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EDITORIAL 

An Introduction to 
'The Significance of the 
1845 Gauss-Weber 
Correspondence' 
by Jonathan Tennenbaum 

I n the  m i d d l e  of l a st centu ry ,  C a r l  
Gauss, Wi lhelm Weber, a n d  a c lose 

c i rc le of col laborators effected a revolu
tion in physics-a revolution whose ac
tual nature and content, however, are 
nearly entirely unknown to the scientific 
world today. 

Working with a handful  of s i m p le,  
but  h igh ly  i ngen ious e lectrodynamic  
measurements, Weber and h is  col labo
rators were able to demonstrate, and to 
actua l ly measure, the existence of a rig
orously defined singularity in the micro
scopic  domain of physical space-time. 
I n  that way, they anticipated the main 
subject-matter of what was much later 
to become q u a n t u m  a n d  ato m i c  
physics, as wel l  as the so-cal led relativ
ity theory. And they did that from a far 
s u per ior  methodo log ica l  standpo i nt,  
than that which has dominated physics 
throughout the 20th century .  I t  wou ld 
be no exaggeration to say, that modern 
physics has sti l l  not caught up with the 
fu l l  impl ications of what the Gauss and 
Weber s c h o o l  h ad a l ready a c c o m 
pl ished, 1 50 years ago. 

T h i s  shou ld  be enough,  to recom
mend the read ing of this issue's feature 
a rt i c l e  by associ ate ed i tor  L a u rence  
Hecht' to  a wide c i rc l e  of  sc ient i fi c  
readers. 

Hecht's artic le attempts to bri ng the 
revol utionary d i scovery of Gauss, We
ber, et al. back to l i fe, at the same time 

he lp ing  to cut  th rough la.yers of myth 
and obfuscation, which have permeated 
the teach ing of e lectrodynamics and re
lated topics, si nce Maxwel l ,  He lmholtz, 
Claus ius, and others conspi red to bury 
the work of the Gauss-Weber-Riemann 
c i rc l e ,  beg i n n i ng no l ater  t h a n  the 
1 850s. I f  Hecht has  succeeded in  prying 
o p e n  s o m e  s k e l e ton -f i l l e d  c l osets,  
awaken ing s leeping dogs, and so forth, 
beh i nd the a l l -too-smooth exter ior of 
textbook science, then this is part of the 
fun, and very usefu l ,  too. Perhaps this 
may provoke people, i nvolved in  such 
f i e l d s  as  cont ro l l ed n u c l ea r  fu s i o n ,  
p lasma physics, re lat iv ist ic  beams, as
trophysics, and biophysics, to cast off 
some of the mental blocks, which tend 
to inh ibit progress in potential ly revolu
tionary areas. 

H owever, in order to "cash in" on the 
pro m i sed benefits of H echt's  art i c le ,  
readers wi  I I  have to  overcome rather 
cons iderab le  concept u a l  d i ffi c u l t i e s .  
These d ifficu lties are not so much con
nected with the specific physical sub
ject-matter per se; rather, they derive 
from more than a century of systematic 
miseducation concern ing the very na
ture of scientific work and the principles 
w h i c h  have guided the extraordinary 
advances in sc ience and tech n o l ogy 
since the European Renaissance. 

To try to locate the area of difficulty, 
I want to focus on the general problem 
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of " m e a s u r e m e n t"-a topic t h a t  i s  
rather poorly understood nowadays, a l 
though the underlying issues were ex
ten s i ve l y  dea l t  with by N i c h o l a s  of 
(usa in the 1 5th century. In  fact, (usa's 
ideas, as ca rried forward by Kep ler, 
Leibniz, and others, provided the essen
tial basis for the work of Gauss and Rie
mann on measurement and the geome
try of physical  space-time.  The l atter 
investigations, in turn, were both imme
d iately  connected with, and provided 
the conceptual context for, the program 
of e lectrodynamica l  experiments car
ried out by Wil he lm Weber and his col
laborators. 

Measurement, Hypothesis, 
And Singularities 

(usa sets forth the problem of mea
surement in most popular terms in his 
dialogue, " Id iota de Sapientia." In that 
d ia logue, which is wel l worth reading 
today, (usa emphasizes, that there is no 
such thing as measurement without hy
pothesis. Even the most seemingly self
evident, "objective" and commonplace 
forms of phys ica l  measurements,  such 
as determination of weight, l ength, or 
even number, presuppose whole sets of 
basic assumptions concerning the na
ture and organization of our U niverse. 

Fu rthermore, just as mere weighing 
cou ld never tel l  us the value and physi
cal nature of a "pound" or "kilogram" as 
unit of measurement, so, the source and 
the authority of the hypotheses, upon 
which a n y  fo rm of m e as u re m e n t  is  
based, cannot be found in the measure
ment-process itself; rather, these must be 
sought in another domain-a domain 
pecu liar to scientific revol utions,  and 
which separates the practice of science 
proper, from mere engineering. 

The  s ignificance  of ( u s a ' s  p o i n t  
comes most powerfu l l y  t o  t h e  fore, 
when we examine the history of the 
process by which h u man knowled ge 
has been progressively extended, from 
the scale-length range of ordinary sense 
experience, ever deeper into the do
mains of the "very l a rge" and "very 
sma l l ." As we drive our investigations 
toward the extremes of scale and inten
sity of physical action, we are repeat
ed ly  witness to the event, that seem
ing ly  we l l -estab l is h e d  c o n cepts and  
assumptions, which had been supported 
by wide ranges of experimenta l  evi
derKe, suddenly fail us. We are obliged 
to acknow l edge  the  fu n d a menta l l y  

EDITORIAL 

Chris Lewis 

"The source and the authority of the hypotheses, upon which any form of measure
ment is based, cannot be found in the measurement-process itself. /I Here Jonathan 
Tennenbaum examines the device designed by Gauss for precise measurement of 
angular deflection, used in conjunction with the magnetometer. (See page 35.) 

fl awed and inadequate nature of exist
ing knowledge, and to frame new hy
potheses, mak ing  what might be de
s c ribed as  " d a ri n g  l eaps  i n to t h e  
unknown."  

The result  is an ongoing series of  suc
cessive hypotheses, each of which in
troduces a new principle of measure
ment-and, implicitly, a new species of 
technology-enabling us to expand the 
experimental domain beyond the rela
tive boundary-limits of scale and valid
ity, associated with the earlier hypothe
sis . Those l i mits, of course, take on a 

precisely determined form only from the 
standpoint of the new, superior hypoth
esis.  The change from the earlier, rela
tively inferior, to the next, relatively su
perior hypothesis, constitutes a definite 
singula rity; a sin g u l a r i ty w h i c h  l ays 
c laim to physical existence within the 
boundary region where the new princi
p le  of measurement diverges from the 
earlier ones. W i l he l m  Weber's d iscov
ery, aided by Gauss, of an electromag
netic singularity in the microscopic do
m a i n ,  p rovides  u s  with a bea u tifu l 
case-study. 
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Chris Lewis 

Prof. G. Beuermann (right) of Gottingen University explains to the author the work
ings of the portable magnetometer, which is part of the Historical Collection at the 
university's I. Physical Institute. See page 35 for a description of the instrument. 

Physical Space-time 
Situating the Gauss-Weber d iscovery 

i n  th i s  way is i m portant, s i nce most 
readers nowadays wi l l  otherwise tend to 
mis interpret Hecht's presentation of the 
Gauss-Weber work, by projecting onto 
it an apr ior ist ic conception of space
time, which is actua l ly  the opposite of 
what the Gauss-Weber-Riemann school 
stood for. 

The problem here goes a l l  the way 
b a c k  to P a o l o  S a r p i  a n d  G a l i l eo 
G a l i le i ' s  attacks on the P l aton ic-geo
metrical method of Johannes Kepler. It 
consists in the stubborn tendency to re
gard as self-evident, the notion that our 
Un iverse has the form of an array of dis-

crete objects moving about in  a fixed, 
perfectly cont i nuous, i n defi n i te l y  ex
tended space. In  the back of our m inds, 
many of us sti l l  suffer from a strong, a l
most animal- l ike fixation on the l umpen 
objects of sense perception'. As a result, 
we find it d ifficu l t  to accept the idea, 
that our U n iverse might  be based on 
objects of a very different sort. 

To begin  to grasp the Platonic phy
sical  conception of Gauss-Weber-Rie
mann, we must overcome in our own 
minds, the supposed primacy of objects 
of sense-perception, and focus instead 
on changes in the characteristics of ac
tion as a relatively more real ,  more sub
stantial species of "object." The form of 
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a change in the geometry of physical 
space-time is not somet h i n g  we can 
"see" d i rectly; it must be adduced, con
ceptualized, by means  w h i c h  at fi rst 
glance might often appear q u ite indirect. 

One of the earl iest and most beautiful 
examples of this, as Lyndon LaRouche 
has pointed out,2 i s  the method which 
Erathosthenes employed, to detect and 
rather prec isely esti mate the curvature 
of the Earth,  21 centur ies before the 
Earth's spherical form became visible to 
the eyes of orbiting astronauts. It is no 
acc ident, that  G au ss a n d  R iemann's  
genera l ized n ot i o n  of a curvature of 
physical space-time, plays a central role 
in the vast scheme of experimental in
vestigations, which Gauss and his inter
national network of col laborators car
r ied o u t  i n  t h e  f i e l d s  of astronomy, 
geodesy, geomagnetism, electrodynam
ics, and so on.  

H ere it i s  cruc ia l  to real ize, that the 
Gaussian conception is someth ing very 
d ifferent from a mere formal-mathemati
cal genera l ization of elementary Euclid
ean geometry. Rather, in the work of 
Gauss and Riemann, "curvature" p lays 
the role  of a rigorous sort of metaphor
a metaphor which subsumes a general 
notion of the sort of hypothesis-based 
mode of d i scovery, through which Er
atosthenes and others were able to at
tai n  a remarkably precise knowledge of 
the shape of the Earth and the d imen
s i o n s  of the  s o l a r  system,  more than 
2,000 years ago. 

Keep ing  these matters in m i nd, the 
reader wi l l  avoid fal l ing into such traps 
as the often-repeated story, that "Weber 
was a Newton ian ."  It is necessary, for 
example, to apprec iate the u n mistak
able i rony underly ing  Weber's formal 
presentation of his electrodynamic law 
in terms of p a i rw i s e  i nteract ions  of 
"electric masses. "  As a matter of fact, 
that formal method has the function of 
an a rtifice, through wh ich Weber a r
rives at a conclusion which not only is 
tota l ly  anomalous, but actual ly  demol
ishes the e n t i re Newto n i a n  scheme.  
Weber was natural ly wel l  aware of  this; 
He lmholtz was, too, and that i s  one rea
son why he  and the gang of Maxwel l ,  
Kelv i n ,  et  al. went to great l engths to 
bury the work of the Gauss-Weber-Rie
mann school . 

It i s  from the standpoint  of hav ing  
demonstrated and measured a new de
gree of curvature of physical space-
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time, that Weber develops his extraordi
nary conclusions concerning the "quan
tization "  of m atter at  c h a racteristic 
scale-lengths, which he himself had es
timated from his program of electrody
namic experiments. The singu larity in 
this bu siness, however, is n ot to be 
found in some mythological picture of 
"e lementary partic l es"  as h ard l itt l e  
bal l s  flying around Newtonian empty 
space, but in the successfu l change of 
hypothesis concerning the anti-Newton
ian, i m p l icit l y  h ighly discontinuous 
geometry of space-time itself. 

This l eads us to a final remark, no less 
important than the rest: 

Of a l l  the things that might provoke 
choruses of growling and snarling from 
within the scientific commu n ity, the 
most provocative aspect of  Gauss, We
ber, and Riemann's  work is sure ly  the 
implication, that any rigorous notion of 
physical space-time must inc lude the 
process of hypothesis-formation itself as 
its central ,  determining feature. "Unsci
entific!" wil l be the cry: "You are intro
ducing subjective considerations!" "You 
can't attribute objective physical  exis
tence to a mere idea ! "  

And yet, i t  i s  those singu larities of  suc
cessfu l change of fundamental hypothe
sis, which are the root cause of techno
logical  p rogress, a n d  t h e reby of the  
expansion of  Man's physical power over 
the Universe. Are we not obliged to at
tribute physical existence to that which is 
manifestly shown to cause rather l arge, 
and growing, physical effects? The theo
retical accomplishments of the Gauss
Weber-Riemann school, for example, are 
inseparably connected with a series of 
breakthroughs in experimental design, 
leading to orders-of-magnitude improve
ments in the precision with which vari
ous physical effects could be observed 
and measured. The incorporation of such 
new design principles into new instru
ments and machines of production, led 
to a sustained "pulse" of increase of hu
man prod uctive power, from which  
mankind sti l l  benefits today. 

What this suggests, is an approach to 
the deeper q uestion ,  how one might 
measure the process of hypothesis-for
mation itself! And related to that, the 
question, how we might define the no
tion of "scientific rigor," bearing in mind, 
that this cannot consist in mere logical 
reasoning, but  rather in the ability to 
maintain an ongoing process of success-

EDITORIAL 

ful " leaps into the unknown," in the way 
so beautifu l ly  embodied in the work of 
the Gauss, Weber, and Riemann. 

This topic, however, leads us into an
other domain, the domain of physica l  
economy, which the brief space a l lotted 
to this introduction does not permit us 
to enter in upon. 3 

Or. jonathan Tennenbaum heads the 
Fusion Energy Foundation in Europe 
and is the editor-in-chief of the Ger
man-language magazine Fusion. He is a 
member of the scientific advisory board 
of 21 st Century. 
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NEWS BRIEFS 

KEDO Annual Report, 1 995 

Artist's depiction of the completed pres
surized light water reactors a t  Sinpo 
City in North Korea. 

Stuart Lewis/EIRNS 

Biologist Pa ul Ehrlich: Through the 
years, his predictions of doom have all 
proved wrong. 

KOREAN NUCLEAR GROUP TO BREAK GROUN D  FOR 2 REACTORS IN NORTH 
The Korean Pen insula Energy Development Organization (KEDO), organ ized by 

the C l i nton admin istration for the Un ited States, South Korea, and Japan to bui ld 
nuclear reactors in North Korea, wi l l  soon break ground for two 1 ,OOO-MW nuclear 
plants near S inpo City. Stephen Bosworth, U .S. Ambassador to KEDO, reported in a 
Sept. 1 0  press briefi ng: "We're going to be able to phys ica l l y  break ground with in 
the next several weeks, before the ground freezes for winter. We' l l  soon have a sig
n ificant number of South Korean techn icians i n  p lace, and we' l l  be h i ring more and 
more North Korean workers. We' l l  be constructing transportation infrastructure, 
then worker housing, working through the winter to prepare for reactor construc
tion in spring." 

Bosworth noted that the KEDO project conti nued to have financing problems. 
"Fortunately," he said, "the Japanese government provided a specia l  fi nancing faci l
ity of $ 1 9  mi llion which was vital in  bridging our requ i rements . . . .  This program is 
too important to a l l  the governments involved to fai l  for l ack of money . . . .  " 

LOS ALAMOS NATIONAL LAB FASHIONS LASER 'LIG HTNING RODS' 
A research team at the Los Alamos National Laboratory in New Mexico, headed 

by Xin Miao Zhao, has created a revolutionary new way of getting laser beams to 
travel efficiently through the a i r  and over long distances, using a powerfu l infrared 
titanium-sapphire laser. When the l ight pu lse from this laser reaches a threshold in
tensity, the beam self-focusses into a t ight fi l ament and propagates over long d is
tances through the air. The laser beam passes through a channel two or three times 
the thickness of a human hair and propagates indefinitely through the a i r  with l ittle 
loss-something that conventional lasers have not been able to do. 

Although the beam seems not to fol low the ord inary laws of l ight propagation
dispersion, diffraction, and normal scattering-the researchers bel ieve that the inten
sity of the beam produces non l inear effects that mask the appearance of these phe
nomena. Among the potentia l  app l icat ions of th is  laser is a new type of l aser 
l ightn ing rod . 

GREEN REFERENDUM INITIATIVE AGAINST GERMAN WATERWAY FAILS 
The Green Party in Germany failed to get enough signatures to hold a referendum 

agai nst modern ization and deepen ing  of the H avel waterway, which connects 
Hanover, Magdeburg, and Berl in,  it was announced Sept. 1 .  More than 80 green 
groups had spent four months trying to col lect the requ ired 80,000 signatures. The 
modernization of the 280-ki lometer-long waterway is one of 1 7  priority projects in 
the government's National Transportation Development Plan. It would give the wa
ter a depth of 3.5 meters to al low the use of combined barges with a total length of 
1 85 meters-which is essential for making the waterway navigable for bulk transport 
between Germany's West and the Ber l in  region. 

AAAS FEATURES 'MISUSE OF SCIENCE IN PU BLIC DECISION-MAKI NG' 
The American Association for the Advancement of Science held a breakfast press 

briefing in its Washington, D.C.,  office Sept. 25, b i l led as a d i scussion of "anti-envi
ronment campaigns and the use and misuse of science in publ ic decision-making." 
The featured speakers are experts at the l atter: Stanford University biologists Paul 
and Anne Ehrl ich, known for their view that the optimal world population is 1 .5 
b i l l ion . The AAAS press office decl i ned to return phone cal l s  from this publ ication.  
2 1 st Century's question i s  how the Ehr l ichs i ntend to scientifica l ly  begin cu l l ing 
their friends and fam i ly in order to do their  part to reach the i r  desired optimal 
world popu lation. 
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BRAZIL REVIVES NUClEAR PROGRAM; WIll COMPLETE ANGRA I I  
The Brazi l ian government has decided to complete its second nuclear power plant, 

Angra I I ,  which has been in l i mbo for several years. The decision to fin ish Angra I I  in
d icates a broader change, accord ing to Gu i l herme Camargo, head of the Braz i l ian 
Association for N uclear Energy (APEN) :  "The country is reinaugurating its nuclear 
program in  fu l l  force, a program for generating electric energy through nuclear power 
plants as sources of energy produced national ly ." Angra I I  is scheduled to begin oper
ation in 1 999, and raise the country's energy capacity to 1 ,300 megawatts. The plan 
is then to transfer Angra I I 's  technology to a third nuclear p lant, Angra I I I .  

Klever Cosensa, manager of thermonuclear generation a t  Angra I I  and I I I ,  said that fi
nancial problems had prevented the government from proceeding with the original 
goal of the Brazi l ian Nuclear Program, which was to insta l l  eight nuclear power plants 
before the year 2000. But now, he said, the government is ready to resume the plan to 
achieve nuclear self-sufficiency, as wel l  as control of the complete nuclear fuel cycle. 

TEN NESSEE, TVA SPONSOR WATER DEVElOPMENT CONFERENCE IN BEIJING 
"Economic Opportunities Through Water and Energy" was the title of a three-day 

conference in early September, sponsored by the Tennessee Valley Authority (TVA) 
and the state of Tennessee in Beij ing. The conference continues a 60-year history of 
col laboration between economic planners and engineers in China and the TVA, us
ing the experience of the development of the seven-state Tennessee Val ley in  the 
1930s as a model for the taming and mu lti-use development of Ch ina's vast rivers. 
Although the primary goal is stopping the devastating floods that have plagued China 
for centuries, other goals include the construction of hydro-electric power plants and 
the movement of water from wet to dry regions for i rrigation and other uses. Among 
the speakers were u.s. Ambassador J im  Sasser (former senator from the state of Ten
nessee), and TVA Chairman Craven Crowel l .  

A memorandum of  understanding was s igned between the  Chinese Min istry of 
Water Resources and the TVA to cooperate in modern izing and automating China's 
aging hydroelectric power plants. 

CHINA FINISHES ANOTHER 'GREAT PROJECT': THE BEIJING-KOWLOON RR 
Another of China's ambitious transportation projects, the Beijing-Kowloon rai l road, 

began service Sept. 1 .  The new l ine is the third north-south l ine in Ch ina, and runs 
through central China, to connect the capital with the Pearl River delta, the most rapidly 
developing area in  China. The 1 ,500-mi le l ine traverses 1 50 tunnels and crosses 1 ,045 
bridges, inc luding one over the Yangtze River more than a half-m i le wide. 

The Chinese government i s  giving priority to 1 0  key national projects l i nking cities 
in  the southeast and northeast with its central rai l  network. Ch ina's Min ister of Rai l
ways, Han Zhubin, had announced in October 1 995, a 1 5-year plan to bring the rai l
way system up to the international standards of the 1 990s. Ch ina's rai l  transport can 
accommodate only 60 percent of current demand for passengers and freight. 

MASHHAD-SARAKHS RAIL LINK COMPLETED ALONG THE 'NEW SILK ROAD' 
A crucial ra i l  l in k, between Mashhad in Iran and Sarakhs in Turkmenistan, was fin

ished in May, bringing closer to completion the world's largest rai l  connection-the 
"New Si lk  Road" that wi l l  l i nk  the east of China to Western Europe. The southern 
route of the S i l k  Road wi l l  run from S ingapore, through Vietnam, Cambodia, Kun
ming in  southern Ch ina, and central Asia, a l l  the way to Western Europe. The origi
nal S i lk  Road was known to Europe from the time that Louis IX sent an envoy to the 
East, some 20 years before the better-known departure of the Venetian Marco Polo 
for the Mongol court in  1 27 1 . 

EIRNS 

Brazil's Angra I nuclear pla n t  under 
construction in 1 982. Angra " is now 
scheduled for completion by 1 999. 

- Existing main rail lines = Newly completed rail line 

The Mashhad-Sarakhs link is the re
cently completed piece of the New Silk 
Road's southern route. The New Silk 
Road is envisioned by the Chinese gov
ernment as a continental land-bridge 
that  will bring h uman society into a 
new era of development. 
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VIEWPOINT 

Science Vs. Humbugging 
EDITOR'S NOTE 

Joseph Henry (7 799- 7 877), the pre
eminent American scientist of the 7 9th 
century, was known throughout the 
world for h is pioneering experiments 
in electromagnetism and in developing 
the telegra p h .  A s  secretary of the 
Smithsonian Institution from 7 846 until 
his death, he was committed to edu
ca ting American scien tists and in 
spreading knowledge of science 
throughout the American population. 

These excerpts from Joseph Henry's 
Aug. 22, 7 850, speech as outgoing 
president of the American Association 
for the A dvan cement of Science, 
demonstrate his broad scientific out
look and insistence on the pursuit of 
truth. At the same time, his remarks 
provide a h istorica l perspective in 
which to view the scientific hoaxes of 
today. Henry warns the association to 
beware of those who would "delude 
and defraud the public, II and catego
rizes the forms of such fraud, from out
right "forging" to "cooking" and "trim
ming" of data. 

This speech is reprinted in a 7 980 
collection of Henry's works, A Scien
tist in American Life :  Essays and Lec
tu res of Joseph H enry, published by 
the Smithsonian Institution Press 
(Washington, D.C.). The subheads are 
added. 

* * * 

. . .  The object of this Association as 
declared in its title is the advancement 
of science or in other words the pro
motion of a l l  branches of knowledge 
which may be stated in general propo
sitions. Though we d iscard no general 
truths which may be presented for our 
considerat ion,  we are more part icu
larly interested in  promoting d iscover
ies in the operat ions of the phys ica l  
world .  

Our attention i s  not particu lar ly di
rected to any one branch of material  
science. We give no preference to the 
apparently great over the apparent ly 
smal l .  The world exhibited in  a drop of 
stagnant water by our  brother of the 
microscope i s  as replete with i nterest 
to us as the un iverse of suns and stars 

Joseph Henry 

revealed by h im of the far s ight. Noth
ing which God has seen fit to present 
to our contemplat ion in the vast re
g i o n s  of Creat ion aro u n d  us i s  too 
great for our thoughts to attem pt to 
grasp or too sma l l  to be beneath our 
notice. It is enough for us that it is the 
production of infin ite wisdom to chal
lenge our admi ration and prompt our 
investigation . 

Though the object of th i s  Associa
tion is the advance of science we do 
not d iscard the beautiful either in mind 
or matter, and wh ile we cu ltivate the 
i ntel lect we wou ld seek to improve the 
moral perceptions and to d irect and 
control the moral emotions.  There i s  
poetry in  science and the cu l tivation of 
the imagination is an essential  prere
qu is ite to the successful investigation 
of Nature. 

"There is poetry in science 
and the cultivation of the 
imagination is an essential 
prerequisite to the successful 

investigation of Nature." 

We do not bel ieve in the proposition 
industriously set forth by some that the 
operations of the head tend to repress 
the warm pulsations of the heart. The 
proper exercise of each is necessary to 
a harmonious cond ition of the whole 
man. 

Our objects are not uti l i tarian i n  the 
lower sense of the term, and we leave 
to others with less elevated a im the ap-
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p l ication of our d iscoveries to useful 
pu rposes in the a rts. We ask not the 
commercia l  value of science nor boast 
of its power. It is sufficient for us that 
its developments are truths belonging 
to t h e  g reat  system of N at u re and 
adapted to satisfy the craving of  the in
tel l igent mind .  

The Purpose of Science 
We do not meet for the purpose of 

d i ffu s i n g  know l edge even however 
laudable such an object might be. We 
do not expect to have our time occu
p ied particu lar ly  in the Sections with 
popu lar  exposit ions of any branch of 
science. We are supposed to be famil
iar  with the e lementary truths of the 
p o rt i o n s  of k n ow l ed g e  w h i c h  fa l l  
with in  the scope of our investigations. 
We a re a s s e m b l ed to d i scuss  new 
thoughts, to give more precision to our 
concept ions  and appl icat ions of o ld  
truths .  We are each expected to  con
tribute something to the existi ng stock 
of posit ive knowledge, to br ing  for
ward some new fact, some new obser
vation, some new experiment or, sti l l  
more important, some new pr inciple.  
We meet to give each the h istory of his 
labors dur ing the past year, to compare 
the results of our investigations, to re
ceive each some suggest ion from the 
other, and ,  i n  the co l l i s i o n  of mind 
with m ind, to  el ic it  new truths and to 
explode old errors. 

That Associ at ions of th i s  k ind have 
an important bearing on the advance of 
knowledge i s  proved by abundant ex
perience. The h istory of d iscovery wi l l  
show that those who have secured for 
themselves immorta l  honor by the i r  
l abors i n  extend ing the  boundaries of 
knowledge have always appeared i n  
groups .  We know that t h e  l i ght and  
heat evolved from an isolated portion 
of fuel is far less intense than when it  is 
burned in  connection with other com
bust i b les ;  each port ion increases the 
power of the other u nti l the whole be
comes  e x c i te d  to a n  i n te n se glow, 
s h ed d i ng i t s  gen i a l  i n fl u en ce a l l  
around.  So i n  the reciprocal action of 
m i nd on m i nd there is an excitement 
produced h igh l y  favorable to the per-

VIEWPOINT 



ception of new truths; each m ind i l lu
m i n es the other.  The h i stor i a n ,  the 
cr i t i c, or the poet f i n d s  men every
where who can enter into his pursu its 
and who can appreciate h is  merits and 
un ite with h i m  in h i s  l abors; but  the 
man of Sc ience, whose abstract re
searches pertai n  not immediately to the 
wants of l ife, finds few men who can 
sympathize with his pursuits or who do 
not look with ind ifference on the ob
jects of his research .  H is world consists 
of a few ind ividuals, in some cases less 
than 1 0  or 1 2  in  a whole country, who 
can fu l l y a p p re c i ate h i m  a n d  from 
whom he i s  pr imar i ly  to receive that 
reputation which the publ ic genera l l y  
wi l l  afterwards concede to  h im.  

Besides th is, science has  become so 
much extended that few persons can 
prope r l y  c u l t i vate m o re t h a n  o n e  
branch. Yet the whole i s  so int imately 
connected and i nterwoven that some 
knowledge of each branch i s  necessary 
to the p roper  u ndersta n d i n g  of the  
other. We have seen from the  reports 
of our  Assoc iat ion that  the Bota n i st 
may with advantage ask questions of 
the Mathematician and the Astronomer 
ava i l  h imself of the l abors of the E lec
trician . 

There is another way i n  wh ich  an  
Association of  th i s  k ind  can  be  of  great 
importance to the advance of true sci
ence, viz by properly d i rect ing publ ic  
op in ion, by combi n i ng to protect its 
members and the cause of truth against 
the attacks of the prejud iced and the 
encroachments of the pretender and  
the knave. 

There are persons of narrow m i nds 
who th ink  noth ing true or worthy of  at
tention which is not in conformity with 
their prejudices, who affect to despise 
science; to deny its conc lus ions, and 
attempt to hold i t  up to rid icule.  There 
are men in every country who wou ld  
share the honors and  enjoy the  emolu
ments of science without the l abor or 
the ta lents necessary to earn t h e m .  
There are others aga in  who invade the 
domain of science for the spoi l s  it may 
yield, who unscrupu lously appropriate 
the l abors of others to themselves or 
apply the facts of sc ience to de l ude 
and defraud the publ ic .  
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"There are persons of 
narrow minds who think 

nothing true or worthy of 
attention which is not in 

conformity with their 
. d' " preJu Ices .... 

