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EDITORIAL 

Science and the Needed 
Solution to the Current 
Global Economic Crisis 

by Lyndon H. LaRouche, Jr. 
July 4,2005 

This is the concluding portion of a 
longer piece by physical economist 
LaRouche. It appears in the July 7 5, 
2005 issue of Executive Inte l l igence 
Review under the title "LaRouche's 
Fourth of July Address! It Happened in 
Berlin Last Week. " 

We may now concentrate our atten­
tion on three topical points: 

• that whereas most teaching of pol it­
ical-economy and related subjects is 
based on the kind of mechanistic out­
look typified by the influence of Rene 
Descartes, the science of physical econ­
omy, as founded by Gottfried Leibniz, 
rejects the Cartesian and related, 
"Enl ightenment" methods of mechanis­
tic analysis, and chooses, instead, the 
modern European revival of the 
Classical Greek concept of dynamics 
(Greek: dynamis), a conception which is 
typical of the major work of Leibniz in 
physical science general ly, and econom­
ics specifical ly. l Rejection of mechanis­
tic th inking, in favor of the mathematical 
physics of dynamic systems, is the basis 
for Leibniz's solut ion for the problem of 
defining economic value. This is also the 
characteristic distinction of the mathe­
matical-physical methods employed by 
Carl Gauss, Bernard R iemann, and their 
leading associates. The leading new 
problems of economy worldwide today, 
boldly require us to adopt Vernadsky's 
adoption of those methods of dynamic 
systems used by him in defining the 
qual itative d istinctions among the inter­
acting domains of the abiotic domain, 
the B iosphere, and the N06sphere. 

It is important to emphasize here, that 
the method which underlies Leibniz's 

development of the notion of power 
(Kraft) in the science of physical econo­
my, is the same anti-Cartesian (anti­
mechanistic) premise for Leibniz's expo­
sure of the incompetence of Descartes' 
notion of momentum,  with the notion of 
vis viva, which, in tu rn, underlies the 
more fu l ly developed, catenary-cued 
concept of the infinitesimal  calcul us, the 
universal princ ip le  of physical least 
action which was savagely attacked by 
those fanatical fol lowers of Descartes, 
the empir ic ist ideologues Voltaire, 
0' Alembert, Mau pertu is,  E u l er, and 
Lagrange. 

• The indispensable function of the 
concept of dynamic, rather than 
mechanical organization of processes, 
for defining the relative value among sys­
tems of respectively sovereign national­
economic systems. This is  crucial for the 
design of a global recovery program su it­
ed to the chal lenge represented by the 
onrushing col lapse of the present world 
monetary-financial system. 

• The relevant manner in which rela­
tive values of cu rrencies of a new fixed­
exchange-rate monetary system may be 
set for the pu rpose of organizing a long­
term economic recovery of our planet. 

Dynamics Versus Mechanics 
My recent acq u is ition of a copy of the 

authorized Engl i sh  translation of v.1. 
Vernadsky's 1 93 5  programmatic presen­
tation of work on the B iosphere, provid­
ed me with clear and conc lusive proof 
of what I had long guessed to have been 
h i s  method, that the scientific method 
employed in the development of the 
concepts of both the Biosphere and 
N06sphere were reflections of h is  appl i­
cation of the concept of dynamic, rather 
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LaRouche (second from right) at a closed-door E1R seminar June 28-29, 2005 in 
Berlin, which brought together senior representatives of 7 5  nations, to discuss 
prevention of an uncontrolled collapse of the dollar and the creation of a new 
world monetary system. With LaRouche are (from left) Maj. Gen. Assir Karim (ret.) 
of India, Or. Sergei Glazyev of Russia, and moderator Michael Liebig. 

than mechanical systems, to h i s  princi­
pled definitions of both the B iosphere 
and Noosphere.2 

As I have stated the case in various 
publ ished locations, such as Earth 's Next 
Fifty Years,3 the currently increasing rate 
of consumption of essential  raw materi­
a ls, and rel ated developments, h as 
brought the planet to the verge of a new 
requ irement in the practice of econom­
ics: the factor of requ i red scientific man­
agement of the raw materials resources 
of the B iosphere and Noosphere. We 
must go beyond the mechanics of 
extraction and processing of extracted 
m aterials, to assume responsib i l ity for 
regenerating, and expanding qual itative­
ly, the natural  m ineral and other 
resou rces which we extract, ch iefly, 
from the fossi l regions of the Earth's 
B iosphere. 

As a result of the growth of both pop­
ulation and the consequently accelerat­
ed need for scientific and technological 
progress, we face qual itatively, as much 
as quantitatively increased requi rements 
for such "fossi ls of the Noosphere," as 
increasingly intensive development of 
basic economic infrastructure and heav-

ier investment in more advanced tech­
nology in agro-industrial capital goods 
must be a bui lt-in characteristic of what 
m ust be redefined as national publ ic and 
private budgets and cost-accounting. As 
a result of such and rel ated considera­
tions, we can no longer tolerate the 
kinds of th inking and practice about 
economy associated with practice of 
governments and private enterprises up 
to the present t ime.  The legacy of 
Cartes ian and other expressions of 
mechanistic thinking must be buried 
with cat-l i ke precaution, once and for 
a l l .  

T h i s  pattern should compel us to 
change our  way of th ink ing about 
national and world economies, moving 
away from mechanical (e.g., Cartesian) 
th inking, into the d i rection typified by 
Vernadsky's Riemannian approach to 
defining the interaction of the abiotic, 
biospherical ,  and noospherical process­
es as modern, anti-mechanistic, dynam­
ic systems coherent with the notion of 
the principle of Sphaerics which the 
Pythagoreans and Pl ato trace to the 
astrophysical  origins conveyed in 
anc ient Egyptian scientific develop-

ment. This  does not mean that we 
should not have taken this approach 
much earl ier, but that, now, the u rgency 
of such a change is no longer ignorable 
among any persons with a penchant for 
competence. 

This means the urgent scrapping of the 
use of cu rrently fashionable practices of 
national product and income account­
ing, and also of ordinary corporate finan­
cial  and tax accounting. It signals the 
u rgency of tu rning to new methods 
coherent with the real i ty of the dynamic 
characteristics which Vernadsky associ­
ated with the B iosphere and Noosphere 
as interacting, but d istinct systems. This 
is the concept of dynamic systems which 
Leibniz presented in exposing the 
incompetence of Descartes' method for 
physical mechanics, the concept of the 
dynamic system underlying Leibniz's 
original d iscovery of the general princi­
p les of physical economy, as a lso 
Leibniz's original catenary-cued d iscov­
eries of the principle of universal physi­
cal least action and of natural logarith­
mic  functions. These are systems coher­
ent with Gauss's 1 799 attack on the 
incompetence of D'Alembert, Euler, and 
Lagrange, and h is  notion of the general 
principles of cu rvature and of the mag­
netic field, as also Riemann's emphasis 
on D irich let's Principle. As the recent 
several years' work of the LaRouche 
Youth Movement (LYM) i l lustrates the 
point, these are a l l  concepts within the 
reach of intel l igent and ded icated young 
adults of university-el igible age, and are 
therefore concepts which should be 
included as bench marks of professional 
com petence in a l l  professions du ring 
the I ifetime of presently emerging adult 
generations. 

This involves more than a radical 
change in systems and proced ures. It 
compels us to adopt a qual itatively 
i mproved conception of the principled 
nature of man's situation in the universe, 
to the following leading effects. 

Vernadsky's adopted scientific method 
leads h im to an extremely important clar­
ification of the practice of the experimen­
tal scientific method traced from such ori­
gins as N icholas of Cusa's founding of 
modern physical science, in his De oacta 
Ignorantia. Instead of fall ing into the com­
monplace reductionists' error of defining 
the sensed object as such, Vernadsky 
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divides the physically experienced uni­
verse among three general categories 
defined not as objects, but as subjects of 
the relevant, appropriate categories of 
methods of experimental physics: the abi­
otic, the l iving (Biosphere), and the cogni­
tive (Noosphere). The abiotic is simply the 
domain defined by those experimental 
methods which make no assumption of a 
principle distingu ishing the products (e.g., 
fossi ls) of l iving from the products (i.e., 
fossils) of specifical ly  non-l iv ing process­
es. It is the existence of anomal ies which 
do not fit the characteristics of the experi­
mental abiotic domain, which betray the 
presence of the real m  of l iving processes 
as the B iosphere. The Nobsphere is the 
experi mental domain of effects (e.g., fos­
sils) which are not generated from within  
the bounds of products of  a generality of 
l iving processes. 

In  other words, only l ife can produce 
l ife, and only the cognitive powers of the 
human m i nd can generate fossi ls which 
l ie outside the capabi l ities of the gener­
al ity of l iv ing processes (e.g., efficient 
discoveries of u n iversal physical pri nci­
ples: creative mental activity). The latter 
disti nction, which is, functional ly, a cru­
cial distinction of the science of physical 
economy, is demonstrated by the way in 
which d iscoveries of u n iversal physical 
princi ple, in particular, are transmitted 
across generations, even over intervals 
of thousands of years. Focus for a 
moment on this latter phenomenon. 

Take the case of the known discover­
ies of the Pythagorean Archytas, and of 
Archytas' friend Plato, which date from 
approximately 2,500 years ago. These 
discoveries are learned today by one of 
two methods. They are merely " learned" 
as from textbooks, or, actual ly known, 
not by textbook methods, but by the stu­
dent's repl icating the original  act of d is­
covery of a solution for the relevant 
statement of a paradox. 

A typical example of this d isti nction, 
for pu rposes of i l l ustration, is the case of 
the student's repl ication of the actual act 
of discovery of the principle of un iversal 
gravitation . I n  Aristotelean method, such 
as that of Claudius Ptolemy and his im i­
tators, only repeated patterns of action 
in  accord with a principle of c ircular 
action, are recogn ized. In  the case of 
Kepler, the d iscovery of the existence of 
an efficient un iversal principle of gravi­
tation, rests upon the recogn ition of a 

singularity which is associated with the 
fact that the orbit of Mars, for example, 
is e l l iptical,  rather than c ircular. So, sim­
i larly, Archytas' solution for the con­
struction of a doubl i ng of the cube, sole­
ly by geometrical construction, appears 
in  the experience of the 1 8th Century as 
the crucial issue of principle dividing the 
science of Carl Gauss et a l .  from the 
empiricist blunders of the reduction ists 
Eu ler, Lagrange, et a l .  

By such methods o f  the anti-reduc­
tionists, the origi nal act of d iscovery of a 
u n iversal physical principle, can be the 
repl icated act which occurs within the 
m i nd of a person l iving today. just as 
only life can produce life, 50, only cog­
nition can replicate the discovery of 
principle by one individual mind in 
another individual mind, even across 
the intervening distance of thousands of 
years. Such is the principle of personal 
immortality of the human individual,. as 
contrasted with the mortality of the 
lower living species. 

It is s imi lar with the case of l ife in  gen­
era l .  No one has ever discovered a prin­
ciple of l i fe as an object of sense-percep­
tion, Rather, we experience the presence 
or absence of l ife of individual bei ngs 
which have the apparent biochemical 
characteristics of l iv ing processes, but 
are l acking the continued presence of an 
active principle of l ife. The apparent par­
adox so posed by the experimental 
method of scientific work, is not para­
doxical on principle. The universe is 
composed of three respectively distinct, 
but interacting known universal princi­
ples, the abiotic, the l ivi ng, and the cog­
n itive, such that, from the standpoint of 
the study of the relevant categories of 
fossi ls, the superior l ies outside, and 
above the domain of the experimental 
subject-matter which the relevant princi­
ple commands: in  which the principle of 
cognition is u lti mately superior to that of 
l ife, as l ife is superior, in the domain  of 
fossi ls, to that of the merely abiotic 
domain.  

Yet, whi le each of the three domains 
is  functional ly d ist inct from the others, 
a l l  three interact in shared effects. This 
i l lustrates the importance of viewing a l l  
aspects of the un iverse from t h e  van­
tage-point  of dynam ic, rather than the 
intel lectual mediocrity and relatively 
i ntel lectual steri l ity, which is  the mech­
anistic viewpoint of the reductionists . 
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This fact is less obvious for the case of 
abiot ic processes as presently defi ned 
in relevant c lassrooms and textbooks, 
but is a systemic  d istinction of crucia l  
primary i m portance in  the domains  of 
l iv ing processes and human behavior. 
I n  the former doma in,  the reduction

'
ist 

standpoint is  a barrier to otherwise 
potential  scientific progress; in the l at­
ter two, respectively h i gher domains, 
the reduction ist standpoint, as reflected 
in today's customary accounting and 
rel ated practice, is always man ifest ly 
i ncompetent. 

The most notable of the impl ications 
of this investigation of l ife, is  the way in 
which this view of society impl icitly 
defines the notion of the immortality of 
the i nd ividual mind.  From the stand­
poi nt of the principle of dynam ics, the 
human m i nd is imposed u pon appropri­
ate l iving processes, and interacts effi­
ciently with those processes, but it is the 
body which d ies, a d ist inction which is 
demonstrated experi menta l l y  by the 
way in  which the d i scoveries of physical 
scientific and Classical artistic principle 
are transm itted across successive gener­
ations. It is cogn ition, as expressed 
rather un iquely by d iscoveries in physi­
cal science and Class ical artistic compo­
sition, which is the su bstance of the 
human ind ividual's existence, a sub­
stance which l ives on as the conti nued 
l iv ing imprint of the human ind ividual i­
ty when the an imal-l i ke aspects of the 
body used by the creative personal ity 
have ceased to perform thei r  assigned 
fu nction . The scientist must see this d is­
ti nction in  that way, as the i mmortality 
of the hu man ind ividual personal ity, and 
the basis for the un iversal principle of 
natural law cal led agape-, as Plato pres­
ents that case for such i m mortality of the 
soul  in h i s  d i a logues, as Moses 
Mendelssohn later. 

The Dynamics of Economy 
Al l  th ree phase-spaces-the abiotic, 

the B iosphere, and the Nobsphere­
i nteract as one i n  any viable economy. 
Thus, the productivity of l abor depends 
upon the s imu ltaneous impact of a l l  
th ree, to determ ine the  relative produc­
tivity of the labor acting upon h is or her 
point in the larger process of society as a 
whole. 

For example, if we m ight assume that 
the same qual ity of labor is operating in  
different locations, the level of  develop-
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Skilled Ford auto workers on an assembly line. Getting the United States and the 
world out of the onrushing economic collapse requires long-term credit to increase 
physically productive employment in capital-intensive, technologically progressive 
modes, most significantly in basic economic infrastructure. 

ment of man-made infrastructure of pro­
duction, wi l l  be a variable factor i n  
determ in ing the actual productivity of 
labor of relative ly  identical  ski l l .  
S imi larly, i f  the man-made i nfrastructure 
in which that labor occurs, is equal  in  
two localities, the relative qual ity of  the 
local aspect of the B iosphere w i l l  be the 
variable determ inant of the relative pro­
ductivity of labor. 

Furthermore, production is not com­
petently measurable in terms of equ iva­
lence of the qual ity of the object consid­
ered to be a product for consum ption. 
The value of consumption for society, 
depends upon the variable qual  ity of the 
place and circumstance in which the 
consumption occurs. In general, h igher 
degrees of sk i l l ,  as ascertai nable from 
the standpoint  of physical -scientific 
potential ities of the employed person, 
are a good, but the benefit from that 
good will vary with both the c ircum­
stances in which the production occurs, 
and with the qual ity of the part of the 
society i nto which that product is i ntro­
duced for consumption . 

It is a l l  of these and related considera­
tions of production and consumption 
taken i nto account, which interact to 
define a dynamic, rather than mechanis­
tic conception of an actual economic 
function with i n  society in  genera l .  

So, for example, the transfer o f  pro­
duction from places in the u.s.A. or 
Europe, where the development of basic 
economic infrastructure and education 
of the population in general is relatively 
h igh, to places where labor is cheaper 
because of lack of development of infra­
structure and of the dynamic potentials 
of the entire social process makes labor 
cheaper, as through "global ization," has 
caused a col lapse of the level of produc­
tivity of the world as a whole. This dra­
matic form of actual ru in  of the world 
economy during, emphatica l l y, the 
recent quarter-century, has been moti­
vated by a l ustfu l expression of individ­
ual greed's i ndifference to the effect of 
its behavior on the future of the nation 
and planet as a whole. The result of this 
mechan istic disregard for the actual ,  
dynamic costs of production, has been 
the pr inc i pal determ i n ing factor i n  
bringing about the presently on rush ing 
rate of i ncrease of the collapse of the 
productive powers of the human species 
as a whole. 

The i nterre l at ionsh i ps with i n  the 
process I have j ust summar i ly  
described, are a relationsh ip among the 
functions of what Leibniz identified as 
the powers (dynamic, Kraft) represent­
ed. This is a notion as old as the famous 
aphorism of Heracl itus, that constant 

change is  the primary ontological con­
dition of the u n iverse, of the processes 
of which the u n iverse is  composed. It is 
the i ntroduction of either newly discov­
ered un iversal physical principles, or, in  
the alternative, new principled ki nds of 
app l ications of previously discovered 
pri nciples, which are the relevant qual­
ity of action which defi nes the types of 
sets of relations to which I have j ust 
referred here. 

The determ i n ing set of relations of the 
qual ity associated with those notions of 
discovered u n iversal physical principles, 
can not be reflected competently in  
annual  economic reports on the per­
formance of firms, nations, or the p lan­
et  as a whole.  The c i rcu mstances of  
production of  the conditions of  contin­
ued l ife and progress of  the p lanet 
depend u pon long-term processes so 
defined, inc luding a large portion con­
centrated with i n  the bounds of a rel a­
tively long-term usefu lness. Typical of 
th is factor i n  the set of fu nctional rela­
tions which I have described above, is  
necessary capital investments, i n  both 
basi c  economic  i n frastructu re and 
means of production which,  as i mprove­
ments, have l ife-cycles of between a 
quarter- and ha lf-century. Long-term 
improvements in the biosphere, have a 
comparable sign ificance. 

Therefore, the value of current pro­
duction, and investments in improve­
ment of the economy a nd l abor-force, 
must be premised on effic iently rel i­
able foreknowledge of the effects of 
cu rrent i nvestments on potential pro­
ductivity, per capita and per square 
ki lometer of the planet's surface i n  the 
range of a quarter- to ha l f-centu ry 
a head. Thus, the futu re, more or less as 
the past, determ i nes the value of the 
economic performance of the cu rrent 
year of the economy's activity. This  
br i ngs us to the matter of  the role of 
credit, especia l ly  long-term credit, in  
determ i n in g  the actual ,  effective value 
of a part icu lar  economy during any 
year referenced. 

Accou nti ng which does not take such 
long-term futu re i mpacts of cu rrent 
activities i nto account, is  a manifestation 
of miserable incompetence typified at its 
relative worst. 

The configu ration which I have just 
described, a lbeit summari ly, in the pre­
ceding fash ion, conforms to the role of 
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A shanty town on the outskirts of Mumbai, India. Transferring production from the 
industrialized countries to places where labor is cheaper-globalization-has 
caused a collapse of the level of productivity of the world as a whole. 

Riemann's notion of Abel ian functions, 
as defined in accord with Riemann's 
enhanced i nsight into the impl ications 
of what he terms Di richlet's Principle, as 
I have indicated these functional config­
urations and their sign ificance in my 
"Vern adsky & D i rich let's Pr inc ip le ."  
Such are the pri ncipled characteristics of 
the global economic system of dynamics 
which I have identified here. 

A Fixed-Exchange-Rate System 
If we are to reverse the cu rrently 

accelerat ing trend of general physical­
economic col l apse of the economy of 
our planet, we must apply d iscovered 
un iversal physical principles to raise the 
level of development, per capita and per 
square ki lometer, of the relevant aspects 
of the B iosphere and Noosphere. 

These appl i cations are ch iefly 
expressed as long-term capital improve­
ments which have " I ife expectancies" of 
between two generat ions, or even 
longer, beyond wh ich those investments 
mu st be either replaced or merely 
i mproved in  accord with pri nciples d is­
covered s i nce the origi nal instal l ations 
and their interim improvements were 
made. Experience ind icates that the tol­
erable charge against the outlay of capi­
tal to provide such physical-capita l  
investments is, usual ly, approximately 1 -
2 percent, and not more than 3 percent 
s imple-i nterest charge per annum. This 

means that a fixed exchange-rate among 
relevant currencies must prevai l  over 
most of the duration of the long-term 
investment. The rate of profit on private 
investments in improvements in produc­
tion capital must not be sign ificantly 
h igher. This must be with in  a system of 
fixed exchange-rates, s ince sign ificant 
fluctuations in  values of currencies over 
the l ife of these investments wi l l  raise 
the imputable interest-rate to fu nctional­
ly unacceptable levels. 

In  certain  crucial respects, the setting 
of fixed exchange-rates is  a much sim­
pler, but also far more interesting chal­
lenge than ord inary opinion on this sub­
ject would imagine. To i l l ustrate that 
vita l ly important point, consider the fol­
lowing aspects of the chal lenge facing a 
concert among lead ing nations at the 
present moment. 

Currently, the nations of Europe are 
ostens ib ly  ban krupt. The case for 
Germany merely i l l ustrates the prevalent 
trend of affairs in Europe as a whole. The 
U .S.A. itself, under the past five years of 
the George W. Bush Administration, is 
also bankrupt, hopelessly so under a 
continuation of the characteristic fea­
tures of the Administration's stu bbornly 
econom ica l ly  suicidal  po l i c ies, even 
far worse than Herbert Hoover's, thus 
far. 

It wou ld be sufficient to raise the 
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l evel  of p roductive employment 
through state-generated, and related 
forms of long-term cred it. This cred i t  
must b e  used, i n  a l l  o f  these cases, i n  
particu lar, t o  i ncrease t h e  rat ion of 
physica l l y  productive employment i n  
overal l  capita l - i ntensive, techno log ical­
ly progressive modes. The most s ign ifi­
cant ration of such i nvestments at the 
beg inn ing wou ld be in basic economic 
i n frastruct u re .  The i n it ia l  objective 
wou l d  be to lower the rates of unem­
ployment of the popu l ation as a whole, 
w h i l e  sh i ft i n g  the com pos it ion of 
employment from so-cal led services, 
in to bu i ld ing of basic economic infra­
structure and increasing the ration of 
the total l abor-force from non-profes­
s ional  services, i nto dedication to phys­
ical production of goods. 

In general, such reforms wou ld be suf­
ficient to bring the ind icated economies 
qu ickly above break-even levels .  

However, to keep the system func­
tioni ng, ex isting debt overhangs must be 
reorganized. The general objective is to 
sh ift the composition of legitimate debt 
(with no consideration for f inancial  
derivatives) i nto a genera l ly  long-term 
l ife of combined current debt and new 
debt launched, ch iefly by governments, 
for recovery, expansion, and technolog­
ical growth .  

A relevant concert o f  governments has 
a reasonably wide latitude in choosing 
the relative val ues of a package of fixed 
rates. There is negotiable l atitude in  
choosing the relevant parities for this 
pu rpose, but not much time ava i lable for 
making that decis ion. The princ ipled 
q uestion the governments m ust ask one 
another in  this connection, is, "Wi l l  
these val ues we choose today hold up 
for the long term of 2 5  to 50 coming 
years?" 

On these accounts, the U .S .A. has 
great h istorica l ly  determ i ned advan­
tages. advantages derived from what \ 
have a l ready referenced here as the h is­
tory of our constitutional system, as 
compared with the constitut ions of 
Europe, for example.  Moreover, the 
presently i mperi l led wor ld  monetary 
system is based on both the denomina­
tion of the U .S .  dol lar and the huge 
overhang of dol l ar-denominated debt i n  
t h e  i nternational system .  That debt over­
hang itself is not the most crucial prob­
lem to be addressed; the crucia l  issue is, 
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can that debt be rol led over successfu l ly 
through a process of expanded global 
investment? Over a period of a quarter 
to half century of u pward development 
of the global economy? The primary 
questions are : (a) What is the nation in  
question prepared to pledge itself to do, 
as relevant long-term investments; and, 
(b) Is the reasonably expected perform­
ance of that nation i n  meeting that 
adopted obl igation, a reasonable expec­
tation in the considered opinion of the 
partners? 

The necessary precondit ion for such 
long-term agreements, is  an immediate 
shift from a "free trade," to a "fa i r  trade" 
system of pricing. This means an imme­
diate shift, away from a practice of 
"global ization," into the protection ist 
system needed to match the nested sets 
of commitments of sovereign govern­
ments over lapsed times of a coming 
generation or more, before sign ificant 
adj ustments might be worked into the 
system. 

In summation, I add the fol lowing 
most relevant concluding observations 
to what I said in my relevant, previously 
stated outl ine from the referenced Berl in  
closed-door meeting. 

The conditions for reorgan ization of a 
global return to a fixed-exchange-rate 
system akin to that of the or ig ina l  
Bretton Woods agreement, are general ly 
those which I have interwoven into the 
preced ing pages of this report. There are 
certain  summary conditions to be added 
at this point. 

The pr inc ip le  of world economy 
which is impl ic it  in my outl ined per­
spective for reform, is not only a reflec­
tion of the American System of pol itical­
economy. I t  is premised on the notion of 
power (dynamic) presented by Lei bniz 
in fou nding the branch of physical sci ­
ence known as  physical economy, the 
system on wh ich the u.s. constitutional 
republic was establ ished . In crafting an 
acceptable agreement for global eco­
nomic recovery and stabi l ity through a 
new, fixed-exchange-rate system, the 
notion of power of the long-term effort 
for progress of a national economy 
which is partner to the new system, is a 
notion of cred i ble power expressed by 
the i nd ividual nation-state, the credib i l i­
ty of its stated wi l l  to perform what it 
would promise to do. It is this subjective 
factor in the real ization of future intend-

EDITORIAL 

ed results, on which relations of states 
with i n  the new world system must 
depend. As the value of an investment is 
based on the reasonably expected per­
formance over the med ium to long term, 
so it is among nations. 

Perceived power-perceived relative 
value-is the cred ib i l ity of the determi­
nation and abi l ity to perform, on what 
our own Cotton Mather identified as the 
commitment to do good. That subjective 
power, on which the objective power of 
a n ation depends, is, as Leibniz rebu ked 
John Locke, the commitment of a people 
"to the pursuit of happi ness," to the pro­
motion of a mortal ind ividual's sense of 
immortal ity through a cred ible perform­
ance in service of the general welfare of 
both present generations and future gen­
erations to come. Without that commit­
ment there could be no durably efficient 
government, nor relations among gov­
ernments. 

Notes _____________ _ 
1 .  I chose Carl F. Gauss's 1 799 doctoral disserta­

tion, refuting the reductionist ideologues 
D'Alembert, Euler, Lagrange, et aI., as the start­
ing-point for comprehension of modern physical 
science among the LaRouche Youth Movement 
(LYM). By turning from that starting-point in their 
reenacting the work of Gauss, to go directly to 
the relevant original work of Archytas, Plato, et 
aI., numbers of young adults participating in this 
program have now progressed to an actual com­
prehension of such matters as Leibniz's cate­
nary-cued principle of universal physical least 
action, Gauss's general work on principles of 
curvature, and Riemann's Theory of Abelian 
Functions. 

Such redesigns of relevant curricula of sec­
ondary and higher education, which turn away 
from textbook and related modes of "learning," 
are essential for developing new generations of 
young adults capable of efficiently meeting the 
physical-scientific challenges of today. The 
same educational methods also work in the 
domain of Classical artistic composition, thus 
overcoming what Britain's C.P. Snow outlined as 
a "two cultures" paradox in modern higher learn­
ing. See Lyndon H. LaRouche, Jr., "Vernadsky & 
Dirichlet's Principle," Executive Intelligence 
Review, June 3, 2005. 

For his exposure of the incompetence perme­
ating the mathematical physics of Descartes, as 
also in his introduction of the concept of power 
(Kraft) into the science of physical economy, 
Leibniz revived the Greek term, dynamis, from 
the writings of the Pylhagoreans and of Plato. 
This term represented the central concept of the 
Egyptian, astronomy-based practice of 
Sphaerics central to the work of both the 
Pythagoreans and Plato. Leibniz's and 
Riemann's emphasis on dynamics, as opposed 
to the reductionist's blundering mechanics, is 
the basis in method for Vernadsky's rigorous 
definition of both the Biosphere and N06sphere. 

2.  Lyndon H. LaRouche, Jr., "Vernadsky & 
Dirichlet's Principle," Executive Intelligence 
Review, June 3, 2005. 

3. Earth's Next Fifty Years (Leesburg, Va. :  
LaRouche PAC, March 2005. 

Letters 
A Correction by 

Klaus Klitzing 
To the Editor: 
In the article "What Was the von 

Kl itz ing Experiment?" (Fa l l  2004, p. 2 1 ) :  
I n  F igure 5 ,  the plateau corresponding 

to the 5th Landau level, where p = 5 in 
RHP = 25,81 3/p ohm is missing, the 3 rd, 
4th, and 6th levels are present, and the 
1 st and 2nd levels are above the top of 
the graph . The 7th level also appears to 
be missing . . . .  

Richard W. Burden 
leesburg, Va. 

Dr. Klitzing Replies 
F igure 5 shows real experiments 

obtained in my laboratory (and not by E. 
Braun at the Federal Physical Techn ical 
Laboratory, as stated in  the figure cap­
tion) . The pl ateaus orig inate from energy 
gaps i n  the electronic spectrum. For the 
material shown in  F igu re 5, two different 
types of energy gaps exist: For even val­
ues of p, larger gaps (cyclotron energy); 
and for odd p, smal ler spi n-spl i t  gaps 
(Zeeman energy). Only p = 1 ,3 are sti l l  
energetica l ly resolved . For p = 5, the 
magnetic field is a l ready so smal l  that no 
energy gaps, but only smal l  wiggles, are 
visible; p = 7 is not resolved at a l l  and 
missi ng. 

Prof. Dr. Klaus von Klitzing 
Max-Planck-Institut FKF 

Stuttgart, Germany 

A Manhattan Project 
Veteran Comments 

On 'Secrecy' 
To the Editor: 
L.  Wolfe's article in the Spring 21st 

Century, "The Beast-Men Beh ind the 
Dropp ing of the Atom Bomb, " was 
excel lent. As one who was there, I can 
testify that much of the article matched 
H istory-as- I-knew-it. In fact, I have only 
one correction to make, and a remark 

Continued on page 19 
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NEWS BRIEFS 

Or. Nils oiaz: We need 7 00 new nuclear 
plants in the next 20 years to meet U.S. 
demand for electricity, the Nuclear 
Regulatory Commission chairman said. 
Here, h e  a ddresses a n  A m erica n 
Nuclear Society meeting in Pittsburgh. 

Illustration by Christine Craig 

An icosahedron edge-cut and unfolded 
flat, with no overlaps. 

NRC'S DIAl CAllS FOR 1 00 U.S. NUClEAR PLANTS I N  20 YEARS 
In comments to reporters in Florida on May 3, Nuclear Regulatory Commission 

Chairman Dr. N i ls Diaz said that the Un ited States needs to build 1 00 n uclear power 
plants over the next two decades. He proposed that bu i ld ing new plants on existing 
nuclear sites would reduce plan n ing and construction costs, and expedite the process 
of obta in ing permits. Companies would not have to develop costly new infrastruc­
ture, including roads, grid connections, and water suppl ies. Dr. Diaz reminded 
reporters that the U n ited States no longer has the abil ity to bui ld major equipment for 
nuclear reactors. "We had large fabrication fac i l ities for pressure vessels and steam 
generators and major components, and most of those thi ngs no longer exist in this 
cou ntry." For the half-dozen nuclear plants that he expects to be ordered in the next 
two years, many components wi l l  have to be imported, he said. Worldwide, Diaz 
said, production capacity wi l l  soon be outstripped by the rising demand for new 
nuclear plants, so there wi l l  have to be ways found to "assure supply." 

At a meeting in  Paris the week of June 1 2, Diaz proposed that there shou ld be a 
multi national mechan ism for approving standard ized new n uclear plant designs-to 
cut cost and time, and improve safety. 

VERNADSKY VINDICATED: NEW FINDING SUGGESTS LIFE CAME EARLY TO EARTH 
Geologists have found evidence for the existence of l iqu id water on the Earth's sur­

face early in geologic time, suggesting that l i fe had appeared within  1 00 m i l l ion years 
of Earth's formation. The finding contradicts the long-prevai l ing doctrine that l ife 
appeared only long after the geological formation of the Earth, estimated to be 4.5 bil­
l ion years ago. The new findings came during a study of more than 50,000 tiny zircon 
(zirconium si l icate) crystals formed during the earl iest period of Earth's h istory, known 
as the Hadean Eon. This describes the first 500 mi l l ion years of geologic time when, it 
was supposed, the Earth was as hot as Hades and not capable of supporting l ife. 

To establ ish their early l ife hypothesis, researchers T. Mark Harrison of Austral ian 
National U n iversity and E.  Bruce Watson of Rensselaer Polytech nic Institute first 
determined the age. of the z i rcons (crystals the width of a human hair) .  Of the more 
than 50,000 sampled, about 200 were found to be older than 4.2 b i l l ion years. The 
average melting point of these was only 690 degrees cels ius, indicating the presence 
of water. " Rocks formed from meteorite impacts wou ld be bone dry and melt at 
greater than 900 degrees celsius," said H arrison. 

These findi ngs suggest, as Vladimir Vernadsky i ntimated, that l ife appears much 
earl ier in  geologic time than the Huxley-Wel ls  mon key men had led most of us  to 
bel ieve. (Compare Vlad imir Vernadsky's 1 936 statement, "The connection between 
the l iving and the inert substance of the b iosphere is ind issoluble and material  with­
in  the geological time.") Harrison and Watson's work was publ ished in  the May 6, 
2005 issue of Science magazi ne. 

lS-YEAR-OLD SOLVES SOO-YEAR-OLD DORER PROBLEM 
Daniel Bezdek, a 1 5-year-old from Calgary, Canada, recently won several presti­

gious awards for his geometry work on convex polyhedral unfolding. For his science 
fa i r  project at St. Brigid Jun ior H igh School in  Calgary, he set out to solve a problem 
proposed by the German artist Albrecht DU rer, 500 years ago: Does every convex 
polyhedron have a non-overlapping edge-unfold ing? 

Bezdek approaches the problem by defi n ing a new family of polyhedra that he 
cal l s  h igher-order convex deltahedra. A convex deltahedron is a polyhedron made 
up solely of equ i lateral triangular faces, with each face-edge joi ned to only one 
other face. There are eight such deltahedra in 3-space. A higher-order convex delta­
hedron, which subsumes the regu lar deltahedra, allows convex faces of 3, 4, 5, or 
6 sides, which are composed of equ i l ateral triangles fu l ly sharing sides. Bezdek then 
goes on to prove that every convex h igher-order deltahedron can be unfolded by 
edge-cutting, and laid flat with no overlap. Not satisfied to stop there, Bezdek then 
relates this to Kepler's d iscrete problem of spherical packi ng, and appl ies these tools 
to protein-folding problems in  computational biology. 
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NEW CONCEPT BREAKS DIFFRACTION BARRIER I N  MICROSCOPY 
A new technique developed by researchers at the Max Planck Institute for 

B iophysical Chemistry in G6ttingen, Germany, side-steps l ight microscopy resolu­
tion l imits imposed by Abbe's law, a l lowing unprecedented clarity at the molecular 
level, accord ing to a Max Planck Society press release J une 2 .  Ernst Abbe (1840-
1 905) was the first to formalize the l imit of resol ution between two objects under a 
l ight microscope, and relate it to diffraction characteristics of the wavelength of l ight 
entering the objective lens. Getting h igher resolution with l ight meant using shorter 
wavelength l ight and increasing the refractive index by using media  l i ke o i l  between 
the objective lens and the object u nder view. Even so, the resolving l imit i n  standard 
l ight microscopy is  l imited to about 200 nanometers. 

Now that law, the bane of I ight microscopists, h as been superseded by Stefan 
Hel l  and h i s  research team, with the Stimu lated Emission Depletion (STED) 
microscopy technique, us ing a new concept cal led Revers ib le  Saturable Optical 
F l uorescent Transitions ( RESOFT) . The new technique uses fl uorescent markers in 
the object u nder view, which are excited and then transiently and reversibly de­
excited to a non-fluorescent grou nd state by another impinging l ight, which has a 
non-u niform i ntensity d i stribution h aving a zero value at some poi nt. Only where 
the zero-i ntensity point meets the marker does f luorescence occu r, and that point 
can be made smal ler  by i ncreasi ng the intensity of the l ight source. At h igh-inten­
sity saturation of the excited l ight by the depletion l ight, the zero point can be 
made much smal ler  than the d iffraction l imit, g iv ing a clear view even down to a 
few nanometers. This  techn ique holds great potential for molecu lar biology and 
nanotechnology. 

WAS THERE AN ANCIENT C H I NESE COLONY I N  NOVA SCOTIA? 
Paul Ch iasson, an architect from Toronto, bel ieves that he has d iscovered the rem­

nants of a Ch inese fort dating to the 15th Century A.D.,  in the h i l l s  of Cape Breton 
Island off the coast of Nova Scotia, complete with a stone wal l ,  roads, and housing 
platforms. 

Chiasson ins ists that the style of the stonework on the wal l  and the platforms, and 
the width of the road, poi nt to a Chi nese origi n .  The experts d isagree, d isparaging 
the idea of a Ch inese colony i n  such a remote location, and saying that the site is 
just another abandoned farm-site from the colonial  period. Ch iasson is not the fi rst 
person to insist that voyagers from Asia have visited or colon ized various sites in the 
Americas. There is  a growing body of evidence showing that Chinese, Egyptians, 
and others visited North, South, and Central America, both B .C. and AD. 

Ch iasson has teamed up with G avin Menses, who recently publ ished an account 
of 1 5th Century voyages of d iscovery by the Ch i nese navy, including the d iscovery 
of America. They hope to get backers for an archaeological dig in the area to settle 
the question. 

BETAVOLTAICS HARNESSES RADIOACTIVE DECAY FOR LONG-LASTING BATTERIES 
A mult i-un iversity team of enginee rs, headed by Wei Sun of the U n iversity of 

Toronto, has developed a battery powered by the beta decay of trit ium atoms, 
which cou l d  l ast more than a decade w ithout repl acement. By tu rn ing the flat 
s i l icon surface (upon wh ich  the emitted e l ectrons are captured) into a porous 3 -
D su rface o f  narrow pits, 1 micron w i d e  a n d  4 0  microns deep, they succeeded 
in captu r ing a much greater percentage of the emitted e lectrons. Th is  produces 
an effic iency that i s  in the range of solar batteries, without the need for solar 
i nput. 

The new batteries, which use standard semiconductor technology, are hermeti­
cally sealed and very safe and rel iable. Ti ny ones cou ld be implanted in the body to 
power surgically implanted devices, or they cou ld be used in space appl ications, or 
for sensing equ ipment in  remote locations. 

The team's research resu lts were publ ished in  Advanced Materials magazine, May 
13 . The tech nology has been l icensed by BetaBatt, I nc. 

Confocal STED 
(al 

(el 

The new 5TEO technique (b and d) 
dramatically improves resolution over 
tha t of the con ven tio n a l  confoca l 
fluorescence microscopy (a and c). (a) 
a n d  (b) s h o w  pores in a porous 
membrane; (c) and (d) show fluorescent­
dye-marked nanostructures produced by 
electron-beam lithography in a polymer. 

University of Rochester/BetaBan 

A tritium battery that can keep going for 
a decade: A researcher holds the wafer 
test fixture that was used to test the new 
porous silicon diode and its interactions 
with tritium gas. The diode is the dark 
wafer in the center of the top plate. 
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EXAMINING THE LAROUCHE-RIEMANN METHOD 

The LaRouche 
Youth Movement 
in Los Angeles 
examines the 
"curvature" of 
the Rural 
Electrification 
Administration: 
how it changed 
America's history. 

Formation of a shock front: As flight 
speed approaches the speed of 
sound, the temperature and pressure 
of a ir flo wing o ver the a ircraft 
surface drops, producing this cloud 
of condensed water vapor . Even at 
flight speed slightly below the speed 
of sound, the a ir flo wing o ver 
bumps on the surface of the plane 
can become supersonic: It heats up, 
a n d  a shock wa ve develops, 
producing the sharp termination of 
the cr;mical condensation cloud. 
This photo of an F/A- 1 8  Hornet was 
taken from the upper deck of the 
USS Constellation. 

