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EDITORIAL

Science and the Needed
Solution to the Current
Global Economic CI‘ISIS

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 ‘15,
2005 issue of Executive Intelligence
Review ‘under the title “LaRouche’s
Fourth of July Address! It Happened in
Berlin Last Week “

e may n‘dW concentrate our atten-
tion on three topical points:

e that whereas most teaching of polit--
" ical-economy:and related . subjects is

based on the kind of mechamstxc out-

look typlﬁed by the- influerice of Réné
'Descartes, the science of phy51cal econ-

omy, as founded by Gotifried Lelbmz,
rejects the Cartesian- and: related;

“Enlightenment” methods .of mechanls-:_

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 generally, and econom-
ics specifically.! Rejection of mechanis-
tic thinking, in favor of the mathematical
physics of dynamic systems, is the basis
for Leibniz’s soluticn for the prablem of
defining economic value. This is also the
characteristic distinction of the ‘mathe-
matical-physical methods employed by
Carl Gauss; Bernard Riemann, 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
qualitative distinctions among the inter-

_ Lagrange.”

- .toncept -~ of ;

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 turn; underlies the
more fully developed, catenary-cued
concept of the infinitesimal calculus, the
universal principle: ‘of physical least
action which was savagely attacked by
those fanatical followers of Descartes,
the " empiricist ideologues Voltaire,
D!Alembert, Maupertuis, Euler, and

, fu‘n'ction of the
ic,.- rather than
mechanical: orga ’ ,,tlon of processes,
for deﬂmng the relative value among sys-
tems of respectively sovereign national-
economic systems. This is crucial for the
design of a global recovery program suit-
ed to the challenge represented by the
onrushing collapse of the present world'
monetary-financial system.

* The relevant manner in which rela-
tive values of currencies of a new fixed-
exchange-rate monetary system may be
set for the purpose of organizing a long-
term economic recovery of our planet.

Dynamlcs Versus Mechanics

My recent acquisition of copy of the

authonzed Engllsh translatlon ' f’ V.l.‘_

* The lndilbsp nsal

acting domains of the abiotic dOmam, e

the Biosphere, and the Nodsphere. -

- It is important to emphasize here, tﬁat '
the ‘methad Which underhes Lelbmzs o




than mechanical systems, to his princi-
pled definitions of both the Btosphere
and Nodsphere.?

As [-have stated the- case in various
published locations, such as Farth’s Next
Fifty Years,? the currently increasing rate
of‘consumption of essential raw materi-
als;. and related developments, has
brought the planet to the verge of a new
requirement in the practice of econom-
ics: the factor of required scientific man-
agement: of the raw matérials resources
of the Biosphere.-and Nodsphere. We
must ‘go-‘beyond the mechanics of
extraction and processing of extracted
materials, to assume responsibility for
regenerating, and expanding qualitative-
ly, the -natural- -mineral and other
resources which we extract, chiefly,
from the fossil reglons of the Earth’s
Biosphere.

As a result of the growth of both pop-
ulation and the consequently accelerat-
ed need for scientific and technological
progress, we face qualitatively, as much
as quantitatively increased requirements
for such “fossils of the No&sphere,” as
increasingly intensive development of
basic economic infrastructure and heav-
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Wolfgang Lillge/EIFINS
LaRouche (second from nght) at a closed door EIR seminar June 28-29, 2005 in
Berlin, which brought together senior representatives of 15 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, Dr. Sergei Glazyev of Russia, and moderator Michael Liebig.

ier investment in more advanced tech-
nology in agro-industrial capital goods
must be a built-in characteristic of what
must be redefined as national public and
private budgets and cost-accounting. As
a result of such and related considera-
tions, we. can no longer tolerate the
kinds of thinking and practice about
economy associated with practice of
governments and private enterprises up
to the present time. The legacy of
Cartesian and other expressions of
mechanistic thinking must be buried
with cat-like precaution, once and for
all.

This pattern should compel us to
change our way of thinking about
national and world economies, moving
away from mechanical (e.g., Cartesian)
thinking, into the direction typified by
Vernadsky's Riemannian approach to
defining the interaction of the abiotic,
biospherical, and no#spherical process-
es as modern, anti-mechanistic, dynam-
ic systems coherent with the notion of
the principle of Sphaerics which the
Pythagoreans and Plato trace to the
origins conveyed in
ancient Egyptian scientific develop-

(e

v

ment. This does not mean that we
should not have taken-this approach
much earlier, but that, now, the urgency
of such a change is no longer ignorable
among any persens with a penchant for
competence.

This means the urgent scrapping of the

use of currently fashionable practices of
national product and income account-
ing, and also of ordinary corporate finan-
cial and tax accounting. It signals the
urgency of turning to new methods
coherent with the reality of the dynamic
characteristics which Vernadsky associ-
ated with the Biosphere and Nodsphere
as interacting, but distinct 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
ariginal discovery of the general princi-
ples of physical economy, as also
Leibniz’s original catenary-cued discov-
eries of the principle of universal physi-
cal least action and of natural logarith-
mic functions. These are systems coher-
ent with Gauss’s 1799 attack on the
incompetence of D’Alembert, Euler, and
Lagrange, and his notion of the general
principles of curvature and of the mag-
netic field, as also Riemann’s emphasis
on Dirichlet’s Principle. As the recent
several years’ wark of the LaRouche
Youth Movement (LYM) illustrates the
point, these are all concepts within the
reach of intelligent and dedicated young
adults of university-eligible age, and are -
therefore concepts which should be
included as benchmarks of professional
conpetence in all professions during
the lifetime of presently emerging adult
generations.
* This involves more than a radical
change in systems, and procedures. It
compels -us to adopt a qualitatively
improved conception of the principled
nature of man's situation in the universe,
to the following leading effects.

Vernadsky’s adopted scientific method
leads him to an extremely important clar-
ification of the practice of the experimen-
tal scientific method traced from such ori-
gins as Nicholas of Cusa’s founding of
modern physical science, in his De Docia
Ignorantia. Instead of falling into the com-
monplace reductionists’ error of defining

the sensed object as such"\gl’édkay.-
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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
methads of experimental physics: the abi-
otic, the living (Biesphere), and the cogni-
tive (Nodsphere). The abiotic is simply the
domain defined by those experimental
methods which make no assumption of a
principle distinguishing the products (e.g.,
fossils) of living from the prodiicts (i.e.,
fossils) of specifically non-living process-
es. It is the existence of anomalies which
do not fit the characteristics of the experi-
mental abiotic domain, which betray the
presence of the realm of living processes
as the Biosphere. The Nodsphere is the
experimental domain of effects (e.g., fos-
sils) which are not generated from within
the bounds of products of a generahty of
living processes.

In other words, only hfe can produce
life, and only the cognitive powers of the
human mind can generate fossils which
lie outside the capabilities of the gener-
ality of living processes (e.g., efficient
discoveries of universal physical princi-
ples: creative mental activity). The latter
distinction, which is, functionally, a cru-
cial distinction of the science of physical
economy, is demonstrated by the way in
which-discoveries of universal physical
principle, 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, actually known,
not by textbook methods, but by the stu-
dent’s replicating the original act of dis-
covery of a solution for the relevant
statement of a paradox.

- A typical example of this distinction,
for purposes of illustration, is the case of
the student’s replication of the actual act
of discovery of the principle of universal
gravitation. In Aristotelean method, such
as that of Claudius Ptolemy and his imi-
tators, only repeated patterns of action
in accord with a principle of circular
action, are recognized. in the case of
Kepler, the discovery of the existence of
an efficient universal principle of gravi-
tatxo,n, regs upon the recognition of a

!.&-:, b.L Summer 2005

singularity which is associated with the
fact that the orbit of Mars, for example,
is elliptical, rather than circular. So, sim-
ilarly, Archytas’ solution for the con-

struction of a doubling of the cube, sole- .

ly by geometrical construction; appears
in the experience of the 18th Century as
the crucial issue of principle dividing the

science of Carl Gauss et al. from the’
empiricist blunders of the reductlonlstsv

Euler, Lagrange, et al.

By such methods of the anti- reduc—
tionists, the original act of discovery of d
universal physical principle, can be the
replicated act which decurs within the

mind of a person livmg today Just as '

only life can’produce lite, 50, only cog-
nition can repllcate the dlscovery ‘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 morta//ty of the
lower living species. :

It is similar with the case of llfe in gen—
eral. No one has ever discovered a prin-
ciple of life as an object of sense-percep-
tion, Rather, we experience the presence
or absence of life of individual beings
which have the apparent biochemical
characteristics of living processes, but
are lacking the confinued presence of an
active principle.of life. 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 living, and the cog-
nitive, such that, from the standpoint of
the study of the relevant categories of
fossils, the superior lies outside, and
above the domain of the experimental
subject-matter which the relevant princi-
ple.commands: in which the principle of
cognition is ultimately superior to that of
life, as life is superior, in the domain of
fossils, to that of the merely abiotic
domain.

Yet, while each of the three domains
is functionally distinct from the others,
all three interact in shared effects. This
illustrates the importance of viewing all
aspects of the universe from the van-
tage-point of dynamic, rather than the
intellectual mediocrity and relatively
intellectual sterility, which is the mech-
anistic viewpoint of the reductionists.

21st CENTURY

This fact is less obvious for the case of
abiotic processes as presently defined
in relevant classrooms and textbooks,
but is a systemic distinction of crucial
primary importance in the domaing of
living processes and human' behavior.
In the former domain, the reduictionist
standpoint is & barrier fo otherwise
potential scientific progress; in the lat-
ter 'two, respectively higher domains,

~the‘reductionist standpoint, as reflected
-in today's customary accounting and
- telated’ practice, . is always mamfestly

mcompetent

-"The most notable of the lmplxcatxons
of this investigation of life, is the way in
which this view of society implicitly
defines the notion of the immortality of
the individual mind. From the stand-

..point of the principle of dynamics, the

human mind is imposed upon appropri-
ate living processes, and interacts effi-
ciently with those processes, but it is the
body which dies, a distinction which is

- demonstrated experimentally by the

way in which the discoveries of physical
scientific and Classical artistic principle
are transmitted across successive gener-
ations. [t is - cognition, as expressed
rather uniquely by-discoveries in physi-
cal science and Classical artistic compo-
sition, which is the substance of the
human individual’s existence, a sub-
stance which lives on as the continued
living imprint of the human individuali-
ty when the animal-like aspects of the
body used by the creative personality
have ceased to perform their assigned
function. The scientist must see this dis-
tinction in that way, as the immortality
of the human indjvidual personality, and
the basis for the universal principle of
natural law called agape’, as Plato pres-
ents that case for such immortality of the .
soul in his dialogues, as Moses
Mendelssohn later.
‘The Dynamics of Economy

All three phase-spaces—the abiotic,
the Biosphere, and the ‘Nodsphere—
interact as one in any viable economy.
Thus, the productivity of labor depends
upon the simultaneous impact of all
three, to determine the relative produc-
tivity of the labor acting. upon his or her
point in the Iarger process of soc:ety asa
whole. :

For example, if we mlght assume that
the same quality of labor is operating in
different locations, the level of develap-

7964
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Sam VarnHagen/Ford Pholographlc

Skllled Ford- auto workers on an’ assembly llne. 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 progress:ve
modes, most slgmf/cantly in basic economic lnfrastructure

o

ment of man- made |nfrastructure of pro-
duction, will be: a variable factor in
determining -the-actual : productivity of
labor of relatively. identical skill.
Similarly, if the man-made infrastructure
inswhich that-labor occurs, is equal in
two-localities, the relative quality of the

local aspect of the Biasphere will be the:

variable determinant of the relatlve pro-
ductivity of labor.