Methods of Deception 
The various methods of deception 

may be c lassed under comparat ively 
few heads, and perhaps I can not ren
der better service to the cause of truth 
than by occupying your time for a few 
m i nutes in  briefly describing some of 
them . An exposition of th is  kind may 
serve to guard the publ ic against these 
frauds and to deter those who wou ld 
be disposed to enter upon these prac
t ices from so doing by showing that 
their arts are seen through by men of 
science and wel l  known to the i n i ti
ated. 

In giving this sketch I shal l adopt the 
c lassification of the celebrated author 
of t h e  c a l c u l at i n g  m a c h i n e .  M r .  
[Charles]  Babbage arranges scientific 
frauds under four heads to which he 
gives the somewhat quaint but descrip
t ive t it les of Hoaxing, Forgi ng, Trim
m ing, and Cooking; to these we may 
add H u mbugging and Quackery. The 
l ast term is  used conventio n a l l y  be
cause q uackery enters less or more 
i nto a l l  scientific deceptions. 

Hoaxing. This  i s  a deception, says 
Mr .  B abbage, i ntended to l ast for a 
t ime and then to be discovered to the 
rid icu le of those who have credited it. 
The only excuse for a deception of this 
k ind,  if any can be offered, is that of 
expos ing the ignorance of pretenders 
to science. 

One of the most notable examples 
of this deception on record, perhaps, is 
that known as the Moon hoax which 
purported to be an account of a series 
of wonderfu l d iscoveries made by Sir 
John H erschel at the Cape of Good 
Hope. This hoax is remarkable on ac
count  of the ce l ebr i ty w h i c h  it ob
tained, notwithstanding the absurd ity 
and extravagance of its character. It af
forded a lamentable exposition of the 

state of physical knowledge among the 
educated classes of our country, for it 
owed i ts celebrity to the i r  ignorance 
and credu l i ty, as much as to any talent 
d isp layed i n  its fabricat ion.  H undreds 
who ought to have known at a glance 
that i t  was fa l se, received it as true; 
and after the deception was acknowl
edged, w i th  n e rvous  a n x i ety to put  
aside the merited rid icu le joined i n  the 
general exc lamation of, What an ad
mi rable production! How wel l  i t  was 
done! Even we were deceived! T h i s  
hoax has produced a l arge crop of im i
tators a n d  scarce l y  a month passes 
even now without some s i l l y  attempts 
to impose u pon the publ ic in the same 
way. 

Truth i s  of too sacred a character to 
be tr i f led wi th  even i n  jest, and  no  
man  of  proper moral pri nciple wou ld 
employ h i mself  i n  the fabricat ion of 
such deceptions.  They are indeed al
ways the invention of low and vicious 
minds and are genera l ly  shal low false
hoods without the least shadow of re
deeming wit. 

"Science does not consist 
in a knowledge of facts 
but of laws. It essentially 

relates to change, is 
dynamical rather 

than statical." 

Forging. Th is  d i ffers from hoax i ng 
inasmuch as the author of the hoax in
tends it on ly to l ast for a t ime and then 
to be d iscovered, whereas the Forger is 
one who rea l ly  wishes to acqu i re sci
entific repute and therefore publ  ishes 
observat ions and experi ments which 
he never made.  One of  the most re
markable frauds of this k ind in the H is
tory of Science is that mentioned at the 
last  meeti ng of the Assoc iat ion i n a 
com m u n i cation of Dr.  Gould,  of the 
comet  d e s c r i bed by the C h e va l i e r  
D '  A n gos ,  w h i c h  was  afterw a r d s  
proved t o  exist o n l y  i n  the imagination 
of the writer. We have a lso a remark
able instance of forgery in the h istory 
of E l ectri c i ty, w h i c h  for a t ime per-
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plexed the scientific world. Fortunately 
examples of forging are not very com
mon . 

S i nce the operat ions of nature are 
not confined to any place, the experi
ments which one man has made an
other can repeat-hence the forger of 
an experiment is certain  of being de
tected; the discovery is a mere matter 
of time. 

Trimming. The object of this fraud is 
to ga in  a reputation for extreme accu
racy in  making observations. It consists 
in c l ipping off l i ttle bits here and there 
from those observations most in excess 
from the mean and sticking them on to 
those which are too sma l l ,  a species of 
equ itab le  adj ustment which ,  though 
to lerated i n  the part it ion ing of K ing
doms, is i nadmissable in  the republ ic 
of science. 

This fraud is perhaps not so injurious 
(except to the character of trimmer) as 
some others. The reason of this is that 
the average given by trimmed observa
tions is the same as that which wou ld 
be given by the untrimmed. The trim
mer from a prudent foresight does not 
distort the mean result he gets from na
ture, and hence it  is usua l l y  difficu l t  
except by those who are practiced in  
the use of  the same instrument to de
tect h im.  He has more sense or less ad
venture than the Cook. 

Of Cooking. This, says Mr. Babbage, 
is an art of various forms, the object of 
which is to give to ord in ary or very 
common observations the appearance 
and character of those of the h ighest 
degree of accuracy. One of the numer
ous processes is [to] make mu ltitudes 
of observat ions and out of [these] to 
se l ect those o n l y  w h i c h  agree best 
with each other. If 100 observations 
are made the cook must be very un
lucky if he can not pick out 15 or 20 
which wi l l  do for serving up .  

I n  th i s  way it may happen that the 
cook procures a temporary reputation 
at the expense of permanent fame. 

Humbugging. This species of decep
tion frequently begins in fol l y  and ends 
in fraud .  The author  of i t  genera l l y  
imagines at fi rst that he has discovered 
some very important pr inciple i n  na
ture w h i c h  i s  d i rect l y  app l icab le  to 
useful purposes in the arts. 

To this bel ief, l ike the Arabian im-

postor, he fi rst converts his friends and 
neighbors. H i s  discovery is afterwards 
publ ished in the newspapers and he is 
soon elevated to an unenviable notori
ety from w h i c h  he has  n e i t h e r  the  
magnan i m i ty nor  the courage to  let 
h imself down by confessing h is  error. 
He therefore seeks to discover meth
ods by which the deception may be 
extended and continued and genera l ly  
ends in  defrauding a l l  who may have 
become his dupes. 

I cou ld mention a number of cases 
of this kind. They are more numerous 
in  this country than any other because 
a smatter ing of scientific knowledge is 
here more widely' diffused, 

In other cases fraud is intended from 
the fi rst. The sole object of the decep
t i on is to swi n d l e  the p u b l i c .  F re
quent ly, however, the attack is con
fined to the Treasuries of the State or 
Federal Governments, 

If a man of s c i ence honest l y  ex
presses his opin ion relative to the merit 
of one of these projects, his opposition 
i s  referred to jealousy, prej udice, or 
want of knowledge, and he may think 
h imself fortunate if he escapes the an
noyance of a prosecut ion i n  w h i c h  
reasonable damages are placed a t  sev
eral thousand dol l ars, 

Though it is by no means p leasant 
for a sensitive man to be obl iged to run 
ati l t  against the windmi l l s  of the day, 
yet when he is c a l l ed u p o n  for an  
op in ion it  i s  a duty he owes to  the 
publ ic  and the cause of science to give 
a cautious but candid exposition of h is  
views and thus  prevent in  many cases 
exte n s i ve a n d, it m a y  be, r u i n o u s  
frauds. 

I trust that i t  is a very rare occur
rence that men of scientific reputation 
are to be found who wou ld participate 
in or connive at frauds of this k ind. If 
any such exist let h im be excluded for
ever from the communion of the broth
erhood of science, 

Quackery, Under this head may be 
classed a great variety of petty artifices 
by which the vain, the superficial ,  and 
the unprincip led endeavour, genera l ly  
at  the expense of the labors of  others, 
to elevate themselves into notice and 
to impose upon the credu l ity and igno
rance of the publ ic.  

It should never be forgotten that true 
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reputation must a lways be based on 
the favorable opinion of the few in any 
cou ntry who are capable of properly 
apprec iat ing  the l a bors of h i m  who 
wo u l d  c l a i m  to h a ve e n l a rged the 
bou nds of h u ma n  knowledge or to 
have done any th ing worthy of com
mendation by h is  fel low men, 

The h igher and more abstruse the 
character of the investigations he pro
fesses to have made, the smaller is the 
nu mber of those who are capable of 
rendering a proper verdict. In this case 
especia l ly  the votes must be weighed, 
not counted. 

He therefore who seeks approbation 
for h i s  l a bors by appea l ing to a tri
b u n a l  w h i c h  from i ts character and 
pursu its i s  not qual ified to appreciate 
them is practic ing a deception and is 
justly entitled to the name of a quack, 

The man of honorable fee l ings and 
imbued with the true spir it of science 
presents the results of his investigations 
to some learned society or to the editor 
of some scientific journal where they 
w i l l  be sc ru t in ized before they are 
publ ished and where they wi l l  be pre
sented to the eye of men capable of 
pronouncing on their merits, 

The Man of True Science 
The man of true science must of ne

cessity be a l ittle in advance of h is  age 
and be beyond the appreciation of the 
mu ltitude. He therefore scorns an ap
peal to so Iow a tr ibuna l  and wou ld 
prefer to be the author of a discovery 
the i m portan ce of w h i c h  but  a few 
men in the whole nation wou ld be ca
pable of appreciating, 

H ow different i s  the proceeding of 
the quack; he affects to desp i se the 
opinion of men of science and accuses 
them of jealousy, prejudice, and igno
rance, 

He appeals immediately to the pub
l i c  genera l ly  through the newspapers, 
and for approbation ca l l s  not on the 
few who are capable of judging of his 
merits but the many who know noth
ing of the subject. 

How many wonderful surgical oper
at ions  a re performed in o u r  cou ntry 
every year and how rapidly a re we in
creasing in  our knowledge of th is  part 
of the hea l ing art, if the pub l ic  prints 
are to be credited. I would say to the 
pub l ic  beware of those whose merits 
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are thus cont inuous ly  proc la i med to 
the world, in whatsoever l i ne they may 
be. Be not quick to trust you r  purse or 
your  l ife in  thei r  hands . . . .  

I t  should be the duty of th is  associa
tion to endeavour to establ ish a stan
dard of American Science and to com
b ine to elevate the est i mat ion of an 
American reputat ion.  We must respect 
ourselves or others w i l l  not respect us .  

For th is  purpose let  the members of 
our association adopt the strictest code 
of scientific eth ics and frown u pon a l l  
who wou ld in  the least degree depart 
from it. 

Let them cherish a spiri t  of brother
hood a n d  e x p e l  from the i r  b reasts  
every ris ing c loud of  envy or jealousy. 
Let each h a i l  the d i scover ies  of the 
other as  a new conquest over nature 
which so far from narrowing the field 
of his own research opens new vistas 
for the admission of new l ight  and the 
better cu ltivation of h is  own domain .  

What Is Science? 
What is science? Is i t  a col lection of 

facts? Does it  consist in a knowledge 
of the mere results of experience? Is a 
person entitled to be cal led a man of 
science because he can give the name 
and, it may be, the properties of every 
stone or of every p lant he may meet 
with i n  h i s  path ? Then is the goss ip  
who knows the  name and h i story of  
every man ,  woman, and c h i l d  of  h i s  
v i l lage a profound savant. 

Science does not consist in a knowl
edge of facts but of l aws. I t  essentia l ly  
relates to change, is dynamical rather 
than stat ica l .  Perm it me to i l l u strate 
this. Suppose an i ntel l igent being with 
powers of perception suffic ient ly ex
alted to take in  at a s i ngle glance an 
idea of the form, color, s ize, chemical 
composition, relative position, etc.,  of 
a l l  the objects of nature as it were in a 
state of rest, he wou ld then possess the 
elements of the knowledge of descrip
tive N atural  H istory. He wou l d  then 
have the materia ls  of a descriptive cat
alogue of nature's effects-an i m por
tant prerequ i s i te to science-but not 
science itself in  the more strict mean
ing of the term. 

Suppose aga in  that the same being 
shou ld, after a l apse of t ime, examine 
the condition of the objects before de
scribed . He would  perceive that they 
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were not the same-that summer had 
succeeded wi nter, the bud  had ex
panded into the flower, the flower had 
been transformed i nto fruit, the egg 
h ad been developed i n to the l iv i ng, 
moving sentient animal . A new cond i
t ion had been introduced, that of time, 
and with th is  i s  i nd isso l ubly coupled 
the idea of change. 

B u t  w h at is the c h a racter of th i s  
change? Is i t  capricious, without order 
of success ion?  Or if order is observ
able, is i t  that of perpetual recurrence? 
Do a l l  th ings after a given lapse of time 
retu rn to precisely the same cond ition 
in which they were at some previous 
t ime? To these enqu i ries phi losophical 
experience answers that there is an or
der  of success ion but that th i s  order 
with in  our experience is not recurring. 
No moment has its fel low. Each instant 
of recorded t ime has its separate h is
tory. We are not the same beings we 
were a moment ago, and we never 
sha l l  be again what we now are.  Every 
breath we exhale carries off dead por
t ions of our body and every pu l se of 
our  heart tends to supply the loss by 
the deposition of new matter. We are 
c o n st a n t l y  wast i n g  away a n d  c o n 
stantly being renewed. 

I am not now speaking to prec isely 
the same aud ience I was addressing a 
few moments ago. New thoughts have 
passed through the mind of each and 
left thei r effect indel ibly upon the char
acter. 

The change may be inapprec iable, 
but it is none the less certa in .  We are 
n o t  i n t e l lec tu a l l y , p h ys i c a l l y ,  o r  
mora l ly  the same beings from one in
stant to the other, and the change i n  us 
i s  the ep itome of the great system of 
change going on around us.  

What then, it may be asked, in  this 
u n iverse of ceaseless and ever varying 
change is constant? The answer i s  the 
l aws  of c h a n g e .  These are as i m 
mutable a s  the purposes of Him who 
knows no change. 

A knowledge of these l aws with the 
power of pred icting and in  some cases 
of contro l l ing the operations of nature 
c o n s t i t u tes  t h e  h i ghes t  w i sd o m  to 
which  una ided man has yet atta i ned 
and is emphatical ly denominated sci
ence. 

I know we are frequently and partic-

u l a r l y  at t h e  S o u t h  a c c u sed of a 
species of Atheism i n  thus referri ng a l l  
the phenomena of nature to the opera
tion of physical  l aws, but th is ,  so far 
from being  athe ist ica l  when properly 
understood, appears to me to be i n  
perfect accordance w i th the h i ghest 
sp i r itual  conceptions of the character 
of the Deity. B l ind indeed i s  he who 
wou l d  be led from the mere use  of 
words without attending to thei r  sign i 
fication to confound a l aw-that i s  a 
rule of action-with action itself. 

The essential characteristic of matter 
is i nertness, or i nabi l ity to change its 
state without extraneous force, and the 
h igher mean ing of the term law of na
ture is our conception of the mode in 
which divine wisdom invariably oper
ates in producing the phenomena of 
nature. A un iverse without law wou ld 
be a un iverse without order, without 
the possibil ity of science, and the man
ifestat ions of an  i nte l l  igent governor 
and creator. 

I t  is in the i nvariable operations of 
God, in accordance with the l aws he 
has prescribed to his own acts, that he 
reveals his wisdom in the succession 
of the phenomena of natu re; that he 
exhibits h i s  goodness in  giving to man 
the experience of the past to d i rect him 
i n  the b l i ndness of the future; that he 
man ifests his  j u stice and truth i n  the 
unchangeableness of his character. A 
un iverse unregu lated by law wou ld in
deed be a un iverse without God. 

In  referri ng the phenomena of nature 
to invariable laws, the man of science 
merely [adopts one of the fundamental 
propos it ions of the Westm i nster con
fes s i o n  of fa i t h ,  n a m e l y, ]  God had  
fo reo rd a i ne d  every t h i n g  w h i c h  
cometh to pass, but in  such a way as 
not to i nte rfere with the freedom of 
wi l l  or moral responsib i l ity of the indi
vidual .  

I f  I am asked how these two facts 
can  coex i st the  a n swer i s ,  I do not 
know, but I am certa i n  that each is 
true. The one i s  a deduction from the 
idea of God and confirmed by all the 
experience of science; the other i s  a 
reve lat ion of my own consciousness, 
the truth of which I can no more deny 
than that of my own identity, but to 
reconci le them with my present facul
t ies is i mpossib le . . . .  
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Studies of thousands of nuclear workers show that those exposed to higher radia
tion levels had lower rates of cancer mortality. Here, technicians process a uranium 
shipment. 

EDITOR'S NOTE 
Today's radiation dose standards and 

regulations are based on the idea that a ll 
radiation is harmfu l, tha t  there is no 
thresh o ld belo w  which radia tion is 
harmless, and that the harm can be cal
culated as a linear extrapolation from the 
known effects of damage from high-dose 
radiation. This is not competent science; 
yet, just such a linear extrapolation is the 
basis governing radiation standards. Fur
thermore, such a policy feeds an irra
tiona l  fear of anything nuclear. 

This report reviews the evidence of 
the beneficial effects to hea lth of low
dose radiation, a process termed horme
sis, from the Creek word hormein ,  to 
excite. The body of eviden ce for 

hormetic effects is so compelling that 
after 72 years of discussion, the United 
Nations Scientific Committee on the Ef
fects of Atomic Radiation (UNSCEAR) 
recently acknowledged the existence of 
radiation hormesis. Now many nuclear 
and radiation scientists have challenged 
the current linear, no-threshold basis for 
setting radiation standards. 

Author T. o. Luckey, one of the pio
neers of hormesis research, reviews the 
evidence and, briefly, suggests the cellu
lar mechanisms that may account for the 
hormesis effect. In what may be a star
tling proposal for some, he ca lls for a re
search program to study the possibility of 
combatting the detrimental effects of ra
diation deficiency. 
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L ife began and adapted to 1 0  ti mes 
more ionizing radiation than we have 

i n  our present env i ro n ment .  The first 
pr im it ive cel l s  and metabol i c  systems 
developed in a m i l ieu of ionizing rad ia
tion, where survival requ i red a balance 
between the destruction of too sensitive 
systems and a tolerance or uti l ization of 
t h i s  pote n t i a l l y d estru ct ive  energy 
source. 

Although much research prior to the 
atom bomb i nv o l ved l ow doses, the 
most recent research has been directed 
toward the harmful effects of large doses 
of ion izing rad iation. As a result, in the 
past h a l f  c e n tury, m ost  i n format ion 
about the biological effects of low-dose 
i rrad iation was obta i ned inc idental to 
studies on the effects of high-dose i rradi
ation. Although our present information 
about radiation hormesis is fragmented, 
it is the prologue for vital research and 
u n dersta n d i n g  of new p h y s i o l og i c a l  
mechani sms a n d  a suggested rationale 
for supplementing some human bei ngs 
deficient in  ionizing radiation. 

The hormesis thesis i s  that low doses 
of an agent  m a y  st i m u l ate a system 
which is depressed by high doses of the 
same agent. The effects of ion izing radia
t ion fol low th i s  thes i s :  La rge doses of 
ionizing rad iation are lethal  or inhibitory 
to microbes, plants, and animals, inc lud
ing humans, whi le smal l doses of ioniz
ing radiation stimulate most physiologic 
a n d  c e l l u l a r  system s  ( L u c key 1 9 80, 
1 99 1 ) . Paradoxical ly, more than one re
action may be stimu lated in  the same or
gan ism at the same time. For example, 
l ow d oses may s t i m u l ate both the  
growth of  cancer cel l s  and  the destruc
t ion of cancers by i n c reased immune 
competence. The latter appears to pre
dominate when the cancer is sma l l .  The 
immune system is l ess effective when 
the cancer becomes large. 

The concept of the st imu latory effect 
of l ow doses of poten t i a l l y  h a rmfu l 
c h e m i c a l s  has been stud i ed for cen
turies. In  the 8th century B .C., the Syrian 
physicians of K ing Sargon II understood 
that the p lant, Atropa belladonna, was 
"both a hea l i ng and a poison ing herb" 
(Thorwald 1 962).  About 400 B .C., H ip
pocrates observed that i n  opposition to 
reasonable wine intake, "undi l uted wine 
drun k  in l arge q uantity renders a man 
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feeb le" (Ad ler  1 952 ) .  And i n  the 1 6th 
century, Paracelsus said that a l l  th ings 
are poi son and none without poison,  
and  only the dose makes the poison 
(Waite 1 994). 

P h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c  
agents may b e  hormetic .  Low doses of 
cold, heat, pressure, electricity, electro
magnetism, l ight, and ionizing radiation 
stimulate a variety of physiological para
meters in microbes, plants, and animals 
(Luckey 1 959). Each physical agent may 
induce a variety of chemical reactions in 
the affected tissues. 

The beneficial effect of low-dose i rra
diation was d iscovered 1 00 years ago at 
the Un iversity of Missouri, where Profes
sor W. Shrader inoculated gu inea pigs 
with d i phther ia  bac i l l u s .  U nexposed 
controls d ied with in  24 hours. When an
imals were exposed to X-rays before in
oculation, they survived. Stimulation by 
low doses of radiation was studied i n  the 
first half of this century (Luckey 1 980) by 
Selye, who emphasized the great variety 
of agents, inc luding ioniz ing rad iation, 
which would induce a protective "gen
eral adaptive syndrome" in l aboratory 
animals and in humans (Selye 1 950). He 
reviewed the p rotective act ion of  the 
general  adaptive syn d rome fo l lowi ng  
low doses of  chemical, physical, and  bi
ological stressors. 

Hormesis Vs. the Zero Thesis 
The basic premise of the zero thesis of 

ionizing rad iation is that a l l  ionizing ra
d iation is harmfu l ,  and that there is no 
threshold below which it is not harmfu l .  
The zero thesis is inva l idated by consis
tent, statistical ly sign ificant results show
ing hormesis (Luckey 1 99 1 ,  1 994a). It is 
a media  m i rage sustained by scientists 
who have ignored the radiobiologic l i ter
atu re; t h i s  i n c l udes 55 reviews from 
1 89 6  to 1 9 77 ,  wh i c h  p resen ted ev i 
dence of  stimulation by  low-dose irradi
ation (Luckey 1 980). 

"Hormesis with Ionizing Radiation," a 
comprehens ive review by th i s  author, 
with 1 ,200 references, was publ ished in  
1 980. Although th is  awakened many ra
diobiologists to the l arge amount of evi
dence showing rad iation hormesis, the 
zero thesis and its l i near models are en
trenched in  government agency recom
mendations and national laws. 

A threshold for ionizing rad iation i s  a 
v ital part of the  h o rmesis  thes i s .  The 
hormesis results also invalidate another, 
l i tt l e  d i s c u ssed "thres h o l d "  concept, 
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which specifies that there are no effects 
of rad iation with any dose between that 
of the unexposed controls and the zero 
equivalent point, ZEP. (ZEP is a thresh
old that differentiates so-cal led low-dose 
from h igh-dose rad iation . Al l  doses less 
than the ZEP are low doses. The ZEP de
fines l im its for publ ic safety, and theoret
ical ly, doses less than the ZEP should not 
be considered harmfu l for the average 
person.)  

The Geographical Evidence 
Ion iz ing rad iation is ubiqu itous .  A i r, 

water, so i l ,  p l an ts, a n i ma l s ,  peop le ,  
food, paper, machinery and b u i l d i ngs 
are rad ioactive. The diversity in back
ground rad iation throughout the world 
reflects differences in  Earth radiation and 
a l t i tude .  Most var iat ion in o u r  back
ground rad iation comes from the e le
ments in the soil (Luckey 1 980, 1 99 1 ) . 

Cosm ic radiation doubles for each 2 
km above sea leve l .  Since cosmic radia
tion is absorbed by air, much more cos
mic  rad i ation h its mountains and high 
p lateaus  than the ground at sea leve l .  
A i r l i n e  personne l  a n d  freq uent flyers 
may average 8 to 1 0  hours a day of flight 
1 0  to 1 3  km above sea leve l .  This may 
expose them to 7 to 8 m i l l  igray/year 

Rates per 1 ,000 population 

I?lI 5.9 to 6.6 
• 1 0.3 to 1 3. 1  

U.S. rate: 8 . 1 5  

more than people at sea leve l .  (A gray 
m e a s u res rad i at i o n  d e l i ve red ; 1 gy 
equals 1 00 rads.) 

Pop u l at ions l i v ing  with h igh natural 
rad iation backgrounds often show indi
cations of superior health. No unusual 
d isease or poor health effects have been 
attr i buted to popu l at ions  l i v ing  in 1 0  
times our levels of natural rad iation. 

The negative corre lation between nat
ural  levels of ionizing radiation and car
d iovascu l a r, resp i ratory, and  c a n cer 
death rates in  the U n ited States (Figure 1 )  
is good evidence that low-level i rrad ia
tion i s  not a major cause of these d is
eases (Sauer 1 982) . Athough a l t i tude, 
oxygen, and a i r  pressure were a lso nega
t ive ly correl ated , t h i s  study found  no 
correlation between the h igh death rates 
i n  the southeastern area of the U n i ted 
States and about 40 environmental, so
cial ,  economic, and racial factors. 

A s im i lar negative correlation between 
backgro u n d  rad ia t ion  and  l e u ke m i a  
mortal ity has been noted in  many stud
ies  for the  popu l at i o n  of the  U n i ted 
States (Luckey 1 99 1 ) . 

In contrast, as shown in Figure 2, the 
negative corre lation between rad iation 
and cancer death rates in  India are not 

Figure 1 
NATURAL RADIATION CORRELATED WITH MORTALITY OF WHITE 

MALES AGE 35-79 FOR THE YEARS 1 960-1 972 
Cardiovascular, respiratory, and cancer morta lity rates of the East Coast states 
of the United States, area 3, are much higher than those of the Western 
states, area 1 .  Earth and cosmic radiation in area 1 is 2 to 3 times that  in area 
3. This map shows the 25 State Economic Areas with the lowest death rates 
from cardiovascular diseases, and the 25 with the highest. 

Sources: Sauer 1 982; Luckey 1991 , used with permission of GRG Press, Inc. 
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related to altitude or a i r  pressure (NRCP 
1 987) .  These resu lts from the U n i ted 
States and Ind ia  a re supported by the 
more rigorous studies of Ch inese peas
ants. In each of the three countries there 
was a three-fold d ifference in radiation 
levels between low- and high-dose pop
u lations. 

The best studied populations are two 
gro u p s  of C h i nese peasants ,  a b o u t  
7 0,000 each, in  Yangj iang County (Wei 
1 994). Leukemia and total cancer mor
tal ity rates appear to be lower for peas
ants l iving in the h igh background radia
t ion  area. A corre l at ion  of l e u k e m i a  
deaths with age (Figure 3 )  also suggests 

1 4  
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Figure 2 
NATURAL RADIATION VS. CANCER MORTALITY IN I NDIA 

Cancer mortality in regional hospitals in India shows an inverse relationship 
with natural radiation levels. The two values high above the slope are from 
hospitals that take patients from other areas. 

Sources: Nambi et al. 1 987; Luckey 1 991 , used with permission, GRG Press, Inc. 
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Figure 3 

55 65 

LEUKEMIA VS. AGE IN THE CHINA STUDY 

75 85 

Leukemia mortality in peasants of the high-background group in China show 
two different reactions based upon age, when compared with the low-back
ground control group. 

Sources: Wei 1 986; Luckey 1 991 , used with permission, GRG Press, Inc. 
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an important d ifference in  radiation sen
s it i v i ty between i n fa n t i l e  a n d  ad u l t 
leukemia. 

Several popu lations in other countries 
l i ve with much more natural radiation 
t h a n  t h e  w o r l d  a ve ra g e  of a b o u t  3 
mGy/y. A rough comparison of the rad i
ation to which d ifferent populations are 
exposed is given i n  Table 1 .  That popu
lation i n  C h i n a  which was exposed to 
about 1 mGy/y provides a convenient 
standard (Wei 1 99 4 ) .  A l though most 
have not been wel l studied, several pop
u lations have l i ved in health with rela
t ively h igh level s  of ioniz ing rad iation 
for many generations (Luckey 1 991 ) .  Re
production i s  normal and there is no ex
cessive mortality from cancer or cardio
vasc u l a r  d i seases.  Some, as those i n  
Kera l a  a n d  I ran ,  a re noted for excep
tional health and long average l ifespan 
of the people. 