Below: Presiden t Fra n kl in 
Roosevelt, March 1 933. 

Franklin Roosevelt's 
Economic Shock Front 
by Sky Shields 

T
he main fai l ing of a l l  of modern economics teaching, 
from free-trader to social ist, is its inabi l ity to recognize, 
with scientific certai nty, the crucial d istinction between 

human beings and an imals. Only this recogn ition could possi­
bly form the basis for a val id science of human economics. The 

revival of this essential concept 
and its elaboration by economist 
Lyndon LaRouche has been the 
basis for a long-term project 
embarked upon by a group of us in  
the Los Angeles office of  the 
LaRouche Youth Movement (LYM). 

This article represents a summary discussion of approximately 
one year's work, spanning a number of presentations attempt­
i ng to flesh out the specifics of the LaRouche-Riemann method, 
using Frank l in  Roosevelt's economic policies as a case study. 

This began with an investigation of what LaRouche has 
cal led the "cu rvature" of an economic process, where we 
investigated the work of both Carl Friedrich Gauss and 
Bernhard Riemann on complex functions and LaRouche's 
appl ication of the same to economic processes. We continued 
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this investigation with a study of the transfin ite orderings in a 
human economic process, using the investigation of such 
physical phenomena as Riemann's forecast of the acoustic 
shock in  wave propagation-a phenomenon LaRouche has 
cal led an "economic shock wave." We next returned, at the 
prompti ng of another couple of papers by Lyndon LaRouche, l 
to the further development of Gauss's cu rvature concept in the 
form of his work on potentia l .  A l l  of these phenomena 
LaRouche has stressed as being crucial to recognize the phys­
ical-mathematic characteristics of a characteristical ly human 
economic growth process. 

At fi rst g lance, a most obvious d isti nction is apparent 
between h uman and a n imal processes-so apparent that it is 
recogn ized (with a grimace) even by ecologists who wou ld 
seek to deny such a d isti nction .  This  is the fact that although 
there has seemed to be a cap on the growth of all an ima l 
populations ( i nc lud ing the " h i gher apes"), the growth of the 
human popu lation h as conti nued stead i ly-though with 
brief, but notable i nterruptions-throughout its entire exis­
tence ( F igure 1 ) . This, however, only serves to describe a per­
ceived effect. One which is not necessarily u n ique to human 
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societies-after a l l ,  wouldn't any animal population increase 
similarly given the proper environmental conditions? This forces 
us to take a second look at what is actual ly the u nderlying cause 
of the effect seen:  Not only has there been a steady growth in  
the actual human popu lation, but a lso a growth in  the potential 
population, per u n it land area, given certain environmental con­
ditions. This potentia l  population does not change for any lower 
animal species, although favorable changes in environmental 
conditions (for example, the human act of greening a desert, or 
terraforming Mars) may a l low for such an increase in actual ani­
mal popul ations which were otherwise impossible. 

The obvious, first-approximation cause for this growth in 
human potential is a lso not to be denied even by so-ca l led 
free-traders and ecologists who would seek to disagree with 
our initial premise: the discovery, development, and appl ication 
of new technologies by human minds to human processes. This 
appl ication can, a lso i n  fi rst approxi mation, be broadly 
classed into two distinct areas: one, the machine tools uti l ized 

Figure 1 

i n  capital goods production; and two, basic economic infra­
structure such as health care, transportation, water manage­
ment, and power production and distribution. Combi ned, 
these provide the physical basis for the steady growth in what 
LaRouche has termed the potential relative population density 
of the human species. The fol lowing i nvestigation has been 
u ndertaken toward the goal of consciously harnessing, direct­
i ng, and accelerating th is growth-i n  both productivity and 
l iv ing standards-to counter the cu rrent precipitous global 
col lapse now being recklessly aggravated by the economic 
pol icies typified by the George Shu l tz-steered Bush and 
Schwarzenegger adm i nistrations. Hopeful ly, it w i l l  soon be 
repeated i n  other parts of the warl.d. 

The Depression and the Farmer 
The s ituation faced by Frank l in  Delano Roosevelt when he 

entered office in 1 933 was daunting. U nder President Calvin 
Coo l idge-instal led after President Hardi ng's death in 1 92 3-
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Before the Rural Electri­
fication Administration, 
densely popu lated 
a reas received the 
benefits of electricity, 
but rural a reas were 
neglected by utility 
compa n ies because 
laying the lines was 
considered unprofitable. 

Treasury Secretary and bankers' asset Andrew Mellon had sys­
tematical ly starved the physical economy to feed a bloated 
speculative bubble. Mellon had capped the expenditures 
budget for the Federal government, preventi ng investment i n  
the very sorts o f  processes w e  identified 
above as being necessary for h uman 
devel opment-i nfrastructure, ed uca­
tion, man u factu ri ng, tech nological  
research and development, and so on­
and fu nneled a l l  excess money into 
servicing fi nancial  debt. A speculative 
frenzy was promoted, which d rove 
stock market pr ices sky-h igh, wh i le  
labor and  the physical economy were 
being asphyxiated. 

A post-World War I farm cris is,  
b l amed o n  "over-prod uction,"  but 
caused by this Darwinian "survival of 
the fittest" economic pol icy, was inten­
tionally aggravated by Mel lon.  A b i l l  
twice passed b y  Congress to provide for 
price regu lation on farm goods (by 
al lowing farmers to dump surplus goods 
on the foreign market), was vetoed once 
by Mel lon through President Cool idge, 

became. After Mel lon's specu l ative 
insan ity had created the stock market 
crash of 1 9 29 under the H oover 
Admi n i stration, Mellon, l i ke Bush and 
Schwarzenegger today, then fu rthe r  
aggravated the situation b y  push i n g  a 
program of radical austerity, budget bal­
anci ng, and "belt tighten i ng," thorough­
l y  d ecimat ing the population in a n  
attempt t o  keep the fi nancial  interests 
afloat.2 

Despite the i ntroduction and incorpo­
ration of electric ity into the l ives of most 
Americans, only about 1 0  percent of the 
farms in the cou ntry had electricity at 
that time. Farm l ife was back-breaking 
work, which began at the crack of dawn 
with the first precious hours of su n l ight, 
and ended after dark in p itch blackness. 
L ight afforded by kerosene lanterns was 
dangerous and inadequate, and as a 
result of a l l  of this, l ittle or no time was 
left for the mental development of the 
youth of rural fami l ies (F igure 2) .  

Because of this lack of electricity, dis­
ease, parasites, and mal n utrition were 
rampant in rural areas of the country. The 
contamination of the water supply by 
outhou ses caused d iseases such as 
typhoid and dysentery, whi le hookworm 

infection sapped the strength of much of the population (with 
a more than 50 percent infection rate in some southern 
schools).3 Lack of refrigeration caused further d iseases and 
malnutrition, which, in  turn, caused fatigue as wel l  as consid-

Rural Eleclrification News 

Figure 2 
BEFORE AND AFTER ELECTRIFICATION and agai n  by Mel lon through President 

Herbert Hoover, forc ing American farm­
ers into a trap in which the more they 
produ ced , the cheaper the ir  goods 

Cartoons like these, illustrating the perils of farm life without electrification, 
were widely distributed in the Rural Electrification News magazine. 
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LA W OF DIMINISHING RETURNS 

... Figure 3 
' .. 
.. 
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THE LAW OF 
DIMINISHING RETURNS 
In a closed system, short­
age of an essential input 
such as energy produces 
an apparent boundary 
condition. To the account­
ant, or victim of Econ 1 0 1  
class, it may appear as an 
unsurpassable obstacle. 

Rural rates were a l ready far i n  excess of those 
charged in c ity areas. Roosevelt h i mself com­
mented in 1 938,  regard i ng h i s  1 924 stay i n  
Georgia t o  treat h is p o l  i o ,  "When the fi rst o f  the 
month b i l l  came in for e lectric l ight for my l ittle 
cottage, I found that the charge was 1 8  cents a 
ki lowatt hour-about fou r  ti mes what I pay at 
Hyde Park, New York."  These c i rcu mstances 
formed a seem ingly insu rmou ntable boundary 
cond ition, created by the im m utable  laws of 
d i m i nish i ng retu rns and supply and demand (as 
any Economics 1 0 1 student h as been trai ned to 
tel l  you)-a product of the asymptotic i nfin ity 
posited by the very n ature of econom ics as the 
"science of scarcity" (F igure 3 ) .  

INPlTf 

erable physiological damage to the bra in  development of 
many in rural areas.4 

Despite these conditions, eas i ly remed iable by the intro­
duction of basic infrastructure and conveniences, uti l ity com­
panies had refused to provide service to these areas. Their 
argument was that, un l i ke the densely popu lated urban and 
suburban regions, where every inch of l i ne from the power 
plant to the furthest consumer was connected d i rectly to 
another consumer, most of the l i ne la id to reach the remote 
farms i n  the underpopul ated South and Midwest would be 
essentia l ly useless and unprofitable. The only way such a ven­
ture were even thi nkable would be for the farmer to pay an i n i­
tial deposit to cover the costs of bui ld ing. Th is, of course, 
would be impossible for a l l  except the most profitable farms. 
Moreover, the l ifestyle of the farmer requi red so l i ttle electric­
ity-and this main ly in the two to three peak hours just after 
sunset-that the rates which the uti l ities would have to charge 
duri ng those hours wou ld be wel l  out of the range of any 
farmer.s 

Figure 4 
THE QUADRATURE OF THE CI RCLE 

Embedded Infinities 
" Infi n ity," however, is a very apt term for this sort 

of bou ndary. What, after a l l ,  is the i nfi n ite? The fi rst 
images which come to m i nd may be the vast 
expanse of space, or perhaps a series of numbers 

growing larger and ever larger without end, or, maybe, the 
greatest infi n ite trump card of a l l ,  "God," may be i nvoked. 
These " infin ities" as presented, however, never actual ly l ive up 
to the term. They are simply uncountables: quantities which 
are "bigger than I can imagine." The l i m itation i n  each of these 
cases is not objective, but rather subjective. Then, are there 
real ly no actual infi n ities? 

Let us take a more rigorous case: that of Cardinal  N icholas 
of Cusa's squaring of the c ircle (F igure 4). The attempt to 
approximate the c ircumference of a c ircle with inscribed and 
c ircumscribed polygons leads us to the recogn ition that, 
regardless of how many ti mes we m u lt iply the sides of a poly­
gon, the circle as a figure is  u natta inable in this manner. The 
c ircle as an actual (not imagi ned) existence, from the stand­
point of the polygon is truly i nfin ite.6 However the ci rcle-as 
a figure-we can recognize and create as a si ngle, fi n ite, idea. 
The i nfi n ity here is  s imply an indication of a d iscontinuous 
change of state: a point where the l i m itations of the nature of 
the algebraic magnitudes generating the polygon force us to 

No matter how many times we multiply the sides of a polygon, we cannot 
arrive at a circle. The circle as an actual (not imagined) existence, from the 
standpoint of the polygon, is truly infinite. 

Source: Fidelia, Summer 2001 
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The shock waves are visible as this plane breaks the sound 
barrier. 

leave them beh ind, in  favor of a transcendental mode of rep­
resentation.7  

This d iscontinu ity is of the same qual ity as that recogn ized 
by Bern h a rd R iemann in h i s  1 85 6  paper, "On The 
Propagation of Plane Air Waves of F i n ite Magnitude. "8 There, 
Riemann takes a phenomenon which had been recogn ized by 
mathematicians before h i m-the fact that the differential 
equations for fl u id flow all approach insurmountable i nfi n i­
ties once velocities approach the l i mit for the propagation of 

a wave i n  that medium-and demon­
strates that this i nfin ite d isconti nu ity is 
real ly a part of a h igher-order, contin­
uous fu nct i o n .  This mathematical  
infin ity is later encountered, physical­
ly, during the 1 940s, as the so-ca l led 
"sound barrier." 

Many at that t ime declared this "wal l  of sound" to be 
unbridgeable:  instrumentation fai led ; the laws of l ift seemed to 
reverse themselves, forcing pl anes into a steep d ive; and 
maneuverabi l ity d isappeared al most completely, hur l ing those 
unfortunate enough to encou nter this barrier into a helpless 
trajectory, stra ight into the ground. The laws of physics them­
selves seemed to dictate a barrier beyond which man was not 
a l lowed to penetrate. However, Riemann had already demon­
strated that th is  " barrier" was no such thing almost a century 
prior! This phenomenon of seeming infin ities fascinated 
Riemann, and formed the basis for many of h is physical inves­
tigations. These "transfin i te" orderings proved to be character­
istic of physical processes in general, and as such, it should 
not be surpris ing to see them make their appearance in the sci­
ence of physical economy. 

L ike the breaking of the "sound barrier," rural electrification, 
as di rected by the Roosevelt Adm i n istrat ion, transformed the 
geometry (or field) in  which the physical phenomena observed 
by the uti l ity companies was taking place. And, just as the 
incorporation by Adolf Busemann and Ludwig Prandtl of 
Riemann's higher-order conception i nto the construction of 
planes during the late 1 940s proved the existi ng mathematics 
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to be obsolete in the case of supersonic flight, the incorpora­
tion of a new physical pri nciple of social organ ization into the 
economic processes of the 1 930s, demonstrated the fi nancial 
accounting methods of the uti l ities to be incompetent. The act 
of electrifying the rural areas transformed the productive 
potential of the entire country, thus increasing the amount of 
production of real, physical wealth such as capital goods 
and-most important-functio n ing, developed human m i nds. 
That, in  such a way that even the operations in city areas were 
transformed in thei r  effic iency. 

Thus, the geometric transformation of increased power 
(physical economics as defined here) redefi nes the expression 
of mere energy (financial  profit), thereby absorbing the embed­
ded " i nfi n ites" of a physical process i nto a higher-ordered 
whole. This is the only sane, anti-entropic defi n ition of profit 
which the true economist (as opposed to the accountant) 
shou ld al low. The rules of accounting, l i ke those of mathe­
matics, are meant to be broken, as has been i l l ustrated by the 
entire history of human development unt i l  the present day. 

The real reason for the hesitancy of the uti l ities, and for their 
h igh rates, however, was another form of speculative insanity 
which had been promoted u nder Mel lon. Massive parasitical 
financial structures cal l ed Holding Companies had attached 
themselves to the uti l ity companies. Buying up assets in  the 
form of entire busi nesses, these companies fed off the inflated 
stock values of the uti l ities, servicing this debt by sucking from 
the physical economy in the form of i ncreased rates and lack 
of infrastructural development, a phenomenon s imi lar  to that 
which Lyndon LaRouche has i l l ustrated with his Tri ple Curve 
col lapse function (F igures 5 and 6. )  Roosevelt attacked this 
insan ity with his 1 93 5  Public Uti l ities Holding Company Act 
(PUHCA) and 1 93 5  Federal Power Act, but the problem of 
fi nal ly bringing electricity to these rural areas remai ned . 

The REA As Curvature 
The Rural Electrification Admin istration (REA) emerged from 

a team function ing u nder the d i rection of Frank l in  Delano 
Roosevelt, through a series of decisions beginn ing with its cre­
ation on May 1 1 ,  1 93 5 .  The August 1 935 transfer of funding 
from crisis-relief funds turned the REA into a self- l iqu idating 
loan agency, and the 1 936 REA act sol idified the REA into a 
permanent supervisory and loan institution. Its loans were 
issued both for the construction of l i nes and for the purchasing 
of appl iances by REA borrowers. These loans were issued at a 
2 percent interest rate over an extended period of time, to faci l ­
itate the physical development of  the areas involved. Of the 
three avenues possible for a loan program-loans to private 
companies, loans to municipal ities, or loans to col laborative 
farm groupings cal led cooperatives-the last qu ickly emerged 
as the preferable route. A s imi lar task of long-term low-interest 
credit generation and d istribution for productive investment is 
being proposed today by Lyndon LaRouche (F igure 7). 

A first look at the in it ial ,  local effects of Roosevelt's rural 
electrification program is reveal ing  in itself. The forecasts of 
the util ity compan ies and their accountants were proven to be 
stu nn ingly i naccu rate (wherever they were not a lso b latantly 
dishonest). Not only did farmers manage to find ways to uti­
l ize electricity, but in order to make their electricity use prof­
itable they had to devise as many ways as humanly possible to 
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Figure 5 (b) 
THE COLLAPSE REACH ES 

A CRITICAL POINT OF INSTAB I LITY 

The recent decade's jump in financial speculation represents a cancerous growth which has been steadily killing the glob­
al physical economy. As more and more of the world's resources (financial and otherwise) are funneled into maintaining 
"the markets, " the possibility for the development of real wealth is destroyed. 

Source: EIRNS 

1 .7 

1 .6 

1 .5 

1 .4 

1 .3 

1 .2 

1 . 1 

0.9 4------r-----,.-----.------.------r---� 
1 996 1 997 1 998 1 999 2000 2001 

Figure 6 (a) 
THE U.S. ECONOMY'S COLLAPSE FUNCTION SINCE 1 996 

Source: EIRNS 

utilize electricity in their daily labor, and then some. A si mple, 
fi rst-order fi nancial analysis showed that the costs paid by 
farmers for electricity did i ndeed shoot up d ramatical ly-how­
ever, so did the retu rns as a resu lt of i ncreased physical pro­
ductivity on the farms. So necessary was this rapid appl ication 
of technology, that the REA began hosting what were cal led 
"circuses" (official ly known as Farm Demonstration Tou rs) in  
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which the mu ltitude of uses for electricity i n  farm l ife were 
demonstrated-from cooking, washi ng, and l ighting, to grind­
ing feed, brood ing chicks, and dryi ng hay (F igure 8). 

Most important, however, was the creation of free energy in 
the form of the creation of more time. For instance, the intro­
duction of an electrical ly pumped water system, to replace the 
pumpi ng and haul ing of buckets of water by hand, created, in 
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LAROUCHE'S THIRD NATIONAL BANK CREDIT STRUCTURE FOR FINANCING PHYSICAL-ECONOMIC G ROWTH 
In 1 992, LaRouche proposed bankruptcy reorganization and massive investment in infrastructure and industry to create 
6 million new jobs in the United States. He estimates that the comparable, scaled-up program required today would yield 
1 0 million new jobs. 

REA 

Government created a boom in private production where private 
production, left to its own devices, would have suffocated itself, 
much like the sow, who, prior to the development of the pig 
brooder, "naturally" would tend to crush to death at least one 
piglet per litter under her own body weight. The interventions 
of human reason, whether represented by man's intervention 
into Da rwin ia n "nature, " or  b y  Federa l go vernment's 
regulatory role in the development of economies (as opposed to 
Darwinian "free enterprise") is crucial to mankind's development. 
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effect, 30 extra 8-hour days of a single operative's activity per 
year. That is, prior to electrification, 240 hours were spent per 
year pumping and carrying water from its source. An equ iva­
lent amount of time was spent hand-separating cream, and 
again  as much in  cleaning and mainta in ing l ights run on 
kerosene fue l .9 

Thus, with these three technological injections alone, three 
months were added to the year for a farmer-months that were 
spent on increased physical production as well as newly dis­
covered leisure time for various forms of intel lectual develop­
ment. lO in particular, once electric l ights had freed the farmer 
from dependence on dayl ight hours ( includi ng add ing more 
time for n ighttime pursu its such as reading, which did not oth­
erwise exist), the deeper sign ificance of the phrase transformed 
potential begins to become clear in  d iscussing the l ife of the 
farmers. 

Transforming Potential 
in a number of h i s  recent papers, l O  economist Lyndon 

LaRouche has stated that the idea of potential most appl icable 
to the current d iscussion, is  that laid down by Carl Gauss, in 
his essay on attractive and repulsive forces which act accord­
ing to the i nverse square of thei r  d istance, 11 as wel l  as h is  work 
on Earth magnetismY To understand the point made there, try 
this experiment: Take two strong magnets, and attempt to bring 
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Singing the praises of electrified farm technologies. 

Source: REA Rural Electrification News 

them closer and closer to one another without a l lowing them 
to touch one another. What do you fee l ?  It wou ld seem that 
there is clearly some force act ing to pu l l  these two magnets 
closer together (or to keep them apart, depending on which 
direction you have them faci ng). Further exam ination of the 
strength of this apparent force wou ld reveal that i t  lessens with 
distance. Moreover, this same dependency on d istance exists 
for the observed gravitational and electrical forces as wel l .  
Specifical l y, they vary i n  proportion to the inverse square of 
their respective distances ( 1 /r2 if we set the d istance equal to 
r). Take a second longer to play with the two magnets, and 
then reflect upon the force which holds you securely to the 
planet Earth . 

Now, to understand the requ isite idea of potentia l ,  simply 
u nderstand this straightforward observation of Gauss: There is 
no force acting to pull the two magnets you are holding togeth­
er. There is, in fact, nothing pul l ing on either magnet. No force. 
The "pu l l "  you are experiencing is merely an effect observed by 
sense perception, and the "force" between the two magnets 
therefore has no existence in and of itself, but rather is merely 
the shadow of some other, actual phenomenon. 

Think  about this further: I n  the case of gravitation, what is it 
that causes two masses (you and the Earth, for instance) to 

attract one another? Gravity? What is that? Most people, when 
asked, wou ld  reply with the tautology that it is the force which 
causes two masses to experience a mutual acceleration. How 
do we know that th is force exists? Because the masses present 
are u ndergoing an acceleration, and Newton's celebrated 
equation states that F = ma (force equals mass t imes accelera­
tion). Therefore, what is the force which causes two bodies to 
attract? Wel l ,  the force which causes two bodies to attract. . . .  
This c i rcular reason ing is no game, but rather is a product of 
attempting to expla in  the properties of shadows by the shad­
ows themselves ( l i ke a physicist attempting to expla in the 
clearly observed effect of the shadow of a bat on the shadow 
of a basebal l ) 1 3 (F igure 9) .  

Rather than be caught i n  th is  trap, Gauss took the d iscover­
ies he had made transforming the sense-perceptual concept of 
curvature into an actual principle1 4 of the transformation of a 
set of relationsh ips defi n ing a potentia l  for action, and appl ied 
them to the phenomena of gravitation, electric ity, and mag­
netism in  order to develop a concept of a potential field. 1 5  To 
describe the effects of the transformation of such a potential 
field, Gauss's student R iemann e laborated Gauss's own origi­
nal work on functions of a complex variable.  Gauss had rec­
ogn ized that the doubly extended nature of complex num-

Figure 9 
HOW DOES ONE SHADOW MOVE THE OTH ER? 
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EGG PRODUCTION WITH AND WITHOUT ELECTRICITY 
Under normal conditions, chickens lay considerably fewer eggs in winter and 
at night. Without changing this built-in property of the chicken (by, perhaps, 
building a new chicken), we can simply transform the physical space-time 
manifold in which the chicken operates (a). The chicken, no"", by perform­
ing exactly the same action, though in a different manifold, produces an 
entirely different result. This concept is represented graphically in (b). 

(b) 

• 

Figure 1 0  
THE COMPLEX SINE 

Gauss recognized that the doubly 
extended nature of complex numbers 
allowed them to be represented, in 
their entirety, on any surface. Any trans­
formation of the relative positions of 
these numbers, therefore, as in the case 
of applying a mathematical transforma­
tion, corresponded to a transformation 
of the least-action lines of one surface 
to those of another. Here, the complex 
sine function. 

Source: Bruce Director 

bers-numbers uti l iz ing the quantity ,f-f­
al lowed them to be represented, i n  their 
entirety, on any surface. The only difference 
in  each case wou ld be the relative positions 
of the complex numbers. Any transformation 
of the relative positions of these numbers, 
therefore, as in the case of applying a mathe­
matical transformation, corresponded to a 
transformation of the least action (or geodes­
ic) l i nes of one su rface to those of another 
(Figure 1 0) .  

Now, take th is  idea of  potential, as that 
"curvature," or set of relationsh ips, which 
defines the possib i l ity for action, and apply it 
to our i n it ial  d iscussion. What is it exactly 
that causes the transformations of the scalar 
magnitudes of time, productivity, and the 
more com p l icated but su perfic ia l ly  scalar 
quantity of standard of l iving? M ight these 
observable effects be but the shadows of an 
u nderlyi ng, transformed set of relationships?  
Or, more interest ing for our present-day pur­
poses, what sorts of action on that u nderlying 
field could produce the desi red effect on 
magnitudes such as the above-mentioned 
potential relative population density of the 
human species? We wi l l  take this question, 
a l ready a l ien to modern day, u n ivers ity­
trained "economists" (real ly just glorified 
accou ntants, and shoddy ones at that) such 
as Alan Greenspan, and return to our earl ier 
d iscussion of the Roosevelt-era Rural  
E lectrification program . 

Dirichlet's Principle and 
Physical-Economic Potential 

To d iscover what it is that defines the eco­
nomic field i n  the case of the productivity 
i ncrease felt by the F D R  economy, we' l l  take 
o u r  cue from what R iemann  named 
" D ir ich let's Pr inciple," and identify what 
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constitute the s ingu larities and boundary cond itions which 
defi ne the potential for action i n  that case. For this, remember 
the role of physical-economic infrastructure and machine 
tools as the physical med ium by which the i ntroduction of a 
new scientific pr inciple i nto human activity is effected. These 
th ings define the boundary condition of an ent i rely new 
phase space, in which even activity in the non-rura l  areas of 
the economy is transformed by v i rtue of its new relative posi­
tion (analysis situs) .  

The appl iances demonstrated in the REA farm ci rcuses, as 
well as those demonstrated at co-op meetings, were entirely 
the products of private enterprise. Thus, contrary to the sim­
pl istic fantasies which Shu ltz's Arnold Schwarzenegger would 
l ike to transfer straight from his movies to economics, govern­
ment created a boom in private production where private pro­
duction, left to its own devices, would have suffocated itself. 

The new technology produced to effect rural electrification 
(particularly when v iewed in connection with the fu l l  effect of 
Roosevelt's other i nfrastructure-development projects), pro­
duced an explosion in the manufacturing sectors of the econ­
omy which were otherwise far removed from the d rastic trans­
formations tak ing place in rural America. By the time of the 
mobi l ization for World War I I ,  the Nazis, fortu nately for 
h uman ity, were faci ng a transformed U n ited States as a resu lt 
of this transformed potentia l .  Roosevelt had created the possi­
b i l ity for the Un ited States to shou lder more than half of the 
productive burden of the war.1 6 

Roosevelt's Secretary of Agricu lture, Henry A. Wallace, called 
for a 25 percent increase in crop and l ivestock production : 1 3  
b i l l ion pounds of hogs, 1 28 b i l l ion pounds of mi l k, 4 b i l l ion 
pounds of ch ickens, 52 m i l l ion acres of wheat, 88 mi l l ion acres 
of corn, 23 mi l l ion acres of cotton . 1 7  This burden, impressive 
enough on the face of it, was aggravated by the fact that the 
farmers, in most cases, had al ready sacrificed much of their  
able-bodied workers to the war effort. It was only because of the 
prior internal transformation experienced under Roosevelt's 
REA, that this increase in scalar output was possible. Just as it is 
the internal (geometric) reorganization of a machine, which 
al lows a h igher density of its output in the form of energy flux 
density, without necessarily requiring an increase in the actual 
energy brought to bear (F igure 1 1 ,  a and b). 

It is  precisely this method of d irected credit generation and 
massive i nvestment in h igh-technology infrastructure produc­
tion that is needed for the U n ited States today. For the model­
l ing of the desi red processes, we m ust look to the further 
development of Gauss's concept of a potential field, by the 
work of Bernhard Riemann on mu ltiply extended magnitudes 
as well as h is work on Abel ian functions . 1 8  The poss ib i l ity of 
real-time model l i ng of these sorts of processes, using actual 
economic data, represents a characteristic phase sh ift in the 
science of physical economy. This i nvolves projecti ng and 
analyzing seem ing infin ities in order to effect a transfi n ite sh ift 
in the expression of various scalar economic magnitudes, by 
acting on the m u ltiply connected relationsh ips which consti­
tute an economic "field."  

Along with a m uch-needed pol icy sh ift, we would also 
have created the poss ib i l ity of harnessi ng a phenomenon 
once experienced only i ntermittently in human h istory-this 
capacity for surpassing the physical boundaries on hu man 
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development-and transform ing it i nto the sole, consciously 
d i rected element of human econom ics. This return to the 
practice of economics as a true science, as opposed to the 
lu natic casino approach being appl ied today, wi l l  be a crucial  
accomplishment of the LaRouche Youth Movement i n  the 
period im med iately ahead, and m ust become a crit ical area 
of our focus. 

Sky Shields is a leader of the LaRouche Youth Movement 
from Los Angeles. 
Notes ____________________________________________ _ 

1 .  Lyndon H. LaRouche, Jr., "Cauchy's Infamous Fraud," and "How Most 
Economists Became Ill iterate," Executive Intelligence Review, April 1 ,  
2005. 

2. A more thorough discussion of this period can be found in the book-length 
report Economics: End of a Delusion, which features a theoretical essay 
of the same name by Lyndon LaRouche, as well as a study of the Franklin 
Roosevelt recovery measures, written by Richard Freeman. Copies of this 
study may be obtained by contacting Executive Intelligence Review mag­
azine through its website http://www.larouchepub.com. 

3. Deward Clayton Brown, Electricity for Rural America: The Fight for the 
REA (Westport, Conn.: Greenwood Publishing Group, 1 980). 

4. This phenomenon is seen today in impoverished parts of the world 
(including the United States), and is often attributed by the ignorant, or 
those in wishful denial, to either "laziness," or worse, to some sort of Nazi­
eugenics-inspired concept of racial inferiority. 

5. This should remind readers of the current arguments against development 
of so-called "Third World" areas of the world today. 

6. The reader is also encouraged to further research the work of Nicholas of 
Cusa (1401-1 464) to obtain a rigorous, non-fundamentalist concept of an 
infinite God. 

7. This recognition forms the basis of Cusa's discovery of the transcenden­
tal nature of pi. 

8. Bernhard Riemann, "On The Propagation of Plane Air Waves of Finite 
Magnitude," International Journal of Fusion Energy, Vol. 2, No. 3 (1 980). 

9. A similar free-energy effect would be experienced with the introduction of 
an integrated mass transit system for areas such as Los Angeles. 
However, the opposite, disastrous slowing-down effect is to be expected 
from the Bush Administration's current planned elimination of Amtrak, our 
national rail system. 

10.  See "Cauchy's Infamous Fraud" (Executive Intelligence Review, April 1 ,  
2005). "The Power to Prosper" (Executive Intelligence Review, April 29, 
2005), ''The Revolutionary Aspect of LaRouche's Method" (Executive 
Intelligence Review, May 1 3, 2005). 

1 1 .  Carl Gauss, "General Propositions Relating to Attractive and Repulsive 
Forces Acting in the Inverse Square of the Distance," available on the LYM 
website at http://www.wlym.com!.jross/curvaturel. 

1 2. Carl Gauss, ''The Intensity of the Earth's Magnetic Force Reduced to 
Absolute Measurement;' translated from the German by Susan P. 
Johnson, available on the 2 1 st Century website at http://www.21 stcentu­
rysciencetech.com/Translations/gaussMagnetic.pdf. 

1 3. The scalar quantity of energy is another such shadow magnitude. Although 
true in all parts of the physical sciences, this fact is most obvious in the field 
of physical economy. The attempt to manage an economy by simple 
accounting measures of energy input and output will tell you next to noth­
ing of real significance about actual economics. Rather, the true economist 
(as opposed to the mere accountant) will concern himself with the geo­
metric properties of a piece of machinery (or economy as a whole) which 
transforms the amount of energy brought to bear per unit of area. 

For this reason, Lyndon laRouche developed the geometric concept of 
energy flux density as a measure with true ontological significance, unlike 
"energy," which is simply its observed effect. Other such effects are the shad­
ow quantities called "mass," ''velocity;' "acceleration;' and "momentum." 

1 4. See note 1 1 .  
15 .  This i s  not to be mistaken for Maxwell's concept of the field, as taught in 

universities today. 
16. Thus, contrary to my1hology, it was Roosevelt's economy created first 

which won us the war, and not vice-versa. 
1 7. Marquis Childs, The Farmer Takes a Hand: The Electric Power Revolution 

in Rural America (Garden City, N.Y.: Doubleday, 1 952). 
1 8. Further discussion of the work of Gauss and Riemann will be taken up in 

an ongoing pedagogical article series, "Riemann For Anti-Dummies," writ­
ten by LaRouche colleague Bruce Director. The entire series can be found 
at http://www.wlym.com/ under the section header "pedagogicals." 
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On the Re-Discovery of 
A Principle to Communicate 
The Relationship of Principles 
by Cody Jones 

Our  development
. 

of 
an appropriate 

model to commun icate 
the principle of change 
of potential  for action 
(that is, a change in the 
potential-field), as a func­
tion of the i ntroduction 
of a newly d iscovered 
universal principle (sin­
gularity), fi rst req u i red 
the re-d iscovery of a par­
ticular un iversal princi­
ple on our part. 

An i nvestigation i nto 
H ans Christian Oersted's 
1 820 d iscovery of the 
perpendicularly oriented 
relationship (characteris­
tic of a least-action man­
ifold, and the basis of our 
electric ity-driven modern 
economy), between two 
al ready known phenom­
ena, electricity and mag­
netism, y ie ld ing the 
hypothesis of e lectro­
magnetism as a s ingle 
phenomenon, and asso­
ciated experimental 
proofs of this relation-

Field lines formed by iron filings around a magnet are projected onto a screen. Pictured are Wes 
Van Der Schaaf (I.) and Liana Fan-Chiang. 

sh ip, became the basis for gen­
erating the technology to be 
used in our model .  

We started with the  con­
struction of several soleno ids. 
We used 3- inch X 1 /2-i nch 
steel bolts, wrapped up and 

down numerous ti mes (the more the better) with very thin 
i nsu lated copper wi re, leaving two ends of the wrapped 
wire free, to be con nected to the posit ive and negative poles 
of a battery. The c i rcu lar  movement of cu rrent around the 
bolt produces a magnetic effect perpend icu lar  to the flow of 
current, with poles occurr ing at the ends of the bolt. (See 
how th is  is  affected by changing the d i rection of cu rrent 
flow). 
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Th ree of these solenoids were thus mou nted, i n  the ver­
t ical posit ion,  6 i nches apart in tr iangle format ion,  on a 
sol id wood pl atform, with a c lear p i ece of P lex ig las  held 
s l ightly above the solenoids by wooden p i l l a rs .  The two 
ends of the w i re of each of the solenoids were separately 
run through thei r own comm u tators (switches for chang­
i ng the d i rection of cu rrent), meeti ng back together at a 
s ing le  on/off button con nected to the DC battery. The 
switches a l low for changing the n u m ber of magnets act i­
vated at  any one t i me, as we l l  as which pole (north or 
south),  s its under the P lex ig las .  

On the P lex ig las was sprin k led a th in  l ayer of  i ron fi l i ngs. 
(We gathered these from a sand box at the local park, by a 
process of moving a magnet, wrapped i n  a pl astic bag, 
through the sand, attracti ng the i ron fi l i ngs that had been 

SCIENCE & THE LAROUCHE YOUTH MOVEMENT 



natura l ly  d ispersed through th is  fossi l  of l iv ing  matter, and 
then we further d isti l l ed them out through a simple refi n i ng 
process). 

"D irich let's Pri nci ple," to demonstrate complex transforma­
tions of a Gauss-R iemann type.) 

Demonstrating 'Potential' Upon activation of one of the solenoids, the i ron fi l i ngs wi l l  
al ign themselves in  rad ial  spokes emanating from the magnet­
ic pole, in conformity with the potential field generated by that 
singu larity (that is, the magnetic pole) . Demonstration of the 
introduction of a new singularity can then be achieved by acti­
vating a second solenoid, whose poles are reversed, in relation 
to the fi rst solenoid. When the Plexiglas is gently tapped, a 
kind of stop-action transformation (ani mation) is achieved, as 
the i ron fi l i ngs rea l ign themselves accord ing to the new action 
potential that has been created by the i ntroduction of this sec­
ond singularity. The i ntroduction of the th i rd pole provides yet 
another transformation. (Notice the effect of the relationship 
created between l i ke poles). 

This  u n i versa l - i nspired model served us  to demonstrate 
pedagogical ly, in fi rst approxi mation, the idea of "poten­
t ia l ,"  as most thoroughly developed by Lyndon LaRouche in 
h i s  paper "The Power to 
Prosper,"2 and further e l abo­
rated in a series of c l asses on 
LaRouchian economics pre­
sented by the L a Rouche 
Youth Movement. 

I find it most appropriate 
that the model developed to 

It is important to realize that the "field l ines" (as named by 
the evi l  J ames Clerk Maxwe l l) shown by the formation of the 
fi l ings, are not fixed. Each run of the model wi l l  provide a new 
set of l ines. What is constant is the particular "shape" of the 
pathway of action that can be taken, as determ i ned by the 
type, and relationsh ip  of the s ingu larities. In other words, 
what's determined is the qual ity of action that can occur in the 
field.  

demonstrate the n ature of change produced by Frank l i n  D. 
Roosevelt's Rural  E l ectr if icat ion  P rojects, wou l d  be 
premised on our  own re-discovery of the pri nciple of  e lec­
tromagnetism. I t  was the re-discovery of that pri nc ip le  
(power) , which gave us  the new power to communicate the 
pri nc ip le of change in potentia l ,  as occu rs when a new 
power (princ ip le) is  introduced to the domain of Physical 
Economy. 

(Notice that the a n imations generated by this model are of 
the same form as those generated by B ruce Di rector, in  such 
locations as " Riemann for Anti-Dumm ies," Part 581 on 

Notes ____________________ _ 
1 .  This series of pedagogicals is available at www.wlym.com. 
2. Lyndon H. LaRouche, Jr., 'The Power to Prosper," Executive Intelligence 

Review, April 29, 2005. 

Keep Up with the LaRouche Youth Movement! 
w�,,,,, . 
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42,000 MILES OF 
ELECTRIC RAIL AND 
MAGLEV 

An end to gridlock: 
The West Coast high­
speed ground 
transportation 
corridor would use 
electrified railroad 
and magnetic 
levitation lines. 
Envisioned here is 
the Interstate 5 
freeway route in 
Northern California 
near �ount Shast� 
where a new maglev 
route would cross the 
existing north-south 
railroad. 

A Plan Illustration by J .  Craig Thorpe, commissioned by Cooper Consulting Co. 

To Revolutionize 
America's Transport 
by Hal  Cooper 

An experienced railway 
consultant lays out the 

requirements and timetable for 
how to get from here to 

prosperitYt via electrified rail . 

T
he Un ited States, and indeed the world, is now at a critical j uncture, 
with two starkly different pathways for its economic and energy 
future. One is to continue to degenerate into fiscal austerity, as the 

result of 40 years of world financial deterioration, which began with the 
introduction of free-market, free-trade pol ic ies in  the 1 960s. The other 
option is to rise to a new height of growth and prosperity by retu rn ing to 
the American system of economics, as advocated by economist Lyndon 
LaRouche. 

It is proposed here to construct a 42,000-mi le-long route network of 
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conventional speed el ectrified i ntercity ra i l road l i nes for 
the transport of freight and passengers, which wi l l  be largely 
bu i lt on the trackage or ri ghts-of-way of the a l ready exist­
ing ra i l road network (F igure 1 ) . There are also smal ler route 
networks of 1 0,000 and 2 6,000 route-mi l es proposed as 
part ia l  a lternatives. In addit ion, there w i l l  be a 42,000-
m i l e- l ong magnet i c  lev i tat ion network constru cted gen­
era l l y  a l o n g  the  ex i s t ing  i n te rstate h i gh way network, 
which w i l l  operate at very h igh speeds (F igure 2). There 
wi l l  also be 1 0,000- and 2 5,OOO-mi le- long magnetic levitation 
networks. 

The proposed national ra i l road electrification network wi l l  
be designed to move large quantities of  freight between cit ies, 
plus the passenger traffic which now goes by rai l ,  as wel l as 
the traffic that w i l l  go by rai l  in the future. The proposed 
national electrified rai l road network would be expanded from 
a starting point at a l most zero today, to 1 0,000 route-mi les by 
201 5,  to 2 6,000 mi les by 2020, and to 42,000 route-mi les by 
2030. 

