod of t ime and then s h i pped to the 
refuge in Arizona. Meanwh i le, about 200 
male qua i l  of a d ifferent species were 
trapped in Texas, given vasectom ies to 
keep them from mating with any masked 
bobwh i te hens ,  and s h  i pped to the  
B uenos A i res refuge. There they were 
each given 1 0  to 1 2  ch icks so they could 
serve as brood su rrogate fathers. After 
about two weeks, the broods with their 
new fathers were released into the wild. 

S i nce 1 985, the Patuxent Center has 
shipped 1 9,654 quail chicks to Arizona. 
Of these o n l y  1 5 , 9 3 1  s u rvi ved l o n g  
enough to be released into the wild-an 
81 percent survival rate. And what of the 
released birds? At the bird census con-
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ducted by Fish and Wildl ife personnel in 
late 1 993 there were approximately 300 
quail  on the B uenos Ai res refuge-a sur
vival rate of 1 .5 percent of the birds re
ceived from Patuxent. 

However, there is considerable doubt 
about the accu racy of this figure. Each 
year the Audubo n  Soc iety conducts a 
bird survey on the Buenos Aires Refuge 
as it does throughout much of the coun
try. For the last two years-i n December 
1 99 3  and 1 994,-not a si ngle masked 
bobwhite quai l  has been sighted on or 
near the refuge. 

Paying through the Beak 
And the cost? The original refuge con

sisted of 2 1 ,282 acres in 1 985 and cost 
$9 , 794,304. Si nce that ti me, an add i
t i o n a l  9 6 , 5 1 2  a c re s  with a value of 
$42,046, 646 have been acqu i red. The 
tota l cost,  w i t h  t h e  i n c l u s i o n  of 
$ 1 ,996,000 schedu l ed to be u sed for 
l a n d  p u rchases  in 1 9 9 5 ,  has been 
$ 5 3 , 8 3 6 , 9 5 0  fo r the 1 1 7 ,800 acres 
puchased to date. 

H owever, becau se the budget has  
been in deficit for many years, the inter
est cost (8 percent for 30-year Treasury 
bonds) of the borrowed money must be 
added. Now, 1 0  years later, the cost of 
the original acquisition is $ 79,623 , 1 46. 

Annual  operating, construction and 
mai ntenance costs for the 1 O-year period 
have totaled $ 7,439,800. The breed ing 
program at Patu xent has cost another 
$ 8 1 6,550; the total cost of the program 
to date is $87,900,000 or $293,000 for 
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each of the 300 quai l .  And th is does not 
take i nto account the lost tax mon ies 
paid by the former productive enterprise 
of the set-aside land! 

To get some perspecti ve:  an adu l t  
quail weighs 7 ounces. A pound of gold 
is worth $4,320. Each surviving b i rd, not 
counting land costs, has had an obscene 
$27,500 expended upon it. So each b i rd 
has cost $ 3 ,930 per ou nce, more than 
1 0  times the value of gold. These are i n
deed solid gold (X1 0) qua i l .  

Does this bother the F ish  and Wildl ife 
Service? Not at a l l ,  judging by the i r  latest 
scheme not only to carry on the "reintro
duction" program but to expand it. On 
the present site they plan to try habitat 
modification by discing areas to seed to 
new forage p l a nts, h a l f-cutt i n g  a n d  
chain-sawing to remove woody vegeta
tion, and a program of prescribed burn
ing, i ntrod uction of catt le  for graz i n g  
(Fish and Wildl ife Service cattle are ap
parently more beneficial to the land than 
privatel y  owned cattle) and instal/iog 
sprinkler systems so the plants and birds 
will have plenty of water. 

Foreign Aid? 
Even more arrogantl y, the F i sh and 

Wildl ife Serv ice wants to spend more 
than half a m i l l ion dol lars in Mexico to 
give techn ical assistance to the Mex i
cans to ma nage the i r  f lock of some 
1 ,500 native masked bobwhite qua i l .  (it 
is unfortunate there is not a futures mar
ket for Mex ican  q u a i l ;  s h o rt b u ye rs 
should do very wel l .) 

There's more. The last straw i n  the 
new plan is to acquire another noncon
tiguous refuge in southern Arizona for an 
expanded "reintroduction" area. 

Even the most amateur  of b io logists 
would question at this point whether the 
habitat in  southern Arizona is su itable 
for masked bobwhites. But not the Fish 
and Wildl ife Service. Its guidel ine is  that 
if the habitat is not su itable, then modify 
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the habitat! No matter that the Endan
gered Species Act prohibits habitat mod
ification for Endangered Species. 