Another mass of data exists concern
i n g  radon l eve l s  a n d  cancer :  Where 
radon leve l s  i n  homes a re h igh,  l ung 
cancer rates are low. The negative corre
lation between radon concentrations i n  
homes a n d  lung  cancer mortal ity rates 
( F igure 4) was wel l  estab l i shed by nu-

Table 1 
NATURAL LEVELS OF 

IONIZING RADIATION 

Place 
China (low) 
United States 
China (high) 
Nile delta 
Exposed U.S. workers1 
Proposed allowance 
Chernobyl2 
Jet air flyers3 
Kerala, India 
Guarapara, Brazil 
Meaipe, Brazil 
Gerais, Brazil 
Kerala beach towns 
Proposed worker limit 
Araxi, Brazil 
Optimum 
Ramasar, Iran 
Guarapari beach 
The ZEp4 

mGy/y 
1 .3 
2.0 
3.3 
3.5 
3.6 
5.0 
5.0 
6-8 

4-1 3  
1 0-1 8 

22 
23 
23 
26 
35 

1 00 
243 
263 

1 0,000 

Notes -----------
1 .  This includes natural plus industrial ex

posures. 
2. The evacuation limit used to displace 

200,000 persons. 
3. Assume 8 hours per day at 6 to 8 km 

above sea level. 
4. The Zero Equivalent Point, a threshold 

dose which is the upper l imit of "low 
dose irradiation." 
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clear scientist Bernard Cohen (Cohen 
1 992 ) .  Compara b l e  c u rves were ob
tained with males and females, with and 
without smoking corrections. 

These data contradict med ia  concepts 
regard ing the role of radon in l ung can
cer mortal ity and are i ncompatible with 
the U .S. government position that per
sons having more than 4 pCi/1 of radon 
in thei r  homes should institute means to 
reduce th i s  gas at any expense.  (One 
curie, Ci, = 3.7 x 1 01 0 nuclear d is i ntegra
tions per second.) The data a lso refute 
the warn ing of the N ational Counci l  on 
Radiation Protection and Measurements 
(NCRP) that " . . .  the inha lation of the 
short-l ived decay products of radon-222 
indoors is the most significant source of 
natural exposure" (NCRP 1 987). 

Hormesis at the Workplace 
There is very l itt le ev idence wh ich  

contrad icts rad iat ion hormesis  i n  hu
mans. On the  pos itive side, stud ies of  
more than 7 mi l l ion person-years in  nu
c lear workers ind icate that, compared 
with unexposed workers, rad iat ion-ex
posed workers have sign ificantly lower 
mortal ity rates for total deaths, leukemia, 
and sol id tissue cancer mortality. 

Studies on exposed nuc lear workers 
are most important for information about 
l iving with background radiation which 
is perceptively h igher than that of unex
posed workers and the general popu la
tion . Recent reports, reviewed here in 
deta i l ,  a re except iona l  because both 
control and exposed workers have the 
same socioeconom ic background and 
work in  the same plants under the same 
general conditions. This use of an i nter
nal control e l iminates the usual "healthy 
worker effect" for these  stu d i es  of 
chronic,  whole body exposure of hu
mans to low doses of ionizing rad iation. 
However, l ocat ion wi th i n  the p l ant, 
turnover in certai n  types of personnel ,  
job d ifferences, and smoking regulations 
remain variables. 

The results uti l ize only " lagged" death 
rates ;  t h a t  i s ,  l e u k e m i a  a n d  c a n c e r  
deaths are counted only after the worker 
has worked 2 and 1 0  years, respectively. 
Emphasis i s  g iven to total cancer and 
leukemia  morta l i ty rates; the re l at ive 
paucity of examples would make it d iffi
cu l t  to accu rate l y  assess each of the 
many d ifferent types of  cancer. 

Although most of- the workers were 
white, m ale adults, the avai lable infor
mation a l so suggests that exposed fe-
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Figure 4 
CORRELATION BETWEEN LUNG CANCER MORTALITY 

AND RADON IN HOMES 
The radon concentration in homes in 7,600 counties of the United States is 
inversely correlated with lung cancer mortality in males. Vertical lines indi
cate one standard deviation. The number of counties in each sample is 
shown. Radon concentration is in picocuries per liter of air. 

Source: Cohen 1992, used with permission of Rad. Protect. Manag. and J. Occup. Med. Toxicol. 

Table 2 
AGE CORRECTION FOR CANCER MORTALITY 

IN BRITISH NUClEAR WORKERS 

Exposure in mSv <10 1 0-49 50-99 > 1 00 

Avg. mSv 2 24 70 252 

Number 58,945 21 ,336 6,667 8,269 

Dead of cancer 584 369 1 94 288 

Dead of cancer/1 04 99. 1 1 73 241 348 

Avg. age1 26 43 61 72 

Age rati02 5.8 48.7 1 06 

Reciprocal 1 0. 1 724 0.0205 0.00943 

Cancer deaths3 9.9 3.0 0.49 0.33 

Source: Tables 2.7, 2.10, and 2.18 in Kendall et aL 1 992. 

Source 
Tab. 2.7 

Tab. 2. 1 0  

Tab. 2.1 8 

Tab. 2 . 10  
U.S.A. 

Notes--------------------------------------------------------
1 .  Excludes persons younger Ihan 1 9  years of age. 

2. Age-adjusted cancer mortality ratio from U.S. Dept. of Commerce, 1 988. 

3. Age-corrected dead per 1 ,000 workers. 

B ritish Nuclear Workers males have lower leukem ia and total 
cancer mortal ity rates than unexposed 
females in the same plants. 

Not d i scussed in deta i l  is the fact that 
the exposed workers and the tota l of 
both groups usual ly have lower Stan
dardized Mortal ity Rates (SMR) than the 
nearby general popu lation. SMR values 
are used when other data are not pro
vided. 

Stud ies of the N ational  Rad iological 
Protection Board ( N RPB) gave enough 
information to provide a s imple correc
tion for age in exposed and unexposed 
n u c l ea r  workers i n  B r i ta i n  ( Kend a l l  
1 992) .  U ncorrected data are ava i lable in  
the British Medical Journal. Since G.M. 
Kenda l l  and assoc iates did not correct 
for age, calcu lations were made to pro-
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Figure 5 
LEU KEMIA MORTALITY RATES 

VS. AGE IN THE 
UNITED STATES 

The leukemia mortality rate of 
white males increases with age. 
These data allow an age correc
tion to be applied to the 
leukemia mortality rates in the 
British nuclear worker study. 
See Table 3. 

Source: U.S. Dept. of Commerce, 1988 

AGE CORRECTION FOR LEU KEMIA DEATHS IN BRITISH N UClEAR 
WORKERS COMPARED TO AVERAGE U.S. LEUKEMIA DEATH RATE 

Kendall Leukemia Deaths U.S. deaths2 Age 
mSv Age number deaths1 per 1 04 per 1 04 Ratio FactorS Corrected4 

2 26 24,507 24 9.79 

24 43 39,1 99 1 4  3.57 

71 61 21 ,638 6 2.77 

252 72 9,860 1 5  1 5.21 

Notes 

1. G.M. Kendall, C.R. Muirhead, S.H. McGibbon, etal., 1992. 

2. U.S. leukemia death rate (U.S. Dept. of Commerce, 1988). 

3. Reciprocal of the ratio. 

4. Age·corrected leukemia death rate per 10,000 workers. 
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AGE-ADJUSTED LEUKEMIA MORTALITY IN BRITISH N UClEAR PLANTS 
The leukemia mortality rate of 70,600 exposed nuclear workers is less than 
that of 24,500 unexposed workers in the same plants. The optimum lifetime 
exposure appears to be greater than 5 cSv. Statistical significance of the cor
relation for all 3 samples of exposed workers is good, at p < 0.00 7 .  

Source: Kendall 1 992 
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v i d e  age-corrected I i feti  me dose-re
sponse data for cancer and leukemia, re
spect ive ly ( U . S .  Department  of Com
m erce, 1 9 8 8 ) .  T h e  c a l c u l at i o n s  a re 
evident from the data i n  Tables 2 and 3 .  

These results from more than 95,000 
nuc lear workers, more than 3 m i l l ion 
person-years, negate the zero thesis and 
should stop the use of l i near, no-thresh
o ld  model s .  The data suggest that the 
opt imum l ifeti me exposure i s  approxi
mately 250 mSv above background ex
posures.  Because several workers re
c e i ved m o re t h a n  400 mSv, the  
optimum for white, ma le  adu lts may be 
as h igh as 20 mSv/y for 20 years. (The 
s ievert measures rad iation absorbed in 
l iv ing tissue.) 

The leukemia morta l i ty rates of ex
posed British workers, corrected for age 
us ing data from F igure 5 and Table 3 ,  
were s ign ificantly reduced by low-dose 
i rrad iation (Figure 6) . The relative reduc
tion was comparable with that for total 
cancer mortal ity rates. 

Canadian Nuclear Workers 
J . D. Abbatt and associates compared 

the cancer mortal ity rate of wh ite, male 
nuclear workers with that of other wh ite, 
male workers with in  a Canadian energy 
plant (Abbatt 1 983) .  The data for a 20-
year period were given as SMR values. 
The i r  age-ad j usted res u l ts ( F i g u re 7) 
show that 4,000 nuclear workers had a 
l ower cancer morta l i ty rate than the 
2 1  ,000 coal and gas workers in  the same 
company. The cancer death rate of the 
control cohort was comparable with that 
of the nearby popu lation. There were no 
leukemia deaths in the nuclear workers 
during this period. 

A l ater study fou n d  no hormesis i n  
C a n a d i a n  n uc l e a r  workers ( G r i b b i n  
1 99 3 ) .  M . A .  G ri b b i n  and  co-workers 
made an "age adjustment" without giv
ing enough data to perform a simple age 
correction. 

U.S. Nuclear Workers 
In an extensive study of nuclear work

ers, G . M .  Matanoski  eval uated about 
70,000 wh ite, male nuclear workers in  
eight U.S .  shipyards for the years 1 960-
1 98 1  (Matanoski 1 991 ) .  Age-adjusted to
tal mortality rates were given for 3 2,5 1 0  
unexposed workers and 38,230 exposed 
workers. The main causes of death were 
cancer, cardiovascu l ar, and respiratory 
d i seases. The SMR for the total death 
rate of unexposed workers was 1 .00, the 
same as that for the general population . 
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CANADIAN NUCLEAR WORKERS U.S. NUCLEAR SHIPYARD WORKERS 
The cancer morta lity rate of 4,000 male nuclear 
energy workers was significantly less than that of 
2 7,000 male thermal energy workers. 

The total death rate of about 38,000 exposed nuclear ship
yard workers was significantly less than that of about 32,500 
unexposed workers in the same plants (p < 0.00 7). 

Source: Abbatt 1 983, used with permission of J. Occup. Med. Toxicof. Source: Matanoski 1991 , used with permission of J. Occup. Med. Toxicof. 

The SMR for the total death rate in  work
ers with exposures of more than 50 mSv 
was 0.76. This was sign ificantly less than 
that of the unexposed workers. The total 
death rate of exposed workers was in
versely related to the l ifetime dose ( F ig
ure 8). 

The leu kem i a  death rate of U n i ted 
States sh ipyard workers who were ex
posed to a l ifetime dose of less than 1 0  
mSv was about half  that of u nexposed 
workers . Thus,  th i s  sensit ive cr iterion 
su ggested rad i at i o n  h o r m es i s .  T h e  
leu kemia mortal ity rate o f  a l l  exposed 
workers was not sign ificantly lower than 
that of the unexposed workers. 

Most specific cancer types showed no 
significant d ifferences between exposed 
and unexposed shipyard workers. How
ever,  workers w i th a l i fet i me d o s e  
greater than 200 mSv had a sign ificantly 
lower lung cancer morta l ity rate than the 
u n exposed workers .  No co rrect i o n s  
were made for either smoking o r  d iesel 
fumes . A correct ion for asbestos was 
made from an eva l u at ion of mesothe
lioma. 

U.S. Weapons Plant Workers 
Wo rkers i n  U n i ted States n u c l e a r  

weapons p lants have been stud ied by 
several groups. The inverse correlation 
between rad iat ion expos u re and total  
mortal ity of nuc lear  sh i pyard workers 
was very s imi lar to that for cancer mor
tal i ty with i ncreased exposure to ioniz
i ng radiation for workers in U .s. nuclear 
weapons plants. 
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In 1 989, E.S. G i l bert and associates 
fou n d  the SMR for total deaths of a l l  
m a l e  a n d  fema le  workers i n  n u c l ear  
weapons plants was 0.79 (Gi lbert 1 989).  
The SMR for cancer and leukemia mor
tal ity of the combined male and female 
workers in these nuclear weapons plants 
were 0 .85 and 0 . 7 1 , respectively. A l 
though the  data were l agged 1 0  and 2 
years for cancer and leukemia, respec
tively, and although no medical evalua-

4 

t ion  was u sed to screen for potent ia l  
cancer incidence, the " healthy worker 
'effect" may expla in part of these low val
ues. There was a s l ight, statistica l l y  in
s ign ificant, i ncrease i n  prostate cancer 
deaths in the tota l pop u l ation  of the 
three p lants. The data provide strong evi
dence that there is no harmful effect of 
l ifet ime exposures to low doses of ion iz
ing rad iation. 

The concl usion from th is  early study 
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Figure 9 
CANCER MORTALITY RATES IN THREE N UCLEAR WEAPONS PLANTS 

The cancer mortality rate of exposed nuclear weapons workers was lower 
than that of unexposed workers in the same plants, and mortality decreased 
with increased lifetime dose. The cumulative cancer mortality rate includes 
control data. Statistical significance is good at p < 0.007 in each case. 

Source: Gilbert 1 989, used with permission of J. Occup. Mad. Toxicof. 
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In chronic irradiation (aJ, all doses that show an effect greater than that of the controls are hormetic. The left intersection, 
A, represents the response of controls at ambient levels of ionizing radiation. All values above the dashed line are 
hormetic. The optimum, 0, is not well defined. At the dose represented by the zero equivalent point (ZEPJ, the response 
is comparable with that of the control value. All values below the dashed line are harmful; D represents a radiation defi
ciency and X represents an excess of radiation. The inverse of the rainbow curve (bJ is often used for cancer mortality 
studies such as those of the survivors of atom bombs. The symbols used are the same as those in (aJ. 

was confirmed with a study of 35,933 
white,  ma le  workers i n  th ree n uc lear 
weapons p lants :  Oak Ridge Nat ional  
Laboratory, Rocky Mounta ins  Nuc lear 
Weapons P lant, and the Hanford S ite 
(G i lbert 1 989, 1 990). A decreased can
cer mortal ity rate with increased l ifetime 
exposure was noted (F igure 9 ) .  These 

Growth of R. capsulatum 

1 .5 

1 .0 

0.5 

1 0  

differences were significant, for each ex
posure examined .  Leu kem ia morta l ity 
rates appeared to be lower in  exposed 
workers. However, the sample size was 
too low for this to have statistical sign ifi
cance. Lung cancer morta l i ty rates for 
workers exposed to less than 1 00 mSv 
appeared to be lower than that of the 

• 

1 00 1 ,000 5,000 
cGy/hour 

Figure 1 1  

1 8  

EFFECT OF GAMMA RADIATION ON THE GROWTH OF AN ALGA 
The reproduction of the alga R. capsu lata was increased by continuous expo
sure to cobalt-60 gamma radiation. The optimum appeared to be about 50 
cGy/hr; the ZEP was about 50 Gy/hr. 
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unexposed workers; however, the differ
ences were not stati st ica l l y  s ign ificant 
( Luckey 1 994a) .  Workers exposed to 
more than 200 mSv had a sign ificantly 
lower lung cancer mortal ity rate than un
exposed workers. 

L ight ly exposed workers (303 white 
m a l es )  i n  a fou rt h  n u c l ea r  weapons 
plant, Los Alamos National Laboratory, 
were found to have s l ightly lower mor
tal ity rates than 1 5,420 wh ite, male un
exposed workers (Wiggs 1 994) .  When 
the death rate of unexposed workers was 
used as the standard, 1 .00, the death rate 
of workers exposed to 1 0  to 5 0  mSv 
were: al l  cancers, 0 . 7 7 ;  al l  l eukemia,  
0.35; and lung cancer, 0.5 1 . Workers ex
posed to more than 50 mSv showed no 
benefit from the exposures. Brain cancer 
mortal ity of exposed workers was some
what greater than that  of the control 
group. The sma l l  numbers of workers re
d u ce the i m pact  of t h i s  Los A l amos 
study. 

The  res u l ts  from exposed B r i t i s h ,  
C a n ad i a n ,  and  U . S .  n u c l ea r  workers 
confirm the inverse correlation between 
rad iat ion levels  and cancer morta l i ty 
rates. This  concept i s  further substanti
ated i n  h u m a n s  exposed to acute  
(ato m i c  bomb)  rad i at ion and an ima l  
studies involving both acute and chronic 
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Table 4 
CANCER AND LEUKEMIA DEATHS I N  ATOM BOMB SURVIVORS 

Dose in cSv 0-0.9 1 -1 .9 2-4.9 5-9.9 1 0-1 9.9 20-49.9 >50 

Persons 45, 1 48 7,430 9,235 6,439 5,316  6,271 6,681 

Leukemia 81 1 1  1 4  8 1 1  21 75 

Leukemia/1 05 1 79 1 48 1 52 1 24 207 335 1 1 23 

Change/1 05" 0 -31 -27 -55 +28 +156 +944 

Other cancers 3,246 498 7 1 7  5 1 6  400 533 573 

Other cancers/1 04 71 9 670 776 801 752 850 858 

Change/1 04" 0 -49 +57 +82 +33 +1 31 +1 39 

Source: Shimizu at al.. 1 992. p. 72 

Notes 
'Indicates change from control (first col.) to exposed at each dose 

Table 5 
CUMULATIVE CANCER AND LEUKEMIA DEATHS 

IN ATOM BOMB SURVIVORS 

Dose in cSv 0-0.9 1 -1 .9 2-4.9 5-9.9 1 0-1 9.9 20-49.9 �50 
Persons 45, 1 48 7,430 1 6,665 23,1 04 28,420 34,691 41 ,372 
Leukemia 81 1 1  25 33 44 65 1 40 
Leukemia/1 ,000 1 .79 1 .48 1 .50 1 .43 1 .55 1 .87 3.38 
Change/1 05" 0 -31 -29 -36 -24 +8 +159 
Other cancers 2,346 498 1 ,2 1 5  1 ,731 2 , 131 2,664 3,237 
Deadl1 ,000 7 1 .9 67.0 72.9 74.9 75.0 76.8 78.2 
Change/1 04- 0 -49 + 1 0  +30 +31 +49 +63 

Source: Shimizu at al.. 1992. p. 72 

Notes 
"Indicates change from control (first col.) to exposed at each dose 

exposures (Luckey 1 99 1 ) . 
Atomic Bomb Survivors 

In 1 945, atom bombs were exploded 
in the air over H iroshima and Nagasaki 
and survivors were acutely exposed to 
d ifferent doses of ioniz ing radiation. I n  
the i ntervening 50 years, t h e  effects of 
acute doses of ioniz ing rad i ation have 
been studied separately from the physi
cal trauma caused by the blast and fly ing 
debris. The cancer deaths of these sur
vivors exhibit the "J" curve (F igure 1 0).  
Lightly exposed people have lower sol id 
tissue cancer and leu kemia death rates 
than controls (Table 4) (Shimizu 1 992) .  
These data confirm the hormesis thesis 
and show that the overal l  effect in  hu
m a n s  is s i m i l a r  for both acute  a n d  
c h ron i c  exposures :  l ow doses  a re 
hormetic. 

Sh im izu and associates offered two 
confl icting data sets for cancer mortal ity 
rates, i n  that the i r  figure m isrepresents 
the data in the i r  accompany ing table 
(Sh imizu 1 992 ) .  I n  contrast to cancer 
mortal ity rates, they used the same data 
for leukemia mortality rates i n  both table 
and graph. Both sets show hormesis. 

In  acute exposures, the ZEP for non-

leukemia cancer mortal ity appears to be 
2 to 4 cSv for d i rect and cumulative ex
posures (Table 5). This means that per
sons receiving less than 2 cSv cou ld be 
d isregarded from the viewpoint of their 
cancer mortal ity response to ion izing ra
d iation. The triage dose of 2 cSv is a use
ful criterion for effective d i rection and 
uti l ization of med ical staff and medical 
resources fol lowing a nuclear disaster. 

Leukemia mortal ity is of particular in
terest because leukemia is considered to 
be a very sensitive index of ionizing ra
d iation .  The data in Table 4 show the 
ZEP for leukemia mortal ity is about 1 0  
cSv (Shimizu 1 992).  Persons exposed to 
less than 1 0  cSv appear to have a lower 
leukemia  morta l ity rate than the con
trols. When the cumulative data are ex
amined (Table 5)  the ZEP appears to be 
about 20 cSv. This would be the triage 
dose to g u i d e  phys ic ians  and  hea l th  
physicists for leukemia mortal ity rates in  
a radiation catastrophe. 

Theories of Hormesis Mechanisms 
The benefits of low-dose i rrad iation 

are att r ibuted to several overl a p p i ng 
mechan isms. Low-dose irradiation stim
u lates cel l  metabol ism including photo-

synthesis ;  th is  is cal led rad iogenic me
tabol ism. Low-dose irradiation a lso stim
u l ates DNA, RNA, and membrane repair 
in addit ion to the production of many 
cytokrines and cel lu lar reactions which 
provide increased immune competence. 
I ncreased immune competence accounts 
for stat i st ica l l y s i g n i f icant  decreased 
mortal ity rates from infection and cancer 
in both a n i m a l s  a nd in h u m a n s .  The 
most i mportant mechanism is  the essen
tial nature of ionizing radiation. 

Radiogenic metabolism. Radiogenic 
metabo l ism i s  the promotion of meta
bol ic processes by ion iz ing  rad i at ion . 
Rad iogenic metabol ism has been noted 
in a lgae, bacteria, and protozoa (Luckey 
1 978, 1 980) .  Algal  ut i l ization of h igh 
energy photons  (X- and gamma-rays) 
suggests this energy source was uti l ized 
before low energy photons, l i ght, pene
trated the clouds and volcanic dusts of 
p r i m o rd i a l  E a rth . G . F . Atk i n son  ob
served an  i ncreased growth rate in a 
b luegreen a lga when exposed to X-rays 
(Atkinson 1 898) .  This  was amply con
fi rmed by P lanel  and associates with a 
b l uegreen a lga  ma i ntai ned i n  l i ghted 
boxes (Conter 1 980) . The key to the uti
l ization of high energy radiation in pho
tosynthesis was found in  the response of 
photosynthetic bacteria and algae to fi l 
tered cobalt-60 gamma rays i n  the ab
sence of visual  l ight. An example i s  the 
res p o n se of an a l ga ,  Rhodopseudo
monas capsulata (F igure 1 1 ) . The opti
m u m  chron ic  dose rate appears to be 
50 cGy/hr. N ote that there appears to 
be no harm to the growth rate of this or
ganism with very h igh exposures, up to 
5 kGy/hr. This  suggests a vestigial origin 
for the ut i l ization of ion iz ing rad iation 
in cel l  metabol ism.  I t  a lso suggests the 
use of ion iz ing  rad iat ion in m icrobia l  
fermentations and  photosynthesis .  

I t  i s  probable that both activation of 
cel l  repair  systems and rad iogen ic me
tabol ism contribute to the i ncreased im
mune competence in  l ightly i rrad iated 
an imals.  

Radiation hormesis in immunity. The 
second general mechan ism i nvolves the 
c o m p l ex i m m u n e system ( L u c key 
1 9 7 3 ) .  The m a i n  fu nct ion of the im
mune system i s  to search out and de
stroy " n o n -se l f" ce l l s  and  t h e i r  con
stituents, i nc lud ing  i nvad ing  microbes 
and m i n ute cancers. I m m u ne .compe
tence involves thymus, spleen, a bursa 
equ ivalent, bone marrow, p ituitary, and 
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a variety of leukocytes, hormones, and 
cytokrines. 

Low-dose i rrad iat ion appears to de
crease the domi nance of suppressor T 
cel l s  to a l low more effective action of 
helper T cel ls, k i l ler cel l s  and functional 
T cel l s  (in antibody production, for ex
ample). increased immune competence 
cou ld account for decreased i nfection 
and cancer mortal ity rates. Either cou ld 
be responsible for the increased average 
l ifespan consistently observed fol lowing 
either h igh- or low-dose i rrad iation . 

i ncreased i m m u ne competence i n  
l ight ly  i rrad i ated a n i m a l s  was noted 
early in  this century. These effects were 
amply confirmed duri ng the fol lowing 
decades (Ta l i aferro 1 969) .  Recent re
search has  foc u sed u p o n  m o l ec u l a r  
model s  for d ifferent aspects o f  the im
m u n e  system .  Data suggest that e n 
hanced immune competence fol lowing 
low-dose i rrad i at ion i nvolves i nterac
tions with the central nervous system as 
wel l  as genetic expression (Makinodan 
1 992, L iu 1 994, Hattori 1 994, Zu 1 996).  

Nurture with ionizing radia tion .  
There i s  an i mportant general mecha
n ism of nurture by means of ionizing ra
d iation, which encompasses cel l  repa ir, 
rad ioge n i c  metabo l i sm,  the i m m u n e  
system; and the essential nature of ion
izing rad iation. is ionizing radiation es
sential for l i fe?  if so, this wou ld d ramati
cal ly  change our basic concepts about 
this ubiqu itous agent. in  order to l ive in 
harmony with natu re, we must deter
m ine whether ion iz ing rad iation i s  an 
essentia l  agent. 

A " Rosetta Stone" is needed to help 
translate the effects of low-dose i rrad ia
tion into an understand ing of the role of 
this ubiqu itous agent in  our l ives (Luckey 
1 994b). 

Overcoming Radiation Deficiency 
i ncreased exposure to low-dose i rra

d i at ion contr ibutes to health and i n 
creased average l ifespan . The evidence 
shows that workers exposed to about 5 
mGy/y (a total of about 7 mGy/y) have 
longer average l ifespans and decreased 
cancer mortal ity rates than the general 
population or unexposed workers in the 
same p lants. More information comes 
from com b i n i ng h u m a n  and a n i m a l  
data. 

Our present knowledge suggests that a 
safe, conservative a l lowance would be 2 
to 3 times greater than what we have at 
present. A min imum of 5 to 1 0  mGy/y 

w i l l  provide increased health for adu l t  
populations. As shown in  Table 1 ,  gen
erations have l ived in d ifferent parts of 
the world with several times this expo
sure, and effects in many generations of 
humans and animals indicate that this is 
a reasonable guide for whole popu la
tions. However, more research is needed 
before adequate data are avai lab le  to 
support a recommended a l lowance of 
more than 1 0  mGy/y . Conservatively, 
we can say that the health of people and 
the wealth of nations would improve by 
increasing environmental exposures to 
ionizing radiation from their present lev
els  of 1 to 3 mGy per year, to 5 to 1 0  
mGy per year. 
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The Significance of the 
1 845 Gauss-Weber 

Correspondence 
by Lau rence Hecht 

The 7 830's �xperiments of Carl Friedrich Gauss and Wilhelm Weber to test Ampere's 
electrodynamic theory, led to the conception of the electron and atomic nucleus, 

more than 50.years before their empirical confirmation. 

A letter of 1 9  March 1 845 from Carl Friedrich Gauss to 
his younger collaborator, Wi lhelm Weber, ranks as one 
of the most singular interventions of a l l  time by an indi

vidual  in  changing the course of history. Modern atomic sci
ence, physics, and chemistry, and everything in the modern 
world that depends upon them, would not have existed with
out it. I t  is, thus, one of the clearest proofs of the existence of 
the consumer fraud, which passes for university science edu
cation today, that the issues d iscussed in the letter are scarcely 
known to any but a few special ists today, and that not even 
one among these shows any adequate understanding of the 
fundamentals involved. 

The point at issue in the cited correspondence, is the exis
tence of a special  form of scientific concept, known to Plato as 
the Idea, which had been introduced into electrodynamics by 
Andre-Marie Ampere some 20 years earl ier. No other scientist 
in the world at the time recognized the sign ificance of this as
pect of Ampere's work. Gauss, in the 1 845 letter, points to pre
cisely this, and successfu l ly  provokes a reorientation of We
ber's thinking. As a resu lt, Weber develops a general ization of 
Ampere's law that leads, by no later than 1 870, to the theoreti
cal recognition of the existence of the charged atomic nucleus 
and oppositely charged orbiting electrons, decades before any 
empirical identification of the phenomena cou ld be made. By 
that year, Weber had a lso derived the precise formu la  (i2/mc2) 
for the atomic measurement later known as the classical elec
tron radius, and identified the nuclear binding force, a phe
nomenon for which there was no empirical evidence unti l  the 
20th century. 
. The fact that these d i scoveries of Weber are v i rtua l ly  un
known today, is itself a scandal ,  a lthough not the main point 
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of our treatment here. We focus rather on the more crucial 
underlying point: the method of Ampere, Gauss, and Weber; 
that is, the actual scientific method, which alone leads to fun
damental d iscovery. The 1 845 correspondence offers a pre
cious inside view into the process. 

F irst, the essential background : 
In 1 820, Hans Christian Oersted first demonstrated the effect 

of an electrical current on a magnet (F igure 1 ) . B iot, Savart, 

Voltaic cell 
(Battery) 

Figure 1 

MagnetiC 
meridian 

I 

I 

Q 

THE OERSTED EXPERIMENT 
Hans Christian Oersted first definitively demonstrated a 
relationship between electricity and magnetism. He 
showed that a magnetic compass needle, placed near a 
current-carrying wire, will tum in the direction of the 
wire. 