The operating characterist ics of this i ntercity electrified 
rai l road system wou ld be as fol l ows: The freight trains oper­
ating on these tracks wou ld be designed to run at speeds of 
90 to 1 1 0  m i les per hour, carry ing  trucks and contai ners, and 

from 70 to 90 m i les per hour for most other freight tra ins .  The 
large, heavi ly l oaded u n it tra ins  carry ing coal wou l d  be the 
exception, as they wou ld genera l ly  operate at speeds of 35 to 
45 m i les per hour, for safety reasons. Passenger tra ins  wou ld 
be designed to operate at maxi mum speeds of 1 2 5 to 1 50 
m i l es per hour. The track configu ration wou ld be one of dou­
ble tracks throughout, with crossover tracks and passing s id­
ings at periodic i nterva ls .  There wou ld be triple tracks or 
even four tracks along certa i n  very heav i ly  travel led rai l road 
l i nes. 

The construction of th is nat ional  magnetic levitation net­
work wou ld be plan ned so that 5 ,000 route-mi les wou l d  be 
in operation by 2020, with 1 0,000 route-mi les by 2025,  
25,000 route-mi les by 2030, and 4 2,000 route-mi l es in  
operation at  fu l l  capac ity by 2 040.The magnetic levitation 
system wou ld be bu i l t  as an el evated, double-gu ideway 
track system throughout, us ing  some crossovers at periodic 
i nterva ls .  The system wou l d  be b u i l t  pr imar i ly  along the 
existi ng i nterstate h ighway media ns, for ease of right-of-way 
acqu is it ion as wel l  as for safety and operat ional  reasons .  It 
wou l d  be designed to operate at speeds of 3 5 0  m i les per 
hour, or even h i gher, in some locations between the major 
end-point cities. 

Figure 1 
T H E  PROPOSED 42,OOO-MllE-lONG N ETWORK OF NATIONAL ElECTRI FIED RAi l  

This route network o f  electrified intercity rail would transport freight and passengers, largely o n  existing (upgraded) 
ra il lines. 
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Figure 2 
THE PROPOSED 42,OOO-MI LE-LONG NETWORK OF MAGNETICAllY LEVITATED TRAINS 

This new high-speed maglev network will be constructed along the existing interstate highway system. 

The national  rai l road electrification system operating on 
the existi ng rai l road l i nes wou ld be designed to carry pri­
marily fre ight, as wel l as passengers for the shorter trips. The 
electrified ra i l road wou l d  carry not only the existing ra i l ­
road freight traffic-base, b u t  also i ncreas ing vo lumes of 
trucks and truck-tra i l er com bi nations, as wel l as the box 
conta iners i n  in termoda l  combi nations on flat cars. Drivers 
wou ld accompany the i r  truck freight in their  own separate 
passenger cars, as a part of the intermodal freight tra in ,  so 
that they cou ld then drive off to thei r desti nations from the 
term inals .  

Intermodal  truck-ra i l  transfer term inals would be located at 
periodic i ntervals throughout the entire national electrified 
rai lroad system, including at smal l  towns in rural areas. 
Passenger stations, as wel l as intermodal freight term inals, 
would be located in a large nu mber of commun ities through­
out the ent i re rai l  network, in  order to provide a maximum 
level of staffed station coverage for the publ ic, and not only at 
end-point cities. 

This would be designed to replace, at least in  part, the need 
for automobi le trips and some plane trips of less than 300 to 
400 mi les, and wou ld have as its primary mission the inter­
modal d iversion of truck traffic from road to rai l  for anything 
longer than local pickups and del iveries. 
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The proposed m agnetic levitation system wou l d  have 
stops only at the major end-po int  c ities and in the larger 
i ntermediate i n land cit ies.  Magnetic levitation, at 3 5 0  m i l es 
per hour or h igher, would be designed to replace a i rplanes 
for those trips longer than 300 to 400 m i l es, but less than 
1 ,000 to 1 , 200 m i l es for passengers. A i rplane travel wou l d  
then o n l y  b e  req u i red for those cross-conti nent a n d  long­
d istance trips greater than 1 , 200 to 1 , 500 m i les, or for short­
er tr ips to remote locations. An extensive feeder-bus net­
work wou ld serve both the magnetic levitation system, as 
wel l as the passenger tra i ns of the e lectrified conventional 
rai l road system.  The magnetic levitation system wou ld a lso 
be able to carry the majority of the h i gh-va lue parcel traffic, 
with spec ia l  cars on the exist ing tra ins  for use by package 
carrier compan ies, and d istr ibution and sort ing centers in 
the major cit ies. 

The proposed schedule for the construction of the respec­
tive 42,000 route-mi le national electrified-ra i l road network 
and the paral lel  42,000 route-mi le magnetic-levitation net­
works are i l lustrated i n  Figure 3 .  The national electrified rai l­
road network would be completed and in  fu l l -scale operation 
by 2030, with service starti ng in 201 0; whi le the magnetic lev­
itation would begin service in 201 6 and be completed by 
2040. 
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THE 45-YEAR TIMETABLE FOR REVOLUTIONIZING 
AMERICA'S TRANSPORT SYSTEM 

The intercity railroad electrification would start immedi­
ately. Maglev would be phased in starting in 20 1 6. 

There are some locations where both the e lectrified ra i l ­
road and the magnetic levitation systems would  operate on  
common rights-of-way, at l ocations where i nterstate high­
ways and major rai l road l i nes wou l d  be in c lose proxi mity to 
each other. One such location is a long the I nterstate 5 free­
way i n  southern Cal i forn ia, south of Bakersfie ld,  where a 
new rai l road l i ne wou ld con nect through a major new 32-
m i l e- long tunnel under the G rapevine G rade, a long with a 
magnetic levitation l i n e  a long the freeway goi n g  up the 
mounta i n, as shown in F igure 4 .  The second location is  
a long the I nterstate 5 freeway route in  Northern Cal iforn ia  
near Mount Shasta, where a magnetic l evitation route cross­
es the main existing north-south rai l road l i ne, as i l lustrated 
on page 22 .  (Both i l l ustrations were pai nted by the noted 
rai l road artist J. Craig Thorpe, and were comm issioned by 
the author for the Sch i l ler Institute to i l l ustrate the present 
concept.) 

I ntercity Freight and Passenger Traffic 
There has been a considerable i ncrease in i ntercity freight 

traffic volumes in the Un i ted States in the past 20 to 25 years. 
The overal l freight traffic vol u me in net ton-mi les per year has 
i ncreased from 1 ,492 b i l l ion net ton-m i les per year in 2000, at 
an annual rate of 2 .8 percent per year. The percentage of th is 
freight carried by truck has i ncreased from 3 7 .2 percent in  

(Continued on page 30) 

Figure 4 
H I GH-SPEED RAI L  AND MAGLEV I N  CALI FORNIA 

Here is another location where electrified railroad and maglev would operate in parallel in California: Along the Interstate 
5 freeway, south of Bakersfield, a new electrified railroad line would connect through a new 32-mile-long tunnel under 
the Grapevine Grade. A maglev line would follow the freeway, going up the mountain. (An illustration of another 
California tandem route appears on p. 22.) 
Source: Illustration by J. Craig Thorpe, commissioned by Cooper Consulting Co. 
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Why 
Electrified 
Rail Is 
Superior 
by R ichard Freeman and Ha l  Cooper 

T
he fight to electrify the 
American rai l  system 
has been waged for 

more than 1 00 years. The 
superiority of electric-driven 
l ocomotives over steam­
powered locomotives, and' 
over the hybrid d i esel­
electric locomotives that are 
used today, is undeniable. A 
comparison of electrified rai l  
to steam-powered rai l ,  a t  the 
peak of the powers of each, 
brings out the stunning supe­
riority and method of opera­
tion of electrified rai l .  

Th is 1 9 th Century stea m engin e was 
photographed on May 1 0, 1 893, in Syracuse, 
N. Y.; when Engine 999, drawing the Empire State 
Express, made the record speed of 1 2.5 mph. 

The steam-powered loco­
motive, an i nvention of the 
1 820s and 1 830s, works on 
the fol lowing basis: On the 
locomotive of, the train is  a 

France's TGV high-speed electric train. Nearly 80 percent of France's electricity is supplied 
by nuclear energy, and supports its nationwide grid of electrified railroads. 

"firebox" i nto which coal is 
fed .  The firebOx heats ,( water boiler, makiH� super-heated " 

steam, which is under very h igh pressure. The super-heated 
steam is passed to cyl i nders (by a su itable valve arrange­
ment), where it drives pistons. The moving pistons tu rn a 
main  rod, which i n  turn, moves connecting rods that are 
attached to the locomotive's driving wheels .  (Th is whole 
arrangement ut i l izes a system of gears.) 

F ive l i m iting features are obvious. F i rst, the tra in can only 
achieve a certai n  speed. The best steam locomotives in the 
1 940s, using super- large cyl inders, and in some models 
operating two paral lel sets of super-large cyli nders, cou ld 
only ach ieve top speeds of 1 2 5 m i les per bour, without a 
load of cars. Second, on a steep grade, a steam locomotive 
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cou ld lose as,cm'uch as h�lr 6f its �rr6ning p6Wer. 
'
Third, 

steam locomotive coul d  be i n  the shop for as much as 40 to 
59 percent 0f the time. Fourth, it must d rag its own fuel and 
water suppl ies (for boil ing i nto super-heated . steam) along 
with it, usual ly i n  a "tender car.". The steam locomotive must 
hau l many tons of coal and 2,500 gallons of water or more. 
Fifth, the steam. locomotive is  i neffic ient: It consumes nearly 
two times as many BTUs of energy to carry a ton-mi le of 
cargo freight as does an electric locomotive. 

At the dawn of the 20th Century, electrification of rai l  had 
been introduced in the Un ited States, poised to become a 
real ity. It grew in smal l  stepsi so that by the early 1 9305, 
3,000 route-mi les1 had been electrified, at least several hun-



dred of them through the assistance of President Frank l in  
Roosevelt's Publ ic  Works Admin istration . 

An indisputable advantage of electrified rai l  is that it does 
not carry its own power generator/power supply with it. The 
system begins with a stationary electricity-generating plant far 
away from the locomotive, which can use any sou rce of fuel­
say, nuclear-to generate the electric power. The electricity is 
transmitted by transmission l ines to a set of wire l i nes that hang 
overhead of the train track, cal led the catenary l i nes. A device 
on top of the locomotive-cal led a pantograph-makes con­
tinuous contact with the catenary system, transmitting elec­
tricity continuously i nto the locomotive. (A transformer steps 

trolled General Motors organized to stop the electrification of 
u.s. rai l .  F irst, they worked to pass the Interstate and Defense 
Highways Act of 1 956. Ostensibly the product of a Presidential 
task force on this subject headed by General Lucius Clay, the 
Act was to provide a central ized series of corridors for the con­
ti nental movement of goods during war and other emergencies. 
However, the above al l iance shaped it to spread suburban 
sprawl, suburban real estate bonanzas, and the explosive 
growth of the petroleum-consuming car and truck market, 
which came to dominate the nation's transportation system. 

The Act created an enormous annua l  flow of government 
money into h ighway bu i ld i ng, so that during the past 50 

An early 1 940s U.S. electric locomotive. By the 1 930s, u.s. rail had 3,000 
route-miles electrified-three times today's electrification. The pantograph and 
catenary line can be seen at upper left. 

years, $ 2 .5 tri l l ion has streamed into 
b u i ld i ng and repair of U . S .  h ighways and 
roads, while Amtrak m ust beg to get a 
paltry $ 1 .8 b i l l ion per year barely to sur­
vive. I n  2004, some 8 . 75 m i l l ion trl!cks 
were tu rned loose on the h ighways, car­
rying 25,000- to 1 00,000-pound loads. 
The heavier the trucks become, the more 
they r ip up the h ighways-as the damage 
i ncreases geometr ica l l y  with heav ier 
trucks-req u i r i n g  greater repai r. The 
surge i n  truck traffic, i n  particu lar, and 
also passenger cars, has grown to such 
u nwieldy proportions, that for hours of 
each day, the h ighways don't fu nction.  
Various u rban p lan ners now propose 
bu i ld ing h ighways with six lanes in  each 
d i rection .  

In  1 943, during World War I I ,  73 percent 
of America's intercity freight traffic (by ton-

down the voltage) . The electricity is d irected to motors which 
are attached to the wheels, and power them. 

The electrified tra i n  system produces benefits of great sig­
n ificance: F i rst, one leading system, the French TGV, cru ises 
at 1 80 mph (290 kph), a speed closely approximated by elec­
trified systems i n  several other European nations and Japan.  
Second, the electrified tra in  system uses no petroleu m .  Th i rd, 
several electrified tra i ns can use "regenerative braking sys­
tems" (by essential ly transform i ng the motors i nto generators) 
which capture electricity when braking, save great wear and 
tear on brake shoes, and so on. Fourth, the electrified tra in  
uses half as many BTUs to carry a ton-mi le of  cargo freight 
as do steam-powered locomotives, and mai ntains a sizable 
energy effic iency over other transport systems. 

The close of World War II marked the end of the domi­
nance of steam-powered locomotives-a demise that shou ld 
have come a half-century earl ier. Certai n ly, the bright 
prospect of the U n ited States moving toward electrified rai l  
was beckoning.  B u t  this move never occurred; i t  was sabo­
taged by Wal l  Street banking i nterests. 

The Post-World War I I  H ighway Detour 
In the period after World War I I ,  an al l iance of the Anglo­

American bankers, the oil cartel, and the Morgan/Dupont-con-

nage) travel led by rai l ,  and only 5 percent 
travelled by truck-and the system worked. By 2001 , the per­
centage of freight moved by rai l  plummeted to 42 percent, 
whi le truck freight rose to 28 percent. Except for the coal 
moved by the rail roads, trucks today carry more goods. 

The bank/oi l  cartel/automotive a l l iance carried out a second 
assault in the post-World War II era. It dismantled much of the 
existing electrified rai l ,  leaving less than 1 ,000 electrified mi les 
in America. As steam-powered locomotives were phased out, 
there was a sh ift toward diesel-electric hybrid locomotives, 
which now comprise 99 percent of the u.s.  fleet. 

Diesel-Electric locomotives 
There are two most i mportant poi nts about d iesel-electric 

locomotives. F irst, th i n k  of putting a diesel engine onboard 
just to power a generator for an electric locomotive. The 
same thing cou ld be done s imply, without the d iesel 
engine, by transmitti ng outside e lectric i ty i nto the locomo­
tive. Second, consider that a d iesel-electric locomotive has 
a 450- to 500-gal lon d iesel fuel tank.  Col lectively, these 
hybrid locomotives consume 3.8 trillion gallons of fuel per 
year. Thus, the electric locomotive has been reduced to an 
appendage of the burn ing of petroleum .  

The rai l system has been both technological ly and physi­
cal ly  degraded, especia l ly s i nce the Staggers Act of 1 980 

2 1 st CENTURY Summer 2005 27 



28 

deregu lated the i ndustry, and the sharks and asset-strippers 
moved i n .  There was a ferocious " rational ization" of rai l  
l ines. In 1 980, Class I rai l roads operated 1 64,822 route­
m i les, but by 2004, that was reduced by 40 percent, to 
99,000 route-mi les. In the same period, the rai l roads settled 
on a survival strategy: Loading up on the transportation of 
coa l .  Coal is  a legitimate fuel source for electricity genera­
tion, but its role and use should not be exaggerated. In 
2004, 43 percent of a l l  tons sh ipped on the ra i l  system were 
coa l .  Th i s  ties down the ra i l  system .  The transport of other 
goods is  l agging. Over the past three decades, the rai l  indus­
try's sh ipment of non-coal goods, per household, has fa l len 
dramatical l y. 

A Great Project Approach Is Needed 
The long-suppressed electrification of America's d i lapidat­

ed rai l  system is an undertaking which could only be 
ach ieved by the fight for and adoption of Lyndon LaRouche's 
Apr i l  1 3  emergency proposal to the U .S.  Senate,2 which 
cal led for a retool i ng of the auto sector to deploy the 
immense volume of advanced machine tools and hundreds 
of thousands of sk i l led workers it sti l l  commands, to produce 
the goods for the electrification i nfrastructure. 

We present here the crucial elements, which, bei ng done 
in tandem, put great demands on the ecpnomy. Consider the 
b i l l  of materials for the tremendous array of goods that wou ld 
go i nto each element. 

( 1 )  Electric locomotives: In 2003, the Class I ra i l roads (the 
nation's largest rai l roads)) operated 20,7 1 1  locomotives, a l l  
o f  them d i esel-electric.  About ha l f  these locomotives 
( 1 0,350) travel on the most heav i ly travel led 42,000 route­
mi les c ited above. An attempt cou ld be made to retrofit the 
d iesel-electric locomotives into a l l-electric locomotives, but 
that is. a compl icated procedure. Thus, the retooled auto 
plants wou ld have to take the lead in bui ld ing 1 0,350 a l l ­
electric l ocomotives. 

(2) Catenary lines and transmission lines: To electrify these 
routes, requires bu i ld ing an overhanging system of catenary 
l ines above the tracks, to transmit the power to the trains. 
From electric power plants, electricity wou ld be carried by 
transmission l i nes to the catenary l ines. This means 42,000 
mi les of catenaries, and tens of thousands of mi les of trans­
m ission l i nes. 

(3) Substations: These bring power from h igh-voltage lev­
els to lower voltages, and a lso . act as phase-breakers, 
because when current travels more than 40 mi les, there are 
severe voltage losses. More than 1 ,000 substations would be 
bu i lt, one every 40 mi les. 

(4) Double-tracking: When tra ins come from opposite 
d i rections on a specific route sharing the same track, both 
must slow down at some point, using a side track to clear 
one another. If that happens several times on a route, the 
overa l l  trip speed is considerably s lowed. A double-tracked 
route provides a set of tracks for travel in each d i rection. Of 
the 42,000 route-m i les selected for electrification, only 
1 0,000 to 1 2,000 are double-tracked, but heavy usage 
makes v i rtual ly a l l  of them candidates for double-tracking, 
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cal l ing for tens of thousands of m i les of new track. The b i l l  
of materials to lay each new m i l e  o f  track i s :  3 7 0  tons of 
steel, 535 tons of cement, and so on.  Also, steel is requi red 
for the culverts. 

(5) Nuclear power generating plants. The 42,000 route­
m i les of electrification would requ i re a complete overhau l of 
America's energy pol icy: Its inadequate energy grid now suf­
fers blackouts and shortages. To electrify these route-mi l es 
would require adding new electric-generat ing capacity of 
50,000 megawatts (MW) in order to generate 383 tri l l ion 
ki lowatt-hours of electricity during the cou rse of one year. 
This would represent a 5 .3  percent i ncrease of the U .S. 
i nstal led (summer) generati ng capacity. 

To do this, the U n ited States wou ld have but one choice: 
to move forward with a vigorous nuclear energy pol icy. This 
cries out for mass-production techn iques for nuclear power 
production. Retooled auto plants could make several of the 
components. 

Gearing Up Physical Production 
We have briefly exami ned five elements that are i ndispen­

sable for the electrification of America's rai l  system.  Needless 
to say, there are many more e lements of importance that 
cou ld be considered : signal l ing systems; grade separations 
(underpasses and overpasses to cross the track); passenger 
cars, hopper cars, and i ntermodal cars; trai n  stations; com­
ponents such as couplers, cool ing systems, etc. 

The most important thing is getting phys ical  production 
geared up to produce the critical features of this great infra­
structure project. Its production w i l l  employ at min imum 
250,000 workers, most of  them sk i l led, in producing the 
array of goods from the final locomotives and transmission 
l ines, to the sem i-fin ished goods l i ke steel ,  copper, and a l u­
minum, and the components l i ke cool ing systems, to the 
fi nal on-site construction . There is  a price attached to e.ach 
element; for example, the cost of an electric locomotive is 
about $3 .5  m i l l ion, so that 1 0,000 such locomotives wou ld 
cost $35 b i l l ion.  Prel iminary projections are that the entire 
project wou ld cost in the range of $400 to $ 500 b i l l ion, and 
take 1 0  to 1 5  years. 

However, the system w i l l  perm it the economy to l eap­
frog ahead techno logica l ly. E lectrified h igh-speed ra i l  pas­
senger travel w i l l  occur at 1 50- 1 90 mph; freight w i l l  travel 
at approximately 90-1 1 0  mph (for safety's sake, coal and a 
few other commodities are best served trave l l ing at lower 
speeds) . By contrast, 75 mph is the legal l i mit  of passenger 
cars and fre ight-carrying trucks, and in real ity, in traffic, 
they travel at a fraction of that speed . The e lectrified system 
w i l l  radiate these benefits, and the associated h igher pro­
ductivity, through the main corridors of every part of the 
nation. 

G iven the speed and other advantages of electrified raii,4 
it wi l l  be possible to take trucks off the road in two ways. 
F i rst, there are categories of freight that are best shi pped by 
ra i l .  Second, in a process that is  in its i nfancy: Trucks can do 
short-haul via rai l road . A truck picks up a product, drives to 
a ra i l road, is strapped onto a rai l  flat car, and sh ipped to 



another city, where the drive'r and truck d isembark to make 
the del ivery, By these two processes, with in  1 5  years, one­
third of truck traffic could be shifted to rai l .  

However, the production of goods for e lectrification of 
42,000 rai l  route-mi les cited above, is based on working to 
accommodate'the current volume of rai l  freight, and factor in  
a smal l annual increment Were we to succeed in  transfer­
ring one-thir.d of truck freight to rai l ,  this wou ld requ i re a sec­
ond round of increased production for electrified rai l .  

Magnetic levitation 
As forcefu l as the effect that rai l  e lectrification would have 

in transform ing the econd'my, there is sti l l  a h igher level : 
magnetic levitation . I n  "maglev," the magnetic forces gener­
ated by the interaction between the bottom of the transport 
vehicle and the rai l ,  l i ft, propel, and guide a veh icle along a 
guideway, so that it "flies" on a magnetic cushion. This e l im­
inates wheel-on-wheel friction, which s lows a l l  trad itiona l  
modes of  rai l road transport. Current generation maglev sys­
tems cruise at speeds of 245 mph (392 kph), and can reach 
top speed of 300 mph (492 kph), four times the current aver­
age speed of U.S. freight and passenger travel . 

Maglev wou ld start in the 5,000 m i les of corridors that are 
the most densely popu lated. It wou ld requ i re a third round 
of rai l  production gear-up, including an additional 25,000 
to >50,OOO gigawatts, of nuc!ear-generating capacity, mean­
ing that with electrification and maglev, the nation's gener­
ating capacity would have to increase an i mpressive 1 0  per­
cent. 

Rai lroad electrification, including maglev, becomes possi­
ble only when the economy is mobi l ized and the mammoth 

I 
This 225-mph magnetically levitated train operates between Shanghai 
and its, airport, a distance of 20 m iles. The design is the Siemens 
Transrapid. 

prod uction capa b i l ity represented by the 
retooled auto sector, is brought i nto play. 
Without this capabi l ity, electrification of this 
scope would not be possible.  

Such a m ission wil l  emerge from a pol itical 
fight Adoption of LaRouche's emergency pro­
posal would save the auto sector in precisely 
such a manner, as to generate a technological 
revolution in  rai l  and cascad ing productivity 
that w i l l  aid in reconstructing the nation. 

Richard Freeman is on the economic staff of 
the Executive I ntel l igence Review, and is work­
ing with Hal Cooper in elaborating a national 
railway policy. 

Nores ______________________________ __ 
1 , A route-mile is a mile of actual route that a train travels. 
A route of 50 miles represents 50 route-miles. This route 
may be double-tracked, thus having a total of 1 00 miles of 
track (and even more track in sidings, and yards), but still 
have only 50 route-miles. 

2. laRouche's Emergency Memo to the U.S. Senate can be 
found at www.la�ouchepac.com. 

3. Class I railroads have $277 million or more of revei!lues 
per year. In practice, each of America's Class I railroads 
has more than 1 0,000 miles of track. 
4. A truck consumes nearly 2.5 times as many BTUs of 
energy to carry a ton-mile of cargo freight, as does an elec­
tric locomotive. 
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Figure 5 
TRUCK I NCREASE DOMINATES I NTERCITY 

FREIGHT TRANSPORT 
Without electrification, if present trends continue, truck 
traffic will dominate u.s. intercity freight transport. 
Here, total U.S. intercity freight transport by air, rail, and 
truck, from 7 975-2050. Projections are based on current 
trends. 

(Continued from page 25) 
1 980, to 40.9 percent i n  2000, at an average annual rate of 
i ncrease of 3 .3  percent per year for truck traffic over the 20-
year period. 

The percentage of freight carried by rai l road has dropped 
from 62.5 percent in 1 980 to 58.5 percent in 2000, with an 
annual average rate of i ncrease in rai l  freight traffic volu .me of 
2.5 percent per year. It is expected that the volume of total 
freight traffic wi l l  triple between 2005 and 2050, if present 
trends continue into the foreseeable future, as shown i n  
Figure 5 .  

S imi lar results are reported for i ntercity passenger travel i n  
the Un ited States between 1 980 and 2000. The total intercity 
passenger traffic i ncreased from 1 ,468 b i l l ion passenger­
m i les per year i n  1 980 to 2 ,494 b i l l ion passenger-mi les per 
year in 2000, at an annual  rate of 2 . 65 percent per year. The 
portion carried by car decreased from 82.4 percent in 1 980 
to 76.6 percent in 2 000, as the total automobi le traffic 
increased by 2 . 3  percent per year dur ing this period. The 
portion of these passenger tri ps carried by air increased at a 
much faster rate of 4 .2  percent per year, from 229 b i l l ion 
passenger mi les per year in 1 980, to 530 b i l l ion passenger­
mi les per year i n  2000, as its market share increased from 
1 5 .6 percent in 1 980 to 2 1  .2 percent in 2000. The portion of 
the total passenger tri ps taken by rai l  remai ned below 1 per­
cent of the total during the period from 1 980 to 2000, so a 
s ign ificant i ncrease i n  ra i l  travel wou ld req u i re major 
changes. 
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Figure 6 
PETROLEUM CONSUMPTION WILL ZOOM 

UPWARD WITHOUT RAIL ELECTRIFICATION 
If the United States does not electrify its railroads, and 
move more freight by rail, the petroleum used to carry 
freight and passengers will increase from 7 .463 billion 
barrels in 7 980 to as much as 9.603 billion barrels a 
year by 2050-more than the present national total 
petroleum use. 

Reducing Transportation's Petroleum Budget 
In the absence of major pol icy in itiatives, such as the elec­

trification of intercity rai l roads and major i ntermodal d iversion 
from road or air to rai l ,  the amou nt of petroleum to be used in 
the transport of freight is  expected to i ncrease from 380 m i l ­
l ion barrels per year i n  1 980, t o  5 80 o.mi l l ion barrels i n  2000, 
to as much as 2,353 m i l l ion barrels per year by 2050, if  the 
present trends continue, as shown in F igure 6.  The total annu­
a l  petroleum consumption in  the transportation sector is  
expected to i ncrease from 1 ,463 m i l l ion barrels per year in 
1 980, to 2,508 m i l l ion barrels per year i n  2000, to as much as 
9,603 m i l l ion barrels per year by the year 2050 (wh ich is  more 
than the present national total ) .  The passenger sector would 
predom inate. 

The present petroleum consumption totals appear to be 
clearly unsusta i nable, in view of the present and future l im ita­
tions on world o i l  suppl ies. Clearly, national rai l road electrifi­
cation is going to be needed for purely national-economic and 
energy-security reasons, as the expected o i l  demand wi l l  
exceed expected o i l  suppl ies. 

The electrification of rai l roads for freight transport wou ld 
u lt imately replace th is  petroleum consumption with  other 
energy sources, by generat ing electricity at central power 
plants. The preponderance of energy consumption for freight 
transportation is  for truck transport, with essent ia l ly  a l l  of the 
energy suppl ied by burn ing d iesel fue l  or gaso l i ne refined 
from petroleum. S h ipments of freight by truck constitute 4 1  
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Figure 7 
AUTOMOBILE TRAFFIC WILL I NCREASINGLY 

LOCK THE H I GHWAY GRIDS, ' 
WITHOUT ELECTRIFICATION AND MAGLEV 

If present trends continue, oil-dependent auto and air 
passenger transport will continue to increase. 

percent of the total movement i n  ton-mi les, but requ i re 5 7  
percent o f  the total energy consumption i n  the form o f  petro­
leum . In contrast, rai l roads move 58 percent of the i ntercity 
freight but req u i re only 26 percent of the total energy 
req u ired for i ntercity freight transport. 

The diversion of a s ign ificant portion of the i ntercity truck 
traffic from road to rai l  wou l d  s ignifi cantly reduce the over­
a l l  level of petroleum consumption, E lectrification wou ld 
increase the oil  savi ngs for the three a l ternative 1 0,000-, 
26,000-, and 42,000-route-mi le  e lectrified ra i l  networks, 
from 52 m i l l ion barre l s  per year, to 73 m i l l ion, to 94 m i l l ion 
barrels per year. There would a lso be an est imated transport 
cost-savi ngs resu Iti ng frolT! e lectrification of the rai l  road 
with the com parative transport cost of 6 . 1 5 cents per net 
ton-mi le  for truck transport, 4 .20 cents per net ton-m i le for 
diesel tra i ns, and 3 . 5 0  cents per net ton- m i l e  for electric 
trains.  

As a resu lt, the electrification of the rai l roads wou ld give 
shippers a net overa l l  transport cost-savi ngs from $7 . 1  b i l l ion 
per year for the min imum network, to $ 1 2 .8  b i l l ion per year 
for the maximum network based on year 2000 freight traffic 
volumes. 

The e lectrification of the rai l road wou ld also result  in a 
reduction of petroleum consum ption for those cargoes going 
by ra i l road . The petro leum savi ngs which wou ld result  from 
the rai l road traffic alone wou ld i ncrease from 33 m i l l ion bar­
rel s  per year for the m i n i mu m  1 O,OOO-route-m i le network to 
66 m i l l ion barre l s  per year for the maximum 42,000 route­
m i l e  network. The total petroleum savi ngs result ing from 
both the i ntermodal d iversion of the trucks from road to rai l-

Figure 8 
ELECTRIFICATION A N D  MAGLEV WILL GREATlY 

REDUCE PASSENGER AUTO AND A I R  TRAVEl 
With the introduction of electrification and maglev, the 
projected trends (to 2050) for u.s. intercity passenger 
transportation will reduce highway and air travel. 

road, p lus the electrification, wou ld i ncrease from 85 m i l l ion 
barrels per year for the m i n i mum network, to 1 60 m i l l ion 
barrels per year for the maximum network, exc lud ing a i r  
freight service. The overal l  cost-savi ngs resu lt ing from the 
rai l road electrification p lus  the i ntermodal d iversion of truck 
traffic from road to rail would a lso result i n  a net transporta­
tion cost-savi ngs to sh ippers, which wou ld i ncrease from $ 1 1  
b i l l ion per year for the m i n i m u m  1 0,000 route-m i le network, 
to $20 b i l l ion per year for the maxi mum 42,000 route-mi le 
network. 

It is  also important to identify the potential petroleum sav­
i ngs which could result  from the intermodal d iversion of pas­
senger traffic from air  or auto to rai l .  

The proposed implementation o f  a national rai l road elec­
trification network cou ld substantia l ly  reduce the need for oi l ­
dependent a i r  and auto modes for i ntercity passenger travel­
by more than half, by 2050, as shown in F igure 7.  The role of 
magnetic levitation becomes critical in the future for replac­
ing a i r  travel as a relatively time-competitive transportation 
mode for passengers. In contrast, the conventional e lectrified 
rai l road-network w i l l  serve as a feeder service for shorter 
trips, as the means for d iverting automobi le  traffic to the more 
energy-efficient and non-petro leum-dependent rai l  mode. 
The potential petroleum savings from i ntercity . passenger 
transportation are potentia l ly  much greater than for freight 
transport, based on present-day traffic vol u me conditions 
(F igure 8). 

However, there is  a very b lu rred l i ne wh ich separates 
i ntercity trips and i ntracity tri ps, so that the above values are 
optim istic, to at l east some degree. Est imates of the potential 
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Figure 9 
U.S. PETROLEUM CONSUMPTION PLUMMETS 

WITH ElECTRIFICATION AND MAGLEV 
The introduction of electrified rail and magnetic levita­
tion will produce these estimated reductions in the 
import and consumption of petroleum, (2005-2050). 
These reductions are equivalent to 6 7  percent of the 
present import level, and 37 percent of the total oil con­
sumption level per day in the United States. 

impacts of national rai l road electrification and magnetic lev­
itation for both passenger and freight transport for i ntercity 
trips are i l l ustrated in F igure 9. The results show that the 
potential reductions in petroleum consumption cou ld be as 
much as 2,780 m i l l ion barrels per year by 2050, or the 
equivalent of 7 .6  m i l l ion barre ls  per day. These reductions i n  
petroleum consumption resu lt ing from transportation are 
equivalent to 61 percent of the present import level of 1 2 .3 
m i l l ion barrels per day, and 37 percent of the total oil con­
sumption level of 20.5 m i l l ion barrels per day in  the Un i ted 
States. 

New Electric Power 
The proposed 42,000-mi le electrified rai l road network to 

be bu i lt a long the existing rai l  l i nes wi l l  requ i re as much as 
96,000 megawatts of new generat ing capacity by 2050, with 
52,000 megawatts for freight, and 44,000 megawatts for pas­
sengers, plus another 67,000 megawatts for the proposed 
42,000-mi le magnetic levitation route. To some extent, the 
electrical energy can be provided from the existing power 
plants in the U n ited States through the electric uti l ity trans­
mission grid network. However, it w i l l  become necessary to 
construct additional e lectric-generati n g  capac ity in order to 
meet the future need for electric ity, in addition to providing 
the energy requi red for the proposed electrified rai l road net­
work and for the p lan ned magnetic levitation network. 

Present el ectric-generat ing capac ity in the U n ited States 
is approxi mately 8 1 0,000 megawatts, with an annu al elec-
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Figure 1 0  
ELECTRIC-GENERATING CAPACITY 

REQUI REMENTS FOR ElECTRIFICATION OF 
RAI L  AND MAGLEV 

The electrified railroad and magnetic levitation net­
works will require an increase in the total national 
electric-generating capacity from 2 .9  percent of the 
20 7 0  total, to 9. 7 percent of the 2030 total. 

tr icity consumption req u i rement of about 3 , 500 b i l l ion 
k i lowatt-hours per  yea r. Coal  const i tutes 51  percent of  the 
exist ing electric generat ing  capacity i n  the U n ited States, 
but prov ides 56 percent of its e lectric i ty. N uclear  power 
constitutes 1 4  percent of the generat ing capac ity but pro­
vides 23 percent of the nat ion's electr icity. Natural  gas and 
fuel oi l  combi ned comprise 2 4  percent of the natio n a l  gen­
erat ing capacity, but  only 1 2  percent of its e lectr ic i ty, 
because these a re norm a l l y  the h i gher-pr ice fue ls .  
Hydroelectric power comprises 1 0  percent of  the national 
electric generat ing capacity and 9 percent of its electr icity, 
whi le  other renewable energy sources comprise about 1 
percent of both the electric-generat i ng capac ity and its 
electric ity. 

The electric ity growth rate in the U n ited States is approx­
imately 2 .0  percent per year, as is  its expected growth i n  
electric-generat ing capacity, i n  order t o  mai nta in  adequate 
reserve margins .  I f  these growth rates cont inue i nto the fore­
seeable futu re, the electric-generat ing capac ity i n  the year 
2050 is est imated to reach 2 , 1 5 5 ,000 megawatts, which is 
1 65 percent greater than at present. The electric generati ng­
capacity requ i rement for the proposed rai l road electrifica­
tion network alone w i l l  i ncrease from 27,000 megawatts i n  
201 0, to a s  m u c h  a s  96,000 megawatts b y  2050, a s  i l lus­
trated in F igure 1 0 . The i ncrease i n  generat ing-capacity 
req u i rement for magnetic levitation w i l l  beg in  in  201 5,  at 
less than 1 0,000 m egawatts and i n crease to 67 ,000 
megawatts by 2050.  The electr icity req u i rement for the 
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Figure 1 1  
RELATIVE I MPACT O F  ELECTRIFICATION AND 

MAGLEV ON U .S. ELECTRIC-GENERATING 
CAPACITY (2000-2050) 

There is an initial rapid increase in electricity requirements 
as the magnetic levitation network gears up between 2020 
and 2030, but after that, the maglev requirements level off. 
Hence the downturn in the graph between 2030 and 2050. 
Maglev requires 40 percent of the total rail electrical 
consumption; passenger rail uses 28 percent; and freight 
rail uses 32 percent of the total rail electrical consumption. 

com bi ned electric ra i l road and magnetic lev itat ion network 
w i l l  i ncrease from 2 7,000 megawatts to 1 63 ,000 megawatts 
by 2050.  

The electrified ra i l road and magnetic levitation networks 
in combi nation w i l l  req u i re an increase in the total national 
electric-generat ing capacity from 2.9 percent of the total in 
20 1 0, to 9.1 percent of the total by 2030, and then decrease 
to 7 . 6  percent of the total by 2050, as shown in F igure 1 1 .  
The reason for the up-and-down i n  demand is  that there wi l l  
be  a rapid increase i n  electric ity req u i rements as  the  mag­
netic levitation network starts up between 2 020 and 2030, 
which becomes relatively less after 2030 unt i l  2 050, because 
the rap id increase in e l ectr ic i ty demand has a l ready 
occurred. The magnetic levitation system w i l l  req u i re 40 per­
cent of the total ra i l  e lectrical consumption, whi le  the elec­
tric ra i l road w i l l  use 60 percent, of which 3 2  percent w i l l  be 
for fre ight transport and 28 percent w i l l  be for passenger 
transport. 

The estimated capita l  cost of the fixed fac i l ities i nfrastruc­
ture for the electrified rai l road and magnetic levitation sys­
tems is presented in Table 1 .  The total capital cost of the elec­
trified rai l road system is expected to i ncrease from $250 b i l ­
l ion for the  1 O,OOO-m i le route, to  $ 73 5  b i l l ion for the  42,000-
m i le system, and to $ 800 b i l l ion by 2050 with the additional 
fac i l ities improvements, expansions, and u pgrad i ng. The per­
mi le  capital cost of the electrified rai l road is expected to 
decrease from $ 2 5 . 0  m i l l ion per m i l e  for the 1 0,OOO-m i le 
route system to $ 1 7 .5  m i l l ion per m i l e  for the 42,OOO-m i le 
system. 

The paral le l  capital cost of the magnetic-levitation system is 
expected to increase from $ 500 b i l l ion for the 1 0,OOO-mi le 
system at $50.0 m i l l ion per m i le, to $ 1 ,700 b i l l ion at $35 .0  
m i l l ion per mi le for the 42,OOO-m i le system. For  the combined 

Table 1 
ESTIMATED TOTAL CAPITAL I NVESTMENT REQU IREMENTS BY YEAR FOR NATIONAL RAILROAD 

ELECTRIFICATION AND MAGNETIC LEVITATION (in billions of dollars) 
This summary of the expected cumulative capital investments required by year for the construction of the proposed 
42,000-mile electrified railroad and the parallel 42,000-mile magnetic levitation network is grouped as fixed facility 
(track and guideway) and variable facility (locomotives and power plants) investments. The costs are in year 2005 con­
stant dollars. 