-Furthermore, production is not com-
petently measurable in terms of equiva-
lence-of the quality of the object consid-
ered to be a product for consumption.
The value of consumption for society,
depends upon the variable quality of the
place andcircumstance in which the
consumption occurs. In géneral, higher
degrees of skill, as ascertainable ‘from
the: standpoint of physical-scientific
potentialities of the: employed person,
are”a~good; but the benefit from that
good: will: vary with both the circum-

stances' iniwhich the production occurs, .

and with the quality of the part of the
society into which that product is intro-
duced for consumption. -

It is all of these and related considera-
tions of preduction:-and .consumption
taken into account, which interact to
define a dynamic, ratherthan mechanis-
tic conception of an ‘actual economic
function within society in general.

EDITORIAL it

So, for example, the transfer of 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
high, 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 “globalization,” has
caused a collapse of the level of produc-
tivity of the world as a whole. This dra-
matic form of actual ruin of the world
economy during, emphatically, the
recent quarter-century, has -been moti-

vated by-a lustful expression of individ-

ual greed’s indifference to the effect of
its behavior on the future of the nation
and planet as a whole. The result of this
mechanistic disregard for-the actual,
dynamic costs of production, has been
the principal determining factor in
bringing about the presently onrushing
rate of increase of the collapse of the
productive powers of the-human species
as a whole.

The interrelationships within the
process | have ~just summarily
described, are a relationship 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 Heraclitus, that constant

iy

conforms o't
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change is the primary ontological con-
dition of the universe, of the processes
of which the universe is composed. It is
the intreduction of either newly discov-
ered universal physical principles, or, in
the alternative, new principled kinds of
applications of previously discovered
principles, which are the relevant qual-
ity of action which defines the types of
sets of ‘relations to WhICh I have just
referred here.

The determining set of relations of the
quality associated with those notions of
discovered universal physical principles,
can not be reflected competently in
annual economic reports on the per-
formance of firms, nations, or the plan-
et as a whale. The circumstances of
production of the conditions of contin-
ued life- and progress of the planet
depend upon long-term processes so
defined, including a large portion con-
centrated within the.bounds of a rela-
tively long-term usefulness. Typical of

“this factor in the set of functional rela-

tions which | have described above, is
necessary’ capital investments, in both
basic' economic infrastructure and
means of production which, as improve-
ments, have life-cycles of between a
quarter- and half-century. Long-term

_improvements in the blosphere, have a

comparable significance.

Therefore, the value of current pro-
duction, and investments in improve-
ment of the economy and laborforce,
must be premised on efficiently reli-
able foreknowledge of the effects of
current investments on potential pro-
ductivity, per capita and per square
kilometer of the planet’s surface in the
range of a quarter- to half-century
ahead. Thus, the future, more or less as
the past, determines the value of the
econocmic performance. of the current
year of the economy’s. activity. This
brings us to.the matter of the role of
credit, especially long-term credit, in
determining the actual, effective value
of a particular economy during any
year referenced. .

Accounting which does not take such
long-term future impacts of current
activities into account, is a-manifestation
of miserable incoripetence typified at its
relative worst,

The configuration which | have just
described, albeit summarily, in the pre-
ceding fashion, conforms to the role of
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A shanty town on the outsklrts of Mumbal, India. Transferr/ng productlon from the

industrialized countries to places where labor is cheaper—globalization—Has.

caused a eollapse of the level of productivity of the world as a whole.

Riemann’s- notion -of Abelian functions,
as defined in accord with Rjemann’s
enhanced insight into the implications
of what he terms Dirichlet’s Principle;-as
| have indicated these functional config-
urations and their significance in my
“Vernadsky &. Dirichlet's-Principle.”
Such are the principled characteristics of
the global economic system of dynamics
which I"have identified here.
- A Fixed-Exchange-Rate System .

If we are to reverse the currently
accelerating trend of general physical-
economic collapse of the economy of
our planet, we must apply discovered
universal physical principles to raise the
level of development, per capita and-per
square kilometer, of the relevant aspects
of the Biosphere and Nodsphere.

These applications “are - chiefly
expressed as long-term capital improve-
ments which have “life expectancies” of
between' twe generations, ‘or even
longer, beyond which those investments
must be either replaced or merely
improved in accord with principles dis-
covered since thé original installations
and their interim improvements were
made. Experience indicates that the tol-
grable charge against the outlay of capi-
tal to provide such physical-capital
investments is, usually, approximately 1-
2 percent, and not more than 3 percent
simple-interest charge per annum. This

6 ‘iilsll;‘nlﬁer 20bs
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means that a fixed exchange-rate among

relevant currencies’ must_prevail .over -

most of the duration of the long-term
investment. The rate of profit on private
investments in zmprovemenfs in produc-
tion capital must not be significantly
higher. This. must be within a system-of
fixed exchange-rates, .since significant
fluctuations in values of currencies over
the life of these investments will raise
the imputable interest-rate to functional-
ly unacceptable levels. »

-In certain crucial respects, the setting
of fixed  exchange-rates is a much sim-
pler, but also far more intefesting chal-
lenge than ordinary opinion.on this sub-
ject would imagine. To Hlustrate -that
vitally important point, consider the fol-
lowing aspecis of the challenge facing a
concert among leading nations at the
present moment.

Currently, the nations of Europe are
ostensibly bankrupt. The case for
Germany merely illustrates 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 characterisiic fea-
tures of the Administration’s stubbornly
economically suicidal policies, even
far worse than Herbert Hoover’ s, thus
far.

It would be suﬁ‘xcnent to raise the

level of productive - employiment
through state-generated; and related
forms of leng-term credit.. This credit
must be used, in all of these cases; in

-particular, to increase. the ration' of

physically- productive employment in
overall capital- -intenisive, technological-
ly progressive modes. The most SIgmfl—
cant ration of such mvestments at the
beginning would be i basic economic
infrastructure: The. initial’- objective
would be to lower the.fates of unem-
ployment of the population as a'w. ole,
while shifting the composmon '
employment from so-called se
into building of basic economic” irifra-
structure and increasing the ration of

the total laborforce from non-profes-

5[onal services, into dedication'to phys-

" ical productiof of goods.

In general, such reforms would be suf-
ficient to bring the indicated economies

. quickly above break-even levels.

However, to keep the system func-
tioning, existing debt overhangs must be
reorganized. The general objective is to
shift the composition of legitimate debt
(with- no consideration for financial
derivatives) into.a generally long-term
life of combined current debt and new
debt launched, chiéfly by governments,
for recovery, expansnon, and technolog—
lcal growth. -

- Arelevant concert of governmem‘s has
a reasonably wide latitude in choosing
the relative values of a package of fixed.
rates. -There is negotiable latitude in
chaosing the relevant parities for this
purpose, but not much time available for
making ‘that decision. The principled |
question the governments must ask one
another in this connection, is, “Will
these values we choose today hold up
for the long term of 25 to 50 commg
years?” '

On these accounts, the U.S.A. has
great “historically determined advan-
tages. advantages derived from what [
have already referenced here as the his-
tory of our constitutional system,. as
compared with the constitutions. of
Europe;, for example. Moreover, the




can that debt be rolled over successfully
through a process of expanded -global
investment? Over a period of a quarter
to half century of upward 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) 1s the reasonably expected perform-
ance of that nation in meeting that
adopted obligation, a reasonable expec-
fation in the considered opinion of the
partners?

The necessary precondition for such
long-term agreements, is.an immediate
shift from a “free trade,” to a “fair trade”
system of pricing. This means an imme-
diate: shift, away from a practice of
“globalization,” into the protectionist
system needed to match the nested sets
of commitments of sovereign govern-
ments over lapsed times. of.a  coming
generation or more, before significant
adjustments might be -worked intc the
system.

In summatlon, l add the following
most relevant concluding observations
to what | said in-my relevant, previously
stated outline from the referenced Berlin
closed-door meeting.

The conditions for reorgamza’oon ofa
global return to a fixed-exchange-rate
system akin- to that of the original
Bretton- Woeds agreement, are generally
those which [-have interwoven into the
preceding pages of this report. There are
certain summary conditions to be added
at-this point.. - .
=»The. principle of world economy
which is implicit in my outlined per:
spective for reform, is not only a reflec-
tion of the American System of political-
econamy. It is premised on the notion of

power (dynamic) presented by Leibniz’

in-founding:-the branch of physical sci-
ence knewn as physical economy, the
systém-on which the U.S. constitutional
republic :was established. in crafting an
acceptable agreement for global eco-
nomic recovery+and stability through a
new, fixed-exchange-rate systern, 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 credible power expressed by
the individual nation-state, the credibili-
ty of its stated will to perform what it
would promise to do. It is this subjective
factor in the realization of future intend-

i e .
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ed results, on which relations of states
within the new world system must
depend. As the value of an investment is
based on the reasonably expected per-
formance over the medium to [ong term,
so it is among nations.