S i nce its estab l i shment in 1 985 the 
F ish and Wi ld l ife Service has been ac
tively expanding the refuge from 2 1 ,282 
acres to the present 1 1 7,794 acres. The 
1 995 budget contains a $2 m i l l ion ap
propriation for additional land purchases 
at the refuge. The latest plan is to estab
l ish another masked bobwhite "rei ntro
duction" area along the Santa Cruz Riv
er, east of the present refuge. 

The F ish and Wildl ife Service has stat
ed that it i ntends to do this only on "pri
vate" land. This is simply not true. And 
even if it were, how does the Fish and 
W i l d l ife Service plan to spend pub l ic  
monies on private land? 

Fiscal Madness 
U nfortunately, th is is the kind of fiscal 

madness that permeates much of the De
p a rtment  of the I n te r i o r, the parent  
agency of  the Fish and Wi ld l ife Service. 
Deception, i ncompetence, and misuse 
of publ ic monies are not uncommon. 

It is  time to stop the senseless pro-

grams that serve only as a drag on the 
productive sectors of the economy. Oth
erwise, the coyotes wi l l  continue to gain  
weight at your expense. 

R.S. Bennett is executive director of 
the Society for Environmental Truth, 
Tucson, Arizona. 

Correction 
An editorial error i n  the Spri ng 1 995 

issue on p. 53  misstated the name and 
date of a volcan ic eruption mentioned 
by Dr. H u gh E l lsaesser ("Atmospheric 
Scientist Shocked by NASA Ozone An
nouncement"). The volcan ic eruption in  
Iceland that put  out  enough fl uorine to 
ki l l  hundreds or thousands of people and 
an imals was Mt. Laki in  1 783.  

Climate Real ity 
Continued from page 59 

earl i er was a pol i t ica l l y  shaded state
ment, not a scientifical ly  objective state
ment, of the views of the I PCC partici
pants. This, in  turn, raises questions as to 
whether other I PCC statements are more 
political than scientific.  Such question
i ng was strengthened by events at the 
Sept. 1 5, 1 994, I PCC meeting in  Maas
tricht, Netherlands, and the resultant ar
ticles, such as the Dec. 1 ,  1 994, com
mentary in Nature titled "A Scientific 
Agenda for C l imate Pol icy?" 

Th is, in  turn, raises the question as to 
what or who induced Wi l l iam Stevens to 
write h i s  J a n .  2 7  1 995,  arti c l e  i n  The 
New York Times, "A G lobal Warm ing 
Resumed in  1 994, Cl i mate Data Show." 
The incl uded graph of g lobal tempera
ture data shows only a rise from a 1 992 
min imum and 1 994 only the 5th or 6th 
warmest year of the record (by su rface 
data-1 6th by sate l l ite data). 

The record warmth of 1 990, by the 
way, itself  l ies on shaky ground because 
it is supported only by surface-based ob
servations. Sate l l ite data indicate that the 
record warm anoma l i es over E u ras ia  
caus i n g  1 99 0  to be the warmest year 
were largely balanced by large negative 
anomal ies over the Arctic Ocean where 
there were few if any su rface observing 
stations to record them. 

In  other words, the record warmth of 
1 990 was the resu lt of a fl uke in  the dis
tributions of the temperature anomal ies 
and of the network of surface observing 
stations recording them. By satel l ite data, 
1 990 was only the fourth warmest year 
in the record since 1 979. 

Notes -------------
1 .  An account of this process appears in "The 

Coming (or Present) Ice Age" by Laurence 
Hecht, 21st Century, Winter 1 993-1994, p. 22. 

2. S. Manabe and R.T. Wetherald, 1 967. "Ther
mal Equilibrium of the Atmosphere with a Giv
en Distribution of Relative Humidity," J. of the 
Atmospheric Sciences, Vol. 24, No. 3, pp. 241 -
259. 

. 

3. IPCC, 1 990. The IPCC Scientific Assessment, 
eds. J.T. Houghton, G.J. Jenkins, and J.J.  
Ephraums (Cambridge: Cambridge University 
Press); IPCC 1 992. Climate Change 1992, The 
Supplementary Report to the IPCC Scientific 
Assessment, eds. J.T. Houghton, BA Callan
der, and S.K. Vamey (Cambridge: Cambridge 
University Press). 