Route-Miles Fixed Facilities Investment Variable Facilities Investment 

Calendar Electric Magnetic Electric Magnetic Fixed Electric Power Variable Total capital 
Year railroad levitation railroad levitation facilities locomotives plants investment investment 

2005 0 0 0 0 0 0 0 0 0 

201 0 5,000 0 1 50 0 1 50 1 00 55 1 55 305 

201 5 1 0,000 5,000 250 1 00 350 1 25 70 1 95 545 

2020 26,000 1 0,000 500 250 750 1 70 1 60 330 1 ,080 

2025 35,000 1 6,000 650 500 1 , 1 50 200 1 90 390 1 ,540 

2030 42,000 25,000 735 1 , 1 50 1 ,885 230 220 450 2,335 

2035 42,000 35,000 775 1 ,500 2,275 275 245 520 2,795 

2040 42,000 42,000 800 1 ,700 2,500 285 250 535 3,085 

2045 42,000 42,000 800 1 ,900 2,700 31 0 260 570 3,270 

2050 42,000 42,000 800 2,000 2,800 335 330 665 3,465 
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Table 2 
ESTIMATED U N IT CAPITAL COSTS OF SINGLE- AND 

DOUBLE-TRACK ELECTRIFIED RAI LROAD LINES 
(in 2005 constant dollars) 

Cost element 
Single-track 
dollars/mile 

Double-track 
dollars/mile 

tem for intercity freight and passenger transport is  
expected to range from $ 305 b i l l ion in 20 1 0, to 
$ 1 , 1 05 b i l l ion in 2030, to $ 1 ,330 b i l l ion in 2050, 
as shown in  F igure 1 2(a). The greatest part of th is  
investment is for rai l road fixed faci l ities, which are 
expected to increase from $ 1 50 b i l l ion in  201 0, to 
$ 73 5  b i l l ion i n  2030, to $800 b i l l ion by 2050. 
The purchase cost of the new electric rai l road 
locomotives is  expected to increase from $ 1 00 
b i l l ion in 201 0, to $235 b i l l ion in 2030, to $ 3 3 5  
b i l l ion in  2050. The estimated capital cost o f  the 
new power plant generating capacity is expected 
to increase from $55 b i l l ion in 201 0, to $ 1 40 bi l­
l ion i n  2030, to $ 1 95 b i l l ion i n  2050, as addition­
al electricity is requ i red. 

Track construction 

Electrification system 

Signalling and communication 

Subgrade and drainage 

Unit cost 

1 ,500,000 
1 ,300,000 

400,000 
300,000 

3,500,000 

2,500,000 
1 ,800,000 

700,000 
500,000 

5,500,000 
Other civil construction 

Total cost 

7,000,000 
1 0,500,000 

1 2,000,000 
1 7,500,000 The development of the proposed magnetic 

levitation network w i l l  h ave a considerably 
greater capital cost than for the electrified rai l­

road network of the same route d is-
tance, as i l l ustrated in F igure 1 2 (b).  

Table 3 
EFFECTS OF DESIGN AND MAXIMUM SPEED ON THE CAPITAL COST 

FOR ELECTRI FIED RAILROAD LINES 

The capital investment in the mag­
netic levitation fixed fac i l i t ies and 
attached gu ideway veh ic les is 
expected to increase from $ 1 00 b i l ­
l ion in  201 5, to $ 1 , 1 50 b i l l ion in  
2030, to $ 2,000 b i l l ion by 2050.  The 
associated power plant capital costs 
are expected to increase from $ 70 
b i l l ion i n  2020, when the system 
begins operation, to $ 1 00 b i l l ion i n  
2030, to $ 1 3 5 b i l l ion i n  2050 based 
on a un i t  capital cost of $2 ,000 per 

Operating speed 
(miles/hour) 

Passenger Freight 
Unit capital cost 

(dollars/mile) 

Total capital cost 
(Mill ions of dollars, 

42,000 miles) 

80-90 1 ,3 60-8 01 ,3 
90-1 1 0 1 ,4 80-90 1 ,4 

1 1 0-1 501 ,4 90-1 1 0 1 ,4 
350-500 2 350-500 2 

1 ,500,000-2,500,000 
5 ,250,000-6,000,000 

1 5,000,000-1 7,500,000 
35,000,000-50,000,000 

65,000-85,000 
220,000-250,000 
550,000-735,000 

1 ,4 70,000-2 , 1 00,000 

Notes 

1 .  For conventional railroad lines. 
2. For magnetic levitation routes. 
3. Diesel-powered railroad lines. 
4. Electric-powered railroad lines 

systems, the total system capital cost is expected to increase 
from $ 750 b i l l ion at 20,000 mi les in tota l, to $2,000 b i l l ion for 
the 84,000 mi le  systems by 2050 with a l l  of the additional 
improvements. 

The capital cost esti mates for the electrified rai l road are 
shown in Table 2 for the s ingle-track and the double-track con­
figurations. The actual u n it costs are esti mated as between 
$ 1 .3 m i l l ion and $ 1 .8 m i l l ion per mi le  for single-track and 
double-track electrification, respectively. The di rect unit capi­
ta l costs for the s ingle-track and double-track configurations 
range between $ 3 . 5  m i l l ion and $5 .5  mi l l ion per mi le, respec­
tively, with the trackage, civi l  works, electrification, and sig­
nal l i ng all inc luded . However, the need to bu i ld major bridges 
and tunnels plus grade separations and trenches or elevated 
viaducts raises the average total un it capital cost to an esti­
mated range from between $ 1 0.5 m i l l ion and $ 1 7 .5  mi l l ion 
per mi le, respectively. These un it capital costs are very much 
a function of the requi red operating speeds for the trains, as 
presented in  Table 3 .  

The total capital investment for the electrified ra i l road sys-
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k i lowatt of instal led capacity, which 
wou ld be typical of a new nuclear 
power plant. The total capital invest­
ment in the magnetic levitation sys­
tem would increase from $ 1 00 b i l ­
l ion in  201 5, to  $ 1 ,250 b i l l ion by 
2030, to $ 2, 1 35 b i l l ion by 2050. 

The total capital  investment i n  the comb i ned electric ra i l ­
road a n d  magnetic levitation system wi l l  i ncrease from $ 3 05 
b i l l ion in  201 0, to $2 ,355  b i l l ion i n  2030, to $ 3 ,465 b i l l ion 
by 2050, as the com bi ned network s ize i ncreases from 5,000 
mi les to start, to 1 0,000 m i l es, to 50,000 m i les by 2030, to 
84,000 m i les by 2040. Approxi mately 58 percent of th is new 
investment wi l l  be in fixed fac i l it ies for the magnetic levita­
tion, with another 23 percent, or $800 b i l l ion, associ ated 
with the electrified ra i l road . The remain ing 1 9  percent of the 
total capital investment wi l l  be broken down a l most exactly 
eq ual ly between the power plants, with $ 3 3 0  b i l l ion, and 
$335 b i l l ion for the electric locomotives, for a cumulative 
total of $ 3 ,465 b i l l ion by the year 2050 for the entire i nte­
grated system.  A summary of the expected cumu lative capi­
tal investments requ i red by year for the construction of the 
proposed 42,000-mi le  electrified rai l road and the paral lel  
42 ,000-m i le  magnetic levitat ion network is  presented in 
Table 1 .  

Although seemi ngly a very large capital i nvestment is  
requ i red for electrified rai l roads and magnetic levitation, it 
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FUTURE CAPITAL I NVESTMENT I N  U .S. RAI LROAD 
ElECTRIFICATION (2000-2050) 

The total capital investment for the electrified railroad 
system for intercity freight and passenger transport 
(including power plant construction) is expected to 
range from $305 billion in 20 1 0  to 7, 1 05 billion in 
2030, to $ 7,330 billion in 2050. Most of this is for rail­
road fixed facilities. 

must be realized that the cont i nued importat ion of foreign oi l  
wi l l  involve a cost which is  expected to increase from the 
present $230 to $250 b i l l ion per year to as much as $ 500 to 
$900 b i l l ion per year by 2050, i f  not remed ied .  If u p  to 30 
percent of this oil import cost can be reduced by the above 
electrified ra i l road and magnetic levitation system, then an 
import cost red uction of as much as $ 1 5 0 to $ 300 b i l l ion per 
year can be rea l ized by its construction . Many jobs w i l l  be 
created by the above electrified rai l road system along with 
considerable transportation cost-savi ngs to travel lers and 
sh ippers. 

In conclusion, it is  proposed to construct a 42,000-m ile 
e lectrif ied ra i l road system a l o n g  the exist i ng ra i l road 
l i nes for the transport of freight and passengers at speeds of 
1 00 to 1 50 m i l es per hour, i nc lud ing  i ntermodal trucks 
hau led by rai l  between c i ties, and to supplant car travel for 
trips of less than 300 to 400 m i l es .  In addit ion, it is proposed 
to bu i ld  a new 42,000-m i le-long magnetic levitation system 
genera l l y  a long the i n terstate h i ghway med ians for very 
h igh speed passenger and h igh-va lue  cargo tra nsport at 350 
to 5 00 m i les per  hour to repl ace a i r  travel for tr ips of  less 
than 500 to 1 ,000 m i les. This  new proposed electrified 
transportation system is expected to u lt i mately cost up to 
$ 3 .5 tr i l l io n  over 45 years at a n  average a n n ual cost of $ 7 5  
t o  $ 80 b i l l ion .  T h i s  system c a n  u lt imately resu l t  i n  a reduc­
tion in overa l l  o i l  use of up to 2 ,480 m i l l ion barrels per year, 
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Figure 1 2(b) 
FUTURE CAPITAL I NVESTMENT IN MAG NETIC 

LEVITATION NETWORKS (201 0-2050) 
The capital costs for the magnetic levitation system are 
greater than those for the same route distance of the 
electrified railroad network. Most of the investment is in 
fixed facilities and guideway vehicles. The cost is 
expected to increase from $ 1 00 billion in 2075, to 
$ 7, 750 billion in 2030, to $2,000 billion by 2050. 

or up to 30 percent of the expected o i l  i m ports, and wou ld 
requ i re an increase in the national e lectric-generat i ng 
capacity of up to 1 63,000 megawatts, or 7 to 9 percent of 
the expected overa l l  national total of 1 , 500,000 megawatts 
by 2050. 

The proposed fi nancing for the construction of th is  future 
electrified rai l and magnetic levitation transportation system 
is through long-term bonds and loans provided through a 
newly created National I nfrastructure Development Bank 
( N I DB).  This bank would be able to issue credits, guarantees, 
and cu rrency enti re ly separate from the exist ing Federal 
Reserve Bank System, which has shown itself to be at best 
reticent about, and in the worst case opposed to, major i nfra­
structure development projects. Loan and bond guarantees 
cou ld be prov ided t h rough commerc ia l  banks to pr ivate 
compa n i es, as wel l  as d i rect loans and grants to the feder­
a l ,  state, and local governments for the a bove energy and 
transportation infrastructure-development projects. The pre­
scription for economic and infrastructure pol icy proposed by 
Lyndon LaRouche is the only way th is  and s i m i l ar infrastruc­
ture projects to promote prosperity through the general wel­
fare, can be real i zed as a superior a l ternative to the present 
insane free-trade/free-marketlfiscal-austerity fasc ism, so ram­
pant in government and business c i rc les today. 

Hal Cooper is an independent consultant on transportation 
and water programs, based in Washington state. 
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How to Build 
6,000 Nuclear Plants 

By 2050 
by James Muckerhe ide 

A plentiful energy supply is  the key to bringing the world's population 
up to a decent standard of living . We asked an experienced 

nuclear engineer how many nuclear plants we would need, and 
how to get the job done. Here are his answers. 

I
n 1 997-1 998, I made an estimate of how many nuclear 
plants would be needed by 2050. It reflects an economy 
that is d irected to provide the energy necessary to meet 

basic human needs, especia l ly for the developing regions. 
The i n itiative requi red is  not un l i ke what the u .s. govern­

ment did u nder Roosevelt to bring electric power to rural 
areas; to provide transportation by bu i ld ing roads and h igh­
ways, canals, ra i l roads, and a ir l i nes; to develop water suppl ies 
and i rrigation systems, to provide telephone service, medical, 
and hospital services; and many other programs that were 
essential to l ift regions out of poverty. That is, to meet the 
needs of people outside of the mainstream of economic l ife, 
even if those people are the farmers providing our food and 
cloth i ng, mi ners providing our coal and steel ,  and so on.  

However, as economist Lyndon LaRouche has proposed, we 
need to do more to meet those needs, both with in  the U n ited 
States and for the developing world, to bring those people into 
the economic mai nstream, i nstead of leaving them just as 
cheap sources of our labor and raw materials. 

At the same time, in  the last five years, we have seen greater 
worldwide recogn ition that nuclear power is essential .  There 
is increasing support by i ndustry and governments, com­
pounded by recent changes in o i l  and gas suppl ies and costs, 
and there is increasing recognition of the essential role of 
nuclear energy by some respons ib le  environmental ists. 
I n itiatives in  industry and the pol itical environment are gear­
ing up to implement nuclear power. But they are t imid and 
leaderless in  the U n ited States and Europe compared to most 
of the rest of the world .  

U nfortu nately, current econom ic concepts expect that such 
decisions are to be made for i nd ividual plants, one at a time, 
by private interests, only when they are assu red that they wi l l  
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be competitive (that is, assu red to be profitable). Attempti ng to 
make such decisions, even with "guarantees," must therefore 
compete for private financial resources. But  those resources 
can see greater retu rns in making movies or resel l i ng mort­
gages. Such decisions are therefore going to be too l i ttle (too 
l ittle energy), and too late (too l ittle lead time) to adequately 
address national and i nternational infrastructure requ i rements. 

Government and industry leadership that is  d i rected to meet 
the national interest must make the publ ic interest dec isions to 
produce essentia l  infrastructure, instead of bei ng l im i ted to 
providing small ,  i ncremental, ad hoc profit opportun ities. 
They must enable the critical private interests a nd industries, 
which must do the work, to get on with the business of com­
peting to del iver the essential  technology and services. The 
great manufacturing, materials, construction, and services 
enterprises can produce the infrastructure requ i red to engage 
the world population in tremendous economic growth, mod­
el led on the u .s .  growth of the m id- to late-1 9th Centu ry, and 
the mid-20th Centu ry, which wou ld pale in  comparison. 

The Role of Nuclear Energy 
The projections I made for nuclear energy in 2050 simply 

took the role of nuclear energy to provide for roughly one third 
of the energy demand i n  2050, which was taken to grow by 
about a factor of 3 from 2000. But, of cou rse, that begs the 
question : Can fossi l  fuels conti nue to provide energy at the 
same level, or a moderate i ncrease as today, to produce about 
one th i rd of the energy demand in  2050? And can hydro, wind 
energy, and other alternatives (for example, t idal and wave 
energy), provide the other th i rd, also the equ ivalent of 1 00 
percent of today's total energy use? 

We must, however, consider that any sign ificant rel iance on 



Korea 's Yongwang nuclear complex with six reactors. 

solar energy runs the enormous risk of another "year without 
a summer," and possib ly longer, fol lowing large volcanic erup­
tions. This occu rred twice in  the 1 800s-Tambora in  1 8 1 5, 
and Krakatoa in 1 883 . U nder these conditions, b i l l ions of peo­
ple would die i n  a world of 9-1 0 b i l l ion people, a nd dozens of 
mega-cities of more than 20 m i l l ion people each, if we don't 
have adequate n uclear power or fossi l  fuel supply capacity to 
provide the "back-up power" requ i red after going weeks or 
months with the Sun being blocked over the ent i re northern 
hemisphere. 

So, nuclear power in 2050 would supply about 1 00 percent 
of cu rrent energy use. S i nce n uclear energy produces about 6 
percent of world energy use today, that is an increase of rough­
ly 1 8  times cu rrent use. This is fewer than the 6,000 plants I 
projected i n  1 997, more l i ke 5 , 1 00 equ ivalent 1 ,000-
megawatt-electric (MWe) plants. 

But nuclear energy needs to be used for more than just elec­
tricity. This incl udes, for example, desa l i nation of seawater, 
hydrogen production from water to d isplace gaso l ine and 
d iesel fuel for transportation, process heat for ind ustry, and so 
on.  This could also i nc lude extracting oi l  from coal ,  from tar 
sands, and/or from oi l  shales for transportation and other uses, 
in add ition to the use of hydrogen .  

Note that, here, nuclear energy does not d isplace coal ,  o i l ,  
and gas. It just l i m its the i ncrease i n  demand. If we need to d is­
place fossi l  fuels, we need even greater nuclear energy use­
along with other alternatives. However, there are l im ited prac­
tical ·alternatives to provide bulk energy supplies to meet the 
human needs of the world population, which is growing in  
numbers, and, to a lesser extent, in  improved human condi­
tions. That sti l l  leaves the question of how much oil and gas 
are being depleted, and coal to a lesser extent. If oil and gas 

production can not be mai ntai ned up to about 1 00 mi l l ions 
barrels per day, this could requ i re an even greater comm itment 
to nuclear energy, especia l ly  if nuclear energy is  needed to 
extract o i l  from tar sands, o i l  shales, and coa l .  

Th is  means that about 200 percent of  current energy use 
wou ld sti l l  have to come from fossi l  fuels and alternative 
sources. This leaves the q uestions: Is  this possible? Can 
enough oil and gas be d iscovered, extracted, and refined? Can 
enough coal, tar sands, and o i l  shales be converted to d isplace 
current oi l  and gas suppl ies? If so, how much energy wi l l  this 
use? And how much w i l l  th is  i ncrease per capita energy use? 

Policies to reduce carbon emissions may affect this mix of 
energy suppl ies, but whether or not that is done, there are pol­
lution-control costs and other cost pressures l im it ing supply 
that wi l l  make fossi l  fuels more costly in  any event. We need to 
consider this in  the l ight that nuclear energy can be produced 
indefinitely at roughly the cost that it can be produced today. 

The a l ternative is to conti nue "busi ness-as-usual ."  These 
cond itions are even now produc ing i nternational confl icts 
over o i l  and gas suppl ies, large envi ron mental pol l ution costs 
in trying to i ncrease foss i l  fue l  prod uction, and h igh costs to 
try to subsid ize u neconom ical "alternative" energy sources. 
This is  leading the world into economic col lapse, without 

james Muckerheide, the State Nuclear Engineer for the 
Commonwealth of Massachusetts, is a founder and President 
of Radiation, Science, & Health. He is also director of the 
Center for Nuclear Technology and Society at Worcester 
Polytechnic Institute, which studies costs and benefits of 
nuclear technologies that are essential to human prosperity in 
the 27 st Century. 
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A woman in India 
prepares cow dung, 
to be used in place 
of firewood. To 
bring the 
developing sector 
fully into the 2 1  st 
Century will require 
tripling today's 
energy supply, with 
one third of the 
total coming from 
nuclear. 

J.P. LafontelUnited Nations 

wi l l  have l im ited popu lation i ncreases. The 
developing world w i l l  add 3 to 4 b i l l ion 
people, with increases from reproduction 
and with the addition of undeveloped 
regions to the developing world totals.  The 
current development in China and Ind ia, 
and elsewhere, indicates the enormous 
growth now in progress. Today, if anyt h i ng, 
such development projections may be 
u nderstated. 

The industrial ized world can be more 
energy efficient. Per capita energy use may 
be 65 to 75 percent of current use. 
H owever, there w i l l  be greater energy 
demands for new appl ications as necessary, 

such as the use of desalina­
tion to produce water, and 
hydrogen from water, and 
oil from coal, and so on, 
us ing more energy to 
extract end-use energy. 

Nuclear energy will be used for many applications, such as desalination of seawater. This 
1 960's sketch is of a nuplex, an agro-industrial complex centered on a nuclear power plant. 
It is located on the seacoast, making possible the large-scale irrigation of farmland. 

The developing world wil l  
substantial ly increase per 
capita energy use, to 40 to 
50 percent of current per 
capita energy use in the 
developed world. Going 
from a bicycle to a motor 
scooter, may require only a 
few gallons of fuel per year, 
but it's a large increment 
over the amount being used 
with the bicycle. And motor­
bikes lead to cars. Even in 
the last 5 to 1 0  years, there 
has been an enormous 
increase in vehicles, in 
China especial ly, and i n  
other developing regions. 
These are large populations, 
more than 2 bil l ion people, 
and their need for oil is 

adequate energy suppl ies. That wi l l  produce a world i n  
wh ich the rich wi l l  feel the need to acq u i re the sign ificant 
resources of the economy, with the growing d isparities in 
income and wealth that we are aga i n  seeing even in the 
developed world, and frustration in the developing and 
u ndeveloped world from l i m its on their abi l ity to function 
economical ly. 

Calculating Energy Demand 
To evaluate projections of energy demand, I looked at the l it­

erature on per capita energy use in the developing and devel­
oped worlds:  the size of current and projected populations. 

World population wi l l  increase from today's 6 b i l l ion-plus 
people to an estimated 9 to 1 0  b i l l ion people by about 2050 
(un less there are even greater wars of exterm ination and geno­
cide). The developed world, with fewer than 1 b i l l ion people, 
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becoming enormous. 
It is virtual ly inconceivable that world governments have 

al lowed (and even fostered, in the case of Germany and oth­
ers) this u nambiguously devastating cond ition, known to al l ,  
to reach this stage of crisis, u naddressed. 

Therefore, if we are to achieve a world that is providing the 
energy requi red for developed societies, along with substantial 
relief of human sufferi ng and deprivation (wh i le  l i mit ing the 
enormous environmental and economic costs of large increas­
es in fossil fuel demand), energy use in 2050 wi l l  be roughly 
th ree times the level of energy use of 2000. 

Why Accelerate Nuclear Power ? 
With world energy currently relying on o i l ,  coal ,  and natu­

ral gas, there are l i m its on the oi l  and gas that are avai lable. 
Without fu l ly considering u ntapped proven and u nproven 
reserves in the ground, in the near- to med ium-term we need 



to increase the current 80 m i l l ion barrels per day of o i l .  This 
wil l push the competition for oi l  to dangerous levels in  5 to 1 0  
years, and without more aggressive o i l  supply development, it 
w i l l  be much worse in 1 5  to 20 years. 

But we aren't taking the actions needed to prevent those con­
flicts. People tal k  about wars over oi l ,  including both Iraq wars. 
China has become a significant player in bidd ing for o i l .  Beyond 
its own region, it is negotiating future suppl ies from I ran and 
South America. But large-scale in itiatives to meet energy needs 
in order to l im it future conflicts are general ly inadequate. China 
and India have taken major in it iatives. Russia wi l l  also make sig­
n ificant contributions. There wi l l  be an economic war, as well 
as possible shooting wars. In that war, China a l ready has the 
substantial leverage of its enormous dol lar holdings-more than 
$600 b i l l ion.  But if, at some point, U .s. and European monop­
ol ies on oi l  from the M iddle East and elsewhere are seen as 
severely damaging to China's need for oi l  to maintain its devel­
opment, we wi l l  increase global tensions significantly. 

At the same time, fortun ately, the U n ited States and China 
have large suppl ies of coa l .  China has enormously expanded 
coal production and use over the last 20 years. I t  produces 65 
percent of its total energy from coal .  I t  is  cu rrently opening 
about one coal plant per week. But th is has come with enor­
mous environ mental destruction, from using older, cheaper, 
quicker technologies, both to m i ne it and to burn it, covering 
many cities and rural areas with black soot. This has had sub­
stantial health consequences, in addition to about 6,000 
deaths per year to m i ners. 

China has a l ready expressed its intent to reduce depend­
ence on coa l ;  it is  pushing the growth of hydropower-which 
it is doing with the large dam projects-and n uclear power, 
and many wind power projects. But because of current h igh 
costs, and a l lowances for i nterm ittent generation, wind power 
is not now planned to be a sign ificant contribution to Chi na's 
long-term national energy needs. 

Large dams also come with enormous environmental costs, 
plus the massive relocation of people, and other social  costs, 
in add ition to having to move power over long distances. 
These dams a lso provide (and m ust provide) enormous bene­
fits for both flood control a nd the transfer of large quantities of 
water from the South to the North of China.  These dam proj­
ects need to go ahead . There are presently dozens of locations 
that have been identified as good hydro power dam locations. 
But, just as in  the U n ited States, the Chi nese are runn ing out 
of ideal locations to site hydro power dams. There are also sig­
n ificant losses of arable land, p lus the sign ificant social and 
economic costs of moving and relocati ng masses of people as 
land is flooded. So there are fewer benefits to be gai ned from 
hydro power, and some costs that must be rel ieved, instead of 
being able to depend on dam-bu i ld i ng for "renewable" hydro 
power, to solve its longer-term energy needs. 

Nuclear Energy is Competitive and Cost-effective 
Nuclear power is currently competitive and cost-effective. 

Nu merous pragmatic current and recent construction projects 
around the world provide a strong basis for cost projections in  
the U nited States, Europe, and other locations that do not have 
current experience. Electricity from avai lable nuclear power 
plant designs is lower than current costs from recent coal and 

gas plants, and reasonable projections of electric ity costs from 
future coal and gas plants. But to some extent, n uclear power 
can be the victim of its own success. I n  the competitive mar­
ket, some see new nuclear p lants potentia l ly causing electric­
ity prices to come down, possibly to the poi nt that the plant is 
not competitive, or at least that i t  reduces the return on i nvest­
ment. This could depress the owner's stock price. I n  addition, 
the construction of many new nuclear plants could also 
reduce the demand for, and therefore the price of, gas and 
coal, which could also affect n uclear plant competitiveness 
and stock prices. 

There is a popular view that n uclear power is  the h igh-cost 
option.  However, during the 1 968 to 1 9 78 n uclear power con­
struction period, there were economic benefits even when 
there were almost 200 plants ordered, and being procured and 
constructed, with massive construction costs. Our current 1 03 
operating plants, and more, were ordered between 1 967 and 
1 973.  From 1 970 to 1 978, we were buying and bui ld ing many 
more plants that did not get completed. All of those plants 
establ ished strong competition with oi l ,  gas, and coal .  (Burning 
gas for electricity was prohibited i n  the U nited States in  1 978, 
and only went into effect in 1 990.) But the competitive pressure 
brought down the fossi l-fuel-generated electricity a great deal . 
Electric ratepayers in the U n ited States saved b i l l ions of dollars 
in oi l ,  gas, and coal fuel costs over almost three decades. 

Of cou rse, the compan ies bu i ld ing those plants don't see 
that on the i r  balance sheet. But those are real cost reductions 
to the ratepayers and the economy as a whole-to the gener­
al benefit of the nation-even if the people bui ld ing the plant 
do not see a retu rn on thei r  own i nvestment, and even if the 
oil, gas, and coal compan ies see these lower prices as a loss, 
or at least a lost opportu n ity. 

So, without the nuclear option, we lost that competitive 
pressure. Prices are not constra ined by that competit ion and 
have been i ncreased, along with increased demand for 
scarce o i l ,  gas, and coal resources. So, if we bu i ld  n uclear 
power plants, even before a s ign ificant n u mber of pl ants are 
operational,  and espec ia l ly  if we h ave the abi l ity to bui ld  a 
plant i n  fou r  to five years for large p lants, or we h ave a series 
of pl ants of the modular  type that can be constructed to 
begin  operations on shorter schedu l es, we w i l l  have an effect 
of red ucing the excessive demand for, and costs of, coal and 
gas for provid i ng electricity-to the benefit of the whole econ­
omy. We must consider that as part of the econom ic equation 
that doesn't presently exist, in the way we eva luate n uclear 
power costs. 

We have developed methods to apply "external ized costs" 
in eval uating alternative energy sources. This is a step toward 
recognizing that the financial bal ance sheet does not fu l ly 
measure the non-monetary values of energy to the economy. 
But we should also consider "external ized benefits" to evalu­
ate such non-monetary benefits. This i ncl udes the benefits of 
reducing energy prices to the economy, the value of energy 
security, and so on.  

Of course, people sti l l  consider the very h igh costs of the large 
nuclear plants ordered in the early 1 970s. But these suffered the 
unanticipated effects of h igh component and labor costs, design 
changes in  process after the Three Mi le Island accident, and 
long construction times with h igh financing costs. 
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Westinghouse Electric Corp. 

The 600-megawatt Yankee Atomic Electric plant in Rowe, 
Mass. was the third commercial plant in the United States. 
Now decommissioned, it operated for 3 1  years, starting in 
July 1 96 1 .  Yankee Rowe was built before high interest-rates 
and construction delays slowed down nuclear development. 

Most of the cost in the 1 970s and 1 980s was the result of the 
interest rates h ikes instituted by Paul Volcker. But the other 
side of that coin is in considering the relative fi nancing advan­
tage with demonstrable 4- to S-year construction schedules 
and even less, instead of 6 to 7 years in our original ad hoc 
planning and construction experience when we were bui lding 
them a l l  de nouveau on each site. Today, we are prepared to 
manufacture and pre-bu i ld modules, reducing construction 
schedules to l imit  that long-term financial exposure, even if 
there were i ncreases in  interest rates. 

Then, there were relatively long construction schedules, 
increases in financing rates, and also delays in constn.(Ction 
after the Three Mi le Island accident, so that, instead of 6 or 7 
years, construction became 1 0, 1 2, or 1 4  years-in some 
cases, more than 20 years. But we can ignore the outl iers. 
They were delayed for various reasons other than just con­
struction schedu les. 

Even the plants that took 1 0  or 1 2  years were the resu lt of 
weak engineeri ng and construction management. The good, 
knowledgeable, hands-on engineering companies during that 
ti me, l i ke Duke Power, did not have pl ants that were exces­
sively delayed. They were able to manage design and con­
struction changes without dropping the bal l .  

But, i n  any event, future projects wi l l  u ndertake plant con­
struction with approved designs, with "constructabi l i ty" incor­
porated in plans. The current generation of early plants are 
simply artifacts of the h istorical fi rst phase of nuclear power 
plant design and construction, j ust as the Ford Tri-Motor and 
the DC-3 are artifacts of the first phases of passenger a i rcraft. 
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Mass Plant Production to Follow the Land-Bridge 
Strategic development and implementation of n uclear 

plants is l ike the Eurasian Land-Bridge concept: bu i ld ing net­
works, not just bu i ld ing out l i nearly as the U n ited States did i n  
moving to joi n the East and West i n  bu i ld i ng the transconti­
nental ra i l road. I t  is  more l i ke the fol lowi ng period in rai l road 
h istory, when s imultaneous rai l road l i nes were tying together 
the cou ntry; for example, the north and south in  bringi ng Texas 
cattle to the Ch icago stockyards, supported by the telegraph 
with its abi l ity to implement network communications. The 
process is expl icitly oriented to develop along a strategic path, 
rather than ad hoc plans to develop energy sources and com­
mun ications around c ities that grow as a result of a non­
planned, non-networked, model .  Or, to be more precise, the 
city-region is the network, even in  large cities where water and 
power had to be brought from hu ndreds of mi les away. 
Intercity infrastructure needs to be integrated with i ntracity­
regional systems. 

Such strategic plans anticipate growth of large nodes that 
requ i re substantial infrastructure, which rely on and i ncl ude 
power requ i rements-as in  industrial complexes and large 
cities of more than a few hundred-thousand people. We can 
consider a l ittle separately the mega-cities of 20-plus m i l l ion 
people that are being created . They requi re an obvious, local­
ized, large energy component, with a primary role for elec­
tricity, but with a heavy demand on the transportation capaci­
ty to supply the population and industries, and export the 
products of the cities. The growing cities of an integrated 
industrial economy are networked by transportation and com­
mun ications. Electrification of the rai lways, and non-electric 
energy for heat, for example, to provide desal inated water, 
must be considered. 

Electric grids also requ ire that power loads be balanced, 
which further requi res p lann ing in a network strategy, instead 
of l i near development as occu rred in the early U n ited States, 
where, even after the beginn ing of instal l i ng electricity, "the 
grid" was essent ia l ly loca l ized to cities. 

In  bui lding out a network, we can take a manufacturing 
mode with the construction of nuclear plants to supply the net­
work that is growing an industrial economy, instead of a focus 
on the major cities as occu rred with the original U .s. electric 
power system development. This fragmented result of ad hoc 
private decisions, responding to i ndividual profit opportu n ities, 
had to later be fixed by government, including, for power, gov­
ernment agencies l i ke the great Tennessee Val ley Authority 
(TVA), the creation of the Rural Electrification Adm in istration, 
and so on, to bring the nation together. As sti l l  is  true today, this 
could not have happened effectively by leaving ad hoc deci­
sions with the private financial interests, focussing on assu red 
quick-return profit opportun ities in  i ndividual projects. It could 
be delivered by corporate America when given the opportuni­
ty, just as with the great dam projects, provid ing power and 
water for cities and i rrigation, and even recreation, with the 
associated economic development of the American West. 

So, nuclear power plant construction should be transformed 
from the mode of plant-by-plant construction of ad hoc proj­
ects, into a manufacturing-based strategy. France is a proto­
type. In 1 973-1 9 74, a national decision was made to bui ld 
nuclear pl ants in convoy series, to make dec isions on designs 
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This map of the main trunk lines proposed for the Eurasian Land-Bridge gives an idea of the route, moving west from China's 
east coast, that nuclear development could follow. Envisioned in the Land-Bridge concept is the building of industrial 
development corridors along the route, where new cities-agro-industrial and educational centers-would be the vehicle for 
bringing interior regions out of poverty, developing their human and mineral resources. 

and to i nsta l l  those designs m u lt iple times, with evolutionary 
enhancements in size, costs, and safety for future plants. This 
puts many plants on l i ne i n  a manufacturing plan n i ng mode 
rather than constrai.ned by plant-by-plant decision-making and 
plant construction mode only as i nd ividual project profits can 
be reasonably assured. 

This enables the abil ity to take advantage of mass production, 
with programmatic comm itments to make the vessels and major 
components to support a plant assembly approach .  Individual 
plants would be instal led to meet the electric power market 
needs. This is especial ly true of the modular gas reactors. 

There are areas that have high power demands now­
southern China for example. In addition, there are developing 
areas extending in land to produce energy for local develop­
ment along a S i l k  Road model . I n it ia l  energy demands in such 
areas are not enormous, so that instead of large l ight water 
reactor plants, we could i ncremental ly bu i ld  dozens of modu­
lar un its over decades, comb ined with eval uating power to 
eventua l ly be fed to, and suppl ied from, the growth of the larg­
er regional and national grid. 

Instal lation sequences would dynamica l ly respond, to both 
lead and fol low growth .  We cou ld bu i ld two or four plants in  
one location, and move down the road 200 mi les and bu i ld 
two or four more; then bui ld two or four  more at the original 
location as the demand grows. This would be very responsive 
to local conditions and growing demand over time, wh i le the 

central fac i l ities would bu i ld un its in a long-term planned 
strategy for a number of pressure vessels per year. Although the 
285-MWe GT-MH R  (General Atom ics' gas-turbine modular 
hel ium reactor) modular p lants are smal l ,  compared to l ight 
water reactors, the pressure vessels are as large as 1 ,200-MWe 
pressurized water reactors (PWRs). When, 1 0  or 20 years later, 
we need to expand the capacity to bu i ld pressure vessels, we 
wi l l  work with the manufactu rers either to expand existi ng 
fac i l ities or to select and develop other locations. 

So, we have the rai l road model :  Start at key nodes, and 
expand toward other nodes. The rai l road development in  the 
U nited States is a kind of parad igm. It shows that we need a cen­
tral strategy. But the people doing the work were competing for 
contracts and bui lding from, and developing, private industrial 
growth. President L incoln and the Congress made national deci­
sions to establ ish routes, publ ic domain issues, incentives, and 
so on, that were required to support that kind of strategic devel­
opment. So, governmental d i rection and vision are needed, with 
private participation. This has to establ ish the framework in 
which the private industries can compete and succeed, to 
implement that vision i n  the national economic i nterest. 

We need a s imi lar government vision now on behalf of the 
nation as a whole, with an orientation to critical infrastructure, 
that recognizes the human and economic needs, that rely pri­
marily on low-cost energy. This should not be done by gov­
ernment d irectly, as was done, for example, with the TVA. But 
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Areas with high power-demands today will need larger plants. This Guangdong Nuclear Power station, at the eastern end of 
the Land-Bridge in China, has two French-built pressurized water reactors, each 985 megawatts-electric. 

it must reflect a vision that enables the private sector and the 
public to be engaged, to inspire people to see that their future 
security a nd opportu n ities are going to be provided by ade­
quate development and growth in the national and world 
econom ies, that are geared to meet h uman needs. Otherwise, 
we are a l l  going to be in a real cris is, that wi l l  become increas­
ingly vis ib le to the general publ ic, as our lack of adequate 
economic i nfrastructu re, especial ly for energy suppl ies, with 
associated environ mental and fi nancial costs, wi l l  be increas­
ingly seen as overwhel m i ng the nation, and the world. 

Five Basic Types of Nuclear Plants 
We need to implement ava i lable plant designs. There are 

five basic types needed, and there wi l l  be more in the future: 
advanced l ight water reactors (ALWRs), h igh-temperature gas­
cooled reactors, breeder reactors for the long term, a smal l 
packaged reactor for remote and long-term operation without 
refuel i ng, and smal l  reactors for merchant sh ipping and other 
sma l l  non-electric-power req u i rements. The Canadian 
Advanced CAN D U  reactor, with a good technology base, i s  
also a cand idate to be instal led extensively in  a large world­
wide reactor implementation program. 

We clearly have ALWR plants that are wel l -su ited to provide 
large quantities of baseload power. Because of the inherent 
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safety of these pl ants, as was documented i n  the "Pol icy 
Forum" in Science magazine (Sept. 20, 2002, p.  1 997), there 
are substantial opportun ities to reduce the capital costs and 
construction schedules of these plants over t ime, as designs 
can be improved to better reflect safety req u i rements. 
However, bu i ld i ng one or two un its at sites is not very effec­
tive. LWR plant sites should be four to six un its, and more in  
many cases. They would be located in  areas where large pop­
ulation densities and industrial i nfrastructure warrant these 
bu lk  electric-generat ion capacities. 

At the same time, for h igh-temperature industrial appl ica­
tions, and relatively remote and developing populations, we 
need the modular h igh-temperature gas reactor plants-either 
the pebble bed modular reactor (PBMR) or the General Atomics 
prismatic fuel gas-turbine plants (GT-MH R).  These modular 
ceramic-fueled reactors enable incremental planning and flexi­
bi l ity. If we plan on 1 00 un its per year, we can implement that 
manufacturing plan before deciding the locations of modules, 
although the pri mary locations for energy requi rements in the 
network would be known. But implementation over the 
decades wou ld be able to accommodate demographic and 
development changes in growth of power, process heat, and so 
on. At the same time, we can develop the production capacity 
for the ceramic fuel needed to support that number of plants. 



One of the d ifficu lties of the past has been with ad hoc deci­
sions of ut i l ities about pl ant types. In  the U n ited States, this 
was influenced by the l ight water reactor development tech­
nology undertaken for warsh ips by the U .S .  Navy, with its 
need for high power-density reactors, whi le the uti l ities did no 
reactor development to opti m ize reactors for commercial 
applications. However, that opt im ization effort is now being 
undertaken, in respect to ALWR plants, inc luding the new 
"passive" designs, and the modular gas reactors, with some 
l imited work ongoing on more advanced reactors under the 
internationa l  "Generation IV" program led by the U .S .  
Department of  Energy. 

The gas reactors, the ceramic-fuel reactors that were being 
built starting in  the 1 960s, did not have enough plants to opti­
mize fuel production, after orders for the large h igh-tempera­
ture gas reactors (HTGR) plants were cancel led in the early 
1 970s. The fuel was costly, and there are questions about fuel 
recycl ing, although the h igh burnup of this fuel, inc luding the 
reduction of pluton ium and acti n i des, l im its the i nefficiencies 
that are associated with non-recycled LWR fue l .  The HTG R 
fuel waste greatly lowers d isposal costs. However, rational 
standards and technologies for spent fuel and h igh-level waste 
d isposal wi l l  lead to greatly reduced waste d isposal costs in  
general .  There were materials constraints in  the 1 960s and 
1 970s, compared to current materials technology. There was 
more use of CO2 than hel i u m  for reactor heat transfer. In addi­
tion, gas turbi nes today have the advantage of a great deal of 
large jet engine and combi ned-cycle turbine technology, 
which avoids the need to operate with a steam cycle.  

The Modular HTGRs 
The reactor designs ready to be developed for mass produc­

tion are the modular h igh-temperature gas-cooled reactors that 
have u ran i um-carbide cera m i c- m icrosphere fue l .  The 
German-designed pebble bed reactor from the Ju l ich research 
center was a 1 5-MWe prototype that operated from 1 967 to 
1 989. It is now bei ng developed for Eskom in South Africa as 
a 1 35-MWe pebble bed modular  reactor. China also has an 
operating 1 0-MWe operat ing prototype, and is designing a 
commercial  plant. In the U n ited States, the General Atomics 
design is a 285-MWe prismatic fuel gas-turbine modular  hel i­
um reactor, the GT-MH R .  A prototype plant is  being designed 
with the Russian n uclear agency for construction in Russia, to 
burn pl uton ium fue l .  

I have long favored HTGRs. I was at  Bechtel when the  large 
HTGR plants were ordered by Balt i more Gas and Electric and 
others in  1 97 1 . I also participated in  the Department of Energy 
meetings with industry on the modular HTG R  program in the 
early 1 990s. 