This telescope and meter stick were built by the firm Utzschneider und Fraunhofer of Munich, probably in 1 880. It is, in prin
ciple, the same as that devised by Gauss in 1 832 for the precise observation of angular deflection in connection with his deter
mination of the absolute intensity of the Earth's magnetic force. A plane mirror, attached to a rotatable magnet, projects the 
image of whatever part of the meter stick it faces, into the telescope tube. The scale numbers are thus mirror-reversed and 
inverted for reading through the telescope sight. Weber's 1 84 1  version of the apparatus could produce an angular precision of 
about 18 seconds of arc. (See Figure 1 .3, page 37 for details of the Spiegel und Fernrohr apparatus.) 

and others among the lead i n g  establ i shment physic ists i n  
France, encouraged b y  Laplace, undertook empirical investiga
tions to determine the measu rable effect of the conducting 
wire on a magnet. Ampere, recogn izing that current (Galvanic) 
electricity represented a completely new phenomenon, saw in 
Oersted's demonstration the possib i l ity of gain ing fundamental 
new knowledge of magnetism and the atomic constituency of 
matter. Hypothesizing that magnetism itself may be the resu lt 
of electrical currents su rrounding the molecules of matter, he 
set out first to determine if two electrical conductors affected 
each other in the same way that a single electric wire affects a 
magnet. H is first experiments establ ished that two paral lel  con
ducting wires attract or repel, dependi ng on whether thei r  cur
rents flow in s imi lar or opposing d i rections. He next demon
strated that, by pass ing a current through a hel ical ly coi led 
wi re, the configuration, which Ampere first named a solenoid, 
developed north and south magnetic poles, j ust l i ke a bar mag
net (F igure 2).  

Having thus d iscovered, with in  a few weeks' t ime, the first 
empirical laws of a new science-he named it electrodynam
ics-Ampere next set h imself the task of determin ing its funda
mental laws. He thus proposed to fi nd a formula  express ing 
the interaction between two hypothetical, very small  portions 
of electrical current, which he cal led current elements, in adja
cent conducting wi res.  H i s  resu lts were sensationa l .  At the 
time, the laws of gravitation, static electricity, and magnetism 
had a l l  been found to be dependent on the inverse square of 

N 

I 
) ) � ) 
) 
) D D D '-. ::...-

s 

Figure 2 
THE AMPERE SOLENOID 

Ampere hypothesized that the true cause of magnet
ism is the motion of resistance-less electrical currents 
in tiny orbits around the molecules of matter. To prove 
it, he constructed the world's first electromagnet, a 
conducting wire coiled around a cylinder, which he 
named a solenoid. When the solenoid is attached to a 
battery, the ends of the cylinder become like the north 
and south poles of a bar magnet. Ampere believed that 
the large-scale circular motion of the electricity in the 
solenoid coil mimicked the tiny circular orbits which 
he conceived to be present in a magnet. 
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the d istance of separation of their elements (mass, charge, and 
magnetic molecules) . But Ampere's l aw of force for current el
ements showed a dependence not only on the distance, but on 
the d i rections of the current elements. 

The Method of Hypothesis 
The existence of such an anomaly, defying the neat unifica

t ion of forces only recently estab l i shed, was d istu rbing to 
many. For more than 20 years, Ampere's work, although well 
known to scientists, was never treated serious ly .  Although 
many critic ized it, no one before Weber ever troubled to test 
it. The essential problem mi l itating against its acceptance, was 
the phi losophic outlook known as empiricism. A preva i l ing 
view in science then, as now, empiricism demanded that no 
physical phenomena could be measured, and thus subjected 
to the rigorous mathematical analysis expected of the pure sci
ences, un less one could see, hear, feel ,  smel l ,  or taste it. 

The method of hypothesis employed by Ampere, assumes, 
rather, that the so-cal led data of the senses are completely 
delusional .  Noth ing that one can see, hear, feel ,  smel l ,  or taste 
is what it appears to be. Take a s imple object l ike a magne
tized steel bar, for example. An empiricist might measure and 
analyze the effect on it of an electrical wire all day long; he 
might cut it in half, grind it up i nto a powder, d issolve it in  
acid, or mel t  it in  an oven, and never yet arrive at  the simple 
hypothesis that its magnetic property derives from the exis
tence of very smal l ,  electrical cu rrents c i rc l ing the invis ible 
particles which constitute it .  

But to merely formulate such an idea, is only the first sma l l  
step in  the pursuit of  the method of  hypothesis. I t  is necessary, 
above a l l ,  to seriously believe in the existence of such non
observable things. One must have a truly passionate bel ief, not 
un l ike the proper meaning of the word faith, in  the reality of 
such a mere idea. Only by such a driving passion, a love of the 
idea, can a person be motivated to pursue it, as Ampere did, 
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THE FORCE BETWEEN CURRENT ELEMENTS 
Early experiments with two parallel wires showed that 
the wires attracted each other when the current flowed 
through them in the same direction, and repelled in the 
opposite case. From this Ampere could conclude that 
any two parallel, small sections of the wire (current ele
ments) would behave accordingly. This is the relation
ship of element ad to a'd' in the diagram. But what if 
the second element is in another position, such as that 
of a" d" or a"' d'" ? Direct observation could not decide 
these more general cases. 
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through five years of experimental design and mathematical 
analysis, before he felt sure of its truth. And if the idea is of a 
fundamental sort, as was Ampere's concept of electrical ac
tion, it wi l l  tend to overthrow previously exist ing conceptions. 
In this case, the existence of a force dependent on angular re
lationsh ip, clearly cha l lenged the Newtonian conception. The 
laws of physics would not a l low it-and yet it existed. 1 

Gauss appreciated Ampere's accomplishment as few, if any, 
others d id .  H is  letter of 1 9  March 1 845 focusses on an aspect 
of Ampere's hypothesis, that is an Idea, known as the longitu
dinal force. This is a simple construct, relying only on elemen
tary relationships of geometry, but so controversial that many 
have denied its existence for almost two centuries. As an un
derstanding of it is crucial for the rest of the story, let us sum
marize how Ampere develops it. 

1. The Essentials of Ampere's Law 
Consider first, two current elements, ad and a' d', parallel to 

each other and perpendicu lar to the l i ne connecting their  mid
points (F igure 3) .  Ampere knew from his first experiment with 
paral le l  wi res, that the current elements wi l l  attract or repel de
pend ing on whether the current in the wires of which they are 
a part flows in the same or opposite d i rections. But what about 
the current e lements i n  other pos i t ions,  such  as a" d" or 
alii dill ? How does the force between them d iffer when the sec
ond current element is positioned longitudinally, that is, on a 
straight I ine with the first, as at alii dill ? Let the ratio of the force 
between the current elements in the longitud inal  position to 
those which are paral lel be designated by the constant k. What 
is its value? Two current elements cannot be isolated from the 
circu its of which they are a part, to be placed in  these posi
tions. Thus it i s  not possible to carry out a d i rect empi rical 
measurement of the force between them. The method of hy
pothesis is the only one avai lable to answer the question. Here 
is how Ampere proceeds in what is known as his Second Equi
l ibri um Experiment: 

Two paral le l ,  vertical columns are p laced a small d istance 
apart on a laboratory table. Between them, a rectangular wire 
c i rcuit is placed so that one side of the rectangle is para l lel  to 
the two columns and forms a common plane with them. The 
rectangle is free to swing on a vertical axis (Figure 4). In the 
fi rst case, straight conducting wi res are led up each of the ver
tical columns, and a current is made to flow through both of 
them in the same d i rection, either up or down . A current of the 
opposite d i rection is caused to flow through the paral lel side of 
the rectangle CH. When the current is turned on, he finds that 
the rectangle remains positioned in the center between the two 
columns, being equal ly attracted or repel led by the two paral
lel wi res in  the vertical columns. 

I n  the second case, the wire, kl, run n i ng u p  one of the 
columns, RS, is made to snake arbitrari ly back and forth in  the 
p lane perpendicular to the paper-Figure 4 (b). But when the 
current is turned on, it makes no difference. The side, CH, of 
the movable rectangle sti l l  positions itself in the center be
tween the two columns, and does so even when the pattern of 
bends in the wire kl is changed. 

To explain this paradox, Ampere analyzes the current flow 
in  the bent wire i nto its components in the vertical and hori
zontal d i rection.  Both the bent and straight wi res stretch along 
the same vertical length, hence the sum of the vertical compo
nents of kl is the same as be. As the first case shows that no 



(a) 
p q  

Figure 4 
AMPERE'S SECOND EQUILI BRIUM EXPERIMENT 

Ampere's most important law of interaction of current ele
ments can be deduced from h is Second Equilibrium 
Experiment. The copperplate (a) of the apparatus is from 
Ampere's 1 826 Memoir. The two wooden posts PQ, RS 
are slotted on the sides which mutually face each other. A 
straight wire runs up PQ, while the wire in the slot of RS 
snakes back and forth in the plane perpendicular to PQRS. 
The wire rectangle COCH also conducts a current and is 
free to rotate about the axis MI. 

The purpose of the experiment is to determine whether 
the snaking of the wire in RS causes a rotation of the wire 
rectangle COCH. The circuit is arranged so that current 
flows up the two fixed conductors in PQ and RS and down 
the side of the movable rectangle denoted CH. The entire 
apparatus is a single circuit. Current enters at the mercury
filled trough v, and leaves through the mercury cup at n. 
The wire passing up the vertical glass tube fgh is wound 
helically to negate its magnetic effect in a lateral direction. 

motion ari ses from two para l le l  vertica l  w i res, the vertica l  
components of kl may thus be ignored . Thus the problem re
duces to an examination of its horizontal components. 

Take any horizontal component, for example the one at the 
arbitrary position p in  Figure 4(b), which is, by defin ition, per
pendicular to the shaded plane RScb. Consider its relationship 
to any current element in  the movable wire CH. By virtue of 
the fact that CH does not move, we can conclude that the arbi
trarily chosen horizontal component must have no i nteraction 
with any current element along the length of CH. If it had any 
interaction, a disequi l ibrium of forces would necessari ly arise 
from the arbitrary bends in the wi re, causing CH to move. 

From this experimenta l ly  deduced fact, Ampere is able to 
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The vertical columns de and mn are glass tubes for the 
return circuit. 

In (b) we see a schematic detail of the relationship of the 
two fixed conductors and the side CH of the movable rec
tangle: p is the horizontal component of current flow at an 
arbitrary point of the snaky wire kl. The shaded rectangle 
depicts the plane RScb to which p is perpendicular. 

In (c), the rectangle RScb has been rotated 90 degrees so 
that the current element p now appears vertical. The mid
points of the two arbitrary current elements depicted in the 
plane RScb are connected by the lines r to the midpoint of 
p. The angle formed by r at p (6 1, 62) is always right. The 
experiment shows that regardless of the other angle (6'1' 6�), the current element p exerts no force on any current 
element in the plane RScb. 

adduce the fol lowing theorem for the i nteraction of current 
elements: 

. . .  that an infin itely smal l  portion of electrical current 
exerts no action on another infin itely smal l portion of 
current situated in a plane which passes through its 
midpoint, and which is perpendicular to its d i rection. 
[Ampere 1 826, p.  202] 

Figure 4(c) helps us to see how the generalization is made. 
The plane RScb has been rotated 90 degrees. The horizontal 
component is here pictured as the arrow, p, passing vertical ly 
through the plane. The other two arrows represent arbitrary 
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Ampere's electrical apparatus is on display at a small museum in his childhood home at Poleymieux, France. 

current elements in GH. These may make any angles whatso: 
ever with the l i nes r connecting them to the m idpoint of p. 
Since the experiment shows that the current element p exerts 
no action on any of them, the general ization is made that p ex
erts no action on any current element anywhere in the plane. 

One might first imagine that we cou ld establ ish the same 
resu l t  by s imp ly  p lac ing two wi res perpend icu la r  to each 
other, a certain  d i stance apart, and d i rectly measuring the ef
fect. The problem is that it is only the i nfin ites imal elements 
of the two wires, prec isely at the point of perpend icu larity 
which concern us, whi le in the mooted s impl ified configura
tion, a l l  the other elements of the two wi res wi l l  a lso con
tribute to the measured effect. One sees then, the gen ius of 
the Second Equ i l i br ium Experiment, that it a l lows us to iso
late-although only by abstraction-precisely the effect we 
wish to measure. This i s  true, indeed, of a l l  four equ i l i brium 
experiments; the reader should know that Ampere carried out 
many dozens, perhaps hundreds, of other experiments before 
being able to reduce h is  presentation to deduction from the 
fou r  equ i l i b r i um experi ments p resented in h i s  f ina l  1 826 
Memoire on electrodynamics. 

The theorem deduced from the second experiment is the 
key that a l lows Ampere to solve the problem posed in  con
nection with F igure 3. Return to F igure 3, where ad and a'd' 
are two para l l el current elements. The question he poses is 
how the force between them changes as the current element 
is repositioned from a'd' to a'"d'". Ampere determines that 
he wi l l  define the force as a function of the current element 
lengths, the intensities of the current of which they are part, 
and the i r  relative position; the force is to be represented as 
acting along the l i ne r. 

Si nce the cu rrent e lements under consideration l ie in  a 
p lane, thei r  relative position wi l l  be completely described by 
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the length of the l i ne, r, connecti ng their midpoints, and the 
angles S, S' which they form with it-Figure 5 (a). "Considera
tion of the d iverse attractions and repuls ions observed in  na
tu re," writes Ampere, 

led me to bel ieve that the force which I was seeking to 
represent, acted in  some inverse ratio to d istance; for 
greater general i ty, I assumed that it was in inverse ratio to 
the nth power of this d istance, n being a constant to be 
determined. [Ampere 1 826, p. 200] 

If the very sma l l  lengths of the current elements are repre
sented as ds, ds' ,  their intensities as i, i', and S, S' designate 
the angles they form with the l ine connecting them, then the 
force between them, based on the assumptions so far, wi l l  be 

ii ' dsn· ds' 4>(8, 8') , 
r 

where <I> represents the unknown function of the angles be
tween the two current elements. 

This leaves two unknowns to be determined : the value of 
the exponent, n, and the angle function, <1>.  The results of the 
second equ i l ibrium experiment make it an easy matter to fi nd 
the angle function <1>. Take two arbitrary current elements in  a 
plane, ds and ds', and resolve their d i rections into two perpen
dicular components, as p ictured in F igure 5 (b) .  The para l l el 
components wi l l  be represented by ds sinS and ds' s inS'. The 
longitudinal components wi l l  be represented by ds cosS and 
ds' cosS'. By the theorem derived from the second equi l ibrium 
experiment, we see that the force between ds s ine and ds' 
cosS', and also that between ds' sinS' and ds cose is zero. This 
may appear confusing at first, because the two perpend icular 



elements under consideration in Figure 4 are not, in general ,  in  
the same p lane .  But the theorem deduced from the Second 
Equ i l ibr ium Exper iment subsu mes the p lanar  case, as the 
reader can see from Figure 5 (c) .  

The action of the two elements ds and ds' therefore reduces 
to the two joint remain ing actions, namely the i nteraction be
tween ds s ine  and ds' s in e', and between ds cose and ds' 
cose'. I t  i s  easy to see that these two pairs of actions are be
tween components which are either parallel or longitudinal. 
The first can be represented as 

(a) 

ds cos 9 
(b) 

ds' cos 9' 

p 

er-______ ��-----------. s 

b 

(e) 
Figure 5 

DEDUCTIO N  OF THE AMPERE FORCE LAW 
In (a), two parallel current elements ds, ds' form the 
angles e, e '  with the line r joining their midpoints. 

The horizontal and vertical components of two arbi
trary current elements ds and ds' are pictured in (b). 
These are ds sine, ds' sin e ', dscose, and ds' cose' .  
The theorem deduced from the Second Equilibrium 
Experiment allows the elimination of two of the inter
actions (ds cose . ds' sin e '  and ds' cose'  . ds sine). 

In (c) are depicted current elements in the plane 
RScb, which also form a common plane with the per
pendicular p. 

ii' ds · ds' sine s ine' 

and the second as 

ii ' ds · ds' k case case' 
rn 

remembering that k represents the ratio of the longitudinal  to 
the paral lel force, taking the paral lel force as unity. It is anly 
necessary to add these to obta in  the total force between the 
two current elements, which produces: 

ii ' ds · ds' ----- (sinS sinS' + k casS case' ) . Eq. 1 
r n  

With only one simpl ification, introduced to ease the reader's 
burden, this is the general expression for the Ampere force un
der d iscussion i n  the 1 845 correspondence between Gauss 
and Weber. For s impl icity's sake, we derived the formula for 
the plane only. If the two current elements are not restricted to 
a plane, but may l ie  in planes whose angle with each other i s  
represented by w ,  then the fJl I expression for the Ampere force 
becomes: 

ii' ds · ds' ( . S . e' k e S') ----- Sin S in casw + cas cas . 
rn 

The determination of the values of the constants n and k, re
quired two add itional equ i l ibr ium experiments, which a l lowed 
Ampere to derive the values n = 2 and k = - 1/2 . 

2. The Ampere Formula and the Correspondence 
In 1 828, Wi lhe lm Weber, a young physics graduate who 

had d i st i ngu i shed h i mse l f  t h rough or ig i n a l  research i nto 
acoustics and water waves, met Carl Friedrich Gauss, then the 
lead ing astronomer and mathematician of Europe, at a scien
tific conference in  Berl i n .  Gauss needed help to carry out the 
researches he p l a n ned in m agnet ism and  e lectric i ty, and 
Alexander von Humboldt encouraged their  cooperation. We
ber was awarded a professorsh ip at G6ttingen U niversity and 
began work there in 1 83 1 . Their jo int researches on magnet
ism led to the first determination of an absolute measurement 
of the Earth's magnetic force and a seminal paper by Gauss on 
the subject in 1 832 .  In 1 833,  the two constructed the world's 
first electromagnetic telegraph, running from the un iversity ob
servatory to the physics l aboratory. Gauss had identified the 
confirmation of Ampere's l aw as one of the leading tasks fac
ing science, and Weber began a long series of experiments to 
that end. The Gauss magnetometer was adapted into an instru
ment, the electrodynamometer, for bringing to electrical mea
surements the precision which Gauss had achieved for mag
netism. (See accompanying article, p. 35 .) 

In 1 845, Weber, now at Leipzig, was preparing a treatise on 
his results, which he wished to present to the Royal Society in  
G6tt ingen . U ncertai n  of h i s  concl us ions, he sent  a copy to 
Gauss on 1 8  January 1 845,  asking for h i s  evaluation. On 1 
February 1 84 5 ,  Weber sent  a second l etter exp l a i n i n g  a 
change he had made i n  the Ampere formula,  
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Deutsches Museum 

This experimental apparatus for replicating the electrody
namic experiments of Ampere was designed by H. Pixii in 
7 824, and is on display at the Deutsches Museum in Munich. 

which I seek to justify, by means of the consideration that 
the empirica l ly derived defin ition of the coefficient of the 
second term, which I have discarded, seems completely 
untrustworthy, because of the unrel iabi l ity of the method, 
and hence that coefficient, so long as it lacks a more 
precise quantitative determination, by the same reasoning 
would have to be set = o. 

The coeffic ient Weber refers to is that identified just above 
as k. The second term, k cosS cosS', is the longitud inal force, 
which Weber proposes to drop. It is perhaps not i rrelevant 
that in the year 1 845, an article by Hermann Grassmann in 
the physics journal ,  Poggendorf's Annalen, chal lenged the 
angle dependency of the Ampere force, describing the exis
tence of such an effect as " improbable." Weber was a friend 
of the journal's ed itor, Poggendorf, and had recently worked 
with h im in Berl in .  Weber wou ld thus have l i kely known in  
advance of  Grassmann's contribution on the topic that had 
occupied h im for more than a decade. Perhaps Grassmann's 
effort, combined with his separation from Gauss, propel led 
Weber i nto self-doubt about the rea l i ty of the Ampere hy
pothesis .  

Gauss's rejoinder of 1 9  March is the si ngular intervention 
referred to in  open ing this artic le. In  his 70th year, Gauss be
g ins  with regrets over the loss of time caused by h i s  poor 
health, and h i s  decade of removal from work on the topic .  
But, of the proposed modification of the l aw, Gauss writes, 
with no loss of acu ity: 
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. . •  1 would think, to begin with, that, were Ampere sti l l  
l iving, h e  would decidedly  protest . . .  [ I )n  the present 
case, the d ifference is a vital question, for Ampere's enti re 
theory of the interchangeab i l ity of magnetism with 
galvanic currents depends absolutely on the correctness 
of [h is  formu la) and is wholly lost, if another is chosen in  
its place . 

. . . I do not bel ieve that Ampere, even if he h imself 
were to admit the i ncompleteness of his experiments, 
would authorize the adoption of an entirely d ifferent 
formu la, whereby h is  entire theory would fal l  to pieces, 
so long as this other formula were not reinforced by 
completely decisive experiments. You must have 
misunderstood the reservations which, accord i ng to 
your second letter, I myself have expressed . . . .  

To see clearly what Gauss is saying, the reader must know 
that prior to Ampere, magnetism had been expla ined as a sep
aration (polarization) of two magnetic fluids, boreal and aus
tral ,  within  the particles (magnetic molecules) of a magnetiz
able substance. Magnetizing an iron bar was seen to consist of 
polarizing and al igning the magnetic molecules along a given 
axis of the bar. Ampere suggested rather that the magnetic 
molecu le is an e lectr ica l  cu rrent loop, a "galvano-electric 
orbit, " as Gauss was to characterize the Ampere magnetic hy
pothesis in his 1 832 study of magnetism. Magnetization, for 
Ampere, consisted of a l igning these microscopic current loops 
along the magnetic axis .  In h i s  1 82 6  treatise, Ampere had 
elaborately developed the i nterdependence of h is  new mag
netic hypothesis with his formula  for the force between two 
current elements. 

Weber completely accepted Gauss's correction and wrote 
back on 3 1  March :  

I t  has been of  great i nterest to me to  learn from what 
you were kind enough to write, that Ampere, i n  the 
defin ition of the coefficient he cal ls  k in  his fundamental 
law, was gu ided by other reasons than the ones from 
immediate empirical experience which he cites at the 
beginning of his treatise, and that hence the derivation, 
which I first gave, because it seemed somewhat s impler, 
is inadmissible, because it does not reproduce Ampere's 
law with exactness; yet, by means of what seems to me to 
be a sl ight mod ification in my premise, I have eas i ly 
obtained the exact express ion of Ampere's l aw. 

3.  The Development of Weber's law 
Over the previous 1 0  years, Weber had been engaged in  

the experimental confirmation of  Ampere's law.  The measur
ing instrument he had developed, the electrodynamometer, 
consisted of a fixed and a rotatable hel ica l ly wound electro
magnet. (See accompanying article, p. 3 5 .) The rotatable one, 
suspended by two wires whose torsion cou ld be accurately 
measured, came to be known as the bifilar coil. A precisely 
measured current was passed through the two coi l s, and the 
angle of rotation observed by means of a precision system de
veloped by Gauss for his magnetometer, consisti ng of a m i r
ror and telescope. The effect of the Earth's magnetic force 
cou ld be precisely determined, and thus e l im inated, us ing the 
system already developed by Gauss. Hence the experimental 
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data cou ld b e  reduced to yield the exact rotational moment 
exerted between the two Ampere solenoids. 

Ampere had a lready shown in  his famous treatise (Ampere 
1 826), how to calculate the rotational moment exerted by a 
single circular current loop on a current element in any posi
t ion in space.  The force was dependent  on the  c u rren t  
strength, the d istance of separation, and the area enclosed by 
the loop, a l l  values which were determined i n  the Weber ap
paratus. By treating the hel ical ly wound coi ls as a compound 
of such current loops and integrating their effect, Weber was 
able to ca lcu late with prec is ion the angu la r  rotat ion that 
shou ld be imparted to the b ifi l a r  co i l .  H i s  measurements, 
ach ieved under a variety of experimental condit ions, con
formed to the calcu lated values with i n  one-th i rd of a scale 
un it, or less than 6 seconds of arc. 

Despite this complete agreement between theory and mea
surement, which Weber had a l ready determined before 1 845, 
there had remained the poss ib i l ity that the Ampere law was 
not correct in a l l  its specific ity, and that a simpler general iza
tion, discard ing the longitud inal  force, m ight suffice. After re
ceipt of Gauss's 1 9  March letter, with fu l l  confidence in  the 
master's judgment, Weber forged ahead into new territory. 

The task he set h imself was to find a generalization of Am
pere's law that would encompass the phenomena of voltaic in
duction, d iscovered by the American, Joseph Henry, five years 
after Ampere had completed h is  work in electrodynamics. This 
included the fol lowing effects: 

• the appearance of an electrical current in a c losed c i rcuit 
when there is relative motion between it and a current-carry
ing wire in its v ic in ity. 

• the appearance of an electrical current in a c losed circu it 
when there is a change i n  the i ntensity of current in a neigh
boring conductor. 

Ampere's electrodynamic l aw appl ied only to moving cur
rents in fixed conductors. Beside it, stood the separate law of 

electrostatic force. The existence of the phenomenon of induc
tion suggested to Weber that a true, fundamental law of elec
tricity would have to subsume the electrostatic and electrody
namic laws under a new, more general form. A conception 
developed by his col league, Gustav Fechner, proved to be of 
crucial value. 

Fechner had extended the Ampere conception of the current 
element by considering the flow of electricity as consisting of 
oppositely charged e lectrical partic les movi ng through the 
conductor with equal velocity in opposite d i rections. (Today, 
we assume that the positive electrical particle is virtual ly sta
tionary and that the negative part ic le moves, a modification 
fi rst suggested by Wi lhelm Weber.) In  any smal l segment of the 
wire, a positive and a negative particle would be found speed
ing past one another. Thus, the interaction between two cur
rent elements involved four i nteractions among electrical parti
cles. If the current elements are l abeled e and e', there are the 
fol lowing four relationsh ips:  

( 1 )  between +e and +e' 
(2) between +e and - e' 
(3) between - e  and - e' 
(4) between - e and +e'. 

Since the particles, in these cases, are confined to their con
ductors, the forces between them are assumed to be trans
ferred to the motion of the conducting wires themselves. 

Weber now considers the situation where one current ele
ment fol lows the other along the same l i ne, that is the situation 
described by Ampere's longitudinal force (F igure 6). If the 
electrostatic law alone appl ied, the two attractions of opposite 
particles (2 and 4) would exactly equal the two repu lsions of 
l ike particles (1 and 3) .  But by the crucial hypothesis derived 
from Ampere's experiments, we know there wi l l  be an attrac
tion or repu ls ion between the current elements, depending on 
the direction of current flow. 

The question is, how must the electrostatic law be modified 
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in order to yield the longitudinal  force as a result? Notice in 
Figure 6, Case 1 ,  that the particles in  relative motion are those 
of opposite charge (the l ike particles flow in the same d i rection 
and thus have no relative velocity). Now see, in Case 2, that it 
is the l ike particles that are in  relative motion. In  Case 1 ,  the 
resultant force is repulsion; in  Case 2, it i s  attraction. From this, 
Weber adduces the theorem that the electrostatic force must 
be reduced when the electrical particles are in relative motion, 
that is when they have a relative velocity. 

The electrostatic l aw is a simple inverse square law. If e and 
e' are the charge of two stationary particles, and r their d is
tance, the force between them is s imply ee'/r2. The relative ve
locity of two particles can be designated as dr/dt. Since the 
theorem of Weber appl ies both where the part ic les are ap
proaching or receding from one another-that is, where the 
sign (di rection) of the relative velocity is either positive or neg� 

30 

CASE 1 CASE 2 

Figure 6 
WEBER'S DEVELOPMENT OF AMPERE'S LAW: 

LONG ITUDI NAL ElEMENTS 
To broaden Ampere's approach to include the new phe
nomena of induction, Weber used the hypothesis of 
Gustav Fechner that a current consists of the opposite 
flow of positive and negative electrical particles. In this 
view, a single current element contains a positive and a 
negative particle in opposite motion, depicted here by 
the contents of a single cylindrical section of the wire. 
The schematic, for each case, depicts two of these cur
rent elements, one following the other, in a straight line 
along the wire. In Case 7, where the current elements 
(positive and negative particles for Weber) are moving 
in the same direction, Ampere's theory deduced repul
sion. For Case 2, where the positive particles and the 
negative particles h a ve opposite motion, Ampere 
deduced attraction. From these experimental deductions 
of Ampere, Weber determined the velocity dependency 
of the law of force between electrical particles. 
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ative, Weber wi l l  use the square, dr2/dt2. He thus expresses 
his theorem for the force between two electrical particles in 
longitudinal  motion :  

where a is a constant whose value must be  determined . 

