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EDITORIAL 

Robert J. Moon: 
Scientist for the 21 st Century 

We are currently engaged in a care­
fu l study of a founding document 

in the science of hydrodynamics 
authored by the famous Weber brothers, 
the Wellenlehre auf Experimente 
gegrundet1 (Wave Theory Based on 
Experiment). The content and method of 
this 1 825 work 

'
relate to the central topic 

of this Fall issue in several important and 
interconnected ways, such that a brief 
discussion of the matter may help estab­
l ish in the mind of the reader a better 
appreciation of the sign ificance of the 
l ife and work of our dear friend Robert J .  
Moon ( 1 9 1 1 -1 989). 

It was Moon's emphasis on the work 
of Lou is de Broglie, which, by an indi­
rect route that those fami l iar with the 
subject could easily guess, first led us to 
examine the Weber brothers' work. 
What fi rst fascinated us was the repeat­
ed appearance of phrases such as 
" U nsere Versuche mit  Stimmgabe ln  
scheinen diesem Satze Poisson's zu 
widersprechen" (Our experiments with 
tun ing forks seem to contradict this 
proposition of Poisson). In  the detai led 
Table of Contents, and even more 
del ightfu l ly  so in the text, the phrase 
"the assumption of [-] does not corre­
spond with the resu lts of our experi­
ments" appears again and again-such 
i l l ustrious names as Newton, Euler, 
d' Alembert, Lagrange, Laplace, Savart, 
B iot, Cauchy, and Poisson appearing to 
have been in serious error i n  the 
assumptions on which they based cru­
cial aspects of their mathematical theory 
of waves. 

Blackboard Mathematics 
As we read deeper, it became obvious 

that the the work, apart from being a 
crucial foundation for wave theory, was 
also intended to serve as a refutation of 
the dominance of ivory tower or black­
board mathematical methods, st i l l  
prevalent today i n  the teaching of the 
sciences, mathematical physics in par-
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ticular. The point of the work was pre­
cisely the same as that posed by the 
young Carl Fr iedrich Gauss in h i s 
famous 1 799 paper on the Fundamental 
Theorem of Algebra: Is it possible to 
arrive at a truth concerning man's rela­
tionship to the physical un iverse by 
means of a priori mathematical for­
mal isms of the sort implied i n  Euclid's 
Elements, or in the treatment of the so­
called i maginary number? 

In his youthful 1 799 paper, as in all 
subsequent locations, G auss came 
down. in  no uncertain  terms aga inst 
such a proposition, exposing in particu­
lar the fal se assumptions of Eu ler, 
d' Alembert, and Lagrange. It was thus 
no surprise that the younger of the 
Weber brothers, Wi lhe lm (who was 21 
at the time of publ ication of the work on 
wave theory), was to become the prin­
c ipal assistant to Carl Friedrich Gauss in 
h is groundbreaking researches on elec­
trodynamics and Earth magnetism. For 
Gauss, no mathematical truth were pos­
s ible without a grounding in experi­
ment, a point h is most famous student 
Bernhard R iemann was to elaborate and 
·make expl icit in his famous, and sti l l  
under-appreciated 1 854 Hab i l itation 
Thes is.2 

W ar Agai nst Gauss 
For science, the tragedy of the 1 9th 

Centu ry, a tragedy whose conse­
quences sti l l  haunt us, was that that 
beautiful c lassical trad it ion embodied 
by Gauss, h i s  younger collaborator 
W i l helm Weber, and Be rnhard 
R iemann,  was nasti ly  suppressed by 
an operation run from England by 
such figu res as William Thomson Lord 
Kelv in ,  Ta it, Maxwell, and Rayleigh, 
and supported i n  Germany by figures 
i nc lud ing G rassmann,  Claus ius, and 
Helmholtz. 

Whoever knew Bob Moon was wit­
ness to the fact that, despite all efforts to 
suppress, deny, and coopt, that tradi-
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Franklin's mentor Governor 
james Logan, to the revivers of 
the nearly suppressed Leibniz 
such as Abraham Kastner and 
his circles at Gottingen­
found their disciple in this 
modest, self-effacing, yet 
infectiously passionate devo­
tee of the truth. Let his legacy 
continue. 

-Laurence Hecht 
Notes ----c-------

1 .  Ernst Heinrich arid Wilhelm Eduard 
Weber, Wellenlehre auf Experi­
mente gegrundet (Leipzig, 1 825) 
and Vol. 5 of Wilhelm Weber Werke 
(Berlin, 1 893). 

tion had never died. To be 
around Moon, as one of his 
younger col laborators noted, 
was like being around a mod­
ern-day Benjamin Franklin. 
In Moon one saw embod ied 
the greatest tradition of 
American science, the con­
tinuing legacy of Benjamin 
Franklin as it had been 
passed on through the great­
grandson Alexander Da l las 
Bache, his a l ly joseph Henry 
and the other early leaders of 
the American Association for 
the Advancement of Science. 
Through his teacher William 
Draper Harkins-a protege 
of the semina l  figu re in 

Robert }. Moon, about 7 948, with the vacuum furnace he 
used in constructing the world's first scanning X-ray device. 

2. ''The question of the validity of the 
postulates of geometry in the indef­
initely small is involved in the ques­
tion concerning the ultimate basis 

German chemistry, Fritz H aber, when 
studying abroad in his pre-World War I 
youth-and through Moon's own close 
ongoing friendship with Gottingen's 
james Franck, came the direct line of 

connection to continental science. 
Together these interwoven tradi­

tions-the American and the continen­
tal, from such collaborators of Gottfried 
Leibniz in the Pennsylvania colony as 

of relations of size in space . . . . A decision upon 
these question can be found only by starting 
from the structure of phenomena that has been 
approved in experience hitherto . . . .  " "On the 
Hypotheses which Lie at the Foundations of 
Geometry," A Source Book in Mathematics (New 
York: Dover. 1 959) pp. 424-25. 

LaRouche on Honoring Moon's Scientific Work 
Remarks of Lyndon H. LaRouche, Jr. 

to a meeting of his associates, Oct. 4, 
7997. 

[B]eginning about 1 986, at the time 
we had these sessions at Ibykus 
[Farm], it suddenly clicked in Bob 
Moon's mind, with help of the discus­
sions he had with Larry Hecht at the 
time, that my scientific work was 
extremely important. Now, Moon had 
been interested in scientific discus­
sions with me in 1 975, about 1 0  years 
earlier. But, under the influence of 
some of my associates, for example, 
had been discouraged from fol lowing 
my scientific work-namely, Steve 
Bardwell ,  and that crowd and so forth 
had discouraged him. And suddenly, 
he realized, when I was using these 
Riemannian spherical projections, he 
realized, when I was describing this 
for economics, that I was right. . . .  

Now, Moon had first presented this 
Ampere concept to me, back in '75 .  It 
happened shortly fol lowing the meet­
ing we had at the Tudor Hotel com­
plex, the first meeting which founded 
the (later) Fusion Energy Foundation .  

EDITORIAL 

And, Moon came over to discuss a 
problem which I had raised, and 
which he was concerned about, 
which we discussed heavily, in the 
context of that Tudor meeting. That 
was the fact that the argument on 
fusion, fusion energy, was the problem 
of the so-cal led Coulomb force-that 
is, that there are forces of repu lsion of 
like charges, which these foolish peo­
ple, with their linearization in the 
sma l l ,  had extended into a region, 
within (that is, smal ler than) the first 
electron orbit. Which is absurd. And, 
we said, this is pure speculation, 
based on linearization in the sma l l .  
There's no reason to assume this. 

The Ampere Fo rce 
So, Moon's response was, when he 

came to visit me, over in Washington 
Heights, was to say, "Look. Look at the 
Ampere principle. Look what Maxwell 
did." And he laid out, very quickly, the 
longitudinal force case, which we might 
call, alternately, the angular force­
another way of looking at it; laid it out, 
and repeated that to a number of people 
who came to a meeting at that time. So, 
back in the mid-1 980s, he and Larry 

went to work in this direction, and Larry 
recalled that, at the summer camp, that 
what Moon emphasized to the children 
was this Ampere experiment, the sole­
noid experiment, which is a key to 
breaking into this area; a way of looking 
at physics from the standpoint of 
Ampere, rather than alternatives. 

So, it seemed to me, in light of a l l  
these related things . . .  I said, "Wait 
a minute ."  What we're dealing with, 
Larry's impulses-and my own con­
verging impu lses on this question of 
the whole catenoid functions, or the 
hypergeometric functions, which I 've 
been obsessed with for some time, 
and for a while, Chuck Stevens was 
heavily involved in that. This is a l l  
t he  work of  Bob  Moon, in  the sense 
that, not that it was a l l  original to 
him; but Bob Moon was the person 
among us, deceased in '89, a high ly 
distinguished figure of American 20th 
Centu ry science, who we m ust 
honor. Because, by honoring him, 
we are honoring, mora l ly  an  indebt­
edness to ideas, and to the people 
who play a leading role in fostering 
their development. 
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NEWS BRIEFS 

General Atomics 

The Maglev test vehicle, now in final 
preparation at General Atomics in San 
Diego, with Bob Baldi (left) and Sam 
Gurol, program manager. 

Fusion energy "Senior Statesman" Dr. 
Stephen Dean, president of Fusion 
Power Associates, speaking here at a 
1999 meeting in Washington, D.C. 
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GENER AL AT OMICS AN D LIVER MORE W IN AWAR D FOR MAGLEV W OR K  
The Inductrack Magnetic Levitation System, invented at Lawrence Livermore 

National Laboratory and under development by General Atomics in San Diego, won 
an award in September from R&D magazine as one of the top 1 00 technological ly 
sign ificant new products. A 400-foot long test track is nearing completion at General 
Atomics, with a fu l l-sized vehicle chassis and associated power and control systems. 

The Inductrack uses un-powered arrays of permanent magnets beneath the vehi­
cle. When the train is in motion, the magnetic field from the permanent magnets 
generates levitation by i nteraction with a track made up of conductors. The maglev 
system is being developed as part of the U rban Magnetic Levitation Transit 
Technology Development Program. 

U. S. AID QU IBBLES ABOUT D DT, W H I LE MI LLION S  D IE OF MALAR IA 
Anne Peterson, the physician who is assistant admin istrator of the Bureau for 

Global Health of the U .5. Agency for I nternational Development, testified before the 
House International Relations Committee, Sept. 1 4, that "Contrary to popular  belief, 
U .S.  AID does not ban the use of DDT i n  its malaria control programs." But the rest 
of her remarks made it clear why "popu lar bel ief" is that D DT is banned by the U .S. 
agency. 

The USAID, she said, has judged it "more cost-effective and appropriate to put U.S. 
government funds into other malaria control activities." The prevention activity of 
choice is " Insecticide Treated Nets," which she notes are used by only 2 percent of 
African chi ldren. Is it any wonder that malaria incidence has increased during the 
USAID "partnered" Rol l-Back Malaria campaign ? Malaria is the third largest k i l ler dis­
ease, but it is more common than AIDS and TB; 500 m i l l ion persons annual ly are 
affl icted with acute malaria, and one ch i ld d ies of malaria every 30 seconds in Africa. 

N IGER IA LAUN C HE S  ITS FIRST NU C LE AR RE SEAR C H  RE ACT OR 
N igeria launched its first nuclear reactor for scientific research Sept. 30, at 

Ahmadu Bello Un iversity in Zaria, northern N igeria. The reactor was bui l t  by the 
Center for Energy Research and Tra in ing at the U n iversity, with technical assistance 
from the International Atomic Energy Agency. The research reactor wi l l  be used for 
measuring elements in the soi l, m ineral identification, petroleum exploration, and 
isotope production for medical use. 

DR. STE P HEN DE AN RECE IVE S  ' SEN I OR FU SION STATESMAN' AWAR D 
Dr. Stephen Dean, the president o.f Fusion Power Associates, received the "Senior 

Statesman of the Fusion Program Award," at a meeting on the Technology of Fusion 
Energy, sponsored by the American Nuclear Society Sept. 1 4-1 6. The award recog­
n ized Dean's many years of contributions to nuclear fusion power, citi ng, i n  partic­
u lar, Dean's "stimulating the development of you ng scientists; mainta in ing a focus 
on the end product of fusion; keeping industry and uti l ities involved; and providing 
a platform for policy discussions." I n  the 1 970s, Dean was senior manager of the 
U .S .  magnetic fusion program. In 1 979, he founded Fusion Power Associates as a 
way of bringing electric uti l ities and industry into an expanded fusion effort-which, 
at that time, was on the road to developing an engineering test reactor and then a 
fu l l-scale demonstration reactor, to open the age of un l im ited energy. 

Dean reviewed the history of the U .S.  fusion program at the meeting, noting that 
in 1 976, the predecessor agency to today's Department of Energy publ ished "a 
detai led fusion program plan, suggesting that, if a sequence of advanced test fac i l i­
ties were constructed in a timely fash ion, fusion electricity could be on the [electric] 
grid in a Demonstration Power Plant by the year 2000 . . . .  This plan was codified 
by Congress in the Magnetic Fusion Energy Engineering Act of 1 980, signed by 
President Carter on Oct. 7, 1 980." But, the Act was never funded at the level nec­
essary to meet its goals. 
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DOE AWAR D S  FABR ICAT ION C ONTRAC T S  FOR PR IN CE T ON STE LLARAT OR 
The Department of Energy awarded two subcontracts for the fabrication of the 

vacuum chamber and the winding forms for the fusion power research project 
known as the National Compact Ste l larator Experiment (NCSX), which is under con­
struction at the Princeton Plasma Physics Laboratory. The $86.3 mi l l ion project is 
scheduled to begin operation in 2008. A team led by Energy Industries of Oh io, Inc. 
wi l l  manufacture the winding forms upon which the stel larator's modular electro­
magnetic coi ls  wi l l  be mounted . The forms have to support electromagnetic loads in  
the range of 7,000 pounds per inch. Major Tool  and Mach ine, Inc. of  Indianapol is 
wi l l  bui ld the 25,OOO-pound vacuum chamber. It w i l l  be made of Inconel 625, an 
al loy that has h igh electrical resistivity. The NCSX is a smal ler size than trad itional 
stel larators, and wi l l  combine the best features of a stel larator and a tokamak. 

The NCSX is a joint project of the Princeton lab and the Oak Ridge National 
Laboratory. An Oak Ridge team designed the magnetic field coi l  system, which 
shapes the plasma, and the vacuum vessel ,  which contains it. 

C H INA DE MON STRATE S I T S  H IG H-TE MPERATURE REAC T OR SE PT. 30 
China hosted 60 atomic energy experts from 30 countries at a demonstration of the 

safety of its new high-temperature gas-cooled reactor, which was designed by Tsinghua 
University in Beijing. The nuclear experts watched as the reactor cooled down on its 
own after its control rods were withdrawn. The HTGR was connected to the power 
grid in 2003, and a larger 1 60-MW HTGR is expected to come on l ine in 201 0. 

GER MANY FACE S AN ERA OF BLAC K- OU T S, W IT H OUT NE W NUC LEAR P LAN T S  
Unless there are massive investments i n  power production and power grids, and a 

return to nuclear technologies, Germany wi l l  face an era of black-outs. This was the 
main conclusion of a press conference by the federal association of the German elec­
trical engineering sector, ZVEI, in Mannheim in September. ZVEI board member 
Joachim Schneider noted, that since the l i beralization of the German energy sector i n  
1 998, investments into power plants have crashed by 45  percent and investments into 
power grids by 30 percent. The mounting investment backlog is a l l  the more danger­
ous because rising numbers of intri nsically unrel iable windmi l ls require ever more 
traditional power capacities to be held in reserve. The l iberalization has also led to a 
sharp rise in the power trade, which put an additional burden on power grids. Much 
of the grid infrastructure is now more than 50 years old and has to be replaced soon. 

NEW STU DY SAYS ' IT'S SAFE T O  E AT FISH' 
The Center for Science & Public Pol icy (www.scienceandpol icy.org) released a 

study Sept. 28, which concludes that there is no scientific evidence to support claims 
that eating ocean fish wil l expose pregnant women and infants to health risks, and 
that there is a greater health risk in  avoiding fish than in  consuming it. The 
Environmental Protection Agency's recommended consumption level is largely based 
on a flawed study of Faroe Islands ch i ld ren, the report says, and it is l i kely that deep 
ocean vents are the dominant source of the trace methyl-mercury that has historically 
bio-accumulated in ocean fish, not mercury emissions from coal-fired plants. 

100 NUC LEAR POWER STAT ION S- OR 1 00,000 W IN D MIL LS FOR HYDR OGEN? 
A report on the Arithmetic of Renewable Energy, by researchers at Warwick 

Un iversity in  England, calculated that if B ritain were to switch from petroleum to 
hydrogen fuel for motor vehicles, it would have to build 1 00 nuclear power plants or 
1 00,000 wind turbines to produce the hydrogen. As reported in the London Guardian, 
Oct. 7, the researchers themselves were startled by their study results. "The enormity 
of the green chal lenge is not understood," said energy consultant J im Oswald. The 
1 00,000 windmi l l s  would cover a land mass the size of Wales, if onshore, or would 
form a six-mi le-deep strip circl ing the coast of the British Isles, the Warwick study said. 

Courtesy of Oak Ridge National Laboratory 

The prototype form around which the 
magnetic field coils will be wound. The 
twisted donut shape was designed to 
help prevent plasma disruption, sustain 
longer fusion reactions, and confine the 
plasma so that it does not lose energy. 
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IN MEMORIAM 

DDT Champion Gordon Edwards (1919-2004) 
Entomologist J. Gordon Edwards, a 

champion of D DT, d ied Ju ly 1 9, 
2004, of a heart attack whi le moun­
tain  cl imbing in G lacier National Park 
in Montana. Dr. Edwards, who was a 
few days short of his 85th bi rthday, 
was a professor emeritus at San Jose 
State U n iversity in Cal iforn ia  and sti l l  
active in  the fight to tel l  the truth 
about DDT and other environmental 
issues. Edwards became famous for 
eating a big spoonfu l of D DT at the 
start of each semester's entomology 
classes, just to prove that the pesticide 
was not harmful to humans. 

Edwards was a traditional natural ist 
and birdwatcher, who had looked for­
ward to reading Rachel Carson's Silent 
Spring i n  1 962, but noticed some things 
in her book that didn't seem quite right 
to him. As he described it: "As I neared 
the middle of the book, the feel ing grew 
in my mind that Rachel Carson was 
real ly playing loose with the facts and 
was also del iberately wording many 
sentences in such a way as to make 
them imply certain  things without actu­
ally saying them. She was careful ly 
omitting everything that fai led to sup­
port her thesis that pesticides were bad, 
that industry was bad, and that any sci­
entists who did not support her views 
were bad." Edwards then began to 
check Carson's references, and found 
that she l ied about the results of the 
research studies she reported ! 

To give one example, Carson reported 
on a study that found that pheasants fed 
DDT hatched fewer eggs than a control 
group, and their chicks didn't survive. 
Actually, the DDT pheasants hatched 
80.6 percent of their eggs, while the 
controls hatched only 57.4 percent of 
their eggs. After eight weeks, the DDT­
fed pheasant chicks had a 93.3 percent 
survival rate, whi le the control chicks 
had only an 89.7 percent survival .  

Fighting for Truth in Sc ience 
Edwards's experience documenting 

the l ies of "Si lent Spring" turned into a 
commitment to give the public the 
truth about pesticides and the environ­
ment. He was prompted to turn h is 

Stuart LewisiEIRNS . 

notes on "Si lent Spring" i nto an arti- . 
cle, when he learned in 1 992 that a 
movie honoring Carson was being 
produced for TV. Edwards d id not 
want Carson's l ies, which he stated 
were responsible for the deaths of mi l ­
l ions of  people, to go unchal lenged. 

Several of his articles have appeared 
in 2 1st Century and LaRouche publ i­
cations over the years. H is article; "The 
Lies of Rachel Carson," appeared in 
the summer 1 992 issue of 2 1  st Century 
and is on the magazine website. 

Edwards continued to battle tireless­
ly for the truth about DDT, and testified 
against the efforts to ban it in state and 
national hearings. When Wi l l iam 
Ruckelshaus, admin istrator of the 
Environmental Protection Agency in 
1 972, decided to ban DDT despite the 
official decision of an EPA Hearing 
Examiner not to ban it, after seven 
months of hearings, Edwards contin­
ued to expose the unscientific, pol iti­
cal motivation for the ban. He estimat­
ed a decade later, in an interview with 
this author, that the u.s. ban on DDT 
was d i rectly and indirectly responsible 
for the deaths of 1 00 mi l l ion persons a 
year-most of them in Africa. 

When Edwards and other scientists 
(Tom Jukes, Bob White-Stevens, Donald 
Spencer, and Nobel Prize recipient 
Normal Borlaug) were l ibelled by The 
New York Times on Aug. 1 4, 1 972 as 
"paid scientist spokesmen," they sued 
for libel and won in a jury trial .  

The Times was furious at its loss, 
and appealed the case, which went 
before a Circuit Court appeals panel 
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headed by J udge I rving Kaufman, a 
close friend of the Times publ isher. 
Kaufman, the same judge who had 
sent the Rosenbergs to the electric 
chair, ruled in favor of the Times. 
Kaufman's decis ion stated : 

"To cal l  the appel lees, al l  of whom 
were university professors, paid l iars 
clearly involves defamation that far 
exceeds the bounds of the prior contro­
versy. No allegation could be better cal­
culated to ruin'an academic reputation. 
And to say a scientist is paid to l ie 
impl ies corruption . . . .  Such a statement 
requires a factual basis, and no one con­
tends there was any serious basis for 
such a statement in this case . . . .  

" [ I l t  is  unfortunate that the exercise 
of l iberties so precious as freedom of 
speech and of the press may some­
times do harm that the state is power­
less to recompense : but this is the 
price that must be paid for the blessing 
of a democratic way of l ife." 

A Wor ld-Renowned Entomo lo gist 
Edwards trained generations of ento­

mologists in tel l ing the truth, and many 
of them gathered to honor h im at h is  
70th birthday. But as science became 
more and more green, the B iology and 
Entomology Departments at San Jose 
State tried to edge Edwards out. He pre­
vailed, however-although i n  a smal ler 
office space. The U n iversity dedicated 
its entomology museum as the J .  Gordon 
Edwards Museum of Entomology in his 
honor in  1 990. It houses more than a 
m i l l ion insect specimens, i ncluding 
Edwards's private col lection from around 
the world. But Edwards was forced to 
take home h is voluminous files on DDT, 
pesticides, and environmental ists. 

Edwards was known worldwide as 
an entomologist-and revered as a 
mountaineer. H is  book A Climber's 
Guide to Glacier National Park, was 
publ ished in 1 961  and reprinted and 
updated many times. Edwards spent 
n ine years as a park ranger/naturalist 
in  G lacier, starting in 1 947, and he 
returned there almost every summer to 
h ike with h i s  fami ly. He was known at 

Continued on page 7 
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Letters 
A Confederate Questions 

The American System 
To the Edito r: 
Mr. I rwin's premise i n  h i s  article 

["From Lincoln to LaRouche's Eurasian 
Land-Bridge: On the Implementation of 
Technology," Summer 200'4, p. 1 4] is 
overal l  sound. That is, governments are 
there to lead the people in economics by 
in itiating pol icies that wi l l  enhance eco­
nomic growth. How? Main ly by getting 
the hell out of the way of private enter­
prise and protecting personal property. 

However, there are some h istorical 
points in his paper that are taken d i rect­
ly from the dumbed-down school books 
of the publ ic i ndoctrination centers. This 
I f ind d istastefu l .  2 7 st Century supports 
the rejection of the Status Quo i n  sci­
ence; wel l, now its time to do the same 
with h istory. 

Mr. Irwin states: " Because of Lincoln, 
both Northerners and Southerners had pro­
ductive jobs to come home to after the 
civil war . . . .  " What? . .  Oh, by the way, 
90'% of the Civil War took place IN  the 
South. That is why the war in the South is 
called . . .  "The War of the Northern 
Aggression." Leaving nothing but ruins for 
those that did survive. Did the Northern 
industry suffer any war damage? No! Those 
southern survivors then where sucked dry 
of anything they sti l l  had of value by the 
"Carpet Baggers," who operated with the 
ful l  blessing of Lincoln Administration . . . .  

Mr. Irwin states, "Lincol n  inherited the 
Civil War." This is pure Bovine Scatology. 
L incoln created it. This  is common 
knowledge amongst those that do not 
support the Northern revisionist history . . . .  

Mr. Irwin stated, Lincoln wanted to 
implement industry in  the South. He did 
this by dispossessing the Southerners of al l 
of their property, not just the Negroes . . . .  

As written in the revision ist history, 
Lincol n  was a "nobody that after a short 
term i n  Congress just walked into the 
White House" (Where he set up  his own 
form of tyranny). Wel l , bel ieve that if 
you wish. I find it hard to swal low. He 
had to have pol itical power supporting 

LETIERS 

th is to pu II it· off . . . .  
What real ly bothers me about the 

whole transnational railway is that it is 
obsolete even before it gets the first rai l  
road spike. Why are we sti l l  stuck using 
technology that glues us to the ground? 
Cars and trains, regardless of what powers 
them or how fast they go, is 1 8DDs tech­
nology. When wil l  we grow up? When 
wil l  we stop paving ti l lable earth to make 
roads and rai lways? . .  When wil l  we use 
some form of anti-gravity vehicles? 

Wes Gordo n 
Tulsa, Ok la. 

The Author Replies 
Mr. Gordon: I want you to know fi rst, 

and foremost, you have my personal 
assurance that the Larouche Youth 
Movement will not a l low any slaves on 
Mars once we colonize it. 

Space travel may be a l ittle emotion­
a l ly  uncomfortable at first for those 
accustomed to the "Southern agrarian 
l ifestyle," but I assure you again, an 
ongoing process of technological devel­
opment guided by a mission orientation 
for d iscoveries, is much more fun than 
sitting on one's porch, sippin' a cool 
glass of lemonade, watching someone 
else "ti l l  the soiL" Human beings, with 
creative m inds, who happen to have a 
darker skin color than your own, wou ld 
appreciate a pol icy for bui ld ing 50'0'­
mph "anti-gravity" mag-lev trains, new 
water 'i rrigation projects, and beautiful 
new cities, even after being offered the 
anti-American alternative of pickin' cot­
ton in Oklahoma in l DD-degree heat. 

A Southern economy based on 
exploitation of human "property" was 
doomed to col lapse, just as the Anglo­
American Imperial, Free Trade system of 
"World Government" is col lapsing in 
front of your eyes, as wel l  as mine, today. 
Only a policy of physical transformation 
of the biosphere, in which we l ive, with 
continuous advancements in  technolo­
gies, w i l l  susta in higher qual i ties of 
human l ife for generations to come. 

Such was the concept of Leibn iz, pro­
c la im ing  "pursuit  of happi ness," as 
opposed to the slaveholder's notion of 
"property," being the natural ordering of 
God's U n iverse. Such was the notion of 
Martin Luther King's "I Have a Dream" and 
"I've Been to the Mountaintop" speeches. 
Lincoln's intent fel l  in l ine, accordingly. 

As Lincol n  once said, if you have the 
right to enslave a man because he's got 
darker ski n  than your own, what's to keep 
a l ighter skinned man than yourself from 
doing the same to you? Al l  human beings 
can love the human mind, through the 
process of unfolding their own m ind, 
through the implementation of their own 
creative d iscovery, as an active force on 
the U niverse. Many Southern ideologues, 
environmental ists, and others, wi l lfu l ly 
choose not to take this role i n  the 
U n iverse, never daring to raise a creative, 
industrial finger to transform the "natural" 
state of things i nto somethi ng more effi­
cient, better, more human. 

L i ncoln was no such man. Neither is 
Lyndon LaRouche, today. 

Wesley Irwin 
LaRouche Youth Move me nt 

Correction 

Two editorial errors were introduced 
into the article by Wesley Dean Irwin, 
"From Lincoln to LaRouche's Land-Bridge: 
On the Implementation of Technology," in 
the Summer 20'0'4 issue. First, on p. 1 5, a 
Fourth of july, 1 828, speech on subduing 
the Earth with " internal improvements" 
was attributed to L incoln, instead of to 
john Quincy Adams. 

Second, on p. 1 7, L incoln's commit­
ment to the idea of rai l road develop­
ment dates to the 1 830's, not the 1 820's. 

In Memoriam 
Continued from page 6 
G lacier as the "patron saint of h iking." 

Edwards was a member of the Sierra 
Club and Audubon Society, a l ifetime fel­
low of the Cal ifornia Academy of Sciences, 
and a member of the exclusive Explorers' 
Club in New York. He wrote ornithological 
articles published by the Audubon Society, 
and documented how u.s. bird popula­
tions, including bald eagles, peregrine fal­
cons, and other eco-favorites, had 
increased in the years of heavy DDT use. 

His first mountaineer training came in  
the u.s. Army in  World War Ii, and he 
cl imbed mountains worldwide, including 
the Matterhorn (at 76). 

He is survived by h is wife, Al ice, and 
h is daughter, jane. His unfa i l i ng  good 
nature and voice of reason i n  a t ime of 
eco-pessimism wi l l  be missed. 

-Marjorie Maze! Hecht 
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A previously unpublished transcript of a presentation by Dr. 
Robert). Moon, Jr., Sept. 4, 7 987, in Leesburg, Virginia. 

Dr. Moon was introduced by Laurence Hecht, saying, "/ 
asked Dr. Moon to give two lectures on the development of 
his model. The question I asked him to address tonight is: 
'How did he do it?' " 

* * * 

This goes back a long ways, as anyth ing of this sort does 
for a l l  of us. I was born into th is world. It is an exciting 
world; it's a world in which there are many chal lenges. 

So, I was born some time ago: Feb. 1 4, 1 9 1 1 ,  when Halley's 
comet was about, and my mother says she showed it to me. I 
don't remember it, but I did see it this last time out at the farm 
[near Leesburg, Va. ] ,  with the 8-inch telescope, and I watched 
it for hours. It was very intriguing, indeed. 

. 

8 Fal l 2004 21st CENTURY 

Wel l ,  now this whole thing begins, I shou ld say, with this 
sort of th ing. All the way through I've been runn ing into vari­
ous things that are exciting, exciti ng things to do as you grow 
up. Even as a youth, I had qu ite a few exciting things to do. We 
l ived out in the country. We had four  cars; there were 1 0  acres. 
We had a pig apiece and a cow apiece, each one of us four 
boys. That may not sound so exciting, but you had to mi lk  
them morning and n ight, by  hand, separate the cream. But we 
did it. That was back in the days when you cou ld put the 
cream in a can, about 600 feet from the house, on the road. 
They wou ld come by and pick up the cream-the creamery 
would-and bring the can back. But, no one would steal it. It 
was very interesting. Right up there on the road, a nice five­
gal lon can of cream-good cream-it was from Jersey cows. 
Then, of course, we had the job of separating the cream, and 
that was all done by hand, with a De Laval separator. 



Robert J. Moon 
On How He Conceived 
His Nuclear Model 

So these are the the sort of things that I grew up 
with . We had automobi les to repa ir; batteries to 
rebui ld;  generators to rewind; and, a lathe to do 
some wood turning, because there were a lot of 
trees on the farm and we would cut them down 
and turn them into lamps and things l i ke that. So 
a l l  of these things were a lot of fun .  

How Does a Transformer Work? 
And one of the mysteries to me, was the thing 

that real ly makes electricity possible today, and 
that was Faraday's law of induction. That was a 
question, if you have a transformer-did any of 
you th ink about a transformer? How does a trans­
former work? How do you go from 1 1 0  volts 
down to 6 volts, for example, of alternating cur-
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Diagram of a simple transformer, showing an iron core with 
two coils. The ratio of the turns of the coils gives the increase 
of the voltage. 
Source: Chester l. Dawes, A Course in Electrical Engineering, Vol.  II (New 
York: McGraw·Hili Book Company, Inc., 1 928. 

rent? Wel l ,  that was the question I tried to answer [Iaughsl . I 
tried to figure out a bunch of relays, first. And then I fi nal ly 
discovered that you had such a thing as impedance-reactive 
impedance-which didn't use any energy. So, the current 
could go through the reactive impedance, which was the coi l ,  
around an iron core, and outside that was a coi l  with fewer 
turns. And the ratio of the turns gave the reduction of the volt­
age, the ratio of the voltage. So that if you were going from 
1 20 volts down to 6 volts, that wou ld be a ratio of what, 20? 
So one-20th the turns, bl)t a larger wire. Wel l ,  th is thing cou ld 
be turned on all the time, and it didn't use any energy, except 
when you pushed the doorbel l  button. 

So then I-wel l ,  from this you begin bu i ld ing transformers. 
It's a lot of fu n to bui ld transformers. I bu i lt one for a lead­
burn ing outfit, in order to repair storage batteries. You had to 
get a very high current and a low voltage. Anyway, so these 
are some of things-I th ink you run into s imi lar  th ings, all of 
you . I don't mean to say that I am any exception. I just hap­
pened to run into these things, and they were a l l  very excit­
ing. Electricity was taking the p lace of gas, and gas l ights, 
and also the carbon l ight began to disappear, and the incan­
descent fi lament began to take place. Automobiles began to 
come. 

We had an old 1 9 1 6  Overland. That was another thing. 
Anyway, I had the problem of repairing it in  the middle of the 
Jordan River-really a creek. You didn't have bridges then, 
you just ran through the gravel .  And it stopped . The car 
stopped, and so my father went to 
get some help somewhere [ laughs] , 
to find a farmer with a telephone. 
You know, there weren't too many 
telephones, and so [ l aughter], before 
he got back, I decided that I had bet­
ter look into it. So I began to analyze 
it. 

Wel l ,  these are th ings a l l  of you 
do. You probably analyze problems. 
So I analyzed it, and turned the 
head l ights on and found that there 
were no l ights. So I decided it must 
be electrical. I began to explore and 

nections was loose. I cleaned it up and put it back on, 
and the l ights went on. Then my father came back. He 
hadn't found a telephone, so I said "Wel l ,  I th ink the car 
wi l l  go." And it did.  

Question: How old were you then? 
I was about five years old [ Iaughterl . 
So, anyway, these are the things that run across our 

paths. There are chal lenges. We are are born into a 
changing world because as we know now, we can have 
so many people in this world. And, we got away from 
the idea of l iving on a farm, and relying on the weather 
to produce the food and a l l .  And you didn't know 
whether you were going to starve, or have an abun­
dance. And then the city carrie a long-and Lyn 
[LaRouchel has emphasized th is too-that a man, work­
ing in the city, with ideas, cou ld produce things that 

wou ld help increase the farm production. And I th ink we're 
sti l l  in that same period today. We have made a lot of tractors, 
haven't we? But it seems, somehow, we're not making many 
tractors, today. And yet we need farming. So I don't th ink we 
wou ld want the popu lation to be cut down, do we? But, it 
looks as though some people may have that idea. 

So, anyway, I went to col lege in my home town. It was very 
interesti .ng, because I was able to do a lot of th ings. And I th ink 
many of you cou ld do the same th ing too, even in today's col­
leges. If  you ask the head of the physics department or a chem­
istry department or biochemistry department, or what not, to 
do a few l ittle extra experiments, on your  own, and particu­
larly with a lot of equ ipment that hasn't been used. Try that! 
Anyway, that's what I was permitted to do. A lot of beautiful 
equ ipment was just in the physics storeroom, and that was a 
great thing for me. Luckily, the laboratory space in the after­
noon was a l l  mine, and I cou ld use any of that equipment, and 
do any of the experiments that I read about. So it was a lot of 
fun. 

And, these are things that I th ink that come to us. And you 
see these-I'm talking about the '20s now-I graduated in 
1 930 from col lege. But, the th ings that were going on, that 
made it exciting, were very much connected with fusion. They 
were talking about the mi l lennium coming-that's a thousand 
years of peace and prosperity, in which there won't be any 
deaths or sicknesses and so on. They were tal king about that, 
and I began to wonder about the energy for the mi l lennium. 

found that one of the battery con� A 1916 Overland from the company sales brochure, at a price of $615. 
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They knew about the heat of the stars at that time, in spite 
of the fact that we hadn't gone so far in physics with it. The 
chemists had gone far enough. They had determined, just from 
the molecular weights of hydrogen and hel ium, they knew that 
if four hydrogens went together to make hel ium that you get­
there's qu ite an excessive mass there-and that would go to 
make energy, and that was the heat of the stars. And this was 
also shown by the astronomers, who found that the old stars 
had a lot of hel ium and l ittle hydrogen, and the young stars 
had a lot of hydrogen and l ittle hel ium. So, therefore, the 
process was hydrogen going to hel ium; was a nuclear process. 
And that's what our Sun is and was-I guess it was from the 
very beginn ing. But that immediately suggested fusion. And I 
guess that's been one of the big cal l i ngs that I seemed to have 
to do. 

Wel l ,  then there were a lot of things that happened. I went 
up to the U n iversity of Ch icago. And, I don't know: Did many 
of you go to col lege, without [applying by letter)? Some of the 
people I know, write th ree or four  col leges, to get admitted. 
And then [laughs], they're admitted to maybe two or three of 
them, and then they fina l ly decide where to go. But then, it 
was a much simpler process. I began read ing the l i teratu re­
and if you read the l iterature, you find where the 
work's being done, in which you're interested. And 
so, the reason I chose the Un iversity of Ch icago,. 
was that this Professor [Wi l l iam DraperJ Harkins 
there, had publ ished qu ite a bit on the neutron­
they didn't call it the neutron then. But in  1 9 1 7, he 
wrote a whole series of papers [on the neutronJ-1 
have practical ly a l l  of h is  papers. 

Waves and Particles 
So you have a l l  of this excitement about a particle being a 

wave, not only a wave can be a particle, because the photo­
electric effect (how E is equal to hv-how a certain frequency 
can hit a metal, for example, and eject an electron, and that 
the E was equal to hv, the energy of the electron minus the 
contact potential of the meta l ) .  

So, there was that, and then there was the Franck and Hertz 
experiment, which had been done i n  Germany. I got to work 
on that as a pastime, where you had the mercury vapor, and 
here is an electrode-here is a cathode emitti ng electrons­
and the electron is being accelerated, and it fal l s  through this 
electric field, which is rather u n iform. It gains energy l i nearly, 
and when it gets up to a certai n  voltage, there are two th ings 
you notice: There is a sudden drop in the current col lected; 
there is also a l ight emitted. And that l ight is the beautiful res­
onance l i ne, the 2,537 l ine of mercury (2,537 angstroms or 
.2537 microns). It is a very intense l i ne. You ought to look it 
up in your spectrographic table, and you wi l l  see how intense 
it is-about 20,000. 

And, that immediately showed, you've connected that fre­
quency with the energy that the electron had, and it very 

And so that led me to the U n iversity of Ch icago, 
and then to come in, and say to the Physics 
Department: "Here I am." Because Harkins was a 
physical chemist. And here I was with a design for 
an experimental fusion experiment: B ring protons 
in;  bring electrons in th is way; pulse a magnetic 
field, and condense the electrons on the protons, 
and get heli um, probably. That was the experiment 
I had wanted to do for my doctorate. But, Physics 
said, "Oh, no! Rutherford says that there isn't any 
more to be learned about nuclear physics" [ laugh­
ter] . So, as far as Physics was concerned, it turned 
out that I was the th i rd person to be turned down 

University of Chicago Physical Chemistry Professor William Draper 
Harkins and his wife, holding the Moons' first child, Mary Elizabeth. 
They were her godparents. 

l ike that. The fi rst two were Robert Mu l l i ken in 1 920, and then 
Sam All ison in 1 925 .  And here I came along in 1 930 and I get 
the same response. So they were pretty wel l ,  they were fairly 
certain  about Rutherford's edict. 

Anyway, Harkins took me right away. We started bui lding 
equipment. I wanted to do the. fusion work, but he said we 
have to get some equ ipment bui l t, which was right. I knew 
that. So, the next thing that happened was that I had learned 
of a particle being, or, behaving l i ke a wave. That was de 
Broglie, who had presented . . .  that as his doctoral thesis. He 
said that an e lectron could be a wave, or any particle cou ld 
become a wave. And, that was exciting to me. At the Solvay 
Congress [ in  1 927] ,  he presented a second solution, which 
came out later to be the quantum potential-I was very much 
interested in  that-to be rediscovered by David Bohm about, 
oh several years later-about '5 1 , I th i nk  it was. 

qu ickly showed E equals hv-it happened there, too. So you 
had a pretty good, a fai rly good determination of the Planck 
constant. And all along, this is what's been going on, as we­
this is the great excitement-because it took so long bui lding 
equ ipment, that I ended u p  bu i ld i ng and design ing a 
cyclotron, a 50-inch cyclotron. It weighed about 50 tons, alto­
gether. And [ laughs] putting that together-it was the first, real­
ly designed cyclotron, and then I did my doctoral piece on 
electron diffraction, at a very low energy-at 50 electron volts, 
at the most-from electric c i rcu its, to show the structure of 
electric circuits, which I found. I found the structure of mole­
cu les that way. 

Wel l  then, of course, there had been exc iting things going 
on. We had the War, in which we had the Manhattan Project, 
when we discovered-after we had this cyclotron-we dis­
covered that it was a good source of neutrons, of course. 

21st CENTURY Fal l  2004 1 1  



Argonne National Laboratory 

The first U.S. "reactor, II the atomic pile at the University of 
Chicago, produced a nuclear chain reaction on Dec. 2, 1942. 
A circular pattern of graphite bricks were stacked up in layers. 
Moon solved the problem of contamination that permitted the 
bricks to function as a moderator. 

, 

Because, if you have a proton with an electron, it becomes a 
neutron. But a deuteron is a proton and another proton with 
an electron condensed on it. So it has a mass of 2, instead of 
1 .  But the charged part is left beh ind, and the neutron goes on, 
when it hits mate[ial med ia. 1  

And this was a way of testing the graph ite and other things.2 
For making a reactor, there were only three things which were 
avai lable. One was bery l l ium.  It's a beautiful metal, but we 
didn't know anyth ing about the meta l lurgy of it. No one had 
produced the meta l .  It's very strong and shiny-but we didn't 
have enough of that. So, then the other thing was heavy water 
[Water in which the ord inary l ight hydrogen is replaced with 
deuterons-heavy hydrogenl . And we d idn't have enough of 
that. We had some, but not enough. And so the next thing was 
[graphitel-Chicago was a great steel-producing center. (It 
was. But you know, it's a l ready in  the past now. They shut 
down the Southworks and some of the steel works.) But any­
way, the very fact they were making these graphites-they 
were about 4 feet long and about 4 inches square, and they 
were rounded at the corners. We tested this graphite. And we 
used the cyclotron to do it, because, we'd bui ld a pile of the 
graphite samples we would get, and see how long a neutron 
would last in that pi le, what its l ife would be. 