Of cou rse, in practice, we w i l l  i n it ia l l y  b u i ld the ALWRs 
that are a l ready designed and now being certified by the U .S .  
Nuclear Regu latory Commission, and  the  F rench-German 
EPR, and the Russian large PWR, wh ich are being construct­
ed today. These apply where large nuclear power capacities 
for electric generat ion are needed, especia l ly  in  C h i na, India,  
South America, Russia, Europe, and the U n ited States. But  
we must also aggressively pursue the gas reactor prototype 
development, to enable design acceptance for mod u lar gas­
cooled reactors, so that they are ava i lable for the smal ler 

electric power systems that have less technology and people 
i nfrastructu re. 

The prototypical gas reactor plant has four u n its with a s in­
gle control bu i ld ing. But i n  practice this model is flexible, to 
be expanded with another control bu i ld ing with another fou r  
un its going out, or expanding t h e  control b u i l d i n g  t o  r u n  addi­
tional reactors. There are flexible ways to bu i ld out the num­
ber of modules at a s ite, and to sequence mod u les at more 
than one site, in case of site instal lation constraints. 

But that's a deta i l .  We need to be able to accept the designs 
to be able to produce the plants over more than a decade, 
i ndependent of the comm itment of where to bu i ld those u n its, 
and to plan their associated fuel fac i l ities, pressure vessels, 
and so on. As noted above, the pressure vessel for the General 
Atom ics 285-MWe GT-MH R is roughly the same size as the 
pressure vessel for a l ,200-MWe PWR. 

U ranium reactors use less than about 1 percent of the ener­
gy from the uran ium fuel .  Breeder reactors use fuel recycl i ng 
to obta in  60 to 70 t imes the energy value from the u ran ium 
resources. Breeder reactor plants a re not needed quickly. 
However, with a large comm itment to nuclear power to meet 
world energy needs, we m ust develop breeder reactors and 
plant designs, and fuel recycl ing. F uel recyc l ing wi l l  start with 
the use of m ixed plutonium-uran i u m  oxide fuels, with a later 
introduction of breeder reactors. 

The small  reactors can be appl ied to many specific energy 
appl ications to replace costly fuel o i l  for transport; for exam­
ple, to power oil tankers and contai ner sh ips. Major industrial 
appl ications can be powered by smal l reactors, not u n l i ke the 
extensive experience that has been obtained from operat ing 
nuclear-powered warships, ice breakers, and power plants for 
the Antarctic and other remote locations. We need to develop 
smal l reactor designs for such commercial  appl ications. 

Some power appl ications can a lso be met by using radio­
isotopes that can be extracted from recycled fuel,  especia l ly 
from strontium-90. 

The Mass Production Road to 2050 
Because the t ime frames for these construction requ i rements 

are long, and we need sign ificant contributions to power sup­
pl ies by 2020, we can't just fol low exponential growth cu rves 
to put a lot of the power on l i ne i n  the decade from 2040-
2050. Note that my projections are for a nominal  6,000 u n its 
of 1 ,000 MWe. There wou ld be many more u n its if there were 
many modular  gas reactors. On the other hand, there may be 
many 1 ,600-MWe plants of the F rench-German European 
PWR design. This plant design is now being bu i l t  in F i n land, 
and one is plan ned in France. 

But to produce that number-6,000-plants by about 2050, 
we can not just i ncrease production exponentia l ly. We need a 
substantial amount of n uclear electricity before 2030, and we 
want to i nsta l l  a construction capacity that would also pro­
duce a stable plant production rate for the future, to meet both 
a nomina l  energy growth and to replace old power and other 
energy plants. Consider that China is bu i ld i ng roughly one 
new coal plant per week now, and the U n ited States has about 
1 00 coal plants on the drawing board. These plants and hU Il­
dreds of others wi l l  need to be replaced after 2050. 

Obviously, we would insta l l  much of that capacity between 
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GT-MHR: GEN ERAL ATOMICS' 
MELTDOWN-PROOF REACTOR 

The reactor vessel (right) and the power­
conversion vessel ( left) are located below 
ground, and the support system for the 
reactor is  above ground, in th is  285-
megawatt-electric reactor design. This is a 
gas-tu rbine modular h igh-temperature gas­
cooled (he l ium) reactor. Its ceramic fuel 
particles are embedded in 2-i nch-long rods, 
which are stacked up in col umns and 
inserted i nto a hexagonal  fuel block. 
Hel i u m  can be heated to h igher tempera­
tures than water, so the outlet temperature 
is 1 ,562° F, compared with the 600° F of 
conventional nuclear plants. 

Core 
conditioning 
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Reactor 
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conditioning 
system 

Pebbles leave the reactor here 
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Source: General Atomics 

PBMR: SOUTH AFRICA'S 
PEBBLE BED MODU LAR 

REACTOR 
This Eskom reactor design is 
7 7 0-megawatts-electric, and is 
located below ground. The 
ceramic fuel particles for this 
high-temperature gas-cooled 
(helium) reactor are formed into 
fuel balls (pebbles), which are 
about the size of tennis balls. 
Helium gas is inserted at the top 
of the reactor, passes among the 
fuel pebbles, and lea ves the 
reactor core at a temperature of 
900°C. It then passes through 
three turbines, to generate elec­
tricity and then cycle back to the 
reactor. 



1 . Reactor pressure vessel 

2. Fine-motion control rod drives 
3. Reactor internal pumps 

4. Lower drywell flooder 

5. Reinforced concrete 
containment vessel 

6. Advanced control room 

7. Turbine-generator 

2030 and 2050. But  to get from here to 2030, we have to re­
examine how we plan, and comm it, to insta l l ing n uclear 
plants. We need to go beyond the current idea that we would 
only commit  to constructing one plant i n  the U .S .  in  201 0, and 
then, bu i ld ing something l ike 1 0  plants in the next 1 0  years, to 
2020, in  the U n ited States. That's a long way from 2,000 or so 
in 2030 i n  the world.  

Fortunately, other countries are doing more to meet the 
need, as publ icly reported i n  plan n i ng annou ncements, even 
if that is sti l l  inadequate. Hopefu l l y, and I expect that, much 
more is  being done in  some key organ izations and institutions 
around the world. 

Fuel supply, of course, requ i res a large expansion of urani­
um extraction, conversion, enrichment, and manufacturing, 
along with implementing adequate fuel reprocessing to use 
plutonium-uran ium m ixed ox ide fuel ,  and later breeder reac­
tors, to create more fuel than they consume to produce power. 
This uses the large i nventories of depleted uran ium created by 
enriching u ranium for power and, especial ly in the U n ited 
States and Russia, from bu i ld i ng atomic weapons. India is also 
developin g  a thorium-based breeder reactor to take advantage 
of its thorium resources, and l i mited u ran ium.  

We have to  commit to  manufacturing the  pressure vessels 

GEN ERAL ELECTRIC'S ADVANCED 
BOI LING WATER REACTOR 

This General Electric ABWR design 
was built in japan by Hitachi and 
Toshiba, putting two units of 7,353-
mega watts each on line at the 
Kashiwazaki-Kariwa site in japan in 
record time in 7 997 and 7 998. The 
ABWR incorporates the passive safety 
and other advanced-reactor design 
improvements. 

and other large components in mass quantities, contracting 
now, instead of waiting for future ad hoc contracts from indi­
vidual companies. Even when they decide to bui ld in  four-un it 
plants, there are substantial overheads and del ays to develop 
contracts, which are subject to the ad hoc process of integrat­
ing such plans i nto the production capabi l ities of vendors, with, 
again, rising costs and/or extended schedules, as negotiations 
are entered for l imited production capacity, with h igh risks per­
ceived for commitments to expand manufacturing capacity vs. 
the assurance that the i ndustry wi l l  not col lapse aga in .  

We must also commit to  working on evol utionary designs 
that can reduce the cost of cu rrent and future plants. For exam­
ple, current requ i rements for conta inment pressu re and leak­
age, radiation control, inc luding ALARA (the as low as reason­
ably achievable standard), and so on, can be based on realis­
tic analyses, whi le enhancing n uclear power plant safety. In 
addition to engaging the manufacturing industries d i rectly, we 
must engage the major national and international standards 
organ izations, and other i nternational non-governmental 
organizations, in  this project. 

Such competition in the original n uclear plant construction 
process in  the past led to very high component and materials 
costs. Ind ividual compan ies wou ld sti l l  have to develop plans 
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and contracts for new plants, but those plants would come 
from national pol icies that engage the developed and devel­
oping countries to commit to the production and i nstal lation 
of nuclear power plants to produce a large, worldwide plant 
manufacturing capacity. 

To have 6,000 un its in 2050, exponential growth would 
result in  bui ld ing about 400 u n its per year in 2050, but with 
fewer in the early decades. But a plan for more rapid growth 
to a level long-term production capacity to support long-term 
energy growth and replacement of old plants and fossi l  fuels, 
wou ld result in producing up to 200 new un its per year. We 
can plan for 6,000 equ ivalent un its taking our present operat­
ing plant capacity as about 300 l ,OOO-MWe equ ivalent u n its 
(from about 440 actual u n its). 

There are about 30 u n its now in construction in the world, 
with construction times of five to six years, so we are now 
building about 6 u n its per year. This wi l l  substantial ly increase 
in the next two to three years. So we can take something more 
than 1 0  u n its per year as a current base l i ne, although we can 
more rigorously examine pressure vessel capacity. We can 
plan for a rapid increase in  current capacity to a level about 
200 u n its per year around 2040. Current and near-term 
nuclear power plant construction experience is a sound basis 
to adopt in itial plant designs and major suppl iers. 

The Production Schedule 
The production effort to get to 5,000 or 6,000 plants by 

about 2050, can be estimated by starting from the existing 300 
equivalent l ,OOO-MWe plants and the plants now u nder con­
struction, so that there wi l l  be about 320 equ ivalent 1 ,000-
MWe plants in 201 0.  There is a current production capacity of 
at least 1 0  plants per year, which needs to be evaluated as a 
basis for developing add itional capacity. 

To bui ld 5,000 plants by about 2050, production can be 
increased to bui ld an average of about 30 plants per year 
between 201 0 and 2020, which would add another 300 
plants, for a total of about 620 pl ants in 2020. Bui lding an 
average of about 75 plants per year from 2020 to 2030, adds 
750 plants; bui lding 1 60 plants per year between 2030 and 
2040, adds 1 ,600 plants; and bui ld ing 200 plants per year 
between 2040 and 2050, adds 2,000 plants. This results in  
about 4,970 eq uivalent l ,OOO-MWe plants. 

To ach ieve 6,000 plants by about 2050, requires pushing 
plant production to an average of about 40 plants per year 
between 201 0 and 2020, which adds 400 plants; 1 25 plants 
per year between 2020 and 2030, which adds 1 ,250 plants; 
1 80 plants per year between 2030 and 2040, which adds 
1 ,800 p lants; and 220 plants per year between 2040 and 
2050, which adds 2200 plants. This results in about 5,970 
equivalent l ,OOO-MWe plants. 

This bui ld ing schedule does not take i nto account the cur­
rently operating plants that would be closed before 2050. That 
may be about 75 percent of the 440 currently operating plants, 
but those wi l l  be the older and smal ler u n its, at perhaps a loss 
of about 200 of the 300 current equivalent l ,OOO-MWe plants. 
To make up for this loss, about 7 plants per year, in addition to 
the above schedule, wou ld have to be bui lt  between 2020 and 
2050. 

We would focus primarily on the requ i red fuel cycle capac-
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ity and major component manufactu ri ng, and primary materi­
als and infrastructure, including the requi red people, to pro­
duce nuclear u n its more l i ke the way we build 747s, with parts 
being del ivered for assembly from around the world. 

Note that "manufactu ring" appl ies to on-site and near-site 
su pport of construction by prod ucing major modules outside 
of the construction area of the plant itself. The modules bu i lt 
on-site i n  Japan to construct the two l ,356-MWe ABWRs 
(advanced boi l i ng water reactors) in about four years each, 
which came on l i ne in 1 996 and 1 997, weighed up to 650 
tons and were l ifted i nto the plant. 

The World War II and TVA Precedents 
We have the experience of the expansion of production 

capacity in a few years before and dur ing World War I I .  
President Roosevelt anticipated the need, b y  engaging indus­
try leaders before the u.s. entry into the war, including earlier 
production to support U .S. merchant marine shipbu i ld i ng, and 
to supply Brita in  and Russia using the " lend-lease" program. 
Henry Kaiser b u i lt L iberty ships, which took six months before 
the war, del ivering more than one per day. 

The early TVA experience bui lt  large projects that integrated 
production and construction, with labor requ i rements and 
capabi l ities. Unfortunately, as with many large organizations, 
the later management failed to ful ly understand and mainta in  
the capabi l ities that were largely taken for granted as  the h is­
torical 

'
Iegacy of the organization, with inadequate commit­

ments to maintain that capabi l ity. However, there are exam­
ples of mainta in ing those capabil ities, in organizations l ike 
DuPont and the U.S.  Nuclear Navy. 

I n  addition, our original nuclear power construction experi­
ence demonstrates that these capabi l ities are read i ly ach iev­
able. Today there are 1 03 operating nuclear u n its in the U n ited 
States, ordered from 1 967 to 1 9 73 .  Earlier un its were the smal l  
prototypes that are now shut down.  Many un its ordered in  that 
period had vessels and major components, and containment 
construction materials in  place or in process. In add ition, there 
are a nu mber of plants that were bui l t  in that period that have 
been shut down, some of which should not have been, if the 
decisions had been made in the i nterest of the ratepayers and 
the general economy, instead of only by and for the uti l ities, 
which cou ld then access hundreds of m i l l ions of dol lars i n  
decomm issioning funds. 

There were about 200 un its in production and construction 
by the early 1 980s. So, even with l ittle management coordi­
nation, poor management by many owners and constructors, 
with plant owners, vendors, and constructors jockeying for 
position and running up costs in the marketplace, we were 
bui lding about 20 u n its per year. 

But we got ahead of ourselves. Costs were driven up by com­
petitive bidding for l im ited production capacity and capital con­
straints, but, more important, there was much lower electricity 
growth fol lowing the 1 973 oil embargo, which had not returned 
to near pre-embargo rates as had been expected by many in the 
industry. The then-existing excess baseload plant capacity was 
sufficient to sati?fy the slower growth in demand for two 
decades, relying primarily on coal, which we have in abundance, 
and in the 1 990s, by bui lding low-cost natural gas-burning 
plants, when the cost of gas was very low. This provided h igh 



• Installed Power Plants 

o Cancellations 

CANCELLED U .S. NUCLEAR PLANTS 

the later designs of those we bu i lt 
were greatly i m proved. Those 
plants are the foundation for the 
Westi nghouse and General Electric 
advanced LWRs and passive design 
plants that are being certified by the 
u .s .  N uclear Reg u latory 
Comm ission today. 

France is the premier example of 
the alternative model,  of making 
national decisions on both the need 
to b u i l d  n u c lear power p la nts 
(because France did not have the 
coal or gas that was avai lable in the 
U n ited States), and the decision to 
select standard designs to evolve in  
series, applyi n g  the worl dwide 
experience with many early plants. 

The map shows the currently operating 1 03 U.S. nuclear plants, plus the sites 
where new nuclear plants were planned, ordered, and then cancelled in the 1 970s 
and early 1 980s. We need a national energy plan that will mass-produce stan­
dardized nuclear plants no� and site them where power is needed-to supply 
desalinated water for the drought-stricken areas in the Southwest and West, and to 
power the re-industrialization of the Midwest for example. 

I n  contrast, the U n ited States bui lt  
plants one at a time, because each 
was a separate contract, for separate 
owners. Each design was independ­
ent, although with some sharing of 
knowledge and technology. Starting 
about 1 9 7 1 , as with France, there 
were in itiatives to bui ld "standard­
ized n uclear un its" for mu ltiple util­
ities. But the United States had no 
i nstitutiona l  capabi l ity to make 

short-term returns to the electricity-generator compan ies, but 
at h igh long-term energy costs and energy security risks to the 
nation-and the world .  That was an obvious fai lu re to do com­
petent planni ng, which has clearly exacerbated our current 
inadequate abil ity to provide for long-term energy needs of the 
u.s. and the world, with rising costs that are threatening the 
world economy. 

A more responsible national pol icy in the 1 980s would have 
acquired some of the abandoned n uclear power plant projects 
in the national interest (those capable of bei ng mai ntained to 
salvage the sunk costs), to be completed when needed to pro­
vide new baseload capacity, depending on the costs of coal 
and gas. In the same way, today, the nation should acqu i re the 
ban krupt GM plants from those who have destroyed them, and 
who wou ld dismantle them, for short-term gain, whi le losing 
essential instal led national economic infrastructure. 

Needed: A National Plan in the Public Interest 
There was, and is, no adequate mechanism to make deci­

sions in the public i nterest based on the va lue of nuclear 
power plants to the economy, inc lud ing environmental and 
energy security benefits. in  a" ' rational world operating in  the 
long-term publ ic interest, it would have been better to have 
completed many of the plants that were u nder construction, 
including mothbal l i ng coal plants, and preventing the con­
struction of gas plants instead of overtu rning the proh ibition 
against burning natural gas for electric power. 

But, we hadn't bui lt  wel l-designed nuclear plants, although 

effective decisions i n  the national 
interest. This was especia l ly true 

after the Atomic 
1 9 74. 

Energy Commission was dismembered in 

To some extent, we blew up the economic system in  com­
peting for massive amounts of capital ,  as wel l as the engineer­
ing and procurement system, in trying to push a l l  of those 
plants out at the same time-without national pol icies and 
plans that cou ld make that possible. The uti l ity regulatory 
process that had been in place s i nce the 1 930s should have 
been fixed to meet the real ities of future power needs from 
earni ngs, when the conditions of lower-cost electricity from 
new plants no longer applied. 

Government needs to put in  place the publ ic/private i n itia­
tive, with national and i nternational authorities to make the 
requis ite strategic and operational decisions on the plant 
designs to be bui lt, and to make in it ial  comm itments to devel­
op the production capacity by the primary vendors. The plants 
can be put i n  a manufactu ring pipe l ine. The uti l ities wi l l  iden­
tify sites, power needs, and their capabi l ity and responsibi l ity 
to construct and operate the plants, from avai lable plants and 
positions in  the manufactu ring p ipe l ine. Volume production 
would be adj usted to meet demands. This wi l l  reduce con­
fl icti ng demands for resources, inc luding labor, and as with 
France, enhance h igh qual ity designs and production, and 
reduce wasteful and redu ndant investment in  technology. 

Today, an element of that capabi l ity exists in the new U .S. 
Nuclear Regu latory Commission rules that provide for certified 
reactor designs. This enables a util ity to select from "avai lable" 
regulatory-approved designs. But this general principle needs 
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....... The United States no 
longer has the 
capability to build 
nuclear pressure 
vessels. This stainless 
steel pressure vessel 
was designed and 
fabricated by 
Combustion 
Engineering in the 
late 7 970s. 

Pipes are another 
component that will 
be needed in large 
quantity. Here, the 
inside of the Tarapur 
Atomic Power plant 
in India, which 
supplies power to 
two major states. 

to be appl ied to complete u n its, for procurement and l icens­
i ng, not j ust to the reactor designs. Current work is developing 
Construction/Operating License appl ications for current and 
in-process certified reactor designs. These are, in  effect, the 
in itial standard plants ava i lable to be selected for construction. 
However, private interests have l im ited abi l ity to plan and 
commit to develop the production capacity which can provide 
the cost advantages to establ ish a productive industry to meet 
the essential  energy needs of the 2 1  st Century. 

China's Ambitious Nuclear Plans 
I t  is useful to look at what China is doing. The Chi nese have 

announced a sign ificant commitment-32 new un its by 2020. 
But China is  sti l l  authorizing the construction of plants pro­
posed by local uti l ities and requesting tenders for contracts 
with vendors on a project-by-project basis. Its current tender is 
for 2 plants with 4 un its, for 2 uti l ities. This approach is rea­
sonable, considering that China is sti l l  ga in ing experience with 
plants and vendors, including its own plant design and con­
struction capabi l ity. The Chi nese also have their own success-
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A high-capacity coolant pump, 
produced by C-E/KSB Pump 
Company in the late 7 970s. The 
pump was assembled and tested in a 
full-flow loop at the manufacturing 
facility, before being shipped to the 
nuclear reactor site. 

ful PWR construction, now in operation, and their own pebble 
bed gas reactor, with a 1 0-MWe prototype operating. This is 
also infl uenced by the advantages of obta in ing foreign financ­
ing from vendor countries for plant construction . 

I expect that China is eval uating plant designs and vendors, 
mostly PWRs, with CANDU reactors that were recently com­
pleted, and that it wi l l  develop its opti mum national plans in 
the next few years, instead of conti nu ing to make separate 
contracts for each plant and havi ng an ad hoc strategy about 
how many plants it is bu i ld ing. I also anticipate that by 2020 
the Chi nese wi l l  have more 

'
than these 32 additional plants 

that they have announced. They can decide wel l  after 201 0 to 
bui ld plants to be operating in 2020. 

Note that China has a contract with France specifical ly on 
the French experience with its national n uclear power plant 
design and construction plann ing process. 

So, bu i ld i ng the relatively few plants currently in the 
pipel ine in China should support making decisions on plant 
designs and development programs, inc lud ing the pebble-bed 
gas-cooled reactor. That effort is aggressively promoting the 



PBMR as the primary nuclear solution i n  China.  They are 
undoubtedly plan n i n g  to produce process heat. I am u naware 
of plans in China to produce hydrogen to reduce the demand 
for oi l  for transportation. 

China is where the Un ited States, the U n ited Ki ngdom, 
France, Russia, and Canada were roughly 30 years ago. To 
implement n uclear power, the Chi nese need to select and 
develop standard designs, and decide how to implement 
them, for example, as in the U n ited States where projects are 
local util ity decisions in  participation with a consortium for 
mu ltiple plants, with engi neering and contracti ng, with ven­
dors competing, to provide those designs. Or they can go the 
route of France, which abandoned its gas reactors and adopt­
ed the Westinghouse PWR design, committed to bui ld many 
plants, and then to the sit ing of those plants. Of course, it 
helped that France had one n ational uti l ity, EdF, in a national 
regulatory environment, as opposed to the Un i ted States, 
which had the legacy of ad hoc development for short-term 
profit in hundreds of uti l ities regu lated by each state. 

China wi l l  l i kely combine large l ight water reactors and the 
PBMRs. This works for most of world nuclear energy needs, 
where large power centers can read i ly  adopt mu ltiple PWRs, 
while developi ng areas and industrial needs are met by gas 
reactors with many smal ler modu les.  These modular  reactors 
are designed to be simpler to operate and to be implemented 
to dynam ical ly fol low power demands, with four, eight, and 
even more modules at a given site, whi le  sti l l  being a man­
ageable undertaking. 

However, the bottom l i ne to th is is  that this entire enterprise 
should be the subject of more strategic formal mu lti-national 
plann ing and negotiations to enhance China's abi l ity to devel­
op its nuclear power plant capacity most cost-effectively, as a 
matter of i nternational support as wel l as national strategic 
decision-making. The need to reduce competing demands on 
oi l  and gas is in the interest of the world, as well as of China.  

The Industrial Gear-up Required for Mass Production 
What k ind of industries wou ld have to gear u p-steel, con­

crete, new materia ls, n uts and bolts, and reactor vessel pro­
ducers? 

The cornerstone of manufactur ing for an accelerated pro­
gram is in fuel suppl ies and reactor pressure vessels, along 
with steam generators and turbi nes, and large pumps. Much of 
the piping and plumbing, power systems, cables, instrumenta­
tion and other systems, plus the concrete and steel for the con­
ta inment and other bu i ld ings, are h igh volu mes of materials, 
but these should be more read i ly  met with in  the general i ndus­
trial production of concrete and steel ,  and other i ndustrial 
components and equ ipment. 

This also contributes to redevelopment of essential produc­
tion capacities that need to expand and to be retooled, along 
with reactivating substantial steel capacity. 

The fuel supply is critica l .  I n it ia l ly, uran i u m  m i n ing can 
readi ly be substantia l ly expanded. However, h igh-grade urani­
um suppl ies w i l l  be exh austed, along with surplus nuclear 
weapons materials, requir ing the use of lower-grade ores. But, 
ultimately, uraniu m  can also be extracted from ocean water, at 
only about 1 0  times the extraction costs of lower grade ore, 
where it is replenished from natural d ischarges into the 

oceans. Because, u n l i ke other fuels, the cost of urani u m  is a 
relatively small fraction of the cost of producing n uclear ener­
gy, such an increase does not substantial ly affect the costs and 
advantages of nuclear power. Extraction of uran i u m  m ight be 
effectively done in  conjunction with desa l ination plants and 
hyd rogen production . U ran i u m  from seawater, combined with 
breeder reactors provide redu ndant pathways to assure supply. 
This makes it clear that these resources are good for thousands 
of years. 

The need for conversion and enrichment capabi l ities wou ld 
be substantial, along with fuel assembly manufacturing, includ­
ing the need to establ ish large-scale ceramic fuel manufactur­
ing for the high-temperature gas reactors, and develop repro­
cessing faci l ities to extend u ranium fuel suppl ies. I n it ia l ly, this 
would be done by making pluton ium-uranium mixed oxide 
(MaX) fuels, and then later developing breeder reactor fuels. 

Following the Eurasian land-Bridge 
As to where the faci l ities would be located : The whole idea 

of Land-Bridge development appl ies here. Today, pressure ves­
sels are bui l t  in a few locations and transported arou nd the 
world. But in  planning for necessary n uclear power plant con­
struction, it would be rational to locate pressure vessel ,  steam 
generator, large pump a nd valve manufactu ri ng, and other 
major component fac i l ities relative to the major plant con­
struction and transportation locations, a l ong with steel 
sources. These decisions wou ld be made with the industries 
and countries that would produce the components. 

In it ial ly, two or more major pressu re-vessel fac i l ities might 
need to be developed to be able to produce about 20 vessels 
per year. These would be massive fac i l ities. With an in itial tar­
get to u lti mately produce 200 plants per year in the 2040s, we 
would decide later whether to develop 1 0  to 20 such fac i l ities 
around the world, or to make larger and fewer fac i l ities. This 
wi l l  reflect the capabi l ities of the various compan ies that must 
do the work. We can get that capabi l ity into s imu ltaneous pro­
duction. We can construct the large PWRs in fou r  to five years, 
even three-and-one-half years or so, and down to two years for 
the gas reactors, using factory production, and on-site manu­
facturing production of modules. On-site pl ant construction is  
therefore more of an assembly process, as well as the con­
struction process that we normal ly th ink  of in bu i ld ing large 
concrete and steel structures and faci l ities. 

Manufacturing faci l ities wou ld be located with considera­
tion of the known and anticipated locations of future power 
plants, steel suppl iers, transportation capabi l ities, and so on.  A 
constructive competitive environment can be establ ished to 
keep the system dynamical ly i mproving and reducing costs, 
with necessary elements of competition and rewards to the 
companies and people producing the components. 

We have done this to some extent in  the past in  bu i ld ing the 
rai l roads and the TVA, the Nuclear Navy, and other major pro­
grams such as the space program. Of cou rse, there have also 
been many poor and costly government program decisions 
that were made to satisfy polit ical and private i nterests in 
developing fac i l ities and services. Some of this is  also "neces­
sary overhead," as long as it fal l s  short of outright corruption, 
and the bui ld ing of "roads to nowhere" that do not contribute 
to the national pu rpose, to the productivity of the economy, 
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and to meet essential h uman needs. 
Our experience with the rai l roads, and the Interstate 

H ighway system, and economic infrastructure development 
growth in general, is  that it's not just a matter of providing 
transportation from point A to point B, as it is  with marine 
shipping. Here, the development created is  more from devel­
oping the track-side part of the world than just meeting the 
needs of transporting goods around the world. 

The Political Framework 
So, how do we proceed with this ambitious bui lding and 

developmenr program?  We need both top-level d i rection and 
authorization, and private-sector i n itiatives. 

Certa in ly, the fundamental decisions can only be made at 
the top. An organization must be created that has the resources 
and authority to make plans and commitments. But just how 
central i zed that would be beyond the essential comm itments 
and responsibi l ities for infrastructure plann ing and fi nanci ng, 
how it works as a government/private sector implementation 
program, is flexible. 

Private i n it iatives can be authorized, d i rected, and support­
ed by government, more l i ke the transcontinental rai l road 
development. It was justified by national needs for mail  del iv­
ery and mi l itary purposes, which also supported stage coach-
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es and early a i rl i nes development, providing guarantees and 
funds for services. Or i t  can be a more central ized govern ment 
role, l ike the TVA development, but th inking of this l i ke 
Admiral Rickover thought of it, in using the private sector and 
competition to bui ld the u .s .  Nuclear Navy: Get the private 
sector to develop and del iver the technology, wh i le govern­
ment makes major strategic and programmatic decisions, con­
tracting to undertake production capacity to meet demand ing 
specifications and performance requ i rements. 

The COMSAT/I NTELSAT model was advocated by President 
Kennedy to engage the private sector to interconnect the world 
through a for-profit organization with substantial partic ipation 
by the private-sector commun ications companies. This was 
done even though AT&T was prepared to implement its own 
system based on its successfu l TELSTAR satel l ite, which would 
have requi red tracking antennae to fol low medium-orbit satel­
l ites across the sky, providing service to the most lucrative mar­
kets. COM SAT provided for geosynchronous satel l ites to cover 
the whole world, and I NTELSAT supported the formation of 
satel l ite communications companies in many nations, to avoid 
having to patch world commun ications together after ad hoc 
projects to provide commun ications satel l  ite service to the 
most lucrative markets (as AT&T had been prepared to do). 

We need a dynamic, competitive, management-driven 

Source: General Atomics (c) Fuel block element (d) Fuel block element 

FUEL PEllETS FOR THE MODULAR HELIUM REACTOR 
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The fourth generation ceramic fuels, pioneered by General Atomics, will stay intact up to 3,632°F (2, OOO°C), which is 
well above the highest possible temperature (2, 9 12°F or 1, 600°C) of the reactor core, even if there is a coolant failure. 
The tiny fuel pellet (a) is about 0.03 inch in diameter. At the center is a kernel of fissile fuel, uranium oxycarbide. This is 
coated with a graphite buffer, and then surrounded by three successive layers, two layers of pyrolytic carbon and one 
layer of silicon carbide. The coatings contain the fission products within the fuel kernel and buffer. The fuel particles are 
mixed with graphite and formed into cylindrical fuel rods about 2 inches long (b). The fuel rods are then inserted into 
holes drilled in the hexagonal graphite fuel-element blocks, (c) and (d). These are 1 4  inches wide and 3 1  inches long. 
The fuel blocks, which also have helium coolant channels, are then stacked in the reactor core. 

The particle containment is similar for both the General Atomics GT-MHR and the Eskam PBMR. In the PBMR, how­
ever, the fuel particles are embedded in graphite and formed in tennis-ball-size balls, called pebbles. In both reactors, 
there are hundreds of thousands of fuel particles. 
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enterprise, to prevent becoming trapped or captured by either 
private interests or self-serving government bureaucracies that 
don't, or don't continue to, perform wel l ,  either on the tech­
nology side or on the economic side. Such fai l u res leave the 
national interest hostage to self-serving organizations and 
financial interests, whether private or governmenta l .  

Consider the bui ld ing of  the transcontinental rai l roads in  the 
Un ited States, where the U n ion Pacific and Central Pacific 
were chartered to do the job, with subsid ies, but they had to 
raise their own money, with government d i rection and guar­
antees. This was compromised in  many ways, however, 
including buying Congressional support with Credit Mobi l ier 
stock for changes favorable to the owners, and so on.  That was 
not a clean process. 

But after false starts with l ittle progress, whi le self-serving 
work was bei ng done, pri mari ly in land-grabbing with the 1 0-
mile track-s ide lands given to the U n ion Pacific owners, 
President L inco l n  and the Congress created incentives that led 
to progress. Eventual ly the companies had to compete as to 
how far they were going to bu i ld  out to where they would 
meet, and be rewarded for how much of the intercontinental 
connection they had respectively b u i lt. And for many years it 
was a substantial competition that h ad them going "hammer 
and tong," as we wou ld say, to bui ld  out from San Francisco 
and from the Missou ri River at Omaha, Nebraska. L incoln had 
to pick the starti ng point, which was itself a political reward 
for electoral support. 

Learning from Other G reat Projects 
This job is even more vast. But there are lessons to be 

learned from the rai l roads, the TVA, and other great projects to 
implement essential publ ic purposes. The rai l road conditions, 
before and after the Civi l  War had the compl ications of 
procuring and del ivering materials to Nebraska and Cal iforn ia, 
with most of the financial and corporate interests in  New York 
and Phi ladelph ia, a nd government participants in Wash ington, 
along with involvement by some states. They had a problem 
getting labor, u nt i l the Chi nese were recruited by the Central 
Pacific, and U n ion and Confederate Army soldiers were 
recru ited to do the job by the U n ion Pacific after the war. Pay 
and conditions were poor, which is  part of the down-side of 
relying on private interests to do the job, before labor stan­
dards had been establ ished. 

Thomas Durant, who headed the U n ion Pacific effort, saw 
that most of the wealth would be generated from developing the 
track-side land and resources. The companies weren't making 
much progress on actual ly bui ld ing the rai l road, so Lincoln 
worked to shift incentives to have to bui ld so many mi les of 
track, and the company with the most mi les of track at the end 
was going to make more money. Without that, the U n ion Pacific 
would have bu i lt out only slowly, focussing more on develop­
ing the more valuable track-side land resources. When they 
were bui lding out, the Central Pacific was trying to get past Salt 
Lake City, Utah, to the coal deposits in the Wasatch mountains. 
They fai led to do that when they could only get to Promontory 
Point, where the railroads joined up. But construction was being 
driven by rewards in obtaining such resources. 

So, there are lessons from considering where the interests 
and values are in developing an economy, beyond just th ink-

ing of it as a point A to point B transportation construction 
project, un l ike ocean sh ipping. Or the need to have a i r l ines 
serve smaller cities as wel l  as the large cities. 

In the final analysis, the world will work by people maxim iz­
ing their financial rewards. The question is, are they doing it con­
sistent with the larger objectives of the economy in serving the 
public interest, whether that is by using a more central ized gov­
ernment program to develop the TVA, or by engaging the private 
sector more d irectly, as with the rai l roads. This is as opposed to 
corrupt actions by financial interests or government agencies that 
steal the public treasure for self-serving purposes. 

The early development of the a i rl ine industry is another 
model of combi n i ng private and government interests, but 
with inadequate government responsibi l ity to meet the nation­
al interest si nce a i rl i ne deregulat ion. 

The Interstate H ighway system is another model, where 
government d i rectly funded construction .  This was, and is, of 
enormous economic val ue, but it was also not done with an 
adequate balancing of the effects on rai l roads and cities by the 
financing models establ i shed by the Congress, rather than by 
a responsible government transportation agency, for example, 
in  establ ish ing and a l locat ing fuel taxes. There was no one 
competing for ownersh ip and profits, other than those doi ng 
the engi neering or pouring concrete, nor were there rewards 
for bui ld ing the most h ighway m i les. On the other hand, there 
were many local interests working polit ica l ly to influence 
routes and h ighway i nterchange access that were always at 
work. Those were government program dec isions rather than 
private interests l icensed to bui ld  h ighways between points A 
and B, to profit on bei ng given roadside land and resources, 
and own i ng and sel l i ng i nterchanges to the h ighest bidding 
commun ities. 

But h istorically, the transcontinental rai l roads, origi nal ly 
championed by Stephen Douglas, even with the major scan­
dals, were a great and econom ical ly important success, as a 
national economic and pol itical achievement. They captured 
the imagination of the cou ntry. When looked at closely, we find 
that it's l i ke making sausage, or laws-we may not want to see 
how it's done, and who is j ust self-servi ng in the process, 
whether they are just normal ly biased by personal and local 
political advantage, or they are comm itting outright fraud. But 
programs today can genera l ly  control any significant fraud.  

Ach ieving a great project transcends such detai ls, and pro­
vides for the generation of great wealth for the economy as a 
whole, for the nation and the world. This wealth is greatly out 
of proportion to the costs from any such malfeasance. 

I also l i ke to be phi losoph ical,  considering that any such 
perpetrators of fraud, if not stea l ing  from such great projects, 
would l i kely be steal i ng elsewhere, perhaps from our pension 
funds, and so on, that are m uch more of a zero-sum game. 

We can also learn from the ongoi ng national economic 
development that was stopped by the 1 873 financial col l apse 
created by the international ban kers, after they had failed to 
stop American development by i nstigating the secession of the 
South.  

And we can learn from the subsequent role of Thomas 
Edison, and his aversion to the Wal l  Street fi nanciers, to make 
an enormous individual contribution to overcoming that inter­
ruption in American development. 
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What a Nuclear Energy I nitiative Can Bring to the World 
Fi rst, even though such a nuclear power enterprise is an 

enormous project to salvage the world energy l ife l i ne and to 
l i mit confl icts, whi le  being a primary economic development 
engine, it is just the core of the larger decisions to provide ade­
quate energy from coal and other technologies, plus other crit­
ical infrastructure requ i red to provide for the human needs of 
the developing and undeveloped world, and expanding pro­
ductive wealth in the developed world. 

I n  addition, such a nuclear power and/or energy technology 
development in it iative is a lso a foundation of common science 
and technology, and common purpose, for the world. It can be 
a model .  It is a national and international enterprise, founded 
on government and private industry participation. It has the 
power to l imit the non-productive machinations of both gov-

ernment and private financial i nterests that are in confl ict, and 
constrain responsible government and private interests from 
working for greater general wealth and constructive progress 
for both the developed and developing world. 

Nuclear power a lso has the advantage that it currently has 
a h igh international profi l e, and substantial, if relatively non­
productive, ongo ing national and international government 
organ izations. For example, the U n ited Nations, especia l ly  
with  the I nternat iona l  Atomic  Energy Agency, the 
I nternational Energy Agency, and the Non-Pro l iferation 
Treaty, is essentia l  to our need to safeguard u ranium enrich­
ment and plutonium production, plus many other i nstitution­
al  components. The major industry organizations are a lso 
more coord i nated, with compat ib le technologies and capa­
b i l i ties that are more complementary than other eq u ivalent 

It's Not 'Waste': Nuclear Fuel Is Renewable 

5 2  

T
he first thing to know about nuclear waste i s  that it isn't "waste" 
at al l ,  but a renewable resource that can be reprocessed into 

new nuclear fuel and valuable isotopes. The chief reason it is cal led 
"waste," is that the anti-technology lobby doesn't want the public 
to know about this renewabil ity. Turning spent fuel into a threaten­
ing and insoluble problem, the anti-nuclear faction figured, would 
make the spread of nuclear energy impossible. And without 
nuclear energy, the world would not industrial ize, and the world 
population wou ld not grow-just what the Malthusians want. 

The truth is  that when we entered the nuclear age, the 
great promise of nuclear energy was its renewabi l ity, making 
it an inexpensive and efficient way to produce electric ity. It 
was assumed that the nations making use of nuclear energy 
wou ld reprocess their spent fuel ,  completing the nuclear fuel 
cycle by renewing the original  enriched u ran ium fuel for 
reuse, after it was bu rned i n  a reactor. 

When other modern fuel sources-wood, coal, o i l ,  gas­
are burned, there is nothi ng left, except some ashes and air­
borne pol lutant by�products, which nuclear energy does not 
produce. But spent nuclear fuel sti l l  has from 95 percent to 
99 percent of unused u ran ium in it, and this can be recycled. 

This means that if the U nited States buries its 70,000 metric 
tons of spent nuclear fuel, we would be wasting 66,000 metric 
tons of uranium-238, which could be used to make new fuel .  
In addition, we would be wasting about 1 ,200 metric tons of 
fiss i le uranium-235 and plutonium-239. Because of the high 
energy density in the nucleus, this relatively smal l  amount of 
fuel (it would fit in one smal l  house) is equivalent in energy to 
about 20 percent of the u .s. oi l  reserves. 