The Parallel Case 
The same considerations must now be appl ied to the case of 

two para l lel current elements which form a right angle with 
the l i ne connecting their midpoints (Figure 7). In this case, the 
result (attraction or repulsion depending on whether the cur
rents flow in the same or different d i rections), was known to 
Ampere through his earl iest experiments. Their interaction wi l l  
now be  analyzed, as  in  the previous case, accord ing to Fech
ner's hypothesis. 

The fi rst th i ng we notice is that at the very instant when the 
current elements are d irectly opposite each other, the relative 

CASE 1 

CASE 2 

Figure 7 
WEBER'S DEVELOPMENT OF AMPERE'S LAW: 

PARALLEL ELEMENTS 
When the current elements are parallel, Ampere's theo
ry describes attraction in Case 7, where both elements 
move in the same direction, and repulsion in Case 2, 
where the two elements move in opposite directions. 
Weber noted that l i ke electrical particles move in the 
same direction in Case 7, and in opposite directions in 
Case 2. In the longitudinal case, the same relative 
motions of the particles produced opposite results. 
Weber saw that in the parallel case, the relative veloci
ty of the particles was zero, but that they had a relative 
acceleration. Thus came the acceleration term in his 
fundamental law of electricity. 



velocity of a l l  the electrical particles is zero, and thus the law 
just deduced can have no bearing in exp la in ing the resultant 
force. That is, two particles approach ing each other, are said to 
have a negative relative velocity; as their paths cross, thei r  rel
ative velocity i s  zero; as they now recede from each other, 
their relative velocity becomes positive. At the point of cross
ing, the relative velocity is changing from negative to positive. 
A change in  relative velocity is known as relative acceleration. 
Thus at the instant under consideration, when the current ele
ments are d irectly opposite each other, they have a relative ac
celeration, but no relative velocity. 

Now, in Case 1 of Figure 7, where the net effect accord ing 
to Ampere's experiments is attraction, we observe that it is the 
unlike particles that are in  relative motion between the two 
current elements. In Case 2, where the force between current 
elements is repulsive, we observe that it is the like particles 
which are in  relative motion.  Thus the situation is the opposite 
of that noted for longitud ina l  current elements, and,  rather 
than d imin ish ing, the electrostatic  force must be increased by 
the presence of a relative acceleration between particles. Thus 
must Weber add a term to the expression derived just above, 
which yields: 

Eq. 2 

where b is also a constant to be determined. 
Now a more detai led consideration arises; namely, u n l i ke 

the previous case, the particles in paral le l  current elements do 
not move along the same straight l i ne. When the function of 
their d istance of separation is determined (Weber 1 846, § 1 9), 
the result is that 

Hence, Equation 2 becomes: 

ee ' (1 _ a 2 dr2 
+ 

.E.- d/ ) . / df r df Eq. 2(a) 

To find the relationsh ip between the coefficients a and b, We
ber returns once more to Ampere's work, and specifical l y  to 
the point referenced in Gauss's 1 9  March letter. The ratio of 
the coefficients in Equation 2(a) is nothing other than the ratio 
of the force between paral lel current elements to the force be
tween longitud ina l  e lements; namely the same relat ionship 
which Ampere had determined to have the absolute value 1/2, 
Weber consequently sets : 

b 
r 

from which the general expression for the force between two 
electrical particles becomes: 

-- 1 - a  -- + 2a . r -- . 
ee ' ( 2 dr2 2 d 2r ) 
r2 dt2 dt2 Eq. 3 

By consideration of the four interrelationships existing among 
the particles of each pair of current elements, Weber d ivides 

the constant a by 4, producing the fi n ished 1 846 form of his 
expression for the force between two electrical particles in  mo
tion:  

Eq. 4 

This is Weber's fundamental l aw of electrical action as pre
sented in his famous 1 846 memoir, in  which he also shows its 
appl ication to the phenomenon of induction and its complete 
compat i b i l ity with Am pere's law. Most of the features of 
atomic physics that Weber was l ater to d iscover are a l ready 
impl icit in the formu lation stated in Equation 4 .  

4. The Final Steps 
I n  1 855,  Weber and Rudolf Koh lrausch carried out experi

ments which determined with fi ne precision the value of the 
constant so far designated as a. They found that 4/a = 4.395 x 
1 01 1 mm/sec, and this value, thenceforth designated c, came 
to be known as the Weber constant.2 Weber understood the 
constant c as "that relative velocity which electrical masses e 
and e' have and must reta in ,  if they are not to act on each 
other at a l l "  (Weber and Koh l rausch 1 856, p. 20). H i s  funda
mental law was from now on to be written :  

I n  a comment appended to the p rec i s  of the experi ment, 
publ i shed joint ly with Koh l rausch in 1 856, Weber h ints at 
the d i rection his thought was to take in coming years. Weber 
pointed out that the extremely sma l l  value of the coeffic ient 
1 /c2 

makes it possible to grasp, why the electrodynamic effect 
of electrical masses . . . compared with the electrostatic . 
. .  a lways seems infin ites imal ly smal l ,  so that in general 
the former only remains significant, when as in galvanic 
currents, the electrostatic forces completely cancel each 
other in virtue of the neutral ization of the positive and 
negative electricity [Weber and Koh l rausch 1 856, p.  2 1 ] .  

It shal l  shortly become c lear that Weber was a l ready grop
ing for a means to penetrate to the level of the forces among 
these tiny particles of electrical charge, those which we now 
call atomic. H is comment reveals that he could not see an ex
perimental path to that goal .  The power of h i s  subsequent 
work resides largely in  his  determined working through of the 
theoretical impl ications of h is  earl ier work. 

Catalytic Forces and a Fundamental Length 
We jump now to 1 870, when Weber is under a sustained at

tack by Helmholtz and Claus ius in Germany and Thomson, 
Tait, and Maxwel l  in  Brita in .  They are c la iming that Weber's 
l aw must v io late the p r i n c i p l e  of conservation of energy. 
Helmholtz has constructed a specific case where, he claims, 
Weber's law wi l l  produce an infin ite vis viva. 

In a treatise which appeared in January 1 87 1 , h is  sixth mem
oir under the series titled "E lectrodynamic Determinations of 
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Measure" (Weber 1 871 ), Weber not only 
offers a devastating reply to the criticisms, 
but also d iscovers, purely through a theo
retical analysis of his fundamental electri
cal law, basic principles of atomic physics, 
which were not empirical ly determined un
t i l  decades later. I n  the open ing pages of 
the memoir is found perhaps the most as
tounding of these discoveries, Weber's de
term ination of a m in imal  d i stance below 
which the Cou lomb force, the repu lsion of 
l ike particles, must reverse and become at
tractive. 

F i rst Weber notes that the positive and 
negative electrical particles, expressed as e 
and e', are not masses in the mechanical 
sense. Lacking our current use of the term, 
charge, they had been cal led at the t ime 
electrical masses. Weber d raws the d is
ti nction, between charge and mechanical  
mass, expressing the former by e, and the 
latter by e (eps i lon) .  He then recogn izes 
that whi le the amount of charge on posi
tive and negative e lectr ica l  part ic les is 
equal, though opposite, their masses need 

Chris Lewis 

jonathan Tennenbaum observing the ultra-sensitive receiving apparatus of the 
Gauss-Weber telegraph, set up here to detect very weak magnetic forces. The 
telegraph, the world's first, was constructed in 7 833, and ran from the G6ttingen 
Observatory to the Physics Building. 

not be equal .  He thus arrives for the first time, on page' 3 of the 
Sixth Memoir, at the modern concepts of charge-to-mass ratio 
and proton-electron mass ratio. 

Weber next examines an underlying assumption in his fun
damental law of electrical action. Namely, that the expression 
for the force, which the part ic les, e and e', mutua l ly  exert 
upon each other, is dependent on a magnitude, that is, their 
relative acceleration, "wh ich contains as a factor the very force 
that is to be determined."  He makes this clear by the consider
ation that the relative acceleration must consist of two parts
one due to the mutual action of the two particles, and a sec
ond part due to other causes. The second part would inc lude 
whatever velocity the particles may have in  d i rections other 
than the l i ne r connecting them, and whatever is due to the ac
tion on them by other bodies. He had a lready considered this 
aspect of the matter in  the 1 846 memoir (p. 21 2 ff.), where he 
employs the term catalytic forces to describe them, after the 
expression introduced by the chemist Berze l ius. In  that loca
tion, by considering separately the mathematical term for the 
force of acceleration which each one of the particles exerts on 
the other one, he was able to derive an expression for his fun
damental law which is independent of the acceleration term 
caused by their mutual action, but which sti l l  must contain a 
term, f, which denotes the acceleration due to other causes. 
The expression thus derived is 

ee ' ( 
2r  rr -- ( e  + e' ) 
cc 

1 - dr2 2rf) 
cc dt2 + IT . 

Eq. 6(a) 

But when the d istinction is made between the charge (e,e') and 
the mass (E, e') of the electrical particles, Weber shows in the 
Sixth Memoir (Weber 1 871 , pp. 2-6) that the expression then 
becomes: 

32 Fa l l  1 996 21 st CENTURY 

ee ' 

2r  E + E '  rr -- --- ee'  
cc E E '  

( 1 - cc 
dr2 2rf) 
dt2 + IT . Eq. 6(b) 

"From this it resu lts," Weber remarks, "that the law of electri
cal force is by no means so simple as we expect a fundamental 
law to be; on the contrary, it appears in  two respects to be par
ticularly complex." The first complexity is the catalytic forces 
j ust referenced . The second i s  the appearance of a un ique 
length, associated with reversal of the Cou lomb force. As We
ber describes that l atter aspect of the d iscovery: 

In the second place, another noteworthy result  fol lows 
from this expression for the force-namely, that when the 
particles e and e' are of the same kind, they do not by any 
means always repel each other; thus when dr2/dt2 < cc + 
2rf, they repel only so long as 

2 r >  cc 
E + E' --- ee'  E E' 

and, on the contrary, they attract when 

2 r <  cc 
E + E' 

--- ee' E E' 

This remarkable result  is no more than a necessary, mathe
matical consequence of the expression for Weber's funda
mental law just given above. It is eas i ly  seen that when e and 
e' represent  two s i m i l a r part i c l es ,  the expres s i o n  g ives 
4t:?/ec2. Recal l i ng that the Weber constant is --J2x the velocity 
of l ight, we have then in modern terms, where c expresses the 
velocity of l ight, and me the mass of the e lectron, the fami l iar 
expression 



Criti�s ()f A�pe'ne and Weller 
�. � ;��J: " 
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Ampere's revolutionary hypothesis , that magnetism arises 
, from electrical orbits sLirrounding;the particles cif mat

ter became the basis  for the development of early atomic ' 
scie�ce by Gauss, Weber, and other-!.j. But many could not 
understand h i s  hypothesis; nor deal::w ith the fact that its 
mathematical development impl iEid �n overthrow of New-
tonian mechanics. 

' 

Among the leading critics of Ampere and Weber's work 
we(e Herman n  G rassmann,  James C. Maxwe l l ,  and the 
Engl ish engineer Ol iver Heaviside. Gr:assmann attacked the 
Ampere hypothesis  as " improbable.;"':: out without giving a ' 
reason.  Maxwell took the m iddle ground of a l lowing Am
peres hypothesis, but rejecting Weber's, development of it 
Heaviside's position , i s  notable as a-;;f�xpression of the sort 
of gross empiricism so frequently encountered in science 
today . . H i s  s uggest i()n ,  t!'tat A m pi:;re ' s  conVibut ion be 
changed to what i t  was not, has oeen adopted by most 
modern textbooks. I, 

There are a lso objections to 
.:'making ;a.ny ultihlate forces in 

.nClture depend on the velocity 
, of the bodies between which 

they act. If the forces in natbre are t6 be reduced to forc�s 
acting between particles, the principle of the Conservation 

That is the d istance below which two electrons may not ap
proach, which, when d ivided by two, gives the classical elec
tron radius of 2 ,8x1  0-1 3 em, When the mass of the proton is 
inserted into the Weber expression, the value 3 ,06x 1 0-1 6 em 
results-perhaps some sort of lower bounding value for the 
strong force, in  any case, a most interesting approximation for 
the year 1 870! 

Weber's 1 871  paper progresses i n  r ichness, The laws of 
motion of an electron orbiting around a central nucleus are 
deduced, and the determination that two l ike particles cannot 
have such orbital motion, but that an osc i l l ation a long the 

Millikan and Gale, A First Course in 
Physic'S (Boston: Ginn & Co, 1915) 

James Clerk Maxwell 
"' {783 1 - 1,879) 

of Force require� tha t  these 
forces sheuld qe "in the line 
joining th�e particles and func
tions of the distance only. 

-dames Clerk Maxwell ,  
On Faraday's Lines of Force, 
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same l i ne (as if attached by a rubber band) is possible, (From 
this l atter, Weber attempts to fi nd the basis for the production 
of osci l lations of the frequency of l ight.) F ina l l y, Helmholtz's 
s i l ly charge that the e lectrical particles wi l l  attain  an infinite 
energy under Weber's formulation, i s  answered with the ob
servation that Helmholtz assumes the possib i l ity of the parti
c les also atta in ing infinite relative velocities. Rather it is the 
case, Weber points out, that h is constant, c, must represent a 
limiting velocity for the e lectrical particles, 

These are some of the remarkable results produced by that 
s ingular intervention of Gauss in h is  letter of 1 9  March 1 845 , 
H i s  recognition of the real existence of a mere idea, which 
had appeared in  the m ind of Ampere by no later than 1 823, 
led to the d iscovery of some of the most crucial among the 
concepts of our modern physics, Thus did a scientific idea, a 
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color less,  odorless,  and  taste l ess  su bstance, change the 
course of history. 

Yet, none of these remarkable accomplishments of the l i ne 
of work from Ampere to Gauss to Weber, which we have just 
reviewed, is recognized in  the standard h istories, or textbooks 
today. Only when one delves into the remote corners of spe
cial ist sources can scant mention of these facts be found-al
ways presented as  isolated events, never with coherence. How 
can it be that the names of Ampere, Gauss, and Weber are 
never mentioned when the physics of the atom is taught? If the 
name of Ampere arises, it is in connection only with electricity 
and magnetism. The actual law of electrical force he discov
ered is almost impossible to find in any modern textbook; un
der Ampere's name appears someth ing qu i te d ifferent. The 
name of Weber is rarely heard. 

Today, students of physics and e lectrical engineering are 
taught that a l l  of the laws of electrodynamics have been in
cluded under the ingenious formulations arrived at by James 
Clerk Maxwel l  and codified in h is  1 873 Treatise on Electricity 
and Magnetism. One need not study Ampere and Weber, they 
are told, because Maxwel l  al ready did that. He also did us the 
service of cleaning up any "errors" that m ight have been found 
there. And a very thorough job it was.3 

But where, pray tel l ,  d id the method of discovery go? Or i s  
that  no longer  of in terest to students today? I s  i t  that we 
know so much today, that it wou l d  on ly  be confus ing to 
teach how we know it? (Some might even be so fool ish as to 
argue thusly.) Yet not just the method is m issing. So too are 
its results .  Where d id  the c lassical electron rad ius, the nu
c lear strong force, the l i mit ing value of the velocity of l ight 
come from? Not from Ampere, Gauss, and Weber, accord ing 
to today's textbooks and authorities. Did we i n  any way ex
aggerate when we used the term a consumer fraud to de
scribe the un iversity science education which commits such 
glaring omissions? Has a fraud been committed, a cover-up? 
Was it  accidental or witti ng?  We hope we have given the 
reader sufficient leads that he may investigate and dec ide for 
h imself. 

Laurence Hecht is an associate editor of 21 st Century. A co
thinker of Lyndon H. LaRouche, he is currently a political pris
oner in the state of Virginia. 

Notes -------------------------
1 .  The mathematical development of Ampere's hypothesis, of a force acting 

along the straight line conecting two elements, and certain uncritical refer
ences to Newton found in the opening pages of his 1 826 Memoir, have 
emboldened some interpreters, Maxwell included, to falsely presume Am
pere to be a Newtonian. They completely miss the point. Ampere's 1 826 
Memoir is rather a sort of Godel's proof for experimental physics: working 
within the framework of Newtonian assumptions to demonstrate the ab
surdity of sticking to the Newtonian assumptions of point mass and a sim
ply continuous, l inear-extended space-time. Without referencing it explic
itly, Ampere is raising precisely the same pOints of criticism of Newtonian 
assumptions addressed a century earlier by Gottfried W. Leibniz in his fa
mous correspondence with Newton's proxy Samuel Clarke, and in his 
Monadology. Immediately following the completion of his 1 826 Memoir on 
electrodynamics, Ampere turned his attention to these deeper implied is
sues of his experimental work, becoming a champion of Leibniz's method 
in science from that time until his death in 1 836. 
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The continuing hegemony within mathematical physics, even to the 
present moment, of Leonhard Euler's fraud respecting Leibniz's work, is 
the root of the failure of Maxwell and all subsequent specialists to recog
nize this essential aspect of Ampere's contribution. Where science must 
answer such questions by experimental measurement, Euler claims to re-
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fute Leibniz's insistence on the existence of atomic structure within the 
"hard, massy partickles" of Newton's cosmology, by resorting in his l:et
ters to a German Princess, to a blackboard trick. To defend the existence 
of a mere mathematical construct, his ever-present infinite series, Euler 
claims to prove the physical existence of a simply continuous space-time 
by successively subdividing a straight line into as many parts as the mind 
can imagine ("as near as you please" in Augustin Cauchy's more refined 
version of the ruse). Thus is reality stood on its head by a mathemati
cian's trick, passed on from generation to credulous generation of univer
sity science undergraduates. 

See also, Lyndon H. LaRouche, Jr, "Riemann Refutes Euler," 21st 
Century Science & Technology, (Winter 1 995-1 996) pp. 36-47. 

2 .The experiment actually determined the ratio of the mechanical measure 
of current intensity to the three other existing measures, that is, the elec
tromagnetic, the electrodynamic, and the electrolytic. The value given 
above, the Weber constant, is the ratio of the mechanical to the electrody
namic measure. Weber first showed in 1 846 that the ratio of the electrody
namic to the electromagnetic unit is as -./2 : 1 .  Therefore, the experimentally 
derived ratio of the mechanical measure of current intensity to the electro
magnetic measure was 3.1 074 x 1 0" mm/sec. Bernhard Riemann, who 
observed the Weber-Kohlrausch experiment, was the first to note that the 
value corresponded closely to Fizeau's experimental determination of the 
velocity of light. His theory of retarded potential proceeded from there. 
Here Riemann attempted the unsolved task of which Gauss had com
mented in the 19 March 1 845 letter: 

Without a doubt, I would have made my investigations public 
long ago, had it not been the case that at the point where I broke 
off, what I considered to be the actual keystone was lacking . . .  
namely, the derivation of the additional forces (which enter into the 
reciprocal action of electrical particles at rest, if they are in relative 
motion) from the action which is not instantaneous, but on the con
trary (in a way comparable to light) propagates itself in time. 

3. Maxwell was a capable mathematical analyst and possessed a creative 
gift for physical-geometrical insight. His utter ignorance of matters of 
method, which took the form of a slavish adherence to the method of em
piriCism, prevented his ever understanding the deeper issues posed by 
Gauss above (note 2) .  Maxwell stubbornly remarks on Gauss's chal
lenge: 

Now we are unable to conceive of a propagation in time, except 
either as the flight of a material substance through space, or as 
the propagation of a condition of motion or stress in a medium al
ready existing in space [ Treatise, p. 492]. 

Maxwell'S dismissal of what he did not understand, increasingly took on 
the character of ignorant prejudice. There was nothing original in his idea 
of an ether as the transmitting medium of electromagnetic action. Had 
Gauss seen a clear solution through such a mode of representation, he 
would have developed it. There was none, as the glaring failure of 
Maxwell's theory to even account for the existence of the electron ought 
to indicate. 
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Experimental Apparatus and 
Instrumentation 
1 .  The Gauss Magnetometer 

Carl Friedrich Gauss's 1 832 determination of the absolute 
intensity of the Earth's magnetic force was the crucia l  prerequi
site for Weber's electrodynamic studies. Prior to Gauss's work, 
measurements of the intensity of the Earth's magnetic force 
were carried out by observing the osc i l lations of compass nee
dles at varying points on the Earth's surface. Based on the the
ory of the pendulum, the i ntensity was assumed to be equal to 
the square of the number of osc i l l ations. 

Observations of both the horizontal and vertical ( incl ination 
and d ip) intensity had been carried out sporadical ly over the 
previous century and brought to a h igh state of refinement by 
the travels of Alexander von Humboldt. But a l l  of these obser
vations contained an i n herent weakness : that the magnetic 
strength of the need les used had to be considered equal and 
unchanging. A more exact determination of the magnetic in
tensity at  d iffering points on the Earth's surface had long been 
des i red for a better understand ing of geomagnetism, which 
would be useful in  navigation, surveying, and the Earth sci
ences. It was soon to play a crucial role as wel l  in the theoreti
cal pursuit of electrodynamics and atomic theory. 

The prob lem in a l l  the observations carr ied out prior to 
Gauss's work, was that the strength, or magnetic moment, M, 
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Figure 1 .1 
POISSON'S METHOD 

The osci l l ations of the nee
d le  marked 2 will be acceler
ated by the presence of the 
fixed, first needle in this con
figuration, where the oppo
site poles are turned toward 
each other. A comparison of 
the number of oscillations in 
this configu ra tion, to the 
number of oscillations when 
the first needle is removed, 
gives the ratio (Mrr) of the 
magnetic strength of the fi rst 
n ee d l e  to the Earth ' s  mag
netic strength. 
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Figure 1 .2 
GAUSS'S METHOD 

Observations carried out by Poisson's method either 
tota lly miscarried, or p roduced very approximate 
results. In this configuration, conceived by Gauss, nee
dle 1 tends to produce an angular deflection in the sec
ond, oscillating needle, while the Earth 's magnetism 
attempts to return the second needle into a line with 
the magnetic meridian. The resulting angular deflection 
is proportional to the sought-for ratio MIT. An addition
al apparatus devised by Gauss, known as the Spiegel 
und Fernrohr (mirror and telescope), allowed for the 
precise determination of the angular deflection to a 
hitherto unknown degree of accuracy. (See Figure 1 .3) . 

of the osc i l lat ing need l e  cou ld  not be separated from the 
strength of the Earth's magnetism, T. The number of osc i l la
tions observed is proportional to the product of the two, MT. 
Thus, it is impossible to tel l whether variations measured at 
different points on the Earth's surface, or at d ifferent t imes in  
the same location, represent changes i n  the i ntensity of  the 
Earth's magnetism, or are a result of a natural weakening of the 
need le's magnetism. 

Before Gauss, Poisson in  France had suggested a means of 
overcoming this obstacle, by making a second set of observa
tions on the compass need le whose osci l l ations, under the in
fluence of the Earth's magnetic force, had al ready been ob
served. Poisson proposed to fix th is  needle  in l i ne with the 
magnetic meridian (that is, pointing to magnetic north). A sec
ond, rotatable or osc i l lating need le was then to be placed in  
the same l i ne (Figure 1 . 1 ) . 

The osc i l l ations of the second needle wou ld be either re
tarded or accelerated by the presence of the fi rst needle, ac
cord ing to whether l i ke or u n l i ke poles a re tu rned toward 
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each other. By comparing the number of osc i l l ations of the 
second need le when in the presence of the fi rst one, to its os
c i l lations when standing alone (that is, under the sole i nflu
ence of the Earth's magnetic force), the ratio MIT, express ing 
the strength of the fi rst needle to the magnetic strength of the 
Earth, cou ld be determ ined . When the value of MT 
(determ ined by the fi rst set of observations) is d ivided 
by MIT, the resu l t  is T 2, that is, the square of the 
va l u e  repres e n t i n g  the abso l ute i n ten s i ty of the 
Earth's magnetic force. 

But efforts by phys ic i sts to carry out observations 
accord ing to Poisson's method either tota l l y  miscar
ried or produced very approximate results. The prob
lem, Gauss noted, l ies in the fact that the effect of 
one magnet upon another is only known exactly in 
the ideal case, where the separat ion is i nf in ite, i n  
which case the force between two magnets varies as 
the inverse cube of the d i stance. In the case of the 
Earth's magnetic strength, the separat ion between 
the compass need le and the Earth's magnetic pole is 
suffi c ient ly large as to provide val ues c lose to the 

ideal case. However, to carry out the second observation on 
two compass need les of fin ite separation-as suggested by 
Poisson-with any degree of accuracy, req u i res that the sep
aration d istance of the two need les be rather large in relation 
to the length of the second one. This means that the observ-

able effect is very smal l ,  and therefore the greatest pre
c is ion of measu rement is necessary to produce ade
quate results. 

Gauss Solves the Measurement Problem 
In 1 83 1 ,  Gauss began to turn his attention to this mat

ter. With the assistance of h i s  new, young col laborator, 
Wi lhe lm Weber, the two designed and constructed an 
apparatus capable of measuring these sma l l  effects with 
the greatest precision. Rather than counting the osci l la
tions of the second needle, Gauss conceived of a config
uration whereby the second need le was rotated (de
flected) through an angle proportional to the ratio of the 
magnetic force of the first need le to that of the Earth, that 
is, MIT (F igure 1 .2 ) .  The second need le was suspended 
from a s i lk  thread, whose tors ion could be precisely de
term ined, accord ing to methods p ioneered by Charles 

Historical Collection of the G6ttingen University I .  Physical Institute 

A transportable magnetometer built for Wilhelm Weber in 1 839 by Meyerstein. The apparatus in the center is used to deter
mine the absolute intensity of the Earth 's magnetic force. In the first row, in foreground, are two bar magnets with cleaning 
brush and holder. Behind it are two brass bars which can be attached to the magnetometer housing at either of the two flanges 
seen protruding to the left and right. The bar magnet, which plays the role of needle 1 in the schematic of Figure 1 .3, is slid 
along this non-magnetic brass support until the proper distance is achieved. 

Suspended in the center of the magnetometer housing is a rotatable carrier holding the cylindrical magnetized needle, 
which plays the role of needle 2 in Figure 1 .3. The rotatable carrier is suspended by two silk threads which run up the vertical 
column to the highest point of the apparatus (44 cm). Attached to the carrier is a plane mirror, which is observed through the 
porthole in the dark cylindrical casing above the rotatable magnet. A telescope and meter stick such as that pictured on page 
23 would be aimed at the mirror. 

The boxes, at far left and right, hold weights used to determine the gravitational moment of the magnet. In the background 
are a wooden housing to protect the apparatus from air currents and a copper one for damping the oscillations of the needle 
with electrical current. 
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Augustin Cou lomb in France, several decades ear l ier. Then, 
through an ingenious apparatus conceived by Gauss, the angle 
of deflection cou l d  be measured with a degree of precision 
h itherto unknown. 

Gauss's angle measurement apparatus, the Spiegel und Fer
nrohr (mi rror and telescope), was integrated into many types 
of precision measuring instruments wel l i nto this century. Fig
ure 1 .3 schematica l ly  portrays one of the earl iest vers ions of 
the apparatus. In l ater versions, the m irror was attached at the 
rotational axis of a carrier holding the second compass nee
d le, or magnet (see photograph of 1 839 device, page 36) .  An
other important breakthrough, a lso incorporated into the pic
tu red 1 8 3 9  dev i ce, was the  deve l o p m e n t  of the bifilar 
(two-thread) suspension. By varying the d i stance of separation 
of the two paral le l  s i lk  threads supporting the rotatable com
pass needle, their  torsion cou ld be adjusted with the greatest 
precision . Since the torsion provided a part of the restoring 
force, against which the angu lar  rotation of the second need le 
by the first had to operate, its exact determination was essen
tial for experimental accuracy. 

Gauss's 1 83 1 -1 832 study of magnetism, reported in  his pa
per "The Intensity of the Earth's Magnetic Force Reduced to 
Absolute Measure,'" became the model for a l l  rigorous investi
gation thereafter. The study inc luded the first introduction of 
the concept that the un its of mass, length, and time cou ld  
serve as  the basis for a l l  physical measurement. 
Notes ----------------------

1 .  "Intensitas vis magneticae terrestris ad mensuram absolutam revocata," 
read by Gauss at the G6ttingen Gesellschaft der Wissenschaften on 1 5  
December 1 832, and printed in Volume 8 o f  the treatises of this society, 
pp. 3-44. 

German translation from the orginal Latin, by Dr. Kiel of Bonn, avail
able as: Die Intensitat der Erdmagnetischen Kraft auf absolutes Maass 
zuriickgefiihrt (Leipzig: Wilhelm Engelmann Verlag, 1 894). 

English translation (unpublished) from the German, by Susan P. 
Johnson. 
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The boxed portable magnetometer, on display in the His
torical Collection of the Gottingen University I. Physical 
Institute. 

Figure 1 .3 
SPIEGEL UND fERNROHR APPARATUS 

The Spiegel und Fernrohr (mirror and telescope) appara
tus, devised by Gauss, permits the very precise determina
tion of angular deflection. A plane mirror is attached to 
the axis of the rotatable compass needle (2). The face of 
the mirror is oriented perpendicular to the magnetic axis. 