And that was-to our surprise-finding that very pure car-
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bon was obtained from the center. That when they fused the 
graphite, after they'd pressed the graph ite together, and then 
passed a current through it to fuse it, in a rather huge pile of it, 
that you had a lmost pure carbon, I would say very close to 
pure carbon, in the center; a l l  of the impurities had diffused 
outwards. And that's what we used for the moderator in our 
reactor. This was bui lt  on the squash court [under the footba l l  
fieldl-they had to stop playing squash [ laughsl so we could 
bui ld our reactor. It was a cubical design . We built it with the 
graph ite on the outside, which supported it, actua l ly, some­
thing l i ke a footbal l-I suppose it was very a propos, since it 
was part of the footbal l  field [ laughterl . 

The graph ite was supported a l l  the way round. If OSHA [the 
Occupational Safety and Health Adm i n istrationl had been 
around I don't think we'd ever got the th ing made, because we 
had to cut these 

'
round corners off, and we did it by using an 

end-mi l l  on the graph ite, so we al l  came out pretty black. And 
I'm sure if they knew what we were doing they wou ld have 
shut us down, if they had existed then. 

The Beginning of  Fiss ion 
Anyway, the pi le was bui lt, and the reactor went on Dec. 1 ,  

1 942 . Now, it seems l ike I'm getting more on the history of 
things, but I just wanted to give a taste of how exciting it was. 
I wi l l  say that Aristide von Grosse went over to Germany and 
talked to Otto Hahn and Leo Strassman, and they were the 
ones [to discover fissionl . . . .  And he [von Grossel brought the 
message back. And the Physical Chemistry Department where 
I was doing a l l  my work, now, my nuclear work-we had sev­
eral meetings over what to do. So we checked out some of the 
things, and found it rea l ly was so, that fission was rea l ly taking 
place, when the neutrons bombarded uranium. 

The physicists had a l l  decided never to tel l anybody about 
it. But as soon as that happened, they [the government} gave 
the $ 2  b i l l ion for the Manhattan Project, as it was cal led then. 
But, I do want to emphasize that, on the whole, we always 
talked about the spiritual and moral impl ications of nuclear 
energy-whether we were ready for it; whether people could 
take it. We would produce more energy, about 5 m i l l ion times 
as much energy per gram of fuel as by combustion. So, that 
was always a question . And we tal ked about that a l l  through­
out the Project. 

And we did share ideas. That's important, in the whole 
development of anything, the sharing of ideas with one anoth­
er. We shared three times a week, much against what the Army 
wanted us to do-General Groves [head of the Manhattan 
Project] , I mean.  But, it meant sharing, letting everybody 
share, regardless of age, or sex, or rel igion, or race, or any­
thing. And that was very good. You'd be surprised where some 
of the great ideas came from-they just had to be developed. 
They came from some of the youngsters! 

So, that's the way we went, and, as you know, we did things 
in para l le l .  That's another factor. We started bui ld ing Oak 
Ridge, and started bui ld ing Los Alamos, and started bui lding 
Hanford, Washington, a l l  together. We didn't put them in 
series (" If  this happens, then we' l l  do this, and then we' l l  do 
that.") We did it a l l  together. And it worked very wel l .  

I wi l l  say that when the p i le  got going, i t  shut down and 
wou ldn't start up again [for th ree daysl . And that turned out to 



Figu re 1 
SCHE MAT IC RE PRE SEN TAT ION OF T HE H ALL E FFEC T  
Given a conductor through which the current I is flow­
ing, and a magnetic field B perpendicular to the direc­
tion of the current and the plane of the current-carrying 
transistor, the Hall effect describes the deflection of the 
charged particles sideways, also known as the. Lorentz 
force, Fa. The particles will collect on the edge parallel 
to the electron velocity (when no magnetic field is pres­
ent) and move from the opposite edge of the transistor. 

This charge separation leads to the buildup of an elec­
trical field EH (the Hall field). As soon as the resulting 
force FE compensates for the Lorentz force, an unde­
flected current continues to flow. A potential difference 
UH is created between these two edges. 

be an isotope that had a very high capture cross-section [for 
neutrons] . It had a half- l ife of about three days, so it stayed 
shut down for th ree days, and then it started up [ l aughter] . So 
we learned a lot things that we d idn't know about nature. 

The von Kli tzin g  Expe riments 
So, I ' l l  just jump up to things that led up to what we're going 

to talk about in  the structure of this nucleus. And that is, we 
had a paper by some Germans, [see p. 2 1 ]  who had looked at 
the superconductivity-wel l real ly we shouldn't cal l  it super­
conductivity this time, anyway-they were looking at the con­
ductivity in a very th in  piece of material which had a couple 
of electrodes on it, just to keep the current constant [Figure 1 ] . 
1 [the current] was constant here. The magnetic field, 8, was in 
this direction. Then, I ' l l  d raw this i n  three dimensions, an iso­
metric projection. Then, electrons come over. The electron is 
bent by the magnetic field, and wi l l  make a c i rcle. The elec­
tron is coming along, and as soon as it enters the field, it wi l l  
make a circle. And th is  wi l l  cause a charge potential over here. 
Of course, as you create a magnetic field, it [the graph of the 
potential] goes from the straight, and then gradual ly it bends 
over more, unti l  fi nal ly you reach a plateau. 

But anyway, it was this particular experiment--of course, a l l  
of th is  was done at l iquid hydrogen temperatures to keep i t  
cool and to prevent the vibration of the particles i n  the semi­
conductor, which is a s i l icon semiconductor. So the current 
was constant. The 1 coming in is constant. It was kept constant 
by these electrodes here [see Figure 1 ] .  And, then what is 
measured is the current divided by the voltages generated over 
here. 

Uti 
(mV) 

20 2.0  

UPI' 
(mV) 

HALl PROBE 

�������� n· 
BArE 

---- Uo (volts) 

Fi gure 2 
KLIT ZIN G'S E XPER I MEN TAL CURVE 

This is what the grid voltage UG versus the Hall voltage 
U H  actually looks like, according to Klitzing's experi­
ment. The plateaus in the Hall voltage can be seen 
clearly. Upp is the longitudinal voltage, which becomes 
zero when the plateaus appear. Klitzing first published 
these results in 7 980 in Physical Review Letters. 

Wel l ,  what this began to show, was, as we plotted the cur­
rent 1 as a function of 8, the magnetic field, the magnetic 
induction. Let's not look at the current so much as the voltage 
in this case, that's generated across. The current is going this 
way, but the voltage is perpendicular. So, it comes a long, and 
then final ly there's a l ittle plateau here [Figure 2]. Then it cre­
ates a l ittle more, and there's another plateau .  The plateaus get 
a l ittle wider. F ina l ly another one. It gets a fairly large one up 
here, and then, there doesn't seem to be any more. So, five d is­
tinct plateaus. 

And, you begin to look at th is, and wonder about it. And 
[ laughs], you say, "Wel l ,  this must be because it seems the 
h igher the field goes, no more plateaus seem to occur." Wel l ,  
this happens because the electron spins. I t  spins around its 
axis. This is the electron [draws a curved arrow to ind icate 
spin] . But then there is something more that happens. Not only 
are the electrons spinn i ng, but th is may be a north and a south 
pole, relative to the current. This is a current rotating, you see; 
the electron is a charge. 

So, actual ly, you've got another plateau;  it should occur up 
here. So, what, to give you the parameter, is  the resistance? 
Wel l ,  you a l l  know Ohm's law don't you ?  Most of you learn it 
this way: [I  = fiR] .  So, if you want the resistance, you just say 
R is equal to E over I. So, you see, you can measure the cur­
rent, and this is the d i rection of the voltage this way, and this 
wil l be the resistance in this material medium.  So, the last 
plateau occurs at about 1 2,81 2 ohms. We' l l  use an omega for 
an Ohm sign. 
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And then you begin to wonder, "Wel l ,  what's this plateau?" 
[Figure 2] And you find that that's . . .  wel l, let me say that 
these electrons, now, they seem to l i ke each other very wel l .  
And so one wi l l  spin i n  the opposite d i rection. This w i l l  be the 
South Pole, up here. So, the electrons seem to l i ke to go 
around in pairs, in sol id state, and this [plateau] happens to be 
one [electron] pair. And [when] you calculate this; this turns 
out to be just half that, which means two pairs. So this is about 
around 6,406 ohms, someth i ng l ike that. And then down here, 
this is three pairs-just half of the previous, which would be 
roughly 3,203 ohms. And so on, with four pairs, and you get 
down to five pairs down here. And that's about where it seems 
to stop. 

Then you begin to wonder, "What are we real ly measuring 
here?" And [ laughs] , that turns out to be very exciting. It's von 
Kl itzing that did this work. We reported it in both the journals 
. . .  Fusion, and the International Journal of Fusion Energy. 

Anyway, starting with these pairs, then you begin to wonder 
how many pairs could you go to? Wel l , you find, if you look 
at it, that you m ight even go up to 68 pairs plus one. You know 
what that wou ld be? 

Someone in audience: 1 37.  It's the fi ne structure. 

The Im pedance of Free Space 
Moon : So that's the way ideas tend to grow, and then it 

becomes very exciting. And so then you begin to wonder: 
"Wel l ,  why these pairs, and why does th is  happen?" 
Particularly s ince, if you remember, the velocity of l ight times 
the magnetic permeabi l ity of free space is the impedance of 
free space. Now there is someth ing very i nteresting about the 
impedance of free space. If there's noth ing there, you can't d is­
sipate, can you ?  [ If there's] noth ing to h it, the energy just keeps 
there. So this is what we cal l  the reactive component. It's reac­
tive because it does not d iss ipate. And this equals 376-plus 
ohms. 

And then we have the other part. Now the other part comes 
from any of these equations. You've got to to look into the 
equations for the fine structure constant, and you see they 
always i nvolve the ratio 1 /1 37.  And actual ly, I th ink  Bohr orig­
inal ly looked upon it as a ratio of the velocity. He made some 
calcu lations, and found that the velocity of the electron in the 
first Bohr orbit-that is the first 
orbit that an e lectron has 
around the nucleus of a hydro­
gen atom (of a proton, in other 
words)-that the velocity of 
the electron in that . . .  you 
multiply that by 1 37, and you 
get the velocity of l ight. 

So that was kind of exciting. 

indicate that these are the d issipative resistances. And, as a 
result of that, you begin to see someth ing new. 

Now, let me give you the real equation here. Because there 
are so many. I can give you an equation here which may help, 
a bit. I want to give you a simple one. This is the equation 
which general ly is used here. If we want a lpha, which is the 
fine structure constant-the inverse of it real ly :  Nciw, you 
notice you have fJoc, divided by 2. (Now you begin to wonder: 
Why the 2?) . And then the other part of it is  just e-squared (the 
charge of the electron) over Planck's constant, times the veloc­
ity of l ight: 

fJoce2 
a =  --- . 

2h 

Now what's curious about it, is there are pairs here. And so 
when you get this ratio, this turns out to be 1 /1 37. So, you 
have the impedance of free space coming in,  which is non-dis­
s ipative, and you have this [ impedance in material media],  
which is d issipative. And so, after going through a l l  the vari­
ous calcu lations . . . .  (You know, recently we've developed so 
many things in semiconductors-it just happened in the last 
two or three years-that we've gotten to the very . . . .  In fact, I 
won't put down the equation that the Bureau of Standards 
uses, because they wanted to get the closest th ing to deter­
min ing alpha. But that was done in order to get the most pre­
cise determination of a lpha; that is, the fi ne structure constant, 
that have ever been made. And now we even have better 
ways, as we are going more into superconductors. In a super­
conductor, this term wi l l  be ' very low-it wi l l  be l i ke free 
space. ( In a superconductor, there is no place for them to lose 
energy.) 

Space, and Time, Must Be Quantized! 
This then-in fact, it was early one morning-I began to say 

that, as a result of th is, that there must be structure in space. 
And that space must be quantized! So that's what a l l  these 
experiments do [ Iaughs]-it starts way back, and many ideas 
wi l l  grow on you a l l ,  on everyone here, I 'm sure. 

Ideas wi l l  grow, and you w i l l  come to someth ing l i ke this, 
and then you wi l l  begin to wonder. So it was early one morn­
ing, about four  o'clock in the morn ing . . .  as I reflected on the 

EIRNS 

And that sort of stuck in my 
m i nd for several years. So, 
immediately you begin th ink­
ing: Wel l , what we're looking 
at here [in von Kl itzing's exper­
i ment] , th is value [the first 
plateau] is the impedance in 
material media l i ke the semi­
conductor. So that seemed to Chuck Stevens (left) with Or. Moon at Moon's 75th birthday party; Louise Howard is at center. 
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idea of de Brog l ie on the quantum potentia l .  The 
quantum potential 'says that if there is a s l it some­
where, and a photon is coming up to it from some 
direction-or a particle-that particle knows that 
sl it's there! That's what the second solution of the 
quantum mechanical equation shows! Now isn't 
that strange? [ laughter] It doesn't have eyes. And so, 
that was probably the reason it was rejected in 1 92 7  
at the Solvay Congress. D e  B rogl ie had c losed h i s  
books, a s  I told you earl ier. 

. 

Anyway, this quantum potentia l  now comes to be 
a real thing. David Bohm is publ ish i ng qu ite a bit on 
it .  And, it s imply means-and, this is one interpreta­
tion of it-that we have two k inds of time, and 
[laughs] the secret is that we should have quantiza-
tion of time for this quantum potential to work. And, in  the 
quantization of time, you wou ld have time move along in 
chronos,-we have chronos. That's the time we know, the 
time you have when you turn on your rad io station. Chronos 
[writes word on blackboard] ,  that's man's time. Then there is 
the other one, kairos, which is God's time. These are Greek 
words. This is God's time. And this is man's t ime-Chronos. 
Does your a larm clock go off in the morning? And you've got 
to meet somebody at such and such a t ime [ laughs] . 

But, anyway, this seemed to be where chronos and kairos 
could come in .  I don't know how to draw this, because ordi­
nary time wi l l  go along l i ke th is, as a l i near function, and the 
time is increasing. But then, if time stops, if there was a gap, 
would we know it? There cou ld be gaps in time right now, and 
since we're going by chronos we wou ldn't know it, would we? 

But anyway, if you have those periods l i ke this, you have 
gaps. In other words, you have both the quantization of 
space-that seems so clear-[draws something] and one is 
space, and the other is quantization of time. And this is kairos 
and this is chronos-I mean, you have two times here, 
chronos time and kairos time. 

But what happens here in kairos? Wel l , what is the velocity 
of transmission of information? You know, in biological sys­
tems you are taught how this tel ls that thing what to do. We 
have people tel l ing others what to do. But, what about kairos? 
This is a very important point. 

Qu estion f rom Fletcher Ja mes : Are you saying there would 
be infin ite velocity of transmission, or . . .  ? 

Moon : Right-or instantaneous transmission. That's right! 
So if you had instantaneous transmission-I can't say how 
long it lasts. But, anyway everyth i ng stops for, maybe it's a 
microsecond, maybe it's a femtosecond, or something. I don't 
know. 

But, anyway, instantaneous transmission doesn't requ i re 
much time does it? [ laughter] 

So, this means that every particle knows about every other 
particle in the un iverse which is exactly de Brogl ie's idea, and, 
David Bohm's, who rediscovered it. They worked together on 
this general idea, up u nti l  de Brogl ie d ied, early last year, I 
bel ieve just i n  the last year. 

Anyway, this seems to fit that kind of detai l ,  that we do have 
a means whereby each and every one of us must, to some 
extent, must be aware of everyth i ng else in the un iverse. Of 

Fi gu re 3 
TETRAHE DR ON 

INSCR I BE D  IN A CU BE 
Four diagonally opposite 
vertices of the cube form 
the vertices of the tetrahe­
dron. The midpoints of 
the six edges of the tetra­
hedron fall at the center of 
the cubic faces. 

course, we may be aware of it, but we may not comprehend 
it. That's another thing [ laughter] . 

So, at any rate, this is the situation, I th ink, in which we l ive, 
in which there is a knowledge of what is happening in the un i­
verse, even though 1 55,000 l ight years away, we had a super 
nova. And to think that the l ight coming from it, and the rad i­
ation coming from it, wou ld keep together for 1 55,000 l ight 
years. That's qu ite a d istance. Just th ink how d ifficult it is to 
keep together, even if you are walking with somebody, even 
walking a block [much laughter] . But, here these waves are 
keeping together. And there seem to be some neutrinos com­
ing along. And the neutrino is a particle. It seems to get here. 
A few of them did, at least there were seven, I th ink, at the lat­
est count [ laughter] . 

Quanti zin g  Space with th e P latonic So lids 
So: The quantization of space and time! That just struck l i ke 

a bolt of l ightn i ng. Then, the next thing that struck was: Wel l, 
if space is going to be quantized, it should be quantized with 
the highest degree of symmetry. And so that i mmediately said, 
wel l ,  those are the Platonic sol ids. 

And [ laughs], so I was pondering over that unti l  the Sun 
came up. So, I went out to eat at the Summit H i l l .  And, who 
shou ld come in to eat, but Chuck [Stevens] . So we had qu ite 
a talk  about it. It seemed very obvious how these sol ids should 
fit. You start out with the tetrahedron. And the tetrahedron fits 
into the cube. Two tetrahedra fit i nto a cube. 

The tetrahedron has this k ind of symmetry, doesn't it? It has 
two vertices here, and two here. And they are at right angles 
to each other. So if you put a tetrahedron across this way and 
one this way [with their edges] perpendicular, the four  corners 
of the tetrahedron wou ld be here [on the four corners of a 
cube, F igure 3 ] .  

But, now we would violate one  of  the things-the tetrahedron 
being a very special thing, we a l low the two tetrahedra to inter­
sect, so that one is across this way, and one across this way, so 
that the cube is made up of two tetrahedra. [See Figure 3. ]  

Anyway, the first tetrahedron just has one partic le  on it .  
Now, sometimes it  gets a neutron, and that's deuteriu m, or 
it may get two neutrons, which is  triti u m .  But they don't 
have to be at the vertices. They can be on the-wel l ,  scat­
tered about-because the neutron has no charge. So then, 
when two protons are in p lace, then, of course, you have 
hel ium.  
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Now, I want to say, that with hel ium-th is 
structure we've known for a long time-. . .  
among a l l  the elements, there is a period icity 
of four. And, if you look at various things­
Larry [Hecht] got excited about this. We had 
just gotten a bunch of books over from the 
Un iversity of Maryland l ibrary. And he was 
excited about it, so he went into the extranu­
clear phenomena, which describes the field 
that is created by the shape of the nucleus. 
And you [Larry] have written a paper on that­
such things as nuclear volume, ionization 
potentials, relative abundance, things of this 
sort, are the things that Larry wrote about. Did 
I miss any? . . .  

Larry Hecht: . . .  That covers it [ laughter] . 
Moo n: . . .  And he did a very good job, and 

then started bui lding models, too [ laughs] . He 
bui lt a lot of other models. 

But anyway, the thing is, that you start with 
the tetrahedron, and then the cube. [ Begins to 
assemble the Moon model, showing fi rst the 
cube] . This cube, with a proton at each corner . 

Larry Hecht teaching a class on the Moon model in December 1992. 

. . . Now, there are two things about this, and that is this­
these two things are, just: one proton (this is the exclusion 
principle for face centers)--one and only one. This is an exclu­
sion principle. The protons are on the vertices. Now, we're not 
worrying about the neutron.  We're not worrying about the 
neutron, because it can go [anywhere] . . .  s ince it has no force 
on it, real ly, other than gravitational, it can find places in the 
structure. So, j ust imagine a cube now. You know what ele­
ment this is, now, with four  protons up here, and four  protons 
up here? I might say, one thing that suggested that, is if you just 
made a simple table. There are a lot of exciting things. I don't 
know how much you want to know about these things, but let 
me just put that down here. I th ink most of you know this 
[draws the fol lowing table] : 

Tetrahedron 

Cube 

Octahedron 

Icosahedron 

Dodecahedron 

Faces 

4 

6 

8 

20 
1 2  

Vertices 

4 

8 

6 

1 2  
20 

Edges 

6 

1 2  
1 2  

30 
30 

YOLI  can do these a l l  yourself. You a l l  know this. I ' l l  just put 
down the face, the vertex, and the edges. And this is always 
intriguing. The cube is 6, 8, and 1 2 . Then, the octahedron is 
8, 6, and 1 2 . This d ivides the two [points to separation 
between octahedron and icosahedron in chart] . Then the 
icosahedron becomes 20, 1 2, and 30. Now you know what 
the next one wi l l  be. The dodecahedron is 1 2, 20, and 30. So 
you have two sets here, where they exchange, and so that 
means you can put one inside the other without much trouble. 
And then, you get several relationships. But the one you prob­
ably a l l  know is this one: which is the vertices minus the 
edges, plus the faces. You know what that equals, don't you ? 
V - E + F = 2 . 

Yes, it's 2; its always 2, for any of these. 
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But then, there are others-I don't know whether I should 
go into it-but, you can a lso write each of these out separate­
ly, Because, let me put down that you can denote this by a p 
and a q [draws the fol lowing table] : 

p q 
Tetrahedron 3 3 
Cube 4 3 
Octahedron 3 4 

Icosahedron 3 5 

Dodecahedron 5 3 

Now, what is a tetrahedron?  It's a (3,3). Now, you can tell 
me what this means, when I get through. This one [the cube] 
is a (4,3). These are just numbers to designate it, and from 
these you can do some very i nteresting things. And this is a 
(3,4). Then we have a (3,5) and a (5,3) .  And, you see what's 
happening here? 

Wel l ,  what do we have meeting here [points to first col­
umn] ? These [p] represent s imply the number of edges on the 
faces of any one of these. Here there are 3; here there are 5.  
In  the cube you have 4 edges. These are triangles. Here you 
see that th ree of them are triangles [points to the p column] ; 
one is a square; and this one is a pentagon.  

And these [points to q column] are the number of them 
meeting in a point. There are 3 meeting in a point for the tetra­
hedron and the cube. And for the octahedron, there are 4; and 
the icosahedron there wi l l  be 5 meeting in  a point; and in the 
dodecahedron, there wi l l  be 3. 

Now, wait a minute, I've got this backwards. What have I 
done here? This isn't right, is it? 

Comme nt f rom class : No, it's right. 
Moo n: Let me make sure of this. So that, then out of this, if 

you use the p'S and q's-I' I I  just put down one, because I don't 
think I shou ld go anymore into this. But the number of vertices 
can be calcu lated from this number that you assigned, wh ich 



simply has to do with what the face is, and the number meet­
ing in a point, in the vertex. And so the vertex wi l l  be four 
times p. And then you have this denominator for a l l  of these: 
2p plus 2q minus pq. [ V  = 4p/(2p + 2q - pq)] So, that' l l  give 
you the number of vertices-see if I'm right. Take any one of 
them. Anyway, you can do this with the edges, and also for the 
faces. But I don't th ink I ' l l  go into that anymore; the time is 
getting short. 

Elaborating the Model 
But, now let's take a l ittle time, and look further at the 

model . We've gotten 
·
up  to this [points to octahedron on 

chart.] So, you know that the cube wi l l  go inside, without any 
trouble. Because, the number of vertices here-wel l  I ' l l  take 
this out. [He shows a model of the Platonic solids constructed 
to the proper relative dimensions of the Moon nucleus. The 
faces are made from discarded a luminum printing plates, held 
together with metal !  ic adhesive tape] . 

You see the cube is nestled there; you see, it nestles very 
nicely. You can move it around. It's got the cube so the vertices 
are at the center of these faces. [Class members experiment 
with modeL] 

And, whi le you're doing that, I ' l l  put down here something 
that has to do with the dimensions. These were a l l  based on 
the dodecahedron.  ( I ' l l  just use a 0 for that.) We used 1 00 mi l­
l imeters. George Hamann was very useful in constructing 
these models. You can cut them out by the gross, can't you, 
George [ laughs] ? He took the waste, you see. You know what 
this is? You know where this came from, don't you ?  

George Hamann answers: The printing company. 
Moon: They threw 'em away, so George caught them, and 

made these models. Wel l ,  we started out with the dodecahe­
dron having 4, and then the sequence is that as you go down 
to the cube, that the ratio of these two, the dodecahedron over . 
the cube (th is is the ratio of the edge)-I use E here, mean ing 
edge. And the best ratio seemed to be, after you begin to fig­
ure out a l l  this, the best ratio turned to be the d ivine ratio. So 
this is, you a l l  know: 1 plus the square root of 5 over 2 [1 + 
>15/2] . That's the divine ratio, which you know is 1 .61 8, and so 
on. 

So, this then gave us-I'm going to write down here [puts 
table on board]-these are the edges [writes in 1 00 mi l l ime­
ters for the dodecahedron] . 

Dodecahedron 

Icosahedron 

Octahedron 

Cube 

Edge length (mm) 

1 00 

1 1 7. 1 069 

1 31 .1 048 

61 .8033 

Then we have 1 1 7  (George, you can check me on this; 
George and I had qu ite a-we got l ucky with this one). This is 
1 1 7 . 1 069 mi l l imeters. That's for the icosahedron . . . .  And then 
for the octahedron, we came with an edge of 1 3 1  . Now, notice 
these edges are going up; the lengths are going up :  1 3 1  and 
.1 048. (Can you vouch for it, George? How far can you vouch 
for it?) 

George Hamann: I ' l l  vouch for it to the . 1 0. 
Moon: George vouches for it to there [points to second dec-

A "Moon model" made by George Hamann from discarded 
aluminum printing plates. 

imal place] . Then the cube turns out to be 6 1 .8033 m i l l i­
meters. 

So, now the ratio, as I say, is this [points to divine ratio] . And 
they a l l  fit together wel l .  The idea, with the exclusion princi­
ple which you have here, with one proton per face center, we 
now have a structure, which I th ink  I can put together here. 
Have you got the rest of that model ? [Takes modeL] This goes 
inside. You see, now we have the octahedron. Here's where 
we have the fun .  It's figuring out the best symmetry you can 
have with the octahedron inside the icosahedron. I have the 
faces off the icosahedron .  You see the holes here [points to 
holes in the centers of six of the icosahedral faces] . This can 
be nested in here [places octahedron in icosahedron] . And, 
you can see it has qu ite a bit of wobble-in fact if you put it 
i n  that way, you can't see anyth ing above the top, can you ?  

But we're dea l ing with a very pecul iar element in this tran­
sition. You look at the properties-you might want to try this, 
moving it around i n  here, from its place. But the properties are 
varying very rapidly. [Class members experiment with the 
placement of octahedron in icosahedron.] 

Question from class: What element is that? 
Moon: Wel l, what do we have? We have 8; we just add 

them up here. This is where we start. There, the cube is 8, and 
here 6 [from the octahedral vertices] is 1 4, and now what's the 
next element? It's element 1 5 , and what element is that? 

Class comment: Phosphorus. 
Moon: Yes, and phosphorus is so important in l iving things, 

too. But it also is one of those th ings we've got to check to 
make sure, because a l l  of these things are locked up in the 
bui lding. [He is referring to the forced bankruptcy of the 
Fusion Energy Foundation and two other associations con­
nected with Lyndon LaRouche.] But Chuck had his old copy 
out. But it has a valence of 3, 5, and minus 3. That's the 
valence of phosphorus. 

So, you see, there's another factor that was brought out in 
this particular design. 

Larry Hecht: Do you mean the variable valence? 
Moon: Yes, the variable . . . .  
Fletcher James: . . .  Dr. Moon, I have a fundamental ques­

tion about what you are doing in fi l l i ng in the these sol ids. Are 
you proposing a structure in which you actua l ly have, quan-
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tized with in space, a fixed structure, and you have points, par­
ticles which are located at rigid fixed intervals from each other 
within  the structure? 

Moon: No. You have singularities-singu larities in space, 
particle singularities . . . .  

Fletcher James: But at fixed, constant distances from each 
other? Or are you proposing that this is occurring in a phase 
space, and that there is a topological equivalence between this 
nesting? 

Moon: Wel l , no, this is actual space, so there should be a 
topological equivalent to it. But, this is, these singu larities in 
space may have noth ing in  them. But they're j ust a place 
where these particles can go. 

So that when you've gotten beyond this [the icosahedron], 
we have half of the dodecahedron here [Figure 4], and this 
whole thing [cube-octahedron-icosahedronl can be placed in ' 
here, and of course this [the half dodecahedronl wi l l  fit exact­
ly on the icosahedron-the icosahedron wi l l  fit in here-since 
there is a one-to-one correspondence in a l l  the faces and a l l .  
And th is  [the other ha lf  of  the dodecahedron] goes over the 
top. 

Now you know where we are-what element? Do you 
know what element this is? It has nice symmetry, doesn't it? 
You know what element? This is pal ladium. This is element 46. 
Some of the astronomers seem to th ink  that is one of the bui ld­
ing blocks in the un iverse. 

Wel l , now once you've got this, then how do you go on up 
in the periodic table? Wel l ,  this is. the way you do it. 

Maybe I shou ld take this one, and build on this one. [Takes 
the completed dodecahedron with cube-octahedron-icosahe­
dron inside] . So, you begin bui lding particles out here, here, 
here: You extend from the one face of the dodecahedron, 1 0  
vertices of a second dodecahedron, which wi l l  have a face in 
common with the first dodecahedron. 

So that's 1 0, and now we're at element 56. And then, if you 
look at the periodic table, you've gone up 1 0, and now you've 
got to start bui lding all over, the cube. So you start again 
[points to inside of the second half-dodecahedron], and you'd 
be bui lding the cube, and the octahedron. [Bu i lds the second 
cube and octahedron with the modeL] So here we have 1 4-
8 and 6 are the 1 4, and they're bui l t  up in here. Now, what do 
these 1 4  represent? There's 1 0  [points to the vertices of the 
half-dodecahedron] . You see, our rare earths begin with ele­
ment 57. So, we start with 46, and we're going up to lan­
thanum. And there are 1 4, sometimes they are l isted as 1 5, 
depending on whether you include lanthanum or not. And this 
then will represent the fi l l i ng of the rare earths with in [points 
to the octahedron with cube nested insidel . 

Then the rare earths wi l l  end, say, at 71 . And then from 71 , 
we now have the (wel l ,  I forgot to put this other [points to 
icosahedron]-I'm sorry) . . . .  

Larry Hecht: . . .  No, that's right; that comes next. 
Moon: . . .  It comes now, but it has to go inside here-See 

now, the problem is you've got to see how elements are syn­
thesized by protons passing through-there'S a proton flux in 
the un iverse, the cosmic rays in outer space. But this is going 
to bui ld up the elements and they've got to find a parking 
place [laughterl . And the protons find their parking place at 
what wou ld correspond to the vertices. And then the neutrons, 
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Figure 4 
THE MOON MODEL OF THE N UCLEUS 

A nesting of four of the five Platonic solids, starting with 
the cube, then octahedron, then icosahedron, inside a 
dodecahedron complete the first shell. The 46 vertices 
of the nested figure represent pa lladium, a tomic 
number 46.  To go beyond palladium, an identical 
dodecahedron is joined to the first one at a face. 

which are also out there, we're not going to worry about them, 
because they have no charge and they can be most any place. 
We wi l l  begin to worry about them later on.  

But th is  bui lds up the rare earths, and then from here-is this 
the right one?-yes, we' l l  put this cover on here [puts in icosa­
hedron and laughs] . This goes on top of this [places remaining 
half of dodecahedron on top to close the structure, Figure 5(a) ] .  
And here we are. Now, you know what element you're at? 

Radon!  Did someone say that? Radon, a noble gas. 
Now then, where do we go from here? How do we get 

another proton in .  Every face here is fi l led with a proton, at the 
center, and the vertices have protons on them. Where do we 
go from here? 

Hecht: Some of them know, but they won't say [laughterl . 
Moon: How about this? Turning up l ike this [he opens the 

two dodecahedra, using a common edge as if it were a h inge, 
Figure 5(b)] . Now you see what we have? We have one pro­
ton here, one proton here, but there are two vertices coming 
down, you see [points to the "hinge"] . I n  other words, we have 
only one there, but now it can fold out l i ke this on an edge. 
Now the one proton that shared these two points [the vertices 
which were closed together but now are opened up] may stay 
with this, or it may stay with that [points to the two now-sep­
arated dodecahedra] . And the same thing over here. 

Now, what element is it that fol lows radon? It's an element 
that doesn't exist in nature. And it doesn't exist, because it 
doesn't l ive very long: francium. We have made it in nuclear 
reactors by bombarding elements with neutrons. But then, you 
see, you have this situation happening, and two more wi l l  go 
in.  Then, as we develop this, then we get to-uran ium wi l l  be 
l i ke th is-one vertex [holds up model with the two dodecahe­
dral pieces connected at only one vertex] . But, we can't vio­
late the one proton per vertex that this wou ld be. So the one 
proton goes inside, and the other goes inside here. [He indi-



cates the one vertex d isplacing inside 
the other.l 

(a) 

Figure 5 
THE TWI N NED DODECAHEDRA AND FISSION 

Can you picture that? One proton in  
l i ke that, and i t  makes a sort of  hook 
l ike this [demonstrates two fingers 
hooked with in  one anotherl . Have 
you got the idea? And now what we 
have is someth ing that's ready for fis­
sion. See? This thing is not very stable. 
It's only held in this point. So if you try 
to put more neutrons in there, it's 
going to fissh [ Iaughterl . It's going to 
break apart. Now it won't break apart 
exactly in half, because it depends on 
where these other protons are going to 
go in the shuffle. But, that describes 
the beginning of fission; that can take 
place because we can now jo in  two of 
these bui lding blocks of the un iverse 
together at a corner. 

(a) To go beyond radon, the twin dodecahedra open up, using a common edge 
as if it were a hinge (b). To create 9 1 -protactinium, the hinge is broken at one 
end. When the position where two protons join is slightly displaced, it creates the 

. instability which permits fission (92-uranium). 

Chuck Stevens: Would you say the 
phosphorus is l i ke a register sh ift, or l ike an asteroid belt? 

Moon: I t  cou ld be. It comes at that place [ laughsl . It comes 
at that place, a l l  right. 

But this wi l l  give a d istribution. You know, the d istribution 
of the elements that are formed from the fission is l i ke this 
[shows a curve with val leYl . None of them are exactly a half, 
apparently, or at least we don't find many there . . . .  

Now, just one more l ittle thing, and that is :  Supposing this 
assembly here, uranium . . . .  You know that if you put three more 
neutrons in, and you know what happens there, don't you? You 
get uranium-238. But now, try to put another one in.  And the 
neutrons don't l i ke so many newcomers [laughterl . They won't 
allow it to come, to be part of it. So the thing that happens is, it 
gives off an electron. So that now goes to the next element, 
which is the next one to our most valuable element for fission­
I guess most of you know that's plutonium. What's the one that 
comes before plutonium? You know your planets, don't you? 

Voice in class: Neptunium. 
Moon: Neptun ium, yes. So,  you have neptun ium, and then 

it breaks down again,  and you go to p luton ium.  So that's the 
way plutonium happens to be made, just by getting too many 
protons in. So there's a proton-neutron balance. 

Wel l  then, I just want-how am I doing, should I stop here? 
I had just one thing to talk  about. Maybe it would be of impor­
tance in the nucleus, and that is the . . .  magic numbers. Maria 
Goeppert-Mayer named them the magic numbers. Have you 
ever heard of them? 

Larry Hecht: Wel l ,  I just realized it's 1 1  o'clock. Maybe we 
should pick that up in the next class. It's probably a good place 
to stop. 

Moon: Wel l ,  I w i l l  say just-it's the only thing I w i l l  say­
these magic numbers [ laughterl fit the model ! [more laughter, 
and applause] 

[ The discussion continued after the class, but the audio tape 
picks up in mid-sentence.l 

Chuck Stevens: . . .  the icosahedron. Did you at a l l  th ink 
about this th ing of the ratio of the golden section? 

Moon: Yes, oh yes. That was the th i ng. We could change the 

dimension to that d ifferent one. But it a lso turns out-unfortu­
nately, I don't have the calcu lations, because they're over in  
the Fusion Energy office . . .  . 

Stevens: . . .  confiscated . . .  . 
Moon: . . .  Yes . . . .  
Question: The way I understand this is not so much struc­

tures, per se, but someth ing l i ke the experiments we were doing 
with soap bubbles, with the least action principle, where . . . .  

Moon: Oh, least action, right. . .  
Questioner continues: . . .  where you get what appears to be 

a structure within  the wire. But it's not l ike a physical kind of 
structure, per se. I n  other words that's how these th ings form­
how the protons are added on?  

Moon: Right. That's how the protons are added on .  They can 
go in  the center here. But this is just a means of showing it. . . .  

Questioner continues: Right, right. When you're bui ld ing 
up past the 46, and start going to the rare earth elements­
when you have the cube and then the icosahedron, do you 
have sign ificant elements at those points, just l i ke, with the 
cube, what is it, oxygen, when you have the cube? 

Moon: Yes. Once it's bui lt  up to this-that's 1 0. You see that 
takes us from 46 to 56. Then you see, with 57 we begin to see 
that these are the rare earths here, which begin at 57 .  And you 
see, that's exactly what we have. We have 1 0  and we're at 57, 
so now we begin to bui ld up the rare earths, which are the 1 4. 
This part goes in here [places cube-octahedron combination 
inside second half-dodecahedron],  which has 1 4. And these are 
the rare earths, which seem to have-in other words, what is 
happen ing here is that the shape of the electric field around this 
is elongated and somewhat d ifferent, and there's sti l l  a bit of 
unfilled spaces here. So that the first set of rare earths are given 
by this. You see, you've got to remember, we're bui lding from 
the outside in, not from the inside out, l i ke you-did original ly. 

Larry Hecht: You know, I had a zany idea, while you were 
talking. What if . . .  wel l ,  the first time through, we were hav­
ing this problem of trying to decide what the size of this shou ld 
be. Could it actual ly be d ifferent the first time through than the 
second time through? In the first 46 you've got phosphorus, but 
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you don't have that rare earth phenomenon . . . .  
Moon: No . . .  . 
Hecht: . . .  Maybe the icosahedron would be one way the 

first time through-it would go in there one way the first time 
through, tighter or someth ing-and maybe the second one is 
different, so the thing is not perfectly balanced. Maybe that 
helps account for the way it fissions." 

Moon: It may wel l  do that, because, in the fission of urani­
um, you' l l  see that the peak is off to the side of half the value­
around 46-on either side of it. They go up l ike this [shows 
valley curve] . . .  

Hecht: Oh, they peak on both sides? 
Moon: . . .  They peak on both sides. 
Hecht: There isn't one po int at which it's . . . .  
Moon: No. It peaks on both sides. So you can see that ura­

n ium has qu ite a shake-up. And that's the result of trying to 
add another neutron.  That's uran ium-235, that is. Of course, -
233 fisshes also. That we get from thorium, and that's what the 
Candu reactor uses-they use thorium going in one way, and 
uranium going the 'other way. They use heavy water as the 
moderator. This is the reactor used in Canada, and in India. 

Mel Klenetsky: Wil l  this show up in any kind of way-I mean 
is there any way to measure this? You have spectrographs to 
analyze things, but obviously it's not fine enough to pick up 
something l i �e the energy flows. But it seems to me that this 
kind of configuration would yield some kind of an energy flux 
that you would be able to measure in some kind of way . . . .  

Moon: Well ,  that's why . . .  we're going to talk about the 
factors because of magic numbers and we're reach ing the 
point where . .  . 

Klenetsky: . . .  Because the whole thing we were talk ing 
about in i nertial confinement, in terms of, if you're beaming, if 
you're taking certa in beams i n-you and I were discussing this 
a long time ago-there's a certain way you can match up these 
beams, certa in angles, which are going to give you more of an 
optimal impact than others . . . .  

Moon: Right. 
Klenetsky: . . .  And it seems to me that this structure lends 

itself to giving more insight into that. 
Moon: Well ,  maybe, polarization is becoming very impor­

tant, which we know it is-polarization of the magnetic field, 
for example, Yes, wel l ,  and then these magic numbers change 
the nuclear properties by a factor as smal l  as you want. It's 
very sensitive to that. And then Larry's paper shows how this 
nuclear charge is affected by the-you went into that in your 
paper, didn't you ?  

Larry Hecht: . . .  Yes-
Moon: . . . N uclear volume, and things of this sort. In  other 

words, the extranuclear electrons are real ly showing what's 
i nside. Although it's not nearly as remarkable as the magic 
numbers are, which show how nuclear processes work­
though they're both showing it. . .  

Klenetsky: The thing I th ink that we should be able to do is 
refine this, to g�t a much better read ing of the molecular struc­
ture at the microscopic level, which you don't have. I mean, 
the basic way that we're dea l ing with the fusion reaction is 
fairly prim itive at this point. A lot of energy, and you're just 
squooshing things together, and you' re just trying to jumble 
things up, you know, in a very arbitrary kind of way; and the 
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point is that if you have a sense of the geometry, this shou ld 
give us a much better way of approach ing th is, a much more 
sophisticated way. 

Moon: Yes, and I th ink  too, that when you use this to bom­
bard uran ium on uranium-then, there's a certain  energy 
which goes into it, and this fine structure property comes in 
very beautifu l ly. Because there's a paper written, and you 
don't know what the answer is to it-but when this h its anoth­
er uran ium, then it goes to element 1 84 [see p. 24] . Wel l, they 
tried a l l  combinations, as you go from 1 80 to 1 88, I bel ieve. 
But the 'thing is that this energy is divided-l/1 37  of the bom­
barding energy, as we show here [points to blackboard]3-you 
see, this is the impedance of free space, which is reactive, 
which means . . .  it's non-diss ipative. And, therefore, cal ls for 
the conclusion that therefore this energy cannot be used for 
binding. And it's only this part that can. So, therefore, when 
they come up, there's immediately establ ished around it, a first 
Bohr orbit, a virtual ,  first Bohr orbit. 