N inety-six per.cent of the spent fuel can be turned into new 
fuel .  The 4 percent of the so-cal led waste that remains-2,500 
metric tons-consists of highly radioactive materials, but these 
are also usable. There are about 80 tons each of cesium-1 3 7  
and strontium-90 that could b e  separated out for use in med­
ical appl ications, such as steri l ization of medical supplies. 
Using isotope separation techniques, and fast-neutron bom­
bardment for transmutation (technologies that the United States 
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pioneered but now refuses to develop), we could separate out 
all sorts of isotopes, l i ke americium, which is  used in smoke 
detectors, or isotopes used in medical testing and treatment. 

Right now, the U n ited States must import 90 percent of its 
med ical isotopes, used in 40,000 med ical procedures dai ly. 
These nuclear isotopes cou ld be "mined" from the so-cal led 
waste. Instead; the Un ited States suppl ies other countries 
with h ighly enriched u ranium, so that those cou ntries can 
process it and sel l  the medical  isotopes back to us!  

How Fuel Becomes 'Spent' 
The fuel in .a nuclear reactor stays there for several years, 

unti l the concentration of the fissi le u ranium-235 in the fuel is 
less than about 1 percent at which point, the nuclear chain 
reaction is impeded. A 1 ,OOO-MW nuclear plant replaces about 
a thi rd of its fuel assembl ies every 1 8  months. 

I n it ia l ly, the .spent fuel is very hot, and is stored in pools of 
water which cool it and provide radiation sh ield i ng. After 
one year in the water, the total radioactivity level is about 1 2  
percent of what it was when it fi rst came' out of the reactor, 
and after five years, it is down to just 5 percent. 

Un l ike other poisons, radioactive isotopes become harmless 
with time. This decay process is measured in terms of "half-l ife," 
which refers to the amount of time it takes for half of the mass 
to decay. Although a few radioisotopes have half-l ives on the 
order of thousands of years, most of the hazardous components 
of nuclear waste decay to a radioactive toxicity level lower than 
that of natural uranium ore within a few hundred years. 

The spent fuel includes uranium and plutonium, plus a l l  the 
fission products that have built up in its operation, and very 
smal l  amounts of some transuranic elements (those heavier than 
uranium) or actinides, which have very long decay times. If this 
spent fuel is not reprocessed, it takes hundreds of thousands of 
years for its toxicity to fal l  below that of natural uranium. 

What are we real ly wasting? The spent fuel produced by a 
si ngle 1 ,000-megawatt nuclear plant over its 40-year l ifetime, 
is equal to the energy in 1 30 m i l l ion barrels of o i l ,  or 37 mil-



industries. 
In addition, such actual publ ic/private mechanisms can 

transcend some of the destructive national confl icts and 
destructive fi nancial  conditions, to meet actual worldwide 
energy needs, and to actua l ly implement essentia l  nuclear 
power energy suppl ies to prevent world conflicts over ener­
gy-i n the real world. This can provide an in itiative with a 
productive pu rpose that can push cu rrent non-productive gov­
ernmental and non-governmental organ izations to replace 
non-productive d ia logue and make actual progress in meeting 
the human needs of the world .  

With any success, these mechan isms can also contribute to 
models that can address other substantial national and inter­
national pu rposes, to engage the developed and developing 
nations to enable solutions, beyond current "pol icy discus-

sions." These mechan isms can enable productive cooperation, 
along with healthy competition, that can en hance relevant 
technologies, and lower costs, instead of seeing l ittle actual 
progress in major projects. This can include basic infrastruc­
ture, health care, and drug del ivery, education and communi­
cations, and so on.  These i n it iatives can constrai n  costs, and 
preclude destructive financing costs on developi ng and u nde­
veloped nations. 

The nuclear power enterprise can red uce the com i n g  
world energy confl icts, create wealth, a n d  b e  a model to 
address the inabi l ity to del iver technology and services to 
the developing and u ndeveloped world and br ing these 
soc ieties into the economic mai nstream .  Th is  can be the pri­
mary economic engi ne, the wealth-generat ing machin e, for 
the 2 1  st Centu ry. 

ESTIMATED ELECTRICAL EN ERGY 
FROM D I FFERENT FU ELS 

killowatt hours 
of electriCity from 

Fuel 1 kilog ram of fuel 

Hardwood 1 
Coal 3 
Heavy oil 4 
Natural gas 6 
Natural uranium 50,000 
Low-enriched 
uranium 250,000 
Uranium with 
reprocessing 3,500,000 
Plutonium with 
reprocessing 5,000,000 

This com parison of the approximate electric­
ity that can be derived from currently avail­
able fuels, in d icates why nuclear energy was 
v iewed as such a breakth roug h and came 
u n der suc h attack from the Malthusians. 
When electriCity is cheap an d plentifu l ,  popu­
lations can prosper. 

A glass cylinder illustrating the total amount of radioactive waste generated for 
one person if his lifetime electricity needs were supplied by nuclear energy. 

Source: John Sutherland, "Nuclear Cycles and Nuclear 
Resources," June 27, 2003. 

l ion tons of coal, plus strategic metals and other valuable iso­
topes that could be retrieved from the h igh-level waste. 

Why We Don't Reprocess 
The Un ited States, which pioneered reprocessing, put repro­

cessing on hold during the Ford Administration and shut down 
the capabil ity during the Carter Administration, because of fears 
of proliferation . This left reprocessing to Canada, France, Great 
Britain, and Russia (plus the countries they service, including 
Japan, which is now developing its own reprocessing capabi l i­
ty). In  addition, new methods of isotope separation using lasers, 
such as the AVLlS program at Lawrence L ivermore National 
Laboratory, were shut down, or starved to death by budget cuts. 

As a result, today we have 40,OOO-plus metric tons of spent 
fuel safely stored at U .s. nuclear plants, which the anti-nuclear 

fear-mongers rai l  about, even though they are the ones who 
created the problem. The plan to permanently store the spent 
fuel at the Yucca Mountain repository in Nevada, has become 
bogged down in what looks l ike a permanent pol itical battle. 

Tech nological l y  speaki ng, we can safely store n uclear 
waste i n  a repos i tory l i ke that of Yucca Mounta i n .  But  why 
should we spend b i l l ions of do l lars to bury what i s  actual­
ly b i l l ions of dol lars' worth of n uc lear fuel ,  which could be 
supplying electric ity in the years to come? 

The commercial reprocessing plant in Barnwell, S.c. shut 
down in 1 977, but we could start reprocessing at the national 
nuclear faci l ities at Hanford in Washington State, and at Savannah 
River in  South Carolina. And we could have a crash program to 
develop more advanced technologies for reprocessing. 

-Marjorie Mazel Hecht 
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Archimedean Polyhedra 
And the Boundary: 
The Missing Link 

"Geometry is  one and eterna l ,  a reflection 
from the m i nd of God. That mankind shares 
i n  it is because man is an i mage of God ."  

-Johannes Kepler' 

K
eeping i n  mind the above invocation, we are goi ng to 
develop, through a sometimes good-natured analysis 
situs of the Platonic and Archimedean polyhedra, an 

exami nation of the l im its that constrain  physical space. My 
contention is that the bou ndary demonstrated by the con­
struction of the Platonic sol ids can not be fu l ly apprehended 
without involving the Archi medean polyhedra in the investi-
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by Hal Wm . Vaughan 

There's more to the 
structure of space than 
meets the eye, as you'll 
see in this geometry 
adventure, which takes 
you to the limits of the 
universe. 

A view of Saturn 's rings. The 
study of the Platonic and 
Archimedean solids reveals 
that space has a structure, 
and that structure exposes a 
discoverable intention, 
which has created a 
boundary. 

gation. This d iscou rse is not meant to substitute for your work­
ing through the discoveries of Carl Gauss or Bernhard 
Riemann, but is  meant to fi l l  a conspicuous gap in existing 
pedagogy. The Archimedean polyhedra are largely, and for 
qu ite sensible reasons, an u nexplored area of study, and on 
that basis, my subtitle is embl azoned above, for a l l  to see, as 
"The Missing L ink ."  

By the t ime we are done, we wi l l  have constructed the geo­
metrical eq u ivalent of an imaginary toolchest which wi l l  then 
be ava i lable for your use in later efforts . This chest has an array 
of tools, arranged in two different drawers. One set of tools is 
real ized on the su rfaces of three spheres and comes from a 
place somewhere "above" the spheres. The other set is ren-



Figure 1 
KEPLER'S PLANETARY 

ORDERING 
Johannes Kepler (157 7 - 7 630), who 
discovered the principle of gravita­
tion during his studies of the move­
ments of the planets in the Solar 
System, saw a coherence in the har­
monious ordering of the planets in 
their orbits, and the harmonious 
ordering of the nested Platonic solids. 

This is an engraving of Kepler's 
determination of the orbits of the 
planets, from his Mysteri u m  
Cosmographicum.  His ordering, 
beginning from the circumsphere 
defining the orbit of Mercury, are: 
octahedron, icosahedron, dodeca­
hedron (of which the insphere is 
Earth and the circumsphere is Mars), 
tetrahedron, and cube. 

dered in two d i mensions, even though it was developed from 
a three-di mensional lattice. I haven't invented any of these 
tools. Some of them have been known for decades, others for 
mi l lennia, but the sets have never been assembled in this fash­
ion before; nor, to my knowledge, has the ins istence been pre­
sented that these tools, as sets, be used in the workshop of 
your m i nd. 

Why Archimedean Polyhedra? 
Study of the Platonic sol ids reveals that space is  not j ust an 

endless checkerboard; it has a structure, and the structure 
exposes a discoverable i ntention, which has created a bound­
ary. 

There are five, and only five shapes that are convex polyhe­
dra with regu lar, congruent faces whose edge-angles and ver­
tices are equal : the Platonic sol ids (F igure 3 ) .  You can only 
make these five shapes with i n  those constraints, and hence the 
l imit. When you try to make more regu lar sol ids, say, by put­
ting 6 triangles, or 4 squares together at a vertex, you don't get 
a sol id at a l l ;  you can't do it, no m atter how hard you try. The 
fact that your grand project of regular-polyhedron manufacture 
is brought to an abrupt halt after only five successes, says that 
there is more to the u n iverse than meets the eye. Someth ing in  
the make-up of  everyth ing you can see is different from what 
you see. That is the importance of the Platon ic  solids. They 
prove that we don't know what we are looking at. 

The u n iqueness of the Platon ic  sol ids proves that we are not 
l iving on a checkerboard at a l l ;  we are l iv ing in a goldfish 
bowl. The l i m its are rea l .  Admittedly, most people spend their 
time looking at the rocks and bubbles in their bowl, or they 
choose to play checkers on the nonexistent checkerboard, and 
wonder how long it w i l l  be u nti l feeding time. 

I wanted to know what the shape of the fishbowl is. Just how 
do the Platonic sol ids relate to the l i m it? How does it work? 
Does the visible un iverse push through the infin ite l ike a ship 

through the ocean, and are the regular polyhedra the wake? Is 
the d iscrete man ifold bash ing agai nst the contin uous man ifold 
l i ke a subatomic particle in a cyclotron, and are the Platonic 
sol ids the l ittle pieces spi n n i ng off i n  a bubble tank?  Or is it 
l i ke graphite dust on a kettle drum head, when sou nding dif­
ferent notes causes the dust to dance i n  different standi ng­
wave patterns? What is  it? What's going on? 

For about 1 0  years I watched the Platonic sol ids, hoping 
they would show me someth ing about the structure of the u n i­
verse. I put cubes i nside dodecahedra, tetrahedra i nside 

Figure 2 
KEPLER'S ARCHIMEDEAN SOLI DS 

Kepler did extensive studies of polyhedra, and made 
these drawings of the Archimedeans, which was part of 
his geometry tool chest. 

21 st CENTURY Sum mer 2 005 55 



Cube Dodecahedron 

Tetrahedron 

Octahedron Icosahedron 

Figure 3 
THE FIVE PLATONIC SOLIDS 

The Platonic solids are convex polyhedra with regular, congru­
ent faces whose edge-angles and vertices are equal. These are 
the only Platonic solid figures that can be constructed, hence the 
limit: cube, octahedron, tetrahedron, dodecahedron, and icosa­
hedron. The cube and octahedron are dual-pairs, as are the 
dodecahedron and the icosahedron. Dual-pairs have switched 
numbers of faces and vertices, with identical numbers of edges. 

have anyth ing to do with them. Compared to the n ice, 
5 Platonics, there were 1 3  Archi medeans, which is 
bad enough. Plus there was an infin ite series of 
Archimedean prisms and another i nfinite series of 
Archimedean anti-prisms. And on top of that they a l l  
have duals, the Arch imedeans, the prisms, a n d  anti­
prisms; and they are not d uals of each other l i ke the 
good old Platon ic sol ids are, either. Each of the 1 3  
Archimedean shapes has a u n ique dual that isn't an 
Archimedean solid, and al l  the prisms and anti-prisms 
have u n ique duals, too. Infi n ity times 4 p l us 1 3  
Archimedeans twice was too much. Archimedeans 
weren't for me. The 5 Platon ics did their job; I cou ld 
handle that just fine. 

Spheres Were My Downfall 
You can arrange each P laton ic sol id so that its ver­

tices can touch the inside of one sphere. When you do 
that, i t  is said to be inscribed in the sphere. The center 
of each face of a Platon ic  can also touch another 
sphere. So can the center points of thei r  edges. A dif­
ferent sphere can touch each location on each poly­
hedron. This comes from the regularity of the Platonic 
sol ids. Spheres are important because they represent 
least action in space. J ust l i ke a c i rc le on a plane, 
spheres enclose the most area with the least surface. 

Spheres represent the cause of the l im i t  you run into 
when you try to make more than five P latonic sol ids.  
Just l i ke the guy in  F latland,2 who saw only a c i rcle 

cubes, octahedra i nside tetrahedra; I paired duals, ste l lated 
those that would stel late, and s l iced cubes and tetrahedra to 
see what their insides looked l i ke. None of these "interroga­
tion protocols" worked; they sti l l  wouldn't ta lk .  

when a sphere popped i nto h is  world, the sphere is the 
h ighest level of least action we can apprehend with our sens­
es alone. Perhaps the vertices of a Platonic sol id don't defi ne 
a sphere, but the sphere (or the n ature of space that makes the 
sphere unique) is what l i m its the P latonics. That's more l i kely. 
Spheres are what the l i mit  looks l i ke to us if we're paying I knew about the Archi medean sol ids and d idn't want to 
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1 2  edges 30 edges 

Figure 4 
THE PLATONIC DUALS 

Note that the tetrahedron is the dual of itself. 
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6 edges 

attention .  
That's an important part o f  studying 

geometry. How does the infin ite impact 
the u niverse we can see? Where does the 
complex domain intersect our domain?  
It's hard to  see. The guy in  F latland 
looked at a circle and saw a l i ne seg­
ment; never mind the sphere that creat­
ed the c ircle that looked l i ke a l ine to 
h im.  We aren't in much better shape 
than he was, when we are looking at 
spheres. Spheres, without the proper 
shading, just look l i ke c i rcles to us. 

Spherical Geography 
A straight l i ne on a sphere is a great 

c i rcle, l i ke the equator of the Earth. Look 
at a globe; we are talk ing about geome­
try (Geo = Earth, metry = measure), 
right? Great c ircles are why Charles 
Li ndbergh flew over I reland to get to 
Paris. There are no paral lel straight l ines 
on a sphere. Any two great c i rcles inter­
sect each other, not once, but twice, at 



exactly opposite sides of the sphere. 
You can do a neat trick with least action 

on a sphere. I saw this fi rst in a videotape 
of a class given by Larry Hecht (editor- in­
chief of 27 st Century magazine), and later 
Lyndon LaRouche featu red the process in 
his paper "On the Subject of Metaphor" in 
Fidelia magazi ne.3 

If you d ivide a great c i rc le on a sphere 
with another great c i rcle, they d ivide each 
other in half, as stated above. Picture the 
equator and what we laugh ingly cal l  the 
Greenwich Meridian on Earth. Of cou rse 
the two great c i rcles don't have to be at 
right angles to each other; either of them 
can rotate around the poi nts where they 
meet (in this case in the Gulf  of Gu inea, 
off Ghana, and in the Pacific Ocean, 
where the equator and International Date 
Line meet-Figure 8).  

If you want to see how great c i rcles 
d ivide each other in  even d ivisions other 
than just in half, then the fu n begins.  

Take our or iginal  two great c i rc les. Go 
to where they meet, off Africa, and move 
west on the equator u nt i l  you hit  the 
Galapagos Islands and stop. You are ready 
to create a th i rd great c i rcle. Tu rn right and 
go north. You z ip over Guatemala, then 
over Min nesota, the North Pole, where 
you intersect the second great c i rcle, 
Siberia, China, Ind ian Ocean, equator 
again, Antarctica, the South Pole is anoth­
er intersection, South Pacific, and you are 
back where you started, having i ntersect­
ed the equator twice and the I nternational 
Datel i ne/G reenwich great c i rc le twice, 
too. 

The Archimedean solids 

The Archimedean duals 

Figure 5 
Now what do you have? The equator is 

divided into 4 equal parts by the other 2 
great circles. So is the International Date 
Line great c i rcle, and so is our new great 
circle. Three great c i rcles dividing each 

THE 1 3  ARCHIMEDEAN SOLIDS A N D  THEIR D UALS 
All hell breaks loose. The polyhedral neighborhood becomes very crowded. 
There are 7 3  Archimedean polyhedra, and they all have duals. 

other into 4 equal parts. The sphere of the Earth was just d ivid­
ed into 8 equ i l ateral, right triangles by our 3 great c ircles 
(F igure 9). The great c i rcles i ntersect at 6 locations. I wonder 
how many different ways you can d ivide great c i rcles evenly 
with other great c i rcles? 

We got 4 even d ivisions with 3 great c i rcles, how about 3 
even divisions? Wel l ,  if you take the equator, or, I hope by now 
a 1 2-inch-diameter embroidery hoop, and d ivide it by other 
great circles into 3 parts, you don't get 3 parts. You get 6 parts, 
because pairs of great c i rcles meet at opposite poi nts of the 
sphere. There are no odd-numbered d ivis ions of a great c i rcle 
by other great c i rcles. Let's see what these 4 great c i rcles do. 
F i rst, make sure the 3 great c i rc les dividing you r  original one 
are also evenly divided i nto 6 segments by each other, and see 
what we have: All 4 c i rcles are d ivided i nto 6 equal parts­
spherical equ i l ateral tr iangles alternating with spherical 

squares above and below the original c i rc le, and triangles sur­
rou nding each pole. 

Six sq uares and 8 triangles; does that sound fam i l iar? 
Anyway, we are about to h it a l i m it here, j ust to warn you .  

The only other way for great c i rcles to evenly d ivide them­
selves on a sphere is with 6 of them dividing each other into 
1 0  even segments. Try div id ing one great c i rcle into 5 equal 
parts-you can't do it; it wil l  make 1 0  d ivisions, just l i ke 3 
forced 6. This is very hard to see if you haven't done it your­
self-so, do it yourself. You can get a pair  of 1 2- i nch-d iameter 
embroidery hoops for about a dol lar. What you end up with is 
real ly pretty, too. It is  a metaphor you can hold in  you r  hand. 

Twelve spherical pentagons and 20 spherical triangles. That 
sounds fam i l iar  too. 

Th ree hoops, 4 hoops, and 6 hoops; and no other combi na­
tion wi l l  evenly d ivide great ci rcles-another l i m it, just l i ke the 
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Anti-prisms 

Figure 6 
PRISMS AND ANTI PRISMS 

There are infinite series of the prisms and the anti­
prisms, and they all have duals too. 

Platonic sol ids are l i m ited in  number. (See Figure 9. )  
But, th is  is  the k i l ler:  Look at the 4-hoop construction. See 

the 1 2  places the hoops intersect each other? There are 6 
around the middle, 3 on top and 3 on the bottom. 

Wel l, if you stacked up identical marbles, you could put 6 
marbles around one marble on a flat su rface. Make sure that 
each of those 6 marbles have 6 around them, too. Keep doing 
this over and over, and cover your whole floor with a neatly 
arranged layer of marbles; then get ready for the second level. 
In  the second layer, you could put 3 marbles around any one 
marble in the first layer, either in the 1 2, 4, and 8 o'clock posi­
tions, or alternately, in the 2, 6, and 1 0  o'clock positions. 
Choose one of the two arrangements and add enough marbles, 
and you wi l l  complete the second level, which wi l l  look just 
l i ke the first leve l .  

When it comes time to  do the th i rd level, you have a deci­
sion to make. You can put the th i rd level in one of two orien­
tations. You can put them d i rectly over the marbles in the first 
level, or you can take the path less travel led : Put the marbles 
over the position you didn't select for the second 
level .  If you do this, and keep the pattern up unt i l  
you fi l l  your room entirely with marbles, you wi l l  
have two th ings, besides a heck-of-a-Iot of mar-
bles. One is a room fi l led with the most marbles 
that could possibly be put into the room, no mat­
ter what other method you used to stack them up:  
They are "close-packed. "  The other th i ng is  this :  
Look at any marble.  Where does it touch the other 
marbles? I t  touches 6 around the middle, 3 on top 
and 3 on the bottom-j ust l i ke the intersections of 
the 4 hoops! The even d ivisions of 4 great c ircles 
generate the very same si ngu larities where the 
hoops intersect, that close-packing of spheres 
does where the spheres touch. (See Figure 1 0.) 

Remember that I d id n't want to construct the 
Archimedean solids? Here's how it happened. 

.. 

.. 

.. . 

",. 

NASA 

Figure 7 
OUR EARTHLY SPHERE 

The sphere represents least action in "three dimensions. "  
A great circle is a straight line in spherical geometry. 

triangles. The dual of the cu boctahedron is cal led the rhombic 
dodecahedron.  Dodecahedron means that it has 1 2  faces, l i ke 
the regu lar Platonic dodecahedron; and rhombic means the 
faces are rhombic in shape, that is, d iamond-shaped rather 
than the pentagonal shape you are used to. The rhombic 
dodecahedron is  the shape of the honeycomb that Kepler d is­
cusses in the "The Six-Cornered Snowflake" paper.4 Rhombic 
dodecahedra fi l l  space. That means you can stack them up 
with no a i r  between them. Because spheres close-pack i n  a 
way that generates the vertices of cuboctahedra, the dual of 

Figure 8 
G REAT C I RCLES I NTERSECTING 

The spherical faces of the 4-hoop construction 
represent an Archimedean sol id cal led the cuboc­
tahedron:  "Cube-octahedron" is 6 sq uares and 8 

Great circles intersecting each other on a sphere always divide each 
other in half. That is about as "Ieast action" as you can get. 

58 Su mmer 2005 21 st CENTURY 



Octahedron Cuboctahedron Icosidodecahedron 

Figure 9 
G REAT CIRClES AND SPHERICAL POLYGONS 

There are only three ways great circles can divide themselves into even 
sections which result in spherical polygons. The 3, 4, and 6 great-circle 
hoops represent the spheres which contain the great-circle figures below 
them: octahedron, cuboctahedron, and icosidodecahedron. 

Parmenides go through the whole th ing. 
Parmenides d idn't want to, and said, " . . .  and 
so I seem to myself to fear, remembering how 
great a sea of words I must whirl about in ."7 
Yes, I was caught. 

What Most People Think 
Archimedean Solids Are 

Here are the 1 3  different Archimedean 
shapes: Two of them, we are told, are more 
regular than the others, and are cal led "quasi­
regular."  You have a l ready run into them; 
they are the cu boctahedron and the icosido­
decahedron, which are defined by the 4- and 
6-great-circle constructions. The cuboctahe­
dron has the 6 square faces of the cube and 
the 8 triangular faces of the octahedron.  The 
icosidodecahedron has 1 2  pentagonal faces 
l i ke the dodecahedron and 20 triangu lar 
faces l i ke the icosahedron. (See Figure 1 2 .) 

The next five of the Arch imedeans are not 
a b ig problem to visual ize either; I cal l  them 
the tru ncated Platon ic  group (Figure 1 3) .  
There is  one of them for each Platonic solid, 

the cuboctahedron, by defi n ition, can fi l l  space. Now this 
wouldn't be so earthshaki ng, except for this fact: There is only 
one other polyhedron in  the enti re u n iverse that has all of its 
faces identical ly shaped, and can fi l l  space 

and they include the only polyhedron that people regu larly k i l l  
and d ie  for to th i s  day, the  tru ncated icosahedron, which  is in  
the shape of  a soccer bal 1 . 8  

the way the rhombic dodecahedron does; 
that is the cube. Just those two with that 
l imit-the cube and rhombic dodecahe­
dron-and noth ing else fi l l s  space.s 

When Larry Hecht pointed this out on the 
videotape I saw, my heart sank. I knew that 
I was trapped; I h ad to construct the 
Archimedean solids,6 because the dual of 
one of the Arch imedeans had expressed a 
relationsh ip  to the same k ind of l im it that the 
Platon ic solids express. This is the same l imit 
that the great circles represent when evenly 
dividing themselves. It was all one package. 

I was cornered. I felt l i ke that old bastard 
Parmenides, who was trapped by the 
young Socrates i nto laboriously defending 
his l ife's work, rather than p laying m i nd 
games with a group of bright you ng people. 
Socrates had accused Parmenides' hench­
man, Zeno, of lying to 
advance Parmen ides' 
theories. Zeno and 
Parmen ides responded 
not by losing their  tem­
per, but by tryi ng to 
recruit Socrates to thei r  
way of  thinking (the best 
defense is a good 
offense, even back then), 
but Socrates maneu­
vered Zeno i nto having 

Rhombic dodecahedron 

Christine Craig 

Figure 1 0  
ClOSEST PACKING I N  SPHERES 

II/f==(1 , I ___ L� 
! I \ . i " �, 

Cube 

Figure 1 1  
SPACE-FI LLI NG POLYH EDRA 

A Platonic solid, the cube, and the dual of 
an Archimedean, the rhombic dodecahe­
dron, are the only two space-filling poly­
hedra with identical faces. The rhombic 
dodecahedron is the shape of the honey­
comb cells made by bees. Can you see the 
hexagons implicit in the figure? 
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Cuboctahedron Icosidodecahedron 

Figure 1 2  
QUASI-REGULAR POLYHEDRA 

The quasi-regular polyhedra are the great-circle figures 
containing the dual Platonic solids reflected in their 
names. 

In each case you can imagine starti ng with a Platonic sol id .  
For each Platonic face, however, there is a face with twice the 
number of sides. For example, the tru ncated cube has 6 octag­
onal faces instead of the 6 square faces of a cube. Where the 
Platonic sol id had a vertex, there is  now a face, which looks 
l i ke the faces of the dual of the original P laton ic sol id .  The 
truncated cube has 8 triangu lar faces, located where the 
cube's vertices were, s ituated in the same axis as the octahe­
dron's faces. This works for the others, too. The truncated octa­
hedron has 8 hexagonal faces and 6 square ones. The truncat­
ed tetrahedron has 4 hexagonal faces from the 4 triangles of 
the tetrahedron. The tetrahedron's dual is the same shape as 
itself, so you have 4 triangles in the truncated tetrahedron, too. 
The truncated dodecahedron has 1 2  ten-sided faces and 20 tri­
angles, whi le the truncated icosahedron has 20 hexagons and 
1 2  pentagons. 

Figure 1 4  
TRU NCATED QUASI-

REGULAR SOLIDS 

Truncated tetrahedron Truncated cube 

Truncated 
dodecahedron 

Figure 1 3  

Truncated 
icosahedron 

Truncated 
octahedron 

TRUNCATED PLATONIC GROUP 
These are the Archimedean polyhedra which appear to 
result from truncation transformations on the corre­
sponding Platonic solids. 

That wasn't too bad. We are done with 7 out of 1 3  a l ready. 
It does get stranger from here on out, though. I n  ascending 

order of weirdness, you next have a pair of sol ids, which I cal l  
truncated quasi  (quasi, for short) because they are truncated 
versions of the quasi-regu lar Arch imedean sol ids. These are 
the truncated cuboctahedron and the tru ncated icosidodeca­
hedron (Figure 1 4) .  Where the cuboctahedron has squares and 
triangles, the truncated cuboctahedron has octagons and 
hexagons. In add ition, where the cuboctahedron has 1 2  ver­
tices, the truncated cuboctahedron has 1 2  square faces. 
Where the icosidodecahedron has pentagons and triangles, 
the truncated icosidodecahedron has 1 O-sided faces and hexa-

The great-circle figures (the 
quasi-regular polyhedra) can 
also be truncated, giving the 
truncated cuboctahedron and 
the truncated icosidodecahe­
dron. 

Truncated 
cuboctahedron 

Truncated 
icosidodecahedron 
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Figure 1 5  
RHOMBIC QUASI­
REGULAR SOLIDS 

Transformations can also be 
made on the great-circle (quasi­
regular) Archimedean polyhe­
dra, leading to the rhombic 
great-circle figures, the rhombi­
cuboctahedron and the rhombi­
cosidodecahedron. 

Summer 2005 

Rhombi­
cuboctahedron 

21 st CENTURY 

Rhombi­
icosidodecahedron 

Snub cube Snub dodecahedron 

Figure 1 6  
SNUB LEFT- A N D  
RIGHT-HANDED 

There are two sets of snub polyhe­
dra in the standard Archimedean 
arrangement: the left- and right­
handed snub cubes, and the left­
and right-handed snub dodecahe­
dra. 



gons, with the add ition of 30 square 
faces where the icosidodecahedron 
vertices were (F igu re 1 4) .  

The next pair, the rhombicubocta­
hedron and the rhombicosidodeca­
hedron, are s impler, but one of them 
is harder to see. These are cal led 
rhombi-quasi polyhedra, and they 
have the same square faces from the 
vertices of the quasi-regu lar sol ids as 
the previous pair does, but the other 
faces are the same shape as those of 
the quasi-regular sol ids, themselves, 
not double the n umber, l i ke in the 
quasi, above. The rhombicosidodec­
ahedron has 1 2  pentagons, 20 trian­
gles and 30 squares for faces, and 
looks kind of obviously what it is, but 
the rhombicu boctahedron h as 1 8  
square and 8 triangular faces (F igure 
1 5). This confused me when I fi rst 
saw it, because the squares, even 
though they looked a l i ke, actual ly 
came from two different processes 
(the square faces of the cube, and 

(a) Cube/octahedron family 

Truncated cube Truncated Cuboctahedron Rhombi- Truncated Snub cube 
octahedron Guboctahedron cuboctahedron 

(b) Dodecahedronlicosahedron family 

Truncated Truncated Rhombicosi- Truncated Snub 
dodecahedron icosahedron 

Icosi­
dodecahedron dodecahedron icosidodecahedron dodecahedron 

Figure 1 7  
STA N DARD ARCH IMEDEAN ARRANGEMENT 

Two families of polyhedra are related to the 
Platonic;:s: the cube/octahedron family, and the 
dodecahedron/icosahedron family. The truncated 
tetrahedron sits alone in the tetrahedron family. 

(c) Tetrahedron family 
Truncated tetrahedron, all by itself 

squares from the vertices of the cuboctahedron) . This is the 
kind of ambigu ity that can drive you nuts, unti l you rea l ize that 
the whole point of what you are doing, in the geometry biz, is 
finding this kind of puzzle, and solving it. 

the icosidodecahedron, the rhombicosidodecahedron, the 
snub dodecahedron, and the truncated icosidodecahedron .  

Speaking o f  ambiguity that can drive you nuts, the last two 
Arch imedeans are the snub cube and the snub dodecahedron. 
The snub cube, mercifu l ly  has 6 square faces. So far so good, 
but it also has 30 triangular faces. The snub dodecahedron has 
the expected 1 2  pentagonal faces, and 80 triangu lar faces. If 
you think that's bad, I ' l l  tel l  you that there real ly are two dif­
ferent snub cubes and two different snub dodecahedra. They 
are made up of the same parts, but the way they are put 
together makes them look l i ke they are twisted to either the left 
or the right (F igure 1 6) .  

That's it; those are the 1 3  Archimedean shapes. 
The way these shapes are 

trad it ional ly organ ized i s  
apparent from the i r  names. 
There are three sets arranged 
by dual-pa i r  type: the tetra­
hedron, the cu be/octahe­
dron, and the dodecahe­
dron/icosahedron. One set 
contains only the truncated 
tetrahedron. The next one 
contains the truncated cube 
and tru ncated octahedron, 
the cu boctahed ron, the 
rhomb icuboctahedron, the 
snub cube, and the tru ncat­
ed cuboctahedron. F ina l ly, 
you h ave a set conta in ing 
the truncated dodecahedron 
and truncated icosahedron, 

Figure 1 8  
THE TRUNCATED CUBE 

The truncated cube has 6 
octagonal faces where the 
cube had 6 square faces, 
and 8 triangular faces 
where the cube had 8 
three-face vertices. 

Now, I tried a more clever approach, asking why the tetra­
hedron group was such a l ittle, n ubby fami ly, whi le  the other 
Platonic sol ids have such n ice big fam i l ies? 

What Archimedean Polyhedra? 

Act 1 ,  scene 1 of King Lear: 

REGAN : Sir, I am made 
Of the self-same metal that my sister is, 
And prize me at her worth. In my true heart 
I find she names my very deed of love; 
Only she comes too short . . . .  9 

Figure 1 9  
FROM THE TRU NCATED CUBE TO 

THE TRUNCATED CU BOCTAHEDRON 
The truncated cuboctahedron retains the 6 octago­
nal faces from the truncated cube, but 8 hexagonal 
faces replace the 8 triangular faces. Additionally, 1 2  
squares appear where the cube's edges were. 
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is to As is to 

x = ?  

Figure 20 
ANOTHER TRANSFORMATION TO PRODUCE ? 

The truncated tetrahedron (upper right) has 4 hexagonal 
faces in place of the tetrahedron's triangular faces, and 
4 triangular faces where the tetrahedron had vertices. 
Transform it analogously to the transformation of the 
truncated cube to the truncated cuboctahedron. Retain 
the 4 hexagonal faces from the truncated tetrahedron, 
and add 4 more hexagonal faces to replace its triangu­
lar faces, then add 6 squares, one for each tetrahedron's 
edge. What do you get? 

After I saw Larry H echt's cl ass, I d id make a l l  the 
Archimedean sol ids. I t  took weeks, and I h ighly recommend 
that readers do the same. You can look at a sti l l  picture of 
them, or nowadays even download an interactive fi le from the 
i nternet, but it isn't the same as planning how many of each 
face you need, constructing the faces, and trying to fit them 
together so that it looks l i ke i t  is  supposed to. Anyway, in mak­
ing the Archimedean sol ids, I became more and more upset at 
the injustice bei ng meted out to our l ittle friend, the tetrahe­
dron. Not only did he have to pretend he had a dual by acting 

Tetrahedron family 

Cube/octahedron family 

Dodecahedron/icosahedron family 

Figure 22 

is to As is to 

Figure 2 1  
A TRU NCATED TETRITETRAHEDRON 

Eight hexagons, 6 squares! A truncated tetritetrahe­
dron-a new role for the Archimedean solid also 
known as the truncated octahedron. 

the part h i mself, but where the other Platon ic d ual-pa i rs have 
6 or 7 Archimedean sol ids associated with them ( if you count 
left- and right-handed snubs separately you get 7 each), the 
tetrahedron had only one Archimedean to play with. 

I decided that this i njustice would not stand. But what cou ld 
I do about it? One thing I knew, I wasn't going to mess with 
the dodecahedron fami ly-80 triangles in  a snub dodecahe­
dron? So, the cube fami ly it is. The truncated cuboctahedron 
looked busy enough to get my teeth into, and the tru ncated 
cube looked to me l ike what was happen ing on it was clear 
enough, so that's where I started. I set up this puzzle:  What 
would you get if you d id to the truncated tetrahedron the same 
thing that was done to a tru ncated cube to get a truncated 
cuboctahedron? You know, A is to B as C is to X. What could 
be easier? (F igures1 8-2 1 .) 

The truncated cube has 6 octagonal faces, and so does the 
tru ncated cuboctahedron. The tru ncated 
cuboctahedron has 8 hexagonal faces 
where the truncated cube has 8 trian­
gles. So far so good. And the truncated 
cuboctahedron has 1 2  square faces, 
where the cube has 1 2  edges. That is the 
A i s  to B part. Now for the "C i s  to X" 
part: The tru ncated tetrahedron has 4 
hexagonal faces, so X has 4 hexagonal 
faces, too. Four triangu lar faces become 
4 other hexagonal faces, and the 6 edges 
of a tetrahedron become 6 square faces 
in X. What is it? What do we have? Four 
plus 4 hexagonal faces are 8 hexagonal 
faces and 6 square faces. E ight hexago­
nal faces and 6 square faces; it has to 
work. 

AN ADDITION TO THE ARCHIMEDEAN SOLIDS 
I t  does! Eureka! A new polyhedron 

l ives! The tetrahedron has another fam i­
ly member. It's a l ive ! I've invented a new 
Archimedean sol id :  8 hexagons and 6 

The tetrahedron family now has two members. 
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square faces, and it has a l l  
of its fi ngers a n d  toes. It 
looks just l i ke . . . .  

Wait a Minute 
What does it  look j ust 

l i ke? We have a l ready done 
8 hexagons and -6 squares, 
and if it is an Archimedean 
sol id with regular faces, and 
all, then they both have to 
be the same shape: the trun­
cated octahedron. 

Yes, look at it, the truncat­
ed octahedron, 8 hexagons 
and 6 squares, is sitting i n  
the tetrahedron fam i ly, act­
ing l i ke a tru ncated q uasi ,  a 
truncated tetritetrahedron. 
The cube fam i ly  is in tersect­
ing with the tetrah ed ron 
fami ly. The shape of the 
truncated octahedron is act-
i ng l i ke a tru ncated tetrite-
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Figure 23 
THE SHAPE OF SPACE trahedron, just l i ke F# on 

the piano is also G-fl at. 
They are "enharmon ic 
shapes." 

Another view of the Archimedean families. 

When I first d iscovered this, I was so happy, I a l most forgot 
entirely my mission of gri l l i ng the P latonic sol ids for their 
secrets. I made an attractive, n icely  colored poster with the 
pretentious name, "The Shape of Space," which had the 
Platonic and Archimedean sol ids arranged in  the symmetrical 
cube/octahedron and dodecahed ron/icosahedron fami l ies, 
centered on the quasi-regu lar  polyhedra; and the tru ncated 
tetritetrahedron was connected to the cube fam i ly with l ittle 
dotted l i nes. It was pretty, and took some time to make, but 
completely ignored the fact that the tetrahe­
dron sti l l  had a long way to go to ach ieve the 
equal rights i t  deserves as a fu l l y  vested 
Archimedean sol i d  and head of a fam i ly. 

At that poi nt, LaRouche put out  h i s  
"Metaphor" paper, i n  which he h i t  t h e  great­
circle question real l y  hard .  The "Metaphor" 
paper set me to th ink ing aga in .  I h ad sup­
posed that the sphere had to be a major way­
point on the route to the creation of the 
Platonic sol ids; and the quasi-regular sol ids 
(the cuboctahedron and icosidodecahedron) 
were clearly generated by even d ivisions of 
great circles on a sphere; and LaRouche 
made no bones about the fact that the way to 
construct the P latonic sol ids was with great 
circles on spheres. But why, then, was the 

a lous." What I meant to say was, " I s  the Composer of the u n i­
verse a spaz?" Who wou l d  design someth ing that odd ? 

What bothered me was the apparent u nevenness of the pat­
tern in my shape-of-space chart. It was that tetrahedron fami­
ly that was out of p lace. I finally decided to look i n  that d i rec­
tion. 

I knew that whi le the cube was the dual  of the octahedron, 
and the dodecahedron was the dual  of the icosahedron, the 
tetrahedron was the dual of itself. Wel l , in order to exam ine 

Figure 24 
EVEN DIVISIONS OF G REAT CI RCLES epitome of clean, least action result ing in  an 

oddbal l h odgepodge of two Archimedean 
sol ids and one Platonic sol id ?  (F igures 24.) 

This was real ly messy. When I fi rst wrote 
about this 1 0  years ago I said, "How anom-

The epitome of clean, least action--even divisions of great circles on a 
sphere-results in the oddball hodgepodge of two Archimedean solids 
and one Platonic solid. 

2 1 st CENTURY Su mmer 2005 63 



64 

+ 

+ 

+ 

Rhombicosidodecahedron 

Left and right snub dodecahedron 

Figure 25 
THE GREAT CIRClE FIGURES AND DUAL PAIRS 

Two of the polyhedra formed by great circles have faces reflecting 
the dual pairs of Platonic solids. The 72 pentagonal faces of the 
dodecahedron and the 20 triangular faces of the icosahedron cre­
ate an icosidodecahedron. The 6 square faces of the cube and the 
8 triangular faces of the octahedron create a cuboctahedron. 