Perceived power—perceived relative
value—is the credibility of the determi-
nation and ability 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 nation depends, is, as Leibniz rebuked

John Locke, the commitment of a people
-“to the pursuit of happiness,” to the pro-

motion of a mortal individual’s sense of
immortality through a credible 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

1.1 chose Carl F. Gauss's 1799 doctoral disserta-
tion, refuting the reductionist ideologues
D'Alembert, Euler, Lagrange, et al., as the start-
Ing-polnt for comprehension of modarn physical
science among the LaRouche Youth Movémaent
(LYM). By tuening from that starting-point in their
reenacting the work of Gauss, 10 go directly to
the relevant original work of Archytas, Plato, et
al., 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
Funetions. = -
- 8Buch redesigns of relevant curricula of sec-
ondary and higher education, which turn away
from texibook and related modes of “learning?
are essential for developing new genarations of
young adulis capable of efficlently meeting the
physical-sclentific challenges of today The
same educatfonal methods alse work in the
domain of Classical artistic composition, thus
overcoming.what Britain’s C.P. Snow outlined as
a “two culturas” paradox In madern higher learn-
ing. See Lyndon H. LaRauche, Jr., “Vernadsky &
Dirfchlet's Principle” Executive Intelligence
Review, Juna 3, 2005,

For his exposure of the incompetence perme-
ating the mathematical physlics of Descartes, as
alse in his introduction of the concept of power
(Kraft) into the sclence of physical economy,
Leibniz revived the Gresk term, dynamis, from
the wiltings of the Pylhagoreans and of Plato.
This term reprasented the central concept of the
Egyptlan, astronomy-based practice of
Sphaerics central to tha wark of both the
Pythagoreans and Plato.. Lelbniz's and
Riemann's emphasis on dynamics, as opposed
to the reductionist's blundering mechanics, is
the basis in method for Varadsly's rigorous
definition of both the Biosphere and Nodsphere.

2. lyndon H. LaRouche, Jr, “Vernadsky &
Dirichlet's Principle” Executlve (ntelllgenos
Review, June 3, 2005.

3. Earih's Next Fifty Years (Leesburg, Va.:
LaRouche PAC, March 2005.
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Letters &
A Correcﬁoh by
~ Klaus Klltzmg

To the Editor: 7. ¢

In_the article “What Was the von”
Khtzmg Experiment?” (Fall 2004, p. 21):

In Figure 5, the plateau corresponding
to the 5th Landau level, where p= 5 in
Ryp =25,813/p ohm is missing, the 3rd;
4th, and 6th levels are present, and the
1st 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
Figure 5 shows real experiments
obtained in my laboratory (and not by E.
Braun at the Federal Physical Technical
Laboratory, as stated in"the figure ,cap-

tion): The plateaus originate from energy o

gaps in the electronic spectrum, For the
material shown ifv Figure 5; two different
types of energy gaps exist: For.even val-
ues of p, larger gaps (cyclotron energy);
and for odd p, smaller spin-split gaps
(Zeeman energy). Only p = 1,3 are still
energetically resolved. For p = 5, the
magnetic field is already so small that ho
energy gaps, but only small wiggles, are
visible; p 7 is not: resolved at a” and
missing. .
Prof Dr Klaus von Klﬂzmg
Max-Planck-Institut FKF
Stuttgart, Germany

A Manhattan Project
Veteran Comments
On ‘Secrecy’

_ To the Editor: .

L. Wolfe’s article in the Spring 27st
Century, “The Beast-Men Behind the
Dropping of the -Atom Bomb,” was
excellent. As one whao was there, | can
testify that much of the article matched
History—as~l—knew-it. In fact, I have only
one correction to make, aid a remark

 Continued on page 79
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plants in the next 20 years to meet U.S.
demand for electricity, the Nuclear
Regulatory Commission’ chaifman said.
Here, he addresses an American
Nuclear Society meeting in Pittsburgh.

lllustrcltlon by Christine Craig

An icosahedron edge-cut and unfolded
flat, with no overlaps.
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NRC’S DIAZ CALLS FOR 100 U.S. NUCLEAR PLANTS IN.20 YEARS

In comments to reporters in Florida on May 3, Nuclear Regulatory Commission
Chairman Dr. Nils Diaz said that the United States needs to build 100 nuclear power -
plants over the next two decades. He proposed that building new plants on existing
nuclear sites would reduce planning and construction costs, and expedite the process
of obtaining permits. Companies would not have to develop costly new infrastruc-
ture, including roads, grid connections, and water supplies. Dr. Diaz reminded
reporters that the United States no longer has the ability to build major equipment for
nuclear reactors. “We had large fabrication facilities for pressure vessels and steam
generators and major comporients, and most of those things no longer exist in this
country.” For the half-dozen nuclear-plants that he expecis to be ordered in the next
two years, many components will have to be imported, he said. Worldwide, Djaz
said, production capacity will soon be outstripped by the rising demand for new
nuclear plants, s0 there will have to be ways found to “assure supply.” :

At a meeting in Paris the week of June 12, Diaz proposed that there should-be a

multinational mechanism for approving standardized new nuclear plant designs—to
cut cost and time, and i lmprove safety

VERNADSKY VINDlCATED NEW FINDING SUGGESTS LIFE CAME EARLY TO EARTH
Geologists have found evidence for the existence of liquid water on the Farth’s sur-
face early in geologic time, suggesting that life had appeared within 100 million years
of Earth's formation. The finding contradicts the long-prevailing doctrine that life
appeared only long after the geological formation of the Earth, estimated to be 4.5 bil-
lion years ago. The new findings came during a study of more than 50,000 tiny zircon
(zirconium silicate) crystals formed during the earliest period of Earth’s history, known
as the Hadean Eon. This describés the first 500 million years of geologic time when, it
was supposed, the Earth was as hot as Hades and not capable of supporting life.
‘To establish their early life hypothiesis, researchers T. Mark Harrison of Australian

- National University- and E. Bruce Watson of Rensselaer Polytechnic Institute first

determined the age of the zircons. (crystals the width of a human hair). Of the more
than 50,000 sampled, about 200 were found to be older than 4.2 billion years. The
average melting point of these was only 690 degrees celsius, indicating the presence
of water. “Rocks formed from meteorite impacts would .be bone dry and melt at
greater than 900 degrees celsxus,” said Harrison.

These findings suggest, as Vladimir Vernadsky intimated, that life appears much
earlier in geologic time than the Huxley-Wells monkey men had led most of us to
believe. (Compare Vladimir Vernadsky’s 1936 statement, “The connection between
the living and the inert substance of the biosphere is indissoluble and material with-

in the geological time.”). Harrison and Watson’s work was published in the May §,
2005~ issue of Science magazine.‘

' 15-YEAR-OLD SOLVES 500-YEAR-OLD DURER PROBLEM

Daniel Bezdek, a 15-year-old from Calgary, Canada, recently won several prestl-
gious awards for his geometry work on convex polyhedral unfolding. For his science
fair project at St. Brigid Junior High School in Calgary, he set out to solve a problem
proposed by the German artist Albrecht Diirer, 500 years ago: Does every convex
polyhedron have a non-overlapping edge-unfolding?

Bezdek approaches the problem by defining a new- family of polyhedra that he
calls higher-order convex deltahedra. A convex deltahedron is a polyhedron made
up salely of equilateral triangular faces, with-each face-edge joined to only one
other face. There are eight such deltahedra in 3-space. A higher-order convex delta-
hedron, which subisumes the regular deltahedra, allows convex faces of 3, 4, 5, or
6 sides, which are composed of equilateral triangles fully sharing-sides. Bezdek then
goes on to prove that every convex higher-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 discrete problem of spherical packing, and applies these tools
to protem—foldmg problems in computational biology:
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NEW CONCEPT BREAKS DIFFRACTION BARRIER IN MICROSCOPY

A new technique developed by researchers at the Max Planck: Institute for
Biophysical Chemistry in Gottingen, Germany, side-steps light microscopy resolu-
tion. limits imposed by Abbe’s law, allowing unprecedented clarity at the molecular
level, according to a Max.Planck Society press release June 2. Ernst Abbe (1840-
1905) was the first to formalize the limit of resolution between two objects under a
light microscope; and relate it to diffraction characteristics of the wavelength of light
entering the objective lens. Getting. hrgher resolution with light meant using shorter
wavelength light and increasing the refractive index by-using media like oil between
the objective lens and the object under view. Even so, the resolving limit in standard
light-microscopy is limited to about 200 nanometers. -

Now that law, the bane of light microscopists, has been superseded by Stefan =

Hell and his research team, with the Stimulated Emission Depletion (STED)
microscopy. technique, using a new concept called Reversible Saturable Optical
Fluorescent Transitions (RESOFT). The new technique uses fluorescent markers in
the object under view, which are excited and then transiently and reversibly de-
excited to a non-fluorescent ground state by another impinging light, which has a
non-uniform intensity distribution having a zero value at some point. Only where
the zero-intensity point meets the marker does fluorescence occur, and that point
can be made smaller by increasing the intensity of the light source. At high-inten-

sity saturation of‘ the‘ excited [ight by the de'pletioh light the z'ero‘p'oiht can be :

narits'of a. Chmese fort datmg to the 15th Century A.D. ;,in the hills of Cape Breton
Island off the coast of Nova Scotra, comp!ete with a stone wall, roads, and housing

platforms;”

Chiasson insists that the style of the stonework on the wall and the platforms, and.

the width -of the road, point to a Chinese’ origin. The experts disagres, disparaging
the’ idea-of a Chinese colony in such a remote location, and saying that the site is
just another abandoned farm-srte from the. colonial period. Chiasson is not the first
Person 1o insist that voyagets from Asia have visited or colonized 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 A.D. .

Chiasson has teamed up with Gavin Menses, who recently published an account
of 15th- Century voyages of discovery. by-the Chinese navy, including the discovery
of Amerxca They hope to get backers for an archaeological dig in the area to settle

tiz unrversrty team of engineers, headed by Wei Sun of the University of
Toronto, has-developed a battery powered by the beta decay of tritium atoms,
which could last more than a decade without replacement. By turning the flat
silicon surface (upon which the emitted electrons are captured) into a porous 3-
D surface of narrow pits, 1 micron wide and 40 microns deep, they succeeded
in capturing a much greater percentage of the emitted electrons.-This produces
an efficiency that is in the range of solar batteries, without the need for solar
input.

The new batterres, which use standard semiconductor technology, are hermeti-
cally sealed and very safe and reliable. Tiny ones could be implanted in the body to

power surgically implanted devices, or they could be used in space applrcatrons, or
for sensing equipment in. remote locations.

The teamn's research results were published in Advanced Materials magazrne, May .

13. The technology has been licensed by BetaBatt, Inc.
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c)

The néew. STED techruque (b and d)
dramatically improves resolution over
that of the conventional confocal
fluorescence mrcroscopy (2 and ¢). (a)
and_(b) show pores in a porous
membrane, (c) and (d) show fluorescent-
dye-marked nanostructures produced by
electron-beam lithography in a polymer.