Now; what can it do? There's nothing there, but there has to 
be something there. So, a positron-electron pair is produced, 
and the positron is th rown out. But the energy that throws it 
out is this [points to blackboard]-and that turns out to be­
it's just the right fraction of the bombarding energy, they 
showed. So, this is the reactive energy, and that goes into an 
electron that goes off, and it's . . .  

Hecht: . . .  The first bracket, the first parentheses [Zme] ?  
That goes off?-

Moon: Yes, the first parentheses . . . .  That energy goes off . . .  
Hecht: . . .  The second part is what can be used for binding? 

I cou ldn't see what you were pointing to. 
Moon: Yes. So that's 1 /1 37 of the energy. That's what we're 

talking about. 
Hecht: e2/hc? 
Moon: Yes, that's the 1 /1 37  of the energy that has to be reac­

tive. And so that can carry the electron on it. Maybe that's the 
way it was meant. I don't know. Maybe that's part of the idea 
of the fine structure constant. 

So a l l  the elements they've made by th is, a l l  of which add 
up to something between 1 80 to 1 88.  They find that the elec­
tron comes out-it's the same fraction of the bombarding ener­
gy, about 300,000 volts. Isn't that interesting? And that this 
gives the result, d irectly. 

Hecht: So that is the Darmstadt . . .  
Yes, the Darmstadt experiment. . .  right. 

Notes _____________________ _ 

1 .  If you accelerated deuterons in the cyclotron (a deuteron is a "heavy" iso­
tope of hydrogen whose nucleus contains one proton and one neutron-the 
neutron is really a proton with an electron condensed on it-as opposed to 
ordinary, "lighf' hydrogen, whose nucleus contains just a single proton), you 
find that the charged part of the nucleus, the proton, is left behind when the 
accelerated deuteron beam passes through a material target. Thus, only 
neutrons emerge from the material target. [Charles Stevens] 

2. In particular, how neutrons interacted with the carbon nuclei in graphite. This 
was most crucial for the development and realization of the first nuclear pile, 
the first nuclear reactor, which was built at the University of Chicago. 

At the time of the Manhattan Project there were only three things avail­
able for making a nuclear reactor (for containing the neutrons produced by 
uranium fission so that more neutron-induced fission reactions could be 
generated. [Ctiarles Stevens] 

3. The missing equation probably is: 

E = (Zmc2)(21te2/hc) . Cf. Erich H. Bagge, "Low Energy Positrons in Pair 
Creation," p. 24. [Laurence Hecht] 



What Was the von Klitzing Experilllent? 
by Ralf Schauerhammer 

The von Klitzing experiment was one 
of the key stimuli to Moon's develop­
ment of his nuclear model. This article 
appeared in the May-June 1 986 issue of 
Fusion magazine, and was adapted from 
a longer piece published in the German­
language Fusion. 

The Nobel prize for physics was 
awarded in 1 985 to K laus von 

Kl itzing for his experiments reveal ing 
quantizat ion of the H a l l  res istance. 
Kl itzing also has done a series of exper­
iments that showed the quantization of 
the Hall effect. 

Although this latter result  was antici­
pated and then measured in the 1 960s, 
Kl itzing has succeeded in demonstrating 
the effect with great clarity. The fineness 
and precision of his experiments have, 
in effect, a l lowed him to rep l icate the 
first Bohr orbit, and in this way ach ieve 
a more precise determination of the fine 
structu re constant. 

Kl itz ing investigated the surfaces of 
semiconductors under extreme condi­
tions-low temperatures and h igh mag­
netic fields. In these studies he used the 
Hal l effect, discovered in 1 879 by the 
American Edw i n  Herbert H a l l .  Th is  
effect is customarily employed to deter­
mine the conductivity of metals and 
semiconductors and to measure magnet­
ic field strength. 

The Ha l l  effect appears as a new, 
transverse electrical potent ia l ,  which 
is generated when an e lectr ical  cur-

Klitzing with his experimental apparatus in the physics laboratory at the University 
of Wiirzburg. 

rent flows i n  a conductor that l ies i n  a 
p lane perpendicu lar  to the magnetic 
field, as i l l u strated in F igure 1 .  I t  
occu rs as a resu l t  of the deflection of 
e lectrons pass ing through a magnetic 
fie ld .  The electrons are separated from 
the posit ive charges creat ing an e lec­
tr ica l  potent ia l  between them (the 
Lorentz force, eV X B, where e repre­
sents the charge, V the rate of flow, and 
B the strength of the magnetic fie ld) .  
Thi:; effect i s  enhanced if the conduc­
tor is wide, th in ,  and long so that the 
e lectron gas i s  constrai ned to an 

approximately two-d imensional flow.' 
The Hal l  effect can be thought of as a 

by-product of cyclotron frequency, if it is 
kept i n  mind that i n  the normal situation 
the fu l l  cyclotron rotation cannot take 
place because of the l im itations of the 
conductor size. Therefore, the potential 
wi l l  bu i ld up between the edges, which 
are paral lel to the d i rection of the cur­
rent flow in  the conductor. Electrons wi l l  
be bui l t  up on one s ide of the conductor 
as they are driven over from the other.2 

The Ha l l  effect also occurs in the ion­
osphere, the Earth's "upper" atmos-

Figure 1 
SCHEMATIC REPRESENTATION OF THE HALL EFFECT 

Given a conductor through which the current I is flowing, and a 
magnetic field B perpendicular to the direction of the current and 
the plane of the current carrying transistor, the Hall effect 
describes the deflection of the charged particles sideways, also 
known as the Lorentz force, FB•  The particles will collect on the 
edge parallel to the electron velocity (when no magnetic field is 
present) and move from the opposite edge of the transistor. 

This charge separation leads to the buildup of an electrical field 
EH (the Hall field). As soon as the resulting force FE compensates 
for the Lorentz force, an undeflected current continues to flow. A 
potential difference UH is created between these two edges. 
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phere. Here the magnetic field is sup­
pl ied by the Earth. The electrons wi l l  res­
onate with a rad io field at the frequency 
of 1 ,41 4 k i locycles, well with i n  the 
broadcasting band. 

The key to the cyclotron, of course, is 
that the frequency of rotation of the elec­
trons wil l  be constant (within  relativistic 
l imits) in a given magnetic field. This fre­
quency, normally denoted as w, wil l  equal 
the velocity, V/2rcR, where R is the 
rad ius. The point of the experiment in 
quantizing the Hall effect is to gradually 
increase the magnetic field, thereby rais­
ing the orbital frequency of the electrons 
in quantum jumps and determining that 
the buildup of the transverse �'electric 
potential, the Hal l  effect, occurs in a series 
of d iscrete jumps, rather than smoothly. 

In 1 958, experimenters worked with 
the superconducting a l loy indium antin­
omide, one of the al loys typical ly used 
in the manufacture of supercohducting 
magnets, at temperatures of 1 .7 degrees 
K. However, the temperature must be at 
least 77 degrees K in order for the Hal l  
effect to appear, because of the dampen­
ing of the thermal kinetic energy that 
would otherwise obscure measurement. 
Another key requ i rement is for a suffi­
ciently low space charge-that is, densi­
ty of charge-in order that random col l i ­
sions are min im ized and the electric 
field is homogenous. 

These experimenters were l imited in 
1 958 by the semiconductor materials then 
avai lable, which were too thick. Kl itzing 
was able to take advantage of today's very 
thin transistor material in order to achieve 
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Figure 2 
MOS FIELD-EFFECT 

TRANSISTOR 
The transistor is supplied 
with current through the 
source and drain contacts. 
In the presence of a con­
ducting channel Uc, a 
conducting layer is formed 
between the semiconductor 
and oxide. Under certain 
physical conditions (r K), 
a two-dimensional elec-
tron gas is formed in this 
layer. MOSFET elements 
are contained in many of 
today's electronic circuits. 

his superior resu lts. The extremely thin 
MOS field-effect transistors (MOSFET) he 
used are sketched in Figure 2.  

The normal expectation is that a hyper­
bol ic curve could be plotted showing the 
gate potential against the Hall effect. The 
number of charge-carriers e avai lable to 
the current in these transistors grows pro­
portionally to the gate potential Uc. The 
hyperbola shown in Figure 3 is what 
would be expected if UH were plotted as 
a function of Uc. Contrary to a l l  expecta­
tion, no such smooth curve exists. The 
curve shown in Figure 4, experimentally 
determined by von Kl itzing, deviates 
from the curve shown in Figure 3 by its 
characteristic plateaus. 

The Quantum Hall Effect 
The experiment was performed under 

very strictly determined conditions. The 
MOSFET was cooled to about 1 .5 degrees 
K (-272 degrees C). At this low tempera­
ture, the kinetic energy of the electrons in 
the conducting layer of the transistor is so 
small, that the electrons are unable to 
move perpendicularly to the electrical 
field. This condition of restricted degrees 
of freedom of electron osc i l lations is 
termed a two-dimensional electron gas. 

Kl itzing also used an unusual ly strong 
magnetic field in h is experiment-
1 80,000 gauss. This is about 400,000 
times the strength of the Earth's magnetic 
field and almost the same order of mag­
n itude as is found in the atom. This 
strong magnetic field forces the electrons 
of a two-d imensional electron gas into 
closed paths. Just as in the atomic nucle­
us, only a defin ite number of rotational 
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Figure 3 
THE THEORETICAL PREDICTION 
This is the hyperbolic correspon­
dence that one might expect 
between the grid voltage Uc, and 
the Hall voltage U H .  

states are possible, and  only a definite 
number of electrons can belong to the 
same state. (The rotational state is cal led 
the Landau level, whose maximum num­
ber of electrons is nL = e . B/h, where h i s  
Planck's constant.3 If p Landau levels are 
occupied, np = p . e . B/h. In th is case, 
the Hal l  resistance is RHP = lip · hle2.) 

In add ition to the Hal l  effect, which 
measures the transverse potential devel­
oped between the two edges of the 
sem iconductor, there is also the Hal l ,  or 
magneto, resistance, which in effect is a 
lengthening of the path the electron 
must travel to reach the boundary of the 
conductor. The resistance increases as 
the magnetic field is i ncreased (by intro­
ducing an added degree of rotational 
motion to the electron around the field 
l i nes), and it decreases with increased 
electron density. If the magnetic field is 
increased suffic ient ly, u ltimately the 
electron flow wi l l  s imply be cut off. 

Kl itz ing was able to determi ne that 
there is a "natural resistance," which is 
solely determined by the ratio of Planck's 
quantum of action divided by the square 
of the electron charge. This figure, 25,8 1 3 
ohms, when d ivided by the Landau level 
exhibits very sharp quantum plateaus. 

His very sharp experimental result, 
showing the quantization of the Hal l  
resistance, was possible because he was 
working with an extremely thin transistor 
and with a high magnetic field. He was 
able to demonstrate that when the elec-



trons are restricted to a plane, electrical 
conductivity depends solely on two ele­
mentary physical constants, Planck's con­
stant and the charge of the electron. 

This simple result came as a great sur­
prise, si nce it had been assumed unti l  
now that the conductivity of a two­
dimensional electron gas i n  a magnetic 
field would depend on a number of con­
stants, such as the magnetic f ield 
strength, the characteristics of the semi­
conductors used, and the geometry of 
the design of the experiment. 

Instead, one finds only a "natural 
resistance" that appears in the character­
istic interval of RHP = 25,81 3/p ohm,4 
whenever the concentration of charge­
carriers is increased i n  a fixed magnetic 
field or the magnetic field is increased in 
a fixed concentration of charge carriers. 
Figure 5 shows the results of an experi­
ment carried out by the Federal Physical 
Technical Institute in B raunschweig. I n  
this experiment, the magnetic field was 
varied, un l i ke K l itz ing's original experi­
ment (Figure 4), and the "steps" of the 
plateaus of the quantum Ha l l  resistance 
are brought out very beautifu l ly. 

It is also surprising that the value of the 
quantum Hal l  resistance (except for the 
factor of the speed of I ight) is  the same as 
the fine structure constant, Ci, first deter­
mined by physicist Arnold Sommerfeld 
in  Munich in  1 9 1 6. Sommerfeld i ntro­
duced the constant Ci in an attempt to 
remove some of the cruder inadequacies 
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of N iels Bohr's planetary model for the 
atom. Bohr's model corresponds neither 
to the l ine spectrum of atoms with large 
atomic numbers, nor to the spl itting of 
the spectral l ines in the so-cal led double­
l ines. H is model al lows only c ircular 
orbits ' for electrons. However, s i nce 
Kepler's time, such an assumption for the 
motion of a particle around a central 
body must be seen as total ly arbitrary. 

Sommerfeld came upon the concept 
for the electron motion in the general 
Keplerian orbital form of the e l l ipse, in  
which the orbital velocities reached in 
the vicin ity of the nucleus make a rela­
tivistic correction necessary. This has the 
consequence that the orbits are no longer 

Figure 5 
THE SAME EXPERIMENT 

WITH A VARYI NG 
MAGNETIC FiElD 

The plateaus from Klitzing's 
data in Figure 4 become even 
more exaggerated here where 
the concentration of charged 
particles was held constant 
and the magnetic field was 
varied. These data are from an 
experiment carried out by E. 
Braun at the Federal Physical­
Technical Institute. 

Physical Review Letters. 

c losed e l l i pses, but become rosette­
curves when round ing the perihelion. 
This model gives a nearly exact interpre­
tation of the experimental doublets. 

Thus, the fine structure constant is of 
crucial importance for the entire con­
cept of quantum physics. Its value is 
about 1 /1 37, which is also the ratio of 
the velocity of an electron at the lowest 
level in a hydrogen atom, to the veloci­
ty of l ight. Us ing von Kl itzing's method, 
Ci'S value can be measured now to the 
m i l l ionth place. 
Notes ____________ _ 

1 .  With b as the width of the conductor in the direc­
tion in which the electrostatic field EH is generated 
by the Hall effect, and V for the velocity of the elec­
trons, the force acting on the electron is FE = e ·  EH 
and Fa = eV x B. The magnitude of V is given by 
the strength of the current, since this is exactly the 
number n of charges e, which flow through a 
cross-section of the layer of width b in a unit time. 
Thus, I = n . e . b . V and V = I/(n . e . b). This 
expression results directly in UH = b X EH = B . 
Fe/e = B . Fale = b . V x B = B . I/(n . e . b) . B. 

2. The constancy of the cyclotron frequency is 
determined by equating the Lorentz force with 
the centrifugal force, where m equals the mass, 
e the charge of the electron, V the velocity, R the 
radius, B the magnetic field, and w the angular 
frequency. Thus, eV x B = mV2IR. eB = mVlR; 
eB/m = VIR = eV . 21t. This gives the result 
eB/21t . m = Frequency. For this effect to be 
sharply measurable it is necessary to have a 
strong magnetic field, but also to work within a 
sufficiently narrow radius so that the quantiza­
tion of the velocity is large enough, relative to 
the velocity, to be measurable. Since Klitzing 
concluded his experiment, other experimenters 
have obtained similar results by etching circuits 
of a fraction of a micron diameter, even in thin 
copper. This would be like a minute washer. 

3. It is n = state of density times energy interval, 
whose state can be reduced to a Landau level. 
Thus, nL = mI(B . 1t3 . Ii) . 2It . h . w, where w = 
e . BI m, which is the cyclotron frequency. 

4. The value of 25,81 3 ohms is easily calculated. It 
is h =  6,625 · 1 Q-34Jsec and e= 1 .6020 . 1 Q-19C . 
Jsec/C2 = J/C . A results exactly in the ohm unit. 
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BAGG E'S I NTERPRETATION OF DARMSTADT EXPERIMENTS 

Low-energy Positrons in Pair Creation 
by E rich H .  Bagge 

Dr. Erich Bagge ( 19 7 2-
7 996), a student of Werner 
Heisenberg and Arnold 
Sommerfeld, was a pio­
neer of the nuclear energy 
industry in West Germany 
and the designer of the 
world's first nuclear-pow­
ered commercial vessel, 
the Otto Hahn.  He was 
director of the Institute for 
Pure and Applied Nuclear 
Physics at the University 
of Kiel and a member of 
the West German Atomic 
Energy Commission. 
Bagge's ideas on pair 
production contributed to 
the Moon model. 

TRAJECTORIES OF AN 

This article originally 
appeared in the May-June 
7 986 Fusion magazine. 

I n the November 1 985 
issue of Physics Today, 1 

Bertram Schwarzsch i Id  
reports on "puzz l i ng 
positron peaks appearing 

ELECTRON-POSITRON PAI R  
In this photograph of  one of 
Bagge's experiments in a Wilson 
cloud chamber, the electron exits 
upward, with energy of 5.02 
Me\!, while the positron exits 
·
downward with energy of 0.62 
MeV. According to the Bethe­
Heitler theory, the two energies 
were supposed to be nearly 
equal. 

in heavy ion col l isions at the Society for 
Heavy Ion Research at Darmstadt in 
West Germany (GSI) ." There is also a 
discussion of experiments to expla in the 
i ntensity peaks of positron energies 
between 300 and 400 keV. 

Erich R. Bagge, Ahmed Abu EI-Ela, 
and Soad Hassan have reported in sev­
eral places,2 on measurements of pair 
creation of positrons and electrons that 
were triggered by gamma quanta of 6 . 1 4 
MeV, at their passage at n uclei of gold 
atoms (atomic number or Z = 79). It was 
also establ ished that the positrons pre­
domi nantly receive low kinetic energies, 
general ly around 270 keV. 

There is a great probabi l ity that both the 
GSI measurements and those done by our 
group at the University of Kiel are based 
on the same effect. If one conceives of the 
impact of a uran ium nucleus (atomic 
number = 92) of 6 MeV energy per nucle-
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on on another uranium nucleus of the 
same type at rest as being a pai r-produc­
ing process, as if the · Fourier-analyzed 
Coulomb fields of the 92 impacting pro­
tons would be fields of l ight quanta, then 
these trigger electron-positron pairs in the 
Coulomb field of the nucleus at rest. In  
these pairs-in accordance with our  
observations and their consequent inter­
pretations-mainly positrons are created, 
densely compacted at the surface of the 
Dirac Sea; that is, with practically zero 
energy. These positrons are then d is­
charged through the Coulomb field of the 
uranium nucleus at rest. 

S ince the positrons must be looked at 
as wave packets of min imal extension 
h/mc, they can, by means of this dis­
charge process, gain  the energy: 

Pkin = (Ze2/h c)mc2 = 92/1 37  me2 
= 343.2 keV. 

21 st CENTURY 

This is just about the energy found 
at  G S I  in the  max i m u m  i ntens i ty 
peaks, dur ing six experiments using 
various acti n ic  impact partners. The 
results of the experiments our group 
conducted at Kie l  show the same inter­
pretation in the case of the gold n ucle­
us, with som'ewhat smal ler average 
energ ies: 

Pkin (Kie/) = Pkin (GS!) . 19/92 
= 294.7 keV. 

Notes __ ---,-_________ _ 

1 .  "Puzzling Positron Peaks Appear in Heavy 
Ion Col l isions at G S I ," by Bertram 
Schwarzschild, Physics Today, Nov. 1 985, p. 
1 7 .  

2 .  Erich R. Bagge, Fusion (German-language edi­
tion), Dec. 1985, p. 1 1 ;  and Intemational Joumal 
of Fusion Energy, Jan. 1 985, p. 53; Ahmed Abu EI­
Ela, Soad Hassan, Erich R. Bagge, 
AtomkemenergieiKemtechnik, Vol. 47, No. 1 09, 
1 985; Vol. 45, No. 208, 1 984; Fusion, Nov.-Dec. 

. 1 985, p. 29. 



Prof. Bagge's 'Geometric Nucleus' 
This memo was written by Ralf 

Schauerhammer, an editor of the 
German-language Fusion magazine, 
March 1 2, 7 988. 

Some weeks ago, I explained the 
key featu res of D r. Moon's 

" Kepler" n uc leus to Prof. Er ich 
Bagge. Although he had doubts about 
some of the specifics of the construc­
tion, he immediately agreed to the 
basic conception and stated that he is 
convinced that the atomic n uc leus 
can only be u nderstood "geometri­
cal ly," and that the "formal" descrip­
tion prevalent today does not explain 
much. He to l d  me that he  had 
al ready, 40 years ago, developed a 
geometric concept of the nuc leus .  

When Bagge read the paper of Mrs. 
Goeppert-Mayer on  the empi rical 
results of the "magic numbers," he. 
thought that there m ust be a geometri­
cal explanation for these n umbers. He 
remembers sti l l  today, how he got the 
crucial idea in january 1 949, whi le 
shaving one morning. (H is  basic con­
cept i s  publ ished in Naturwissen­
schaften, jahrg. 38, S. 473 ff.) 

There are two rows of "magic num­
bers": 2, 6, 1 4, 28, 50, 82, 1 26; and 2 ,  
8 ,  20, 40, 70, 1 1 2 . They result from 
the formula :  

N(N)  = N3 + 5 N  , N = 1 , 0 0 ,7 
3 

G(N) = N3 - N , N  = 2, 0 0 ,7 .  
3 

The series of "magic numbers" usu­
al ly used is a combination of both; 
that is, G (2) = 2, G(3) = 8, G(4) = 20, 
N(4) = 28, N (5) = 50, N(6) = 82, N(7) 
= 1 26. The "break," which is responsi­
ble for the shift from one series to the 
other, is usual ly  explained theoretical­
ly as a result of the spin-orbital-force 
between nucleons. Dr. Bagge consid­
ers these forces unnecessary and con­
ceptual ly contradictory. 

What is important about these for­
mulae is that they reflect a three­
d imensional geometrical structure, 

Stuart Lewis/EIRNS 

German nuclear pioneer Erich Bagge (left) and Robert Moon in 7 985, in a 
discussion of the history of nuclear energy, sponsored by the Fusion Energy 
Foundation. Bagge's unique interpretation of the Darmstadt heavy ion collision 
experiments was one input into Moon's conception of nuclear structure. 

which Bagge later explained by "min­
imal close packings of regular geomet­
ric objects." A student of h is  did exper­
i ments by packing regu lar geometric 
bodies in a rubberskin, and repro­
duced exactly the series of the "magic 
numbers" when he used e l l ipsoids. 

A two-dimensional example can be 
constructed with coins and a rubber­
band. You get 1 for the first "two­
d imensional magic number" and 7 for 
the second one, because 6 fit around 
the one in  the middle, and so on. 

I have to take a close look at this 
work. I bel ieve what Dr. Bagge did, is 
an application of a three-d imensional 
" isoperimetric principle" appl ied to 
e l l ipsoids. The "empirical" reason Dr. 
Bagge gave for the use of e l l ipsoids is 
the predominant occurrence of even 
numbers in nucleons. A deeper rea­
son, however, m ight be found viewing 
the process of nucleus-formation from 
the standpoint of conical functions 
and their e l l iptical integrals. 

The history of Dr. Bagge's discovery 
is noteworthy. Immediately after he 

got the idea, he explained it to Drs. 
Suess and jensen, who had passed by 
on a trip from Copenhagen to 
Gottingen. They had not worked on 
the structure of the nucleus previously, 
but took Bagge's idea and reformulat­
ed it i n  an algebraic version. Then 
they publ ished it in that form without 
mention ing Bagge at a l l !  

Priority Veiled 
The referee of the journal  

Naturwissenschaften, (Haxel)  delayed 
Bagge's note on the subject long 
enough so that it was publ ished only 
in the same issue with the article of 
jensen and Suess, to vei l  Bagge's pri­
ority. Then jensen and Suess later got 
the Nobel Prize for d iscovering the 
so-ca l led "she l l  structure" of the 
nucleus. Also, i n  the Physical Review, 
Bagge's idea was publ ished under a 
total ly  different name (Gouldsmith on 
"E lectronspi n") ,  and on ly  after 
Bagge's i ntervention was a note i ntro­
duced stating that Bagge had pub­
l ished the "same idea a l ready two 
years earl ier. "  
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Dr. Robert J. Moon: 
'Space Must Be Quantized' 

Robert }. Moon, professor 
emeritus at the University of 
Chicago, discussed the idea 
that led to his hypothesis of 
the geometry of the nucleus 
in an interview published in 
Execut ive I n te l l i gence Re­
v iew, Nov. 6,  1 987. These 
excerpts from h is remarks 
appeared in the Ma y-June 
1 988 2 1  st Century. 

The particular experiment 
that provided the immedi­

ate spark leading to the devel­
opment of my model of the 
nucleus was one by Nobel 
Prize winner Klaus von 
Kl itzing. 

Philip Ulanowsky/EIRNS 

with an increas ing magnetic 
fie ld.  

What is being measured is 
the Hall resistance, the volt­
age across the current flow, 
horizonta l  to the d i rection of 
the original current, divided 
by the original current. 

All of this was done by von 
Kl itz ing at l iqu id hydrogen 
temperatures to keep it  cool 
and prevent the vibration of 
particles i n  the semiconductor 
lattice, a s i l icon semiconduc­
tor. The current was kept con­
stant by the e lectrodes 
embedded in it. 

U nder these special condi­
tions, as the current is plotted 
as a function of the magnetic 
field, we find that p lateaus 
emerge. There are five d istinct 
p lateaus. At the h ighest field 
strength the resistance turns 
out to be 25,8 1 2 .8 1 5 ohms. 
As we reduce the field, we 
find the next plateau at 1 2,906 
ohms, and so on, unti l  after the 
fifth, the plateaus become less 
d isti nct. 

Von Kl i tz ing is a German 
who looked at the conductivi­
ty of very thin pieces of semi­
conductor. A couple of elec­
trodes are placed on it. The 
electrodes are designed to 
keep a constant current run­
n ing through the thin semi­
conductor strip. A un iform 
magnetic field is applied per­
pendicular to the thin strip, cut­
ting across the flow of the elec­
tron current in the semicon­
ductor strip. This appl ied mag­
netic field, thus, bends the 

Robert }. Moon: /1/ began to conclude that there must be 
structure in space, and that space must be quantized. /I 

The theory is that the strong 
magnetic field forces the elec­
trons of a two-d imensional 
e lectron gas into closed paths. 

conduction electrons in the semiconductor so that they move 
toward the side. If the field is of sufficient strength, the elec­
trons become trapped into circular orbits. 

This a lteration of the paths of the conduction electrons pro­
duces what appears to be a charge potentia'- across the strip 
and perpend icular to the original current flow, producing a 
resistance. If you measure this new potential as you increase 
the magnetic field, you find that the horizontal charge poten­
tial w i l l  rise unti l a plateau is reached. You can continue to 
increase the magnetic field without anyth ing happening, 
with i n  certa in  boundaries, but then, once the magnetic field 
is increased beyond a certain value, the potential w i l l  begin 
to rise again  unt i l  another plateau is reached, where, with i n  
certain  boundaries, the potential aga in does not increase 
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Just as in the atomic nucleus, only a definite number of rota­
tional states is possible, and only a defin ite number of elec­
trons can belong to the same state. This rotational state is 
cal led the Landau leve l .  

What we have here is a slowly increasing magnetic i nduc­
tion, and resistance i ncreases unti l plateau values are found. 
At these values, there is no further drop in voltage over a cer­
tain band of increased magnetic induction. Some electrons 
now appear to travel through the semiconductor as if it were a 
superconductor. 

The question I asked myself was, why at h igher f ie ld 
strengths did no more p lateau s  appear? Why d id  no  h igh­
er p lateau appear, for example, at 5 1 ,625 ohms? At the 
lower end it was c lear  what the bou ndary was-at the 



po int at which s ix  pai rs of e lectrons were orbit ing togeth­
er, the e lectrons wou l d  be c lose-packed, but the magnet­
ic f ield was too weak to create such a geometry. However, 
I asked myself what the l i m it was at the u pper end .  

This  was  what led  to  my model of  the structu re of  the 
atom ic n uc leus .  I started out  by cons ider ing that the 
orbital structu re of the e lectrons wou ld have to account 
for the occu rrence of the p l ateaus von K l i tz i ng found,  and 
I rea l ized that the e lectrons had to be sp i n n i n g  together i n  
pairs as wel l as  orbi t ing .  That  was the s ign ificance of  the  
upper boundary occurri n g  at the  va lue of  25 ,000-p lus  
ohms.  

I first concluded that this happens because the electron has 
a spin. It spins around its axis and a current is produced by the 
spin, and the spinn ing charges produce a l ittle magnet. 

Accord ing to Ohm's law, the current is equal to the field 
divided by the resistance, so that the resistance is equal to the 
field divided by the current. Von Kl itzing found that the resist­
ance in the last plateau was 25 ,8 1 2 ohms. I wanted to find out 
why this was the last d istinct plateau. 

F irst of a l l ,  I rea l ized that the electrons seem to l i ke each 
other very wel l .  They travel around in pairs, especial ly in 
sol id-state materials such as semiconductors. The spins wi l l  be 
in opposite d i rections, so that the north pole of one wi l l  match 
up with the south pole of the other. 

Wel l ,  as long as we are l i m ited to a two-d imensional 
space, then we see that by the time we get six pa i rs orb it­
i ng, we w i l l  have c lose packing.  We see a geometry 
emerg i ng, a structure of the e lectron flow in the sem icon­
ductor. 

Now, the Ha l l  res istance is determi ned by P lanck's con­
stant d ivided by the rat io of the charge squared . B ut we 
also fi nd this term in the f ine structu re constant. Here, 
however, the H a l l  resistance must be mu l t ip l ied by the 
term fJo X c [c  = the veloc ity of l i ght] ; i n  other words, we 
must take the rat io of the Hal l  res istance to the impedance 
of free space. We can look at th is as a ratio of two d ifferent 
k inds of res istance, that wi th in  a med i u m  to that witb i n  
free space itself. 

This led me to look for a th ree-space geometry analogous 
to that which I had fou nd in the two-d imensional  space i n  
which t h e  H a l l  effect takes p l ace. I began t o  wonder how 
many e lectron pa i rs cou l d  be put  together i n  th ree-space, 
and I saw that one m ight  go up to 68 pa i rs p lus  a s i ng le 
e lectron,  i n  order to produce 1 3 7, which is  the i nverse of 
the fine structu re constant .  

Wel l ,  that's the way ideas begin to grow. Then it  becomes 
very exciting. And then you begin to wonder, why these pairs, 
and why does this happen? 

Space Has a Structure 
The velocity of l ight times the permeab i l ity of free space is 

what we cal l  the impedance of free space. There is some­
thing very interest ing about the impedance of free space. 
Accord ing to accepted theory, free space is a vacuum.  If this 
is so, how can it  exhibit impedance? But it does . The answer, 
of course, is that there is no such th ing as a vacuum, and 
what we cal l  free space has a structure. 

The impedance of free space is cal led reactive impedance, 
since we can store energy in it without the energy d issipating. 
S imi larly, radiation wi l l  travel through a vacuum without los­
ing energy. Since there is no matter in free space, there is noth­
ing there to d issipate the energy. There is noth ing for the radi­
ation to col l ide with, so to speak, or be absorbed by, so the 
energy just keeps there. This is what we call the reactive com­
ponent. 

It is "reactive," because it does not dissipate the energy, but 
is passive. And this equals 3 76+ ohms. This reactive imped­
ance is one of the important components of the equation of the 
fi ne structu re constant. 

The equations for the fine structure constant wi l l  always 
involve the ratio 1 : 1 37,  and actual ly this ratio, as Bohr looked 
at it, was the ratio of the velocity of the electron in the first Bohr 
orbit, to the velocity of l ight. That is, if you mu ltiply the veloc­
ity of the electron in the first Bohr orbit of the hydrogen atom 
by 1 37, you get the velocity of l ight. 

The orbiting electron is bound to the hydrogen atom 
around which it is orbit ing. This stuck in my mind for several 
years. Immed iately, as you begin looking at this ratio, you see 
that this is identical with the impedance in a materia l  medi­
um, l i ke the semiconductor von K l itz ing experimented with, 
compared to the permeabi l ity of space. 

No Empty Space 
Since the Hal l  resistance is dissipative, then we have here 

a ratio between two different kinds of resistance, a resistance 
with in a material med ium and a resistance of "space.': That 
being the case, we are entitled to seek a geometry of space­
or in other words, we are no longer able to talk about "empty 
space." From looking at von K l i tz ing's experiment, I was led 
to these new conc lusions. 

This is the equation for ex, the fine structure constant: 

l /ex = 2 h/ (e2fJoc). 

Another conc lus ion I was ab le to draw, was why the 
number "2"  appears i n  the fi ne  structu re constant. Wel l ,  it 
turns out that the 2 i nd icates the pa i r ing of the e lectrons .  
And when you get  th i s  ratio, th i s  turns out  to be 1 : 1 3 7 .  So 
you have the rat io of the i m pedance of free space, wh ich 
is nondiss ipative, over the impedance i n  a mater ia l  med ia,  
as measu red by von K l itz i ng, which is  d iss ipat ive, g iv ing 
you approx imately 1 : 1 3 7 .  We h ave seen major advances 
in semicond uctors in recent  decades wh ich  perm it us  to 
make very accu rate measurements of the fine structure 
constant. 

Today, we have even better methods based on supercon­
ductors. In a superconductor, the impedance wi l l  be very low, 
l ike that of free space. There is no place for the electron in the 
superconductor to lose energy. 

As a result of this, I began to conclude that there must be 
structure in space, and that space must be quantized. Of 
course, I had been' th inking about these ideas in a more gen­
eral way, for a long time, but looking at von Kl itz ing's work in  
this way, al lowed me to  put  them together i n  a new way, and 
make some new discoveries. 
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Pauling and Others Comment 
On the Moon Model 

We reprint here a few of the responses 
received to the 1 988 article on the Moon 
Model by Laurence Hecht (liThe Geometric 
Basis for the Periodicity of the Elements," 
2 1 st Century, May-June 1 988, p. 18). This 
article, available on the 2 1  st Century web­
site, was the first published elaboration of 
Robert}. Moon's hypothesis on the structure 
of the atomic nucleus. These letters and 
Hecht's replies appeared in the September­
October 1 988 issue of2 1 st Century. 

Pauling: Does It Match 
Experimental Data? 

To the Editor: 
. . •  It seems to me that while Dr. 

Moon's ideas about the atomic nucleus in  
relation to the five Platonic solids might 
have some aesthetic appeal, it is h ighly 
unl ikely that they have any significant 
valid ity. They seem to me to be incompat­
ible with a great amount of experimental 
information that exists about the proper­
ties and structures of atomic nuclei. 

. . .  I shal l mention one example. There 
are many experiments, such as the d if­
fraction pattern of high-energy electrons 
from the nucleus, and the values of the 
rotational energy levels, that show that 
lead-208 has essentially a spherical struc­
ture in its normal state, and also that the 
nuclei of radon and protactinium are 
quite close to spherical. Dr. Moon's struc­
tures, shown on page 25, indicate a pro­
late structure with axial ratio about 2. This 
is a serious difference with experiment. 

Linus Pauling, 
Linus Pauling Institute of 

Science and Medicine 
Palo Alto, Calif. 94306 

The Author Repl ies To 
Pauling's Criticism 

Perhaps truth and beauty can, after 
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Linus Pauling (190 1 - 1 994) 

al l ,  be reconci led. 
Dr. Moon points out that the data of 

h igh-energy electron d iffraction pattern 
scattering must be interpreted very care­
fu l ly. Accord ing to classical physics, the 
electron, though of s l ight mass, is in  fact 
a large object when compared to the 
nucleus-the exact size depending on 
various assumptions, includi ng a spheri­
cal shape and whether the charge is d is­
tributed throughout the whole volume 
or the shel l  only. On acceleration, the 
additional problem presents itself that 
most of the charge appears, to the slow­
er moving observer, to be flattened out 
into the shape of a d isk. 

While a "point" electron could d istin­
guish the finer aspects of shape in the 
nucleus, we have no justification for 
assuming that that is its shape . . I ndeed, 
just what an electron looks l ike is among 
the most speculative and controversial 
matters in modern science. (For exam­
ple, see W.H .  Bostick, "The Morphology 
of the Electron," in the International 

, Journal of Fusion Energy, Jan. 1 985, p. 
9.) But assuming an electron somewhat 
larger than the "ideal point," we see that 
there are two i nterpretations that could 
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be given to the appearance of sphericity 
in the data. A large e lectron wou ld be 
u nable to d istinguish the dumbbel l - l ike 
shape of two dodecahedra from two 
spheres, especial ly where a l arge n um­
ber of atoms is being examined. 

In that case, the apparent sphericity of 
82-lead-208, 86-radon, and 9 1 -protac­
tin ium is just as we should expect from 
Moon's nuclear model: Protactinium is two 
complete dodecahedra, joined at a s ingle 
vertex. Radon is two dodecahedra joined 
at a face. Lead-208 (the most abundant 
isotope) is one complete dodecahedron 
and a complete icosahedron, surrounded 
by a very stable dodecahedral configura­
tion with 1 6  of the 20 vertices fi l led. 

-Laurence Hecht 

Usefulness Questioned 
To the Editor: 
I do not think that the hypothesis on the 

structure of the elements is useful .  There 
have been many such attempts before, 
and complete books have been devoted 
to l isting them. We just have to accept that 
the microworld i n  which quantum 
mechanics operates is different from the 
world of the scale of our everyday l ives. 

S imi larly, the world on a cosmological 
scale is agai n  d ifferent. J ust as man made 
God in h is own image so there is 
tremendous pressure to make everything 
else anthropocentrical ly and it is  not 
necessar i ly so. I would recommend the 
textbook Lectures on Physics by R ichard 
Feynman as a more rel iable guide. 

The deficiencies of adequate scientif­
ic education at an elementary school 
level cannot read i ly be remedied by 
popular magazi nes. Look at the state of 
education in the White House! 

Professor Alan L. Mackay, 
Department of Crystallography 

Birkbeck College 
University of london 



Stuart LewislEIRNS 

Friedwardt Winterberg in June 1 985, at 
a memoria l conference for space 
scientist Krafft Ehricke. 

Does the Nucleus Have 
Crystal-like Properties? 
To the Editor: 
The article on the geometric structure 

of the nucleus is indeed very interest­
ing.  It a l l  boils down to the question, 
does the nucleus (to some extent) have 
crystal-I ike properties. 

In fact, very recently two other scientists, 
Cook and Dallacasa, have posed the same 
question (see "Face-centered-cubic Solid­
phase Theory of the Nucleus," Physical 
Review C, Vol .  35, No. 5, May 1 987, and 
"A Crystal Clear View of the Nucleus," 
New Scientist, March 31 , 1 988). 

However, because both the l iquid drop 
and shell models of the nucleus are quite 
successful as well, these models cannot 

be suddenly altogether wrong. It may be, 
as it has been in  other areas of science 
before, that the truth is somewhere in 
between .  The nucleus is almost certainly 
superfluid, exhibiting a large energy gap, 
and it may perhaps be a superfluid l iquid 
crystal. 

The theory of l iqu id crystals was pio­
neered by the Soviet physicist J .  
F renkel ,  but I cou ld not find any refer­
ence in h i s  work on superflu id l iqu id  
crystals .  On ly  [Richard] Feynman d id  
someth ing a long these l i nes to  expla in  
the  rotons in  superflu id hel ium pred ict­
ed by [the Soviet physicist L . D . ] 
Landau . 

Dr. Friedwardt Winterberg 
Desert Research I nstitute 

University of Nevada 

Dr. Moon's Comments on Linus Pauling's Criticism 
A summary by Laurence Hecht of a 

telephone discussion with Dr. Moon 
on Linus Pauling's criticism of the 
Nuclear Model, June 8, 1 988. 

If L inus  exami nes it fu rther, he' l l  
see that the dumbbe l l  shape does 
not contrad ict  the exper i mental 
data. There are two interpretat ions 
of the d iffraction patterns you can 
expect from h igh-energy e lectrons .  
S ince you are dea l i ng  with a large 
number of atoms and s i nce they are 
oriented and l i ned up, it is hard to 
d i sti ngu ish a du mbbel l from two 
spheres. 

You have the problem:  How does a 
big electron tel l  you about someth ing  
so  sma l l , i n  comparison, as  a nucle­
us .  The energy of the e l ectron, 
accord ing to c lassical theory, is sup­
posed to be added i n  the form of a 
ri ng. If accelerated i n  an electric 
field, it polarizes and l i nes up with 
the fie ld .  Accelerate a spherical e lec­
tron, wh ich has an electric field in a l l  
d i rections outward from the  sphere, 
and you get a magnetic field perpen­
d icu l a r  to the e l ectric f ie ld .  O n  
acceleration, it flattens o u t  s o  most of 
the charge is in the shape of a d isk.  
Most th ings under h igh energy do 
this. 

A point electron could d istinguish 

MOON'S CORRECTION OF THE RUTH ERFORD ATOM 

The diagram depicts an a lpha 
particle (double positively charged 
helium nucleus) sharply deflected, 
along the path from a'  to e', by the 
positively charged nuclear core. In 
Rutherford's classic experiment of 
1 9 1 0, alpha particles were aimed 
through a sheet of metallic foil and 
detected on a screen placed normal 
to the path. From the measured 
angular deflection of the particles, 
conclusions could be deduced 
about the nucleus. However, 
Rutherford assumed that no effect 
resulted from the relative velocity 
and acceleration of the charged 
pa rticles. Moo n 's calculations 

the finer points of shape in  the nucle­
us, but not a fast one. The question is, 
how does the shape of an electron 
appear to an object it is approach ing 
at near the speed of l ight. You [Larry] 
shou ld look up how this is regarded in 
quantum mechanics i n  regard to the 
e lectric and magnetic d i pole 
moments-particularly, is  the magnet­
ic dipole a th in  disk? 

You can also look at the scattering 
of neutrons. Rutherford did this, but 

a '  

Sou'rce: Richtmyer and Kennard, Introduction 
to Modern Physics (New York: McGraw-Hili, 
1 947) 

taking this into account, showed a 
m uch closer approach to the 
nucleus. 

using only classical mechan ics with­
out the acceleration term from Weber. 
When [Dr. Moon] took into account 
the acceleration term, [he] found a 
very different s ize for the nucleus than 
is common ly accepted . Rutherford's 
paper on the " Distance of the Closest 
Approach" has never been corrected 
for this. (Cf. p. 41 .) 