Because the tetrahedron is the dual of itself, you could say that 
there is a dual-pair of tetrahedra, too. You take the four triangular 
faces of one tetrahedron and the four triangular faces of the other 
tetrahedron and create-a tetritetrahedron, also known as an 
octahedron. 

Rhombitetritetrahedron 

Left and right snub cube 

Figure 27 

Figure 26 
THE RHOMBIC TRANSFORMATIONS 

In the cube/octahedron family, the rhombi­
cuboctahedron can be formed by taking the 
cuboctahedron and adding squares in place 
of all its vertices. In the dodecahedron/icosa­
hedron family, the rhombicosidodecahedron 
can be formed by taking the icosidodecahe­
dron and adding squares in place of all its 
vertices. 

Similarly, in the tetrahedron family you 
would start with the octahedron (or as we 
would call it in this family, the tetritetrahedron) 
and add squares to the vertices. That gives us the 
cuboctahedron again, known as the rhombi­
tetritetrahedron in this enharmonic incarnation. 

Left and right "snub tetrahedron" 

TH E SNUB TRANSFORMATIONS 
To make a snub cube, surround the square faces of a cube with an alternating lattice of triangles, with one triangle for 
each edge of each of the cube's faces, and one triangle for each face of the cube's dual, the octahedron. 

To transform the great-circle (quasi-regular) icosidodecahedron to its snub, add 60 more triangles to the 12 pentagonal 
faces of the dodecahedron and the 20 triangles of the icosahedron-2 triangles for each of the icosidodecahedron edges. 

And for a snub tetrahedron, take 4 triangles for the tetrahedron 's faces, 4 triangles for the other tetrahedron's faces, and 
7 2  triangles. That's 20 triangles, 2 for each of the tetritetrahedron (octahedron) edges-Ieft- and right-handed, of course. 
Yet another enharmonic solid is revealed-the icosahedron-known in this relationship as the snub tetrahedron. 
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Faces Edges 

8 1 2  1 8  Triakis tetrahedron Truncated tetrahedron 1 2  8 1 8  
(both o f  them) 

1 4  1 2  24 Rhombic dodecahedron Cuboctahedron 1 2  1 4  24 

14 24 36 Tetrakis hexahedron Truncated octahedron 24 1 4  36 

14 24 36 Triakis octahedron Truncated cube 24 1 4  36 

26 24 48 Deltoidal icositetrahedron Rhombicuboctahedron 24 26 48 

38 24 60 Pentagonal Snub cube 24 38 60 
icositetrahedron 

32 30 60 Rhombic triacontahedron Icosidodecahedron 30 32 60 

26 48 72 Disdyakis dodecahedron Truncated cuboctahedron 48 26 72 

32 60 90 Pentakis dodecahedron Truncated icosahedron 60 32 90 

32 60 90 Triakis icosahedron Truncated dodecahedron 60 32 90 

62 60 1 20 Deltoidal hexecontahedron Rhombicosidodecahedron 60 62 1 20 

92 60 1 50 Pentagonal 
hexecontahedron 

Snub dodecahedron 60 92 1 50 

Truncated 
62 1 20 1 80 Disdyakis triacontahedron icosidodecahedron 1 20 62 1 80 

Figure 28 
THE ARCHIMEDEANS AND THEIR DUALS 

these anomal ies, I decided to see if the tetrahedron fam ily 
could be made to conform to the pattern created by the other 
two fami l ies. 

If the tetrahedron is the dual  of itself, then the tru ncated 
tetrahedron should show up in the pattern twice also. That 
makes sense. 

The quasi-regular slot in the other fami l ies could be thought 
of as forming thus:  Take the 6 square faces of the cube and the 
8 triangular faces of the octahedron, and create a cuboctahe­
dron. Take the 1 2  pentagonal faces of the dodecahedron and 
the 20 triangu lar faces of the icosahedron and create an icosi­
dodecahedron (Figure 25) .  So, in the tetrahedron family you 
take the 4 triangu lar faces of the tetrahedron and the 4 trian­
gular faces of the other tetrahedron and create . . . .  The quasi­
regu lar polyhedron i n  my hypothesized tetrahedron family 
was the octahedron, the very same figure that I h ad construct­
ed for that slot using LaRouche's great-circle method earl ier. 
That was amazing, even electrifying. 

In  an instant I went from a perception of a cluttered u n iverse 
and a nice tidy theory, to a more orderly u n iverse and a pet 
theory blown to sm ithereens. 

Now I was sure I cou ld fi l l  up the empty spaces in the 

tetrahedron fam i ly. I on ly had two left to do. The rhom­
bicuboctahedron looks l i ke i t  is formed by taking the cu boc­
tahedron and add i ng squares where the edges were (F igure 
26).  The rhombicosidodecahedron looks l i ke you take the 
icosidodecahedron and add squares where its edges were. I n  
the tetrahedron fami ly  you wou ld start with t h e  octahedron 
(or as we wou ld now cal l  i t  in th is  fam i ly, the tetritetrahe­
dron) and add squares to the edges. What do you get? The 
result  was a figure with 8 tria ngles and 6 squares-a cuboc­
tahedron-a polyhedron a l ready created, which we cou ld 
now cal l  the rhombitetritetrahedron, i n  this new, enharmon­
ic i ncarnation. 

This was gett ing i nterest ing .  I now had three polyhedra 
from the cuboctahedron fam i l y  serv ing double-duty in the 
tetritetrahedron fam i ly, and there was one figu re left: the 
"snub tetrahedron," if there were such a th ing.  S n u bs (the 
snub cube and the snub dodecahedron) weren't on my 
"favorites" l ist. They were messy; they d idn't h ave the same 
n umber of faces that the rest of their  fam i l ies d id .  The snub 
cube had 6 squares, a l l  right, but h ad 32 tr iangles! The snub 
dodecahedron h ad the expected 1 2  pentagons, but 80 trian­
gl es, as a l ready mentioned, and it wasn't clear what they a l l  
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THE POLYHEDRAL FAMILY RELATIONSHIPS 
This is one way of looking at the family relationships 
within any of the polyhedral families. 

were doing or why. This  was about the l ast time that an 
anomaly l i ke that i rritated me. I started to look forward to 
them after I d id the work represented by the next para­
graphs. 

To make a snub cube, you surround the square faces of a 
cube with an alternating lattice of triangles. You have one tri­
angle for each edge of each of the cube's faces, and one tri­
angle for each face of the cube's dual, the octahedron. Six 
square faces and 6 times 4 sides is  24 triangles, plus 8 octa­
hedral triangles makes the 32 triangles (Figure 27) .  

L ikewise, i n  the snub dodecahedron you surround the pen­
tagons in the same manner. Now, to create the supposed snub 
tetrahedron you would surround 4 triangles with the same pat­
tern of alternating triangles. That is, 4 faces with 3 edges each, 
which would give you 1 2  triangles; add 4 triangles from the 
tetrahedron and 4 triangles from its dual .  That wou ld give you 
a figu re made up of 1 2  plus 4 plus 4: 20 triangles. Do we have 
someth ing l i ke that a lready? Yes, of course we have 20; it's 
ca l led the icosahedron!  The icosahedron is also a snub tetra­
hedron, and the icosahedron is from the dodecahedron fami­
ly, too, not the cube fami ly. The dodecahedron fam i ly is  enhar­
mon ical ly partic ipating in  the tetrahedron fam i ly, as wel l !  A l l  
of  a sudden, the snubs didn't seem so bad after a l l .  They had 
fi l led up the tetrahedron fami ly. The pattern was complete. 

We now have three total ly symmetrical fam i l ies of polyhe­
dra. Each fami ly has the same n umber of members as the other 
two fam i l ies, perform ing the same function in each fami ly. 
Starting with even d ivisions of great c ircles on a sphere, with 
the 3 ,  4, and 6 hoops; each fam i ly has a polyhedron d i rectly 
mapped from the vertices of the hoops. Every fami ly also has 
two Platonics, duals of each other, whose faces are contained 
in the previous figure. They have a truncated version of each 
Platonic, a rhombic version of the great-circle figure, a trun­
cated version of the great-circle figure, and a snub figure, left­
and right-handed. The fam i l ies are connected by three poly­
hedra in the cuboctahedron fam i ly and one member of the 
icosidodecahedron fami ly, appearing in the tetrahedron fam i-
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Iy as "enharmonic" sol ids. 
This was a mi lestone, but I wasn't done. One huge batch of 

work I foresaw was, how do you a rrange the fami l ies so that 
both their symmetry and their i nterconnections are clear? That 
wou ld be an updated and more accu rate version of my oid 
"Shape of Space" poster. 

The other issue that came up some t ime later, as a surprise, 
was that each of the Arch imedeans has a dual .  How do they 
fit into the pattern ? 

Another big issue was this:  Clearly, the Composer of the un i ­
verse d idn't hack off the vertices of  a cube with a kn ife to 
make a truncated cube. How d i rectly do great circles partici­
pate in the construction of the Archi medeans, or Platon ics for 
that matter? 

Where Archimedean Polyhedra Meet 
We began with the assumption that space wasn't just an end­

less checkerboard. In investigating the l im its of visible space, 
starting with the Platonic sol ids as symbolic of shapes that were 
formed by the confines bui lt into the nature of creation, we 
fashioned a set of three, symmetrically ordered fami l ies of poly­
hedra, each conta in ing Platonic and Archimedean sol ids. 

The fami l ies are connected by three polyhedra shared by 
both the cuboctahedron and the tetrahedron fami l ies as enhar­
monic shapes. These are polyhedra that look a l i ke, but whose 
genesis and usage in this scheme, make them different. There 
is also one member of the icosidodecahedron fami ly that is  
enharmon ically shared with the tetrahedron fami ly  as wel l .  No 
member of the cube or dodecahedron fam i ly touches each 
other, but both of those fam i l ies touch the tetrahedron fam i ly. 

The sign ificance of this arrangement goes back to the age-old 
appreciation of the u n iqueness of the Platonic sol ids. The l im it 
bu i lt into the u n iverse is manifested in the fact that you can 
construct only five shapes that conform to the restrictions that 
define the Platonic sol ids. That same l im it restricts the number 
of ways that the great c ircles d ivide each other evenly. There 
are only three ways to do it. Once you recognize the way the 
fam i l ies intersect, you realize that you are looking at three sym­
metrical fami l ies, which contain three pairs of Platonic solids, 
generated by three sets of great-circle figures. lO  

After I remanufactured a l l  the Platonic and Archimedean 
sol ids with the faces of each sol id instructively colored, I want­
ed to develop a pedagogy that wou ld enable people to see 
both the symmetry of the fami l ies and how they i ntersected. 
My set of a l l  these polyhedra had the cube, and a l l  faces of 
other polyhedra that shared the cube's orientation and func­
tion, colored green. The octahedra and its kin were yel low. 
One tetrahedron was red, with its dual orange. The dodeca­
hedron and its co-fu nctionaries were dark bl ue, and the icosa­
hedron was l ight bl ue. The faces which represented variations 
on the vertices of the great-circle polyhedra, were colored 
wh ite, black, or gray, depending on how many sides the faces 
of their Archimedean duals have. This arrangement showed 
the symmetry of the fami l ies bri l l iantly, but left the intersec­
tions of the fami l ies up to the imagi nation.  

My fi rst attempt to rectify this shortcoming looked l i ke a 
model of a molecule-a rather alarm i ng molecu le, at that 
(Figure 29).  A ring of 6 spheres represented the members of 
each fam i ly. These spheres represented the Platon ic  sol ids, 
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Figure 30 
THE COMPLETE SET OF ARCH IMEDEANS 

This is one way of looking at the family relationships within any of the polyhedral families. 

both truncated P laton ic  sol ids, the truncated great c ircle, and 
the rhombic great-circle figu re, a l l  arranged around the great­
circle figure itself. There was a tai l  attached at one Platonic, 
representing the snub figures. I later refined this arrangement 
to one that looked l i ke one of a set of jacks: 6 bal ls, one above, 
one below, up, down, left, and right of the central bal l ,  with 
one hanging off to the side. 

I actual ly made th ree of these sets out of Styrofoam bal ls and 
toothpicks, and attached them to each other in  the appropri­
ate manner. If you did it j ust right, you cou ld join the three 
fam i l ies where they i ntersect, indicating the connections made 
by the enharmonic sol ids, with the octahedron touching the 
tetritetrahedron, the cuboctahed ron touch ing  the rhom­
bitetritetrahedron, the truncated octahedron touch ing the trun­
cated tetritetrahedron, and fi na l ly  the icosahedron touch ing 
the snub tetrahedron. 

I did it, but it was a mess. It was very hard to keep the con­
struction from fal l ing apart. And even when it held together 
(though it accu rately repres�nted what I wanted to show), you 
couldn't really see it. It had

'
a decided Rube Goldberg qual ity. 

This wasn't what I wanted at a l l .  You had the sheer beauty 
of great c ircles on a sphere: Least-action pathways on a least­
action surface, dividing themselves evenly and creating sym­
metrical fami l ies of polyhedra, which intersected in an i roni-

cal way, typifying the kind of certai nty you can only find 
embedded i n  a metaphor, which, of cou rse, is  the only way 
to speak the truth. This truth represented a vis ib le image of 
the unseen l i m its placed on phys ical space by the creating 
force of the u n iverse. I d idn't th i n k  a p i le  of crumbl ing 
Styrofoam was the right way to show this.  I was stuck at this 
point for some days. Then I had an idea; I decided to d isplay 
this i rony i ron ical ly. 

The i rony was this:  The u nseen, u ncreated domain,  which 
bounds and is  creati ng our u n iverse, has l i m ited our abi l ity to 
create regu lar polyhedra and, as stated, proved that the u n i­
verse is not shaped l i ke an endless checkerboard. How to 
show this? Put it on a checkerboard. 

Do What? 
This real ly cheered me up. In d iscussing these polyhedra you 

have three attributes to contemplate, their faces, the edges 
where two faces meet, and the vertices where the edges and 
faces meet. For example, the tetrahedron has 4 faces, 4 vertices 
and 6 edges; the cube, 6 faces, 8 vertices and 1 2  edges. The rea­
son the octahedron is the dual  of the cube is that the octahedron 
has 8 faces where the cube has 8 vertices, 6 vertices where the 
cube has 6 faces, and 1 2  edges, which cross the cube's 1 2  edges 
at right angles. You get the idea. To map the polyhedral fami l ies, 
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Figure 31 
TWO-DIMENSIONAL GRID OF PLATONIC AND 

ARCH IMEDEAN POLYHEDRA 

find the location for each member on a three-dimensional grid, 
where each axis of the grid represents one of the attributes of the 
polyhedron: faces, edges, and vertices. 

S i nce I was working with graph paper on a c l ipboard, I 
started by us ing only two axes at a time. I found it most effec­
tive to examine the faces and vertices on the two-d imension­
al  graph paper and just ignore the edge-ax is. (There is anoth­
er i rony here that took me years to understand, but no short­
cuts). What I found at the time was rea l ly someth ing. (See 
Figure 3 1 )  

I put the dots on the graph paper. It looked l i ke a confusing 
mess, but when I connected each fam i ly's dots with colored 
ink, its clarity a lmost jumped off the paper. It looked l i ke a star 
chart with constel lations drawn on it. The conste l lation of 
each fam i ly  looked l ike a primitive cave painting of a bi rd-a 
crane or pel ican-or better yet, a theropod" dinosaur, one 
that looks l i ke the Tyrannosaurus rex. The Platonics were 
located at the tip of each d i nosaur's mouth ; the great-ci rcle 
figures were the heads and the tru ncated P latonics were the l it­
tle front c laws. The rhombic great c irc les were the bodies, the 
snubs the tips of the tai l s, and the truncated great-circle figures 
were the feet. 

I had a " l ittle" 8-foot-long, red Oeinonychus di nosaur, ' 2  
with its mouth closed representi ng the tetrahedron fami ly; a 
med ium-sized 1 6-foot, green Ceratosaurus1 3 with its mouth 
open a l ittle as the cube fam i ly, and a huge blue 40-foot-long 
T-Rex' 4 with its mouth open wide, as the representative of the 
dodecahedron fam i ly. This was a lot of fu n .  

One th ing that seemed funny to m e  was that the "truncat­
ed Platonic" pai rs--.:the tru ncated cube and truncated octahe­
d ron, for example-both mapped to the same place, even 
though they had very different appearances. The same thing 
happened with the tru ncated dodecahedron and truncated 
icosahedron .  Look at the tru ncated cube and tru ncated octa­
hedron, or even more strik ing, the tru ncated dodecahedron 
and truncated icosahedron.  They don't look at a l l  a l i ke, but 
each pair happens to have the same number of faces, vertices, 
and edges. Wel l ,  one polyhedron for each d i nosaur claw. 
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Figure 32 
THE TETRAHEDRON FAMI LY H I G H LI GHTED 

The connected dots represent the tetrahedron family, 
masquerading as a small Deinonychus dinosaur. 

You could see each fam i ly clearly on the chart, and the 
i ntersections, too : the t ip  of the mouth of the green 
Ceratosaurus touched the head of the red Oeinonychus; the 
head of the Ceratosaurus tou ched the body of the 
Oeinonychus; and the neck of the Ceratosaurus touched the 
foot of the Oeinonychus. At the same time, the mouth of the 
blue T-Rex touched the tip of the tai l  of the poor l ittle 
Oeinonychus. This real l y  worked n icely, and it gave you the 
impression that you weren't looking at a static thing.  Those 
d inosaurs were goi ng to start chewing any m i n ute. You could 
also see how the enharmonic polyhedra were, in fact, in  both 
fam i l ies, fi l l ing  d ifferent roles. , 

The d i nosaur mouths were open different amou nts. That 
made me stop and look. It seemed to mess up the symmetry of 
the fam i l ies. I knew something was fu n ny with the way I was 
thinking about th is, and I had a g l immer of anticipation, l ike 
the change in the way the a i r  feels  before a thunderstorm. Why 
weren 't my supposedly symmetrical families absolutely identi­
cal on the chart? 

I had an idea-superimpose the fam i l ies to see if they real­
ly were the same shape. They looked the same, but, you never 
know. Here's how it works: The vertices of the dodecahedral 
Arch imedeans were at 30, 60, and 1 20 ;  the cubic 
Archi medean vertices were at  1 2, 24,. and 48; and the tetrahe­
dral vertices were at 6, 1 2, and 24. A l l  I had to do was put the 
dots on one grid that had three different scales. If the fam i l ies 
were symmetrical, then the dots wou ld be in the same place. 
The differences in  dodecahedral Arch imedean vertices were 
30 and 60; the d ifferences for the cubes were 1 2  and 24, with 
the tetrahedrons at 6 and 1 2 . That should work. 

The scale for the faces of the Archi medean polyhedra was 
the same idea. The dodecahedral Arch imedean faces fel l  at 
32, 62, and 92 .  The cubes were 1 4, 2 6, and 38;  with the tetra­
hedrons at 8, 1 4, and 20. This worked too, with differences of 
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Figure 33 
THE CUBE FAMilY H IG HLIGHTED 

The cube family resembles a mid-sized Ceratosaurus 
when its dots are connected. 

30 for the dodecahedral, 1 2  for the cubic, and 6 for the tetra­
hedra l .  The Archi medean sol ids  of each fam i l y  exactly 
mapped onto the Archimedeans of a l l  the other fami l ies. The 
Archimedean polyhedra fam i l ies real ly  were symmetrical .  

One l ittle nagging, h int of a question. The cube, dodecahe­
dron, and tetrahedron a l l  mapped onto each other too, when I 
overlaid the fami l ies of Archimedeans, but the octahedron and 
icosahedron each fel l  in a different place. That was why the 
mouths of the d inosaurs seemed to be open wider, as they got 
bigger. The bigger the d inosaur, the wider the mouth-maybe 
that had someth ing to do with Darwin, but I doubted it. It was a 
puzzle, but by this time I was working so fast that I didn't stop. 

This was a situation I was used to by now, i n  the geometry 
work. I had a n ice theory, a beautiful picture to show, and one 
fly in the oi ntment. I found that you don't have to ruthlessly 
hunt down the anomal ies and destroy them. Bel ieve me, if you 
do the work, they' l l  fi nd you .  (What you do have to do is enjoy 
being caught by the anomal ies, u n l i ke the "Bread Scholars" 
that Sch i l ler denou nces, who try to cover up anomal ies . 1 5) 

Why weren't my symmetrical fam i l ies symmetrical ? Those 
damn d inosaurs had their mouths open different widths. I wi l l  
tell you why, but  we are going to have to go around the long 
way to get there. 

Three Dimensions, If You Got 'Em 
I did feel a l ittle bad to be working with only two d i men­

sions of my three-d i mensional grid at one time. So, I got a 
slab of Styrofoam and some smal l  wooden dowel-rods. I 
made a face- and vertex-grid on a piece of paper, cut the 
dowels to the length of the edge-axis on the same scale plus 
an inch, put the paper on the Styrofoam, and poked the dow­
els through the paper at the proper place an inch into the 
Styrofoam . The upper ends of the dowels represented the 
location in  3-D where the polyhedra should be located. I was 

Faces 

(/) 
� .. 
� fl::: : ::::::::;ij::::: : : :ii, 

Figure 34 
THE DODECAHEDRON FAMilY H IGHLIGHTED 

The dodecahedron family as a huge T-rex. 

so happy with this that I made a piece of cardboard which 
had pictures of each Platon ic and Arch i medean polyhedron 
on it. The cardboard wou ld sit on the Styrofoam, next to 
where the dowels were, so you cou ld see what each dowel 
represented. 

I had hoped that looking at the pattern in th ree d i mensions 
would directly portray some neat secret about the u nseen 
force that shapes the Platon ic  and Archimedean sol ids. Maybe 
it wou ld be a 3-D spiral, or waveform, or some exotic shape 
l i ke a pseudosphere. 

It d idn't. 
It looked to me l ike all the polyhedra fel l  in  one plane, a 

plane t i l ted with respect to the other axes, but just a plane! 
Upon reflection, this shou ldn't h ave been a surprise, if I had 
had more mathematical tra in ing .  The phenomenon was an 
artifact of what has been sad ly named Eu ler's formula .  Each of 
the polyhedra is subject to th is  curious fact : The number of 
faces, plus the number of vertices, m i nus the n umber of edges 
is always 2 .  

Tetrahedron:  4 + 4 - 6 = 2 .  
S n u b  dodecahedro n :  92 + 60 - 1 50 = 2, a n d  s o  o n .  
This would explain w h y  a l l  t h e  sol ids, mapped t h e  way I 

was doing it, ended up i n  a plane. It did make it easier to 
show. I cou ld sti l l  accurately display the real th ree-d imension­
al graph on a two-d imensional piece of paper after a l l ,  but it 
lacked the pizzazz of having the more trendy hyperbol ic 
waveforms i n  my graph . 

'The Universe, and All That Surrounds 1t
,16 

In  LaRouche's "Metaphor" paper, which was publ ished when 
he was in  prison, at the height of my activity in  these matters, he 
made it qu ite clear that great circles on a sphere were the way 
to create the Platonic sol ids. My one overrid ing thought whi le 
working on this project was, "Spheres are primary; how does 
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Figure 35 
GOD'S GRAPH PAPER 

Christine Craig 

cuts through the center of the next 
face, cuts a d ifferent edge in half  at 
right angles, cuts through the center 
of a nother face and then jo ins  u p  
with t h e  edge on the opposite s i d e  of 
the dodecahedron. It cont inues on 
until it returns to the origi na l  great­
c ircle segment. If you can see it (it is 
real ly h ard), you wi l l  find that it takes 
1 great c i rc le to cover 2 edges of the 
dodecahedron. Si nce there are 30 
edges on a dodecahedron, i t  takes 
1 5  great c i rc les to defi ne a dodeca­
hedron. 

F ifteen great c ircles! I can barely 
see 4 great c ircles when I'm looking 
right at them. How can I visual ize 
1 5 ? 

Remember the B read Scholars?  
You have to do i t .  For  safety's sake, 
don't use 1 5  embroidery hoops for 
this. Use a half- inch strip cut the long 
way from a piece of poster board. 
Mark the strips where they wi l l  inter­
sect before you cut them out. There is  
a lot of techn ique i nvolved in  getting 
them to work, but that's part of the 
fun, too. 

The 6-, 9-, and 7 5-great-circle spheres, with the fundamental 3-, 4-, and 6-great 
circles of the Platonics superimposed on them. These are made of half-inch strips 
of colored poster board glued into the great circles. White balloons were inflat­
ed within to enhance visibility. 

Remember the dodecahedron 
i ns ide the icosidodecasp here? The 
center of each of the dodecahedral 
edges touches a vertex of the icosi­
dodecasphere.  There are 30 edges 

this come from a sphere?" A sphere is the highest level of least 
action we can apprehend with our senses alone. 

The regular 6-hoop sphere, the icosidodecasphere, has 1 2  
pentagonal and 20 triangular areas that the great c ircles 
sweep out. To locate a dodecahedron in this arrangement, 
you put each of its 20 vertices in the center of one of the 20 
spherical triangles of the icosidodecasphere. L i kewise, the 
icosahedron's 1 2  vertices would go into the 1 2  spherical pen­
tagons of the icosidodecasphere. If you look at a dodecahe­
dron alone, you see that it is  l i ke every other polyhedron we 
are deal ing with, except the tetrahedron, in this way: It is 
made up of features that reappear on opposite s ides of the fig­
u re. Each face has a paral le l  face that is on the other side of 
the dodecahedron, so a dodecahedron is real ly made up of 6 
pairs of para l le l  faces. L i kewise, the vertices a l l  have another 
vertex exactly opposite to i t  on the other side of the dodeca­
hedron.  The edges do too. Look at the 30 edges of the dodec­
ahedron.  If we imagine the dodecahedron inside a sphere that 
touches each of its vertices and imagine a segment of a great 
c i rcle connecting each vertex to form a dodecasphere, then 
we are ready for action. 

Take any edge on the spherical dodecahedron, the dodeca­
sphere. This is  a segment of a great c ircle. Extend the segment 
in a stra ight l i ne on the sphere. The l i ne (great-circle path) 

70 Summer 2005 2 1 st CENTURY 

to a dodeca hedron, and 30 vertices 
in an icos idodecahedron, and they 

are, i ndeed, in the same orientat ion.  Because that's true, 
look at where the 1 5  great c i rcles go. They a l l  b isect the 
vertices of the icosi dodecasphere, clean as a whist le .  

Look at an icosahedron ins ide an icosidodecasphere. 
Remember that? 1 2  vertices are inside 1 2  spherical pentagons. 
The center point of the each of the icosahedral edges touches 
each icosidodecasphere at the vertex-3D and 3D, its just l ike 
the dodecahedron.  The 30 edges of an icosidodecahedron 
would make 1 5  great circles, j ust l i ke the dodecahedron did.  
In  fact they are the very same 1 5  great c irc les. 

Now look at this process backwards. You start with a sphere­
least action in  the visible domain. Straight l i nes on the sphere, 
great circles, intersect each other to give you even divisions. This 
can be done in only three ways, with 3, 4, and 6 great circles. 
Take the 6-great-circle sphere, the icosidodecasphere, and bisect 
each angle where the 6 great circles meet at each vertex with 
another great circle. These 1 5  great circles have created the ver­
tices of both the dodecahedron and the icosahedron. You have 
done it: least action, to spheres, to Platonic solids. 

Now, you cou ld sl ice up a dodecahedron to make the other 
Platonic sol ids without using the other regul ar great-circle fig­
ures, but why use 1 8th Century methods, as F D R  said to 
Church i l l ? 1 7  Use the even d ivisions of great c irc les d i rectly. 1 8  

O K ,  who's next? The cube a n d  octahedron i n  t h e  4-hoop 



cuboctasphere are next. This is a l i ttle easier. The cube fits i nto 
the cuboctasphere with its 8 vertices in the centers of the 8 
spherical triangles.  The centers of its 1 2  edges h it the vertices 
of the cuboctasphere, and if you extend its 1 2  edges, you get 
6 great circles. This is the same pattern as before, but with 
fewer components. 

The octahedron is a d ifferent kettle of fish .  It fits into the 
cuboctasphere all right: the 6 vertices in the center of the 6 
spherical squares of the cuboctasphere, with the center points 
of the 1 2  edges at the vertices of the cuboctasphere. But you 
don't have to extend the edges to make complete great circles. 
They already are complete great c ircles, because the octahe­
dron, in spherical form, is also the tetritetrasphere, the three­
great-circle figure of the tetrahedron fami ly. I n  the icosidodeca­
sphere, you had 1 5  additional great c i rcles, each shared by the 
icosahedron and the dodecahedron. In the cuboctasphere, you 
have 6 great circles used by the cube, and another 3 by the 
octahedron, for a total of 9. Nonetheless, the cube and octahe­
dron are generated by the 4 great circles of the cuboctasphere 
with exactly the same method that created the dodecahedron 
and icosahedron. 

For the tetritetrasphere, we a l most get back to normal .  If you 
put a tetrahedron in a tetritetrasphere, its 4 vertices go into 
alternati ng spherical triangles, and the centers of its edges map 
to the vertices of the tetritetrasphere. Extend the edges of the 
tetrahedron and you get 6 great c i rc les. The other tetrahedron 
fits into the unused spherical triangles of the tetritetrasphere, 
and its edges l ie in the same 6 great c i rcles as the first tetrahe­
dron's do. 

This is the least-action pattern . 6 regularly divided great circles 
generate 1 5  others, which define the dodecahedron and icosa­
hedron. Four regu larly divided great circles generate 9 others, 
which define the cube and octahedron; and 3 regularly divided 
great circles generate 6 others, which define both tetrahedra. 
That's the pattern. The irony here is that the 6 other great circles 
that define the cube are the same 6 great circles that define both 
tetrahedra, but they in no way resemble the regularly d ivided 
arrangement of 6 great circles that are the icosidodecasphere. 
The cube/tetrahedral sharing of the same irregular set of 6 great 
circles, is why you can put two tetrahedra in a cube, as in the 
Moon/Hecht model of the nucleus of the atom . 19  

In  the middle of  a l l  these lovely trees, I remembered some­
thing about a forest. The reason that I started investigating 
Archimedean solids in the first pl ace was because the rhombic 
dodecahedron fi l led space l ike a cube; and no other shape in 
the u niverse, which had only a single kind of face, did that. It 
was as obvious as the nose on my face, that the rhombic 
dodecahedron isn't an Archimedean solid at a l l .  It doesn't 
have regu lar faces. It is  the dual of an Archi medean .  

What About the Duals? . 
So, I constructed the Archimedean d uals, too, a l l  of them.2o 

(See Figure 28.) 
The way Arch imedean dual polyhed ra relate to the 

Archimedeans is  i nstructive. The sphere that encloses and 
touches each vertex of an Archimedean sol id touches the cen­
ter of each face of the dual .  A l l  of the faces of a dual are the 
same shape, although some of them can be fl ipped over in a 
left-handed/right-handed way; and none of their faces is regu-

Tetrakis hexahedron 
(6 circles) 

Disdyakis dodecahedron 
(9 circles) 

Disdyakis triacontahedron 
( 1 5  circles) 

Figure 36 
THE ARCHIMEDEAN D UALS AND 

THE G REAT CI RCLES 
The dual of each and every Archimedean solid is direct­
ly mapped by the 7 5, 9, and 6 great circles derived from 
the 6, 4, and 3 evenly divided great circles-except for 
the pesky snubs. 

lar. As we wi l l  see, the Archimedean duals are harder to d is­
cuss, because of the irregularity of the faces, but I've come to 
bel ieve that they are, at the very least, as important as, and as 
primary as, the Archimedean solids themselves. 

The last dual solid I made, the d isdyakis triacontahedron, was 
the dual of the truncated icosidodecahedron. It has 1 20 identi­
cal l ittle right triangles for faces. As I was putting it together (I 
actually cut out 1 20 triangles and taped them together), I real­
ized that the edges of this polyhedron were also great circles. 
That seemed interesting, but this was such a busy construction, 
that I couldn't see exactly what I had made at the time. (This 
real ization also points out the importance of actual ly construct­
ing the real polyhedra, rather than just looking at them .)21 

I thought about the great-circ le q uestion for days. I had my 
whole set of 48 polyhedra hanging in my bedroom. There 
were a heck-of-a-Iot of great c i rc les d ivid i ng up the d isdyakis 
triacontahedron i nto 1 20 triangles.  Were there 1 5  great c i rcles 
in the d isdyakis triacontahedron?  Were they the same 1 5  great 
c ircles that define the dodecahedron and the icosahedron? 
Cou ld that be possible? Was the un iverse designed with such 
precision and charm that the process that created the dodeca­
hedron and the icosahedron d i rectly mapped to the dual of the 
truncated icosidodecahedron ? It seemed l i ke it shou ld be, but 
was almost too much to hope for. 

I went to sleep one Saturday night thinking that, if the fam il ies 
of polyhedra were indeed symmetrical, and the disdyakis tria­
contahedron was real ly mapped this way, then the edges of the 
dual of the truncated cuboctahedron, the disdyakis dodecahe­
dron, should be made out of the 9 great circles used to make the 
cube and octahedron. In addition, the edges of the dual of the 
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Figure 37 
TWO-DIMENSIONAL GRID OF 

PLATONIC AND ARCHIMEDEAN POLYHEDRA 
AND THEIR DUALS 

enharmonic truncated tetritetrahedron, the tetrakis hexahedron 
(which looks l ike a truncated octahedron), should map to the 6 
great circles that make the two tetrahedra. When my eyes 
opened on Sunday morning, I was looking right at the tetrakis 
hexahedron. I saw the 6 great circles in  the figure as plain as day. 

This real ly got me moving. 
It turns out that the dual of each and every Archimedean solid 

is directly mapped by the 1 5, 9, and 6 great circles derived from 
the 6, 4, and 3 evenly divided great circles; a l l  of the duals except 
for the pesky snub cube and snub dodecahedron, are right there. 
The snubs are a special case, which wil l  become more apparent, 
the more work we do. The duals of the truncated quasis use al l  
of the faces defined by the great circles. The duals of the others 
combine some of the faces to make up rhombic and differently 
shaped triangular faces. It is worth the trouble of constructing the 
Archimedean duals just to see how this works. 

The realization of the role of the great c ircles in the con­
struction of the Archimedean duals made me determ ined to 
i ntegrate the Archimedean duals into my system. How do the 
duals map onto the grid on which I had al ready placed the 
Archimedean sol ids? 

These names mean someth ing about the number of faces. 
The dual of the truncated tetrahedron, the triakis tetrahedron, 

looks l ike a tetrahedron that has each face d ivided into three 
faces. There are three identical triangles in each original face of 
the tetrahedron. Their edges go from the center of its face to the 
vertex, and are pushed out a I ittle at the center of the tetrahedron's 
face. I suppose the "triakis" means 3 and "tetrahedron" means, 
as we know, 4-sided. The first pair of these polyhedra I made 
were out of black poster paper, as their faces were triangles.22 
The other names are also as instructive, but not very catchy. 

What you see when you add the Arch imedean duals to the 
map, is a symmetrical pattern, l i ke a Rorschach ink-blot test 
made up of dots.23 (See Figure 3 7.)  
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As I started to do the additional mapping, I decided to go whole 
hog. You may remember that there are two infin ite series of 
Archimedean solids that we have ignored so far, the prisms and 
anti-prisms. A prism can be constructed by taking any regular 
polygon from an equi lateral triangle up to an equi lateral baz i l l ion­
sided figure. Hang squares with edges the same length as those of 
your original polygon on that polygon, so each edge of the square 
touches an edge of the polygon and the two adjacent squares. 
Then put a polygon just l ike your original one on the bottom, and 
you have an Archimedean prism. (See Figure 38.) 

For example, you can start with a regu lar hexagon, hang 
squares from each of its edges, and put another hexagon on 
the bottom .  I t  looks l i ke a hatbox. This is an Archi medean 
sol id too. One sphere wou ld touch each vertex, and one 
sphere would touch the center-points of both hexagons, and 
one sphere would touch the center-points of a l l  squares. This 
is true for a l l  of the Archi medean prisms. As you get i nto the 
h igher nu mbers of sides, the prisms get th inner and th inner, 
eventual ly resembl ing a coin,  or CD. As for the duals, the 
prism duals are a l l  made up of isosceles triangles. The dual of 
the 6-sided prism, the hexagonal d ipyramid, would have 1 2  
triangles-6 isosceles triangles pointing up, l i ke a tee-pee, and 
6 pointing down. See: "dipyramid," two pyramids stuck 
together at thei r  bases. As you add more edges, the triangles 
get longer and longer u nt i l  they tilke on the aspect of a 
stretched-out dowel with sharpened ends, unti l  you final ly 
give up because there are too many sides. 

Anti-prisms are s imi lar to prisms, but are made with tri­
angles rather than sq uares, hanging from any regu lar poly­
gon-from an equ i l ateral triangle on up. There are as many tri­
angles as there are edges on both the top and bottom polygon. 
The triangles are put together alternately, so that they look l i ke 
a ch i ld's d rawi ng of shark's teeth . A 6-sided anti-prism has 1 2  
equ i lateral triangles around the c ircu mference, and hexagons 
on both top and bottom. The dual of an anti-prism is made up 
of a 4-sided figure that looks l i ke an arrowhead. They are 
cal led trapezohedrons. The more sides the anti-prism has, the 
more poi nty the arrowhead. The dual of the 6-sided anti-prism 
has 1 2  faces : 6 arrowheads pointi ng up, meeting at their 
points, and 6 pointing down. 

There is  a pattern here: the faces of the prisms are always two 
more than the number of polygonal edges, the vertices are always 
twice the number, and the edges are three times the number. 

F igure 38 (b) shows the progression of the anti-prisms. The 
pattern here is: The faces of the anti-prisms are always two more 
than twice the number of the polygonal edges, the vertices are 
always twice, and the edges are four times the n umber. 

To chart the duals of the prisms, switch the face and vertex 
nu mbers, just as with every other polyhedron. 

There is someth ing going on that I haven't mentioned yet: 
The 4-prism is the cube and the 3-anti-prism is the octahe­
dron. Look at a l l  the work the dual-pa i r  of the cube and octa­
hedron do. F i rst, they each are Platonic sol ids and duals of 
each other. Second, the octahedron is also the tetritetrahedron, 
the figure d i rectly created by the even d ivisions of th ree great 
c ircles, and parent of the tetrahedron fami ly; and the cube is 
its dual,  perhaps cal led the rhombic hexahedron in that incar­
nation. Third, the cube is the 4-prism, one of that infi n ite 
series; and the octahedron is its dual ,  a d ipyram id-the one 



(a) Prisms 
, Triangular: 5 faces, 6 vertices 

Square: 6 faces, 8 vertices (a cube) 

Pentagonal: 7 faces, 10 vertices 

Hexagonal: 8 faces, 1 2  vertices 

Seven sided: 9 faces, 14 vertices 

Octagonal: 10 faces, 1 6  vertices 

Nine-sided: 1 1  faces, 18 vertices . . . .  

(b) Anti-prisms 
Triangular: 8 faces, 6 vertices (an octahedron!) 

Square: 10 faces, 8 vertices (a cube) 

� Pentagonal: 1 2  faces, 1 0  vertices � Hexagonal: 14 faces, 1 2  vertices 

,/\} Seven sided: 1 6  faces, 14 vertices 

Octagonal: 18 faces, 1 6  vertices 

Nine-sided: 20 faces, 1 8  vertices . . . .  

Figure 38 
PRISMS AND ANTI PRISMS 

The series of prisms and antiprisms goes on infinitely. 

Figure 40 
CHARTING THE PRISMS AND 

THEIR DUALS 
When the faces and vertices are gridded, 
the prisms and their duals go off in two 
different straight lines that seem to start 
at the tetrahedron. At the second prism 
dual-pair-the 4-prism (cube}-the anti­
prisms and their duals start, with the 3-
anti-prism (octahedron), which is also 
the dual of the 4-prism. The entire chart 
is contained in three pairs of straight 
lines. The prism and dual-of-prism 
lines-the "3-lines"-meet at the tetra­
hedron; the anti-prism and dual-of-anti­
prism lines-the 4-lines"-run parallel, 
and very close to the "dual line, " while 
the liS-lines II connect all three snubs 
and their duals, and meet the 13-lines" 
at the dodecahedron and icosahedron 
(the snub tetrahedron). 