T, : =
Unlvers ty of anhastarlﬂstaﬁatt

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
v examlnes the
~“elrvature” of
"~ the Rural
 Electrification
' Admlmstratlon" L
_how it changed -
Amer/ca s hlstory

ahd 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).
ThlS article represents a summary discussion of approximately
one yeat’s work, spanning a number of presentations attempt-
ing to flesh out the specifics of the LaRouche-Riemann method,
using Franklin Roosevelt's economic policies as a case study.
This began with an investigation of what LaRouche has
called"the “cutvature” of an economic process, where we
investigated - the work of both Carl Friedrich Gauss and
Bernhard Riemann on complex functions and LaRouche’s
applig\:ation- of thesame to economic processes. We continued

. !"\ L ‘ .
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‘human economic pracess, using the- investigation «of such

Formation of a shock front As fhght
speed approaches the speed of
sound, the temperature and pressure
of air flowing-over the aircraft
surface drops, producing.this cloud
of condensed water vapor.: Even at
flight speed slightly below the speed
of sound, the air flowing over
bumps on thé surface of ‘the plane
can become supersonic: It heats up,
and a shock wave  develops,
praducing the sharp termination -of
the conical condensation cloud.
This photo of an F/A-18 Hornet was
- taken from the upper deck of the
USS Constellation.
Below: President Franklin
" Roosevelt, March 1933.

this investigation with'a study of the trarisfinite orderings in' a

physical phenoimena as Riemann's: forecast of the acoustic
shock- in- wave propagation-—a ‘pheriomenion LaRouche has
called an “economi¢ shack wave.” We next. returned, at the
prompting of another couple of papers by Lyndon LaRouche,’
to the further development of Gauss's curvature coneept in the
form of his 'work on. potential.” All of these phenomena
LaRouche has stressed as being crucial to recognize the phys-
ical-mathematic characteristics of a charactenstlcally human
economic growth process.

At first glance, a- most obvious. distinction is apparént
between human and animal processes—so apparent that it is
recognized (with a grimace) even by ecologists who would
seek to deny such a distinction. This is the fact that although
there has seemed to be a cap on the growth: of ‘all-animal
populations (including the “higher apes®),the: growth of the
human population has continuéd “steadily—though with
brief, but notable interruptions—throughout its- entire exis-
tence (Figure 1). This, however, orily serves to describé a per-
ceived effect. One which is not necessarily unique to human
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societies—after all, wouldn’t any animal population increase
similarly given the proper environmental conditions? This forces
us to take a second look at what is actually the underlying cause
of the effect seen: Not only has there been a steady growth in
the actual human population, but also a growth in the potential
population, per unit land area, given certain environmental con-
ditions. This potential population does not change for any lower
animal species, although favorable changes in eﬁvironmehtal
conditions (for example, the human act of greéhing“a desert, or

terraforming Mars) may allow for such’an increasg in-actual ani- -

mal populations which were otherwise impossible. - *

The obvious, first-approximation cause for this growth in
human potential is also not to be denied even by so-called
free-traders and ecologists who would seek to disagree with
our initial premise: the discovery, development, and application

" of new technologies by human minds to human processes. This
application can, also in first. approximation, be broadly
classed into two distinct areas: one, the machine tools utilized

in capital goods production; and two, basic economic infra-
structuré such as health care, transportation, water manage-
ment, and power production and distribution. Combined,
these provide the physical basis for the steady growth in what
LaRouche has termed the potential relative population density .
of the human species. The following investigation has-been
undertaken toward-the goal of consciously harnessing, direct-
ing, and accelerating this growth—in both productivity and
living standards—to counter the current precipitous global
collapse now being recklessly aggravated by the economic
policies typified by the George Shultz-steered Bush and
Schwarzenegger administrations. Hopefully, it will soon be

‘repeatéd in other parts of the world.

The Depression and the Farmer
. The situation facéd by Franklin Delano Roosevelt when he
entered office in 1933 was daunting. Under President Calvin

Coolidge—installed after President Harding’s death in 1923—
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became. After Mellon’s speculative
insanity had created.the stock market-
crash of 1929 under the Hoover'
Administration, Mellon, like Bush and
Schwarzenegger today, then further
aggravated the situation by pushing a
program of radical austerity, budget bal-
ancing, and “belt tightening,” thorough-
ly decimating the population in an
attempt to keep the financial interests
.afloat.2

Despite the introduction and incorpo-
ration of electricity into the lives of most
Americans, only about 10 percent of the
farms in the country had electricity at
that time. Farm life was back-breaking
work, which began at the crack of dawn
with the first precious hours of sunlight,
and ended after dark in pitch blackness.
Light afforded by kerosene lanterns was
dangerous and, inadequate, and as a
_result of all of this; little or no time was
left for the ‘mental development of the
dth*of rural families | (Figure 2).
Because of thls;lack of electricity, dis-
565, P nd malntrition were

rampant in rural areas of the country The

Before the Rural Electri-
fication Administration,
densely populated
‘areas received the
benefits of electricity,
but rural areas were
neglected by utility
companies because
laying the lines was
considered unprofitable.

Treasury Secretary and bankers‘ asset Andrew Mellon had sys-
tematlcally starved the physical economy to feed a bloated
speculative bubblé., Mellon. had capped the expenditures .
budget for'the Federal government preventmg investment’ in.
thevery sorts-of processes we identified
above as being necessary -for human -
development—-—rnfrastructure, “educa- THE CASE OF THE -mmcnmous LAMP
tion, manufacturing, technological : o NeEE
research and development, and so on— | . : ;
and funneled :all excess - money: ‘into - |+
servicing financial debt. A speculative
frenzy was promoted, which drove
stock “market prices sky-high, while
labor and the, physical economy were
being asphyxrated ’

A post-World War 'l farm * crisis,
blamed ‘on over—productlon,” but
caused by this Darwinian - “survival of
the fittest” economic policy, was inten-
tionally aggravated by Mellon. A bill
twice passed by Congress to provide for
price regulation on farm goods (by

Lac, of refrrgeratlon caused further diseases and
- ma» utrition, whrch, in turn, caused fatlgue as well as consrd—

TH CASE OF THE FLY"FILLED DA'RY
, ?.m% =

allowing farmers to dump surplus goods R . - L TPy mevrmareepmepning

on the foreign market), was vetoed once . ' L Rural Eractnrc,auon News

by Mellon through President Coolidge, - R ' L Flgure 2 IR

and again by Mellon through President BEFORE AND AFTER ELECTRIFICATION

Herbert Hoover, forcing American farm- Cartoons like these, illustrating the perils of farm life without electrification,

ers into a trap in which the more they were widely distributed in the Rural Electrification News magazine.

prod“q&eduve cheaper their goods :
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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 101
class, it may appear as an
unsurpassable obstacle.

Rural rates were already far in excess of those
charged in city areas. Roosevelt himself com-
mented in 1938, regarding his 1924 stay in
Georgia to treat his polio, “When the first of the
month bill came in for electric light for my little
cottage, | found that the charge was 18 cents a
kilowatt hour—about four times what | pay at
_Hyde Park, New York.” These circumstances
formed a seemingly "insurmountable boundary
condition, created. by, the immutable laws of
diminishing returns and supply and demand (as
any Economics 107 student has been trained to
tell you)—a product of the asymptotic infinity
posited by the very nature of economics as the
“science of scarcity” (Figure 3).

Embedded Infinities
“Infinity,” however, is a very apt term for this sort
of boundary. What, after all, is the infinite? The first

erable physiological damage to the brain development of
many in rural areas. ,

Despite these conditions, easily remediable by the intro-
duction of basic infrastructure and conveniences, utility com-
panies had refused to provide service to these areas. Their
argument was that, unlike the densely populated urban and
suburban regions, where every inch of line from the power
plant to the furthest consumer 'was connected directly. to
another consumer, most of the line laid to reach the remote
farms in-the underpopulated South and Midwest would be
essentially useless and unprofitable. The only way such a ven-
ture were even thinkable would be for the farmer to pay an ini-
tial deposit to cover the costs of building. This, of course,
would be impossible for all except the most profitable farms.
Moreover, the lifestyle of the farmer required so little electric-
ity—and this mainly in the two to three peak hours.just after
sunset—that the rates which the utilities would have to charge
during. those hours would be well out of the range of any
farmer.’

images which come to mind may be the vast
expanse of space, or perhaps a series of numbers
growing larger and ever larger without end, ar, maybe, the
greatest infinite trump card of all, “CGod,” may be invoked.
These “infinities” as presented, however, never actually live up
to the term. They are simply uncountables: quantities which
are “bigger than | can imagine.” The limitation in each of these
cases is not objective, but rather subjective. Then, are there
really no actual infinities? : ’ o

- Let us take a more rigorous case: that of Cardinal Nicholas
of Cusa’s squaring of the circle (Figure 4). The attempt to
approximate the circumference of a circle with inscribed and
circumscribed polygons leads us to the recognition that,
regardless of how many times we multiply the sides of a poly-
gon, the circle as a figure is .unattainable in this manner. The
circle as an actual (not imagined) existence, from the stand-:
point of the polygon is truly infinite.? However the circle—as
a figure—we can recognize and create as a single, finite, idea.
The infinity here is simply an indication of a discontinuous
change of state: a point where the limitations of the nature of
the algebraic magnitudes generating the polygon force us to

—

Figure 4
THE QUADRATURE OF THE CIRCLE

standpoint of the polygon, is truly infinite.
Source: Fidello, Summer 2001 '

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
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The shock waves are v151ble as l‘hlS plane breaks the sound
barrler : ,

Ieave them behmd in favor of a transcendental mode of rep-
fesentation.?-

. This dlscontmunty is of the same quahty as that recognlzed
by :.Bernhard . Riemann in his 1856 paper, “On The
Propagation of Plane Air Waves of Finite Magnitude.”8 There,

Riemann takes a phenomenon which.had been recognized by .

mathematicians before him—the fact:that the differential
equatioris. for fluid flow all approach insurmountable infini-
ties once velocities approach the limit for the propagation of
a wave in that medium—and demon-
strates that this infinite discontinuity is
really a part of a higher-order, contin-
uous- function. This mathematical
infinity is later encountered, physical-
ly, during the .1940s, as the so-called
“sound barrier.”

Many at that time declared this .“wall of sound” to be
unbrndgeable. instrumentation failed; the laws of lift seemed to
reverse themselves, forcing -planes into a steep dive; and
maneuverability disappeared almost completely, hurling those
unfortunate enough to encounter this barrier into a helpless
trajectory, straight into the ground. The laws of physics them-
selves seemed to dictate a barrier beyond which man was not
allowed to penetrate. However, Riemann had already demon-
strated that this “barrier” was no such thing almost a century
prior! This phenomenon of seeming infinities fascinated
Riemann, and formed the basis for many of his physical inves-
tigations. These “transfinite” orderings proved to be character-
istic of physical processes in general, and as such, it should
not be surprising to see thern make their appearance in the sci-
ence of physical economy.