You thus get someth ing very funda­
mental here which could open up a 
lot of important things. 
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The Gifts of Louis de Broglie 
To Science 
by Robert J. Moon 

A review of Quantum, Space and 
Time-The Quest Continues,' Part I, 
14 essays prepared in honor of de 
Broglie's 90th birthday anniversary 
(Aug. 15, 1 982) by 1 8  well-known 
scientists. This review first appeared 
in the I nternational Journal of Fusion 
Energy, Vol. 3, No. 2 (April 1 985). 

These studies and essays yield a 
wealth of insight, not only into 
the way scientists th ink, and 

much of the historical aspect of the 
development of scientific thought, 
but more important, into the concep­
tion of ideas from the spirit with in a 
scientist. This always takes poetic 
form, with many facets that yield 
entrees into a more perfect descrip­
tion of God's creation. Indeed de 
Brogl ie described his d iscovery of 
wave mechanics in this way: "A great 
l ight sudden ly appeared in my mind." 

ticular, a two-body scattering process. 
De Brogl ie felt that his idea had at 
least a germ of an answer. This was 
not appreciated by those present at 
the Solvay Conference, and de 
Broglie's friend Einstein did not speak 
up for the theory. These two rejec­
tions led to rejection by the Congress, 
which in turn caused de Brogl ie  to 
close his books on this theory, giving 
up  further work on it. 

Einstein had in fact written to H .A. 
Lorentz on Dec. 1 6, 1 924:  

A younger brother of de B rog l ie 
(the one we know) has undertaken a 
very interesting investigation (Paris 
Dissertation, 1 924) to interpret Bohr­
Sommerfeld quantum rules. I bel ieve 
this is a first weak ray to i l l um inate 
this most serious of our physical rid­
d les. I have also found something that 
speaks for h i s  construction . (p. 41 ) 

Ideas are buried withi n  the individ­
ual's spirit and burst forth when the 

Louis de Broglie (1892- 1 987) 
De Brogl ie learned of the letter 

only after Einstein's death in 1 955 .  

individual's freedom i s  not sup-pressed by  worldly material ism 
and dogmatism. Ideas do not come from conscious mentation 
or read ing, si nce ideas are part of the ind ividual's spiritual 
makeup and must be searched for from with in  in order to be 
discovered . Ideas may flow contrary to the prevai l ing stream 
of human thought. The ind ividual wi l l  most l ikely have to nav­
igate upstream and avoid a im less drift, in order to find fertile 
soi l  in  which to plant an idea for the benefit of mankind. 

Such a navigator was de Brogl ie. Kind and gentle to al l ,  but 
firm with his concepts, he "attempted to develop the most 
promising alternative to the orthodox version of quantum 
mechanics." He started with a model that i nvolved a pi lot 
wave or guiding wave vibrating with in a particle, much l i ke a 
radar on an ai rplane sees the entire topology ahead, and this 
in turn guides the plane by means of actions by the pi lot. This 
pi lot wave calls for a double sol ution to the equations of quan­
tum mec;han ics. 

De Broglie was pounced upon by members of the F ifth 
Solvay Physics Conference i n  1 927 .  The Congress did not l ike 
h is  concept of the pi lot wave associated with a particle and the 
consequent double solution. Wolfgang Pau l i  made important 
objections to de Broglie's concept and felt that it did not pro­
vide a consistent account of the many-body system or, in par-
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In the introductory paper titled 
"Louis de Brogl ie-Physicist and Thinker," Jean-Pierre Vigier 
opens with a statement very characteristic of de Brogl ie, 
"Great physicists fight great battles." These essays, Vigier says, 
underl ine "his present position as forerunner, i nspirer, and 
leader of a trend of research which is rooted in h is d issent with 
the overwhelming majority of theoretical physicists-and his 
sol idarity with E instein in the famous Bohr-Einstein controver­
sy." H is  scientific observations and interpretations opened 
new areas particu larly on the "mean ing and value of scientif­
ic knowledge itself." 

There are four essential groups of problems with which 
these essays are concerned and in which de Broglie fought 
great battles. 

( 1 )  The first set is concerned with Heisenberg's d ictum that 
microphenomena exist if and only if they are observable. De 
Broglie, on the contrary, held to his concept of the pi lot wave, 
'II-a real microphenomenon wave that gu ided particles. 

(2) The second set of problems has to do with Bohr's con­
cept that quantum probabi l ities represent an u l timate l im it to 
human knowledge. Contrary to this, de Brogl ie conceived of a 
random set of subquantal h idden variables i n  a real vacuum 
with which particles interact and exchange energy; that is, a 
vacuum al ive with subquantal d istributions of violent motions, 



so that particle energy changes when moving from one point 
to another, i n  accordance with the principle of least action. 
These new quantum forces reflect the "wholeness" of the sur­
rounding un iverse. This concept is that of a new ether model .  
The vacuum state is the state of "empty space," vibrant with a 
covariant d istribution of covariant spinning osc i l lators and 
with random jumps in the velocity of l ight. This ether is not the 
old ether-at-rest model, but is a "new description of nature's 
'vacuum' that impl ies a Copernican revolution against the 
world vision of Newton and Laplace, since it organ ically com­
bines causal motions with permanent randomness. It i nterprets 
quantum mechanics as a Markov process at the velocity of 
l ight," Vigier writes. 

(3) The th i rd set concerns "the physical origin of the laws of 
nature themselves." The Copenhagen School, according to 
Vigier, "regards Quantum Theory as a general form of knowl­
edge that is final in its essence. If this is true, knowledge of 
nature wi l l  never change agai n  but only eventual ly .develop 
through the i ntroduction of new elementary particles, new 
Lagrangians, new quantum numbers, and new forms of inter­
action." 

De Brogl ie and Einstein's approach to theory is basical ly d if­
ferent, Vigier says. Reality is immense, and no description of 
the universe by means of a theory and experimental proof wi l l  
ever be a total and final one.  Rather, each new theory proved 
by experiment is just another th in layer of i nsight into the 
nature of the real world .  

(4) The fourth set of problems deals with "the existence of 
causality i n  nature and covers the present controversy raised 
by the, now very probable, confirmation of the non local char­
acter of quantum mechan ical predictions, d iscovered by John 
Bell in  the Einstein-Podolsky-Rosen type of experiment." 

Bohm Rediscovers the Pilot Wave 
John S. Bel l 's contribution, "On the Impossible Pi lot Wave," 

attempts to present the essential idea "so compactly, so l ucid­
ly, that even some of those who know they wi l l  dis l ike it may 
go on read ing . . . .  " Referring to the von Neumann impossibi l ity 
proof, Bel l  "saw the impossible done" i n  David Bohm's papers 
( 1 952, 1 952a) demonstrating "how parameters could indeed 
be introduced into nonrelativistic wave mechanics, with the 
help of which the indetermin ist ic description could be trans­
formed into a determin istic one." The pi lot wave, ignored by 
Born and von Neumann, was not impossible. David Bohm 
had rediscovered the pi lot wave! 

Bell sets up a simple model of a system whose wave func­
tion is 'I'(a, x, t) with one d iscrete argument, a = 1 ,  2 . . .  N, 
one continuous argument, x, of position, where - 00  < x < +00 
as wel l  as a continuous argument of time, t. 

He then considers a particle with an " intrinsic spin" free to 
move i n  one d i mension, and finds a sol ution of the 
Schrod inger equation that yields various wave packets <I> that 
"move apart from one another, and after a sufficiently long 

. time, . . .  overlap very l ittle." This model is s imi lar to that of a 
Stern-Gerlach experiment. 

Then, by means of the ideas of de B rogl ie and Bohm, Bel l  
adds to the wave function, 'I' a particle position, X(t) . A parti­
cle always has a defin i te position, and the t ime evolution of 
the particle position after many repetitions of the experiment 

yields a probabi l ity d i stribution of p(X(t) ,t) dX(t), which is the 
conventional quantum distribution for position. Thus the con­
ventional predictions for the resu lt of the Stern-Gerlach exper­
iment obta in .  The resu lt  is a position observation. Bel l  writes, 
"probabi l ity enters once on ly, in connection with in itial con­
ditions . . . .  Thereafter the jo int evolution of 'I' and X is per­
fectly determin istic." Thus in accordance with Bohr, the resu lts 
are products of the complete experimental set-up, "system" 
plus experimental "apparatus" and are not to be regarded as 
"measurements" of preexisting properties of the "system" 
alone. 

Bell concludes with these precepts so c learly emphasized i n  
the d e  Brogl ie-Bohm picture :  

( 1 ) "Always test your  reasoning against simple models." 
(2) The only observations that must be considered i n  physics 

are position observations. 
(3) In using the word "measurement" it is easy to expect that 

'''the results of measurement' should obey some simple logic 
in which the apparatus is not mentioned ." "System and appa­
ratus" are i nseparable in probing the nature of God's creation. 
Bel l  favors bann ing the word "measurement" in favor of 
"ex peri ment." 

In order to best understand how an idea of de Brogl ie's had 
been shelved in  1 927, forgotten, and then rediscovered by 
David Bohm in 1 95 1 ,  Bohm's own testimony of the sequence 
of events is most apropos. It is  reproduced here in  fu l l ,  for it 
has many facets that should help any physicist to go forward 
in spite of the many vicissitudes that may intervene. 

David Bohm is quoted (pp. 90-9 1 ) as fol lows: 

I wrote a book from Bohr's point of view, mainly i n  
order to  understand the  quantum theory. But after I had 
written the book, I fel t  that I sti l l  didn't real ly  understand 
the quantum theory, and so I began to look for new 
approaches. Meanwh i le, I had sent copies of the book to 
Bohr, Pau l i, E i nstein; and other scientists. Bohr did not 
respond, but Paul i  sent an enthusiastic reply, saying he 
l i ked the book very much. E instein  also got in touch 
with me, saying that though the book explained the 
quantum theory about as well as wou ld ever be possi­
ble, he sti l l  was not convinced but wanted to d iscuss the 
subject with me. 

We had several d iscussions, the net resu lt of which 
was that I was considerably strengthened in my feel i ng 
that there was someth ing fundamental that was m iss ing 
in  quantum theory. This may perhaps have made me 
work with greater energy, but Y. Ne'eman's statement 
that I was "shaken" by my conversation with Einstein  
and "had not recovered to  this day" is entirely false. I n  
any case, what actual ly happened was that I soon came 
upon the trajectories-interpretation, and prepared a 
preprint, copies of which were sent to many physicists 
including de Brogl ie, Pau l i ,  and E inste in .  I learnt shortly 
thereafter from de Brogl ie that he had developed this 
idea much earl ier and so, i n  later versions of the paper, I 
acknowledged this fact. Pau l i  was very negative in reply, 
saying also that de B rogl ie had developed the same 
model many years earlier, and that it had been shown 
by him to be wrong at the Solvay Congress. 
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As a result of Paul i 's letter, I developed a theory of the 
many-body problem answering his objections, which 
was incorporated i n  a second paper [ (1 952) Phys. Rev. 
85: 1 80] . I had several further discussions with E instein, 
but he was not at al l  enthusiastic about the idea, proba­
bly mainly because of the feature of nonlocal ity of the 
quantum potential, which confl icted with h is basic 
notion that connections had to be un iversal ly in  the fun­
damental laws of physics. 

While I can understand Einstein's objections fu l ly, I 
feel that it may have been a tactical error on his part to 
dismiss such ideas because they confl icted with his own 
notions as to the nature of real ity. For though perhaps 
unsatisfactory in many respects, they made possible, as 
explained in the present paper [by Bohm and B .J .  H i ley, 
pp. 77-92 of the work reviewed here; see below] certa in 
important ins ights into the mean ing of the quantum 
theory. I feel that a correct approach might have been to 
encourage such work as a purely provisional approach, 
but recognizing that it was not l i kely in itself to be a 
fundamental theory, without further radical ly new ideas. 
The result of not doing this sort of thing was that, for the 
most part, fundamental physics was reduced to its 
present state of relying a lmost exclusively on formulae 
and recipes constituting algorithms for the prediction of 
experimental results, with only the vaguest notions of 
what these algorithms might mean physical ly. 

Bohm and B .J .  H i ley ("The de Brogl ie Pi lot Wave Theory 
and the Further Development of New I nsights Arising Out of 
It") d iscuss de Brogl ie's approach in which he assumed a 
double-solution model to quantum mechan ics. That is, ( 1 ) a 
real physical wave which satisfied Schrod inger's equation, (2) 
a particle fol lowing a wel l -defined trajectory, (3) the momen­
tum, p, of this particle was related to the wave through the 
equation: 

p = IiV<I> (1 ) 

i nsights as to the meaning of quantum mechanics. Bohm's 
exchange of ideas with de Brogl ie led the latter-then 60 years 
of age-to agai n  take up his old ideas after 25 years, although 
his approach is not accepted by most physicists. 

The Trajectory Interpretation 
Bohm and H i ley develop the trajectory i nterpretation for a 

many-body system as an extension of de Brogl ie's ideas. Their 
contribution here (pp. 80-87) i s  so sign ificant that it merits a 
detai led account. They start with the N-body wave function as 

'I'(x1 • • •  xn) = R(x1 • • •  xn) exp[iS(Sl . . .  s.)/lij 

and define the momentum of the nth partiCle (as did de 
Brogl ie) as: 

Pn = VnS (2) 

Equation (2) i s  substituted into the many-body Schrod inger 
equation which yields the conservation equation in configura­
tion space: 

ap/at + IVn . (PVnS)/m = 0 (3) 
n 

(where P =  'I{r*'I{r, the probabil ity density in this space), and the 
modified Hamilton-Jacobi equation 

as/at + I(V nS)2/2m + V(x1 • • • xn) 
+n Q(x, . . . xN) = O. (4) 

They conclude from this that "each particle wi l l  be acted on, 
not only by the classical potential, V, but also by the addi­
tional quantum potential Q" (emphasis added): 

Q = ( - /if/2m) I [(V;)RlR] . (5) 
n 

This interpretation shows that new features of quantu m  
mechanics arise basical ly  from the quantum potential Q. 

As an i l l ustrative example they consider the case of a two­
body system with a product wave function : 

where <I> is the phase of the wave function. The particle is 'I{r(x" x2) = <l>ix,)<I>ix2) (6) 

being guided by the wave ("pilot wave"). (4) I nside the parti- where 
cle there is a periodic process (a "clock") which, when at rest 

.I.. .(x) = R.(x)ei5"ld/A and .l..8(x) = R8(x)ei58Ix)/A has a frequency 000 = mor!/h, and the condition for the clock 'l'n n 'I' 
to stay in phase with the pi lot wave was derived to be Thus: 

� p·dx = nh. 

(5) The locking in phase, he suggested, is a nonl inear inter­
action, which is crucial in order to obey Schrodinger's equa­
tion, and this double sol ution described the guidance condi­
tion. De Brogl ie's model "provides at least a conceptual con­
nection between quantum mechan ics and Einstein's attempt at 
a un ified field theory, in  which the particle is also treated as a 
non l i near singu larity that merges with the background field." 

Q = 
- 1i2 V�RA(Xl) _ .!{ V�RB(X2) (7) 
2m RA(Xl) 2m RB(X2) 

Members of the Fifth Solvay Congress in 1 927 objected to 
this idea, i n  particular Pau l i ,  and not even Einstein spoke up 
for the theory. Twenty-five years after de Broglie cast the idea 
aside, David Bohm rediscovered the "double solution" with its 
pi lot wave and showed it to be a consistent account of a one­
body system. In a second paper he extended it to a many-body 
system in answer to Pau l i's objection and this led to new 
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The quantum potential, Q, is the sum of two independent 
functions. If the c lassical potential, V, is l i kewise a sum, VA(x,) 
+ VB(X2) then the Hami lton-Jacobi equation reduces to two 
separate parts: 

(8) 

(9) 

The conservation equation also apparently spl its into two 



Figure 1 
QUANTUM POTENTIAL FOR 
A PAI R  OF GAUSSIAN SLITS 

The slits can be seen in the background. The fringes are 
formed in the foreground, the dark bands coinciding 
with the valleys of the quantum potential. 

independent parts. 
Bohm and H i ley note that "the one-body equation (as treat­

ed by de Broglie) arises as an abstraction and a simpl ification 
of that of the two-body system, and eventual ly of the N-body 
system. (It is clear moreover that u ltimately these N-bodies 
must be extended to include the whole un iverse.)" 

Note that quantum mechanics and classical mechan ics are 
expressed in  terms of the same l anguage. 

[T] he quantum potentia l ,  Q, is not altered when the 
wave function is multipl ied by a constant, so that it does 
not fal l  to zero at long distances, where the wave inten­
sity becomes negl igible. However, the c lassical notion of 
analyzabil ity of a system into independent parts depends 
critical ly on the assumption that whenever the parts are 
sufficiently far removed from each other, they do not sig­
nificantly i nteract. This means that the quantum theory 
impl ies a new kind of wholeness, in which the behavior 
of a particle may depend s ign ificantly on d istant features 
of the over-al l  environment. Th is dependence produces 
consequences s imi lar to those impl ied by Bohr's notion 
of unanalyzable wholeness, but different in that the un i­
verse can be understood as a un ique and i n  principle 
wel l  defined rea l ity. 

To i l l ustrate i n  more deta i l  what is meant here . . .  con­
sider an interference experiment, in which a beam of 
electrons of defin i te momentum is sent through a two 
sl it system. I n  Figure 1 ,  we show the results of a compu­
tation of the quantum potential [e. Phi l ippidis, 

Figure 2 
The particle trajectories emanating from the Gaussian 
slits at the bottom of the figure. The fringes at the top 
result from the bunching of the trajectories. 

e. Dewdney, and B .J .  H i ley ( 1 9 79) Nuovo Cimento 528:  
1 5] ;  and i n  Figure 2,  we show the trajectories resulting 
from the potential .  

What is especial ly sign ificant i n  F igure 1 i s  that the 
quantum potential remains large at long d istances from 
the sl its, taking the form of a set of val leys and high 
ridges, which latter gradual ly  flatten out i nto broad 
plateaux. In Figure 2, one sees how the trajectories are 
u ltimately bunched into these plateaux by the overal l  
effect of the potential, and that this brings about the 
interference pattern. (So that, for example, if one of the 
sl its had been closed, the quantum potential would have 
been a smooth parabol ic function, which wou ld pro­
duce no pattern of fringes.) The fact that the quantum 
potential does not i n  general fal l  off with the d istance is 
thus what explains i nterference and diffraction patterns, 
and this is clearly a lso what impl ies the kind of whole­
ness of particle and environment to which we have 
referred above. 

One may return here to the analogy of the a i rplane 
gu ided by radar waves. Evidently, it is not a case of 
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mechanical pressure of these 
waves on the airplane, but 
rather, the information con­
cern ing the whole environ­
ment is enfolded by the 
waves, and carried into each 
region of space. The airplane 
thus responds actively to the 
form of the waves, and this 
form is not altered as the 
intensity fal l s  off with dis­
tance. A s imi lar response to 
the form of the quantum 
potential is seen to be char­
acteristic of the behavior of 
the electron. This means that 
in the microworld the con­
cept of active i nformation is 
relevant (see Bohm and H i ley 
[(1 975) Found. Phys. 5: 93] 
for more detai l ) .  

What has been said thus far 
about the new kind of whole­
ness impl ied by the quantum 
theory for the one-body sys­
tem is further strengthened by 
a consideration of the many­
body system. For here one 

The Fifth Solvay Physics Conference, held in Brussels, Oct. 23-29, 1 927, sponsored by the 
Solvay International Institute of Physics. Among the 30 scientists who attended the 
conference were E. Schrodinger, W. Pauli, W. Heisenberg, W.L .  Bragg, P.A.M. Dirac, A.H. 
Compton, L. de Broglie (middle row, third from right), M. Born, N. Bohr (middle row, far 
right), I. Langmuir, M. Planck, M. Curie, H.A. Lorentz, and A. Einstein. 

finds that when the wave function is no longer separable 
as a product of functions of the coord inates of each parti­
cle, the quantum potential leads to a strong interaction 
between a l l  particles of the system, that does not in gen­
eral fal l  off to zero when the particles are distant from 
each other. This is evidently an extension of the depend­
ence of the particle on its overal l  environment that char­
acterizes the one-body system. But i n  addition, there is a 
yet more thoroughgoing breakdown of the possibil ity of 
analysis, because the force acting on each particle is no 
longer expressible as a predetermined function of the 
position of the other particles. Rather, the functional form 
of the force depends on the whole set of conditions in  
which the wave function is defined and determined (so 
that, for example, the form changes whenever this quan­
tum state of the whole changes). 

Let us take, as an example, the hypothetical experi­
ment of E instein, Podolsky, and Rosen [A. E instein, B .  
Podolsky, and N .  Rosen ( 1 935) Phys. Rev. 4 7 :  777] . We 
consider there the original form of the experiment, in  
which we start with a quantum state of a two-particle 
system in  which (Xl - X2 )  and (Pl + P2 ) are both deter­
mined . This is given by 

'I'(XIX2) = f(x1 - x2 - a) 
= k C, exp[ik(x, - X2 - all 

• ( 1 0) 

where f (Xl - xraY is a packet function sharply peaked at 
Xl - X2 = a, while Ck is its Fourier coefficient. Evidently, 
in this state Pl + P2 = 0 while Xl - X2 can be made as 
wel l defined as we please. 
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In this experiment, one can measure XI and immediately 
know that Xl -X2 + a (to an arbitrarily h igh degree of 
accuracy). Alternatively, we can measure PI and 
immediately know that P2 = -Pl . In both cases, the first 
particle is disturbed in the process of measurement and, of 
course, the disturbances can account for the Heisenberg 
uncertainty relations as appl ied to the particle �Pl�Xl � h. 
But since the second particle is assumed not to interact with 
the first in any way at all, it follows that we are able to find its 
properties without its having undergone any disturbance 
whatsoever. Nevertheless, according to the quantum theory, 
the uncertainty principle, �P2�X2 � h, must sti l l  apply. So 
Heisenberg's explanation of this uncertainty as due to a 
disturbance resu lting from measurement can no longer be 
used. It was this which indeed led Einstein, Podolsky, and 
Rosen [ 1 935] to argue that since both X2 and P2 were in  
principle measurable to arbitrary accuracy without a dis­
turbance, they must have already existed independently in  
particle 2 as  "elements" of reality with wel l-defined values 
before the measurement took place. And so, they concluded 
that quantum mechanics is an abstraction giving only an 
incomplete and fragmentary description of the underlying 
real ity (as insurance statistics are abstractions that simi larly 
yield ·an incomplete and fragmentary description of the 
people to whom they are applied). 

As is wel l  known, Bohr [N.  Bohr (1 935) Phys. Rev. 48: 
696] answered this argument by means of a further 
development of his notion that the measurement process 
is an unanalyzable whole, which led in this case to the 
conclusion that there is no mean ing to the attempt to give 
a detai led description of how correlations of position and 



momentum are carried along by the movements of the 
parts of a many-body system. It is interesting, however, to 
go careful ly into how the trajectory interpretation differs 
from that of Bohr, and yet comes to a s imi lar notion of 
unanalyzable wholeness, though, of course, in another 
way. For this case, writing f = Reis/fi, we obtain for the 
quantum potential 

( 1 1  ) 

with t:.x = Xl - X2 ' This function evidently remains large, 
even when the d istance, a, separating the particles is not 
smal l .  Therefore, when the properties of the first particle 
are measured, the quantum potential brings about a 
correspond ing d isturbance of the second particle. And 
from this, it can be shown [D.  Bohm ( 1 952) Phys. Rev. 
85 : 1 80] that in a statistical ensemble of s imi lar 
measurements, Heisenberg's uncertainty solutions, 
t:.P2t:.X2 2:  h wi l l  sti l l  be obtained.  

Karl Popper on Bohr and de Broglie 
"The new gospel of i rrational ity," 'Karl Popper writes, "was 

first publ icly preached by Bohr in Como at the International 
Congress of Physics 1 927;  and a few weeks later, in B russels, at 
the [F ifth] Solvay Congress." Popper's contribution is "A Critical 
Note on the Greatest Days of Quantu,m Theory." He reports 
young physicists thinking Einstein had become prematurely old 
at the age of 48! Bohr became the favorite of the young bri l l iant 
physicists led by Heisenberg, Pau l i, and Max Born into what the 
young considered a greater revolution than Relativity. Some 
thought E instein an anted i luvian. Popper thinks "the real break 
was . . .  between a radical and dogmatic empiricism . . .  and a 
critical realism." This empiricism was h idden under the "gener­
al usage of the almost incred ible term 'observable.' . . .  There 
are, in fact, no observables in atomic physics. " There are only 
indirect observations, that is, traces of the effects of particles on 
the environment through which the particles pass. 

The de Brogl ie waves made Bohr's atom understandable. 
The advent of record ing Geiger counters and photographic 
Wilson cloud chambers began the death of the "observer." 

A new term, "h idden variable," arose to offset "observable," 
Popper writes. " In fact . . .  all physical 'variables' are h idden ." 
H idden variables are a consequence of Heisenberg'S interpre­
tation of his indeterminacy formu lae. 

The Copenhagen school interprets Heisenberg'S indetermi­
nacy principle as excluding: 

(a) a l l  measurements which wou ld be better than the prod­
uct of the change of momentum with the change of position, 
t:.Pxt:.x 2: h; 

(b) as wel l  as a l l  subjective knowledge better than this; and 
(c) the existence of all particles that possess position and 

momentum to a greater precision than (a). 
On the other hand, "a realist interpretation of quantum 

mechanics would interpret" (a) above "neither speaking about 

measurements nor about our knowledge," but rather "as 
speaking about the preparation of particles, and their position 
and momenta," i ndependent of whether they are being 
observed or measured, though the rea l i sts recognize that the 
particles of course wi l l  respond to fluctuation in the environ­
ment mostly in a partia l ly unpredictable fashion. 

E instein, Podolsky, and Rosen publ ished their famous paper, 
"Can Quantum Mechanical Description of Physical Real ity Be 
Considered Complete?" i n  1 935 "to show that a particle pos­
sesses both a precise position and a precise momentum." 
Popper considers the argument val id .  

De Broglie on the Poetry of Creativity 
Georges Lochak of the Fondation Lou is de Brogl ie ("The 

Evolution of the Ideas of Louis de B rogl ie on the Interpretation 
of Wave Mechanics") writes that de Brogl ie "always experi­
ences creation as a dazz l i ng poetic vision, and he cannot 
help feel i ng sad when he sees it weaken and fade as it is 
translated by h imself or by others into a necessari ly mathe­
matical language." 

O. Costa de Beauregard ("Remin iscences on My Early 
Association with Louis de Brogl ie") tel ls this related story of de 
Brogl ie's appreciation of Pau l  Valery: "One spring afternoon, in 
those days bygone, I went to his [de Broglie's] home in  the Paris 
suburb of Neu i l ly, with a work on physics I wanted to d iscuss 
with him. The weather was beautifu l ,  and the chestnut trees i n  
blossom. I don't remember how it happened that Louis de 
Broglie came to ask me which was, in my opin ion, France's 
greatest poet. Somewhat hesitatingly, I answered that this was 
a question of personal taste, and that he might not agree with 
my choice of Pau l  Valery. Wel l ,  this choice was also h is. H is 
fol lowing question was, among Valery'S masterpieces, which 
one would I select? Again with hesitation, I said that my selec­
tion was not the (very rightly) celebrated Cimetiere Marin but 
rather the long, superb, phi losophical poem with the under­
stated title Ebauche d'un Serpent (Sketch on the Theme of a 
Snake). It is a sparkl ing theological address of Lucifer to God, 
starring the Garden, the Snake, Eve, the Tree-and what fol­
lowed therefrom. Wel l ,  aga in  de Brogl ie agreed . And we spent 
the rest of the evening read ing and commenting on the won­
derful poem, which fina l ly has to do with the i rresistible growth 
of knowledge from roots in the darkness beneath, to leaves in 
the bri l l i ance above . . . .  So it seems to me that there is some 
Leibnizian preharmony between Valery and scientists." 

As John Bel l  proclaims, "Long may Lou is de B rogl ie contin­
ue to inspire those who suspect that what is proved by impos­
sibi l ity proofs is lack of imagination." 
Notes __________________________________________ __ 

1 . Quantum, Space and Time-The Quest Continues, Asim O. Barut et aI., 
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O. Costa de Beauregard, Karl Popper, J. Andrade e Silva, J.S. Bell, D.J. 
Bohm and B.J. Hiley, L. de la Peiia and A.M. Cello, Stanley P. Gudder, Ph. 
Gueret and J.-P. Vigier, Mioara Mugur-Schachter, F. Selleri, and H.-H. v. 
Borzeszkowski and H.-J. Treder. 
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Aug. 8, 1 982. 
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INTERVIEW WITH ROBERT J. MOON (1984) 

On the Filamentary Electron, 
Neutrinos, and Nuclear History 

In this 7 984 interview, Dr. 
Robert }. Moon discusses his 
years on the Manhattan Project, 
and his five decades of work in 
frontier areas of nuclear science, 
with Marjorie Mazel Hecht, man­
aging editor of Fusion, the bi­
monthly magazine of the Fusion 
Energy Foundation. Dr. Moon 
was a founding member of the 
Fusion Energy Foundation in 
November 7 974. The interview is 
reprinted from the January­
February 7 985 issue of Fusion. 

Question: You've been a member 
of the Fusion Energy Foundation 
since its founding 1 0  years ago in 
November 1 974. What interested 
you in the FEB 

EIRNS 

thrOugh photosynthesis into food­
producing plants. 

Third, we wanted to encourage 
a greater exchange of ideas on 
advanced nuclear energy-fission 
and fusion-among those en­
gaged in research in these fields. 

The fourth point, very impor­
tant, is that we wanted to encour­
age new ideas and an understand­
ing of phenomena on the frontiers 
of science, especial ly fusion ener­
gy and related processes. 

Question: You are still very much 
involved in these last two points, 
since you just began to serve as the 
editor-in-chief of the International 
lournal of Fusion Energy, liFE. The 
journal has set out in an expanded 
format to aid in the exchange of When I was invited to be one 

of the founding members, there 
were essentially four points that 
attracted me to what the founda-

Dr. Moon speaking on the need for fusion energy, at the 
founding meeting of the Fusion Energy Foundation, 
Nov. 23, 7 974. 

ideas and new concepts not just in 
fusion and plasma physics, but 
also in directed-energy technolo-

tion was setting out to accom-
pl ish. F irst, I wanted to bring before the public worldwide the 
fact that energy is a key ingredient in the well-being of any soci­
ety and that we had to increase our energy resources in order to 
expand our populations. 

Second, energy from combustion had reached a state of equi­
l ibrium; combustion requires oxygen and oxygen comes from 
plants-leaves, blades of grass, and whatnot-that in the pres­
ence of sunl ight convert the CO2 back into oxygen and make 
chlorophyll in the plants. We had reached an equ i l ibrium there. 
To continue to use more oxygen for combustion would only do 
one thing-increase the carbon dioxide content of the atmos­
phere. And since we need oxygen as human beings, this would 
suffocate us. It is necessary to develop the more advanced tech­
nologies of fission and fusion in order to generate spectral ener­
gy beyond that of the Sun that would convert the excess CO2 

gies and biophysics. I think you 
have said that we need a revolution in science today. 

Yes. In these times,' it is essential that articles in  the journal 
are of such a nature that they bring about the birth of new con­
cepts. That would be very un l ikely to occur with the referee 
system of j udging papers for acceptance that is now in  use in  
most scientific journals. The referees always base their reviews 
on what is known in physics, biology, or biophysics as it stands 
today; but often there is a greater understanding, new interpre­
tations, new explanations for scientific phenomena that should 
become known and discussed. It is the IJFE editorial pol icy to 
give authors with a new concept a chance to defend the i r  ideas 
and theses before acceptance for publ ication. And the journal 
has expanded to include new areas such as biophysics. 

Question: The first issue of the IJFE in its expanded format, 

"We're living in an age in which energy is key. For more people we need more 
energy. This means controlled fusion. Otherwise we get into a problem; people say, 

'Well, let's solve it by cutting down the world population.' But that's no solution . . . .  It 
means you lose all that creativity." 

-Robert Moon, addressing the founding meeting of the FEF 
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January 1 985, has a few examples of the kinds 
of articles that are very important and yet did 
not make it into some of the conventional 
physics, biology, biophysics, and medical jour­
nals. One' of the main articles in this issue that 
makes that point is Winston Bostick's piece on 
the morphology. of the. electron. . 

Yes, I th ink tl:)at Bostick's fi lamentary model of 
the 'electron is an excel lent one. Classical physics 
has made the structure of the electron spherical, 
that is to say, a rigid, massless sphere covered 
uniformly with a massless electronic charge, 
with a l l  the rest mass of the electron generated by 
the energy contained in the electric field from the 
surface of the sphere out to infin ity. That meant 
that the electron exists from the surface of the 
sphere out to infinity! And when in motion, a 
magnetic field was generated perpendicular to 
the electric field and the velocity of the electron 
(these are vector quantities). This additional mass 
due to the .energy of the magnetic field, plus the 
rest mass, approaches infin ity as the velocity of 
the electron approaches the velocity of l ight. This 
model yielded the classical relativistic increase 
of mass as a function of velocity. 

Or. Winston Bostick demonstrating 
his filamentary model of the electron 
at  a conference of the Schiller 
Institute, 7 984. At right is Jonathan 
Tennenbaum. Inset is the contents 
page from the January 7 985 issue of 
the International Journal of Fusion 
Energy, which Or. Moon discusses. 

International Journal of 
Fusion Energy 

Vo!' l, No. 1 

4 
Editorial 

7 
Editor's Note 

Janaary 1985 

Yet th is classical model of the e lectron was 
not very congruous with the general nature of 
things, as someth ing that extended throughout 
the entire un iverse; in other words, its mass was 
not localized. 

Winston Bostick describes the electron as 
right-handed and left-handed screws joined 
together to make a torus that's been twisted a 
couple of times and has a charge c ircu lating in  
it. This fi lamentary model then produces a l l  the 
measurable qual ities that an electron is supposed to have, and 
does it in a very amazing way. I th ink it is a concept that could 
very wel l  prove usefu l .  

Question: What effect d o  you think the electron article will 
have on the physics community? 

It's hard to say. Since the state of physics is such that they have 
gone as far as they can with the classical structure of the electron, 
the quantum mechanical structure, and the wave mechanical 
one, I think they real ly should turn to a structure of the sort that 
Bostick describes for further insight into the nature of the elec­
tron. It seems that Bostick's model describes a l l  known properties 
of the electron in one model and this concept may possibly lead 
to the discovery of the yet unknown nature of the electron. 

Fundamental Ideas about the Physical World 

Question: This is really some of the first material in physics in 
years, since the era of Heisenberg and Einstein, and so on, 
that deals with basic ideas about the physical world in a fun­
damental way. 

That's so true. And this kind of thinking has needed to be 
done. A great deal of the things that are so necessary for science 
consists of not only looking forward to the future but also refer­
ring backwards to what has happened in the past, so as in that 

Articles 
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The Morphology of the Electron 

Winston H. Bostick 
53 

Missing Energies at the Pair Production by Gamma Quanta 
Erich R. B�gge 

57 
The Relation Between Angular Momentum and 

Star Fonnation in Spiral Galaxies 
L. Curasco and A. Sel'TilJto 

63 
New Frontiers in Biophysics 

Jamrs Fraul', PhD 

way to get a better idea of the nature of the physical world .  

Question: I think that the article b y  Erich Bagge o f  Kiel 
University also fits this description; it contradicts so much of 
what is going on today in high-energy physics, because he 
shows clearly that neutrinos do not exist. 

That's right. Bagge has shown that neutrinos are not needed in 
order to describe the beta-ray spectrum and the energy balance 
in the reactions he studied .  To date no free neutrino has been iso­
lated. It's a very smal l particle, according to the theory, and it has 
a very tiny cross section of 1 Q-44 square centimeters. It's so tiny 
that it could even pass through the Earth and not be detected! 

Question: So as the neutrino is usually described, it's essen­
tially undetectable. I think you mention in your editor's note 
in the journal that you would need 1 01 8  meters of lead to 
catch even half of the neutrinos postulated. 

The only way that scientists have tried to detect it is indirect­
ly; but that is not very satisfactory. They've tried to use the anti­
neutrino to detect it, and yet they don't know if the anti neutrino 
exists! The neutrino is sti l l  a particle with zero charge in the 
minds of scientists, but recently it seems to have a s l ight mass 
. . .  less than 42 electron volts, approximately 1 /1 0,000 times 
the mass of the electron. 
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Question: It's like using a ghost to find another ghost-
Or rather, to find an anti-ghost-whatever that is! There are 

several particles in particle physics, some of which we can 
describe and for which we have experimental data. For exam­
ple, the three types of heavy electrons, the various leptons as 
they are called. Some of these supposedly involve neutrinos in  
their reactions; but sti l l  we have not real ly found a free neutri­
no, and we don't have any way to find one, because it doesn't 
ion ize, or react mechanically or electrical ly with matter. 

I th ink  Bagge has shown, that in electron-positron pair .pro­
duction by means of gamma rays, a l l  the energy can be 
accounted for without the neutrino. This has been the enigma 
even back in  the early 1 930s. Where is that missing energy in 
the beta-ray decay of the nucleus, si nce all the electrons pro­
duced don't come out of the energy of the reaction? The neu­
trino was invented to take care of that missing energy. 

Question: When was the neutrino invented? 
It was invented by Pau l i  in 1 927, and then it was elaborat­

ed upon by Fermi i n  1 932.  He set up some mathematics that 
could show some of the properties that a neutrino could have, 
none of which were measurable. Anyway, this gave most 
physicists a way to satisfy themselves theoretical ly that a neu­
trino must exist, because here there exists a theory that says so. 
So we have looked for the neutrino a l l  these years and it's 
never been found free. 

Question: I know this won't be the first time that you have con­
tributed to changing men's minds about how the world works. 
You've accomplished a number of firsts throughout your 
career. In 1 930, I think, you were probably the first person 
who suggested a doctoral thesis on how to create fusion power, 
as a graduate student at the University of Chicago. And I know 
you were the first to build the scanning X-ray system that led 
to the CAT scanner, the first to discover the correct cathode 
surface for a high-current electron gun, the first to design and 
build an effective cyclotron, and a whole host of other things. 
You were also the editor-in-chief of the first few issues of The 
Bulletin of Atomic Scientists, before it turned antinuclear, so 
for that reason the present Bulletin leaves you out of its histo­
ry. Would you like to tell us a bit about some of these things? 

In my undergraduate work at Southwest Missouri State 
Col lege, I had two very good professors, one in physics, Prof. 
A.P. Temple, and another in chemistry, Prof. Robert W. Martin, 
who al lowed me to use a l l  the equipment-including new and 
unused-that was in the storeroom. I was able to do a lot of fun­
damental experiments with that. In ·exchange for this privilege, I 
had to demonstrate al l  this before a lot of other classes. At the 
time I read al l  the articles describing the possibi l ity of fusion 
energy, and it seemed to me that this was the energy for the so­
called Mi l lennium that was to come, the thousand years of peace 
and prosperity. Back then, they were talking about its arrival by 
the end of the century. 

Question: This was even before fission was discovered and 
proved. 

Right, it certain ly was. And so, when I was just a youngster 
of 1 9, I came to the U niversity of Chicago and I presented a 
proposal on creating fusion energy in the laboratory to the 
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Physics Department. But they weren't
' at a l l  i nterested in  

nuclear energy. They said the energy is there but i t  wi l l  never 
come out; a l l  has been done that can be done. As far as they 
were concerned, the books were closed. 

But there was one professor at Chicago, Wi l l iam Draper 
Harkins, a physical chemist, who had written several papers 
which I had read on the structure of nuclei, and the particles that 
should be in the nucleus, and so on. He took me on as a thesis 
student. "We just have a smal l  amount of equipment for the 
th ings you want to do," he said, "but it's very important to con­
struct some of the equ ipment we don't have in order to do your 
thesis work." So I went ahead and bu i lt the first Geiger counter 
on the campus. It had a recycl ing binary recorder that printed out 
in decimal numbers instead of digital numbers. Also I developed 
a scale of 1 0  (a recycl ing binary), in order to go from the binary 
system to the decimal system in counting the number of particles 
out of a radioactive reaction. 

Whi le I bui l t  the equipment for the nuclear work, I did anoth­
er thesis on the study of surface structures by means of slow 
electrons (less than 50 electron volts energy). Then I got 
involved in bui lding the cyclotron. You know, we bui lt the best 
cyclotron in the world, right in 'the middle of the Great 
Depression ! And it cost $30,000, i nc luding my salary and the 
salary of my associates, as wel l  as the material costs, the model 
magnets for design of the cyclotron-everything. This model 
magnet had qu ite a history. It was borrowed by un iversities all 
over the country to help other people bui ld cyclotrons. 

We had to make a lot of the equipment ourselves. We 
designed the transformers and bui lt  them, and one of our stu­
dents helped design the vacuum tubes for the push-pu l l  ampl i­
fier of the final stage. These tubes were continuously pumped 
vacuum tubes with the properly shaped water-cooled grids. 
These were capable of generating about 1 00 ki lowatts, and it 
could go up to 200 ki lowatts of rad io frequency power-l O 
megacycles-to drive the "dees" of our cyclotron. "Dees" was 
the name given to the accelerating electrodes, which were l i ke 
a pi l l  box cut in half, an open "0" shape. So we had a good 
healthy beam of 1 50 microamperes of deuterons. 

Let me tel l  you, too, that a man l i ke Fermi didn't get i nto 
nuclear physics unt i l  the neutron was d iscovered in 1 932 .  I n  
1 932, people l ike Fermi came i nto the field, because here was 
a particle that could go i nto the nucleus of the atom; they were 
bombard ing everyth ing, every element, with neutrons. At the 
time, the most prevalent neutron source was a rad ium-bery l l i­
um source, where alpha particles h i t  beryl l i um and the nuclear 
action that fol lowed produced neutrons. The cyclotron could 
be used as a prolific source of neutrons. 

H istorical ly, it took a long time to discover the neutron-two 
years after one of the fundamental experiments was done-for 
them to find out what the particular rad iation was that was 
coming out of the radium-beryl l ium source. A block of paraffin 
was bombarded with this rad iation and it was discovered that 
protons were coming out the other side. Wel l ,  anyone who's 
played b i l l iards knows that if a bal l  is h it head-on by another 
one of the' same mass, it stops and the other b i l l iard bal l  goes 
on. Therefore, this strange nonionizing radiation must have had 
the same mass as the proton, but zero charge. It was knocking 
the protons out of the paraffin l i ke one b i l l iard bal l  h itti ng 
another one head on. 