A telescope is placed about 2 meters distant, its optical 
axis in a line with the magnetic meridian. A graduated 
meter stick is affixed to the telescope, perpendicular to its 
optical axis. In the rest position, when the axis of needle 2 
is aligned with the magnetic meridian, the mirror reflects 
the mid- or zero-point of the meter stick into the barrel of 
the telescope, and to the viewer. When the presence of 
needle 7 causes an angular deflection of the second nee
dle (pictured), the resulting rotation of the plane mirror 
causes it to reflect a more distant part of the meter stick 
into the telescope. In the 7 84 7  apparatus used by Weber, 
each graduated marking on the meter stick represented 
about 78 seconds of arc, or 7/200 of a degree. 
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2.  The Electrodynamometer and 
Weber's Proof of Ampere's Theory 

Commenting i n  1 846, on the state of electrical science s ince 
the 1 826 publ ication of Ampere's famous memoir  on electro
dynamics, Wi lhelm Weber wrote: 

Ampere did not continue these investigations, nor has 
anyone else publ ished anyth ing to date, from either the 
experimental or theoretical side, concern ing further 
investigations . . . .  Th is neglect of electrodynamics since 
Ampere is not to be ·considered a consequence of 
attributing less importance to the fundamental 
phenomenon d iscovered by Ampere . . . but rather it 
results from dread of the great d ifficulty of the 
experiments, which are very hard to carry out with 
present equ ipment . . .  [Weber 1 846, Introduction] 

The essentia l  problem Weber saw with Ampere's apparatus 
was the possibi l ity that the force of friction might be d isguis ing 
subtle effects. I n  each of Ampere's equ i l ibri um experiments, 
deductions are made from the l ack of motion of a movable 
conductor, for example, the rectangular conductor CDGH in 
the second equ i l ibrium experiment (Figure 4 in  article text) . If 
this l ack of motion were the result, even in  small part, of fric
tional resistance, then the enti re set of deductions derived by 
Ampere would have to be re-evaluated. 

To establ ish the val id ity of Ampere's theory with more ex
actness, i t  was necessary to devise an apparatus in which the 
electrodynamic forces were strengthened, such that friction 
wou ld be only a negl igible fraction of the force measured . 
This was the purpose of the instrument, known as the electro
dynamometer, the first model of which Weber constructed in  
1 834. 

The essential i mprovement over Ampere's various appara
tuses was, that instead of s ingle wires interacting with each 
other, a pair of mu ltiply wound coils was used. This had the 
advantage that each successive winding wou ld mu lt iply the 
effect of the e lectrodynamic force between the two coi l s .  
Thus, even the  smal lest currents flowing through the  coi l s  
could produce measurable effects. B u t  the use of coils, rather 
than single lengths of wi res, would requ i re a completely dif
ferent experimental geometry. And, rather than attempting ex
periments whose purpose was to produce zero motion, We
ber i ntended to precisely measure the rotational force exerted 
by one co i l  on another. Then, by geometric ana lys i s, he 
wou ld reduce these results to the effect of a s ingle c ircular 
loop on another, and,  through fu rther ana lys is ,  re late the 
strength of this effect to that predicted by Ampere's law. 

The principal elements of Weber's apparatus were two cyl in
drical coi ls  of wi re, cal led solenoids by Ampere. One cylinder 
was suspended horizontal ly such that it could rotate around a 
vertical axis. The other was placed horizontal ly in a fixed posi
tion, usual ly either perpendicular (Figure 2 . 1 ) or longitud inal to 
the first coi l .  We know from Ampere's earl iest experiments, 
that when current passes through a solenoid, i t  takes on the 
properties of a bar magnet, one end of the cyl i nder acting as 
north pole, and the other as south. Thus, as can be seen from 
Figure 2 . 1 , the arrangement of the Weber electrodynamometer 
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Historical Collection of Gettingen University I .  Physical Institute 

This is the electrodynamometer, constructed in 7 84 7, which 
Weber used to experimentally verify Ampere's electrody
namic theory. The larger outer ring is the bifi lar coil ,  so called 
because it is suspended from above by two wires, which also 
carry current to it. The inner ring, an electrical coil known as 
the mult ip l ier, is affixed to a wooden frame with tripod base. 
During the experiment, the multiplier and frame are placed in 
various positions on the laboratory table to determine its rota
tional effect on the bifilar coil. The angle of rotation is mea
sured by observing the mirror (affixed to the suspension appa
ratus) through a telescope with meter stick attached. 



Chris Lewis 

Professor G. Beuermann (r.) of Gottingen University demonstrates the sending apparatus of the 1 833 electromagnetic telegraph 
of Gauss and Weber to Jonathan Tennenbaum. In the background is displayed part of the historical collection of Weber's ap
paratus. 

is quite analogous to that of the Gauss magnetometer. 
Weber borrowed the use of the bifi lar (two-thread) suspen

sion from this earl ier instrument, but instead of s i lk  threads, he 
used the conduct ing wi res themse lves to suspend the coi l .  
Thus, a hol low wooden cyli nder wound with insu lated copper 
wire, which came to be known as the bifilar coil, was sus-
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pended from above by its own two wire leads. The second 
cyli ndrical coi l ,  known as the multiplier, was p laced in  the 
same horizontal plane, at right angles, or longitudinal  to the 
first. A mirror was affixed to the bifi l ar coi l ,  and its angle of ro
tation observed with a telescope and meter stick, just as in the 
magnetometer. 

Figure 2.1 
BASIC CONFIGURATION OF 

ELECTRODYNAMOMETER 

In  th is  topdown view of the Weber electrodynamometer, 
the rotatable bifi lar coil is suspended by its two conducting 
wires. When current is passed through it, it wi l l  tend to be
have just l i ke a magnetic compass need le, a l ign ing itself 
with the magnetic merid ian .  But the mu lt ipl ier, p laced at 
right angles to the bifi lar coi l ,  wi l l  a lso behave l i ke a mag
net when electrified, and wi l l  tend to rotate the bifi lar  coi l 
out of the magnetic meridian, as depicted. If a plane mi rror 
is attached to the bifi lar coi l and observed through a tele
scope and measuring stick apparatus, as in the Gauss mag
netometer, the angle of rotation can be very precisely mea
sured. 
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After add itional i nstrumentation was added to measure 
the precise current flow through each coi l ,  observat ions 
were made with the mult ip l ier positioned at varying, pre
cisely measured d i stances to the east, west, north, and 
south of the bifi lar coi l (F igures 2 .2, 2 .3 ) .  A table of experi
mental ly determined values was then arrived at, represent
ing the torque, or rotational moment, exerted by the mu lti
p l ier  on  the b i fi l a r  co i l at the d i fferent d i stances.  By 
knowing the number of turns i n  each coi l ,  and by assum
ing from the symmetry of the windings, that the total effect 
could be considered as concentrated in the most central 
loop of each coi l ,  Weber was then able to reduce these 
observed values to the mutual effect of a si ngle pair of cir
cular loops, acting at each measured position of the mu lti
pl ier and bifi lar coi l .  

In  h i s  mathematical theory of electrodynamics, Ampere 
had developed a formu la  that provided a theoretical deter
m ination of what the rotational moment of two such circu
lar loops should be, dependent on their distance of separa
tion, the area enclosed by each, their relative angles, and 
the strength of current flowing in them. Weber was now 
able to compare the predicted values, derived from Am
pere's controversia l  theory of electrodynamics, to a set of 
experimental ly determ ined values. The difference amounted 
to less than 1 /3 of a scale unit (about 6 seconds of arc), of 
which Weber wrote in his First Memoir: 

This complete agreement between the values 
calcu lated according to Ampere's formula and the 
observed values (namely, the differences never exceed 
the possible amount contributed by unavoidable obser
vational error) is, under such diverse conditions, a fu l l  
proof of  the truth of  Ampere's law [Weber 1 846, §8] . 

-Laurence Hecht 
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Figure 2.2 
BIFILAR COIL AND MULTIPLIER 

In this illustration from Weber's First Mem
oir, the multiplier coil is depicted in the 
unique position where it is inside the bifilar 
coil. The bifilar coil is the outer ring, shown 
with the suspension apparatus leading up to 
the wire leads gg. A plane mirror, k, is at
tached to the suspension. The multiplier 
coil is affixed to the wooden base which is 
mounted on the three feet, (x, f3, and y. The 
multiplier and base can be extracted from 
the position depicted and moved to any de
sired position. The dotted triangles indicate 
the premeasured positions on the laboratory 
table at which the multiplier will be placed 
during the experiment. 
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Figure 2.3 
SCHEMATIC OF WEBER'S EXPERIMENT 

In addition to the bifilar coil and multiplier, depicted in the 
closed position at E, this schematic diagram from Weber's 
First Memoir shows the other instrumentation required for 
the verification of Ampere's electrodynamic theory. 

The telescope and meter stick for observing the rotation of 
the bifilar coil is shown at F. The current supply (a four-cell 
battery) is depicted at D and a commutator for reversing the 
direction of current flow at A. The apparatus at B, C, and G 
measures the current in the circuit and takes the place of a 
modern ammeter. B is a second multiplier coil connected to 
the main circuit, and about 20 feet distant from the bifilar 
coil. C is a portable magnetometer whose deflections (mea
sured by the telescope and meter stick at G) correspond to 
the current strength in B. Observers were required at both 
the scopes F and G, to take simultaneous readings of the de
flection of the bifilar coil and the current strength, and a 
third operator to manipulate the current supply. 
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EDITOR'S NOTE 

The letters from Weber to Gauss, numbered 29 to 3 1 , 
come from the Gauss manuscripts in the Manuscripts and 
Rare Books Division of the State and University Library of 
Lower Saxony, in G6ttingen. They were transcribed from the 
German script by Karl Krause and Alexander Hartmann. The 
letter from Gauss to Weber of 1 9  March appears in Carl  
Friedrich Gauss, Werke, Vol. V, pages 627-629. All the letters 
were translated into English by Susan P. johnson. The words 
in brackets are added by the translator; the footnotes are by 
the editor. 

Weber to Gauss, 
No. 29, 1 8  January 1 845 

H ighly honored Herr Hofrath : 1 
. . . For some time now, I have occupied myself with a trea

tise, which I wou ld l i ke to present to the Royal Society in Gbt
tingen; now that I am finished, however, I do not dare to ven
ture a sound judgment, either about its correctness in your 
eyes, or about whether it is  worthy of being presented to the 
Society, and therefore I would by far prefer to leave both to 
your benevolent decis ion.  Hence I submit them to you with 
the request, that you wi l l  be good enough to look at them at 
your convenience, when your time permits . . . .  

With heartfelt affection and respect 
Above: Commemorative medal honoring Carl Friedrich Leipzig, 1 845, January 1 8  
Gauss and Wilhelm Weber, issued in 1 933. In background is 
a facsimile of Weber's 3 1  May 1 845 letter to Gauss. 
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Your devoted, 
Wilhelm Weber 
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Weber to Gauss, 
No. 30, 1 February 1 845 

H ighly honored Herr Hofrath : 

* * * 

I have just noticed, that in the manuscript I recently sent to 
you, there is apparently m issing a note regard ing Ampere's for
mu la, which wou ld be necessary i n  order to understand it. 
Namely, Ampere has given a more general expression, for the 
interaction of two current elements, than I i ntroduce there, 
which I seek to justify, by means of the consideration that the 
empirical ly derived definition of the coefficient of the second 
term, which I have d iscarded, seems completely untrustwor: 
thy, because of the unre l iabi l ity of the method, and hence that 
coefficient, so long as it lacks a more precise quantitative de
term ination, by the same reasoning would have to be set = o. 
I f  I am not in  error, you yourself earl ier expressed certa i n  
thoughts about d i scard ing the negative value which Ampere 
assumed for that coefficient by means of which two current el
ements, one fol lowing the other, would have to mutual ly repel 
one another. 

Leipzig, 1 845, February 1 

Gauss to Weber, 
1 9 March 1 845 

Esteemed friend: 

* * * 

With heartfelt respect. 

Your most devoted, 
Wi lhelm Weber 

Since the beginn ing of this year, my t ime has been inces
santly taken up and frittered away in so many ways, and on 
the other hand, the state of my health is so l ittle favorable to 
sustained work, that up to now, I have not been in any posi
t ion to go through the l ittle treatise you were so good as to 
send me, and to which I just now have been able to give a first 
quick glance.  This, however, has shown me that the subject 
belongs to the same investigations with which I very exten
sively occupied myself some 1 0  years ago (I mean especial ly 
in  1 834-1 836), and that in order to be able to express a thor
ough and exhaustive judgment upon your treatise, it does not 
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A n  exhibit honoring 
Ga uss a n d  Weber in 
June 1 899 at Gdttingen 
University. Portraits of 
the scientists a re sur
rounded by their experi
mental apparatus and il
lustra tions of their 
experiments. On the ta
bles a t  left are various 
electrical and magnetic 
apparatus. The large coil 
in the center mounted 
on a wooden dolly is 
from the Earth inductor, 
which can still be seen 
today in the Ga uss 
House at G6ttingen. 

suffice to read through it, but I would have to first p lunge into 
study of my own work from that period, which would require 
a l l  the more time, si nce, in the course of a pre l im inary survey 
of papers, I have found only some fragmentary snatches, al
though probably many more wi l l  be extant, even if not in  com
pletely ordered form. 

However, i f, having been removed from that subject for sev
eral years, I may permit myself to express a judgment based on 
recol lection, I would th ink, to begin with, that, were Ampere 
sti l l  l iv ing, he would  decidedly protest, when you express Am
pere's law by means of the formula 

- a a
' 

ii' sinS sinS' caSE 
rr 

(I) 

since that is contained in a wholly d ifferent formu la, namely 

_ a�' 
ii' (+ easS cosS' + sinS s ine' caSE ) . (1 1)2 

Nor do I bel ieve that Ampere would be satisfied by the ap
pended note, which you mention i n  a l ater letter, namely, 
where you cast the d ifference i n  such a way, that Ampere's 
formula wou ld be a more general one, just l i ke 

- a a
' ( FeasS eose' + CsinS s inS' caSE) 

rr 

where Ampere experimenta l ly  derived F = '/2 G, whi le, be
cause Ampere's experiments may not be very exact, you think 
that with equal  correctness, you can claim that F = o. In  any 
other case than the present one, I wou ld concede that in  this 
d iscordance between you and Ampere, a th i rd party wou ld 
perhaps clarify the matter as fol lows, that: 

whether one (with you) views this as merely a modification 
of Ampere's law, or 

whether (as, in  my estimation, Ampere wou ld have to view 
the matter), this is nothing less than a complete overturning of 
Ampere's formula, and the introduction of an essentia l ly differ
ent one, 

is at bottom l ittle more than id le word-play. As I said, in any 
other case I wou ld  gladly grant this, si nce no one can be in 



verbis facilior [more easy-going in matters of verbal formu la
tion] than I. However, in  the present case the difference is a vi
tal question, for Ampere's entire theory of the interchangeabi l
ity of magnetism with galvanic currents depends absolutely on 
the correctness of Formula II and is whol ly lost, if another is 
chosen in  its place. 

I cannot contrad ict you, when you pronounce Ampere's 
experiments to be not very conc lusive, whi le, s ince I do not 
have Ampere's c l assic treatise at hand, nor do I reca l l  the 
manner of h is  experiments at al l ,  nonetheless I do not bel ieve 
that Ampere, even if he h imself  were to admit  the incom
pleteness of his experiments, would authorize the adoption of 
an ent irely d i fferent formu l a  ( I ), whereby h i s  ent ire theory 
would fal l  to pieces, so long as this other formu la  were not 
rei nforced by completely decisive experi ments. You must 
have m i s understood the reservat ions  wh ich ,  accord i ng to 
your  second letter, I myself have expressed. Early on I was 
convinced, and continued to be so, that the above-mentioned 
interchangeabi l ity necessarily requ i res the Ampere formu la, 
and a l lows no other which is not identical with that one for a 
closed current, if the effect is to occur in the direction of the 
straight lines connecting the two current elements; that, how
ever, if one rel inqu ishes the j ust-expressed condition, one can 
choose countless other forms, wh ich  for a c losed current, 
must always give the same end resu l t  as Ampere's formu la .  
Furthermore, one can  also add that, s ince for th i s  purpose it i s  
always a matter of  effects a t  measurable  d i stances, nothing 
would prevent us from presupposing that other components 
might possibly enter i nto the formu la, which are only effec
tive at immeasurably smal l  d i stances (as molecular  attraction 
takes the place of gravitation), and that thereby, the d ifficu lty 
of the repu l sion of two successive elements of the same cur
rent cou ld be removed. 

In order to avert misunderstanding, I wi l l  further remark, that 
the Formula II above can also be written 

- <X�' 
ii ' (- + cose case' + sine sine' CaSE ) 

and that I do not know, whether Ampere (whose memoi re, as I 
said, I do not have at hand) used the first or the second nota
tion. Both of them signify the same thing, and one uses the fi rst 
form, when one measures the angle e, e' with the same del im
ited straight l ine; thus, this l i ne determines the side of the sec
ond angle in the opposite way, but determines the other form, 
when one is considering a straight l i ne of i ndeterminate length, 
and, for the measurement of angle e, e', one resorts to that l i ne 
twice, in one sense or another. And, l i kewise, one can place a 
+ sign in front of the whole formula instead of the - sign, if one 
is considering as a positive effect, not repu lsion, but attraction. 

Perhaps I am in a position to aga in  delve somewhat further 
into this subject, which has now grown so remote from me, by 
the time that you del ight me with a visit, as you have given me 
hope that you wi l l  do at the end of April or the beginn ing of 
May. Without a doubt, I would have made my investigations 
publ ic long ago, had it  not been the case that at the point 
where I broke off, what I considered to be the actual keystone 
was lacking 

Nil actum reputans si quid superesset agendum 
[Discussions accomplish nothing, if work remains to be done] 

namely, the derivation of the additional forces (which enter 

into the reciprocal action of electrical particles at rest, if they 
are in relative motion) from the action which is not instanta
neous, but on the contrary (in a way comparable to l ight) prop
agates itself in time. At the time, I did not succeed; however, I 
recal l  enough of the i nvestigation at the time, not to remain 
whol ly without hope, that success could perhaps be attained 
later, although-if I remember correctly-with the subjective 
conviction, that i t  wou ld fi rst be necessary to make a con
structible representation of the way in which the propagation 
occurs. 

With hearty greetings to your brothers and s ister and to Pro
fessor Mobius. 
Gottingen, 1 9  March 1 845 

Weber to Gauss, 
No. 31 ,  31 March 1 845 

H ighly honored Herr Hofrath :  

* * * 

Ever yours, 
C.F .  Gauss 

Professor Buff from Giessen, who is  trave l l i ng from here to 
Gottingen, in order to visit Woeh ler, h i s  former col league in  
Cassel, wi l l  have the goodness to br ing you these pages. It has 
been of great interest to me to learn from what you were kind 
enough to write, that Ampere, in the defin i tion of the coeffi
cient he cal ls k in h is  fundamental l aw, was gu ided by other 
reasons, than the ones from immediate empirical experience 
which he cites at the beg inn ing of his treatise, and that hence 
the derivation, which I first gave, because it seemed somewhat 
s impler, is inadmissible, because it  does not reproduce Am
pere's law with exactness; yet, by means of what seems to me 
to be a s l ight modification in my premise, I have eas i ly  ob
tained the exact expression of Ampere's law. 

Through the interest taken in  the matter, and through the en
couragement of Fechner and l ater Mobius, I have been in
duced to occupy myself up to a point, with a subject wh ich  I 
conceived from the start m ight wel l  be beyond me; I am a l l  the 
happier that you are inc l ined to turn your attention once more 
to this arduous subject, and to give a complete development of 
it. Certain ly, the explanation derived from a gradual propaga
tion of the effect wou ld be the most beautiful solution of the 
riddle. In response to your  kind i nvitation, I wi l l  certa in ly not 
fail to come to Gottingen by the end of this spring. 

In  conformity with your instructions, I wi l l  send to the Royal 
Society in London a copy of the five last annual  summaries of 
the Resultate, by way of the book dealer, s ince it wi l l  be diffi
cult for me to pursue the i nvitation to Cambridge. Whence the 
Royal Society has obtained a copy of the first annual summary, 
I do not know, since they did not buy it. 

Mobius, who is now celebrating h is  si lver wedding anniver
sary, and my s ister, remember themselves to you and your  
daughter with the greatest regard. 

Leipzig, 1 845, March 3 1  
With the most heartfelt respect. 

Your most devoted, 
Wi lhelm Weber 

Notes ----------------------
1 .  The title by which Weber addressed Gauss is approximately translated as 

"Mr. Court Councillor." 2. This seems to be Gauss's only error of memory: The epsilon should be an 
omega. 
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SPACE 

D iscovery of L ife on Mars 
To Redefi ne Futu re Missions 
by Marsha Freeman 

At an Aug. 7 press con
ference at NASA Head

q u arters i n  Was h i n gton,  
four scienti sts announced 
their  d iscovery that a mete
orite from Mars very l i kely 
contains fossi l remains of a 
pr imit ive form of l ife that 
developed there b i l l ions of 
years ago. 

The scientists were wel l 
aware that their conclusion 
was a profound one, and 
could provide substant ia
tion to the idea that "I ife is 
a natural product of plane
tary evolution," as Dr. John 
Rummel of the Marine B iol
ogy Laboratory at Woods 
Ho le  had remarked th ree 
weeks before the scientists 
made thei r  announcement. 
R u m m e l  had  c o u n s e l ed 
scientists at an international 
meeting in  England "to be 
ready for surprises." 

The fou r  sc ient ists, l ed 
by David McKay from the 
NASA Johnson Space Cen
ter, had presented their sur

NASA 

Of the dozen meteorites from Mars found so far in Antarctica, 4.2 pound ALH8400 7 is the old
est. Scientists believe that primitive life developed there more than 3 billion years ago. Inside the 
meteorite's cracks and fissures, a team of scientists has found indirect, but provocative evidence, 
that primitive life existed on Mars. One worm-like feature, seen here (inset), which is one hun
dredth the width of a human hair, looks like the fossil remains of an early form of life. 

pris ing resu lts to the NASA leadersh ip  
before going publ ic .  After "gri l l i ng" the 
scientists for more than two hours, NASA 
Administrator Dan Goldin set up a meet
i ng at the W h i te House, and  br iefed 
President C l i nton on the development. 

On Aug. 7, at the same moment that 
the scientists were explaining the results 
of thei r  investigations to the med ia, the 
President held a brief press conference 
and announced that he had asked Vice 
President AI Gore to convene a biparti
san space summit at the Wh ite House 
before the end of this year. The summit 
wil l  take place in  November. 

" I f  th is  d i scovery is confirmed,"  the 
President said, " i t  wi l l  surely be one of 

the most stunning insights into our uni
verse that science has ever uncovered . Its 
i m p l icat ions  are as far-reach i n g  and  
awe-inspi ring as  can be  imagined." The 
space summ it, he instructed, wi l l  "d is
cuss how America shou ld  p u rsue an
swers to the scientific questions raised by 
this fi nding." 

Tell-Tale Signs of Life on Mars 
The evidence for I ife on Mars, pre

sented by the scientists, i s  ind i rect but 
very provocative. The 4.2-pound Antarc
tic meteorite, ALH84001 (the fi rst one 
found in 1 984 in the Allan H i l l s  region 
of the continent), was identified in 1 993 
as one of a dozen that has come to the 
Earth from Mars. That i s  establ ished by 
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matching gases trapped inside the mete
orite with what we know is the un ique 
Martian atmosphere. At an estimated age 
of 4.5 bi l l ion years, it is, by far, the old
est meteorite from Mars. 

Scientists at the NASA press confer
ence explained that at the time th is mete
orite was formed, Mars, and a l l  of the 
planets of the i nner solar system, were 
undergoing an intense bombardment by 
smal l bod ies. Mars, wetter and warmer 
than it is today, apparently h ad its sur
face fractured by sllch i mpacts, and l iq
uid water, then on the surface, infi ltrated 
cracks i n  the rocks. The scientists pro
pose that the pr im it ive l i fe they have 
fou n d  i n  the meteorite formed i nside 

SPACE 



these cracks and fractures. 
About 1 6  m i l l ion years ago, they esti

mate, a large object hit the surface, eject
i ng mate r i a l  i n to space,  i n c l u d i n g  
ALH84001 . Approximately 1 3,000 years 
ago, this rock found its way to Antarc
tica. 

As Dav i d  McKay exp l a i n ed at the 
press briefing, there are four  main l i nes 
of evidence upon which the sc ientif ic 
team con c l uded that l i fe e x i sted o n  
Mars. Each l i ne of evidence cou ld b e  ex
plained by processes other than the bio
logical, he said, but all four, occurring i n  
such close physical  prox i m ity t o  each 
other, l ed the scient ists to conclude a 
primitive form of l i fe was i nvolved. 

The first c lue was the presence of cal
cium carbonate, which formed i nto glob
u les in the cracks ins ide the rock.  The 
globu les, i t  is est imated, were formed 
about 3.6 b i l l ion years ago, when the 
carbon d ioxide from Mars's atmosphere 
combi ned with i nfi l trat i n g  water. D r. 
Everett G ibson, a geochemist, a lso from 
the NASA Johnson  Space Center, ex
plained that it is  i nside these t iny glob
ules that the unusual features have been 
found. 

The carbonate globu les contained de
tectable amounts of polycyc l ic  aromatic 
hydrocarbons (PAHs). As the four scien
tists expla in in an article in Science mag
azine Aug. 1 6, PAHs are abundant on 
Earth as foss i l  molecules i n  ancient sedi
mentary rocks, coa l ,  and petro l e u m .  
When microorgan isms d ie, the complex 
orga n i c  molecu l es they conta i n  fre
quently degrade into PAHs. 

Dr. Kath ie  Thomas-Keprta, of Lock
heed Marti n, presented mineralogical ev
idence that prim it ive bacteria l ived i n 
s ide  th i s  Mart ian meteorite. Magnetite 
particles in ALH84001 are s im i lar chem
ical ly, structural ly, and morphological ly 
to terrestria l  magnetite partic les known 
as magnetofoss i l s, which are foss i l re
mains of bacterial magnetosomes. 

Associated w ith the g lobu les is the 
most i ntrigu i ng evidence of  a l l-ovoi d  
featu res s i m i l a r  i n  s ize  and  s hape to 
nanobacteria found on Earth, and elon
gated forms that res e m b l e  fos s i l i zed 
forms of fi lamentary bacteria. The scien
tists point out that, in general, terrestria l  
bacteria are an order of magnitude larger 
than the 20- to 1 00-nanometer forms 
seen i n  the meteorite carbonates .  The 
largest of the structures is  one-1 00th the 
width of a human hair. 

SPACE 

NASA 

The Mars Pathfinder mission will be launched this December, and will place the 
first rover on the planet. Here the 25-pound, six-wheeled rover, Sojourner, is tested 
in a vacuum chamber, alongside the lander that will carry it to the surface of Mars. 

Each member of the team that devel
oped the evidence for this d iscovery is 
anxious to continue the research, to see 
if it is poss ible to find the "smoking gun" 
that w i l l  prove, beyond a shadow of a 
doubt, that it was l iv ing organisms which 
produced the evidence preserved in  the 
meteorite. The scientists hope to find re
mains of membranes of cel ls  i nside the 
tiny structures in the carbonate globules. 

They wi l l  a lso be reexamin ing some of 
the other Martian meteorites, with such 
tools as a scanning electron microscope, 
and a h igh-resolution transmission elec
tron microscope, which were used to i n
vestigate ALH84001 . 

The Future Mars Missions 
When scientists analyzed the data the 

two Vik ing landers sent back from the 
surface of Mars starting in the summer of 
1 976, they were d i sappoi nted that the 
spacecraft did not find what was consid
ered to be convincing evidence of l ife on 
M a r s .  B u t  as Dav id  Mc Kay rece n t l y  
po i nted out, V i k i n g  had n o  a b i l ity to 
look for foss i ls .  

Missions to Mars that fol lowed Viking 
were not des igned to look for l ife, be
cause very few scientists maintained that 
the results from Viking were not conclu
s ive. The Mars Observer, lau nched i n  
1 992, had a s  its primary task the remote 
sensing of Mars from orbit. Its goal was 
to enhance our  u nderstand i ng of the 
global c l imate, topography, and m ineral 

d istribution on the p lanet. But the space
craft lost contact with Earth in August 
1 993, three days before its i nsertion into 
Mars orbit. 

In  order to accompl ish the science ob
jectives of the Mars Observer, but within 
a very l i m ited budget, NASA has sched
u led a ser ies  of s m a l l  Mars Su rveyor 
m issions, which w i l l  fly Mars Observer 
i nstrument spares, or equ ivalent equ ip
ment, in a series of spacecraft. 