4. A press release containing this statement ac
companied the publication by T.M. I .  Wigley 
and S.L.B. Raper of the article "Implications for 
Climate and Sea Level of Revised IPCC Emis
sions Scenarios," May 28, 1 992, p. 293. 
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On Jan. 26, 1 994, the American statesman and 
physical economist Lyndon H. LaRouche 

was freed on parole after having served five years 
in federal prison as a political prisoner. 

His freedom came only after an unprece
dented international mobilization. Close to 1 ,000 
of America's foremost legal experts had petitioned 
the court as amici curiae, calling the case "a threat 
to every politically active citizen."  The case was 
brought before the United Nations Commission 
on Human Rights, the Organization of American 
States, and the Commission on Security and Co
operation in Europe (CSCE). Literally thousands 
of parliamentarians and other elected officials 
joined with religious leaders, artists, scientists, and 
human rights figures from across the globe to de
mand an end to LaRouche's unjust incarceration. 
Hundreds travelled in delegations to Washington, 
D.C. to lobby for LaRouche's freedom. 

Finally, after five long years , Lyndon 
LaRouche was freed on parole. But the fact re
mains that a terrible crime still goes unanswered. 
Not only was an innocent man framed, convicted, 
and wrongfully imprisoned for five years, but, it is 
now clearly the case, documented by six volumes 
of unchallengeable evidence, consisting chiefly of 
government documents and admissions of gov
ernment-led task force officials, that the U.S. gov-

ernment knew at all relevant times, from 1 979 to 
the present day, that Lyndon H.  LaRouche and 
his co-defendants were innocent o f  the false 
charges for which they were convicted. This 
proo£ that the government fraudulently charged, 
convicted, and imprisoned LaRouche and his as
sociates, knowing they were completely innocent, 
is part of the public record on file with the Federal 
appeals court in Richmond, Va. 

Yet to this day, not only have the U.S. Feder
al courts and the Justice Department failed to rec
tify this fraudulent conviction, but, while this 
critical evidence sits gathering dust without ever 
being heard, five of Mr. LaRouche's associates still 
sit in prison, serving decades-long sentences. 

We, the undersigned, are compelled to act in 
the name of law, to demand that you, Mr. Presi
dent, along with Attorney General Janet Reno, 
and the appropriate committees of the U.S. Con
gress, take any and all measures necessary to en
sure the full and immediate exoneration of Lyn
don LaRouche. The failure to do so does not stain 
the honor of Lyndon LaRouche, who has paid a 
terrible price for his innocence, but the honor of 
the U.S. justice system and Constitution, which, 
for more than 2 0 0  years pr ior  to this dark 
episode, stood as the symbols of liberty and jus
tice for all. 

The following statement is not part of the Open 
Letter and has not been endorsed by those who en
dorsed the Open Letter. 

Judges in LaRouche Case 
Cite Gov't Misconduct 

temic prosecutorial misconduct" during the trial 
of LaRouche and others in Boston. [ U.S. v. 
LaRouche, et al. (Memorandum and Order 
"Emerson Hearing" August 10, 1 998, at p. 56).] 
That case ended in a mistrial. 

Stephen G. Crane found that the conduct of 
New York and Federal Government agents "raises 
an inference of a conspiracy to lay low these de
fendants at any cost both here and in Virginia." 

The evidence of government misconduct was 
summed up in September 1 994 by former U.S . 
Attorney General Ramsey Clark. Appearing be
fore an independent body of international legal 
experts who reviewed the evidence in the 
LaRouche case, Mr. Clark said that the 
laRouche case, viewed in context, "represented 
a broader range of deliberate cunning and sys
tematic misconduct over a longer period of time 
utilizing the power of the federal government 
than any other prosecution by the U.S. Govern
ment in my time or to my knowledge." 

Disregard for the U.S. Constitution and the 
rule of law was the mode of operation in the iUe
gal railroading of Lyndon laRouche, J r. and his 
associates. Three judges, having heard evidence 
of prosecutorial misconduct, have all strongly re
buked the government for their conduct in the 
LaRouche case: 

• In 1 988, U.S. District Court Judge Robert 
Keeton of Boston found "institutional and sys-

• In 1 989, U.S. Bankruptcy Judge Martin 
V.B. Bostetter found that federal officials had 
acted in "objective bad faith" and by a "con
structive fraud on the court" when they illegally 
put three publishing companies into involuntary 
bankruptcy as part of the political prosecution of 
LaRouche and his associates. [In re Caucus Dis
tributors, Inc. (E.D.va. 1989), 106 B.R. 890.] 

• In a Feb. 16, 1 995 ruling vacating convic
tions by New York State of three associates of Mr . 
LaRouche, New York State Supreme Court Judge 
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