Robert J. Moon 

"You kno� we built the best cyclotron in the world, right in 
the middle of the Great Depression!" Here, the core of the 
cyclotron in assembly. 

J .  Chadwick, i n  England, put a l l  of this i nformation together 
and did some other experiments, and showed that what was 
coming out-this strange radiation-was a neutron, in fact. 
That marked a turning point in many physicists' minds, for 
here was a particle that could enter the nucleus without being 
repel led by the nuclear charge. 

Question: This was in 1 932? 
Yes. And that was when Fermi entered the field of nuclear 

physics. Then we went through a period from 1 932 to 1 938, six 
years, of just bombarding everything with neutrons, including 
uranium. And Fermi worked on uranium, and found the products 
of neutron bombardment were highly radioactive--a neutron 
was being added to a uranium nucleus fol lowed by one or more 
electrons being given off. And the same type of nuclear reactions 
were taking place with the new-product nuclei, and thus 

transu'ranic elements-elements with a greater nuclear charge-­
were being produced. 

Question: Was Fermi working at the U niversity of Chicago at 
the time? 

He was in Italy and he came over to this country to give some 
summer courses at the U niversity of Chicago, and he had a lot of 
fun in teach ing the courses, particu larly in regard to nuclear reac­
tions, with a jovial spirit and frequent use of his pocket sl ide-rule. 
Then he would go back to Italy. But as time went on, the Nazi 
movement and the fascist movement began growing. They 
always wanted Fermi, who was al ready very well known, and 
the King to sit on the stand with Mussol in i  when he spoke, and 
Fermi didn't l i ke that. So when things got kind of tough in  about 
1 937, he came over to this country with some of his col leagues 
and stayed. He joined the University of Chicago faculty, and oth­
ers from h is group went to the U niversity of Cal ifornia . . . .  

The Discovery of Fission 

Now, the interesting thing was that in these experiments 
bombard ing uran ium, there was some fission going on, 
unknown to Fermi 's group, for fission hadn't been d iscovered 
yet. Fermi had said, "Oh, we're getting transuranic elements," 
and he publ ished several papers with that interpretation. He 
was awarded the Nobel Prize for having done all this wonder­
fu l work in discovering "transuranic elements." Wel l ,  some of 
the product nuclei were transuranic, but the majority of prod­
uct nuclei he was seeing was the resu lt of the fission of urani­
um, which produces fission products, roughly one-half the 
mass of uranium, that are h ighly radioactive. There were many 
other things for which Fermi could have been awarded the 
Nobel Prize; however, the Nobel Prize committee happened to 
choose an erroneous part of his research.  

At any rate, the first to know about fission i n  th is  country 
was the Chemistry Department of the U n iversity of Ch icago. 
Aristide von Grosse was on our staff, and he had gone over to 
Germany. He learned of some very sign ificant chemical 
research. He met with Otto Hahn and Leo Strassman, who 
were not very wel l  known at the t ime. They were bombard ing 
uranium with neutrons and studying the chemical properties 
of what was produced by the bombardment-working on a 
lab bench about eight feet long. They said to von Grosse: 
"Look, there are no transuranic elements that we can fi nd. The 
majority of these elements that are produced from uran ium­
bombarded neutrons are i n  the middle of the periodic table, 
The only thing that we can say about this is that it seems as 
though the uran ium atom is spl itt ing in half!" 

And so von Grosse came back with that information, and we 
had several meetings in the Chemistry Department, particularly 
among the physical chemists. We couldn't believe it unless we 
d id the experiments, so we did every kind of experiment. 
Physicists were real ly slow to pick up on it, because they 
thought, "Well, a l l  these people in chemistry, they don't know 
what they're doing!" They said this because what we were find­
ing was contrary to their phi losophy. 

Anyway, in six months, the world over, the world commu­
n ity of scientists rea l ized that uran ium did fal l  apart and it did 
produce about 250 mi l l ion e lectron volts per fission of urani­
um and about two very h igh energy neutrons. 
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INTERVIEW WITH ROBERT J. MOON (1989) 

Cold Fusion Is No Surprise 
This interview with Or. Moon was con­

ducted by Or. Jonathan Tennenbaum, head 
of the Fusion Energy Foundation in Europe, 
after the initial burst of media comment on 
the announcement of cold fusion by elec­
trochemists Fleischmann and Pons, March 
23, 7989. This is the first publication of the 
interview in English. 

Question: We have been talking with a lot 
of physicists who are all totally astonished 
at the reports about fusion reactions in 
palladium. One of them said, "If this is 
true, I won't go back to my lab, but instead . 
I will apply to become a taxi driver." I 
have the impression that you are not so 
surprised, and I would like to know why. 

I am not so su rprised because the ener­
gy [requ i red for the nuclear reactionl 
divides itself down to where the energy 
involved is at low temperatures. That 
means the quanta of energy have been 
broken up, by means of this process. 

Moon: The palladium forms a waveguide, like a superconductor for electrons, 
Here, Or. Moon in 1 982, attending a LaRouche conference in New York City. 

Question: So you have a multiphoton process, as is said 
nowadays. 

Right, that's exactly correct. And the mechanism by which it 
is done is relatively simple, I think. We are not deal ing with an 
infin ite vacuum, we are in a well-defined vacuum. Now this is 
defined, number one, by the great geometrical organization 
within the nucleus of the pal ladium. There are no open vertices 
left [ in my model of the nucleusl . If you take one of the models 
built in plastic and having the regu lar solids sitting inside each 
other, and look through it from the side, you wi l l  begin to see 
passage-ways, just l i ke a l ittle tube-not circular, necessarily, 
but with straight edges. We can have a pentagon or any of those 
regu lar polygons that we use in making the nuclear structure. 

So if you use pal ladium, which is one of the means by 
which you can get this reaction to take place, and if you shoot 
deuterons in,  a long the l i ne-up forming these l ittle tunnels, 
through the nuclei-but we must not forget that this nuclear 
structure is very much the basis for the extra-nuclear electrons. 

Question: I spoke two days ago with a person involved in 
solid-state physics, working with palladium electrodes. He 
said, "Well, electron structure has nothing to do with the 
nucleus. The nucleus is just a charge center." That sounds to 
me like one of those myths that people pick up in textbooks. 

I th ink so, too. It's a myth al l  right. The nucleus is the thing that 
has the structure of the extra-nuclear electrons, the orbits that they 
have. It determines the energy that is carried in them. And this 
forms part of the guide into that small  part. Beyond each atom, 
again you have an al ignment taking place. So this forms a tube 
which is quite long-long enough, I would say, to bring about 
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fusion, with relatively low bits coming out, as the thing took place. 

Question: Now, electrolysis with hydrogen and deuterium is 
nothing new . . . .  

That's how we made heavy water, for example. 

Question: Why haven't people looked in this direction before? 
Wel l, I think that just as most things are known for a long 

time: We knew that there was a great energy d ifference of an 
alpha particle out of u ranium, for example, and other heavy 
elements, [and alsol that with the l ighter elements breaking 
up, as we got into h igher and h igher energies to produce these 
elements, they had very short half-lives. So the energy was put 
i nto the nucleus, and when it broke up some of that energy 
was removed. And when you have perfection in  pal ladium, 
where we are using the Platonic solids with equal faces, the 
pal ladium has formed a wavegu ide. 

Similar to a Superconductor 

Question: This would be very similar to what's going on in 
the new superconductors-it is a superconductor. 

Right. Oh, absolutely! With the superconductor it is only elec­
trons you are shooting through, not deuterons. If you tried to do 
the same type of experiments with the magnetic field changed, as 
we were doing with the superconductors, then this sort of thing 
would come about. Look at palladium as a superconductor. That 
would be one of the important things, I think, to establish. 

Question: You have said that back in the late 1 930s, there 
was a debate on the future direction of study of the atomic 
nucleus. One direction you referred to as nuclear physics, the 



other as nuclear chemistry. 
This is very relevant. We were in  the process of bui lding the 

best cyclotron in the world. We had bui lt  the magnet out of the 
right stuff. The things which entered into this th ing were things 
that were brought about by the physical chemists! At the 
Un iversity of Chicago, Wi l l iam Harkins was one of the out­
standing ones. This fact led to the sort of thing which goes on, 
simi lar to the chemical reactions between the elements, where 
you are working only with the extranuclear electrons-they 
form the chemical elements, and bind the chemical elements 
together to form a compound. 

When we go beyond this, and then we take pal ladium bind­
ing itself together with pal ladium, you begin to think, well that is 
46-you have no vertices unoccupied. And so this al lows for the 
creation of a nice waveguide. The extranuclear electrons say 
how another pal lad ium atom is going to come next to it, because 
they are fol lowing the structure of the nuclei. And apparently we 
have a very good al ignment, a l l  the way through. Two pal ladi­
ums come together to form, let's say, pal ladium two; they begin 
to build on these flat faces and you get a very long waveguide 
tube. And, do you know who came to Quebec, and Studied the 
closest approach of alpha particles to the various nuclei? 

Question: Rutherford. 
Rutherford ! You h it the na i l  on the head. But he made an 

error in his calcu lation. 

Question: What was that exactly? Was that the famous 
Rutherford scattering? 

That's right. But he has the a lpha particle going not so close 
to the nucleus, because of the wrong force equations. So I recal­
culated it, based on what we real ly koew about the force equac 
tions, and it turned out that it [the alpha particle] goes much 
closer; the distance of closest approach was much shorter than 
Rutherford claimed. So that makes a lot of difference here. 

Question: What is the implication 
of that? 

Well, it has the same impl ication as 
in' the work done in connection with 
superconductivity. We get into the 
same field again. Superconductivity 
means that the particles aren't going to 
collide with one another, because they 
have nice l .ittle paths to take, which do 
not cal l  for collisions. In other words, 
an L-bend would certain ly cause a 
collision: if you had to go around an L­
bend with a particle, l ike they do with 
automobiles on a highway [laughs] . 

Question: You mean these wave­
guides go right through the nuclei? 

of the waveguide. It tends to focus the deuterons down into the 
nuclear part. Many things can happen under these conditions. 

Deuterium's 'Love Tunnel' 

Question: It's a "love tunnel" for deuterium! 
Yes, and if they are coming from opposite ends, love is 

made! You have hel ium being formed. 

Question: This is a self-focussing process. 
And you can have acceleration. Remember that you have 

electrons on the outside which are determined by the protons 
and neutrons in the nucleus and their a l ignment, and you have 
an osci l lation :  How can that nucleus not move, when the elec­
trons around 'it are moving, at different velocities? So you have 
a possible accelerating mechanism operating, l i ke a trave l l i ng 
wave used to accelerate particles in a wavegu ide, with a res­
onance cond ition. It's a mu ltiple electrode accelerator. 

Question: You did calculations showing that Rutherford's scat­
tering results were a wrong interpretation of the data. 

I didn't publish it, and haven't yet, because I thought someone 
would pick it up. 

Question: The same mistake is repeated in all the textbooks. 
Right. 

Question: This leads to the idea that the nucleus is a' hard, 
spherically symmetrical ball with a spherically symmetrical 
Coulomb field around it. But this is a fiction, and actually the 
field of the nucleus is something very complicated. 

Absolutely. 

Question: How did you come to look at the nucleus in this way? 
In physical chemistry you study a l l  the nuclear structure. That 

is one thing that we went way ahead on at the U n iversity of 
Ch icago. And we had people l ike von Gross.e coming over. He 

had simi lar ideas, too, and later on 
we had some other people joining 
us. But von Grosse was there, and he 
was l i ke a messenger, tel l ing us what 
was going on in Germany. It was he 
who brought back the work of the 
two German scientists who discov­
ered fiss ion. That put us in the 
Physical Chemistry Department way 
ahead in this work, because we had 
developed so many things in physical 
chemistry, and von Grosse was the 
agent who brought the information 
back from Germany. 

When it started up, Lawrence 
invented the cyclotron. He would 
come and stop off [in Ch icago], hav­
ing been at the Physics Department at 

Philip Ulanowsky/EIRNS h t e University of Chicago, but he was 
Right, they're l inear, so they don't 

have any acceleration to the right or 
to the left. The extranuclear elec­
trons are also oriented by such a 
nucleus. We don't find the orbit as a 
whole rotating around the nucleus; 
it is locked in place. So that is part 

Tennenbaum: "/ hope that this piece of good news 
on cold fusion will be a revelation for a lot of 

out in Cal ifornia. Chicago was always 
the central place to stop, on the trains. 
He ended up with the amazing state­
ment: should we cal l  this nuclear 
chemistry, to be right about what was 

scientists and students, that the Universe does not 
work on entropy." Here, Dr. Tennenbaum addresses 
a "Food for Peace" conference in Chicago, 1 988. 
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going on, or should we continue to cal l  it nuclear physics? I 
thought that was great. 

Question: Why don't we call it nuclear chemistry? 
The physicists had the most votes. I wanted to go into 

physics when I came in  1 930, but they had gotten [Arthur] 
Compton there, and he was studying cosmic rays. And that 
was the real thing in h igh energy. So he d idn't think too much 
of physical chemistry at that time . . . .  He changed over later. 

Question: You were working on interesting properties of the 
rare earths. How did you get into that? 

Because, why are they l i ke they are? Why are there 1 4  mem­
bers? You get to real ize that if you have the nuclear structure cor­
rect, you wi l l  have that. That was my approach to it. The regular 
solids are crucial. With the rare earths you have 1 4  places to be 
filled up to make the cage for the nucleus. You are crossing 
bumps in the rare earth series, which tends to make them add 
another series of 1 4  orbits, in such a way that they al l  have the 
same charge on the nucleus, the way the electrons neutral ize it. 

Question: What kind of properties of the rare earths can be 
understood in terms of this model [of the nucleus]? 

They a l l  have the same valence. You are fi l l i ng up inner 
shel ls .  You have three e lectrons in  the outer shel l ,  permitting 
putting 1 4  in the inner shel l .  

Question: How d o  you relate this work t o  the plasma focus, 
where we see fusion going on in a very special type of struc­
ture, the Beltrami vortices? There must be some correspon­
dence between this and the palladium fusion. 

You have to look at something else: superconductivity. You can 
cool a metal down to zero where you don't have so much vibra­
tion, and then you try to make an alloy where you can operate at 
a much higher temperature. 

Question: Why would an alloy allow you 
to work at a higher temperature? 

Because the alloy is such that there are 
forces holding the superconductor electrons, 
so you have channels l ike you are getting in 
palladium. You have these channels among 
the nuclei of the high-temperature materials, 
trying to make alloys that wil l  come up close 
to room temperature. I worked with a fel low 
who thought that before the superconductors, 
we should transmit power in l iquid nitrogen­
cooled copper. He thought this would be a 
superconductor for h igh-voltage AC. 
Unfortunately, he died a few years later. 

Question: How does this relate to the plas­
ma focus? 

rents that are produced? Wel l ,  the eddy currents in the outer con­
ductor are always such that it reflects back, doesn't it? It is not 
losing any energy. So he worked on that, and I often visited h is 
plant when he was working on that. We could get our electric­
ity bi l ls down. This kind of superconducting transmission l i ne 
wi l l  be important, as we get our population density up. 
Electricity is a very beautiful type of energy to transmit around. 

Question: One point which Chuck Stevens has been looking 
into is the original Ampere law on electric current. One of 
the things which is coming up now, is that we haven't really 
understood what an electric current is. 

That's right. Although it is easy, in classes for chi ldren, to get 
them to understand that very rapidly. Deal ing with Ampere's 
law, I asked them to th ink  about improvements. So they cou ld 
be thinking about that kind of th ing. They measured the torque 
between two coi ls, and the measurement of th is torque was a 
very beautiful experiment for kids to do. They rea l ly  enjoyed 
that, the torque on the middle coil produced by interaction 
with the long solenoid that they had bu i lt. 

Question: But I understand that you arrived at your nuclear 
model in thinking about the Klitzing effect, which deals with 
electrons conducting in a very thin surface. How are you seeing 
that happening in a solid? 

The fact that you have electrons going around in any one of 
the orbits, one or two or three electrons, and so forth, determines 
how much you are going to have to divide the maximum field 
which you use, to try to stop the electron current. But then you 
get down to the levels at which it is a superconductor. That is 
around 50,000 volts, and you keep bringing it down until you 
come to a rather low voltage, which corresponds to the things 
you are measuring in a magnetic field, the way the supercon­
ductivity moves. 

... 
Philip Ulanowsky/EIRNS 

It is exactly the same sort of thing. In  
superconductivity you are making channels 
that electrons can go through without hitting 
those stationary electrons, or near-stationary 
ones, attached to a nucleus. So there is no 
loss. You might say, how about the eddy cur-

Or. Moon at a summer camp near Leesburg, working with youth in 1 986 on 
winding coils to do the Ampere experiments. Robert McLaughlin (I,) assists. 
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Question: In current you are deal­
ing not with separate electrons, but 
with a waveguide effect of specific 
configurations of electrons. 

Absolutely true. And when we use 
waveguides for electromagnetic waves 
themselves, then again it is the move­
ment of the electrons in that conduct­
ing shell around it which determines 
the type of waves that are propagated. 
And whether you want to use triangu­
lar, or rectangular, or circular, or ellipti­
cal geometry, you have a very nice geo­
metrical problem, which is solvable. 

Biological Fusion? 

ness. If we want to increase the ener­
gy flux density, we not only have to 
have the fusion going on, but we have 
to get the energy out in the best way. 

So we have to have mechan isms 
using the appl ication of a signal . 
This is not out of the question at al l .  

Question: So we can modulate the 
process by putting a field onto the 
palladium. 

It's just l i ke a doctor tel l ing a cel l ,  
"Well, now you have to behave this 
way." The signals have to be rectified 
so as to get the cel l  to perform the 
way we want it to. 

Question: Let us get into something 
different, but quite interesting: 
biology and biophysics. Some peo­
ple have speculated that there are 
fusion reactions going on in living 
organisms, as a functional aspect of 
living processes. 

Dr. james Frazer, then of the Texas Medical Center, 
discussing his work on nuclear magnetic re­
sonance, at a 1 984 meeting of the Schiller Institute. 

Proposals for 
Cold Fusion Research 

Question: So what would you pro­
pose should be done in experimen­
tal work on cold fusion right now? 

If we take the fact that energy is so important for a l iving 
organ ism, such as a human being, which is a qu ite compl icat­
ed l iving organ ism, it is a very important thing to have some 
additional energy coming i n .  To use this in medicines would 
be very important. We now have some radioactive com­
pounds with the right kind of h alf-l ives, which we could intro­
duce into a medic ine that w i l l  produce a l ittle energy without 
a chemical reaction in the system, for the right length of time. 
This could help in many d iseases. 

If you look at many diseases, particularly the ones Dr. 
[Chaov�meel Aroonsakul has been looking at,' you see the fact 
that body temperatures get down very low-particularly in some 
diseases of the nervous system. So, why not bring up the temper­
atures? She is now looking at some substances which can keep 
the body temperature up without there being a chemical reaction. 

Question: Nuclear processes are crucial in biology. This is clear 
especially from the work of Dr. [James] Frazer and others on 
nuclear magnetic resonance. You are seeing living tissue doing 
many of the things we were discussing before-superconduc­
tivity, and perhaps even transmutation of elements. But let us 
get back to palladium fusion. What do you think of the possi­
ble applications? It seems to me one of the problems is to 
increase the energy flux density at the point where the energy 
is being generated. The best thing would be to be able to get 
coherent radiation from this kind of cold fusion, rather than 
heat, which would be a stupid thing to produce. 

That would be a very good th ing to ach ieve. 

Question: Because you want to get the energy out in a coher­
ent form and you want to maintain the geometry of the palla­
dium; you don't want to disturb the geometry that is doing the 
job for you. 

That's so correct. And th is can be done. 

Question: That seems to me to be the crucial point in this busi-

You get down to what we did with the .old cloud chamber. 
We can start with a few pal ladium molecu les, in gaseous form, 
at a low temperature, or something l ike that. Just have a parti­
cle coming in, guided l ike the extranuclear electrons were 
doing, with the atoms a l igned by external fields. We cou ld 
study these th ings in this way, using some of the old methods. 
We need the col l ision angles and such things. 

Question: What other materials would be interesting, besides 
palladium, to get the waveguide effect for fusion? 

Wel l, pal ladium is one of the best. But take the completed 
solids, from the very beginn ing on up. That should be studied. 
And you know we can produce elements that are twice the 
weight of uranium, at twice the atomic number. 

Question: We can probably do this in the waveguide geometry. 
Right. That is what brings it about. We got to element 1 09-1 

think that is the last element we can identify. Then we have a few 
coming in, where we can't get stabi l ity; they don't last. But when 
you get up to around twice 92, around 1 80, then there seems to 
be stabil ity again.  The number 1 37 is also involved. There are so 
many d iscoveries to make. If we put the right combinations of 
these numbers into a mathematical function, then we get some­
th ing new. And I think the good Lord is helping us to get there. 

Question: I hope that this piece of good news on cold fusion 
will be a revelation for a lot of scientists and students, that 
the Universe does not work on entropy. 

Right. But I th i nk  i n  a l l  these studies it is very important to 
bring .in  biology and medic ine. And you know we are told in  
Revelations, Chapter 20,  about the thousand years we are 
going to l ive. So we have to prepare ourselves for that thou­
sand years. And we have to make the world ready for us to l ive 
a thousand years, without destroying each other. 
Notes ____________________ _ 

1 .  Dr. Moon worked with Chaovanee Aroonsakul, M.D., who specialized in 
gerontology and developed a treatment for alleviating the symptoms of 
Alzheimer's disease. 
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Every Electron Communicates 
With Every Other 

These are short excerpts from an inter­
view with Dr. Moon which appeared in 
the Oct. 3D, 7 987 issue of Executive 
Inte l l igence Review. 

On Electron 
Communication 

[When I was working on my doctor­
ate] "I decided to study the d iffraction 
patterns created by electrons, in the sur­
face of oleic acid. (This acid is made by 
purifying o l ive oi l  i n  a vacuum disti l ler 
over a period of several weeks.) I was 
trying to observe the wave properties of 
particles, which de Brogl ie had identi­
fied. I was very excited to realize that 
rather than existing as isolated particles, 
every e lectron commun icated with 
every other. 

"De B rogl ie's work raises very pro­
found phi losophical questions, because 
it is  necessary to account for the fact 
that electrons trave l l ing through a nar­
row opening, a s l it, i nteract with each 
other-as waves-even when th is  
wou ld apparently not be possible. For 
example, when one e lectron fol lows the 
other with a time interval of an hour 
between, sti l l  they ' interfere' with each 
other, so that the first e lectron exh ibits 
diffraction ri ngs. It appears to know and 
react to the existence of the second 
electron.  

" I  decided to devote my doctoral the­
sis to carrying out more del icate experi­
ments with electron d iffraction, based 
on the theories of de Brogl ie .  I studied 
the electron diffraction of the surface of 
l iqu ids with a very low-energy electron 
beam-less than 50 electron volts. With 
electron d iffraction, I was able to 'see' 
the structure of l iqu id surfaces. I n  fact, I 
was able to find the structure of mole­
cu les that way. 

"These deve lopments rel ated d i ­
rectly to other exciting things, more 
recent developments, which in turn led 
me to the realization of my [nuclear] 
modeL" 
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The excit ing th ing is to 
define a problem, and then 
develop the too l s  which 
you need to tack le  i t .  
That's why my ear ly expe­
rience in our  farm machine 
shop was so important to 
me. Every c h i ld should be 
g iven  a s i m i lar  k ind of 
opportu n ity, even before 
he or she enters col lege. 

I wou l d  u rge co l l ege 
students today, not to get 
dependent u pon comput­
e rs to do the i r  exper i ­
ments for them. Even in  a 
l a rger co l l ege sett i ng,  
there is  opportun ity to get 
access to a laboratory for 
i nd iv idua l  experi ments. 

The trick with a physics 
department or a chemistry 
department or a biochem­
istry department, if  you 
want to do a few extra 
experiments on you r  own, 
i s  to l ocate eq u i pment  
that  hasn ' t  been  used;  
there's usua l ly  a lot of 
that arou nd .  

On the Need 
For Units 

Dr. Moon (second floor window) with summer 
camp students in 7 986, experimenting with the 
effect of atmospheric pressure on sucking water up 
through a straw. 

" I t  i s  common today to 
write formu lae neglecting 
the u n its of measu rement 
and va lues, such as mag­
net ic  permea b i l i ty and 
the d i e l ectr ic , constant .  

On the Value of 
Experimentation 

"The freedom to exper. iment in a 
laboratory is an essential part of a 
young scientist's educat ion.  You can't 
learn to be a scientist by pass ively tak­
ing in what someone else accom­
pl ished .  
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The quest ion of the stan­
dard of measu rement i s  obscu red, 
and even more importa nt, the ques­
t ion  of the  structu re of space is 
ignored .  Th i s  takes the student away 
from the rea l i ty of an exper iment, 
where the permeab i l ity of free space, 
or of a part icu lar  med i u m  is crucia l­
for exam ple in the s imp le  case of a 
condenser." 



Moon and the Chicago Cyclotron 
The Chicago cyclotron, the second in  the world, and vastly 

superior to the first machine for which Ernest O. Lawrence 
won the 1 939 Nobel prize, was designed and bui lt by Dr. Moon 
and a team of students of Physical Chemistry Professor Wil l iam 
Draper Harkins at the U n iversity of Chicago in  1 936. (See also 
pp. 38-39.)The Chicago cyclotron was world famous and essen­
tial to the bui lding of the world's first atomic pi le under the uni­
versity footbal l  field during the Manhattan Project. However, 
Moon and Harkins's pioneering role with the cyclotron, as with 
many other of their contributions to nuclear science, became so 
l ittle known, even suppressed, that many people later thought 
the machine must have been bui lt  by someone else. 

We reprint here two letters shedding interesting l ight on th is. 

Not Fermi, Moon 
This letter-to-the-editor appeared in the Nov. 1 1, 2003 issue 

of the Ch icago Maroon, the independent University of 
Chicago student newspaper. 

Your  obituary of Tel mer Peterson i n  the Nov. 7 issue of the 
Maroon, states that Peterson helped Enrico Fermi bui ld the 
U niversity of Chicago's first cyclotron. For the record, the 
University's first cyclotron was bu i lt before World War I I-and 
before Fermi arrived-by the l ate Robert J. Moon (Ph .D.,  
Chemistry, 1 936) .  For example, see Robert J .  Moon and 
Wi l l iam D .  Harkins, "The Production of H igh Velocity 
Particles in a Cyclotron by the Use of Mult iphase Osci l lators," 
Physical Review, Vol .  49, p. 2 73 (1 937) .  Although this brief 
paper barely h ints at the truth, I was told by the late Frankl in  
Offner (Ph.D., Physics, 1 938) that Moon actual ly conceived of 
the concept of phase stabi l ity (synchrotron) usual ly attributed 
to independent work by Veksler and McMi l lan ( 1 945). 

Robert Michaelson 
Evanston, I I I .  

Birth of Synchrotron 
This letter�to-the-editor appeared in Physics Today, August 

1 984, p. 73. 
In  his article on the birth of the synchrotron (February, page 

3 1 ), Edwin McMi l lan mentions h is  letter to the editor of the 
Physical Review, in which he said in reference to his getting 
the idea for the synchrotron, " It seems to be another case of 
independent occurrence of an idea in several parts of the 
world, when the time is ripe for the idea." 

He probably should have added to that statement, "and you 
are lucky enough to be in a place where people wi l l  l i sten to 
new ideas." 

The first time I heard this idea-in almost the same words 
McMi l lan wrote to Lawrence-was from Robert Moon at the 
University of Ch icago. It was in 1 939 at the seminar where Sam 
All ison first spoke about the discovery of nuclear fission and the 
possibi l ities of a nuclear bomb; perhaps it is because of the jux­
taposition of the two events that I so vividly reca l l  it. Moon said 
to me, "People say that there is a relativistic l im it to the power 
of a cyclotron, due to defocusing with the relativistic increase in 
mass. But I think it would be easy to overcome this by just fre-

The half-assembled Chicago cyclotron magnet. Or. Moon 
machined the magnet himself 

quency modulating the Ds to keep up with the particle mass." 
Noth ing happened to Moon's idea at the time, just as he was 

unable to get the co-ax l i ne used on the cyclotron he had 
designed and bui lt in 1 936. The head of the project said it 
would have to be built l i ke that at the U n iversity of Cal iforn ia, 
since Lawrence was the expert! So it was Dunn ing who bui lt  
(and received credit for) the considerably improved cyclotron 
with the far more efficient co-ax tuned c i rcuit. 

Moon is sti l l  active at the U n iversity of Chicago, where he 
now has been for over 50 years. And I have been unhappy 
about his not getting the credit he should have received, for 
over 30 years! 

I have checked my recol lection with Moon, who confirms 
my memory precisely. We seem neither of us to have lost our 
memory, despite our advancing years! 
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Franklin F. Offner 
Northwestern University 
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Proposal for a Fundamental 
Experiment in Electrodyamics 

EDITOR'S NOTE: The Fundamental Electrical Law of Wilhelm 
Weber (1 846) was based on the conception that the force 
between a pair of moving charges varied with their relative veloc­
ity and acceleration. James Clerk Maxwell later noted that this 
would imply the existence of a force between a current-carrying 
wire - and a static charge. As no such force had been detected, 
doubt was cast on the truth of Weber's law. However, the veloci­
ty of electrons in a wire, the so-called "drift velocity," has been 
calculated to be extremely slow (on the order of 0.1 mm per sec­
ond, for a current of 1 ampere in a wire of 1 mm2 cross section). 

Dr. Moon's proposed experiment, subm itted to the 
Un iversity of /Chicago Physics Department in 1 958, proposed 
to detect the Weber force by rotating the current-carrying wire 
at a high velocity. It was not funded. Since then, experiments 
by W.F. Edwards, et a l .  [Physical Review 0, Vol .  1 4 ( 1 976), pp. 
932-938] and others have shown evidence of the interaction. 

Proposed Investigation of the Interaction 
Between a Steady Current and a 
Stationary Electric Charge 

For the period Dec. 1 ,  1 958 to Nov. 30, 1 959 
by Robert J .  Moon 

Maxwel i 1  and others2 have envisioned a possible interaction 
between a closed circuit at rest through whkh electric charges 
are moving, and an open circuit that possesses a net + or -
electrostatic charge. Until recently, however, no experimental 
means have existed ·to measure the feeble forces involved in 
such interactions. With the great improvements in quartz fiber 
technique made during World War II by T.J. O'Donnel l, of the 
Un iversity of Chicago, a torsion microbalance is now avai lable 
that has an ultimate sensitivity of 1 0-9 gram. This sensitivity is 
adequate for determining the presence and the magnitude of 
the forces involved in these interactions. 

The experimental set-up involves a metal l ic conductor in the 
form of a flat ring attached to one arm of the quartz microbal­
ance. An identical ring is attached to the other arm. These two 
rings are given a net electrostatic charge of suitable sign and 
magnitude. Directly beneath each ring and 0.1 em away is locat­
ed a thin, flat spiral coil of copper ribbon. Each of these coils rep­
resents a current-carrying circuit. The axis of each coil coincides 
with the axis of its respective ring. Each coil is capable of inde­
pendent rotation about its axis at speeds up to 60,000 rpm. By 
superposing high physical velocities upon a current-carrying cir­
cuit, thus enhancing the electron drift velocities, the force 
between that circuit and a stationary charge may be ampl ified 
many times. The microbalance and the coils are located in vacuo 
in order to minimize Brownian movements and also to reduce 
effects of moving air as the coils are rotated. Various shields wil l  
be provided to avoid spurious effects due to temperature gradi­
ents and stray magnetic fields. Electrostatic shields wil l  be placed 
above each charged ring in order to neutralize effects due to 

46 Fal l  2004 2 1 st CENTURY 

induced charges. These shields wi l l  improve the sensitivity of the 
measurements when su itable potentials are applied. 

Our calcu lations, based on the Amperian law of force between 
charges, show that, with a spiral coil of 7.62 em mean diameter, 
and a metal l ic ring charged up to a potential of 1 ,000 volts, a force 
of the order of 0.1 microdyne wil l  result. If, now, the coil is rotated 
at a speed of 500 rps, this force wi l l  be ampl ified nearly 1 0,000 
times. Thus, it is seen that the forces generated come well within the 
range of sensitivity of our measuring instruments. This experiment 
also enables a measurement to be made of the force as a function 
of the velocity of the circuit and of the intensity of the current. 

The sensitivity of our experimental arrangement should per­
mit the settlement of the fundamental question of electrody­
namics concern ing the existence of a force between a station­
ary charge and a steady current. 

The demonstration and measurement of a force between a 
stationary charge and a steady current wi l l  lead to important 
practical appl ications. For example, in the control of a plasma 
by means of an axial magnetic field, the ult imate field intensi­
ty is l im ited by the conduction current through the coils gen­
erating the field. However, by physical ly  rotating the coi ls 
about the axis, it should be possible to augment greatly the 
effect of the current alone. 
Notes ____________________ _ 

1 .  J.C. Maxwell, A Treatise on Electricity and Magnetism (Oxford at the 
Clarendon Press, 1 881) ,  2nd Edition, VoL II, Chap!. 23. 

2. P. O'Rahilly, Electromagnetics (Longmans, Green and Co., 1 938), p. 588. 

Budget 
Salaries 
Equipment and supplies 
Overhead, 38.9% of direct salaries 

Salaries 
Robert J. Moon, 1 /5 time, 2 quarters 
Robert J. Moon, 1/2 time, 4th quarter 
A E. Shaw, physicist, full time 
A.F. Hughes, Secy., 1 /2 time 
Student assistant 

Equipment and Supplies 
D.C. power supply (Sorenson-nobatron) 
3-phase power supply (Sorenson) 
High vacuum system (pumps, gauges, etc.) 
Two 3-phase motors 
Special non-magnetic table 
Liquid nitrogen 
Special measuring equipment 
Magnetic shielding 
Miscellaneous supplies 
Machine Shop service, 600 hrs at $6.50/hr 

$ 1 5,488.88 
1 1 ,735.00 

6,025 . 18  

$ 33,249.06 

$ 1 ,600.00 
888.88 

8,400.00 
2,1 00.00 
2,500.00 

$ 1 5,488.88 

$ 950.00 
1 ,850.00 
1 ,500.00 

200.00 
125.00 
600.00 

1 ,400.00 
65.00 

1 ,1 50.00 
3,900.00 

$ 11,735.00 
Estimated time to complete project-12 months 



Dr. Moon in the News 
Dr. Robert J .  Moon was a modest 

man, and even those of us who knew 
him wel l  were surprised by some of the 
material in the treasure trove of newspa­
per cl ippings about him, which were 
graciously provided to 2 1st Century by 
the News Office of the Un iversity of 
Chicago. A selection of the news articles 
is summarized here. 

Note that spel l ing corrections and 
punctuation were added to the tran­
scripts of newspaper articles. 

-Marjorie Maze! Hecht 

Dr. Moon and the 
Atomic Energy Act 

• The New York Times, Aug. 1 4, 1 947 

Atomic Law Bars Job to Physic ist 
Dr. Moon, Who Helped Evolve 
Bomb, Seeks Permit to Take 
Canadian U n iversity Offer 

CHICAGO, Aug. 1 3-For the past eight 
months, Dr. Robert J .  Moon, nuclear 
physicist at the U niversity of Chicago, dis­
closed today that he had been petition ing 
the Atomic Energy Commission and other 
Federal agencies in Washington for per­
mission to take another job without fear of 
being imprisoned or facing a possible 
death sentence for unintended treason.  

The scientist, who is 36 years o ld,  and 
assisted here in fundamental research 
that led to development of the atomic 
bomb, now holds the post of Assistant 
Professor of Physics at the U n iversity's 
Institute of Radiobiology and B iophysics. 
He would l i ke to quit that position to 
take an offer of a new assignment as 
head of the Physics Department at 
McMaster U n iversity at Hami lton, Ont. 

Dr. Moon, who built the cyclotron 
(atom smashing machine) at the U niversity 
of Chicago, had accepted the Canadian 
school's appointment and del ivered one 
lecture there last December. It was

' 
then, 

he said, he was advised that his continued 
teaching in a foreign country on the sub­
ject of nuclear physics might place him in 
jeopardy under the provisions of the 
United States Atomic Energy Act. 

This law contains sections on engag­
ing in production of fissionable (atom 

New TV X-Ray 
;n Cancer Hunt 

ATOIIG tAW· BARS ; 
. JOB TO PHlSIClST 

spl itting) niaterial outside the U n ited 
States and exchanging secret atomic 
information with other nations. The 
penalty for violation "with intent to 
secure an advantage to a foreign nation" 
is death, Dr. Moon related. 

When he was advised of his possible 
peril, Dr. Moon said, he immediately left 
Canada on the suggestion of his father, 
Fred A. Moon, an attorney and former 
Greene County (Mo.) Democratic com­
mittee chairman and personal friend of 
President Truman. 

S i nce that t ime, the Canadian 
Embassy, the Canadian Department of 
External  Affa i rs, the American State 
Department, the Department of J ustice, 
the Atomic Energy Comm ission, the 
Di rector of P lann ing and Development 
of McMasters, and Representative 
Marion T. Ben nett, Republ ican, of 
Missouri have all tried to do something 
about h is case, Dr. Moon d isclosed . . . .  

The [Atomic EneriYl Commission's legal 
staff concluded that the case was part of a 
greater issue involving the question of inter-
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I. SCANNING 
X-RAY TUBE 

LEAD SHIELD -�'-'Y 

HEMISPHER 

national relations on atomic energy . . . .  

• The Washington Post, Aug. 15 ,  · 1 947 

Atomic Group S idesteps Ru le 
On Physic ist 
By the United Press 

The Atomic Energy Commission said last 
night that it cannot give Dr. Robert J. Moon, 
36-year-old U niversity of Chicago nuclear 
physicist, "any assurance or guarantee 
that his future actions wi l l  not involve a 
violation of the Atomic Energy Act. . . .  " 

• The Chicago Tribune, Aug. 1 4, 1 947 

Atom Law Bars U .  of C. 
Scientist from Al ien Job 
by Roy Gibbons 

Dr.Robert J .  Moon, nuclear physicist at 
the U niversity of Chicago, disclosed yes­
terday that for the last eight months, he 
has been petition ing the Atomic Energy 
Commission and other federal agencies 
in Washington for permission to take 
another job without danger of being 
imprisoned or facing a possible death 
sentence for unintentional treason . . . .  

"Because of public hysteria associated 
with anyth ing ' related to atomic energy 
or the atom bomb, and s ince we've just 
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INTENSIFIER RING 

SCH EME FOR THE 
AMPLI FICATION OF 

THE FLUOROSCOPIC 
IMAGE 

I<INESCDPE SCANNI N G  
PATTERN FOR FINAL IMAGE-

This figure from Or. 
Moon's article in the 
June 1 948 issue of the 
American Journal of 
Roentgenology and 
Radium Therapy shows 
schematically how the 
scanning X-ray tube 
hits the target on the 
human bod� and 
identifies the parts of 
the device. 

a.K I NESCOPE 

entered the new atomic age, no one 
wants to make an interpretation of the 
law," Dr. Moon commented. "Every­
body's scared to death and the tendency 
is to want to take things easy." 

Dr. Moon's Radioactive . 
Measuring Device 

• The New York Times, Feb. 1 5, 1 949 

Measuri ng Device Made 
To Be I nserted in Heart 

CHICAGO, Feb. 1 4--Lynn Wil l iams, 
vice president of the U n iversity of 
Ch icago, disclosed today that atomic sci­
entists at that school had developed a new 
kind of radioactive measuring' device that 
was so small  it could be inserted inside a 
beating heart to detect abnormal ites in the 
functioning of that organ. 

The instrument is the creation of Dr. 
Robert J. Moon, associate ' professor in 
the University's Institute of Radiobiology 
and Biophysics. 

Dr. Moon said that if the meter was 
used on human beings, it would be 
inserted into their hearts through a vei n  
or artery. The meter, which is less than 
half an inch long, glows in the presence 
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of radioactive substances. 
If  heart med ic ines were made 

radioactive, the device wou ld record the 
heart's efficiency in uti l iz ing such drugs, 
it was expla ined. 

Dr. Moon's Scanning 
X-ray Device 

• The American Journal of Roentgenology 
and Radium Therapy, November 1 949 
(Vol. 62, No. 5) 

Ampl ifying a 
F l uoroscopic I mage 

Discussion of Sympos ium on the 
I ntensification of the Roentgenoscopic 
Screen 

. . .  DR. ROBERT J. MOON, Ch icago, 
I I I . :  When Dr. Pau l  Hodges presented the 
problem of the ampl ification of the fluo­
roscopic image to me about a year ago in 
casual conversation, it was just one of 
those interesting d iscussions at the time. 
However, it was well to have this i nfor­
mation i n  mind; for subsequent develop­
ments that occurred last February in 
some work which we were doing in our 
Institute of Radiobiology and B iophysics 
appeared to be immediately appl icable 



At left is the standard X-ray view of a femur (facing toward the ischium), taken 
with a total dosage of 1 0  roentgens. At right, is the same view taken by Moon's 
scanning X-ray system. Although the total dosage is 5.3 milliroentgens- 1 
two-thousandth of the then-standard dose-the image is far superior in detail. 

to the ampl ification of the roentgeno­
scopic [X-ray) image. A scheme for. the 
solution of Dr. Hodges's problem was 
drawn up and discussed with him, the 
result of which was that he u rged this 
l ine of approach be investigated as to its 
possibi l ities. Pre l im inary measure­
ments showed the feasibil ity of the 
idea. This particu lar method was 
described in a commun ication 
which appeared in  the June 1 948 
issue of the American Journal of 
Roentgenology and Radium 
Therapy. The general scheme of 
the method is shown in  Figure 1 of 
that paper. [See Figure, p. 48.) 

About three months ago, the 
above paper was discussed with 
Dr. Szegho, Dr. Polanyi, and Dr. 
Marcy of the Rauland Corporation, 
and these gentlemen were a l l  very 
much interested in the general 
nature of the problem, and specifi­
cally in the adaptation of one of 
their projection kinescopes as a 
scanning roentgen . tube for the 
ampl ification of the fluoroscopic 
image. Two such scann ing roent­
gen tubes are now in operating 
condition. We took our fi rst photo­
graph with such a tuqe last night, . 

although we had been observing 
some images with the tube in  the 
past few weeks. 