The fi rst l aunch wi l l  be i n  November 
1 996, and is  the Mars Global Surveyor. 
The science objectives i nvolve h igh reso
lution imaging of the su rface, studies of 
the topography and variations in gravity, 
the role of water and dust on the su rface 
and in  the atmosphere, the weather and 
c l imate, the composit ion of the su rface 
and atmosphere, and the existence and 
evolution of the Martian magnetic field. 

The Mars G lobal Surveyor wi l l  arrive 
at Mars in September 1 997 after a 1 0-
month cru ise phase. The spacecraft wi l l  
be  i n  a polar, Sun-synchronous orbit, so 
that each image w i l l  be taken with the 
Sun at the same mid-afternoon azimuth, 
si m i l  ar to some Earth-orbit i  ng remote
sensing spacecraft. Data wi l l  be acqu i red 
for one Mart ian year, or approximately 
two Earth years. The spacecraft w i l l  a lso 
be used as a data relay for later u.s. and 
international m issions over the fol lowing 
three years. 

Less  t h a n  a m o n t h  after  t h e  Mars  
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Globa l Surveyor is l au nched, the Mars 
Pathfi nder w i l l  be on its way, tak ing a 
shorter path, and arriv ing before its or
bital partner. The Pathfinder wi l l  be the 
fi rst spacecraft to land on Mars in 20 
years, and the f i rst to deploy a rover 
there. 

Because of budget constraints on the 
space agency, the cap on the cost of the 
mission is  $ 1 50 m i l l ion, and it is  primar
ily an engineering demonstration of key 
new technologies and concepts, for use 
in future u nman ned rover m i ss ions to 
Mars. 

With in an hour of landing on the sur
face of Mars, the Pathfinder lander wi l l  
open its three metal l ic petals, and  stand 
itself r ight s ide up, if necessary. Engi
neers wi l l  then instruct the rover to drive 
off and beg in  explor ing the immed iate 
surroundings. 

The d i m i n ut ive rover is named So
journer, meaning traveler, after African
American Isabel la  Van Wagner, who, as 
Sojourner Truth,  travel ed around the 
U n ited States i n  the C iv i l  War period, 
advocating the abol ition of slavery, and 
women's rights. Sojourner, which weighs 
a mere 25 pounds, wi l l  be deployed to 
roam across an anc ient Martian flood 
pla in,  using an autonomous navigation 
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In order to test the outer limits of the conditions that can sustain life, scientists like 
Chris McKay have gone to the ends of the Earth in search of terrestrial analogues to 
the conditions on Mars. Here, McKay peers down a hole carved out of the Antarctic 
ice, during one of his many trips to the South Pole. 

To the surprise of scientists on the mission, they found that under the 73 to 7 6  
feet o f  ice that cover the Antarctic dry valleys, there are algae, diatoms, and other 
microbial forms of life. If there is water under the surface of Mars, could similar 
creatures be found there also? 

system. The commun ications range of 
the rover is  about 1 ,640 feet (500 me
ters), a d i stance it wou ld take it a few 
weeks to ach ieve. 

Sojourner has cameras fore and aft, 
and an Alpha-Proton X-Ray Spectrome
ter, or APXS. The APXS wi l l  be capable 
of determin ing the elemental composi 
t ion of  rocks it encounters. One th ing  
scientists hope to find are aqueous de
posits, or minerals that were deposi ted 
by stand ing bodies of water, to tel l  them 
about the h istory of water on Mars. 

The lander wi l l  make atmospheric and 
meteorological observations dur ing  its 
descent through Mars's atmosphere, and 
wi l l  function as a weather station on the 
surface of the p lanet. I t  w i l l  a l so relay 
data to Earth from Sojou rner. Cameras 
on the lander, which w i l l  see at about 
eye level above the su rface, have fi lters 
to aid in geologic studies. The cameras 
can be rotated, to provide a nearly com
plete view of the lander and the Martian 
surface. 

Moving Up the Agenda 
NASA c u rrent ly  has  p l ans  fo r two 

spacecraft for each 26-month window of 
opportunity for launches from the Earth 
to Mars, with i ncreasing soph isti cation 
and d ifficu lty of tasks. 

However, the fi rst mission that is cru
cial in the search for evidence of l ife on 
Mars, is not planned to take place until 
the year 2005, at the earl iest. Such a 
sample return m ission wi l l  bri ng pieces 
of Mars ,  from reg i o n s  that wou ld be 
clearly identified, back to Earth for close 
investigation. Manned miss ions to Mars, 
which wi l l  provide the fi nal word on this 
crucial question, have not even been on 
the agenda. 

With in hours of the announcement on 
Aug. 7 that a team of wel l-seasoned and 
we l l -respected scient ists bel ieved they 
had found evidence of early l ife on Mars, 
an ad hoc group of more than 30 plane
tary scientists began d iscussions on how 
future Mars missions might be designed 
to aid the search for l ife. They have taken 
up President C l inton's chal lenge to pro
vide pol icy d i rection for this area of the 
nation's space program.  

At  the space summit  i n  November, i t  
w i l l  be up to the President and the lead
ership of NASA to go forward from that 
cha l lenge, and formu l ate a space pro
gram that wi l l  answer as many questions 
as possible with robotic precursor mis
s ions, wh ich wi l l  l ay the bas i s  for the 
missions that wil l  eventua l ly take men to 
Mars. 
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RESEARCH FRONTIERS 

The Gate to the Antimatter U n iverse 
by Charles B .  Stevens 

More than 60 of the world's lead ing 
experts i n  the f ie ld of ant imatter 

gathered from May 1 9  to 25 in  a remote 
region of Italy's Apennine Mountains to 
review the status of thei r research and 
prospects for the future. The occasion 
was the I nternational Workshop on Anti
matter Gravity and Antihydrogen Spec
troscopy, sponsored by the Istituto per la 
Ricerca di Base ( lRB, Institute for Funda
mental Research). 

Despite the often trivial representation 
in popular works of science fiction, it is 
true that the generation and science of 
antimatter is the next stage of technol
ogy, beyond that of nuclear fission and 
fusion. And,  as  in  the case of learn ing a 
new l a n gu age,  R & D  i n  a n t i m atte r 
promises to greatly expand our mastery 
of ordinary energy and matter processes 
by giving us entirely new ins ights. 

Th is  was a most auspicious time for 
such a workshop. German, Ita l ian, and 
Swiss scientists working in  the CERN Eu
ropean Laboratory for Partic l e  Physics 
and using the Low-Energy Ant iproton 
Ring (LEAR), had just announced a few 
weeks before that they had succeeded in  
generating the first atoms of  antihydro
gen, by combin i ng an antimatter e lec
tron-a positron-with an ant i m atter 
proton-the antiproton .  And, whi le  the 
anti hydrogen atoms I ived for less than 
40 bi l l ionths of a second, their existence 
was nevertheless documented with a 
high degree of certainty. 

In the case of ordinary hydrogen, too, 
there came an announcement, about the 
same time, that scientists in  the U n ited 
States, at the Lawrence L ivermore Na
tional Laboratory had-u nexpected ly  
and  contrary to cu rrent theories-pro
duced the first meta l l i c  hydrogen. 

What Is Antimatter? 
Most descriptions of antimatter appear 

somewhat strange or mysterious:  e lec
trons and protons going backwards i n  
time, mirror-matter, the double solution 
to the relativistic Schrodinger 'f' function 

RESEARCH FRONTI ERS 

CERN 

The birthplace of the first man-made antimatter hydrogen: The Low-Energy Antipro
ton Ring, LEAR, the main experimental facility for antimatter research, is being 
forced to shut down next year because of budget cuts. LEAR is located at the CERN 
laboratory in Switzerland. 

for the electron. To understand it, it i s  
best to look at  how antimatter is gener
ated . 

As we increase the frequency of elec
tromagnetic waves, there are s ingular fre
q ue n c ies  at w h i c h  the l i gh t  wave i s  
transformed into material particles. The 
e n e rgy of a p h oton-a q u a n t u m  of 
l ight-is d i rectly proportional to its fre
quency. And mass, accord ing to the The
ory of Special Relativity, is related to en
ergy by the famous "Energy equals mass 
times the speed of l ight squared" (e = 
mc2).  When the photon energy-or cor
responding frequency-reaches a level 
where it i s  twice the energy equivalent of 
the mass of an electron, the photon can 
be transformed i nto an e lectron and  
positron-the antimatter electron with a 
positive electric charge. If the photon en
ergy is twice that of the proton, a proton
antiproton pai r  can be generated. This 
process is termed pair production. 

The h igh-energy photons for pair pro
duction can be generated either by nu
clear reactions, or by h igh-energy parti-

cle accelerators, where electron or pro
ton beams trave l l i ng  near the speed of 
I ight  a re c o l i  ided with themselves or 
with sol id targets to produce the h igh
energy photons. Particle accelerators ap
pear at present to be the on ly  way to 
generate any sign ificant numbers of anti
matter particles .  

In  genera l ,  the cond itions of  pa i r  pro
duction in accelerators mean that the an
timatter that is generated is a l ready trav
e l l ing at near the speed of l i ght, and as 
e lementary charged part ic les-not as 
atoms. Therefore, to generate electrical ly 
neutra l atoms, either the h igh-velocity 
positrons or antiprotons must be slowed 
down and trapped in some manner, or a 
process must be found for combin ing the 
particles at h igh velocities. 

Antimatter is d ifficult  to trap because, 
if i t  comes i nto contact with ord i nary 
matter, it and an equal amount of the or
dinary matter are transformed i nto h igh
energy photons. ( I ndeed, the fact that an
timatter is present, is determined by the 
signature of self-destruction : h igh-energy 
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photons . )  Ant imatter charged-part ic le  
beams can i n  pri nciple be confined, l ike 
plasmas, by magnetic fields. For trapping 
of neutral atoms of anti hydrogen, the 
atoms must be brought to very low ve
locit ies-very low temperatu res-and 
trapped in magnetic and e lectrostati c  
bottles (Penn ing Traps), possibly with the 
help of lasers. 

Overa l l ,  work in antimatter represents 
the frontiers of science in terms of the 
generation of singularities. In  general, it 
is not possible to simply keep increasing 
the freq u e n c y  of e l ectro m a g n e t i c  
waves-pair  production in terrupts the 
process. 

Near-term Objectives 
Despite what some newspaper articles 

say, there are s l im near-term prospects of 
constructing antimatter-powered rocket 
engines .  Ant imatter cou ld be u sed i n  
smal l amou nts t o  cata lyze other pro
cesses, but the cost ratio of energy input 
to ant imatter energy produced i s  c u r
rently about 1 mi l l ion tri l l ion. 

The main focus of antimatter research 
is c u rrently on fundamental sc ient ifi c 
questions. For example, wi l l  antimatter 
respond to gravity in the same way that 
ord inary matter does ? Does antimatter 
go up instead of down? Do antimatter 
atoms produce the same spectrum of 
l ight as their matter counterparts? Is the 
l ight generated by antimatter atoms the 
same as ord inary l ight? 

It is a l ready known that antiprotons, 
when combined with hel ium atoms, are 
producing enti rely new chemical states 
and bonds-an entirely new chemistry. 
These d ifferences, and ones that could 
be demonstrated in the near futu re, 
promise to revolutionize our understand
ing of the universe. 

Renaissance Spirit Lives 
The May workshop in Italy came just 

at the r ight  t ime.  Budget cutbacks at 
C E R N  are forc i n g  the sh utdown next 
year of the Low-Energy Antiproton Ring 
(LEAR). LEAR is  the only fac i l ity of its 
kind, and the ch ief experimental faci l ity 
for antimatter research .  So the Antimatter 
Workshop had to map out, not only the 
theoretical future of this research field in  
the wake of  the production of  the first 
antimatter hydrogen atoms on the LEAR, 
but a lso its practical future, in  terms of 
what wi l l  replace LEAR. 

I n  t h i s  c o n nect i o n ,  the  workshop 
heard near-term proposa l s  by Dr .  G .  
jackson of  Fermi lab in  the Un ited States, 

and D rs .  D i eter Moe h l  and Stephan  
Maury of  CERN, for new antimatter faci l 
ities to replace LEAR. 

I ron ica l l y, whi le  throughout the ad
vanced world, science budgets are being 
s l ashed across the board, the cr i t ica l  
marg in  of  support to keep world anti
matter research a l  ive comes from the 
publ ic and private institutions of Mol ise, 
the southern Ita l ian district in which the 
workshop was held. During one evening 
sess ion of the conference, more than 
th ree score of the re l ig ious,  bus i ness, 
and publ ic offic ia ls  of the d istrict met 
with the scient i sts to d iscuss why the 
Mol ise district considers support of such 
basic research so important. 

The phi losophy they expressed is suc
c inct ly summarized by one statement 
made by the d i rector of the Isernia ar
chaeological site-a paleolithic hominid 
"vi l l age" more than 750,000 years old.  
"S ign ificant h u man progress only ap
pears when scientists are free to soar l ike 
Icarus, although, in this day and age, we 
w i l l  p rov ide  parac h u tes i n  case  of 
mishaps along the way." 

Isodual Representation 
Antimatter actua l ly  represents a new 

level of s ingularity generation in science 
and technology. We shou ld, therefore, 
not expect to see a simple mi rror reflec
tion of the ordinary laws of matter with 
the formation of antimatter atoms and 
antimatter chemistry and spectroscopy. 
Dr. Ruggiero Santi l l i ,  d irector of the IRB, 
has in fact devel oped a theoret i c a l  
overview-the isodual representation of 
antimatter-which forecasts a number of 
startl ing characteristics. For example, an
timatter may actua l ly rise in  a gravita
tional field, instead of fal l ing. 

Sant i l l i  also projects sign ificant differ
ences in the spectroscopy of antimatter 
hydrogen. In fact, even the l ight gener
ated by antimatter may be of a funda
mental ly different character. 

Among the proposals for experiments 
to test the gravity response of antimatter 
were those presented by Dr. Meshkov of 
the Russian joint Institute for Nuclear Re
search at Dubna: "Anti hydrogen Gener
ation and Studies in Storage Rings"; by 
Dr. A.P. Mi l l s  of Bel l Labs in New jersey: 
" Poss ib i l ities for Measuring the Passive 
G rav i tati o n a l  Mass of E l ectro n s  and 
Positrons in  Free Horizontal F l ight"; by 
Dr. G. Testera of Genoa, Italy:  "Possible 
Measurements of Gravity in  the Presence 
of Electric Stray Fields (Patch Effect). "  
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Antimatter Applications 
Although we are a long way from real

izing antimatter rocket engines for inter
stel lar spacefl ight, a session on antimat
ter app l icat ions  was h e l d  d u r i n g  the 
conference. Dr. G .  Smith of Pennsylva
n ia  State Un iversity presented a paper on 
" Porta b l e  Traps fo r A n t i p rotons  and 
Medical Appl ications." Positron tomog
raphy is a lready a significant medical di
agnostic us ing antimatter. As Smith de
ta i led,  an t i proton s  c o u l d  be another 
important d iagnostic and medical tool in 
the near future. 

D r .  F .  H u ber  of the U n i vers i ty of 
Stuttgart in Germany presented a paper 
on the prospects for us ing antiprotons to 
heat the plasma exhaust of rocket en
gines: "Antiprotons for Plasma Heating." 

Among the most interesting develop
ments reviewed at the antimatter work
shop were those combining the most ad
v a n ced theoret i c a l  i m p l i ca t i o n s  of 
antimatter and near-term appl ications, 
such as the observation of antiprotons 
combin ing to form molecules with he
l i u m  atoms. These metastable states of 
antiprotons in  he l ium represent an op
portun i ty to exam ine the chem istry of 
antimatter and its most advanced theo
retical impl ications. They also represent 
the opportun ity to develop an entirely 
new chemistry, which cou ld have imme
diate and far-reaching applications. 

For exam ple, it has been found that 
when beams of a n t i p rotons are shot 
through a container of hel ium, some of 
the antiprotons-which have a negative 
electric charge l i ke that of the electron
replace one of the two electrons in the 
hel ium atom. There is evidence that this 
new configuration u ndergoes a further 
evolution, combin ing with a second he
l i um atom to form a molecu le. Because 
the antiproton has 2,000 times the mass 
of the electron which it  replaces in the 
hel ium, the atomic structure of this new 
type of atom-and, later, molecu le-is 
of a tota l ly  new variety that offers vast 
i n s i g h t s  i n to the  e x i st i ng  mod e l s  of 
atomic structure and chemistry. 

Before LEAR is shut down, scientists 
from Harvard Un iversity plan to use it in 
new experi ments to generate and trap 
a n t i  h yd rogen ato m s .  P rof . Gera ld  
Gabrielse, who heads th i s  effort, reports 
that " i f  we're l ucky, we' l l  make low
energy anti hydrogen.  But  our chances of 
doing interest ing measurements by the 
end of the year are not very high." 

RESEARCH FRONTIERS 
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China and Korea Plan World-class 
N uclear Fusion Projects 

by Mark Wi I sey 

China and Korea are each planning to 
enter the 2 1  st centu ry wi th  n ew 

world-class nuclear fusion research faci l 
ities. Although fusion research in  these 
countries has been l i m ited in  the past, it 
i s  hoped that these ambit ious projects 
wi l l  now al low each to play a major role 
in world fusion research. 

The push for fusion research i n  these 
countries comes at a time when the u.s. 
magnet ic  fu s i o n  p rogram h a s  been 
scaled back by budget cuts (see box). 
Last year, the U .S. next-generation ad
vanced fus i o n  expe r i m e n t  was c a n 
cel led. Now, the Ch inese a n d  Koreans 
are putting forward new fusion devices 
s imi lar to the cancel led u .s. machine, 
wh ich should come on l i ne early in the 
next decade. Furthermore, to he lp  de
sign these new machines, they have en
l isted the aid of scientists in  the u .s. fu
sion comm u n ity who worked on the 
cance\\ed u .s.  machine. 

Fusion energy is what powers the Sun 
and stars. Under tremendous tempera
tures and pressures, atoms of hydrogen 
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fuse to form hel ium, and in  so doing re
lease bursts of energy. One way to con
fine hydrogen at high temperature and 
p ressure i s  to hold i t  i n s ide powerfu l 
magnetic fields. One of the devices for 
doing this is cal led a tokamak, a torus
shaped chamber su rrounded by magnets. 

The flagship U .s. fusion fac i l ity is the 
Tokamak Fusion Test Reactor, TFTR, at 
the Princeton Plasma Physics Laboratory 

� The Chinese are calling in U.S. scien
tists to help with the HT-7U, a machine 
similar to the cancelled U.S. TPX Toka
mak. The hydrogen fuel is magnetically 
confined in the torus seen in cross sec
tion on the left. 

( P PPL )  i n  New J e rsey. The TFTR has  
been i n  operat ion  for more than two 
decades and i s  now nearing the end of 
its usefu l l i fe .  TFTR's successor was to 
have been the now-cance l led Tokamak 
Physics Experiment, TPX. Much of its de
sign work had been completed before its 
funds were cut. 

TPX was to have been an advanced 
fus ion reactor that wou l d  make use of 
superconducting magnets. Because su
perconduct ing magnetic coi l s  conduct 
e lectri c ity without res istance, and a re 
therefore very efficient, TPX wou ld have 
been able to susta in  fusion reactions for 
several m i nutes, instead of the few sec-

MAIN PARAMETERS OF HT-7U, KSTAR, A N D  TPX 

HT-7U KSTAR TPX 

Major radius 1 .6 m 1 .6 m 2.25 m 
Minor radius .35 m 0.5 m 0.5 m 
Toroidal field 4.5 T 4 T  4 T  
Plasma current 1 MA 3 MA 2 MA 

The planned Chinese and Korean machines are similar in basic parameters to 
the cancelled TPX. The major radius of a tokamak torus is the "bicycle 
wheel II radius, while the minor radius is the "inner tube cross-section II 
radius. Toroidal field strength-strength along the "bicycle wheel" circumfer
ence-is given in tes/a, plasma current in millions of amperes. 
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onds ach ieved by convent iona l  toka
maks. TPX was designed to examine the 
b e h a v i o r  of b u rn i n g  p l a s m a s  u n d e r  
steady-state conditions. 

China's HT-7U 
Several years ago, Ch ina  acqu i red a 

tokamak from Russia, the HT-7, the pre
decessor to the T-1 5 tokamak, Russia's 
l a rgest fus i o n  m a c h i n e .  A l th o u g h  
Ch ina's work o n  this secondhand toka
mak has not been of particular i nterest to 
the rest of the fusion commun ity, Ch i
nese scientists, having gained experience 
on it, are now prepar ing to move for
ward with the new HT-7U .  If successful ,  
i t  would be the world's first fu l ly super
conducting tokamak. 

Recently, PPPL and KBSI announced 
a col laborative research agreement in 
w h i c h  P r i n ceton wou l d  rece ive  
$540,000 this year from Korea to  assist 
in the p lann ing and design of the Ko
rean S u perconduct ing  Tokamak Ad
vanced Research faci l i ty :  KSTAR. Th is  
was part of  a cooperative research pact 
s igned in  June by U .S. Secretary of En
ergy, Hazel O'Leary, and Korean Min is
ter of Science and Technology, Dr. Kun 
Mo Chung. 

Several Korean researchers are ex
pected to come to Pr inceton over the 
next s ix months to begin the design of 
KST AR, a process that wi I I  a lso help to 
develop Korean expertise in tokamak de
sign. The col laboration could continue 

i nto the operation of KSTAR, which is 
schedu led to come on l i ne in  the year 
2002 . The capital cost is projected to be 
approximately $ 200 m i l l ion. 

KSTAR and HT-7U wi l l  be s imi lar in 
design to the TPX, and therefore wil l  in
vestigate advanced tokamak operat ing 
modes and performance parameters in  
steady-state operat ion .  Such  research 
wi l l  help to bui ld  a sol id foundation for 
future economical and safe tokamak fu
s ion  power p l a nts . C h i n a  and Korea 
have taken a bold in itiative, not only to 
fi l l  t h e  g a p  i n  f u s i o n  research that  
opened up when TPX fel l  by the way
side, but to advance their own countries' 
research and energy prospectives into 
the next century. Whi le the U in  HT-7U stands for "up

grade," there wi l l  be l ittle of the mach ine 
that is not new, save perhaps the power 
systems. The vacuum chamber and most 
of the machine's support structure w i l l  
be new. Official  approval for the project 
from the C h i nese govern ment  i s  ex
pected in the next couple of months. 

u.s Fu�ion Funding Shrinks 

For the HT-7U, the Chinese Academy 
of Sciences has sought the expertise of 
the U .S. fusion commun ity, specifica l ly  
the  assistance of  the Fus ion Research 
Center at the U n iversity of Texas, i n  
Aust in .  Last Ju ly, Alan Wootton, the d i
rector of the Center, visited China to d is
cuss the col laboration. 

Wootton reports that the role the Fu
s i o n  Research Center  w i l l  p l a y  i s  
twofold:  F i rst, to assist in  acqu ir ing the 
superconducting cable to be used in the 
coils. ( It w i l l  be the same cable that was 
to be used in the now defunct Supercon
d ucti ng S u per  Co l l ider . )  Second,  the 
Center wi l l  lend the Chinese d iagnostic 
equ ipment from its tokamak that is no 
longer in use.  The Texas Tokamak i n  
Austin, TEXT, was shut down a t  the end 
of 1 995, a victim of congressional bud
get cuts. Also, the Fusion Research Cen
ter wi l l  help the Chinese in developing 
the physics experiments to meet the ob
jectives of the machine. 

KSTAR 
Even before the demise of TPX in the 

U .S. last summer, the Korea Basic Sci
ence Institute, KBSI, had proposed a sim
i lar  advanced superconducting tokamak 
as the centerpiece of a Korean National 
Fusion Project, KNFP. KNFP can be seen 
in the broader context of Korea's ex
panded efforts to deve l o p  other  ad
vanced tec h no l o g i es in  e n e rgy and 
space. 

'1;:1 h. l afe J�}y, t�e House Appropria
r t l O n s  C o m m � ttee �eco m m e n d ed 
' $225 m i l l ion fo/ the Department of 
Energy's magnetic fusion program i n. 
1 997, a cut. of $ 3 1  m i l l ion from the 
admin istration's request. The Senate fcommittee has approved $240 m i l 
l ion: The d iffere'nce i s  to be resolved 
in conference. 

Fusion research funding has taken 
. some hard knocks in recent years. 

. "'"The biggest jol{ came last year. when 
:'fund ing  sh ra n k  to  $ 244 m i l l ion i n  

" ' 1 996 from $349 mi l l ion in  1 995.  This 
forced the Department of Energy to 

· i/restructure" its fusion program to fo

�,��us, Tore on. sslence issu�,s. anQ less 
+' on technology' development, and to 

'abandon any target date for a future 
demonstration power plant 

The House b i l l  wou ld fu n d  the  
three main U .s. fusion fac i l ities, D I I I,;;rO at General Atomics in San piego, 

N, Alcatbr':C-Mod 'at the Massach�setts 
Institute of Technology, and TFTR at 
Princeton, which in a l l  l i ke l ihood wi l l  
.be its last year of  operation. The b i l l  
a l so provides $ 5  m i l l ion for a new 

� ;  
'0 sma l l -sca le  mach i ne, the  N at iona l,  

S p h e r i c a l  Tokam a k  E x p e r i m e n t  
' (NSTX) a t  Princeton. , 

ITER's Troubles 
Again this year the budget wi l l  a l lot 

< ' on ly $ 5 5  m i l l ion of an $ 80 m i l l ion 
;ql:comhiitment from the 'U n ited States 

to the In ternational Thermonuc lear  
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Experime'ntal Reactor 
'
( lfER)-.:'a short- < 

fal l  sure Jo cause concenJs among our 
international partners in  the ITER pro
gram. 

ITER, a joint project of the U nited 
States, Jqpani Russia, and the Euro., 
pean U nion, wi l l  b� a huge, rnulti-bi l 
l ion'-dol lar machine to test large-scale 
p lasmas u nder near power-reactor 
condit ions,  Current ly ITER i s  in the 
engineering design phase, which i,s 
schedul�d to rLin unti l i,t;998, The site 
for ITER has yet to be agreed, 

French Secretary of ' State for Re-' '1 
search ,  .

. 
Franc;:o i s  d '  A ubert, and  the 

German Research M i n i ster, J u rg'e.n ' 
Ruttger�, a n no.u n c ed th i s  s u m mer < 
that " Fr'�nce and'G errhany cahh'bt 
and do not wish  to be' cand idates" 
for hosti�g ITER, The �t�tement wl1s 
made i n  l i ght  of the p rospect that 
whoever g ives the reactor a home 
may ha¥f to contribut�0�P ta ZO p�£
cent of the cost, amounting to sev
eral b i l l ion dol l ars. The a n n'ounce
ment may mean that no member of 
the European U n ion wi l l  offer a site 
for ITER. 

I,'-I owever;  fo r f h e , east sevet;a l ' 
m o n t h s , J ap a n  . h as expressed i n 
creased interest i n  hosti' ng ITER and 
i n  contributing the l ion's share of the 
cost if ITER i s  s ited there. Japan has j 

not yet formal ly made such an offer, 
but it i s· being·seriOusly considered� 

-Mark Wilsey 
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IN MEMORIAM 
Victor Ambartsumian, 1 908-1 996 

V ictor Amazaspovich Ambartsumian, 
a giant of 20th century astrophysics, 

d ied August 1 1  at age 87, in  Byurakan, 
Armenia,  home of the Byurakan Astro
phys ica l  Observatory he fou nded i n  
1 946. H e  was accorded a state funeral 
in  Yerevan, the capita l .  

Several  years ago ,  the  d i rector of 
Pulkovo Observatory, VA Krat, said of 

l him, "Ambartsumian's pred ictions were 
tru ly amazing.  Everyth ing  that he had 
written about i n  the 1 930s has become 

• central to astrophysics.'" 
Ambartsumian stud ied astronomy at 

Pulkovo Observatory (Leningrad) and in  
1 935 took his doctorate in  physics and 
mathematics at  Len ingrad State U n iver
sity. Not much later, wh i le  a professor 

( there, he fou nded the c h a i r  of astro
physics .  In 1 94 1 , he was named pro
rector of the un ivers ity in  charge of sci
entific affairs. 

In  1 946, Ambartsum ian founded the 
Byurakan Astrophys ica l  Observatory, 
and remai ned its d i rector u n t i l  1 988.  
From 1 947 unti l  1 993, he was president 

• of the Armen ian Academy of Sc iences, 
and from 1 950, a deputy of the Supreme 
Soviet of the USSR. He chaired the USSR 
Academy of Sciences' commiss ion to 
oversee a l l  research on cosmogony, set 
up in 1 952.  He was president of the In
ternat ional  Astronomica l  U n ion  from 
1 961 -1 964. 