Hexagonal prism Hexagonal anti-prism 

Hexagonal dipyramid Hexagonal trapezohedron 

Figure 39 
MORE PRISMS 

Pictured here are a 6-sided prism, anti-prism, 
and their respective duals. 

with equ i l ateral triangular faces. Fourth, the octahe­
dron is the th ree-anti-prism, the first of that i nfi n ite 
series; and the cube is its dual ,  a trapezohedron with 
equ i lateral faces. 

Let's go to the grid. (See F igures 3 7-38.)  

The Chart 
There is qu ite a lot goi ng on here, so I ' l l  try to 

break it down. The domi nant th ing you see after you 
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put a l l  the dots on the graph paper, is the wedge that the 
prisms and their duals make. S ince you are mapping dual­
pairs, the chart is  completely symmetrica l .  There is an imagi­
nary l ine down the center of the pattern where you could put 
a m irror, and see the place where the dual of every mapped 
point on your side wou ld appear in the mi rror. The only 
mapped point that actual ly fal ls  on this l i ne is  that of the tetra­
hedron, as it is the dual of itself. You could also call  this l i ne 
the pyramid l i ne, as any pyramid you can construct would fall 
on this l i ne. Pyram ids are all duals of themselves. A pyramid 
with a m i l l ion-sided base would have a m i l l i on-and-one faces, 
and a mi l l ion-and-one vertices, with 2 m i l l ion edges. The 
tetrahedron is the simplest pyramid we have, with a base of 3 
sides, and is the only pyramid that is a regular polyhedron. 
S i nce every pyramid is the dual of itself-and even though the 
tetrahedron is the only pyramid qual ified to be mapped on our 
chart-they a l l  would map right down the center dual l i ne, if  
we bothered. You cou ld fold the chart in  half on the dual l i ne, 
or pyramid l ine, and every other polyhedron would touch its 
dual .  

The prisms and their duals go off in two different straight l ines 
that seem to start at the tetrahedron. At the second prism dual­
pair, the 4-prism (cube), the anti-prisms and their duals start with 
the 3-anti-prism (octahedron), which is also the dual of the 4-
prism. They run in parallel l i nes very close to the pyramid l ine. 

This intersection spot, where the cube and octahedron are, 
is the location of the most intersections of functions on this 
chart. Does that have someth ing to do with the ease with 
which we conceptual ize a cube? Cubes are easy to picture: 
Up, down; front, back; left, right. 

The whole chart represents the boundary layer between our 
perceived universe, and the unseen process of creation. In  d is­
sect ing this wonder, we fi nd the snubs, and the dodecahedron 
fami ly  as a whole, on the far side of the s ingularity from us­
the "dark side of the Moon," if you wi l l .  The cube, in contrast, 
is the nearest and most fam i l iar point in this process. (Can sin­
gularities have sides?) 

All of the Archi medean duals which have 3-sided faces 
occupy the same spot on the graph as a dual of an 
Archimedean prism, even though they are not the same shape 
(except the octahedron, which is  the dual of a prism-the 
cube). A l l  of the Archi medean polyhedra which pair with 
those duals fal l  on the same spot as one of the prisms. These 
are the tru ncated quasis and the truncated Platonics. (The 
truncated icosidodecahedron maps to the same location as the 
prism with 60-sided faces; the truncated dodecahedron and 
truncated icosahedron map to the prism with 3D-sided faces; 
the truncated cuboctahedron maps to the prism with 24-sided 
faces; the tru ncated cube and tru ncated octahedron (truncated 
tetritetrahedron) map to the prism with 1 2-sided faces, the 
truncated tetrahedron maps to the prism with 6-sided faces} . 
The duals of the Archimedeans match the duals of the prisms. 

All Archimedean duals which have 4-sided faces fall on the 
same spot on the graph as a dual of an Archimedean anti­
prism. The Archi medeans which pair with those duals co-occu­
py a spot with the anti-prisms themselves. These are the rhom­
bi-quasis and the great-circle figures (the rhombicosidodecahe­
dron maps to the anti-prism with 3D-sided faces; the icosido­
decahedron maps to the anti-prism with l S-sided faces; the 
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rhombicuboctahedron maps to the anti-prism with 1 2-sided 
faces; the cuboctahedron (rhombitetritetrahedron) maps to the 
anti-prism with 6-sided faces; and the tetritetrahedron (octahe­
dron) maps to the most famous prism of a l l ,  the cube} . 

The Archimedean duals, l i ke a l l  duals, owe the shapes of 
their faces to the nature of the vertices of their dual-pa i rs, and 
vice versa. An octahedron has faces made up of equ i lateral tri­
angles, whereas the cube has 3 edges meeting at equal angles. 
The duals of the great-circle figures all have 4-sided faces, 
because the great c ircles meet, creating four angles. The rhom­
bi, and all truncated Archimedean d uals have 3-sided faces. 

Only the snubs and their duals, which have S-sided faces, 
fal l  on the chart in a place not al ready defined by the prisms or 
anti-prisms. Even they l ie  on thei r  own straight l i ne on the chart 
which intersects the prism l ine at the icosahedron.  This impl ies 
that the snubs make up a category of their own . The whole 
chart is contained in  three pairs of straight l i nes. The prism and 
dual-of-prism l i nes, the "3-l ines," meet at the tetrahedron; the 
anti-prism and dual-of-anti-prism l i nes, the "4- l i nes," run par­
a l lel, and very close to the "dual l i ne," and meet the "3-l ines" 
at the cube and octahedron, whi le the "S-l ines" con nect al l  
three snubs and their  duals, and meet the "3-l ines" at the 
dodecahedron and icosahedron (the snub tetrahedron). 

The separation of the "S- l i nes" of the snubs is another 
example of their u n iqueness.24 It is not that they are snubbing 
the other polyhedra, of course, but there should be another 
infi n ite set of polyhedra, which wou ld fal l  u nder the snub 
polyhedra. They wou ld be l i ke the prisms and anti-prisms, 
except with five-sided duals.  They don't exist because they 
are not constructable in the discrete u n iverse. The snub poly­
hedra are as close as you can come, because of the l i mit 
imposed by the nature of space. My opi n ion is  that the angel 
in  DUrer's Melancolia is  trying to construct such a set, but is 
frustrated by the l i m its of physical space, and is thus, melan­
choly. The dual of what the angel has made i n  the woodcut 
wou ld have 3-sided faces, at any rate, and such a series 
would show up on my chart at the same location as every 
other prism, and not on the S-l ine at a l l .  This just shows how 
impossible the project is.  

Where the Platonic solids fal l  on this chart, is h ighly instructive, 
and can be understood in the context of the next paragraphs. 

Once you map the Archimedeans and their duals, you can 
answer the question I asked about the location of the Platonics 
in  that scheme. Do you remember when we superimposed the 
three fami l ies of Archimedeans? The dodecahedron, cube, and 
tetrahedron all fel l  in the same spot, but the octahedron and 
icosahedron seemed to randomly miss the target. The di nosaur 
mouths were open different amounts. Wel l ,  do the same 
superimposed mapping with the duals of the Archi medeans 
and the Platon ics. The icosahedron, octahedron, and tetrahe­
dron a l l  map to the same pl ace, and the dodecahedron and 
cube spl atter somewhere else. 

This is awesome. 
From the perspective we have j ust establ ished, the cube and 

dodecahedron belong to the same set of polyhedra as the 
Archimedean sol ids, whi le the icosahedron and octahedron 
belong with the Arch imedean duals .  If you map the Platonic 
polyhedra that way, the fam i l ies are completely symmetrical, 
and once aga in  the beauty of creation has smashed one of my 



Figure 41 

fam i l ies is evenly d ivis ible by 6. If you d ivide 
each polyhedron'S edge-number by 6 and look at 
the resu lts as a one-di mensional graph, the tetra­
hedron fami ly  fal ls on 1 ,  2, 3, 4, 5, and 6. The 
cube fami ly  fal l s  on 2,  4, 6, 8, 1 0, and 1 2; whi le 
the dodecahedron fam i ly fal ls  on 5, 1 0, 1 5, 20, 
25, and 30. The cube/tetrahedron enharmonic 
intersections are at 2 ,  4, and 6 ;  with the dodeca­
hedron/tetrahedron i ntersection at 5. That's it. The 
fact that both the cube and dodecahedron fami ly  
have members with edges of  1 0  does not  indicate 
an enharmonic i ntersection; they j ust have the 
same number of edges. 

The uti l ization of the edge-axis in this way is 
why, when I fi rst started mapping the 
Archimedean fam i l ies, i t  was most convenient to 
use the faces and vertices for a two-d imensional 
view. The polyhedra seemed to bunch up i n  the 
edge-axis view, and made the chart sloppy. I 
thought that was a problem, and went on to do a l l  
the  work recounted above. If I had real ized that 
only using the edges for mappi ng, I could show 
both the symmetry and i ntersections of the fami­
l ies, I wou ld have missed a l l  this fu n .  

. You can d iscourse on this topic, off the top of 
your head with this s imple chart i n  you r  m i nd.25 
Or draw it out:  1 , 2 ,  3, 4, 5 ,  and 6 down the cen­
ter of a piece of paper; 2,  4, 6, 8,  1 0, 1 2  on the 
right side; and 5, 1 0, 1 5, 20, 25, 30 on the left. 
Make sure that the numbers are l ined u p, 2 next 
to 2,  4 next to 4, and so on; c i rcle a l l  2 's, 4's, 5's, 
and 6's, and you're done. See Figure 40. 

Once the idea is i n  your head, this is  the only 
mnemon ic device you wil l  need. 

Melancol ia, by Albrecht Durer. Notice the large polyhedron behind 
the figures. So, What Do We Have? 

pet theories i nto the mud. 
When the icosahedron and octahedron enharmon ically act 

as Archimedean sol ids themselves, as snub tetrahedra and the 
tetritetrahedron, then they map as Archimedeans and the 
dodecahedron and cube map as Archimedean duals.  The 
tetrahedron, as the point of the wedge on our graph, and dual 
of itself, part ic ipates in  both sets. 

The Platon ic solids a l l  occupy the 3-l ines. The icosahedron 
and dodecahedron occupy the 5-l i nes as well,  because the 
dodecahedron is  a 5-sided-face dual of the snub tetritetrahedron 
(icosahedron). The cube and octahedron occupy the 4-l ine as 
well, because the cube is a 4-sided dual of the tetritetrahedron 
(octahedron). Most ironical ly, a l l  the l ines intersect at the tetra­
hedron, even though it is neither a prism nor the dual of a prism. 

The Chart in the Back of the Book 
This is  a lot to keep in your head. When I was reviving my 

activity with the Archimedean fami l ies, a way of keeping the fam­
i lies and their relationships straight in my mjnd came to me. Don't 
tell anyone this trick, unti l  they have done a l l  the above work. 

The number of edges of each member of the Archi medean 

In summary, we have created two sets of tools, 
useful in the ph i losoph ical examination of geom­

etry, and, I might add, just as useful in the geometrical exami­
nation of phi losophy. 

The first set is the col lection of great-c i rc le figures: 3, 4, 
and 6 even d ivis ions of great c i rc les by other great c i rc les, 
from which we create the 6,  9,  and 1 5  other great-ci rc le 
arrangements which g ive you the Arc h i medean d ua ls, and 
the Arch imedean polyhedra arranged i n  the three symmetri­
cal fam i l ies. The great c i rcles are useful in the p lann ing and 
construction of our polyhedra .  All of these col lections of 
great c i rc les together, I 've come to ca l l  "God's graph paper." 
(F igure 35) .  

The other set of  tools is  the mapping of  the locations of the 
polyhedra onto a th ree-d imensional grid. You have the three 
fami l ies of Platon ic  and Arch imedean sol ids, which look l i ke 
three conste l lations, and show the symmetry and i ntersections 
of the fam i l ies. Add i ng the duals of the Archi medean sol ids 
shows how the dual-pairs are m irror i mages of each other, 
whi le adding the prisms, anti-prisms, and their duals provides 
a framework for the other polyhedra, and highl ights some of 
the processes that create the shapes. The various stages of this 
mapping are useful i n  seeing what has been constructed. 
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Figure 42 
CHARTING THE FAMILI ES OF POLYH EDRA 

This is the chart at the back of the book, showing how 
the families of polyhedra intersect. The number of 
edges of each member of the Archimedean families is 
evenly divided by 6. If you divide each polyhedron's 
edge-number by 6 and plot the results in one dimen­
sion, this is the result. 

• 
\\ 

Figure 43 
THE SHAPE OF SPACE I I  

The beginning o f  everything! 

Su mmer 2005 21 st CENTURY 

Gridding or mapping the positions of the polyhedra is a tool to 
examine the l imits embedded i n  visible space. Don't look at the 
graph as a thing. It is picture of a small part of the ongoing 
process of creating the universe. Your  examination of the chart is 
part of that process of creation. It would be nice to bui ld a chart 
big enough to put models of the polyhedra where they appear on 
the grid. Even if we do that, even if we have a few city blocks to 
landscape, and the chart is big enough to wal k  around in, it 
won't be a thing. Imagine walking along the 3-l ine by each of the 
prisms, past the dodecahedron and the truncated tetrahedron, 
until you reach the cube. You stop and look across the l ittle 
stream that represents the pyramid l ine, seeing the octahedron 
and the anti-prism row leadi ng off to your right, and reflect on 
how many th ings the octahedron is doing at the same time, even 
while it appears to be just sitting there: Your thoughts at that 
moment are what's happening, not the models themselves. 

These are real ly tools you can use to answer questions such as, 
how is the axis of symmetry different in the dodecahedron vs. the 
rhombic dodecahedron? They both have 1 2  faces, which are dif­
ferent shapes. How could there possibly be two dodecahedra 
with differently shaped faces? The Composer didn't sit down and 
cut out cardboard. How do the faces orient to each other in each 
polyhedron? Look at the 3-hoop and 9-hoop spheres. Clearly, the 
center of each face of the rhombic dodecahedron fal ls  at the cen­
ter of each edge of the tetritetrasphere, the evenly divided 3-hoop 
construction. Now look at the dodecasphere in the 1 5-hoop 
sphere. The center of each face of the dodecahedron also fal ls  
on an edge of the 3-hoop tetritetrasphere, but not in the center 
of the arc segment. Could it be that the center of the face divides 
the edge at the Golden Mean? I th ink it does. When you divide 
the arcs thusly, you have to choose either a right-handed or left-

handed orientation. This is another indication of 
the dodecahedron family's affin ity to the snub 
figures. Try picturing that without the great-cir-
cle constructions as a guide. 

The relationsh ips presented here are true, 
but what is the relevance? How that works is 
up to you .  The last thing you want is a wel l ­
stocked tool box sitting unused in a closet. 
Make, or borrow an hypothesis and then do 
the constructions. O nce you get the bal l  
rol l i ng, it becomes a self-feed ing process. 

As a final inspiration, some wisdom from Act 
I, Scene 5 of Mozart's opera Don Giovanni. Don 
G iovanni  (Don J uan) fool ishly lets h imself get 
with in arm's reach of a former, abandoned lover 
who is looking for him to make him marry her. 
He wants to have his servant, Leporel lo, save 
him by distracting her by recou nting his lengthy 
l ist of G iovanni 's amorous adventures: 

He says ( loosely), "Tel l  her everyth ing." 
Leporel lo, m iss ing the point, either on pur­

pose, or not, asks, " Everything?" 
"Yes, yes, tel l  her everythi ng." 
"And make it snappy," she i nterjects. 
"Wel l ,  ma'am, in this  world, truly," says the 

embarrassed Leporel lo, "a square is not round." 
See, everybody used to know that geometry 

was the begi n n i ng of "everything."26 
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I . Max Casper (1 880-1 956). Kepler, (Mineola, N.Y.: Dover Publications, Inc. 

1993), p. 380. 
2. Edwin A. Abbot (1838-1926), Rat/and, A Romance of Many Dimensions, with Illus­

trations by the Author, A. Square, http://www.geom.uiuc.edul,banchofflFlatiandi. 
3. Lyndon H. LaRouche, Jr., "On the Subject of Metaphor," Fidelio, Vol. I ,  No. 

3, Fall 1 992. 
4. Johannes Kepler ( 1571-1 630), The Six-cornered Snowflake, edited by 

Colin Hardie, (New York: Oxford University Press, 1 966), 74 pp. This is a 
beautiful work. 

5. My friend, Jacob Welsh, (b. 1 989) has correctly pOinted out that if you 
squash a cube the right way, and make all the faces identically diamond­
shaped, this figure will also fill space. I maintain that a squished cube is still 
a cube, so let the merriment continue. 

6. Magnus J Wenninger, Polyhedron Models, (New York: Cambridge 
University Press, 1 971) .  pp. 1 2-13 .  Wenninger gives brief notes on con­
struction techniques. My current practice follows his closely; however, 
when I started this project, I used wide, clear tape to cover each cardboard 
face, and then taped the individual faces together. 

7. Plato, Parmenides, or On Ideas, Logical, unpublished translation from 
1990 by Leslie B. Vaughan. 

8. To show what I mean by this, here are some news reports from the internet: 
"One Critically Wounded during Rotterdam Soccer Riot--Rioting soccer 

fans may have returned fire at police during a clash in central Rotterdam 
Sunday night in which police shot into the crowd, wounding four people . . .  :' 

"Rome Soccer Riot Was Planned--A hardcore of Lazio and AS Roma 
soccer fans worked together to spark the riot that caused the Rome derby 
to be abandoned on Sunday, politicians said on Monday. Police on Monday 
said they had arrested 1 3  supporters from both sides, some of them known 
hooligans, following a 6-hour pitched battle between police and fans that 
left more than 170 people injured . . . .  " 

"Soccer Riot in Russia Kills One-Russian soccer fans rampaged near 
the Kremlin after their team lost to Japan in the World Cup on Sunday, set­
ting fire to cars, smashing store windows and attacking a group of young 
Japanese musicians. At least one man was killed in the melee . . .  ." 

9. The late, great Fred Wills (1 928-1992), former Foreign Affairs and Justice 
Minister of Guyana, hero of the Colombo conference and the Non-Aligned 
Movement, Shakespearean scholar, friend of Lyndon LaRouche, and crick­
et expert of international renown, taught me that the above quote is almost 
always useful, and incidentally, the oldest rhetorician's trick in the book. If 
someone has the misfortune to speak before you speak, you are in the perfect 
position to trump his or her lead, like Regan does to the other "bad sister;' 
Goneral, in King Lear. You can adopt all their hard work as your own. Anything 
you add is by definition more than your unfortunate predecessor has said. 

That is my role here, to build on the work that our "non-checkerboard" 
faction has already done over the last 3,000 years or so. With any luck at 
all we can end up in better shape than Regan does later in King Lear. 
("Sick, oh sick.") 

10. Three symmetrical families; three pairs of Platonic solids; three sets of great cir­
cle figures: What is with all these threes? Now look, when we say that the 
cube has 6 faces, we don't mean "6" in a Sesame Street, "one, two, three, 
four, five, s-i-i-i-x," kind of way. The 6 faces of a cube are oriented a certain 
way: up, down, left, right, front, back. This 6 is not just a dead number, but is in 
the process of going from somewhere to somewhere. In fact, you wouldn't have 
those concepts of direction without a reference like the cube. If fact, the structure 
of the universe, which we are investigating here, determines where those 6 
faces fall, and how they are shaped, and why they are unique. 6 doesn't just 
mean 6, at all. Likewise, the three families of Archimedean polyhedra are not 
just three, as in '1hree." The past is not the future, and certainly bears no top­
ographical resemblance to the present. Past, present, future, your whole exis­
tence is shaped by the idea of three, but it is not just "a three:' 

1 1 .  Theropods (meaning "beast-footed") were a sub-order of Saurischian 
dinosaurs. They were fast-moving, bipedal carnivores (meat-eaters) with 
grasping hands and clawed digits. They looked like the kind of turkeys that 
could have you for Thanksgiving. 

12. Oeinonychus antirrhopus, "Terrible Claw upturned" was supposedly a lightly 
built, fast-moving, agile, bipedal (walked on two legs), bird-like dinosaur, which 
could grow up to 1 0  feet long and lived from 1 1 0  to 1 00 million years ago. 

13. Ceratosaurus, the "Horn Lizard" is said to have been a powerful predator 
that walked on two strong legs, had a strong, "s"-shaped neck, and had a 
short horn on its snout. The Ceratosaurus lived from 1 56 to 1 45 million 
years ago and could be 1 5-20 feet long. 

14. Tyrannosaurus rex, the ''Tyrant lizard king," was a huge meat-eating 
dinosaur that lived during the late Cretaceous period, about 85 million to 
65 million years ago. Until recently, Tyrannosaurus rex was the biggest 
known carnivorous dinosaur, at 40 feet long. Current teaching has it that 
the Giganotosaurus and Carcharodontosaurus are slightly bigger. 

1 5. Friedrich Schiller, "What Is, and to What End Do We Study Universal 
History? 1789 Inaugural Address at Jena," translated by Caroline Stephan 
and Robert Trout, Friedrich Schiller, Poet of Freedom, Vol. II, (Washington, 
D.C.: Schiller Institute, 1 988), pp.254-255. 

The course of studies which the scholar who feeds on bread alone 
sets himself, is very different from that of the philosophical mind. The 
former, who for all his diligence, is interested merely in fulfilling the con­
ditions under which he can perform a vocation and enjoy its advan­
tages, who activates the powers of his mind only thereby to improve 
his material conditions and to satisfy a narrow-minded thirst for fame, 
such a person has no concern upon entering his academic career, 
more important than distinguishing most carefully those sciences 
which he calls "studies for bread;' from all the rest, which delight the 
mind for their own sake. Such a scholar believes, that all the time he 
devoted to these latter, he would have to divert from his future voca­
tion, and this thievery he could never forgive himself. 

16 .  Peter Cook (1 937-1 995), "Sitting on the Bench," Beyond the Fringe, (New 
York: Samuel French, Inc. 1 963). 

Strange, but not odd, that a Cambridge-educated comedian would use 
this as a joke title for a book in a comedy review. 

" . . .  1 am very interested in the Universe and all that surrounds it. In fact, 
I'm studying Nesbitt's book, The Universe and All That Surrounds It. He 
tackles the subject boldly, goes from the beginning of time right through to 
the present day, which according to Nesbitt is Oct. 31 , 1 940. And he says 
the Earth is spinning into the Sun, and we will all be burnt to death. But he 
ends the book on a note of hope, he says, 'I hope this will not happen: " 

17. Elliott Roosevelt, As He Saw It, The Story of the World Conferences of 
FOR, (New York: Duell Sloan and Pearce, 1 946), p. 36. 

1 8. This is what laRouche says to do in the "Metaphor" paper, but this is not how 
he says to do it. He says, "From the 6-hooped figure containing dodecahedron 
and icosahedron, the cube, octahedron, and tetrahedron may be readily 
derived:' And it can. However, you may see how the Platonic and other poly­
hedra may be formed from the three sets of evenly divided great circles. 

1 9. See Laurence Hecht and Charles B. Stevens, "New Explorations with the 
Moon Model," 21st Century, Fall 2004. 

20. Magnus J. Wenninger, Dual Models, (New York: Cambridge University 
Press, 1 983), pp.I -6. Wenninger gives two methods to determine what the 
dual of any polyhedron is. Going through this with a group of people would 
make an interesting class. 

21 . Robert Williams, The Geometrical Foundation of Natural Structure, 
(Mineola, N.Y.: Dover Publications, Inc. 1 972), pp.63-97. This section of Mr. 
Williams's book was significantly valuable to me when I first started con­
structing polyhedra. In particular, the face-angles of the dual polyhedra 
made this portion of the project possible, before I had read Wenninger's 
Dual Models book referenced in footnote 1 9. 

22. Don't make a polyhedron all black, unless you are going to hang it in a 
nightclub. I was trying to highlight the fact that the Archimedean duals are 
made up of only 3-, 4-, or 5-sided faces by making them black, gray, or 
white, depending on how many sides the faces of the polyhedron had. 
However, you can't see what the black ones look like in a photograph. They 
do look mighty slick in person, though. 

23. When I first saw the pattern, I thought it looked like a sampling of an ampli­
tude-modulated envelope of increasing amplitude, running for three-and-a­
half cycles of the modulating frequency. I later imagined that each family of 
Archimedean solids and their duals could be connected by a pair of sine 
waves 1 80 degrees out of phase with each other, either expanding from, 
or contracting on, the Platonics, for three or four cycles. I am far from com­
plete in connecting each family's dots with curves, or sine waves, rather 
than dinosaur skeletons. It is more of an artistic proposition, than a scien­
tific one. That could be because I haven't seen the pattern correctly. 
Perhaps a bright young person with a fancy computer program, or even a 
bright old person with a slide rule, could tidy this up. 

24. My friend Gerry Therrien has spoken of how Kepler wrote about the attrib­
utes and genesis of the snub polyhedra. I hope he writes up his observa­
tions sometime. For now, look at the snub figures and then at any anti­
prism, and ponder the similarities. 

25. Plato, Meno. 
This is funny: Plato has Meno express amazement that Socrates can't even tell 

him what virtue is, as Meno has spoken "at great length, and in front of many 
people on the topic:' Later, when Socrates shows the slave why doubling the 
sides of a square won't double the area, Socrates says that, just a moment be­
fore the slave would have spoken at great length, and in front of many people on 
doubling the side of a square. Yes, Socrates did irritate a few people. 

26. DON GIOVANNI: Si, si, dille pur tutto. 
(Parte non visto da Donn' Elvira.) DONNA ELVIRA: Ebben, fa presto. 

LEPORELLO: (Balbettando): Madama . . .  veramente . . .  in questo mondo 
conciossiacosaquandofosseche . . .  il quadro non e tondo . . . .  
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I RON I N  TH E S U N  

N uclear Chemist Chal lenges 
Theory of Solar Origin 
by Lance C.  Feyh 

For decades, Dr. Ol iver Manuel, a pro­
fessor of nuclear chemistry at the 

University of Missouri-Rolla, has been 
tel l ing anyone who wi l l  l isten that the 
accepted theory on the Sun's origi n-that 
it was created slowly along with the plan­
ets in  a huge col lapsing cloud of hydro­
gen and hel ium-is seriously flawed. 

"That story about the solar system's 
creation certai n ly doesn't match my 
findings," says Manuel, who, back in the 
1 9 70s, u ncovered evidence supporting 
a d i fferent theory: that a supernova 
explosion created the Sun and p lanets. 

Lately, it appears that Manuel's ideas 
aren't qu ite as far-fetched as they used to 
seem. 

New fi nd ings at Arizona State 
U n iversity convinced a Chi nese­
American team of scientists that the ori­
gins of the solar system, indeed, were 
hotter and more violent than previously 
thought. After detecting clear evidence in 

meteorites for the past presence of chlo­
rine-36, they concluded that a nearby 
supernova must have injected radioactive 
isotopes into the interstel lar cloud of l ight 
elements that was form ing our Sun and 

(3) 

THE SUN IS A COLLAPSED N EUTRON STAR 

78 

In Manuel's theory, a massive spinning star becomes chemically layered near 
the end of its life, when asymmetric collapse occurs to conserve angular 
momentum (7). The in fa II of low atomic number elements causes an axially 
directed supernova explosion, 

'
producing a rapidly expanding bipolar nebula 

with an equatorial accretion disk (2). The Sun forms on the supernova core; 
cores of the inner planets form in the iron-rich region around the supernova 
core. The large, gas-giant planets form in the outer supernova layers (3). 

Summer 2005 2 1 st CENTURY 

Atoms in the solar wind 
show that iron, oxygen, 
and silicon are the most 
abundant elements in 
the Sun, says Prof. 
Oliver Manuel. The 
University of Missouri­
Rolla nuclear chemist is 
at center, with Prof. 
Fumihiko Suekane of 
Tohoku University and 
Or. Hans Klapdor­
Kleingrothaus of the 
Max-Planck Institute 
for Nuclear Physics. 

planets. The concl usions are reported i n  
the Feb. 1 ,  2005 issue of the Proceedings 
of the National Academy of Scientists. 

Manuel says these researchers are on 
the right track, but they have fai led to 
real ize j ust how close the supernova 
explosion was to our solar system. 

" I  am pleased the Chinese-Arizona State 
team of scientists recognizes this new evi­
dence of a supernova at the birth of the 
solar system," Manuel says. "But our own 
studies show that fresh supernova debris 
formed the Sun and its planets directly. 
The hot radioactive debris never mixed 
with a cloud of hydrogen and hel ium." 

Accord ing to Manuel, the Sun itself 
used to be a massive star. He says the 
entire solar system was created out of 
highly radioactive debris when the star 
exploded as a su pernova 5 b i l l ion years 
ago. 

Manuel and a col league hatched this 
theory in 1 975.  In  1 977, their conclusions 
were published in the journal Science. In  
conjunction with th is  supernova theory, 
they suggested that iron from the superno­
va made iron meteorites, formed the inte­
rior of the new Sun, and created the iron 
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cores of the inner planets. 
Because there is very l ittle iron at the 

surface of the Sun, Manuel didn't have 
much luck convi ncing people that the 
heavy element played such an important 
role in the solar system's formation. The 
conventional wisdom was that the l ight 
elements seen at the surface of the Sun, 
hydrogen and hel ium, were prevalent 
inside the Sun and throughout the solar 
system. Last spring, the Arizona State team 
detected the footprints of iron-60 in a 
meteorite that circled the Sun for bi l l ions 
of years before landing on Earth. In  a 
Science article, the team noted that iron-
60 can only be made in a supernova. 

"Al l of the iron in the Sun and Earth 
came with radioactive i ron-60 from the 
supernova, a long with many other 
radioactive elements," Manuel says. 
"Long-l ived radioactive elements I i ke 
uranium sti l l  survive, which is why the 
insides of the Earth are hot today." 

Back in 1 9 7 1 , Manuel reported i n  
Science the d iscovery of short-l ived p lu­
tonium-244 inside the Earth . L i ke i ron-
60, pluton ium-244 can only be made i n  
a supernova blast. 

Prior to the Gal i leo probe that entered 
jupiter in 1 996, Manuel and a U n iversity 
of Missouri-Rol la graduate student pre­
dicted that the hydrogen and hel ium in  
jupiter wou ld contain "strange xenon," 
made by nuclear reactions in  the outer 
part of the supernova. Data from the 
Cali leo probe confirmed that prediction .  

In  Manuel's model of  the solar sys­
tem's creation, heavy elements stayed 
close to the Sun and congregated to 
form terrestrial planets l i ke Earth, whi le 
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When elemental abundances in the 
Sun's photosphere are corrected for 
mass fra ctiona tion, the most 
abundant elements inside the Sun 
are fo u n d  to be iron, n ickel, 
oxygen, silicon, sulfur, magnesium, 
and calcium-the same elements 
which William Draper Harkins 
found, 80 years ago, to comprise 
99 percent of ordinary meteorites. 
These findings of nuclear chemist 
Oliver Manuel, also cohere with 
the nuclear structure hypothesis of 
University of Chicago physicist and 
p h ysica l chem ist Or. Robert J. 
Moon (1 9 1 1 - 1 989). 

the l ight elements from the outer layers 
of the supernova formed the big gaseous 
planets l i ke jupiter. 

Although the Su n's surface is covered 
with hydrogen and hel ium, Manuel says 
he's absolutely convinced the Sun is 
made mostly of i ron and other heavy 
elements that were left over from reac­
tions ins ide the supernova. 

"Our Sun is a huge plasma diffuser 
that sorts atoms by weight and moves 
l ightweight elements l ike hydrogen and 
hel ium to its surface," he says. 

In 1 983, Manuel studied the solar 
wind and found that 22 different types of 
atoms had been sorted by weight. 

"Atoms in the solar wind showed us 
that the seven most abundant elements 
i n  the Sun are i ron, oxygen, s i l icon, 
n ickel, su lfur, magnesium, and calci­
um," says Manuel. "The most abundant 
elements inside the Sun turned out to be 
the same elements that are most abun­
dant in  ord inary meteorites. The l ikel i­
hood of th is  spectacu lar agreement 
bei ng a meaningless coincidence is less 
than one in a b i l l ion." 

As part of a continu ing effort to prove 
he's been right a l l  along, Manuel's latest 
publ ication shows that an add itional 72 
types of atoms in  the outer layer of the 
Sun, or photosphere, are sorted by 
weight. Those results, and add itional 
evidence suggest ing that iron is the most 
abundant element in the Sun, wi l l  be 
publ ished with co-authors in the next 
issue of The Journal of Fusion Energy. 

For more information and articles by 
Or. Oliver Manuel, see: 

http://web.umr.edu/�om/ 

Letters 
Continued from page 7 
about the u pshot. 

I was a chem ist on the project, in  the 
"Madison Square Area," stationed at Yale 
U n iversity. I was in the Corps of 
Engineers, as a buck Sergeant. (If I'd been 
in the Navy, I'd have probably been a Lt.­
j .g., but that's neither here nor there.) 

On page 2 7 ,  Mr. Wolfe says, 
" 'Exceptional security arrangements' are 
in effect for a labor force that wi l l  swel l  
to 1 SO,OOO; few know the real pu rpose 
of the i r  work." 

True, General Grove was obsessed 
with "security." He even wanted to 
"classify" the value of Planck's constant! 
But saner heads prevai led. 

As far as I know, the official figure for 
those involved i n  the "Project" was 
65,000-but that's a qu ibble. There may 
have been anci l l ary workers not d i rectly 
i nvolved to account for the larger figure; 
however, to say that "few" knew the real 
purpose is just not true. We a l l  knew 
exactly what we were about! 

Many a bul l  session was devoted to the 
yield of the projected A-weapon, with lots 
of gruesome projections about just how 
bad it could be-none of which 
approached the real ity! The "official" 
story, of course, was about the peaceful 
use of atomic energy; but we were mi l itary 
personnel in wartime! It was utterly stupid 
to try to sel l  us the idea that such a massive 
effort, bound about with "Q" clearances, 
was for future "peaceful" purposes! 

(My own personal c la im to fame was 
the development of a method of prepa­
ration of red oxide, and prevention of 
the corrosive effects of fl uoride on sta in­
less steel . Even then we knew fl uoride 
was bad news !) 

But we knew what we were doing-we 
hoped that there would be a demonstra­
tion somewhere to convince the japanese 
that thei r  war was lost, without the hor­
rendous loss of l ife that did occur. But that 
hope was futile, as the author points out. 

However, the hope and promise of 
atomic power was sti l l  there! And therein 
l ies my remark, There is nothing wrong 
with n uclear power! There is a great deal 
wrong with people. As long as people are 
i nvolved in it, the possib i l ity of nuclear 
catastrophe is  always present. For exam­
ple: in 1 945, to be a N uclear Plant 
Operator, you had to have the equivalent 
of three Master's degrees-in Nuclear 
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Science, Mechanical Engineering, and 
Chem istry. Only very knowledgeable, 
well-qual ified persons were entitled to 
work around a "Hot Box." Now, anybody 
can be a Nuclear Operator! The idea is 
that the "Fai l  Safe" systems wi l l  keep the 
plant safe, and therefore emergencies 
either wi l l  not happen, or can be easi ly 
dealt with. But, as John Gal l  points out in  
his semi nal work, Systemantics, "When a 
Fail-Safe System fails, it fails by fai l ing to 
fai l  safe." 

There are, for example, many ways to 
deal with n uclear wastes-and burying 
them i n  a mountain criss-crossed by 
geologic faults is not one of them ! I have 
expounded upon that subject frequently, 
but Senators, having smal l knowledge 
and less interest in the subject, have u n i­
formly brushed me off. Maybe someday 
I w i l l  have a forum to express the ideas. 

Edward G. Robles 
Franklin, N.C. 

L. Wolfe Replies 
My reference to the "exceptional  

security" dealt with the fact that a good 
n umber of the employees were being 
mon itored by FBI and other inte l l igence 
person nel ,  which was not normal, even 
for a wartime m i l i tary project. Accord ing 
to other personnel whom I have talked 
to, there was a pervasive sense that " B ig 
Brother" was watching.  Although there 
was a very excited exchange of ideas 
among scientists and workers-as Dr. 
Robert Moon and others who were in  
the "center" of  the work attested-it 
took place " i n  a box," and only among 
those d i rectly involved with the project. 

The vast labor force that I refer to 
incl udes the tens of thousands of con­
struction and other workers involved in  
bu i ld ing the fac i l ities in  Ten nessee, and 
then expand i ng them, as wel l as others in 
factories and shops who were i nvolved 
in making components for research, both 
applied and otherwise. In these cases, 
there was most defi n itely a lack of total 
knowledge of the purpose of the project, 
although Mr. Robles and h is  much small­
er group may have had more complete 
u nderstanding of what was being done. 

In  addition, as the project reached 
fru ition, obviously many more people 
knew exactly what was tak ing place. 

As for Mr. Robles's other observations, it 
is certainly true that people with fewer 
qual ifications than years ago, now work 

with nuclear materials and at nuclear 
faci l ities. That, however, is not generally 
the cause of safety or other problems, the 
which are greatly exaggerated by the 
media and the hysterical environmental­
ists. The latter represent a far greater threat 
to the safety of mankind than nuclear 
plant operators! And, such conditions that 
Mr. Robles worries about would be gener­
ally solved by a gear-up of new produc­
tion of modern, safe nuclear power plants, 
and the great expansion of our nuclear 
workforce to meet these requirements. 

I thank Mr. Robles for h is  contribution 
to our discussion of the past, and look 
forward to his help in  making a future 
without the k ind of Beast-men who cre­
ated and dropped atomic weapons, and 
have now destroyed the peacefu l use of 
n uclear technology as wel l .  

Shocked by Shutdown 
Of FFTF Reactor 

To the Editor: 
I was shocked when I learned about 

the plan to permanently shut down the 
FFTF nuclear reactor. I deeply appreciate 
your efforts1 to save the FFTF and was 
stunned by the recent execution of such 
a fool ish decision. We have been l ied to 
that the reason for the shutdown is cost 
of operation, when the clean-up expen­
d iture is equal to what i t  would cost to 
operate the reactor for another 20 years! 

We have been l ied to, that there is  no 
long-range mission that can be assigned 
to the reactor, when, in fact, we need a 
long-range research program to develop 
and deploy all the fuel cycles that are 
requi red to e l iminate the act in ide ele­
ments from nuclear waste, thereby dra­
matical ly reducing the storage requ ire­
ment down to a few hundred years.2 

With further development of controlled 
transmutation of elements, the storage 
requirement could be reduced even fur­
ther. Finally, the FFTF was the only nuclear 
facil ity in the United States that could pro­
duce medical isotopes needed for cancer 
treatments, and especially the very prom­
ising l iquid radiation treatment3, 4 

Environmental organ izations have 
betrayed thei r  d ishonesty by not ral lying 
to support the recycl ing of n uclear waste 
as a research mission for the FFTF. At this 
poi nt, the only logical cou rse of action is  
to i n itiate a massive development and 
deployment of nuclear-energy-produc-
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tion technologies international ly. 
We cannot continue to rely on fossil 

fuels;5 we can not continue to tolerate 
stupid excuses such as " it  costs too 
much," and we cannot- have peaceful 
international relations and stabi l ity if this 
is  not done on an i nternational scale. 
The fool ishness beh i nd shutting down 
the F FTF is only a small  nugget of the 
mental dysfunction represented also by 
the fool ish arguments that are being put 
forth to justify starting a n uclear war 
against I ran : Because the I ranian govern­
ment had the indecency to i mplement a 
much wiser energy development policy 
than the barbarians who run thi ngs 
around our neighborhood. 

Eleftherios Gkioulekas 
Dept. of Applied Mathematics 

University of Washington, Seattle 

Notes ____________ _ 
1 .  M.M. Hecht, 2005. "Save the Fast Flux Test 

Facility," 21st Century, Spring 2005, pp. 68-73. 
2. C.E. Till, 1 999. "Nuclear Fission Reactors," Rev. 

Mod. Phys., Vol. 71 , pp. S451 -S455. 
3. See http://www.medicalisotopes.org/ 
4. J.M. Connors, 2005. "Radioimmunotherapy­

Hot New Treatment for Lymphoma:' N. Engl. J. 
Med., Vol. 352, No. 5, pp. 496-498. 

5. D.L. Goodstein, 2004. "Out of Gas: The End of 
the Age of Oil," (W.w. Norton & Company). 
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