The spot where the cathode 
particle strikes the target in the 
roentgen tube moves back and 
forth across the target, and after 

each trans it, it takes another path 
across, which is below the preced ing 
path. Th is  is continued unti l the bottom 
edge of the target is reached, at which 
time the spot returns to the upper edge 
of the target and repeats its trip across 

the target as before. The same proce­
dure is repeated many times a second. 

Th is, of course, is just the way the spot 
scans the face of a picture tube in a tele­
vision receiver. The roentgen rays wh ich 
are generated at the spot where the cath­
ode particles strike the anode are permit­
ted to escape only through a tiny pinhole 
which is essential ly part of the wal l  of a 
lead box, which encloses this scanning 
roentgen tube. Thus a t iny searchl ight of 
roentgen rays is generated, which is scan­
ning back and forth with its v irtual origin 
at the pinhole. Thus, after a patient is 
placed in  this roentgen-ray field, and the 
roentgen rays are al lowed to fal l  on a flu­
orescent screen, which is placed oppo­
site the patient from the pinhole, a 
roentgenoscopic image would be seen, 
just l ike that with which you are fam i l iar. 
There is one essential difference, howev­
er; if the screen were observed for a very 
short instant, say a microsecond, and if a 
fast fluorescent screen were employed, 
then only a spot would be seen which 
would correspond to the position of the 
roentgen rays at that instant. The fluores-

The scanning 
X-ray 
assembly. The 
outer box is a 
shield of 1/2-
inch lead. The 
vacuum pumps 
are exterior to 
the box on the 
right. The 
calcium­
fluoride single 
crystal housing 
and photo 
multiplier tube 
is at upper left. 

2 1 st CENTURY Fal l  2004 49 



cent l ight pulses from each particular spot 
are picked up by the photocel l  and the 
photocurrent ampl ified, so that it can 
modulate the intensity of the cathode-ray 
stream of a kinescope in order that the 
picture may be reconstructed on a picture 
tube, just as it is done in television. In the 
particu lar experiments which are referred 
to above, a photograph of a roentgen-ray 
shadow of an image of a small gear was 
taken with a 525 l ine picture (transits of 
the roentgen-ray beam per frame) with 
thirty frames per second. The photograph 
is not of the direct fluorescent screen but 
of the screen of the kinescope. 

Many problems were encountered in 
the development of this system, and the 
progress has been good towards their 
solution . . . .  

• New York World­
Telegram & The Sun, 
Sept. 1 9, 1 950 . 

Med ical G u n  
Brightens 
The I nside Outlook 
by Science Service 

C H I CAGO, Sept. 
1 9-Doctors wi l l  short­
ly be able to watch an 
image of what goes on 
inside a patient's stom­
ach several h u nd red 
times brighter than the 
cu rrent fl uoroscop ic  
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images. The new device, employing 
e lectronic methods and a fluorescent 
crystal ,  was devel.oped by a U n iversity 
of Ch icago physicist. 

"It wi l l  permit doctors to make exam­
inations for cancer and other diseases 
without fear of danger to the patient 
from too long exposure to X-rays and 
with a much clearer view of the patient's 
i nternal organs. Motion pictures of the 
image wi l l  be possible. 

Completion of the equipment, by 
Robert J .  Moon, assistant professor of 
physics in the U niversity's Institute of 
Radiobiology and B iophysics, is report­
ed in  the current issue of the U n iversity'S 
research reports. 

Mr. Moon points a television-type 

• 
Robert Moon and 
the vacuum 
furnace, in which 
he bonded the 
alloys for the x­
ray target for the 
tube . 

... Scanning X-ray 
tube parts, with 
the 4-inch target 
in center and the 
electron gun at 
the center front. 

Partial assembly � 
of target glass 

enclosure and 
gun anode 

support. 
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electron gun at a target of tanta lum foi l .  
Some of  the e lectrons transformed i nto 
X-rays, are focussed on the object to be 
X-rayed. After they pass , through the 
object, they hit a fl uorescent crystal that 
changes the X-rays to u ltraviolet rays. 
Their signal strength is mu ltipl ied many 
thousandfold and transmitted to a tele­
vision- l i ke viewing screen. 

• New York Herald-Tribune, Oct. 1 7, 1 950 

New Detection Method 
Said to Locate Caf')cer 

F l uoroscopic Device Al lows 
Mass Tests of I nternal 
Organs, Scientist Says 

C H ICAGO, Oct. 1 6  
(U P)-A U n iversity of 
Ch icago scientist has 
developed a new type of 
fluoroscope which wi l l  
permit mass examina­
tions of the stomach and 
lower intestine for can­
cer and other d iseases, it 
was announced here. 

Present methods em­
p l oy a dangerous ly  
heavy concentration of 
X-rays to produce an  
image that is weak and 
i nd i st i nct .  The new 
device, it was sa id ,  
uses less than  1 /1 00 of 



members in Chicago last 
week learned that: 

Undated photos of Robert a n d  Christine Moon, 
sometime after their marriage. 

• A revolutionary 
electron gun, developed 
by the U n iversity of 
Chicago's Dr. Robert J .  
Moon, is being perfect­
ed for X-raying hard-to­
get-at organs such as the 
stomach and lower 
intestines. Using a p in­
point X-ray beam and 
a scann ing system, it 
throws a bri l l iant, en­
larged image on a TV 
screen, [and) subjects 
both patient and radiol-

the present concentrat ion of X-rays, 
but produces an i mage several hun­
dred times brighter. 

It was developed by Robert J .  Moon, 
assistant professor of physics, who said 
he expects to produce soon an improved 
model of the device. H i s  fi rst p i lot model 
was plagued with a fl icker in the 
image. 

Mr. Moon said h i s  apparatus 
may make poss ib le  the sett ing  of 
bones under the fluoroscope, a 
practice which has been aban­
doned because of the fai nt i mage 
obta i n ed with former methods 
and the danger of exposure of the 
doctor to X-rays. 

Essentia l ly, his device consists of 
an electron gun which shoots a 
finely focussed beam of electrons 
through a tiny hole in a foi l  of tan­
talum. Some electrons are trans­
formed into X-rays in striking the 
foi l ,  but the hole a l lows only one i n  
1 0,000 to pass through.  

Mr. Moon developed a new prin­
ciple of using fluorescent crystals in 
obtaining a better picture from a less­
er amount of X-rays. Rays passing 
through the tantalum hole strike a 
single crystal of calcium fluoride and 
burst into a shower of u ltraviolet rays. 

Viewing is done with a kinescope 
viewing tube, the k ind used on tel­
evision screens . 

• Time magazine, June 23, 1 952, p. 66 

Compound Prescription 

. . .  From hundreds of papers, pan­
els, and exhibits, the 1 4,000 A.MA 

ogist to much smal ler 
and safer doses of X-rays than older 
methods . . . .  

• Newsweek, June 30, 1 952, p. 57 

Med ical Notes 

. . . • Early detect ion of cancer of the 

stomach and l ower i ntesti nes w i l l  be 
he lped by the use of a new m ac h i ne 
that te lev ises X-rays, now u nder 
deve lopment  at the U n i vers i ty of 
C h icago's I nstitute of Radiobio logy 
and  B iophys ics, by D r. Robert J .  
Moon . . . .  With the new device, [doc­
tors) w i l l  be ab le to get a c lear look 
through as much as 1 0  i n ches of body 
t issue . . . .  

• Chicago Tribune, Jurie 1 3, 1 952 

Revol utionary X-ray Pictu re G u n  
I nvented 

U . of Chicago Scientist , 
Talks to A.MA 

by Roy Gibbons 
. . .  With adaptations, Moon ex­

p la ined, the device ' can also be 
employed as a valuable i ndustrial tool 
for studies that m ight inc lude examina­
tions of moving parts ins ide mach i nery, 
or the h idden i nterior of jet engines 
being tested on assembly l i nes . . . .  " 

Dr. Moon's 
scanning X-ray 
tube shown 
within a lead 
shield. The 
coiled tubing 
below is for , 

. high-pressure 
water cooling 
of the 4-inch 
tungsten target. 
The re-entrant

' 

cone is for the 
pinhole. The 
electron beam 
focal spot and 
pinhole form 
the scanning X­
ray beam. 
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Stuart Lewis/EIRNS 

EIRNS 

meeting of the Ch icago 
Roentgen-ray Society in  
the Sheraton Hotel. 

I t  represents the fi rst 
basic change in techn ique 
of X-ray examination s ince 
d iscovery of Roentgen 
rays, Moon, assoc iate 
professor at the U niver­
sity's Research Institutes, 
told the radiologists. 

Capable of magn ifica­
tions up to 500 times, it 
can also serve as an X-ray 
microscope. In this role, it 
has been used to guard 
the Navy's atomic subma­
rine, the Nautilus, against 
metal flaws . . . .  

Dr. Moon in Detroit Feb. 23, 7 975, where he spoke 
before an audience of more than 225 workers and 
others, who formed a Political Action Committee. He is 
being interviewed after the event by Detroit television. 

Moon was a spea ker at a Fusion 
Energy Foundation banquet in New 
York City, February 7 98 1, honoring 
Dr. Melvin Gottlieb, who had just 
retired as head of the Prin ceton 
University Plasma Physics Laboratory. 

The Neutron 
Thermometer 

Moon was Gottlieb's college physics . • New York World Telegram 

teacher. & The Sun, Sept . 28, 
1 950 

• Chicago-American, Jan. 14, 1 955 

Nearing Perfection 

New TV X-ray i n  Cancer Hunt; 
Dangers Red uced 

by Effie Al ley 
A revolutionary new TV X-ray is near­

i ng perfection at the U n iversity of 
Chicago. It is capable of detecting can­

" cers deep with in  the body, when they are 

no more than 1/50th of an inch in  size. 
Because it exposes the person being 

photographed to only 1 /1 00th of the 
dosage now requi red, the device offers 
an answer to scientific fears that med ical 
use of diagnostic X-ray is reaching dan­
gerous proportions. 

Dr. Moon Inventor 
Known as the X-ray scanning system, 

the new machine was described by its 
inventor, Dr. Robert J. Moon, at last n ight's 

Thermometer May Be Key to 
Atomic Energy 

by the Associated Press 
CHICAGO, Sept. 28-Chicago scien­

tists have found a practical method of 
converting atomic energy d i rectly i nto 
electricity. It i nvolves a neutron ther­
mometer previously used only to control 
atomic furnaces. 

The d iscovery became known Tues-

Schiller Institute 
FOUNDING 

CONI-IRENC:E 
Moon ran for the post of Alderman in Chicago, and here is 
speaking at a Club of Life meeting on "revitalizing Chicago, " 
Feb. 7 8, 7 983. 

Stuart Lewis/EIRNS 

Moon addressing the founding conference of the Schiller 
Institute, in Arlington, Va"., July 3, 7 984. 
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day, when the Atomic Energy Com­
mission l ifted its secrecy order on the 
work, which was started in 1 942 .  

John L. Kuranz, 29,  vice president of 
the Nuclear I nstrument & Chemical 
Corp. of Ch icago, and Robert J .  Moon, 
39, assistant physics professor at the 
Un iversity of Ch icago, were leaders i n  
th is research. 

Mr. Kuranz said electric current so 
generated approximates only a quarter of 
a watt. Its only use has been to activate 
controls on the atomic furnace itself. 

But the scientist said the thermometer, 
measuring s ix and a half inches long and 
a half inch in d iameter, may be the fore­
runner of many new atomic measuring 
devices. 

Heat generated by atomic bombard­
ment of fine wires of d issim i lar metals i n  
the neutron thermometer is transformed 
into electricity. The metals are known as 
chromel and alumel .  

• Chicago Tribune, Sept. 29, 1 950 

Expert Stands Beh ind 
Atomic Power Story 

Furnished Technical Data for Account 

by Roy Gibbons 
John L. Kuranz, 29, vice president of 

the Nuclear I nstrument and Chemical 
Corporation, 223 W. Erie St., said last 
night he assumed fu l l  respons ib i l ity for 
giving The Tribune techn ical informa­
tion for a story which said that Kuranz 
and Dr. Robert J. Moon of the U n iversity 
of Chicago had been i nstrumental i n  

developing the first practical method for 
the d i rect conversion of atomic energy 
into useful electric ity. 

The story, publ ished in Wednesday's 
edition of this · newspaper, has been 
den ied in Wash ington by the Atomic 
Energy Commission, wh ich character­
ized the report as untrue . . . .  

After the story was written, it was 
shown to Kuranz, who approved it. The 
Tribune then sent the story to Washington 
for security clearance by the AEC. . . .  

That agency said, "we have no securi­
ty objection to publ ication," but added 
that usefu lness of the neutron ther­
mometer seemed to be described in  
"somewhat extravagant terms," and sug­
gested that the story be reviewed for 
accuracy by Kuranz and Dr. Moon. 

"The Tribune did call me and read the 
story to me twice," Kuranz said. He also 
recal led that after the story had been read 
back to h im the second time, he com­
mented that it was amazingly accurate 
and that he found no reason to change it. 

Kuranz also pointed out that conclu­
sions regard ing the possible effect of the 
instrument in reducing the size of atom­
ic p i les [furnaces] as reported in The 
Tribune were "shrewd" concl usions 
reached by The Tribune writer over 
which Kuranz said he had no control, 
but were based on facts he suppl ied. 

Second Scientist Confirms It 
As requested by the AEC, The Tribune 

also had Dr. Moon review the story, 
read ing it to h im twice. Dr. Moon said 
the article was correct, with the excep-

..... Moon (center) and Larry Hecht right, 
ca rry a Beam Weapons banner, 
getting ready for a Washington, D.C. 
demonstration, sponsored by the 
Schiller Institute, in November 7 984. 

On the camp a ign tra il  for the 
Strategic Defense In itiative: Here 
Moon is speaking at a May 7 983 
event in Chicago on the science of 
beam weapons. � 

tion of two m i nor deta i ls. 
He also said that the principle on which 

the instrument operated might very well 
be the forerunner of future developments 
in  drawing greater amounts of electrical 
current from an atomic furnace after more 
research had been done in the field of 
high temperature al loys capable of with­
standing heat above 3,000 degrees. 

Moon emphasized, in response to ques­
tions, that the thermometer was the very 
first device ever employed to draw an 
electrical current out of an atomic furnace. 

Moon Recalls Attempt to 
Stop Hiroshima Bomb 

• New York Mirror, Dec. 31 , 1 954 

Says 69 Scientists Tried 
To Prevent H i rosh i ma 

WASH I NGTON, Dec. 30 ( l NS)-A 
top U .S .  ato m i c  sc ient i st sa id  
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Project. 
HE SAI D :  "We sent it through chan­

nels to the ' Four Horsemen'-Conant, 
Oppenheimer, Lawrence, and Fermi­
and they made their own notations on 
the message, and sent it on to Secretary 
of War Henry L. Stimson, who, we 
understand, passed it on to President 
Truman." 

The "four horsemen" were James B. 
Conant, Chai rman of the National 
Defense Research CQmm ittee; Dr. J .  
Robert Oppenheimer, head of the Los 
Alamos project; and Drs. Ernest Orlando 
Lawrence and the late Enrico Fermi, 
both famed atom scientists. 

Prof. Moon said his understand i ng is 
that the message was del ivered to 
Truman either whi le he was en route to 
the Potsdam Conference or after he 

Moon with his youngest daughter, Peggy, and her family at a birthday dinner in arrived there. 
Leesburg, Feb. 74, 7 986. 

Thursday n i ght. that 69 men who 
hel ped to create the world's fi rst A­
bomb asked former President H arry S 
Truman to bar its use against Japan i n  
World War I I .  

Prof. Robert J .  Moon, of the Un iversity 
of Chicago, said that he and his col­
leagues urged Truman to have the bomb 
exploded on a remote Pacific Island, 
instead of on H i roshima and Nagasaki in 
Japan.  

H E  SAI D the group also suggested that 
m i l itary commanders and statesmen 
from all nations should be present at the 
event. 

Prof. Moon made his statement after 
first making an obl ique reference to the 
plan in a prepared speech before the 
World Assembly for Moral Rearmament. 

Explai n ing the nub of. the scheme, he 
said: 

"We bel ieved that (the demonstration) 
would bring about the capitulation of 
Japan and end the Second World War 
without the bomb having to be used 
against a Japanese city." 

THE PROFESSOR said the petition 
was sent to Truman in the early 
Summer of 1 945, after the scientists 
assigned to the super-secret Manhattan 
Project discovered the bomb wou ld 
work and that one bomb cou ld destroy 
a city. 

The pet it ion, he exp la ined, was 
drafted and signed by atom scientists 
at the U n iversity of Chicago, where 
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the first atomic p i le  was created, and 
at Los Alamos, N .M., where the in iti a l  
A-bomb was exploded on Ju ly  1 6, 
1 945 .  

Prof. Moon said that the petition and 
suggestion was sent "through chan­
nels" to the President. He explained 
that this was necessary because the 
atomic scient ists were working under 
the U .S .  Army in  the Man hattan 

Moon on the Religious 
Significance of the 

Atomic Age 
• Cincinnati Enquirer, Nov. 18 ,  1955 

Rel igion Is L i n ked to Atomic 
Energy by Lecturer at  UC 

"The revelation of  the atomic age 
was by a loving God, and there is a 

Or. Moon celebrates h is 75th birthday, Feb. 7 4, 7 986, in Leesburg, Virginia, 
with friends from the LaRouche movement. With Moon are Suzanne and Gerry 
Rose. 
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way, therefore, which insures 
that atomic energy may be a 
blessing to mankind and not a 
curse," a nuclear physicist to ld 
the Un iversity of C inc innati fac­
u lty members yesterday at a 
campus luncheon. 

Dr. Robert J. Moon, n uc lear  
physic ist of  Research Institutes, 
U n iversity of Ch icago, assi sted 
at the b i rth of the atomic  age i n  
the Manhattan Project. He d i s­
cussed "Atomic  Age and Its 
Rel igious S ign if icance" yester­
day, dur ing  the U C  student­
sponsored Rei ig ious Emphas is  
Week. 

"Perhaps the scientist may 
never know the structure of the 
nucleus unless he answers the 
call to l ive a Christ- l i ke l ife," Dr. 
Moon warned. 

"There must be no 
compromises with 
evi l .  It is through the 
recogn ition of abso­
lute moral standards, 
and striving to adhere 
to them that our hearts 
may become open to 
the Holy Spirit, that 
we may have H i s  
strength to usher i n  
th i s  new age, and 
thereby use nuc lear 
energy for the blessing 
of mankind and make 
the world an oblation to God. 

"December 2, the world w i l l  have 
lived through 1 3  years of . the atomic 
age. The comprehension of the impl ica­
tions of the scientific and techn ical 
knowledge of atomic energy i n  this 
period has been, and sti l l  is, d ifficu lt for 
the scientist, let a lone the layman, 
despite the fact that our scient ific 
knowledge is l im ited; for example, even 
today there is no good theory as to the 
structure of the atomic nucleus, yet 
atomic energy is being produced on an 
ever- increasing sca le." 

• Los Angeles Daily Mirror, June 3, 1 952 

R.J. MOON, U n iversity of Ch icago 
nuclear scientist: "Only those people 
who a l low the Holy Spirit to dwel l  in 
them and l ive absolutely moral l ives can 
uti l ize nuclear fission as a blessing to 
mankind." 

After the death of his wife from the effects of 
Parkinson's, Moon devoted much of his time 
to teaching children, youth, and adults, the 
basics o f  science, especia lly, electro­
dynamics and nuclear science. His summer 
program for youth involved them in building 
the apparatus-winding coils, and so on-to 
reproduce Ampere's basic experiments in 
electrodynam ics. Here, he  works with 
young teens in the summer camp machine 
shop. Inset is one of the students using the 
lathe. 

Radioactive Materials in 
Moon's Basement 

• Chicago Tribune, May 6, 1 993 

Phys ic ist's Legacy 
Won't Melt Down 

by George Papajohn 
U n ivers ity of C h i cago physic ist 

Robert J .  Moon was known as a bit of 
an eccentric. But unt i l  th is week, near­
ly fou r  years after his death, no one 
knew that his eccentricity extended to 
keeping radioactive materials i n  h i s  
basement. Moon's son  discovered the 
mater ia l s, wh ich turned out to be 
harmless . . . .  

Robert J .  Moon kept pens in  his suit 
pocket and rusting cars in h is driveway. 
He kept his coat and tie on whi le shov­
el ing snow . . . .  

Tuesday afternoon, 3 1 /2 years after 
Moon d ied, and only a few days before 
his house was final ly to be sold, the pro­
fessor's son came upon a box with a 
radiation warn ing on it. 

Not exactly the kind of th ing you want 
to advertise in an estate sale: promethi­
um-1 47 and tha l l i um-204 in  glass yia ls, 
rad ium-226 in brass cyl i nders, cesium-
1 37 in a petri dish . . . .  

Moon kept the materials safely stored 
inside a smal l  box made of heavy lead 
bricks. 

I'm certain  that these had a very 
peacefu l medical use, if anyth ing," said 
Tom Orteiger, di rector of the I l l inois 
Department of Nuclear Safety. "You'd 
probably get more hurt by dropping one 
of those bricks on your foot than walking 
around with one of these rods." 

. . .  Moon's neighbors never rea l ly  
panicked. Nor did Moon's son . . . .  
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A Reminiscence from the 
Manhattan Project 
by James A. Schake 

l owe and have honored Robert Moon with a l ifetime of grat­
itude, freely expressed to others a l l  of my l ife, and to h im 
when we were sti l l  i n  contact 'ti l  the late fifties. 
In 1 943, at 1 9  years of age, I was in the last class of a senior 

and graduate level Signal Corps program given to reservists, and 
conducted in the West Wing of the Rosenwald Museum of 
Science & I ndustry. It was cal led "UHF  and Microwave 
Electronics." Bob Moon directed it, and taught some of the cours­
es. This was under contract with the University of Chicago. It was 
a 20-week (6- to 8-hours per day, plus homework) concentrated 
program. I enl isted in the Signal Corps Training program which 
was supposed to end up at Officers Candidate School (OCS). 

Near the end of the course, some of us were interviewed for 
an undefined secret volunteer m ission that would involve radio 
transmission and receiving equipment in Europe. Lucki ly, I 
turned it down. We learned a year or two later that the fel lows 
that volunteered were stationed on mountaintops, tend ing 
commun ication centers as part of the OSS; boring as hel l .  

A week o r  so before graduation, w e  were told there would 
be no OCS, and we would either go to active duty in  the 
Signal Corps or for radar tra in ing attached to the Air Corps. 
Also, the top ten of us were sent over to the Ryerson Physics 
Bu i lding on campus for interviews for an undefined secret 
project to work on "electronic instruments and controls." As 
number 2 in the class, I went for an interview. We were not 
asked if we wanted to volunteer for this duty, nor were we told 
if we were successfu l in our interview. 

In the middle of what was to be a s ix-week Air Corps Basic 
Tra in ing before going to Radar School, I was cal led up and 
given secret orders to report in  civvies as a reservist (again) to 
an armory on Cottage Grove Ave. in Ch icago, and a train tick­
et for transportation. I was assigned to the Special Engineering 
Detachment of the Corps of Engineers, 
and assigned to work in the Instrument 
Section of the Metal lurgical Laboratory 
of the Manhattan Project at the 
Un iversity of Chicago in the Ryerson 
Physics Bui ld ing. 

Dr.  Moon, who also joined the 
Project as soon as our class graduated, 
had recommended me for this duty­
the luckiest break of my l ife. I did not 
work in Dr. Moon's Group, because I 
did not have an advanced degree, but 
I was able to contribute creative (some 
patented) electronic measurement and 
control devices to this fantastic tech-

The Manhattan Project's Metallurgical Laboratory students in 
a 1 945 photo. The author is in the third row from bottom, 
fourth from left. 

founded and was President of what became known as Nuclear-
Chicago Corp. A few months later, I was joined in this endeavor 
by two partners, also graduates of that Signal Corps program, and 
requested by Dr. Moon for the Project. This company was later 
sold to G.D. Searle Co., and was the first of four technology com­
panies I owned in my working career. 

A Kind and Brilliant Man 
Dr. Moon was a kind, bri l l iant man. He 

was soft spoken, and usually a few steps 
ahead of anyone he was talking to about a 
technical subject or problem. Because of 
this, he was at times difficult to understand, 
but he was patient, and when reminded 
would back-track unti l you understood. 
He was the proverbial absent-minded 
professor ' in  looks and demeanor, and 
sometimes, in behavior. You could con­
verse with h im about many things, as he 
was wel l-read in a broad array of scien­
tific and nonscientific subjects. 

nological and industrial effort. Jim Schoke and his new bride, Elayne, in 
H is decision to request my Army 

transfer to work on the Manhattan 
Project was the luckiest break of my l ife. After discharge in February 1 946, I 1 945. 
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Some Writings of 
Robert James Moon and 
William Draper Harkins 

William D. Harkins 
William D. Harkins and R.E. Hall, "The Periodic System and the 

Properties of the Elements," Journal of the American Chemical 
Society, Vol. XXXVII I ,  No. 2 (February 1 9 1 6) ,  pp. 1 69-221 . 

William D. Harkins, ''The Structure of Atoms, and the Evolution of the 
Elements as related to the Composition of the Nuclei of Atoms," 
Science, Vol. XLVI,  No. 1 1 92 (Nov. 2, 1 9 1 7) pp. 41 9-427, and No. 
1 1 93 (Nov. 9, 1 9 1 7) pp. 443-448. 

William D. Harkins, ''The Building of Atoms and the New Periodic 
System," Science,'Vol. L, No. 1 304 (Dec. 26, 1 91 9) ,  pp. 577-582. 

William D. Harkins, "The Stability of Atoms as Related to the Postive 
and Negative Electrons in their Nuclei, and the Hydrogen, Helium, 
H3, H2 Theory of Atomic Structure," Journal of the American 

_ Chemical Society, (Received April 1 2, 1 920), pp. 1 956-1 997. 
William D. Harkins, ''The Constitution and Stability of Atom Nuclei:' 

Philosophical Magazine, S.6., Vol. 42, No. 249 (Sept. 1 92 1 ), pp. 305-338. 
William D. Harkins, "The Periodic System of Atomic Nuclei and the 

Principle of Regularity and Continuity of Series," Physical Review, 
Vol. 38 (Oct. 1 ,  1 931 ) ,  pp. 1 270-1 288. 

William D. Harkins, "Surface Structure and Atom Building," Science, Vol .  
LXX, No. 1 8 1 9  (Nov. 8, 1 929), pp. 433-442, a n d  No. 1 820 (Nov. 1 5, 
1 929), pp. 463-470. 

w. D. Harkins, ''The New Kind of Matter: Element Zero or Neuton [sic]," 
(Science Service Radio Talks, Presented over the Columbia 
Broadcasting System), The Scientific Monthly, Vol. 36. No. 6 (June 
1 933), pp. 546-549 

William D. Harkins, "Nomenclature for the Isotopes of Hydrogen (Proto­
and Deuto-Hydrogen) and Their Compounds," Science, Vol.  79, No. 
2041 (Feb. 9, 1 934), pp. 1 38-40. 

William D. Harkins, "Nuclear Chemistry, the Neutron and Artificial 
Radioactivity," Science, Vol. 83, No. 2 1 62 (June 5, 1 936), pp. 534-543. 

Robert J. Moon 
Robert J. Moon and William D. Harkins, "An Electronic Analysis of 

Some Surfaces by Means of Slow Electrons," Journal of Physical 
Chemistry, Vol .  40, NO. 8 (1 936), pp. 941 -957. 

Robert J. Moon and William D. Harkins, ''The Production of High 
Velocity Ions for the DiSintegration of Atomic N uclei," SCience, Vol .  
83, No. 2 1 49 (March 6, 1 936), p. 244. . 

Robert J. Moon and William D. Harkins, ''The Production of High 
Velocity Particles in. a Cyclotron by the Use of M ultiphase 
Oscillations," Physical Review, Vol .  49 (1 937), p. 273. 

RJ. Moon, "Inorganic Crystals for the Detection of High Energy Particles 
and Quanta:' Phys. Rev., Vol. 73 (March 29, 1 948), p. 1 2 1 0. 

Robert J. Moon, "Amplification of the Fluoroscopic Image:' American 
Journal of Roentgenology and Radium Therapy, Vol. 59, NO. 6 (June 
1 948). p. 886. 

P.J. Hodges, and RJ. Moon, "Discussion of Symposium on the 
Intensification of the Roentgenoscopic Screen," Amer. J. Roent. and 
Rad. Therapy, Vol. 62, No. 5, (Nov. 1 949), p. 637. 

Robert J. Moon, "Amplifying and Intensifying the Fluoroscopic Image by 
Means of a Scanning X-Ray Tube," SCience, Vol. 1 1 2, No. 2910 (Oct. 
6, 1 950), pp. 389-395. 

RJ. Moon, Convention Record of the I . R E .  (1 953). 
R.J. Moon, "The Scanning Roentgen System As a Fluoroscope and 

Microscope," Acta Radiol. Supp., Vol. 1 1 6, (1 953), p. 479. 
Kuo-Chu Ho and Robert J. Moon, "Electrostatic Potential Plotting for 

Use in Electron Optical Systems," Journal of Applied Physics, Vol. 24, 

NO. 9 (Sept. 1 953), pp. 1 1 86-1 1 93. 
Robert J. Moon, "Studies of the Scanning X-Ray System As a Means 

of Examining Structure," Air Force Office of Scientific Research, AF 
OSR-TR 59-179 (Chicago: Univ. of Chicago Press, September 
1 955), 98 pp. 

Robert J. Moon and Douglas A. Eggen, "Some Research on the Nature 
of the Action Potential in Nerve," Air Force Office of Scientific 
Research, AF OSR-TR 59-153 (Chicago: Univ. of Chicago Press, 
October 1 959), 53 pp. 

Curricu l u m  Vitae 
Date: Jan. 7, 1 941 
Name: Robert James Moon 
Chicago Address: 5626 Maryland 

Department: Physics Rank: Instructor 

First Appointment began: 1 936 
Date of Birth: February 1 4, 1 9 1 1  Place: Spri ngfield, Missouri 

Degrees: A. B.  (1 930), Southwest Missouri State Col lege 

PhD., U. of Chicago (1 936) 
Academic Field of Special Interest: 

Nuclear Physics and Electronics 

Most Important Research Projects: 

1 )  A study of surfaces by d iffraction of slow electrons. (1 932-36) 
2) Nuclear d isintegration work.1 

3)  H igh Speed Scaling Circuits ( 1 935-) 
Most Recent Published Works: 

1 ) "Analys is of Some Surfaces by means of Slow Electrons," The 
Journal of Physical Chemistry, Vol .  40, 
No. 8, November, 1 936. 
Memberships in learned Societies: Sigma Xi 
Wife's Name: Christine Mo np leasu re 

Children: 

Mary El izabeth, age 8 years. 

Ju l ia  Christine, age 3-1/2 years. 

Parents' names (Present Address, if living): 

Father, Fred A. Moon, Springfield, Missouri 

Mother, Clara I. Moon, Springfield, Missouri 

Recreational or Diversional l nterests: 

Amateur radio, outdoor activities, amateur astronomy. 

Notes __________________________________________ ___ 

1 . a) Design work and construction work on University of Chicago Cyclotron. 
Begun in 1 935. 

b) The determination of the ionizing power of particles given off by heavy 
elements during bombardment with high energy neutrons and deuterons 
(1 939-). 
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REPORT ON WORK IN PROGRESS 

New Explorations with 

Christopher Sloan (1 988) 

Introduction: Dr. Moon and the 
Ampere-Weber Electrodynamics 

Recently, Charles Stevens and I, with assistance from young 
Jacob Welsh,T have been working on an elaboration of the 
model of the atomic nucleus developed in 1 986 by U n iversity 

of Chicago physical chemist and physicist, Robert J .  Moon, J r. This 
is a report of that work in progress, qu ite unfin ished, yet fu l l  of hope 
and possibi l ities for the future. As the work has gone in many differ­
ent directions, somewhat l ike the first exploration of an unknown 
territory, it seemed the time had come to note down on paper some 
of the paths explored and places seen, before new and yet more 
inviting vistas draw us beyond, and we forget some of the fascinat­
ing detail of what we have al ready seen. 

The main path now seems to leads us to an understanding of the 
electrodynamic basis for the Moon model. We have discovered a 
means of analyzing the geometric relationships among pai rs of bound 
protons ("\yeber pairs"), which overcomes the usual sort of obstacles 
one expects in deal ing with systems of greater than two-body interac-

1 .  The computer-generated images are developed from Geometer's Sketchpad by 
Jacob Welsh. 
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The Moon 
Model 
by Laurence H echt 

with Char les B .  Stevens 

Toward a new model of the nucleus, based 
on the pioneering work in physics of 
Robert J. Moon. 

May 7, 2004 

Robert }. Moon in 1 986. 



tions. As the stable configurations found so far, turn out to be 
precisely those of the Moon model, we have the strongest sus­
picions that we are only re-discovering some of the paths which 
led Moon to the original construction. Th is, too, is exciting. 

The mode of presentation for this report is not strictly peda­
gogical, but rather more l i ke that of an experimental log, 
where the subject is the recent several-months-Iong shared 
effort. Much care has gone into the preparation of charts, and 
the working up of d iagrams i ntended to make the construc­
tions comprehensib le to anyone who has mastered the 
Platonic solids and the elementary Moon model construction. 
(See "The Geometric Basis for the Periodicity of the Elements," 
1 988, www.21 stcenturysciencetech .com.) D ifficulties wi l l  
arise, however, for those unfami l iar  with the Ampere-Gauss 
electrodynamics. Rather than rework the substantial body of 
material involved therein, for purposes of this report, we refer 
the reader to the original work, and to my reports in the Fal l  
1 996 2 1st Century Science & Technology, as  i ntroduced by 
Dr. Jonathan Tennenbaum in the editorial in the same issue.2 

The enti rety of Dr. Moon's th i nking i n  nuclear physics was 
shaped by h is  u nderstanding of the superiority of the electro­
dynamics of Ampere, Gauss, and Weber over the hegemonic 
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Faraday-Maxwel l  conceptions. Ampere's original  experiments 
and the Gauss-Weber e lectrodynamics, with emphasis on 
Wilhelm Weber's 1 8·71  paper,3 were the point of reference for 
any scientific d iscussion with Moon, as Stevens recal led from 
his fi rst 1 974 meeting with h i m  in Chicago (wh ich was fol­
lowed, shortly thereafter, by a meeting with Lyndon LaRouche 
at which the same topic was at the center). 

The specia l  feature of the referenced 1 87 1  paper of Weber 
l ies in the i nfluence of the Leibn iz ian current of thought, 
which was brought i nto Gauss's G6tt i ngen U n iversity 
through the influence of Abraham Kaestner ( 1 7 1 9-1 800). 
Leibn iz's concept of monad emerges in Weber's thought, 
among other locations, in the recogn ition of a m in imal  d is­
tance, p, below which the so-cal led Cou lomb force of mutu­
al repu lsion of l i ke partic les reverses. (We sha l l  d i scuss this 
further below i n  connection with the "Weber pair." )  From 
this, emerges the proper concept of the atomic nucleus, the 

2. Laurence Hecht and Jonathan Tennenbaum, "The Atomic Science 
Textbooks Don't Teach; 21st Century, Fall 1 996. 

3. Wilhelm Weber, "Electrodynamic Measurements-Sixth Memoir, Relating 
Specially to the Principle of the Conservation of Energy; Phil. Mag., S.4, Vol. 
43, No. 283 (Jan. 1 872), pp. 1 -20 and 1 1 9-1 49. 
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Figure 1 Figure 2 

one? The experimental verification 
of Hark i ns's neutron in 1 932 
posed the same question i n  a new 
way: What determines the number 
of neutrons in each isotopic 
species? These questions are sti l l  
unanswered. The symmetries of 
the Moon model offered the hope 
of find ing a reason that Nature 
shou ld favor configurations con­
tain ing certain  numbers of neu­
trons, and not others. 

CUBE ROTATING ON 
FACE-CENTERED SPIN AXIS 

CUBE ROTATING ON 

Early in the course of my recent 
re-examination, I i ntroduced the 
hypothesis of an axis of spin for 
the nuclei .  My previous investiga­
tion of neutron placement had ' 
considered the nucleus only from 
the standpoint of its spherical sym­
metry. I had thus assumed that the 
neutrons would fi l l  the positions 
on the spherical shel ls of equal DIAGONAL SPIN AXIS 

one which always informed Dr. Moon's th ink ing:  a monad­
l ike existence determined by a un iversal orderi ng principle, 
as d i st inct from the reductionist's absurd ity of a self-existent 
elementary bu i ld ing block, the Aristote l ian protyle, which 
has dominated most th ink ing on the subject of atomic 
phys ics for the past century. 

Dr. Moon was one of the great experimental phys icists of 
the century, a true gen i us, a lthough of a very self-effacing 
character, who waged a stubborn, lonely fight for truth 
am idst a degenerat ing cu lture. An appreciation of the 
Ampere-Weber electrodynam ics ran through all his work, 
from h is  fi rst major experimental construction, the U n iversity 
of Ch icago cyclotron, which he designed and bui l t  in 1 935-
1 936 with a team of students from Wi l l iam Draper Harkins's 
physical chemistry department, to h i s  last hypothesis, a half 
a century later, the Moon model of the nucleus. Whoever 
wishes to understand the Moon model in any depth, cannot 
avoid the pleasant and i nvit ing chal lenge of mastering the 
original work of Ampere and Weber. It has been my hope 
that some new talents w i l l  soon take up this chal lenge, so 
that we m ight create a broader group of col l aborators in this 
exc iting work. 

(1 ) 
A Spin Axis of the Nucleus; 
Moment Arms and Isotopes 

This work began where I had left it about a year ago, in the 
examination of the possible placement of neutrons in the 
Moon nucleus, as it might bear on the singularities known as 
"magic numbers." The d iscovery, in the second decade of the 
20th Century, of isotopic forms of the elements introduced a 
third d imension i nto the periodic table. New questions were 
now raised : Why do certain  elements have a large number of 
natura l ly occurring isotopes, others very few, and others only 
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distance from the center, which 
are defined by unused faces and 

edge midpoints of the sol ids whose vertices defined the posi­
tion of the protons. By i ntroducing a spin axis, an entirely new 
consideration came i nto play, that is, the distance of the 
nuclear particle from the axis. 

Making the assumption that the preferred configurations 
wou ld be those which min im ize the angu lar momentum 
around that axis, it now became possible to examine the 
assortment of isotopes in  a new l ight. A graphic example wi l l  
best he lp  to  expla in this. 

Consider the cube representing the oxygen nucleus. F i rst, 
consider an axis of spin passing through opposite face centers 
of the cube (F igure 1 ) . Assuming the mass of the protons to be 
equal and local ized at the vertex points, the moment of 
momentum of a proton is determined solely by its d istance 
from the axis. For a cube whose edge is 1 ,  the d istance is ,[2/2 . 
The total moment for the 8 protons is 4 ,[2 = 5.6569. 

We may compare the value just derived to the moment pro­
duced when the cube is spinn ing on an axis which passes 
through two d iagonal ly opposite vertices (F igure 2) .  In this 
case, two vertices l ie on the axis. For a cube of edge 1 ,  the 
moment of momentum for each of the other six protons is 
...J'6/3, and the total moment 6 X ...J'6/3 = 4 .88990, consider­
ably less than that for the face-centered spin axis. 

However, we must also take i nto account the moments of 
the neutrons. I n  placing the neutrons, we had always assumed 
that they must be contained with in  the shel ls of the protons. 
For this and other reasons, we had assumed an inner tetrahe­
dron, or "alpha particle," whose vertices wou ld fi rst serve as 
the locations for the two protons and two neutrons of the hel i­
um nucleus, whi le for nuclei of atomic number greater than 2, 
these would serve as the location for neutrons. We portray that 
from two points of view in Figure 3. Figure 3 (a) is the view 
looking down the d iagonal axis of the cube. Two protons and 
a neutron l ie on the axis, although these cover one another, so 
only one sphere is visible at the center of the right-hand figure. 



(a) (b) 

• � .. 
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Figure 3 Figure 4 
ALPHA PARTiClE WIT H I N  THE CUBE 

(a) Full view. (b) Looking down the diagnonal spin axis. (A proton and neutron 
on that axis are not seen.) 

POSSIBLE OXYGEN N UClEUS 
WITH FOUR N EUTRONS ON 

FACE CENTERS OF CUBE 

Here also, calcu lation of the moments on the tetrahedron 
shows that the favored configuration is that which spins on the 
diagonal axis of the cube. 

F inal ly, we must consider the neutrons which l ie on the 
cube. For oxygen, we assume fou r  neutrons on the a lpha par­
ticle, and four  on the face centers, as pictured in Figure 4. 
The moments of certa in  neutron positions vary, depending 
on the axis chosen.  The configu ration of neutrons shown 
produces a m in imum total moment for either spin ax is. 
However, the total moment is least when the d iagonal  spin 
axis is chosen.  

The concept of a sp in  axis for the nucleus seemed sugges­
tive; however, there were many questions. Did the nucleus 
spin at a l l  times, or only when subjected to external forces 
such as magnetism? How wou ld its existence be man ifested ? 
We made some prel iminary attempts to construct the fi rst eight 
elements, calcu lating the moments for each principal isotope. 
There were many uncertai nties. The first five elements contain 
many anomalous features. Why is l ithium-7, with 3 protons 
and 4 neutrons the most abundant isotope? Why is 4-bery l l i­
um-9 stable, whi le beryl l ium-8 breaks up into two a lpha par­
ticles? Why are 5-boron- 1 0  and 7-n itrogen-1 4 odd-odd 
nucle i ?  We also examined the atomic numbers above oxygen .  
Here there were some more h ints that the spin axis was a deci­
sive feature determin ing why some isotopes occur and not 
others. But noth ing was decisive. 

(2) 
The I Axis of the U niverse' 

One day, as I was examin ing a Plexiglas model of the Moon 
nuclear structure, I noticed that one pair of faces of the octa­
hedron appeared to be paral lel to the overlying faces of the 
icosahedron (Figure 5). If this were true, then a un ique axis 
passing through the diagonal of the dodecahedron and the 
underlying face center of the dual icosahedron, would then 
pass through the face center of the underlying octahedron, and 
down the diagonal axis of the cube. A un ique axis of the 
whole Moon model configuration would thus be determined. 