Like the breaking of the “sound barrier,” rural electrification,
as directed by the Roosevelt Administration, transformed the
geometry (or field) in which the physical phenomena observed
by the utility companies was taking place. And, just as the
incarporation by Adolf Busemann and Ludwig Prandtl of
Riemann’s higher-order conception into the construction of
planes during the late 1940s proved the existing mathematics

S o mmer 2005 21st CENTURY
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to be obsolete in the case of supersonic flight, the incorpora-
tion of a new physical principle of social organization into the
economic processes of the 1930s, demonstrated the financial
accounting methods of the utilities 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—functioning, developed human minds.

- That, in such a way that even the operations in city areas were

transformed in their efficiency.

Thus, the geometric transformation of increased power
(physical economics as defined here) redefines the expression
of mere energy (financial profit), thereby absorbing the embed-
ded “infinites” of a physical process into a higher-ordered
whole. This is the only sane,.anti-entropic definition of profit
which the true economist (as opposed to the accountant)
should allow. The rules of accounting, like those of mathe-
matics, are meant to be broken, as has been illustrated by the
entire history of human development until the present day.

The real reason for the hesitancy of the utilities, and for their
high rates, however, was ancther form of speculative insanity
which had been promoted under Mellon. Massive parasitical

" financial structures called Holding Companies had attached

themselves to the utility companies. Buying up assets in the
form of entire businesses, these companies fed off the inflated
stock values of the utilities, servicing this debt by sucking from
the physical-economy in the form of increased rates and-lack
of infrastructural development, a phenomenon similar to that
which Lyndon LaRouche has illustrated with his Triple Curve
collapse function (Figures 5 and 6.) Roosevelt attacked this
insanity with his 1935 Public Utilities Holding Company Act
(PUHCA) and 1935 Federal Power Act, but the problem of
finally bringing electricity to these rural areas remained.

The REA As Curvature

The Rural Electrification Administration (REA) emerged from
a team functioning under the direction of Franklin Delano
Roosevelt, through a series of decisions beginning with its cre-
ation on May 11, 1935. The August 1935 transfer of funding
from crisis-relief funds turned the REA into a self-liquidating
loan agency, and the 1936 REA act’solidified the REA into a
permanent supervisory and loan’ institution. lts loans were
issued both for the construction of lines and for the purchasing
of appliances by REA borrowers. These loans were issued at a
2 percent interest rate over an extended period of time, to facil-
itate the physical development of the areas involved. Of the
three avenues possible for a loan program—Ioans to private
companies, loans to municipalities, or loans to collaborative
farm groupings called cooperatives—the last quickly emerged
as the preferable route. A similar task of long-term low-interest
credit generation and distribution for productive investment is
being proposed today by Lyndon LaRouche (Figure 7).

A first look at the initial, local effects of Roosevelt’s rural
electrification program is revealing in itself. The forecasts of
the utility companies and their accountants were proven to be
stunningly inaccurate (wherever they were not also blatantly
dishonest). Not only did farmers manage to find ways to uti-
lize 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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A TYPICAL COLLAPSE FUNCTION- : : THE COLLAPSE REACHES

A CRITICAL POINT OF INSTABILITY

The recent decade’s jump in fmanczal speculatlon represents a cancerous growth which has been steadily klll/ng the glob-
al physical economy. As more and more of the world’s resources (financial and otherwise) are funne/ed into maintaining
“the markets,” the possibility for the development of real wealth is destroyed

Source: EIRNS
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THE U.S. ECONOMY'S COLLAPSE FUNCTION SINCE 1996 DERlVATlVES SOAR MANUFACTURING FALLS IN 2001
Source: EIRNS ' SF’UIGES FDIG, U.S. Depariment of Commerce, Federal Reserve.

utilize electricity in their daily labor, and then some. A simple, ~ which the multitude of uses for electricity in farm life were
first-order financial analysis showed that the costs paid by demonstrated—from cooking, washing, and lighting, to grind-
farmers for electricity did indeed shoot up dramatically—how-  ing feed, brooding chicks, and drying hay (Figure 8).

ever, so did the returns as a result of increased physical pro- - Most important, however, was the creation of free energy in
ductivity on the farms. So necessary was this rapid application  the form of the creation of more time. For instance, the intro-
of technology, that the REA began hosting what were called  duction of an electrically pumped water system, to replace the
“circuses” (officially known as Farm Demonstration Tours) in  pumping and hauling of buckets of water by hand, created, in
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The Third |
National Bank
- of the
: il United States

Other o
Infrastructure 3 million
new jobs
created
Other
productive
industry -
' ' - sty 3 million
Machine tools - Construction Forestry Farms - new jobs
Acreatedv
Total 6 Million New Jobs
| Figure 7

LAROUCHE’ S THlRD NATIONAL BANK CREDIT STRUCTURE FOR FINANCING PHYSlCAL-ECONOMlC GROWI'H
; In 1992, 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. yleld
i 10 mllllon new, ]obs

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 equiva-
lent amount of time-was spent hand-separating cream, and
again. as. much in cIea ng and mamtammg lights run on
kerosene fuel.? ‘
Thus, with these three technologlcal lnjectlons alone, three

- months were added:to the year for-a farmer—months that were
spent on increased phy51cal production as well as newly dis-
covered-leistife tire’ for,various forms of inteffectual develop-
ment.'? In_ particular, ance electric lights had freed the farmer
from’ dependence on. dayllght hours (including .adding more
time for mghttlme pursuits'such as ‘reading, which did not oth-
erwise exist), the deeper significance of the phrase transformed

poteritial begins to become clear in discussing the life of the
farmers .

Govérnment created a boom in prlvate production.where | p L
production; left to its own devices, would have suffocated ltqelf : - Transformmg Potentlal

much like. the sow, who, prior to the development of the pig In"a.number of his recent papers,’0 economist Lyndon
brooder, “naturally” would tend to crush to death at least one LaRouche has stated that the idea of potential most applicable
piglet per: ](tter under her own body weight. The interventions  to.the current discussion, is that laid doi/v‘n‘ by Carl Gauss, in
of human reason, whether represented by man’s intervention his.essay on attractive and repulsive forces which act accord-
into Darwinian “nature,” or by Federal government’s ingto the inverse square of their distance,’" as well as his work
regulatory role in the development of economies (as opposed to  on Earth magnetism.!2 To understand the point made there, try
Darwinian “free enterprise”) is crucial to mankind's development.  this experiment: Take two strong magnets, and attempt to bring

S s Stopny
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Singing the praises of electrified farm technologies.
Source: REA Rural Elsctrification News

them closer and closer to one another without allowing them
to touch one another. What do you feel? It would seem that
there is clearly some force acting to. pull these two magnets
closer together (or to keep them apart, depending on which
direction you have them facing). Further examination of the
strength of this apparent force would reveal that it lessens with
distance. Moreover, this same dependency on distance exists
for the observed gravitational and electrical forces as well.
Specifically, they vary in proportion to the inverse square of
their respective distances (1/r2 if we set the distance equal to
1. 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 requisite idea of potential, simply
understand 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 pulling on either magnet. No force.
The “pull” 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 phenomenan.

Think about this further: In 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, would reply with the tautology that it is the force which
causes two masses to experience a mutual acceleration. How
do we know that this force exists? Because the masses present
are undergoing an acceleration, and Newton’s celebrated
equation states that F = ma (force equals mass times accelera-
tion). Therefare, what is the force which causes two bodies to
attract? Well, the force which causes two bodies to attract. . . .
This circular reasoning is no game, but rathér is a product of
attempting to explain the properties of shadows by the shad-
ows themselves (like a physicist attempting to explain the
clearly observed effect of the shadow of a bat on the shadow
of a baseball)'® (Figure 9). .

Rather than be caught in this trap, Gauss took the discover-
ies he had made transforming the sense-perceptual concept of
curvature into"an actual principle™* of the transformation of a
set of relationships defining a potential for action, and applied
them to the phenomena of gravitation, electricity, and mag-
netism in order to develop a concept of a potential field."” To
describe the effects of the transformation of such a potential
field, Gauss's student Riemann elaborated Gauss’s own origi-
nal work on functions of a complex variable. Gauss had rec-
ognized that the doubly extended nature of complex num-

Figure 9
HOW DOES ONE SHADOW MOVE THE OTHER?

el
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Figure 10 ,
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 frans-
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

(a) Gain in egg production as a result of electric lighting
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. ’EGG PRODUCTION WITH AND WITHOUT ELECTRICITY

* building a new chicken), we can simply transform the physical space-time
manifold in which the chicken operates (a). The chicken, now, by perform-
ing exactly-the same action, though™ in’ & different manifold, produces an
entirély different result. This concept is"'Tep(éseqtgd .graphically in (b).
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‘Under normal tonditions, chickens lay considerably fewer eggs in winterand. - |
at night. Without changing this built-in property of the chicken (by, perhaps, -

bers—numbers utilizing the quantity V=1 —
allowed them to be represented, in their
entirety, on any surface. The only difference
in each case would be the relative positions
of the complex numbers. Any transformation
of the relative posttions 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) lines of one surface to those of another
(Figure 10Q). o : .

Now, take this: idea of potential, as that
“curvature,” or set.of relationsHips, which
defines the possibility for action, and apply it
to our initial discussion: What- is it exactly
that causes the transformations of .the scalar
magnitudes ‘of time; productivity, and the
more complicated but: superficially scalar
quantity of standard of living? Might these

. observable.effects be but the shadows of an

underlying, transformed set of relationships?
Or, more interesting for our present-day pur-
poses, what sorts of action on that underlying |
field -could ‘produce the desired effect on
magnitudes such as the above-mentioned
potential relative population density of the
human species? We will take this question,
already alien to modern day, university-
trained “economists” {really just glorified
accountants, and shoddy ones at that) such
as Alan Greenspan, and return to our earlier
discussion of the Roosevelt-era Rural

~ Electrification program. *

Dirichlet’s Principle and
Physical-Econamic Potential
To discover what it‘is that definés the. eco-
nomic field in the case of the productivity
increase felt by the FDR economy, we'll take
our cue from what Riemann named
“Dirichlet's Principle,” and identify what
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constitute the singularities and boundary conditions which
define the potential for action in that case. For this, remember
the role of physical-economic infrastricture and machine
tools as the physical medium by which the introduction of a
new scientific principle into human activity is effected. These
things define the boundary condition of an entirely new
phase space, in which even activity in the non-rural areas of
the economy is transformed by vrrtue of its new relative posi-
tion (analysis situs).’