Creativity Driven by love 
Ambarts u m i a n  p rofessed to k n ow 

noth ing scientific about agapic love, only 
that it was central to human existence. As 
he once told the Armenian poet Aramis 
Saakyan ,  " I  o n l y  k n ow that  h u m a n  
warmth i s  as necessary to u s  as the vital 
warmth radiated by the S u n . "  No one 
came into contact with Ambartsumian 
without being touched by his own love. I t  
also guided h i s  inte l lectual  l i fe :  he d is
m i ssed Norbert Wiener  for p u rs u i ng 

, merely "knowledge, not victory." 
A poetic or compositional method of 

thought was the key to Ambartsumian's 
startl ing creativity. It is no wonder that 

I he 10veo poetry and knew a number of 
P u s h k i n ' s  poems by heart ,  some of , �eine, and others, including the Armen
Ian poets. 

Since a poetic approach is the neces-
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sary basis for generating new hypotheses 
about nature, it fol lows that mathematics 
c a n n ot generate them,  even though 
mathematics i s  needed to describe the 
natural phenomena we observe. Ambart
sumian was keenly aware of th is .  What a 
pity, he once commented, "that so many 
mathematic ians-ideal ists proceed from 
mathematics to natural phenomena and 
l ife, and not from l ife to mathematics." 
H is polem ics were espec ia l ly  focussed 
on w h at he c a l led  the C a m b r idge  
Schoo l,  referring to Cambridge U n iver
sity's Sir James Jeans, Sir Arthur Edding
ton, E.A. Mi lne, and many others. 

With these strengths, Ambartsumian 
readi ly recognized that the universe con
tinues to develop, and the fals ity of the 
Cambridge School dogma that it is run
ning down to a state of thermal equ i l ib
rium or heat death. He also rejected the 
a l ternative notion,  a l so crafted by the 
Cambridge Schoo l ,  that the u n i verse 
maintained a steady state. He d iscarded, 
a long with these, the related idea that 
the universe must be homogeneous. 

S i nce the u n i verse cont in ues to de
velop, it must favor l i fe. Poet Saakyan 
asked Ambartsumian, "Are we alone in 
the universe?" Ambartsumian repl ied, " I  
am certain  that we are not. The universe 
is a vast orga n i sm,  and it is na ive to 
th ink that l i fe exists only in . . .  Earth . 
. . .  We sti l l  know very l ittle about the 
universe . . . .  [Mjan himself is a micro
un iverse with in the universe. This is both 
poetic and scientifical ly accurate." 

Thus i n  i mportant respects, Ambart
sum ian shared the outlook of Leibniz,  
and stood out sharply in a century domi
nated by h is adversaries. Yet his adver
saries felt obliged to honor h im.  He was 
elected to membership in the Royal As
tronom i c a l  Soc iety i n  1 9 5 3 ,  and  re
ceived its Gold Medal in 1 960. 

The same honor was never given his 
ideas. In  1 961  in  Berkeley, for example, 
Ambartsumian announced, in  an invited 
d iscourse before the 1 1  th General As
sembly of the International Astronomical 
Un ion, that "the activity of the [galactic] 
n uc le i  determines the most important 
processes in the l i fe of large galaxies." 
This was received by most of his hearers 
with shock and d isbel ief. 

The subject came up years later, when 
Saakyan asked Ambartsumian whether 
he had any opponents.  He answered, 
"Many. When a new idea is born, it has 
at first on ly  one supporter-its author. 
When the theory on the activity of galac
tic nuc lei was formu lated at Byurakan, 
many  sc ient i sts around the world re
jected i t .  Recogn i t ion  came l ater .  I n  
short, h e  who has n o  opponents in  sci
ence has no i nd ividual ity." 

Recogn it ion, however, a lways came 
in  the form of fitting the new idea, some
h ow,  i n to t h e  d o m i n a n t  C a m b r i d ge 
School framework that was too steri le to 
have  p r o d u ced i t .  A m b a rtsu m i a n ' s  
method remained anathema. 

Ambarts u m i an's  writ ings a re a trea
sure .  For students of astrophys ics, they 
are the best point of departure, because 
his superior method can be read and re
covered from between their l i nes.2 

-David Cherry 

Notes --------------
1 .  This and the quotations from Ambartsumian 

come from a popular biography in English trans
lation, Envoy of the Stars, by Ashot Arzumanyan 
(Moscow: Progress Publishers, 1 987). 

2. A synthesis of the work of the Byurakan school 
is Problems of Modern Cosmogony ( 1 968) , 
edited by Ambartsumian. It appeared in Russian, 
French, German, and other languages. but not in 
English, the intemational language of science. It 
appears that Ambartsumian later rejected the 
view of solar system origins found in this work. 

Works by Ludwig Mirzoyan, one of his stu
dents, bringing the findings of the Byurakan 
school down to recent date, have also been re
jected by English-language publishers (Instabil
ity and the Evolution of Stars, in Russian, Yere
van, 1 98 1 ;  Early Stages in the Evolution of 
Stars, in Russian, Yerevan, 1 991 ; and Problems 
of Stellar Evolution, unpublished English-lan
guage manuscript, 1 992). 

Mirzoyan summarized Ambartsumian's most 
important ideas in two articles in 21st Century 
(Winter 1 991 , Fall 1 994). They include refer
ences to important papers by Ambartsumian in 
English. See also this author's "Hubble's Quasar 
I mages: A Moment of Truth" (21st Century, 
Summer, 1 995). 

Ambartsumian's most important papers have 
appeared in a Russian edition titled Scientific 
Works (Yerevan, 3 vOls.). 
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The Long and Short of I t  
by Dr. J .  Gordon Edwards 

Our Stolen Future: Are We Threatening 
Our Fertility, Intelligence, and 
Survival?-A Scientific Detective Story 
Theo Colborn. Dianne Dumanoski. and 
John Peterson Myers 
New York: Dutton (Penguin Books USA). 
1 996 
Hardcover. 306 pages. $24.95 

The authors of Our Stolen Future im
p l y  t h at a l most every m a n - m ad e  

c h e m i c a l  th reaten s  e n d oc r i n e  ( h o r
monal) systems and functions, but they 
fa i l  to provide any data that could cor
roborate the i r  frighten ing  hypotheses. 
They al lege that "synthetic compounds 
found in  pesticides and i ndustrial chemi
cals may be wreak ing havoc with en
docrine systems, decreasing fert i l ity and 
comprom is ing immune systems in hu
mans, as  wel l  as  in  wi ld l ife." 

" [T] he cause is probably environmen
tal ,"  we are told on page 1 74. But the 
evidence cons ists o n l y  of anecdotes, 
questionable stories, and unsupportable 
hypotheses, which the authors evidently 
hope wi l l  terrify the general publ ic.  

The book has gathered the predictable 
green support for such scare stories, such 
as that of jessica Mathews of the Counci l  
on Foreign Relations. Mathews wrote in  
her Washington Post column March 1 1 , 
1 996:  

"We have been too obsessed with the 
obvious risks of toxic chemicals, cancer 
and b i rth defects . Immune suppression 
a n d  hormone d i s rupt ion ,  i f  p roved, 
could be more dangerous . . . .  Hor
mone disrupters can do their damage in  
i nf in i tes imal  doses, concentrat ions  of  
one part per tr i  I I  ion  . . . .  There a re 
many thousands of pers i stent organ i c  
pol l utants o n  t h e  market, of which 50 
are so far known to be hormone d i s
rupters." 

Mathews contends that these charges 
"wi l l  make earl ier  struggles-over n i 
trates, saccharin, formaldehyde, Times 
Beach, Love Canal, cholesterol, alar, and 
even tobacco, look l ike kids' stuff." 

Who are the authors of Our Stolen Fu-

ture? Dianne Dumanoski is the environ
menta l i st writer for the Boston Globe, 
and is notorious for her statement that 
"There is no such thing as objective re
port i ng, and I 've become even more 
crafty about fi nding the voices to say the 
th ings I think are true. That's my subver
sive mission." 

Another author is Theo Colborn, a se
nior fel low with the World Wild l ife Fund 
and W. Alton jones Foundation, who at
tacks not only pest ic ides, but a l l  other 
synthetic chemicals used in  modern in
dustry, transportation, recreation, food 
and drink containers, and equipment in  
normal offices and households. 

The third author, john Peterson Myers, 
is d i rector of the W. Alton jones Founda
tion, one of the largest providers of envi
ronmental ist grants in  the Un ited States, 
with assets of $ 1 73 mi l l ion.  

Vice President AI Gore added an en
thusiastic introduction to the book, cal l
i n g  i t  a "seq u e l "  to Rachel Carso n ' s  
Silent Spring. Th is may be s o :  Carson's 
book helped ban DDT, causing m i l l ions 
of human deaths to result from uncon
trol led malaria. 

Shrinking Penises 
The authors d iscuss the case of the al

l igators in  Lake Apopka, Fla. where male 
a l l igators "have elevated levels of estro
gen and greatly reduced levels of testos
terone in thei r  blood, ony one fourth the 
level found in  males from the relatively 
uncontaminated Lake Woodruff." Rely
i ng u pon  the work of U n i vers i ty of 
F l o r ida  reprod u ct i ve b i o l og i s t  Lou i s  
Gu i l lette, the authors report that the al l i
gators' penises are "one-thi rd to one-half 
normal size." 

Gui l lette "knew" that these abnormali
ties had to be the result of a major spi l l  
o f  the mitic ide d icofol, on the shore in  
1 980, and he focussed the blame on one 
or more of the D D E- l i ke breakdown 
products of dicofol.  DDE is a breakdown 
product of DDT, and the authors report 
that DDE- l i ke compounds, as a group, 
are the contaminant found in the h ighest 
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concentrat ions  in the  l a ke's  a l l i gator 
eggs. 

(What they don't say, is that the con
cent ra t i o n s  a re n ot m u c h  h ig h e r  i n  
Apopka than in  other lakes.) 

Lake Apopka was a l ready a cesspool 
in the 1 950s, "due to an overdose of cit
rus processing wastes and sewage efflu
e nts" ( Wilderness m agaz i ne,  W i n ter 
1 98 6 ) .  In September 1 9 7 1 , A udubon 
magazine reported the "first known die
off of a l l igators in F lor ida's bad ly  pol
l uted Lake Apopka," when thousands of 
turtles and fish also died. That great die
off was fou nd to be caused by a bac
terium, Aeromonas liquefaciens, that dis
so lves the i nternal  orga n s  of aquat ic 
animals .  

The National Observer reported on 
j u ne 2 1 , 1 9 7 1 : "Today, Apopka i s  a 
fetid, shal low body of water, nearly unfit 
for human use. Human waste is dumped 
i n to the  l a ke from W i nter  Garden ' s  
sewage treatment p lant. Effl uent from a 
citrus processing plant sti l l  goes into the 
lake." 

In  the years of sewage treatment plant 
effl uents being poured into the l ake, it 
was i nev i tab le  that  the b i rth control  
chemical, ethynylestradiol, which is ex
creted i n  u r i ne i n to Wi nter Garden's 
sewage, was entering the lake. Ethynyl
estradiol is hormonal ly effective in hu
mans at concentrat ions  as  low as 0 . 1  
nanogram ( a  nanogram is  a b i l l ionth of a 
gram). It should be expected to have es
trogenic effects on a l l igators as wel l  as 
humans. 

(S i nce Our Stolen Future was pub
l ished, john Sumpter, studying Engl ish 

BOOKS 



r ivers, has come c lose to ident i fy i ng 
ethynylestradiol as an environmental es
trogen affecting the fish there.) 

It is remarkab le  that the authors of 
Our Stolen Future seek to blame traces 
of DOE- l i ke compounds for "femin iz
ing" a l l igators in the l ake, whi le ignoring 
more l ikely causes. 

Chlorine a Villain 
A major fixation of the authors ap

pears to be that ch lorine i s  a vi l lai nous 
chemica l .  To the contrary, Dr. Gordon 
W. Gribble points out that ch lorine is as 
natural to our world as carbon, hydro
gen, or oxygen. Writi ng in the American 
Journal of Public Health ( 1 994), Gribble 
explained that nearly 2,000 chlorinated 
compo\mds were al ready shown to be 
produced in natural environments. That 
i n c l udes  5 m i l l ion  ton s  of c h l o ro
methane produced annually by sources 
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such as decayi ng wood, and 400,000 
tons of ch lorinated phenols arising from 
Swed ish peat bogs. Such "po l lution" ob
viously dwarfs the 26,000 tons emitted 
by human activities! 

Gribble comments that "to conclude 
[as the book does] that a chemical wi l l  
be  toxic, j ust because it contains chlo
rine, is equivalent to bel ieving that m i l k  
wi l l  be  as toxic as  nerve gas, si nce both 
conta in  phosphorus." 

A Preference for Anecdotes 
The main argument of the book rests 

on a stringing together of anecdotal ma
ter ia l s  l i ke the case of super-po l l uted 
Lake Apopka. Extrapolating to the nation 
and the planet, the authors suggest that 
human ity is facing the prospect of major 
endocri ne d isruptions, as witnessed · by 
decades of "p lummeting human sperm 
c o u nts"  a n d  an ep idem i c  of u n de-

scended testic les and shrinking penises. 
What ever happened to the so-cal led 

"popu lat ion explos ion"?  Which way is 
the environmental extremist to turn ? Are 
human beings too riotously ferti le, or is 
their fert i l ity in danger because of traces 
of synthetic chemica ls  in the environ
ment? 

The a l legation of "p lummeting sperm 
counts" is refuted by the experts: 

• Macleod and Wang ( 1 979), wrote 
that there was fIno evidence for a dec l ine 
in sperm count or semen qual ity in U .  S. 
between 1 938 and 1 977." 

• R.J .  Sherins ( 1 995), after a 30-year 
study, con c l u ded "the ava i l ab l e  d ata 
show no dec l ine in  male fert i l ity." 

• Olson et a l .  ( 1 995) detected fIno de
c l ine in sperm counts or semen qual ity 
over the period 1 970 through 1 994." 

• F i sc h  et  a l .  ( 1 9 9 6 )  fou n d  that  
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"sperm counts have actua l ly  increased 
in the last 25 years." 

• Heindel et a l .  ( 1 994) reported that 
"mixtures of fert i l izers and pest ic ides 
that have been suggested to be hormone 
disrupting" were admin istered in  d rink
ing water to rodents, and "even at doses 
up to 1 00 times the average level in con
taminated ground water, there were no 
adverse reproductive or developmental 
effects i n c l u d i ng no red uct ion in the 
sperm counts or male offspring." 

• Dr. Al ice Ottoboni ,  Cal ifornia State 
Toxicologist, carried out feed ing experi
ments on rats and dogs for years and re
ported that "DDT makes animals much 
more ferti Ie than those without D DT" 
(California Health, May 1 972). 

Selective Reporting 
An a rt i c l e  by N i e l s  Ska kkebaek i s  

gleefu l ly  reported in  the book as show
ing that "human sperm counts dec l ined 
by almost 50 percent between 1 938  and 
1 990." Three years later, Olsen et al .  re
vealed that Skakkebaek's treatment of 
stati st ical  data had been i n  error, and 
that the data for 1 970 to 1 990, when re
analyzed, indicated that "sperm counts 
have not dec l i ned, and may have in
creased s l ightly." 

S i n k i ng l ower, the authors say that 
"British researchers report a doubl i ng in  
the numbers of cases of  undescended 
testicles in England and Wales between 
1 962 and 1 98 1 ,  and � i m i l ar i ncreases 
have been reported in  Sweden and Hun
gary," but  they fai l  to mention the find
ing of Berkowitz et a l .  ( 1 993), that "Hos
pital records indicate there has been no 
increase in  the prevalence of this d isor
der in the Un ited States." 

The book proposes that "As human 
exposure to  synthetic estrogens has  in
creased over the past ha l f  centu ry, so 
has the inc idence of prostate cancer," 
but Helzlouser et al. ( 1 995) reported that 
their  results "contradicted the hypothesis 
that exposure to DDT or PCBs causes 
prostate cancer." Potosky et a l .  pointed 
out in 1 995 that "The data indicate the 
recent d ramatic increase in  prostate can
cer is the result of increased screening," 
and Mi l ler et al. concluded in  1 993 that 
"The increase in  prostate cancer death 
rates seems to be due to greater survival 
to old age, where the d i sease i s  more 
prevalent." 

Colborn and her associates seem ea
ger to bel ieve that a l l  organoch lor ine 
compounds can m i mic envi ronmental 

hormones, but they present no proof to 
support such bel iefs. Dr .  Stephen Safe 
( 1 995) tested the effects of organochlo
rine compounds in the average human 
diet, and concluded that "the total estro
genic activity of those compounds is 40-
mi l l ion-fold lower than that from the nat
ural components of vegetables and other 
foods consumed daily." 

An excel lent  rev iew by Dr. Robert 
Golden of Environmental Risk Sciences 
in  Wash i ngton, D.C. ,  ( 1 995 )  su mmed 
up research by numerous tox icologists 
and phys io log ists, showing that D DT, 
DOE, heptachlor, chlordane, and many 
types of PCBs have no sign ificant estro
genic activity. He included data on nat
lIral environmental substances that do 
mimic normal hormones or affect nat
ural hormones in animals .  

Go lden eva l u ated the accu racy of 
c la ims made by environmental activists 
s u c h  as Theo Co l born a n d  h e r  co l 
leagues. H e  points out that estrogens ex
ert their  effects via interactions with spe
c ific receptors, and that "only a sma l l  
fraction of  organochlor ine compounds 
have the necessary chemical structure to 
bind them even weakly with the estro
gen receptors." 

Golden reported that more than 300 
plants, in 1 6  common fami l ies, contain 
estrogens that may bind with the recep
tors of humans or wi ldl ife. Natural ly oc
curring estrogens abound in many cere
als, legumes, fruits, and tubers. The 1 996 
National Academy of Sciences report on 
Endocrine Disrupters in the Natural Envi
ronment l i sts 36  categories of natural  
foodstuffs that conta in  endocr ine d i s
rupters. The authors of Our Stolen Future 
cou ld probably  have developed more 
frightening endocrine d isruption scenar
ios based on healthy human d iets con
tain ing cereals, fruits, and vegetables! 

How do the authors respond to these 
professional stud ies and reports? They 
say, "Some skeptics d i sm iss such con
cerns, argu ing that the hormone effects 
of synthet ic chemicals  are far weaker 
than those of natural hormones and that 
h u m a n s  a re not b e i n g  ex posed to 
enough to pose a hazard." They admit to 
readers that "Often the needed informa
tion simply does not exist or it is unavai l 
able." They d i smiss any evidence that 
does not support their agenda, regardless 
of the potential terrible cost to society of 
pursu ing that agenda. 

The real "stolen futu re" is more l ikely 
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to be represented by the m i l l ions of hu
man l ives that wi l l  be bl ighted as a result 
of books l i ke this that rely on bad sci
e n ce a n d  reve l i n  s c a re - m o n g e r i n g  
rhetoric. 

J. Gordon Edwards, Emeritus Professor 
of Entomology at San jose State Univer
sity in California, has taught biology and 
entomology there for nearly 50 years. He 
is a long-time member of the Sierra Club 
and the Audubon Society and is a fellow 
of the California Academy of Sciences. 
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Wil liam Herschel's 
Heavenly Music-making 
by David Shavi n  

Sir William Herschel: Music by the 
Father of Modern Astronomy: 
First recording of orchestral chamber 
works by the celebrated 1 8th-century 
composer/astronomer 
The Mozart Orchestra, Davis Jerome, con
ductor; Richard Woodhams, oboe soloist 
Newport Classic, 1 995, $1 6.99 

I approached th is un ique CD with both 
delight-for the long-overdue opportu

nity to hear Wil l iam Herschel's composi
tions-and trepidation, in the fear that 
his music would be an embarrassing let
down, compared to h is  scientific work. 

The reader shou ld definitely seek out 
th is  CD with both de l ight  and  conf i
dence.  Hersche l ' s  two oboe concert i  
here (C and E-flat major) reveal that the 
man must have been both an excel lent 
oboist, and a composer with a specia l ly  
fine ear for the use of  woodwind color 
aga i n st a stri ng c h am ber group-i n a 
manner shared and perfected by Mozart 
withi n  the next decade or two. 

W i l l i am Hersche l  composed these 
works in  the 1 760s, having come to Eng
land from Hanover, escaping the turmoil 
of the Seven Years' War. His d iscovery 
of the planet U ranus in 1 78 1 , and h i s  
I ifelong scientific endeavors, reflected 
his conviction that the soul of man was 
to investigate God's creation, to come to 
know his Maker better, and to share i n  
God's love in  that way. 

Early on, Wi l l iam cou l d  contrast the 
lacunae of Newton's theories with the 
more mature approach of Leibniz.  Later, 
Wil l iam ripened h is  education by com
paring John Locke's An Essay Concern
ing Human Understanding with Leibn iz's 
critique thereof. The influence of Sch i l ler 
and Leibniz in  the Herschel household is 
reflected in  his rearing of his astronomer 
son, John, who: 

• led the f i g h t  i n  E n g l a n d  i n  t h e  
1 81 0s, to restore Leibniz's calculus (and 
dump the stultifying Newtonian imposi
tion); 

• translated some works of Sch i l ler  

i n to E n g l i sh ,  not bei ng  sati sfied with 
what was on the market; and 

• fought for a proper, scientific tun ing 
of the musical pitch of middle C at 256 
cycles per second. 

The musical ity, grace, and humor, re
flected in the th i rd Herschel offering on 
the CD, his "Chamber Symphony in  F," 
confirms in  music, what I had suspected 
from anecdotes of his l ife. Even though 
he ground lenses and observed the heav
ens  for hours upon hou rs, l aborious ly 
toi l ing for h is  gen ius, h i s  musical prod
uct seems to be an effortless outflowing 
of the man's human ity. 

One anecdote has Herschel wanting 
to d i rect the city of Bath's musical cu l
ture, instead of merely participating as a 
perform i ng oboist or v io l i n ist .  He de
cided to win the requi red organ compe
tition, though having only a few weeks 
to learn. He persuaded a local organist 
in the town to al low him access to the 
org a n .  A few weeks of appl ied effort 
tuned h i s  powerfu l and wel l-prepared 
mind and personal ity to the task, and he 
won the competit ion over those who 
had spent more time with fewer results. 

Aga in,  having won the pos ition, and 
need ing assistance, he recru ited a sister, 
Caro l i ne, from Hanover, who had been 
left without any formal education, and 
destined to keep house. As a chi ld,  Car
o l ine had helped their  father with the lo
gistics of his viol in  concerts. She claimed 
that, from l i sten ing to his viol in, "1  had 
gained a tolerable execution [in si nging] 
before I knew how to sing." She quickly 
became the lead ing solo singer at Bath, 
and assimi lated runn ing the chorus. 

Before long, Caro l ine  Herschel  a l so 
shared with her brother the grind ing of 
lenses, the extensive calcu lations, and 
the exploration of the heavens. Leibn iz's 
" Ieast action" was more than a principle 
for the Herschels. 

This CD concludes with a fourth offer
ing, Joseph Haydn's Symphony No. 23, 
which was chosen for comparison, hav-

ing been written in 1 764. I t  makes the 
point. As of the 1 760s, Herschel i s  near 
the top of his c lass. One could certa in ly  
wish that  Herschel could have partic i 
pated i n  the revolutionary developments 
engineered by Haydn and Mozart in the 
next two decades. And in  his own extra
musical way, he d id .  

As i t  happens, Herschel  and H aydn 
meet i n  1 792,  d u r i ng Haydn's v is i t  to 
England. Haydn is ins istent that he must 
peer through Hersche l ' s  amaz ing  ma
c h i ne, the large telescope that he con
structed to explore the shape and con
struction of the heavens. It i s  hard to 
i magine that this experience for Haydn 
d id  not shape h is  late work, "The Cre
ation."  

Dr. Davis  Jerome, professor of music 
at Rutgers Un iversity, Camden, N .J ., has 
done the world a favor in  fi na l ly  record
ing these three works of W i l l iam Her
schel . Jerome d raws a tastefu l and en
l i v e n e d  s o u n d  from t h i s  m odest  
ensemble .  The oboe so lo i st, R i c hard 
Woodhams, has found for h i s  l i steners a 
good d e a l  of m u s ic - m a k i n g  i n  H er
schel 's  man uscr ipt. One m ust bel ieve 
that he has come pretty c lose to how 
W i l l iam Herschel heard and performed 
h is  own works. 

A Nuclear Fi lm 
Worth Seeing 
Atoms for Peace 
The New Explorers Series 
Chicago: Public Media Education, 1 996 
(800) 323-4222 
Videotape, 57 minutes, $1 9.95 

So few fi lms even attempt a fair por
trayal of nuclear energy, that a fi lm l ike 
"Atoms for Peace" bowls you over, de
spite its imperfections. Narrated by B i l l  
Kurtis, the host of the New Explorers Se
ries, the fi lm begins with the idea that af
ter 50  years, the atomic  age is f i na l l y  
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Gibson. A book every anti-Green should read. Environmental

ism in context. Sheridan Square paperback, $ 1 6.95 
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o Trashing the Economy-How Runaway Environmental

ism is Wrecking America, by Ron Arnold and Alan Gottlieb. 

Encyclopedia of the movement. Merril Press, $ 19.95 
Nam!.! ________ _ For shipping. add $3.50 for first book 

and $.50 for each additionaJ book. 
For Canada add $7 and $1 .30. Addrcss ________ _ 

o Cloak of Green, by Elaine Dewar. links between the Greens, 

government, and raw materials cartels. Lorimer, $22.95 City _________ _ T olal book price 

Plus shipping 

Va. residclits add 
4.5% sales tax 
Toral enclosed 

o Walking on the Edge-How I InUltrated Earth First! by 

Barry Clausen. Exposes FBI collusion with EF! crimes. Merril 

Press, $ 1 5 .95 

Statc _____ Zip ___ _ 

ready to begin .  The example given is the 
use of a radioactive weapon-to destroy 
a cancerous tumor. 

The fi lm recaps the Manhattan Project 
and the dream of scientists to use atomic 
power for peace: a d ream to save the 
worl d .  The main theme centers on the 
second generation of nuclear scientists, 
l i ke Char les T i l l  at Argonne Nat ional  
Laboratory in  I l l inois, who have pursued 
a quest for a perfect reactor for the past 
three decades. Interwoven with the story 
of the breakthroughs in the development 
of the  I n tegra l  Fast Reactor ( I F R ) ,  a 
breeder reactor developed at Argonne, is 
the news of how the IFR was k i l led polit
ical ly and is now shut down, despite its 
promise. 

There i s  some fasc i nati ng h istor ica l  
fi lm footage. You see Mamie Eisenhower 
launch the Nautilus, the fi rst nuc lea r
powered submarine, in June 1 952 .  You 
see President Eisenhower speaking at the 
Un i ted Nations in 1 953  to launch the 
Atoms for Peace p rogram . Pres ident  
Kennedy is shown at  the Hanford Nu
clear Reservation in  1 963, making a stir
r i n g  c a l l  for use  of l ow-cost ato m i c  

Home phonc _______ _ 
Business phonc ______ _ 

power to "strike a blow for peace . . .  
and a better l ife for a l l  citizens." 

The fi lm  d iscusses in  a l ively fashion 
the technical  problems that were solved 
in the course of the Argonne work on 
the I FR. Then it documents the betrayal 
of the Atoms for Peace dream. It is i n  
the  exp l a n at ion o f  w h y  t h i ngs  went 
wrong that the fi lm  i s  flawed. Author 
Richard Rhodes, for example, treats nu
clear as a "classic tech fad," and attrib
utes its demise to "old-fash ioned eco
nomics." 

In  al l , "Atoms for Peace" is worth see
ing, and is a good fi lm  to put in local l i 
braries and schools. 

-Marjorie Mazel Hecht 

A Timely Guide to Mars 
Strategies for Mars: A Guide to Human 
Exploration 
Carol R. Stoker and Carter Emmart, editors 
San Diego: Univelt Inc., 1 996 
Paperback, 61 9 pages, $33.75 

The American Astronautical Society's 
newly publ ished compi lation of papers 
about the hu man exporat ion of Mars 

could not come at a better t ime: The 
Aug. 7 a n n o u ncement  that scient ists 
have d i scovered what they bel ieve are 
fossi l remains of early l ife on Mars, has 
spu rred i n c reased i n te rest i n  the red 
p lanet. 

The book is ded icated to the late Dr. 
Tom Paine, who was the admin i strator 
of NASA when the U n ited States landed 
men on the Moon, and who continued 
throughout h i s  l i fe to o rgan ize pub l ic  
support for  send ing  h um a n  beings  to 
Mars. The book is i l l ustrated by co-editor 
Carter Emmart, who painted the i l l ustra
tion of a fusion-propelled manned mis
sion to Mars for the premier issue of 2 1 st 
Century in 1 988.  

Chapters inc lude d i scussions of why 
we shou ld  go to Mars, and the trans
portation, l i fe support, and biomed ical 
i ssues i nvolved in gett ing  and stayi ng 
there. One section of the book presents 
concepts for us ing  Mart ian  resou rces, 
and another, the scientific objectives of 
manned exploration. The book includes 
a 1 99 2  presentat ion by D r .  Pai ne on 
Mars colon ization.  

-Marsha Freeman 
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