We cal led it the "axis of the un iverse (Figure 6) ." 
True, or merely appearance? From h is  studies of Gauss's 

Pentagramma Mirificum, Stevens was able to read i ly verify 
the paral lel ism of the un ique pair  of faces. The reasoning, i n  
brief, i s  this :  The vertices of  the octahedron i n  the Moon 
model configuration correspond, d i rectiona l ly, to the posi­
tions of vertices in the figure known as the compound of 20 
octahedra. The vertices of th is compound figure can be deter­
mi ned by the rotation of any of the five cubes whose vertices 
correspond to the vertices of a dodecahedron. The cube is 
rotated such that one pair  of vertices remain fixed in the 
dodecahedral vertices. The cube carries with it its dual  octa­
hedron. The face centers of any octahedron in the compound 
figure wi l l  then l ie under the vertices of the dual cube which 
carries it .  As two of these cube vertices are fixed in  the dodec­
ahedron, the corresponding two face centers of the octahe­
dron wi l l  l ie under them, which is to say, u nder the vertices 
of the dodecahedron. 

Now, let the dodecahedron in that construction, correspond 
to the circumscribing dodecahedron of the Moon model 
(Figure 6). Then, a un ique pair of face centers of the octahe­
dron of the Moon model wi l l  l ie under two d iagonal ly  oppo­
site vertices of the dodecahedron. Ergo, the axis of the un i­
verse is establ ished, for a un ique axis then passes through the 
vertices of dodecahedron and cube, and the face centers of 
octahedron and icosahedron !  

A New View of Uranium 
With the discovery of this axis, some new things now fel l  

i nto place. A clearer picture of  the twi nned structure which 
describes the uranium nucleus was the first important resu lt. 
Uranium, atomic number 92, is a singu larity in the Moon 
structure, occurring where the twinned dodecahedra open on 
a h inge, and the h inge then breaks to produce a connection 
between only two protons. Moon had suggested that each of 
the two protons sl ightly i nterpenetrates the other structure. 
Stevens recogn ized that the twinned uran ium nucleus would 
then l i ne up on the axis of the un iverse, and that the two inter­
penetrating protons would l ikely position themselves at the 

2 1 st CENTURY Fal l 2004 61  



62 

Figure 5 
U N IQUE PAI R  OF PARAllEL FACES OF 
ICOSAHEDRON AND OCTAHEDRON 

IN THE MOON MODEL . 
The faces of the icosahedron ·that are parallel to the 
octahedron are shown at top and bottom, emphasized 
by thick lines. 

Figure 6 
THE 'AXIS OF THE UNIVERSE' 

icosahedral face centers which l ie under the dodecahedral 
vertex where they jo in .  That would leave 73 neutron positions 
on each structure, precisely the correct number for the 1 46 
neutrons of U-238. 

Cube faces . .  . . . . .  . . 6 
Cube edges . .  . . . . .  . 1 2  
Octahedral edges . .  . . .  1 2  
Icosahedral edges . . . .  30 
Icosahedral faces . .  . . 1 3  
Total . . . . . . . . . . . . .  73 

Secondly, our idea of m in imal spin moments was rein­
forced. For the completed pal ladium nucleus, and for urani­
um, the "axis of the u n iverse" forms the only symmetrical spin 
ax is. I ron (the completed icosahedron) would have to spin on 
this axis, because the skew placement of the octahedron with­
in  the icosahedron cou ld only be balanced when the unique 
pair of paral le l  faces was al igned perpendicular to the axis of 
spin. (See Figure 5 . )  The cube of oxygen, we had seen, would 
also prefer to spin on this axis, which coincides with the diag­
onal of the cube. 

But s i l icon (the completed cube and octahedron) seemed 
to present a problem. From the standpoint of m in im iz i ng the 
angular moment, the axis of the octahedra l  "top" wou ld be 
preferred. But this causes the inscr ibed cube to spin on its 
face-centered axis .  If the m in im ization of angular moment 

were the only criterion, s i l icon wou ld 
have to sp in  l i ke a top on the d iagonal axis 
of the octahedron.  However, al l the other 
completed structures of the Moon 'model 
fol lowed the axis of the universe. A possi­
ble reason for th is  anomaly appeared 
when we exami ned the magnetic suscepti­
b i l ities of the elements. S i l i con is the only 
one of the completed Moon model struc­
tures to have a s l ight negative suscept ib i l ­
ity (d iamagnetism). The others are h igh ly 
magnetic. We wi l l  d iscuss this further in  
Section 4. 

The preference for the axis of the uni­
verse also suggested an  explanation for 
two wel l-known curiosities of the period­
ic tab le :  the argon-potass ium anomaly 
and the apparent nuclear stab i l ity of t in. 
The shel l  model of the nucleus attempts to 
expla in  these two phenomena by the c los­
i ng of assu med nuclear "shel ls" at 20 and 
50.  It is  not convinc ing, to my m i nd .  For, 
the shel ls  may represent e ither neutrons 
or protons, someti mes both, and the pre­
sumed mechan ism by which the stabi l ity 
operates (spin-orbit coup l i ng) is a creation 

The Moon model's "axis of the universe" passes through the center of this 
figure. It is a diagonal axis for the dodecahedron and cube, and a face-cen­
tered axis of the icosahedron and octahedron. The unique pair of parallel 
faces of the icosahedron and octahedron is seen head on. (Note the hexag­
onal quality of the four solids in this view,) 

of dubious merit, wh ich Maria Goeppert­
Mayer adapted from the accepted model 
of the electron orbita ls .  The phenomenon 
cal led e lectron "sp in ,"  wh i le  representing 
somethi ng, is rea l ly not understood at a l l .  
I t  began a s  a hypothesized orbital motion, 
and ended as a p iece of mathematical j ug-
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gl ing to fit the mod ified Bohr 
model .4 

The Argon-Potassium 
Anomaly 

For elements of low atomic 
number, there is a tendency 
for the number of neutrons to 
equal the number of protons, 
or to exceed the proton num­
ber by one. The first sign ifi­
cant excursion from this pat­
tern occurs at 1 8-argon-40 
with 22 neutrons. However, 
potassium and ca lc ium 
which fol low, each have 20 
neutrons. Calcium has 20 
neutrons and 20 protons, 
making it "doubly magic."s 
Calcium is h ighly abundant 
in the Earth's crust and the 
meteorite samples, and has 
six natural ly occurring iso­
topes, considerably more 
than any preceding element. 

Since Harkins, abundance 
has been associated with 

Figure 7 
20-CAlCI U M-40 

The last six protons of 
20-calcium-40 form 
on the unique paral­
lel faces of the icosa­
hedron, aI/owing the 
structure to rotate on 
the axis of the uni­
verse (dotted line). 

nuclear stabi l ity. From th.e Leibnizian standpoint of transcre­
ation, a l l  of the elements are being created a l l  the time. But 
why some in  preference to others? 

The first three structures of greatest symmetry in  the Moon 
model-the completed cube, octahedron, and icosahedron­
correspond to the elements of greatest abundance in the solar 
system (oxygen, s i l icon, i ron).  The cases of calcium, and also 
tin, which is un ique in  having 1 0  natural ly occurring isotopes, 
suggest how symmetries connected with the un ique spin axis 
determine Nature's preference for these structures. 

Let us look, first, at calc ium. In the Moon model structure, 
1 4  protons produce the completed cube and octahedron of s i l ­
icon. Calcium requi res six more protons on the icosahedron 
(Figure 7). We suppose these go on the un ique pai r of paral le l  
faces which we have al ready described on the icosahedron. 
Once these faces are complete, the axis of the u niverse is 
determined as the spin axis. (Th is wou ld probably occur first 
at 1 9-potassium when one triangular face is complete, and the 
other, two-th i rds so.) Prior to that, there is no wel l-defined 

4. Maria Goepperl-Mayer had been a Gottingen student of Dr. Moon's close 
friend at Chicago, physical chemist James Franck, a German-Jewish 
refugee. Under Franck and Moon's influence at Argonne National 
Laboratory, just after World War II, Goepperl-Mayer began an investigation 
of the anomalies of the periodic table, which she usefully grouped, in a 1 948 
paper, under a concept of nuclear shells. According to biographical 
accounts, it was Fermi who suggested the bad idea of explaining the phe­
nomena by the mechanism of spin-orbit coupling. Goeppert-Mayer received 
the Nobel Prize in 1 958 for her elaboration of this mechanism. 

5. The term "magic numbers" originated as a sly bit of humor by the physicists, 
intended to debunk attempts such as those of Harkins, Elsasser, and 
Goepperl-Mayer to discover a lawfulness in the properties of the elements 
constituting the periodic table. But the joke is on the physicists, for it is their 
belief in the magic efficacy of blackboard formulations which has proven to 
be useless in understanding the nucleus. 

rotational axis. Argon is probably placing its 22 neutrons on 
the inner alpha particle (4), cube faces (6), and cube edges 
( 1 2) .  Thus, a l l  neutron locations are fil led. 

Tin, at atomic number 50, is u n ique in having 1 0  natural ly 
occurring isotopes. Only two other elements have as many as 
8. This has long been considered a sign of the u nusual stabi l ­
ity of tin's nucleus with 50 protons, and 50 is a magic number. 
The Moon model, considered i n  connection with the axis of 
the un iverse, gives a clear suggestion as to why: Pal ladium, at 
46 protons, is the completed dodecahedron. To go beyond 
this, the structure must bu i ld a "twin," start ing on one of the 
pentagonal faces of the dodecahedron. Yet, once that twinn ing 
occurs, there can no longer be a symmetrical spin around the 
axis of the un iverse. Tin solves this problem by placing one of 
the four add itional protons on the axis of the u n iverse, and the 
other three on adjacent vertices. The whole structure (F igure 8) 
may then spin on the axis of the un iverse, just as pal ladium 
does. This expla ins the unusual stabi l ity of the t in nucleus. 

The next nucleus, 5 1 -antimony, is unable to mainta in  this 
symmetry (Figure 9h It must place the five protons beyond pal­
ladium around a pentagonal face of the dodecahedron. At this 
point, the twinned structure is tru ly determi ned, but the axis of 
the universe can no longer provide a stable spin axis. 

We pursued this idea of min im iz ing the spin moment around 
the axis of the un iverse, th inking we m ight be able to bui ld the 
nuclei around this concept. Stevens calculated a table of 
moments for a l l  the possi ble positions in the Moon model, and 
began attempting to construct the nuclei on the assumption of 
min imizing total moment. B ut some problems arose. There 
were things that didn't "fit." The l ight nuclei, such as l ithium, 
beryl l ium, and boron, left us with uncerta inties, as did the more 
complex nuclei that were not symmetric around this axis. 
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Figure 8 
STABILITY OF THE 
'MAGIC NUMBER' 
50, IN THE MOON 

MODEL 
Tin, atomic number 
50, requires four pro­
tons beyond the com­
pleted palladium 
core. One of these 
can form above the 
"axis of the universe, " 
and the other three 
above the three near­
est vertices of the 
dodecahedron. The 
structure then spins 
symmetrically about 
the axis. 

(3) 
Concept of the 'Weber Pair'; Hypothesis of 

the Neutron; Attempt to Describe Mass 
Defect from the Nuclear Geometry; The 

Ontological Question 

While Stevens was pursuing that path, I went back to the 
consideration of the structure I cal led the "Weber pair." This is 
the un ique state of stable aggregation between two particles of 
l ike charge, whose existence Weber establ ished in  his 1 871  
memoir (d. note 3), occurring below a minimal d istance that 
Weber defined as p. 

Employing modern determinations for the values of the 
charge in electrostatic un its (e), the protolil mass (mp) and the 
velocity of l ight (e), the value of p for two protons is equal to 
2f!/mpc2, or approximately 3 X 1 0-1 6 cm. With in a sphere of 
this tiny diameter, two positive nuclear charges wi l l  attract. 
Weber shows in the referenced paper (Section 8 ff.), that two 
such l i ke charges wou ld maintain a stable state of molecular 
aggregation in an osci l lating motion along a straight l ine con­
necting them. The particles wou ld accelerate toward the cen­
ter of the l i ne connecting them, approaching the velocity e, 
pass through one another, and decelerate to zero velocity 

6. Laurence Hecht, "Advances in Developing the Moon Nuclear Model," 21st 
Century, Fall 2000, pp. 5-12. 
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upon reaching the circumfer­
ence of the sphere of 3 X 
1 0-1 6 cm d iameter, at which 
point they wou ld agai n  be 
attracted toward each other. I 
cal l  this the Weber pai r. 

I returned to a hypothesis I 
had pursued earl ier,6 that the 
Weber pairs wou ld be placed 
along the d iagonal axes of 
the Platonic solids compris­
ing the Moon model . That is, 
instead of conceiving of each 
vertex as the position of a 
fixed proton, th ink of any pair 
of d iagonal ly opposite ver­
tices as the end points of a 
very short l i ne along which 
the charge osc i l lates at 
extremely h igh frequency, 
accord ing to the equation of 
motion described by Weber. 

Many fru itfu l speculations 
fol lowed. Among the most 
interesting was a new con­
ception of the neutron. A 
moving charge w i l l  create 
around itself a circular mag­
netic field (to use the Faraday 
conception) whose strength 
wou ld increase with velocity. 
Thus, an e lectron find ing  

itself i n  the vicin ity of a Weber pair proton, wou ld be pul led 
into a spiral l i ng orbit around and along the path of the Weber 
pai r. As the field i ncreases with the velocity of the proton, the 
electron wou ld be drawn in  closer, such that the spiral would 
look l ike a corkscrew or pig's tai l ,  which tightened as the 
charges moved toward the center. 

A special sort of s ingularity must occur at the center of the 
Weber pai r. The protons, moving at relative velocity -{:2 e, must 
meet and pass through each other. The nuclear electron is then 
pu l led in closest in its corkscrew orbit. I supposed that this is 
the point at which the neutron is created . Pu l led into a very 
close orbit, the electron un ites with the proton to form a neu­
tral particle. Harkins's conception of the neutron (as Moon 
often recounted it), as an e lectron condensed on a proton, 
seemed to come to l ife. 

If the proton thus turns into a neutron, one might ask how 
then there can be at least an equal number of protons and neu­
trons in the nuclei beyond hydrogen? The answer comes when 
we recognize that with the Weber pai r, we are dealing with 
what today are cal led relativistic velocities (and at the singular­
ity, a superluminal velocity). I n  the conventional view, there wi l l  
be what Special Relativity sees as a relativistic mass increase 
sufficient to double the apparent mass of the proton.  The quan­
tification of this in  accordance with known formulations is not 
possible, because we are in a new regime of particles acceler­
ating to superluminal relative velocities. Weber's original for­
mulation of the relativistic Fundamental Electrical Law, in which 



it is the change i n  force 
between charges, and not 
their mass, which varies with 
relative velocity, does not eas­
i ly resolve the d ifficu lty. Thus, 
rather than a formal mathe­
matical analysis, I sought to 
examine geometr ica l ly  the 
probable bounding conditions 
of the process. 

The first thing I noticed was 
that the conjectured neutron 
would appear in a c i rcular 
orbit in  a plane perpendicular 
to the center of the axis of the 
Weber pair. The neutrons 
could thus be thought of as 
circular hoops oriented per­
pendicular  to these axes, 
which are the axes of the 
Platonic sol ids (d. note 6). 
Thus, a sequence of cyc l ic 
solids would be created as 
protons were placed on the 
Moon model structure. F i rst, 
four hoops for the four axes of 
the cube, produc ing the 
cuboctahedron of 1 2  vertices 
where the hoops intersect; 

Figure 9 
HOW ATOMIC 

N UMBER 51 
BECOMES UNSTABLE 
57 -antimony, with five 
protons beyond the 
palladium core, be­
gins to form the new, 
twinned dodecahe­
dron. It will not spin 
stably on the "axis of 
the universe. " 

then three hoops for the three axes of the octahedron, produc­
ing an octahedron of 6 vertices; then six hoops for the six axes 
of the icosahedron, producing the icosadodecahedron of 30 
vertices. If, in  some way, the intersections of these hoops rep­
resenting neutron orbits, m ight correspond to the creation of 
additional neutrons, there wou ld then be a correspondence to 
the hypothesized neutron placements I had arrived at many 
years ago in  considering the Arch imedean sol ids. 

Mass Defect As a Geometric Property of the Nucleus 
This specu lation concern ing the neutron now led in  anoth­

er direction, to the consideration of mass defect. Mass defect 
is a concept that arose in the early stages of atomic physics. 
Calculations based on the deflection of particles in a field and 
the energy balance of particle col l is ions had led to precise 
measurements of the presumed mass of the proton, neutron, 
and electron. The atomic hypothesis assumes that the weight 
of the elements should equal the sum of these constituent 
parts. However, when the calculated mass of each element 
was compared to the measured atomic weight, a d iscrepancy 
was found which came to be known as the mass defect. The 
hegemony over physics of the Aristote l ian notion of energeia, 
as opposed to the Platonic concept of power (dynamis), led to 
the explanation that the mass defect arises from the so-called 
binding energy; that is, the m issing mass is used up in  the form 
of the energy needed to hold the nucleons together. Ei nstein's 
equation for energy-mass equ ivalence can predict, from the 
mass defect, the amount of energy (actual ly, work) which wi l l  
be produced by a nuclear reaction. 

The poorly trained physicist searches, in  vain, for a defin i-

tional d istinction between energeia and dynamis. "How does i t  
change my formula?" he asks. What is m iss ing is the concept. 
By invoking the equivalence of energy and mass to expla in  an 
anomaly in the periodic table, one is only d isplacing the prob­
lem to another realm. Why is energy equ ivalent to mass? 

I supposed that the reason for mass defect wou ld be found 
in  the geometry of orientation of the Weber pairs. As I have 
many times noted, the 1 846 Weber formu lation for the 
Fundamental Electrical Law (wh ich fi rst appeared in Gauss's 
Notebooks in 1 835), is strictly relativistic. When stated in the 
simpler form of his Law of Potentia l ,  Weber's electrodynamics 
shows that the work done by one electrical particle upon 
another is dependent upon their relative velocities. The wel l­
known formula derived from Special Relativ ity, E = mc2, mere­
ly amounts to a restatement of Weber's law, i nterpreted in such 
a way that the mass, rather than the force between particles, 
changes with relative velocity. As Frankl in  D. Roosevelt's ch ief 
wartime science adviser, Vannevar B ush, noted in his 1 926 
defense of the Weber e lectrodynamics, what is measured in  
experiments on moving electrons is not the mass, but the 
charge-to-mass ratio'? Thus, any experiment wh ich purports to 
show a mass i ncrease, as predicted by Special Relativity theo­
ry, can equal ly wel l  be interpreted as evidence of a charge 
decrease; that is, a decrease in the measured force between 
particles, precisely the result one expects from the Gauss­
Weber formulation. 

Weber's formu la  describes the relation for the pair-wise 

7. V. Bush, ''The Force between Moving Charges:' Jour. Math., and Phys., Vol .  
v., No. 3 (March 1 926). 
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Graph 1 
MASS DEFECT PER N UCLEON OF NATURAL ISOTOPES FROM Si-28 TO la-1 39 

Source: Calculations based on data from Handbook of Chemistry and Physics, 80ca Raton, Fla.: CRC Press, 60th Edition (1 980), pp. 8-236 to 8-274. 

interaction of electrical particles. I hypothesized that in the 
nucleus, these Weber pairs would be oriented toward the ver­
tices of the Platonic sol ids of the Moon model .  The differing 
geometries wou ld produce different charge effects, and there­
fore varying apparent masses of the nuclei . 

On getting into such considerations, one recognizes that 
mass or gravitation, as Riemann and Weber suspected, must 
be an electrodynamic phenomenon. The orientation and rela­
tive motions of charges with in  the nuclei of attracting bodies 
are the source of what is cal led the gravitational "force." That 
means that when we weigh something, we are actual ly meas­
uring an electrical attraction between the very rapidly moving 
charges of the Weber pairs. 

The mathematical treatment of the interactions among the 
moving charges of the Weber pairs raises difficu lties of even 
greater complexity than the insoluble nobody problem in grav­
itation. I wondered if the problem cou ld be approached by 
looking at the geometry of the Moon model. To do so, I calcu­
lated and graphed the mass defect per nucleon for all the nat­
ural ly occurring isotopes through 57-Lanthanum-1 39, wonder­
ing if I would find unusual values at the Moon model singu lar­
ities. In this, I was partly disappointed. The graph of mass 
defect per nucleon (Graph 1 )  is essential ly the same as the well­
known curve of binding energy. It rises to a peak at iron 
through nickel, and then decl ines. There is noth ing particular-
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Iy notable about the values for oxygen, s i l icon, or pal lad i um.  
Nonetheless, the peak at  i ron is sign ificant. There is no con­

ventional explanation for it, but iron is one of the s ingularities 
of the Moon model . I bel ieve it was at this point that I began 
to think of magnetism in connection with the Moon model .  

The Ontological Question, Briefly 
Before closing on the subject of mass defect, we wi l l  make 

a brief but necessary mention of the ontological question 
impl ied. Any truthful explanation of this s ingular phenome­
non w i l l  requ i re an overtu rn ing of genera l ly  accepted 
empir ic ist assumptions respect ing " mass. "  What modern sci­
entific thought takes as the most self-evident of qua l ities is, 
in truth, the most i nteresting of a l l  ambigu ities. One cou ld 
summarize the fa i l u re of modern, genera l l y  accepted 
approaches in these few words: What shou ld be the subject 
of i nvestigation is assumed as al ready known. To proceed in  
this matter from any lesser ontological standpoint than that of 
Plato, Cusa, and Leibniz is foolery. The h istory of the subject 
shows that the fundamental breakthroughs occurred precise­
ly where that standpoint was taken up and empi r icist notions 
rejected. 

Modern physical chemistry began with Antoine Lavoisier's 
adoption of the program laid out by N icholas of Cusa in the 
"De Static is" (On Statics) section of his De Idiota Mente (The 



Layman on Mind) : the appl ication of the precision balance to 
the investigation of what we now cal l chemical and biochem­
ical processes. Mendeleev's d iscovery of the periodic proper­
ty of the elements requ i red an expl icit overtu rning of the 
Gali leo-Newton assumption respecting mass, as he noted in 
the 1 889 Faraday lecture: 

The primary conception of the masses of bodies, or of 
the masses of atoms, belongs to a category which the 
present state of science forbids us to d iscuss, because as 
yet we have no means of dissecting or analyzing the con­
ception. All that was known of functions dependent on 
masses derived its origin from Gal i leo and Newton, and 
ind icated that such functions either decrease or i ncrease 
with the increase of mass, l ike the attraction of celestial 
bod ies. The numerical expression of the phenomena was 
always found to be proportional to the mass, and in no 
case was an increase of mass fol lowed by a recurrence of 
properties such as is disclosed by the periodic law of the 
elements. This constituted such a novelty in the study of 
the phenomena of nature that, although it d id not l ift the 
veil which conceals the true conception of mass, it nev­
ertheless ind icated that the explanation of that concep­
tion must be searched for in the masses of the atoms; the 
more so as al l  masses are noth ing but aggregations, or 
additions, of chemical atoms which would be best 
described as chemical individuals.8 

Bernhard Riemann's conception of the geistesmasse, as 
developed in the "Phi losophical Fragments," 9 is the most far­
reaching of approaches taken by modern mathematical physi­
cists. Riemann and Wilhelm Weber's attempts to derive the 
electrodynamic origin of mass (gravitation) bear on this matter. 
Our explorations of the Moon model suggest that atomic 
weight and mass defect are expressions of the geometry of the 
nucleus. A clearer understanding of the Moon nucleus wi l l  
thus shed l ight on th is  important question. 

(4) 
Magnetism As a Periodic, N uclear 

Property; Curie and Langevin's Theory; 
Our Theory; Where Is the Electron? 
Palladium and the Great Harmony; 

Magnetism of the Lanthanides; The Self­
sustaining Cube; Gadolinium. 

In  thinking about properties which correlate to the singular­
ities of the Moon model, my thoughts turned to magnetism. I 
recal led that Harkins had remarked on the strong paramagnet­
ic susceptib i l ity of oxygen and pallad ium.  What we cal l  para-

8. ''The Periodic Law of the Chemical Elements:' by Professor Mendeleeff, 
Faraday Lecture Delivered before the Fellows of the Chemical Society in the 
Theatre of the Royal Institution on Tuesday, June 4, 1 889. In D. Mendeleeff, 
The Principles of Chemistry, Third English Edition (London: Longmans, Green, 
and Co., 1 905) and (New York: Kraus Reprint Co., 1 969), Vol. I I ,  p. 494). 

9. The first English translation of Riemann's "Philosophical Fragments" 
appears in the Winter 1 995-1 996 issue of 21st Century, pp. 50-62. 

magnetism today was cal led weak magnetism by Pierre Curie, 
who systematical ly studied the magnetic properties of the ele­
ments. His work is summarized in an 1 895 paper, one of the 
great works of physical chemistry, which remains a classic in 
the study of magnetism .lO Curie discovered that the weakly 
and strongly magnetic substances shared the property that on 
heating, they lost their attraction to a magnet. Some elements 
fel l  into another category, the diamagnetic. These substances 
are repel led by either pole of a magnet, but much more weak­
ly than the paramagnetic su bstances are attracted . 
Diamagnetism does not weaken with heating, with the one 
exception of the element bismuth, which is the most strongly 
diamagnetic. 

A systematic study of d iamagnetism had been carried out by 
. Weber, using metal l ic bismuth. Weber proposed that d iamag­

netism is the result of induced molecular currents. Reca l l  that 
Weber was a fol lower of Ampere, who had proposed that 
magnetism is the result of the presence of molecular currents, 
by which he meant resistance-free c i rcu its surrounding what 
we today call the atom. On bringing a magnet into the vicini­
ty of a substance, Weber supposed that an Ampere molecular 
current was induced . By the laws of induction of Nobi l i , 
Neumann, and Lenz, the which Weber had systematized 
under his Fundamental Law of Electrical Action, the magnet­
ism produced by the induced current must be such as to 
oppose the motion of the inducing magnet. E lse, as Weber 
noted, a smal l amount of work in the motion of the inducing 
magnet would be multipl ied indefin itely. Hence the repel l i ng 
force of diamagnetism. 

Weber thus hypothesized that d iamagnetism was a natu­
ra l property of al l substances. Magnetism had to be the 
resu lt of some spec ia l  configu rat ion of the i nner parts 
which masked the natural d iamagnetism.  Curie's hard-won 
d iscovery that the magnet ic property d i ss ipated upon heat­
ing, tended to confi rm the Ampere-Weber view of magnet­
ism, which became genera l ly  accepted, even as their  con­
ception of electrodynamics was replaced by the Faraday­
Maxwel l  formal ism. Pau l  Langev in ,  a younger col league of 
Curie, first proposed a systematic theory of e lectron orbitals 
as the cause of the magnetic property. In a 1 905 paper, 1 1  
Langev in  drew on Cu rie's work on symmetries, which had 
characterized the magnet ic f ield as possessi ng  the symme­
try of the cy l i nder. Langev in  suggested that the e lectron 
orbita ls in magnetic and paramagnet ic substances must 
somehow arrange themselves such as to produce an over­
a l l  cyl i ndrical conformation, such that the currents act 
together l i ke a solenoid. The d iamagnetic substances, on 
the other hand, wou ld  possess a greater symmetry, such 
that an inducing field wou l d  not be able to orient the atom 
in any part icu lar d i rection .  F rom whatever d i rection the 
magnetic pole approached, i t  wou ld ind uce a cu rrent i n  the 
e lectron orbita ls  wh ich  wou l d  oppose i t .  Langev i n  

1 0. M.P. Curie "Proprietes magnetiques des corps a diverses temperatures" 
(MagnetiC Properties of Bodies at Different Temperatures), Annales de 
Chimie et de Physique, Juillet (July) 1 895, pp. 289-405. 

1 1 .  P. Langevin, "Magnetisme et theorie des electrons" (Magnetism and the 
Theory of Electrons), Annales de Chim. et de Phys., Vol. 8 (1 905), pp. 70-
1 27. 
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Graph 2 
SUSCEPTIBI LITY OF PARAMAG NETIC ELEMENTS (From 3-U-7 To 57-La-1 39) 

Oxygen, iron and palladium all singularities in the Moon moael structure are peaks in the curve. 

Source: Handbook of Chemistry and Physics, Boca Raton, Fla.: CRC Press, 60ih Edition (1 980), pp. E-123 to E-1 28, based on Constante 
Selectionnees Diamagnetisme and Paramagnetisme Relaxation Paramagnetique, Vol. 7. Values for cobalt and nickel are approximate. 

expla ined the gradual d i sappearance of the magoetic prop­
erty with heat, 

'
by supposi ng that the thermal agitation of 

the atoms tended to g ive them a random orientation which 
eventua l ly overcame the al ignment produced by the cyl in­
drical arrangement. 

Langevin's is a masterful work of mathematical-physics 
hypothesis, and wel l  ahead of its time, the properties of the 
electron having barely been establ ished at the time of writing. 
I found the paper a useful sounding board for my own ideas 
on the subject, which I was developing at the same time as I 
was read'ing it. Yet, l ike most of modern physics, it was too pat. 
Something was missing. In the end, I could not d isagree with 
the conception of a cyl indrical symmetry to the electron 
motions. The correspondence of h igh magnetic susceptibil ities 
with the Moon model si ngu larities, where one finds the high­
est spherical symmetry, seemed to go against Langevin's fun­
damental premise of a cyl i ndrical symmetry. The paradox was 
resolved when we considered the spin of the nucleus around 
the un ique axis we had identified. The magnetism is then not 
the result of s imple orbital motions of the electrons, but of the 
tra'nsport of the electron, orbit and al l ,  by the nuclear spin .  
Stevens and I came -to th is  conclusion as we examined the 
geometric properties of the Moon model at the s ingu larities 
where magnetic susceptibi l ity is a miJ,ximum. 

The first step was to assemble a table of the susceptib i l i­
ties of a l l  the e lements. I show this data i n  a variety of graph­
ic forms. In Graph 2, I show the suscept ib i l ity of the para-
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magnetic elements from 3-l ith ium-7 to 5 7- lanthanum-1 39.  
Note that  the y-axis is on a logarithmic scale. The extraor­
d i nary magnetism of the Moon model s ingu larities at 8-oxy­
gen and 46-pa l l ad ium stand out, and of course 26- i ron.  
(Coba lt and n ickel a re nearly as magnetic as i ron;  the ques­
tion marks are there on the chart because I lack exact val­
ues for them.) G raph 3 shows the susceptib i l it ies of the d ia­
magnetic elements from he l ium to bismuth. S i l icon, which 
represents the completed octahedron of the Moon model ,  is 
d iamagnetic, a lthough only very s l ightly so. This was an 
anomaly to be exp la ined . 

Our Theory of Magnetism 
The concept of magnetism we developed was based on the 

observation that the Moon model representations of the 
nuclei of oxygen, iron, and pal lad ium, are precisely those 
which we d iscovered to rotate with perfect symmetry around 
the axis of the un iverse. S i l icon, which shows a s l ight dia­
magnetism, wi l l  not m in im ize the mechanical moment of 
momentum of the nucleons when spinn ing on the axis of the 
un iverse, as we showed in Section 2. It prefers the "top" axis 
of the octahedron. 

However, if it is  not the motion of the nuclear charges, but 
the extra-nuclear electrons which are producing the magnet­
ism (althou

'
gh even this assumption must be carefu l ly exam­

ined), one must break through one of the great barriers of con­
temporary nuclear physics, and propose a causal relationship 
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Graph 3 
SUSCEPTI BI LITY OF DIAMAG NETIC ELEMENTS 

Source: Handbook of Chemistry and Physics, Boca Raton, Fla.: eRe Press, 60th Edition (1 980), pp. E-123 to E-1 28, based on 
Constante Selectionnees Diamagnetisme and Paramagnetisme Relaxation Paramagnetique, Vol.  7. 

between the nuclear geometry and the arrangement of elec­
tron orbitals, in order to establ ish a relationship between the 
nuclear motion and magnetism. In proposing that magnetism 
derives from a nuclear property, we may also seem to be defy­
ing the widely held bel ief, which goes back to Langevin's 
1 905 paper, that the disappearance of magnetism with heat is 
caused by thermal agitation of the atom. It is general ly thought 
that nuclear properties do not respond to mechanical action 
such as heat. Yet must not the nucleus be i nvolved ? 

Where Is the Electron? 
In connection with the concept of the neutron, described 

in Section 3, I had a lso conceived of a corkscrew- l i ke extra­
nuc lear electron orbital, para l lel to, but much larger than the 
paths traced by the nuclear electrons which are captured to 
become neutrons. The extra-nuclear electrons wou ld fol low 
spiral orbits around the Weber pair, but at a distance about 
1 ,000 times farther out. For the same reason as the nuclear 
electrons, these orbits wou ld tighten as they approach the 
center, converging l i ke two opposed corkscrews. These elec­
trons wou ld then have opposing spin .  As the charge density 
of the protons on the Weber pair is greatest at the center, 
because of their h igh velocity there, the electrons wou ld also 
have greatest charge density around the center. For pu rposes 
of rough calcu lation, one could then s impl ify the electron 
spiral, i nto a c ircular orbit moving in a plane which is per­
pend icular to the Weber pair, and close to the center of the 
pair. If the angular velocity of the nuclear spin is h igh in 

comparison to the orbital velocity of the electron in th is 
reduced c i rcu lar orbit, then it  is not the orbital veloc ity of the 
electron, but the rotational velocity of the whole orbit  which 
would act l i ke the moving charge which produces the 
Ampere molecu lar current. 

Weber's 1 871  paper defines a stable state of aggregation of 
two un l ike particles, in which the less massive particle 
revolves in  a circular orbit around the more massive one. The 
rad ius of the stable orbit must fal l  with i n  a m in imal  d istance, 
p, determined in the same way as for the Weber proton pai rs.1 2 
The rad ius of the electron orbit, so determined,  comes to be 
9 1 8 times greater than that of the Weber proton pair. Assuming 
that the electron orbital is conveyed with the sp in of the nucle­
us, the velocity of the electron orbit wou ld be considerably 
greater than that of the proton spinn ing much .c loser in to the 
center. Thus it would be the motion of the electron that is pri­
marily responsible for the magnetism. The total magnetic 
moment would be a geometric sum of the electron and proton 
motions. 

Suffice it to say that our supposition is entirely at odds with 
contemporary accepted views of magnetism. We attri bute the 
magnetic moment to a col lective motion of a l l  the electron 

12. The minimal distance, p, is equal to [e e'/c2] [(E + E')/EE'l, where e and e' 

are the charges of the two particles, E and E' their masses, and c is the 
Weber constant equal to ..[2 times the velocity of light. Taking the proton­
electron mass ratio as 1 ,837, the value of p for the electron-proton pair will 
be 918 times greater than that for the proton-proton pair. 
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Graph 4 
lOG OF MAGNETIC SUSCEPTIBILITY (2-He-4 to 92-U-238) 

Source: Handbook of Chemistry and Physics, Boca Raton, Fla.: eRe Press, 60th Edition (1 980), pp. E-123 to E-128, based on Constante Selectionnees 
Diamagnetisme and Paramagnetisme Relaxation Paramagnetique, Vol. 7. Values for cobalt and nickel are approximate. 

orbitals, conveyed by the un id i rectional spin of the nucleus. 
The accepted view attributes magnetism to the spin of certain  
extra-nuclear electrons. But that is not a l l ,  for our  picture of the 
nucleus is so far different from the accepted picture (actual ly, 
there is no accepted pictu re) as to make any comparison 
impossible.  The trained specialist recognizes immediately that 
if we are right, the whole edifice of 20th Century atomic 
physics must be rethought, as Dr. Moon had done. Moon was 
able to make breakthroughs where others could not, in  part 
because he had a hands-o

'
n . .  mastery of the crucial experiments 

on which the theoretical structure was bui lt. He had done the 
experiments. Few of his peers had the combination of compe­
tence and courage to th ink in the same way. Today, the prob­
lem is far worse. 

Palladium and the Great Harmony 
There remai ned some i nternal i ncons istencies in our 

hypothesis. For example, why is not the completed dodecahe­
dron of pal ladium a stronger magnetic substance than iron? It 
carries more charges, and spins around the same un ique axis. 
For another thing, how do we expla in the h igh magnetic

· 
sus­

ceptib i l ity of the lanthanide elements? In Graph 4, we show 
the avai lable values for the magnetic susceptib i l ities of a l l  the 
elements. The Moon model si ngu larities are shown as squares. 
They a l l  represent local maxima. But we also see here the h igh 
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susceptibi l ity of the lanthan ides, of which 64-gadol i n ium-1 57 
is the peak. 

In exam in ing these paradoxes, some new geometric features 
of the Moon model became evident. Respecting pal ladium, 
we d iscovered that it is the first of the structures to have a 
shared axis. One axis of the cube and one axis of the dodeca­
hedron l i ne up along the axis of the un iverse. This produces a 
very curious dynamic for the two Weber pairs which share the 
same axis. By Stevefls's analysis, the inner and outer protons 
wi l l  change places as the osc i l l ation continues-palladium is 
a curious element. 

I n  fol lowing this l ine of reason ing, one comes to recognize 
a great harmonic motion in the osc i l lations of the Weber 
pai rs making up the more complex nucle i .  Calculation 
shows the frequencies of these osc i l lations to be h igher than 
any known radiation.  The s ize of the nucleus also comes· into 
question here. By the logic of the Weber e lectrodynam ics, an 
increase in  the number of Weber pairs wou ld i ncrease the 
attraction, causing the heavier nuclei  to be smal ler than the 
l ighter ones, a conclusion which Dr. Moon frequently 
referred to. Yet there wou ld be differ ing rad i i  for the pai rs 
arranged along the axes of the successive, nested sol ids. 
Some charges wou ld have longer to travel than others. What 
is the sequence of thei r osc i l lations? Do a l l  come to the cen­
ter at once, or is there a k ind of f ir ing order? 



Another item of overlooked sign ificance, 
which is seen in  Graph 4, " Log of Magnetic 
Susceptibi l ity, " is the period icity of magnet­
ism. Look at the values of magnetic suscepti­
bil ity for the noble gases, Ne, Ar, Kr, and Xe. 
Look then at the values for the a l kal is, L i ,  Na, 
K, Rb, and Cs. The Mendeleev period ic ity 
and the Moon model periodic ity are evident 
in the same graphic presentat ion. A sti l l  
unsolved paradox l ies here. 

Magnetism of the Lanthanides 
Our search for an explanation of the h igh 

magnetic susceptibil ity of the l anthan ides a lso 
proved fru itfu l ,  and led us to a new under­
stand ing of the orientation of the Weber pairs .  
While I was assembl ing the data on magnetic 
susceptibi l ities, I suggested to Stevens that he 
try to figure out the reason for the magnetism 
of the lanthan ides, and especial ly the very high 
magnetic susceptib i l ity of gadol in ium.  One 
day he cal led with a partia l ly  formed idea, 
which involved retu rn i ng to Dr. Moon's origi­
nal construction for the lanthan ides, a con­
struction which I had sl ightly varied, th inking 
it would better expla in the placement of neu­
trons. We got together that day, and came up 
with an explanation for gadol in ium as well as 
a new insight into why the charges must orient 
to the axes of the Platonic sol ids. 

The first time I saw Dr. Moon present his idea 
of the nucleus, using a model constructed out 
of used aluminum printing plates, his explana­
tion for the anomaly of the lanthanides stood 
out in my mind. The 1 4  elements which share 
the same chemical properties as lanthanum, 

Figure 1 0  
THE 'SALAD BOWL' BEG I N S  TO FORM 
ON THE TWI NNED DODECAH EDRON usually shown in a separate row at the bottom 

of the periodic table, had a reason for existi ng! 
In the bui lding of the twin dodecahedron after 
pal ladium, the first 1 0  protons, which bring us 
to 56-barium, form the scaffolding of the new 
dodecahedron with a structure that looks l i ke a 

To reach 56-barium, 7 a protons are added onto a twinned dodecahe­
dron, creating a structure with the appearance of a scalloped salad 
bowl. 

scal loped salad bowl (Figure 1 0) .  At that point, the cube and 
octahedron build i nside, forming the 1 4  lanthanides. 

Recently, in  trying to understand the continued reappear­
ance of the "magic number" of 82 neutrons from barium 
through the first four l anthan ides, I had hypothesized a rather 
complicated variation on Moon's construction, in which five 
vertices of the dodecahedron and five vertices of the icosahe­
dron were the first to form. Stevens's insistence on the "salad 
bowl" in his sti l l  partial attempt to expla in gadol in ium caused 
me to wonder. In a joint session one afternoon, several long­
standing problems were solved at once. 

The Self-Sustaining Cube 
In Ampere's or iginal  statement of the law for the force 

between current elements, upon which the work of Carl 
Friedrich Gauss and Wi l he lm Weber immediately rested, 
there appears an angular term by which the inverse square 

law for the force between static charges must be mu lt ipl ied. 
The angular term is [ s inS  s inS '  cosw - 1 /2(cosS casS ' ) ] ,  
where S and S '  are the  angles which the  current e lements 
make with the l i ne  connect ing their  centers, and w is the 
spatial angle between the current e lements . 1 3  (See F igure 
1 1  .) This means that there w i l l  be certa in values of e and S '  
for which the force w i l l  be zero. Ampere's formal represen­
tation embod ies the resu lts of one of h i s  earl iest electrody­
namic experiments, which showed that para l le l ,  cu rrent­
carrying wires either attract or repel ,  accord ing as the cur­
rent is flowing in the same or opposite d i rect ions.  C learly, at 
some intermed iate angle, the force between the cu rrent e le­
ments wou ld reduce to zero, before increasing aga in .  