The appliances demonstrated m‘the REA farm cifcuses, as
well as those demonstrated at co-0p meetings, were entirely
the products of private enterprise. Thus, contrary to the sim-
plistic fantasies which Shultz's Arnold Schwarzenegger would
kae to transfer straight from his movies to economics, govern-
ment created a boom in pnvate production where private pro-
ductlon, left to its' own devices; would have suffocated itself,

“The new technology produced to “effect riral electnfxcatlon‘
{particularly when viewed in connection with the full effect of
Roasevelt's other lnfrastructure-development projects), pro-
duced an explosmn in'the manufacturing sectors of the econ-
omy.which were otherwise far removed from the drastic trans-
formations taking pl in"rural”America. By the time of the
i “:War Il the Nazis, fortunately for
transformed United States as a result

productive: burden of the: war16

Roosevelt's Secretary of Agriculture, Henry A. Wallace, ‘called
for a 25 percent increase in crop and livestock production: 13
bllll' n pounds of hogs, 128 bl”lon pounds of mllk 4 billion

iof..corn, 23 million acres of cotton.! 7 Thls burden, impressive
enbugh on the face of it, Was aggravated by the fact that the
farmeérs; in most cases, had:already sacrificed much of their
able-bodied workers to the war effort. -It'was only because of the
prior internal transfarmation: expenenced under Roosevelt’s -
REA, that this increase in: scalar output wias possible. Just as it is
the internal (geometric) reorganlzatlon of a. machlne, which
allows a higher den51ty of its output in the orm-of energy flux’
densrty, without hecessarily: requmng an increase. in the actual )
‘energy brought to bear (Figure 17, a and b). -

It is precisely this method of dlrected credit generation and
massive investment in high-technology infrastructure produc-
tion that is needed for the United States today. For the model-
ling of the desired processes, we must look to the further
development of Gauss's concept of a potential field, by the
work of Bernhard Riemann on multiply extended magnitudes
as well as his work on Abelian functions.’® The possibility of
real-time modelling of these sorts of processes, using actual
economic data, represents a characteristic phase shift in the
science of physical economy. This involves projecting and
analyzing seeming infinities in order to effect a transfinite shift
in the expression of various scalar economic magnitudes, by
acting on the multiply connected relationships which consti-

. lute an economic “field.”

““Along with a much-needed policy shift, we would also
have created the possibility of harnessing a phenomenon
- diice experienced only intermittently in human history—this
capdcity for surpassing the physical boundanes on hurﬁ*af\ I

ENCE & THE LAROUCHE YOUTH MOVEMENT

development—and transforming it into the sole, consciously
directed element of human economics. This return to the
practice of economics as a true science, as opposed to the
lunatic casino approach being applied today, will be a crucial
accomplishment of the LaRouche Youth Movement in the

period immediately ahead, and must become a critical 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 Illlterate.” Executive Intelligence Review, April 1,
2005

2. Amore thorough discussion of this perlod can be found In the book-| langth
report Economics: End of a Delusion, which features a theoretical essay
of the same name by Lyndon LaRauche, as well as a study of the Franklin
Roosevelt recovery measures, written by Richard Freeman. Coples of this
study may be ohtained by contacting Executive Intelligence Review mag-
azirie thirgugh 1t5 Websita http//www.larotichepub.com.

8. Deward Claylon Brown, Electricity for Aural America: The Fi ight for the
AEA (Westport, Conn.: Greenwood Publishing Group, 1980).

4. This' phenomenon is.seen today-in impoverlshed parts of the world
(including the United States), and Is often atiributed by the ignorant, or
those in wishful denlal, to either “laziness” or worss, to some sort of Nazi-
gugenics-inspired concept of racial Inferiority.

5. This should femind readers of the current arguments agalnst development
of so—called “Third World” areas of the world today.

8. The reader is also encouraged to further research the work of Nicholas of

Cusa (14011 464) to’ obtaln a ngorous non-fundamentalist concept of an
- infinite Giod.,

. This recagnmon forms tha basls of Cusa’s discovery of the transcenden-
1al naturé of pI

8. Bernhard- Hlemann “On The . F'ropagatlon of Plane Air Waves of Finite,
Magnitude," Internat/onal Joirrnal of Fusion Energy, Vol. 2, No. 3 (1980).

9. A snmllarfree-energy Bffact would be experienced with the introduction of
an. integrated mass transit systém for areas such as Los Angeles.
However, the opposite, disastréus slowing-down effect s to be expected
from-thie Bush Administration’s current plannad elimination of Amtrak, our
national rail systam, ;

See "Cauchy‘s lnfamous Fraud" (Executlve lnre///gence Rewew, Apnl 1,
2005). “The Pdwer to Prosper” (Executive Inteliigence Reéview, April 29,
2005}, “The: Revolutionary Aspect of LaRouche's Method™ (Exscutlve
Intelligence Review, May 13, 2005).

Carl Gauss, “General F'roposiﬂons Relating to Attractive and Repulsive
Forces Acting in the Inverse Square of the Distanca,” available on the LYM
websrte at http:/fwiw.wlym. comlsjross/curvature/

12. carl Gauss, “The’Intenslty of the. Earth's Magnetic.Force Reduced to
Absolute Measurarnent“ trapslated’ from the German by Susan P
Johnsan, avallable’o the 275t Cenfury website at http://www. 21 steentu-

" rysclencetech.com/Translations/gaussMagnetic.pdf.

The scalar quantity of energy is another such shadow magnitude, Although
true in all parts of the physlcal sciencas, 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 econornics. Rather, the trus economist
(as apposed to the mere accountant) will concern’ himself with-the gao-
metric properties of a piece of machinery (or economy as ‘a whole) which
transforms the amount of energy broyght to bear per unit of area.
For this reason, Lyndon LaRouche develaped the geometiic concept of
energy flux densily as a measure with true ontological significance, uniike
“energy;’ which is simply ils abserved effect: Other such effects are the shad-
ow quantmes called "mass;" “velocity! acceleranon, and “momentum.”
See note 11. : :

This is nat ta be mistaken for Maxwell's concept of the field, as taught in
universities today.

Thus, contrary to mythology, it was Roosevelt's econormy created first
which won us the war, and not vice-vérsa. N

Marquis Childs, The Farmer Takes a Handl: The Electric Power Revolution
in Rural America (Garden City, N.Y.: Doubléday, 1952).

Further discussion of the work of Gauss and Riemann will be taken up In
an ongoing pedagogical article setles, "Riemann For Anti-Dummies! writ-
ten by LaRouche collsague Bruce Diractor. The entire serieg can be found
» at hitpr/Awvww.wilym.com/ under the section header pedago@cals "
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On the Re‘-Discovery of
A Principle to Communicate
The Rela‘uonshlp of Prm(:lples

by Cody Jones

Our development of
an appropriate
model to communicate
the principle of change -
of potential for action
(that is, a change in the
potential-field), as a func-
tion of the introduction-
of a newly discovered
universal principle (sin-_
gularity), first required
the re-discovery of a par-
ticular universal princi-
ple on our part. :
~.An investigation into.
Hans Christian Oersted’s’
1820 discovery of the
perpendicularly oriented
relationship (characteris-.
tic of a least-action man-
ifold, and the basis of otir -
electricity-driven modern
economy), between two
already known phenom- -
ena, electricity and mag- .
netism, yielding the .
hypothesis of electro- -
mdgnetism as a single.
phenomenon, and asso- F
ciated ... experimental

proofs of 'this relation-

' shxp, becameé the basxs for gen-
erating the technology to be
used:in our model:

We started with the con-
struction of several solenoids.
‘We used 3-inch X 1/2-inch
steel bolts, wrapped up and
down numerous times (the more the better) with very thin
insulated copper wire, leaving two ends of the wrapped
wire free, to be connected to the positive and negative'poles
of a battery. The circular movement of current around the
bolt produces a magnetic effect perpendicular to the flow of
current, with poles occurring at the ends of the bolt. (See
how this is affected by changlng the direction of current
flow). % ;

20 N -L¢.4

AL

on filings around a magnet are prolected onto:
Van Der Schaaf (L) and Llona Fan- Chlang » :
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Three of these solenmds were thus mounted, in the ver-
tical position, 6 inches apart in. triangle formation, on a
solid wood-platform; with-a clear piece of Plexiglas held
slightly above the solenoids by wooden pillars. The two
ends of the wire of each of the solenoids were separately
run through their own commutators (switches for chang-
ing the direction of current), meeting back together at a
single on/off button connected to the DC battery. The
switches allow for changing the number of magnets acti-
vated at any one time, as well as which pole (north or
south), sits under the Plexiglas. :

On the Plexiglas was sprinkled a thin layer of fron fllings
(We gathered these from a sandbox at the local park, by a
process of moving a magnet, wrapped in a plastic bag,
" ugh the sand, attracting the iron filings that had been
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naturally dispersed through this fossil of living matter, and
then we further distilled them out through a simple refining
process).

Upon activation of one of the solenoids, the iron filings will
align themselves in radial spokes emanating from the magnet-
ic pole, in conformity with the potential field generated by that
singularity (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 first solenoid. When the Plexrglas is gently tapped, a
kind of stop-action transformation (animation) is achieved, as
the iron filings realign themselves according to the new action
potentlal that has been created by the introduction of this sec-
ond’ smgularlty The introduction of the third pole provides yet
" another transformation. (Notice the effect of the relationship
created between, like poles), - . ... .

It is important to realize that the ”ﬁeld lines” (as named by
thé evil James Clerk Maxwel)) shown by the formation of the
filings, are not fixed. Each run of the model will provide a new
set of lines. What is constant is the particular “shape” of the
pathway of action that can be taken, as determined by the
type, and relatlonshlp of ‘the singularities. In- other words,

what's determmed is the qual rty of action that can occur in the
fleld e '

(Notlc that the, anxmatlons generated by this model are of

the'sarme form as those generated by Bruce Director, in such
locations as v”Rl_emann for “Anti-Dummies,” Part 58' on

”Drrlchlet’s Principle,” to demonstrate complex transforma—
tions of a Gauss-Riemann type.) ’

Demonstrating ‘Potential’
This universal-inspired model served us to demonstrate -
pedagogically, in first approximation, the idea of “poten-
tial,” as most thoroughly developed by Lyndon LaRouche iri
his paper “The Power to
Prosper,”? and further elabo-
rated in a series of classes on
LaRouchian economics pre-
sented. by the LaRouche
Youth Movement.
| find it- most appropriate
that the model developed to
demonstrate the nature of change. produced by Franklin D.
Roosevelt's Rural Electrification Projects, -would be
premised on our own re-discovery of the principle of elec-
tromagnetism. It was the- re-dtscovery of that principle
(power), which gave us the new power to communicate the
principle of change in potential, as occurs when a new
pawer (principle) is introduced to- the domaln of Physical
Economy '

' Notes

1. This series of pedagoglcals is available at www.wlym.com.

2. Lyndon H. LaRouctis, Jr., “The Fower fo Prosper," Executrve Intelligence
" Review, April 28, 2005.
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42,000 MILESOF
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 Mount Shasta,
where a new maglev
route would cross the
existing north-south
railroad. .

To Revolutionize o
America’s Transport

by Hal Cooper

he United States, and indeed the world, is now at a critical juncture,

A . d rail with two starkly different pathways for its economic and energy
1 experienceaq raliway future. One is to continue to degenerate into fiscal austerity, as the

consultant lays out the result of 40 years, of world financial deterioration, which began with the

; %
requirements and timetable for introduction of free-market, free-trade policies in the 1960s. The other
how to get from here to option is to rise to a new height of growth and prosperity by returning to

. . . . the American system of economics, as advocated by economist Lyndon
prosperity, via electrified rail. LaRouche.

It is proposed here to construct a 42,000-mile-long route neiwork of

THUE !
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conventional speed’ electrified intercity railroad lines for
the transport of freight and passengers, which will be largely
built on the trackage or rights-of-way of the already exist-
ing railroad network (Figure 1). There are also smaller route
networks of 10,000 and 26,000 route-miles proposed as
partial alternatives. In addition, there will be a 42,000-
mile-long magnetic levitation network constructed gen-
erally along the existing interstate highway network,
which will operate at very high speeds (Figure 2). There
will also be 10,000- and 25,000~ mlle~long magnetic levitation
networks.

The proposed national railroad electnﬁcatlon network will
be designed to move large quantities of freight between cities,
plus the passenger traffic which now goes by rail, as well as
the traffic that will go by rail in the future. The proposed
national electrified railroad network would be expanded from
a starting point at almost zero today, to 10,000 route-miles by
2015, to 26,000 miles by 2020, and to 42,000 route-miles by
2030. ‘ V
The operating characteristics of this intercity electrified
railroad system would be as follows: The freight trains oper-
ating on these tracks would be designed to run at speeds of
90 to 110 miles per hour, carrying trucks and containers, and

from 70 to 90 miles per hour for most other freight trains. The

large, heavily loaded unit trains carrying coal would be the

exception, as they would generally operate at speeds of 35 to

45 miles per hour, for safety reasons. Passenger trains would

be designed to operate at maximum speeds of 125 to 150

miles per hour. The track configuration would be one of dou--
ble tracks throughout, with crossover tracks and passing sid-

ings at periodic intervals. There would be triple tracks ar

even four tracks along certain very heavily travelled railroad

lines.

The construction of this national magnetic levitation net-
-work would be planned so that 5,000 route-miles would be
in operation by 2020, with 10,000 route-miles by 2025,
25,000 route-miles by 2030, and 42,000 route-miles in
operation at full capacity by 2040.The magnetic levitation
system would be built as an elevated, double-guideway
track system throughout, using some crossovers at periodic
intervals. The system would be built primarily along the
existing interstate highway medians, for ease of right-of-way
acquisition as well as for safety and operational reasons. It
would be designed to operate at speeds of 350 miles per
hour, ar even higher, in some locations between the major
end-point cities. '
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Figure 1 )
THE PROPOSED 42,000-MILE-LONG NETWORK OF NATIONAL ELECTRIFIED RAIL
This route netwark of electrified intercity rail would transport freight and passengers, largely on existing (upgraded)
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Figure 2
THE PROPOSED 42 000-MILE-LONG NETWORK OF MAGNEI'ICALLY LEVITATED TRAINS
This new high-speed maglev network will be constructed along the existing interstate highway system.

The natlonal rallroad electriflcatxon system operatmg on
the existing railroad lines would bé designed to -carry pri-
marily freight, as well as passengers for the shorter trips. The
electrified railroad would carry not only the existing rail-
road freight traffic-base, but also mcreasmg volumes™ of
trucks and truck-trailer combinations, as well as the box
containers in mtermodal combinations on flat cars. Drivers
would accompary their truck freight in their own separate
passenger cars, as a part of the intermodal freight train, so
that they could then drive off to their destinations from the
terminals. .

Intermodal truck-rail transfer terminals would be located at
periodic intervals throughout the entire national electrified

railroad system, including at small towns in rural areas.

Passenger stations, as well as intermodal freight terminals,
would be located in a large number of communities through-
out the entire rail network, in order to provide a maximum

level of staffed station coverage for the public, and not only at’

end-point cities.

This would be designed to replace, at least in part, the need’

for automobile trips and some plane trips of less than 300 to
400 miles, and would have as its primary mission the inter-
modal diversion of truck traffic from road to rail for anything
Ionger than Iocal prckups and deliveries.

24 L@@a@oos )
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The proposed magnetic levitation system would have
stops only at the major end-point cities and in the larger
intermediaté inland cities. Magnetic levitation, at 350 miles
per hour or higher, would be designed to replace airplanes
for those trips longer than 300 to 400 miles, but less than
1,000 to 1,200 miles for passerigers. " Airplane travel would -

"then only be required for thosé cross-continent and long-

drstance trips greater than'1,200 to 1,500 miles, or for short-
er trips to remote locations. An extensive feeder-bus net-
work would serve both the magnetic levitation system, as
well as the passenger trains of the electrified conventional
railroad system. The magnetnc levitation system would also
be able to carry the majority of the high-value parcel traffic,
with special cars on the existing trains for use by package
carrier companies, and distribution and sorting centers’ in
the major cities.

The proposed schedule for the construction of the respéc-
tive 42,000 route-mile national electrified-railroad network
and the parallel 42,000 route-mile magnetic-levitation net-
works are illustrated in Figure 3. The national electrified rail-
road network would be completed and in full-scale operation
by 2030, with service starting in 2010; while the magnetic lev-
itation would begin service in 2016 and be completed by

+ 7984
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T : : There are some locations where both the electrified rail-
50,0003 road and the magnetic levitation systems would operate on
E common rights-of-way, at locations where interstate high-
1 ways and major railroad lines would be in close proximity to
L 40-000’; each other. One such location is along the Interstate 5 free-
‘= 3 way in southern California, south of Bakersfield, where a
'y 3 new railroad line would connect through a major new 32-
é 300004  Railroad " mile-long tunnel under the Grapevine Grade, along with a
© 3 electrification magnetic levitation line along the freeway going up the
§ E mountain, as shown in Figure 4. The second location is
@ 0000 along the ‘Interstate 5 freeway route in Northern California
*% ] near Mount Shasta, where a magnetic levitation route cross-
= E es the main existing north-south railroad line, as illustrazed
ch ] on page 22. (Both illustrations were painted by the noted

10,000 J . . N ..
gl railroad artist J. Craig Thorpe, and were commissioned by
3 the author for the Schiller Institute to illustrate the present

. concept.)
0 - i : A A i3 ) |
2000 amo - E(gfgsﬁamyﬁgfo 2040 - 200 _ lritercity Freight and Passenger Traffic

e L There has been a considerable increase in intercity freight
- -+ .« “-Figure3. . traffic volumes in the United States in the past 20 to 25 years.
THE 45-YEAR TIMETABLE FOR REVOLUTIONIZING | The overall freight traffic volume in net ton-miles per year has
, - AMERICA’S TRANSPORT SYSTEM increased from 1,492 billion net ton-miles per year in 2000, at
. The intercity railroad éléctrification would start immedi- an annual rate of 2.8 percent per year. The percentage of this
" ately. Maglev would be'phased-in‘starting in 2016. .. freight carfied by truck has increased from 37.2 percent in
o Sl ..‘ . Lo s _ _ S ,. . v ) ‘ el » (Continued on page 30)

R Figure 4 , '

. HIGH-SPEED RAIL AND MAGLEV IN CALIFORNIA

Here is another location where electrified railroad and maglev would operate in paralle! 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 tandemn route appears on p. 22.)-
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Total freight transport volume (trillion net-ton-miles/year)

197580

T 1 L
1890 2000 2010 2020° 2030 2040 2050
Calsndar ysar

Figire 5. -

TRUCK INCREASE DOMINATES INTERCITY
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 1975-2050. Prolectlons are based on current
trends.

(Continued from page 25)

1980, t0 40.9 percent in 2000, at an average annual rate of-

increase of 3.3 percent per year for truck-traffic over the 20-
year period.

The percentage of freight carrled by railroad has dropped
from 62.5 percent in 1980 to 58:5 percent in 2000, with an
annual average rate of increase in rail freight traffic volume of

2.5 percent per. year. It is expected that the volume of total

freight traffic will triple between 2005 ahd 2050, if present
trends “Continue into the foreseeable future, as shown in
Figure 5. . :
Similar results are reported for mtercrry passenger trave! in
the United States between 1980 and 2000. The total rntercrty
passenger traffic increased from 1,468 billion passenger

miles per year in 1980 to 2,494 billion passenger-miles 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 1980
to 76.6 percent’in 2000, as the total automobile traffic
mcreased by 2.3 percent per year during this period. The
portion of these passenger trips carried by air increased at a
much faster rate of 4.2 percent per year, from 229 billion
passenger miles per year in 1980, to 530 billion passenger-
miles per year in 2000, as its market share increased from
15.6 percent in 1980 to 21.2 percent in 2000. The portion of
the total passenger trips taken by rail remained below-1 per-
cent of the total during the period from 1980 to 2000, so a
significant increase in rail travel would require major
changes
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197580 2050
_ : Flgure 6 ‘
o PETROLEUM CONSUMPT[ON WlLL ZOOM
UPWARD WITHOUT RAIL ELECTRIFICAT!ON
If the United States does’ not electrlfy its railroads, and
move more freight by rail, the petroleum used to carry
.freight and passengers will increase from 1.463.billion
barrels in 1980 to as much as 9.603 billion barrels a
year by 2050—moare than the present national total
petroleum use.