1 3 .  Cf. footnote 3 .  F = ii' (ds . dS')/F [sine sine' COsw - 1/2 (case case')]. where 
i and i' are the cyrrent, ds and ds' the lengths of the current elements, and 
r their distance apart. 
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Figure 1 2  
Figure 1 1  

AMPERE'S VIEW OF 
A REPRESENTATION OF TWO 

paral lel current elements. 
When the angles e and e '  
are equal to  1 /2 (arc cos 
1 /3), or 35 .26 degrees, for 
two para l lel cu rrent ele­
ments, the force between 
current elements goes to 
zero, regardless of the cur­
rent strength. We recog­
n ized that the angle was 
closely connected to the 
cube and tetrahedron .  
From the center of the c ir­
cumscribing sphere, the 
side of a cube subtends the 
angle (arc cos 1 /3 ) ,  or 
70.53 degrees. Its supple­
ment of 1 09.5 degrees, a lso 
known to chemists as the 
tetrahedral angle, subtends 
the angle between two 

WEBER PAI RS ON A CUBE 
TWO CURRENT ELEMENTS 

The two current elements are represent­
ed by arrows; e and e' are the angles 
which the current elements make with 
the line connecting their centers; r is 
their distance apart. 

Two Weber pairs, represented as 
Ampere current elements, are shown 
following two diagonal axes of the cube. 
Between the two at the base, there is 
neither attraction or repulsion; the force 
is zero. 

Figure 1 3  
AMPERE'S ANGULAR FORCE FORMULA 

When the angles e and e' are equal to 7/2 (arc cos 7/3), 
or 35.26 degrees, for two parallel current elements, the 
force between the current elements goes to zero, 
regardless of the current strength. As the two current 
elements at the base of the cube in Figure 72 move 
toward the center, they trace the sides of an isosceles 
triangle, which has an apex angle of 7 09.5 degrees and 
base angles of 35.26 degrees-and zero force between 
them. 

However, current elements cannot be separated from the 
c i rcu its which conta in them, and there is therefore no 
empirical  means of observing the force between current ele­
ments .  It may be determi ned only by creative i magination, 
by hypothesis .  The Ampere angular force formu la  is one of 
the more bri l l iant of those products of the c reative imagina­
tion, which l ie beh ind all fundamental d i scovery in  physical 
science. 

Stevens and I had been aware for many years of the case ref­
erenced i n  Peter Graneau's book on the Ampere force14' for 

1 4. Peter Graneau, Ampere-Neumann Electrodynamics of Metals (Nonantum, 
Mass: Hadronic Press, 1 985). 
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d iagona l ly  opposite ver­
tices on a face. I had tried 

many times to make this cohere with the Moon model, always 
impeded by the fact that I was imagin ing the current elements 
to l ie at the center of the sphere, where they crossed. 

Stevens's proposal to p lace the cyrrent element at the ver­
tices of the sol id, (wh ich is to say the surface of the sphere), 
solved the problem almost i nstantly, when one recognized 
that the current coincides with the d i rection of the Weber 
pairs; that is, it is movi ng down the d iagonal axes of the 
Moon model sol ids. Consider the two Ampere cu rrent ele­
ments, which are shown at the base of the cube (F igure 1 2) .  
As  they move toward the center, they trace the s ides of  an 
isosceles tr iangle whose apex angle is 1 09.5 degrees, and 
whose two base angles are 3 5 .26 degrees (Figure 1 3 ) .  There 
is thus zero force between them. We must also consider the 
force between any two of the current elements in F igure 1 2, 
which are separated by an edge of the cube. Their angular 
separation is 70.5 degrees, and a s imple calculation shows 
that they wi l l  attract. 

However, a curious th ing happens when we add the next 
two Weber pairs, to complete the cube which represents 
oxygen in the Moon model (F igure 1 4) .  We d i scover that 
the attractive forces, which a l l  fa l l  a long the edges of the 
cube, resolve in the d i rection of the cube's d iagona l .  Th is  is 
eas i ly  s�en when we consider a s ing le cLJ rrent element 
(shown at vertex A) moving toward the center of the com­
pleted cube.  I t  w i l l  be attracted by the th ree current ele­
ments, which are d istant by an edge length . The d i rections 
of the attraction are along the th ree perpend icu lar  d i rec­
tions of the cube's edges. The vector sum of these three 
motions is the d i agonal of the cube, as can be seen by 
i nspection .  

Weber pairs arranged a long the fou r  axes of a cube, thus 
produce an electrodynam ical ly stable configuration. From 
any vertex, the Ampere force along the three adjacent faces 
reinforces the d i rection of motion of the charge toward the 
center. From the same vertex, the Ampere force along the 



face d iagonals of the 
cube is zero. We thus 
have the curious con­
dition that the motion 
of cu rrent e lements 
along the d iagonals of 
a cube generates a 
mutual attraction which 
reinforces the motion !  
The cube is a self­
organ iz ing  structu re 
for grouped charges. 
This suggests a reason 
that, from the standpoint of e lectrodynam­
ics, the cube wi l l  be the first stable config­
uration of the Moon model .  

We have sti l l  to examine these relation­
ships more closely. The octahedron, which 
forms next, must be examined i n  the total i­
ty of its relationsh ip  to itself, and to the 
cube, and so forth. 

Gadolinium 
The case of gadol i n ium,  the lanthan ide 

with a magnetic suscept ib i l ity approach­
ing that of i ron, gave · us a prel im i nary 
ins ight into the stab i l ity of the dodecahe­
dron. U pon Stevens's ins i stence that the 
"salad bowl" must be formed at 5 6-bar i­
um, I abandoned my overcompl icated 
construct ion of the lanthan i des, and 
immed iately recogn ized that 64-gadol i n i­
um would be the completed cube i ns ide 
the salad bowl .  Sh ielded by the salad 
bowl, the cube cou ld  spin freely w ith i n, 
wh i le the heavier bar ium n ucleus stood 
more or less sti l l ,  prov id ing an arguable 
basis for the h igh magnetism.  But  cou ld 
the cube spin so? What is the stab i l ity of 
the "salad bowl"  structure? On exam i n ing 
th is  from the same standpoint of Ampere 
force relationsh i ps, it became c lear that 
the geometry of the cube with i n  the 
dodecahedron was at work. The same 
relationsh i p  of Ampere pairs which caus­
es the stabi l ity of the cube is at work i n  
the dodecahedral salad bowl o f  F igure 1 5 . 
The salad bowl itself is thus a stab le con­
figuration.  The cube which forms with i n  it 
(not the large cube i n  the d iagram, but the 
smal ler one which corresponds to the 
oxygen cube) must then orient to the 
diagonal axes of the dodecahedron .  These 
and other complex i nterre l at ionsh i ps 
remain to be worked out. 

-Laurence Hecht is editor-in-chief and 
Charles B. Stevens is Associate Editor of 
21 st Century. 

Figure 1 4  
THE SELF-SUSTAINING CUBE 

The current element proceeding from vertex A is 
attracted by the three nearest current elements. The 
direction of attraction is along the three edges shown as 
dashed lines. The vector sum of the attractions is in the 
direction of the diagonal that the current element is 
already pursuing. Weber pairs placed along the four 
axes of a cube thus produce an electrodynamically stable 
configuration. 

Figure 1 5  
WHY THE 'SALAD BOWL' I S  STABLE 

The stability of the salad bowl is created by the cube implicit within the 
dodecahedron. Note the two bold edges of the cube, which also connnect 
pairs of vertices of the salad bowl. Current elements moving along the 
dodecahedral diagonals between these vertices will experience a zero­
force in one direction. The same occurs for other pairs on the salad bowl, 
creating a stable structure. 
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SCIENCE & THE LAROUCHE YOUTH MOVEMENT 

Dr. Moon and the Simultaneity of Eternity 
by Arnie Acheson 

Amie Acheson,  "The opportunity to 
know a great thinker's mind does not 
die with the person. "  

When I first met Dr. Moon, I was 
about 1 0  years old. It was at the 

LaRouche summer camp, and I had no 
idea I was in the presence of gen ius. The 
one thing I do remember is how loving a 
person he seemed to be. It was before his 
wife, Christine, passed away from 
Parkinson's Disease. He would push his 
wife around in her wheel chair, and you 
could see how much he cared for her. 
You cou ld also see the passion with 
which he talked about science and ideas. 
Even though I don't remember a l l  the 
experiments we investigated, I remember 
the spark of excitement in his eyes. 

It was about five years later when I met 
Dr. Moon again. This time he was giving 
my mother away at her wedding. Again, I 

A pedagogical display on Crystals and Kepler's Snowflake. Jason Ross noted in his 
presentation that Kepler's investigation of a cause in the small by its action in the 
large, set the stage for atomic studies. 

took for granted the fact that I had access 
to such an amazing mind. If I knew then 
what I know now, I would have cornered 
h im at the reception and asked h im a mi l­
l ion questions. U nfortunately, he passed 
away before this opportun ity occurred. 

However, the opportunity to know a 
great th inker's mind does not die with 
the person, and so it was years later, as a 
member of the LaRouche Youth 
Movement, that I again encountered the 
beauty of Dr. Moon's m ind. It was when 
Larry Hecht had come out to Los Angeles, 
and gave a class on the Moon model of 
the nucleus. As Larry explained the beau­
ty, symmetry, and potency of the Moon 
model, and I saw its coherence to the 
Platonic sol ids and the work of Johannes 

. Kepler, I kicked myself a thousand times 
for not having had that d iscussion with 
Dr. Moon when I had the chance. I got 
really excited at a l l  the impl ications that 
the Moon model had for expla in ing 
atomic science and the order of the uni­
verse, although it was not unt i l  a few 
years later that I would fol low up and do 
some work on it myself. 

From Kepler's Symmetry to Moon 
It was at the July 1 6-1 8, 2004, West 

Coast cadre school of the LaRouche 
Youth Movement (LYM), that I and sever­
al other LYM members decided to do a 
presentation of these ideas. The presenta­
tion began with Jason Ross d iscussing the 
question of curvature. He went through 
some of the ideas from Kepler's paper 
"The Six-Cornered Snowflake," where h is 
investigation of the six-fold symmetry of 
the snowflake led Kepler not to snow or 
ice, but instead to the shape of beehives 
and pomegranates. These i nvestigations 
led h im to discover the reason for the six­
cornered shape of honey bee cel ls and 
pomegranate seeds. Kepler's approach 
was that "the cause was not to be looked 
for in the material, but in an agent." For 
Kepler, the agent was God's ordering of 
the un iverse in the most perfect way. 

Jason used the packing of Styrofoam 
bal ls and Play-dough to demonstrate 
ordering principles i nherent in space. 
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This display, the Moon Model of the atomic nucleus, explores Kepler's view of the 
Platonic solids as an ordering principle. 

Kepler took this approach of the fitness 
of form, to the snowflake. In contrast to 
the honeycomb and the pomegranate, 
where the shape of each cel l  and seed 
was determined by their being a part of 
a whole, Kepler noted: "No purpose can 
be observed in the shape of a snowflake; 
the six-cornered shape does not bri ng it 
about, that the snowflake lasts or that a 
definite natural body assumes a precise 
and durable shape. My reply is, forma­
tive reason does not act only for a pur-

· 

pose, but also to adorn ." 
Kepler ends h is  investigation with the 

beauty of six-sided ness itself, taking up 
botany, metal lurgy, and crystal lography. 
Kepler's investigation of a cause in the 
smal l  by its action in the large set the 
stage for atomic studies. 

Cusa's Proportional Relationships 
Next, Danny Bayer led a discussion of 

N icholas of Cusa's Idiota de Staticis (The 
Layman on Weights). Danny explained 
how the roots of modern science could 
be found in  th is 1 5th Century work, 

where Cusa shows how by investigating 
proportional relationships, one can figure 
out how to see with your mind what you 
cannot see through your senses-propor­
tional relationships such as those you 
could find using a balance. For example, 
you could weigh a volume of the urine of 
a healthy man against an unhealthy, and 
by finding the average d ifferences in den­
sities, this method can be used as a d iag­
nostic tool for medicine. It was precisely 
by investigating these types of propor­
tional ities that Antoine Lavoisier and 
Dmitri Mendeleyev (350 to 400 years 
later!) were able to "see" elements and 
relationships that no one else could see. 

As another example of this, Jason Ross 
carried out an electrolysis experiment. 
He tried to demonstrate the law of sim­
ple proportions by attempting to spl it 
water into hydrogen and oxygen gas. It 
was looking at these relationships in  the 
vis ible domain that gave insight i nto 
what was happening in  the non-visible 
domain .  

From the Visible to the Unseen 
At this point, Ed Park and I briefly dis­

cussed and carried out some of the 
experiments of Andre-Marie Ampere, 
Carl Fr iedrich Gauss, and Wi lhe lm 
Weber, who were a lso trying to use the 
visible to expla in the unseen principles 
of the non-visible, in  this case in  the 
rea lm of electromagnetism. We bu i lt 
Ampere's solenoid experirnent, i n  which 
he showed that coi l ing conducting wire 
around a cyl i nder, and runn ing an elec­
tric current through it, could produce a 
magnetic effect in the niateria l .  Ampere 
hypothesized that 
magnetism comes 
from the motion of 
r e s i s t a n c e - l e s s  
electrical currents 
in ti ny orbits 
around the mole­
cu les of matter; in other words that elec­
tricity and magnetism are fundamental ly 
the same thing. 

We also d iscussed Gauss's crucial polit­
ical intervention into Weber's thought 
processes when Weber came under attack 
by empir ic ists, such as Hermann 
Grassmann .  Gauss insisted that Weber 
stick to Ampere's hypothesis of the angu­
lar force between electric charges versus 
the Newtonian's provably false assump­
tions of force. It was this intervention 
which led Weber to develop the begin­
n ings of atomic science with h is proof and 
further development of the angular force 
law, and h is  discovery of the reversal of 
the Cou lomb barrier below a certai n  criti­
cal length, and of the electron rad ius. 

The Non-'Bohr'ing Moon Model 
I then gave a brief biography of Dr. 

Moon, and went through the Moon 
model itself. Dr. Moon, through reading 
LaRouche's writi ngs and Kepler's 
Mysterium Cosmographicum, rea l ized 
that the same lawful ness that governed 
the macrocosm of the planetary orbits 
shou ld also define the order of the micro­
cosm. Looking at Kepler's notion of the 
Platon ic sol ids as an ordering principle of 
space, Dr. Moon used the same principle 
to expla in  the order of the atomic nucle­
us. By placing protons on the vertices of 
the Platon ic sol ids, he was able to 
account for the stabi l ity and abundance 
of elements such as oxygen, s i l icon, iron, 
and pal lad ium which are the fi l led solids 
of the cube, octahedron, icosahedron, 
and dodecahedron respectively. 
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Moon's physical model is in stark 
contrast to the "Bohr-ing" model of the 
electron orbits of Niels Bohr, taught in 
modern classrooms today. Rather than a 
flat l i near model which explains noth ing 
about a principle, Moon's beautiful and 
coherent model of the nucleus explains 
much about the elements and their 

behavior that was 
previously u nex­
p la inable; for 
example, the non­
l inear change of 
atomic dens ities. 
Much in the way 

that Gauss in his 1 799 paper on "The 
Fundamental Theorem of Algebra" 
defines a surface to help visual ize an un­
seen principle, Moon's model helps us 
to see a principle in the non-visible 
domain of the atomic nucleus. 

Next, I emphasized the idea that the 
reason there are so few real discoveries 
being made in un iversities or scientific 
research centers today, is that the 
method of seeking un iversal principles 
has been replaced with a fixation on the 
empirical world of sense certainty. This 
was intentional ly done by Bertrand 
Russel l  and the same Newtonian agents 
who tried to sabotage the work of 
Lavoisier, Ampere, Gauss, and Weber. 
The real scientific breakthroughs wi l l  be 
made by the LaRouche Youth Movement 
and our col laborators. It is through 
LaRouche's method and the passion for 
truth that defines it, that we wi l l  find 
cures for AIDS and cancer, and develop 
fusion energy, for example. In fact, the 
only way to develop fusion energy is to 
get a better understanding of how the 
atomic nucleus works from the stand­
point of Moon's hypotheses. 

The Life Principle 
Oyang Teng next spoke about how l ife 

as a principle subsumes the development 
of the un iverse as reflected both in the 
macrocosm of Kepler's harmonic order­
ing of the Solar System and in the micro­
cosm of the Moon model of the nucleus. 
Looking at Vladimir  Vernadsky as the 
successor to Lavoisier and Mendeleyev, 
Oyang explained Vernadsky's develop­
ment of the notion of the biosphere as 
determining the structure of how l iving 
processes transform the planet, and 
Vernadsky's further elaboration of how 
the noosphere (the realm of man's cre­
ative thought) organizes the biosphere. It 
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is through our understand ing 
of chemistry that man is able 
to effectively manage the 
biosphere through projects 
I i ke the Eurasian Land­
Bridge, which are physical 
expressions of how we trans­
form our relationship to 
nature. Oyang ended by 
chal lenging those in the 
audience to become what 
Vernadsky cal led a "geolog­
ic force," by joining the LYM 
in our historic political fight. 

We are now continuing the 
work of mastering Dr. Moon's 
discovery, and are reading 
Lavoisier's The Elements of 
Chemistry, and carrying out 
his experiments. We present­
ed some of these at the 
recently concluded Schi l ler 
I nstitute/LaRouche confer­
ence. Jason and Oyang made 
a pedagogical presentation 
going through the founda­
tions of chemistry, and dis­
cussing how Lavoisier used 
the work in his The Elements Jason Ross (center) demonstrating the production of 
of Chemistry to revise the h ydrogen gas, by running a current through a 
nomenclature of chemistry. container of epsom salts and water. The water turns 
In  his experiments on decom- green. 
posing air, Lavoisier discov-
ered two gases. The first one, which was 
found to improve combustion and support 
the respiration of animals, had been 
cal led vital air. Lavoisier renamed it oxy­
gen from the Greek for "acid creator," 
because it had the chemical characteris­
tic of creating acids of substances burned 
in pure oxygen. The second gas, now 
called nitrogen in English, was named 
azotic gas from the Greek words meaning 
"no l ife," because this gas did not support 
animal respiration, and kil led any animal 
put into it. 

Jason and Oyang also looked into work 
on spectroscopy, where sunl ight is split 
with a prism or diffraction grating, and it is 
observed that the rainbow spectrum has 
gaps in it. These investigations led to the 
discovery of two new elements, cesium 
and rubidium, named after the sky-blue 
and ruby-red emission spectra that the 
'elements made. The developments in 
spectroscopy not only made it possible to 
find very minute traces of different ele­
ments, but patterns in spectra also gave an 
idea of the nature of the atom itself. This 

helped lead into Mendeleyev's periodic 
table of elements. 

Lastly, Jason and Oyang presented the 
discovery made at the Ecole Polytech­
nique by Joseph Louis Gay-Lussac on the 
law of simple proportions, which was 
taken up and developed by Amadeo 
Avogadro, and also by Ampere. The idea 
was that a l l  gas reactions occur according 
to simple ratios (such as one part of one 
gas combining with exactly two parts of 
another) . Avogadro hypothesized that the 
same volume of any gas wi l l  have the 
same number of particles composing it. 

This hypothesis led i nto a major 
debate at the 1 860 Karlsruhe 
International Congress of Chemists, with 
Cannizzaro defending the Ampere­
Avogadro hypothesis. Cann izzaro, who 
won the debate, insisted that molecules 
were the smal lest elements of substance 
taking p.art in reaction, and atoms the 
smal lest part into which molecules can 
be divided . At the conference, he was 
able to establ ish a standard to be used 
for measuring the atomic weights of the 
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various elements, a necessity for 
Mendeleyev's later work i n  systematiz­
ing the period ic table. 

Nuclear Women 
Liona Fan-Chiang gave a pedagogical 

presentation discussing the women who 
developed atomic science, such as Marie 
Curie, Lise Meitner, and Ida Nod€lack. It  
is tru ly amazing that it was primarily 
women who developed atomic science, 
and yet many of them got no recognition 
for thei r  work and had to struggle 
through many obstacles, including gen­
der discr imination and Anti-semitism to 
be able to do their work. It was Marie 
Curie who first d iscovered radioactivity 
and Maria Goeppert-Mayer who worked 
out the shell structure of the nucleus and 
made contributions to isotope separation 
and laser physics. Lise Meitner i n itiated 
and directed a series of investigations 
which led to the 1 939 demonstration of 
fission, five years after fission had been 
conjectured by Ida Noddack. 

In another presentation, I fu rther 
developed some of the ideas from 
Kepler's snowflake paper, looking i nto 
the question of the order of l iv ing and 
non- l iving substances. Kepler's observa­
tions that l iving substances demonstrate 
five-fold symmetry, such as many flow­
ers and most fruits, and that non-l iving 
display six-fold symmetry, such as crys­
tals and snowflakes, gave an interesting 
insight i nto the question of what i s  l ife. 

I grew some salt and sugar crystals to 
show the six-fold symmetry in the crys­
tals-the salt crystals forming cubes, and 
the sugar crystals forming hexagonal 
growth. This also showed a continu ity 
with the Moon Model of the nucleus, 
having the visible domain aga in  re­
flecting the relationsh ips of the Platonic 
solids hypothesized i n  the non-visible. 

Rediscovering the . 
Method of Discovery 

Overal l , the main idea we want to 
commun icate is that we; as the LYM, are 
lead ing people to rediscover the method 
by which fundamental d iscoveries are 
made in science, as well as in music and 
economics, and that i t  is  through 
LaRouche's method that we wi l l  make 
the necessary discoveries to transform 
the un iverse out of a Dark Age and into 
a Renaissance. 

We encourage a l l  revol ut ionary 
thinkers to join the fun and help us con­
tinue Dr. Moon's great legacy! 

BOOKS 

BOOKS 

The Mind Vehement for Truth 
by David Cherry 

Richard Nelson Thomas-
Non Equilibrium Thermodynamical 
Astrophysicist 
Nora Andreasian, Editor 
Hardcover, 1 60 pp. 
Published by the editor, 2003, and available 
gratis from her: nthomas@ uvi.edu or P.O. 
Box 304923, St. Thomas, VI 00803, USA 

"H is every act was gu ided, con-
sciously or unconsciously, by h is  

firm conviction that the u ltimate pur­
pose of intel l igent l ife on Earth is the 
pursuit of scientific truth. ; . .  The stars 
must have felt h i s  impact." That is the 
verdict of John Evans, fi rst d irector of the 
National  Solar Observatory, on the 
groundbreaking astrophysic ist, Richard 
Nelson Thomas ( 1 92 1 -1 996), in this 
memoria l  a lbum. The 28 contributors­
and the editor, Thomas's col laborator­
provide a composite sketch of h is  scien­
tific biography. He scoffed at the idea of 
writi ng his own biography, saying that 
people who wrote about themselves had 
noth ing better to do. 

The contributors say that he '(was one 
of the deepest thinkers in astronomy in  
th is  [20th] century," "one of the very few 
astrophysicists who real ly marked the sec­
ond half of this century with their strong 
personal ity and their leading ideas," had a 
"consuming desire to find out how stars 
work," was "an angry dear friend," who 
"did nothing the way anyone else in the 
world did," and "was one of the most 
transparently honest people I have ever 
known," with great "depth of human ity," 
"unfa i l ing kindness," and "generosity." 

From my own friendship with h im in  
the last years of h is  l ife, I can say that the 
portrait is faithful to its subject. 

Although he was in the academic 
world, he was not of it. He regarded the 
Brotgelehrte-careerists-as "boring, stu­
pid, and unfortunate." "Me, I die if can't 
fol low my curious nose," he wrote, and 
so, "one wi l l  do research . . .  independ­
ently of whether support comes or not." 
He was obl ivious to peer opinion: " Do 
you need a 'conforming peer vote' before 
believing your own results?" Thomas's 

1 992 document from which these quotes 
come, is included in the book. 

Dick Always Broke the Mold 
The i nvariant in Thomas's approach to 

astrophysics was to break the mold: to 
doubt the prevai l ing doctrines on the 
behavior of the Sun and stars (and the 
accepted methods for analyzing them), 
use his reason to form an idea of what 
thei r  behavior should be, and then get 
data (and develop new methods of 
analysis) that wou ld test the idea. 

Thomas concentrated on  solar 
physics, because the Sun is by far the 
most accessible of the stars, and he con­
sidered it the Rosetta stone for interpret­
ing the others. 

The l ife- long project for which 
Thomas is best known-indicated i n  the 
book's subtitle---arose from a passion to 
scrap the s impl ifying assumptions that S i r  
Arthur  Eddington concocted i n  the 1 920s 
and 1 930s to develop his thermodynam­
ic model of " normal "  stars. Edd ington's 
assu mptions for ste l la r  atmospheres 
included local thermodynamic equ i l ibri­
um (LTE), local radiative energy balance, 
and local hydrostatic equ i l ibrium.  But 
these assumptions were h ighly artificial 
even for his "normal" stars, and only 
have the " merit" of making calcu lation 
manageable. Eddington cast aside the so­
cal led "pecu l iar stars," which posed too 
many problems for h im .  This is the fami l ­
iar trap, of  subord inating physics to some 
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mathematics with a small number of 
parameters, and sweeping inconvenient 
phenomena under the rug. 

The LTE approach supposed that, at 
any given depth in the star's atmosphere, 
radiation and matter were in equi l ibrium 
and at one temperature, and that the one 
temperature could be used to identify the 
state of excitation and ion ization of a l l  
atoms, ions, and molecules there (the 
Boltzmann distribution of energy states). 
The physical state at any given depth was 
defined simply by temperature and den­
sity! Not surprisingly, this approach led 
to contradictory resu lts: One could fit the 
results for hydrogen ions to an observed 
spectrum, or those for hel ium ions, but 
not both at once. 

Thomas cou ld  not bel ieve that the 
atmospheres ( in itial ly, chromospheres) 
could obey LTE. The chromosphere is 
energized only from below, after a l l .  For 
the solar chromosphere, the kinetic tem­
perature of electrons is about 5,600 K 
and the black body radiation tempera­
ture is about 3,000 K. How could one 
speak of equ i l ibrium or a s ingle temper­
ature? To discover the actual condition 
of chromospheres, it would be neces-
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sary to compute the probabi l ities of tran­
sitions for every energy state of every 
ion ization stage of each atomic species. 

Thomas set his students to work making 
calcu lations of transition probabil ities. 
And he pushed hard for an expedition to 
Khartoum, to obtain h igh-resolution spec­
tra from the 1 952 solar eclipse to test his 
idea. When the calculations were com­
pared with the Khartoum observations, 
the first solid evidence of the valid ity of 
non-LTE emerged. One did not have to 
choose between hydrogen and hel ium!  

From th is  work emerged Physics of 
the Solar Chromosph,ere by Thomas and 
his student, Grant Athay (1 961 ) .  The 
book won some converts. In the Soviet 
Un ion, the book was translated and 
widely used . But the dominant reaction 
was tremendous resistance, and 
Albrecht U nsold at Kie l  U n iversity 
attacked the Non-LTE resu lts and 
attempted to explain them away. There 
is sti l l  some resistance today, but Non­
LTE is wel l  establ ished. 

Laboratory Astrophysics 
Thomas did not wait for the book to 

appear to plan the next step. In 1 958, he 
and Lewis B ranscomb, head of the 
Atomic Physics Division of the National 
Bureau of Standards labs in Wash ington, 
developed the concept of " Iaboratory 
astrophysics" (some laughed at the 
apparent oxymoron) .  The l aboratory 
would be used to study atomic energy 
levels, radiative transfer in non-equi l ibri­
um hot gases, and plasma physics, just 
what the Non-LTE approach requ i red . I n  
1 962, they succeeded in establ ishing the 
Joint Institute for Laboratory Astrophysics 
in Boulder, Colorado, with the participa­
tion of the National Bureau of Standards 
and the U n iversity of Colorado, and with 
funding from the Pentagon's Advanced 
Research Projects Agency. 

Thomas was no friend of the comput­
er as an aid to astrophysics, because he 
knew that computer algorithms begui led 
their users: They lost touch with the 
physical processes the algorithms were 
supposed to represent. But some of his 
co-workers found that advances in com­
puting made practical some of the diffi­
cult calcu lations for Non-LTE. 

The ideas developed by Thomas and 
h is col leagues, with the help of the new 
ultraviolet observations from spacecraft, 
overturned the conceptions of stars of a l l  
spectral types. Thomas and Stuart Jordan 
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of NASA persuaded NASA and the Centre 
National de la Recherche Scientifique in 
France to sponsor the writing and publi­
cation of a series of volumes that would 
assemble and synthesize the new work 
on each spectral type--Nonthermal 
Phenomena in Stellar Atmospheres. The 
1 4-year project concluded with the pub­
l ication of the eighth volume in 1 993. 

Mass Creation and 
Mass Outflow 

By that time, Thomas had launched an 
entirely new phase of his work to "redo 
Edd ington"-a phase sti l l  so embryonic 
at the time of h is death, that it is scarcely 
mentioned in this album. He knew that 
mass outflow from stars (as from stel lar 
winds) must not be treated as a mere 
function of their energy. Some stars, he 
said, even seem to lose mass too rapidly 
to be consistent with their apparent ages. 
So he thought that Viktor Ambartsumian's 
ideas about the appearance of new mass 
in stars (the conversion of superdense 
"prestel lar" matter to the normal state 
within stars) were a real possibil ity, The 
possible creation of new mass was to be 
a focus of this phase. 

He was plann ing a new international 
center (Armen ia-Un ited States-Mexico) 
for this work at the time of his stroke in  
1 992, and  worked on the idea fitfu l ly 
unti l h is  death. He told me he wanted 
Ambartsumian to be the chairman of the 
board with Halton Arp, Corne l i us De 
Jager, and h imself as members. 

My conversations with Thomas in the 
last years of his l ife went beyond current 
astrophysics to include the LaRouche 
movement and Nicolas of Cusa, the 1 5th 
Century giant. I ' brought h im Wi l l iam 
Wertz's book of Cusa trans lations 
( Toward a New Council of Florence, 
Schil ler Institute, 1 993). He could not put 
it down. He struggled to read it despite 
visual difficulties from his stroke. Cusa 
was, I am told, the single most delightful 
intellectual adjunct to h is astrophysical 
work in h is final, bedridden years. 

After his stroke, his anguish was great. 
H is mind was active and he tried des­
perately to continue his work, but could 
do l ittle. He was a prisoner of h is physi­
cal condition. He endured a good deal 
of physical pain .  His  death was a resu lt 
of surprising acts of omission and com­
mission by his doctors. But he is al ive to 
us through h i s  work and method, 
recorded in this memorial a lbum. 

BOOKS 
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u.s. and Russian Labs Cal l 
For Nuclear Renaissance 
by Marsha Freeman 

The heads of seven U.S. energy labo­
ratories, and n ine Russian scientific 

nuclear organizations and institutes met 
at the Vienna headquarters of the 
International Atomic Energy Agency Ju ly 
1 9-21 , and issued a joint document cal l­
ing for a global expansion of new 
nuclear energy technologies. The labo­
ratories represented included the th ree 
nuclear weapons faci l ities i n  the U n ited 
States and their counterparts in Russia. 
The meeting was a fol low-up to the sum­
mit d iscuss ions between Pres idents 
George Bush and Vlad im i r  Putin i n  
2002, which incl uded a cal l  for both 
sides to look at the future of nuclear 
power. 

"The time has come to develop a com­
prehensive and realistic plan to ensure 
the development and deployment of 
nuclear energy,"  the joint document 
states. "It must preserve access to nuclear 
energy sources for all countries of the 
world . . . .  In addition to provid ing a virtu­
ally l imitless supply of secure and rel iable 
energy, a greater use of nuclear energy 
would greatly reduce the risk of nuclear 
weapon prol iferation and nuclear terror-

ism," as well as improve human health. 
This outlook harkens back to President 

Eisenhower's 1 950s Atoms for Peace 
program, where the widespread civil ian 
use of nuclear energy was seen as a way 
to upl ift developing nations, by giving 
them access to advanced technologies. 
The Atoms for Peace outlook has been 
buried over the past 30 years, under a 
pol icy of technological apartheid, which 
has created a widening gap between 
industrial ized and developing nations. At 
the same time, anti-nuclear pol icies have 
greatly damaged the economies in the 
now formerly industrial ized West. 

The participants at the Vienna confer­
ence agreed that of a l l  current or immi­
nently developable energy technologies, 
only nuclear power is capable of meet­
ing the growing world demand· for safe, 
clean, plentiful, and economically viable 
sources of electricity. The scientists noted 
that the use of nuclear energy for the pro­
duction of fresh water, through desa l ina­
tion, and the production of hydrogen, as 
a l im itless and non-pol luting fuel, are a 
critical part of the future deployment of 
nuclear technology. 

An artist's conception (circa 1 970) of a 
floating nuclear plant, a man-made 
nuclear island designed for dual use: 
supply of electricity and desalinated 
water for the urban coasta l  area of 
southern California. Russia is ready to 
mass produce them. 

The goal stated in the joint document 
is to have nuclear energy provide 30 to 
40 percent of the world's electricity by 
the year 2050. Today that figure is about 

. 1 6  percent, produced by 445 nuclear 
power plants around the world. (See 
chart, i nside back cover.) 

We Need 800-1 ,500 New Plants 
In an interview with this author on 

Aug. 1 6, Dr. C .  Pau l  Robinson, Director 
of Sandia National Laboratory, elaborat­
ed on the th inking of the group of U.S.  
and Russian laboratory d i rectors who 
met in Vienna. Dr. Robinson was chosen 
by the U.S.  laboratory d irectors as the 
chairman of the American delegation. 

Dr. Robinson explained that energy 
economists at Sand ia Laboratory study 
projections of world energy growth, but 
that the perceived l im it on the number 
of plants by 2050, or "where the 30 to 
40 percent came from, is based on look­
ing at how feasible it is  that you cou ld 
have that many plants up,"  and runn ing. 

Their estimate is that between 800 
and 1 ,500 u nits, of 1 ,000 megawatt­
size-equ ivalent,. cou ld  be bui l t  world­
wide in the designated t imeframe. 
Smal ler  reactors, more su itab le for 
developing nations, wou ld  at least dou­
ble that number of i nd ividual reactors. 

S ince the halt in bu i ld ing new nuclear 
energy plants starting in  the late 1 970s, 
the U n ited States has shut down its 
capabi l ity to manufacture major power 
plant com

·
ponents. Were a U.S.  util ity to 

order a new nuclear plant, it wou ld  have 
to import the pressure vessel !  

Bu't Russian institutes have continued 
to develop new designs and options for 
nuclear technology. For example, the 
Russian government has been trying to 
attract interest and investment in pro­
ducing smal l  floating nuclear plants, that 
cou ld  b� bui l t  and deployed qu ickly. 

Floating Nuclear Plants 
Dr. Robinson said that the Russians 

have "presented a lot of material to us," 
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on that program. "They've converted a lot 
of their shipbu i lding faci l ities, that used to 
build nuclear ships. And they had done 
far more than the Un ited States, or any­
body in the West has done, in terms of 
nuclear-powered surface 'ships, icebreak­
ing ships, and submarines. 

"When the bottom fel l  out of the 
defense industry, they started converting 
the manufactu ring parts to offshore 
dri l l i ng rigs. The Russians have been 
bui lding a lot of h igh-value offshore 
platforms, and bel ieve it's a small  step 
back the other way, to bui ld floating 
platforms that are power stations." 

The floating nuclear power plant con­
cept that the American scientists l i ked, 
he explained, "was to tow it to an area 
where there is a need for power and 
have a smal l  canal dug from the shore 
into which you wou ld tow it, and 
emplace it,  so you're isolated from sea 
states and adverse weather. Then, when 
you're ready to change out the fuel you 
tow it back to the central factory." 

One in itiative by the scientists that is 
critioal to solve the huge deficits in espe­
cial ly, but not exclusively, developing 
economies, is the provision of new 
sources of fresh water, and the develop­
ment of un l imited fuel resources. The 
two most important "non-electric" uses 
of nuclear energy, mentioned in the joint 
document, are the production of hydro­
gen for fuel, and fresh water, through 
desa l i nation. 

Fresh Water and New Fuel 
"Those are both big" big deals," Dr. 

Robinson said. "We tried to look-both 
the U .s.  and Russian sides-at so-cal led 
system solutions, where you look at the 
total performance of a system. Nuclear 
plants have always been bothered by the 
fact that you have to bui ld them consid­
erably larger, in order to meet the peak 
daytime loads. 

"But then at night, you have this very 
expensive capital resou rce, without 
much to do with the power. You try to 
cut them back as much as you can, but 
end up having to burn some of the 
power just into resistors in the even ing 
hours. If you could produce a commod­
ity whose rate of production you could 
vary day to n ight-and hydrogen was 
the first one that we looked at-;-you can 
real ly help the overa l l  sizing issue for 
nuclear plants, making them more effi­
cient and productive," because the 
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Courtesy of Sandia National Laboratory 

Or. C. Paul Robinson, chairman of the 
American delegation. Before becoming 
Sandia 's Director in 1 995, Or. Robinson 
was an advisor to the Defense 
Department, and headed arms control 
negotiations with the Soviet Union. 

plants cou ld be running at fu l l  power, 24 
hours a day. 

"You would just switch the balance 
between electrical generation and produc­
tion of either hydrogen or water," depend­
ing upon the demand for electricity. 

The idea that the energy produced by 
a nuclear plant can be used as a cen­
tra l ized heat source and electricity sup­
pl ier, around which entire new c ities, 
farms, and factories cou ld be bui lt, 
goes back to the 1 960s and 1 970s. At 
that time, there were designs for what 
were ca l led nuclear-powered agro­
industrial complexes, or nuplexes. One 
of the industrial processes described 
then was the use of high-temperature 
nuc lear reactors to therma l ly  crack 
water to produce hydrogen, rather than 
using the l im ited suppl ies of natural gas 
as a feedstock, which is what is done 
today. 

Dr. Robinson added that another 
option being looked at is "what you 
could do with coal or coal s lurries. 
Argonne National Laboratory has done 
some interesting demonstrations of what 
you could do with h igh temperatures" 
from nuclear reactors, he said. 

Although the Un ited States virtual ly 
abandoned even written studies of the 
appl ications of next-generation nuclear 
technology over past decades, the 

21 st CENTURY 

Russians have continued to pursue more 
advanced nuclear designs. 

What was evident, and "amaz ing," to 
the U .s.  scientists during the discussions 
with their Russian counterparts, was 
"how much work they've continued to 
do in  nuc lear engineering, " Dr. 
Rob inson reported. "They've got the fu l l  
spectrum of reactors sti l l  being evaluat­
ed and operating in pi lot stage. They've 
got lead as the coolant, lead bismuth 
eutectics as coolant material, they've 
got sodium cooled loops with reactor 
power operating, and they've got a 
h igh-temperature gas reactor operating." 

The intention is for each side to con­
tribute in their areas of expertise to the 
overal l  effort to resu rrect nuclear tech­
nology for global deployment. The 
Russians c learly have the lead in new 
reactor designs, experimental pi lot proj­
ects in next-generation technologies, 
and manufactu ring capabi l ities. 

"The U n ited States tru ly has the edge 
on anybody in terms of h igh rel iabi l ity 
for manufactured items, or plants. As 
you know, just with in the last decade, 
nuclear power has final ly come into its 
own, in not only being rel iable when it's 
operating, but bringing up the overal l  
operation times to meet the original 
expectations. The predictive rel iabi l ity is 
the name we give to the technology in 
the U n ited States that would be so 
important for the next generation of 
nuclear plants," Dr. Robinson stated . 

"The other area that the U n ited States 
excels at is control systems. After the 
troubles at Chernobyl, the Russians real­
ized it would be hard to sell Russian­
designed reactors in the international 
market. But with a U .s.-Russian collabo­
ration, with us bringing the safety and 
operational controls into being, you get 
the best of both sides." 

In terms of implementation,  Dr. 
Robinson said : "Each side is introducing 
the document into thei r  government. 
We've hit several of the Departments 
here, primari ly Energy, and the Russians 
are doing the same over there. We' l l  try 
to move this forward. Both of us are 
looking at a potential future summit as a 
next step, on the Presidential leve l .  
That's how we got started, as a matter of 
fact, fol lowing the Bush-Putin summit in 
Moscow, in 2002, [wh ich] had an in itia­
tive cal l ing for the two sides to look at 
the future of nuclear power." 

N UCLEAR REPORT 






	TCS_F_04_81
	TCS_F_04_82
	TCS_F_04_01_batch_OCR
	TCS_F_04_01
	TCS_F_04_02
	TCS_F_04_03
	TCS_F_04_04
	TCS_F_04_05
	TCS_F_04_06
	TCS_F_04_07
	TCS_F_04_08
	TCS_F_04_09
	TCS_F_04_10
	TCS_F_04_11
	TCS_F_04_12
	TCS_F_04_13
	TCS_F_04_14
	TCS_F_04_15
	TCS_F_04_16
	TCS_F_04_17
	TCS_F_04_18
	TCS_F_04_19
	TCS_F_04_20
	TCS_F_04_21
	TCS_F_04_22
	TCS_F_04_23
	TCS_F_04_24
	TCS_F_04_25
	TCS_F_04_26
	TCS_F_04_27
	TCS_F_04_28
	TCS_F_04_29
	TCS_F_04_30
	TCS_F_04_31
	TCS_F_04_32
	TCS_F_04_33
	TCS_F_04_34
	TCS_F_04_35
	TCS_F_04_36
	TCS_F_04_37
	TCS_F_04_38
	TCS_F_04_39
	TCS_F_04_40
	TCS_F_04_41
	TCS_F_04_42
	TCS_F_04_43
	TCS_F_04_44
	TCS_F_04_45
	TCS_F_04_46
	TCS_F_04_47
	TCS_F_04_48
	TCS_F_04_49
	TCS_F_04_50
	TCS_F_04_51
	TCS_F_04_52
	TCS_F_04_53
	TCS_F_04_54
	TCS_F_04_55
	TCS_F_04_56
	TCS_F_04_57
	TCS_F_04_58
	TCS_F_04_59
	TCS_F_04_60
	TCS_F_04_61
	TCS_F_04_62
	TCS_F_04_63
	TCS_F_04_64
	TCS_F_04_65
	TCS_F_04_66
	TCS_F_04_67
	TCS_F_04_68
	TCS_F_04_69
	TCS_F_04_70
	TCS_F_04_71
	TCS_F_04_72
	TCS_F_04_73
	TCS_F_04_74
	TCS_F_04_75
	TCS_F_04_76
	TCS_F_04_77
	TCS_F_04_78
	TCS_F_04_79
	TCS_F_04_80

	TCS_F_04_83
	TCS_F_04_84