Reducing Transportation’s Petroleum Budget
In the absence of major policy initiatives, such as the elec-
trification of intercity railroads and major intermodal diversion

from road or air to rail, the amount of petroleum to be used in .

the transport of freight is expected to increase from 380 il
lion barrels per year in 1980, to 580 million barrels in 2000
to as much as 2,353 million barrels per year by 2050, if the

present trends continue, as shown in Flgure 6. The total annu- e
al petroleum consumption in the fransportation sector 'is-
'expected to increase from 1 463 mllhon barrels per year-in *

1980, to 2,508 million barrels p r.year in 2000; to' as mu¢h as
9,603 million barrels pet year by the year 2050 (which is more
than the present natronal total) The passenger sector would
predominate.. P

The present petroleum consumptlon totals appear to" be
clearly unsustainable, in view of the present and future limita-
tions on world oil supplies. Clearly, national railroad electrifi-
cation is going to be needed for purely national-economic and -
energy-security reasons; as the expected oil demand wdl-
exceed expected oil supplies.

The electrification of railroads for freight transport would
ultimately replace this petroleum consumption with other
energy sources, by generating electricity at central power
plants. The preponderance of energy consumption for freight
transportation is for truck transport, with essentially all of the
energy supplied by burning diesel fuel or gasoline refined
from petroleumn: Shipments of freight by truck constitute 41
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Total intercity passenger travel
(trillion passenger-milesfyear)
o
!

197680 1990 2000 2010 2020 2030 2040 2050

Calendar year

Figure 7
AUTOMOBILE TRAFFIC WILL INCREASINGLY
LOCK THE HIGHWAY GRIDS, _
WITHOUT ELECTRIFICATION AND MAGLEV
If present trends continue, oil-dependent auto and air
passenger transport will continue to increase.

Total intercity passenger travel
(trilllon passenger-miles/year)

1975 80

1980 2000 2010 2020 2030 2040 2080
Calendar year

i Figure 8 .
ELECTRIFICATION AND MAGLEV WILL GREATLY
REDUCE PASSENGER AUTO . AND AIR 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.

et et e s e

percent of the total movement in ton-miles, but require 57

percent of the total energy consumption in the form of petro-

leum. In contrast, railroads move 58 percent of the intercity
freight but require only 26 percent of the total energy

required for intercity freight transport.

The diversion of a significant portion of the intercity truck
traffic from road to rail would significantly, reduce the over-
all level of petroleum consumption, Electrification would
increase the oil savings for the three alternative 10,000-,
26,000, .and 42,000-route-mile electrified. rail networks,
from 52 million barrels per year, to 73 million, to 94 million
barrels per year. There would also be an estimated transport
cost-savings resulting from electrification of the railroad
with the comparative transport cost of 6.15 cents per net
ton-mile for truck transport, 4.20 cents per net ton-mile for
diesel trains, and 3.50 cents per net ton-mile for electric
trains.

As a result, the electrification of the railroads would give

.shippers a net overall transport cost-savings from $7.1 billion

per year for the minimum network, to $12.8 billion per year
for the maximum network based on year 2000 freight traffic
volumes.

The electrification of the railroad would also result in a
reduction of petroleum consumption for those cargoes going

by railroad. The petroleum savings which would result from °

the railroad traffic alone would increase from 33 million bar-
rels per year for the minimum 10,000-route-mile network to
66 million barrels per year for the maximum 42,000 route-
mile network. The total petroleum savings resulting from
both the intermodal diversion of the trucks from road to rail-
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road, plus the electrification, would increase from 85 million
barrels per year for the minimum network, to 160 ‘million
barrels per year for the maximum network, excluding air
freight service. The overall cost-savings resulting from the
railroad electrification plus the intermodal diversion of truck
traffic from road to rail would also result in a net transporta-
tion cost-savings to shippers, which would increase from $11
billion per year for the minimum 10,000 route-mile network,
to $20 billion per year for the maximum 42,000 route-mile
network. o

It is also important to identify the potential petroleum sav-
ings which could result from the intermodal diversion of pas-
senger traffic from air or auto to rail.

The proposed implementation of a national railroad elec-
trification network could substantially reduce the need for ail-
dependent air and auto modes for intercity passenger travel—
by more than half, by 2050, as shown in Figure 7. The role of
magnetic levitation becomes critical in the future for replac-
ing air travel as a. relatively time-competitive transportation
mode for passengers. In contrast, the conventional-electrified
railroad-network will serve as a feeder service for shorter
trips, as the means for diverting automobile traffic to the more
energy-efficient and non-petroleum-dependent rail mode.
The potential petroleum savings from intercity passenger
transportation are potentially much greater than for freight
transport, based on presentday traffic volume conditions
(Figure 8). ..

However, there is a very blurred line which separates
intercity trips and intracity trips, so that the above values.are
optimistic, to at least some degree. Estimates 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 61 percent of the
present import level, and 37 percent of the total oil con-
sumption level per day in the United States.
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Figure 10 .
ELECTRIC-GENERATING CAPACITY
REQUIREMENTS FOR ELECTRIFICATION OF
RAIL 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

2010 total, to 9.1 percent of the 2030 total.

impacts of national railroad electrification and magnetic lev-
itation for both passenger and freight transport for intercity
trips are illustrated in Figure 9. The results show that the
potential reductions in petroleum consumption could be as
much as 2,780 million barrels per year by 2050, or the
equivalent of 7.6 million barrels per day. These reductions in
petroleurn consumption resulting from transportation are
equivalent to 61 percent of the present import level of 12.3
million barrels per day, and 37 percent of the total oil con-
sumption level of 20.5 million barrels per day in the Umted
States.

New Electric Power

The proposed 42,000-mile electrified railroad network to
bebuilt along the existing rail lines will require as much as
96,000 megawatts of new generating capacity by 2050, with
52,000 megawatts for freight, and 44,000 megawatts for pas-
sengers, plus another 67,000 megawatis for the proposed
42,000-mile magnetic levitation route. To some extent, the
electrical energy can be provided from the existing power
plants in the United States through the electric utility trans-
mission grid network. However, it will become necessary to
construct additional electric-generating capacity in order to
meet.the future need for electricity, in addition to providing
. the energy required for the proposed electrified railroad net-

work and for the planned magnetic levitation network.
Present electric-generating capacity in the United States
|s approximately 810,000 megawatts, with an annual elec-
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tricity consumption requirement of about 3,500 billion
kilowatt-hours per year. Coal constitutes 51 percent of tfj
existing electric generating capacity in the United States,
but provides 56 percent of its electricity. Nuclear power
constitutes 14 percent of the generating capacity but pro-
vides 23 percent of the nation’s electricity. Natural gas and
fuel oil combined comprise 24 percent of the national gen-
erating capacity, but only 12 percent of its electricity,
because these are normally the higher-price fuels.
Hydroelectric power comprises 10 percent of the national
electric generating capacity and 9 percent of its electricity,
while other renewable energy sources comprise about 1
percent of both the e!ectnc—generatmg capacxty and its
electricity.

The electricity growth rate in the United States is apprbx—

imately 2.0 percent per-year, as is its expected growth in

electric-generating capacity, in order to’ maintain adequate
reserve margins. If these growth rates continue into the fore-
seeable future, the electric-generating -capacity in the year
2050 is estimated to reach 2,155,000 megawatts, which is
165 percent greater than at present. The electric generating-
capacity requirement for the proposed railroad electrifica-
tion network alone will increase from 27,000 megawatts in
2010, to as much as 96,000 megawatts by 2050, as illus-
trated in Figure 10. The increase in generating-capacity
requirement for magnetic levitation will begin in 2015, at
less than 10,000 megawatts and increase to 67,000
megawatts by 2050. The electricity requirement for the

" | v 7992




Percentage of installed Generating Capacity

2020 2030
Calendar year

2010

v Figure 11
RELATIVE IMPACT OF 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.

cambined electric railroad and magnetic levitation network
will increase from 27,000 megawatts to 163,000 megawatts
by 2050.

The electrified railroad and magnetic levitation networks -
in combination wiil require an increase in the total national
electric-generating capacity from 2.9 percent of the total in
2010, to 9.1 percent of the total by 2030, and then decrease
to 7.6 percent of the total by 2050, as shown in Figure 11.
The reason for the up-and-down in demand is that there will
be a rapid increase in electricity requirements as the mag-
netic levitation network starts up between 2020 and 2030,
which becomes relatively less after 2030 until 2050, because
the rapid increase in electricity demand has already
occurred. The magnetic levitation system will require 40 per-
cent of the total rail electrical consumption, while the elec-
tric railroad will use 60 percent, of which 32 percent will be
for freight transport and 28 percent will be for passenger
transport. ‘

The estimated capital cost of the fixed. facilities infrastruc-
ture for the electrified railroad and magnetic levitation sys-
tems is presented in Table 1. The total capital cost of the elec-
trified railroad system is expected to increase from $250 bil-
lion for the 10,000-mile route, to $735 billion for the 42,000-
mile system, and to $800 billion by 2050 with the additional
facilities improvements, expansions, and upgrading. The per-
mile capital cost of the electrified railroad is expected to
decrease from $25.0 million per mile for the 10,000-mile
route system to $77.5 million per mile for the 42,000-mile
system. . '

The parallel capital cost of the magnetic-levitation system is
expected to increase from $500 billion for the 10,000-mile
system at $50.0 million per mile, to $1,700 billion at $35.0
million per mile for the 42,000-mile system. For the combined
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. Table 1 ’
ESTIMATED TOTAL CAPITAL INVESTMENT REQUIREMENTS 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 Fadillities 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" o 0
2010 5,000 0 150 0 150 100 55 155. © 305
2015 10,000 5,000 250 100 350 125 70 195 545
2020 96,000 10,000 500 250 750 170 160 330 1,080
2025 35,000 16,000 650 500 1,150 200 190 - 390 1,540
2030 42,000 25,000 735 1,150 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 2,700 310 260 570  * 3270
2050 42,000 42,000 800 2,000 2,800 335 330 865 3,465
: e 21st CENTURY .. summer2005 "¢ §§ 5
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Table 2

DOUBLE-TRACK ELECTRIFIED RAILROAD LINES
(in 2005 constant dollars)

Cost element

ESTIMATED UNIT CAPITAL COSTS OF SINGLE- AND

Single-track Double-track
dollars/mile  dollars/mile

tem for intercity freight and passenger transport is
expected to range from $305 billion ini:2010, to
$1,105 billion in 2030, to $1,330 billion in 2050,
as shown in Figure 12(a). The greatest part of this
investment is for railroad fixed facilities, which are
expected to increase from $150 billion in 2010, to
$735 billion in 2030, to $800 billion by 2050.
The purchase cost of the new electric railroad

locomotives is expected to increase from $100

rr!wE

FOR ELECTRIFlED RAILROAD LINES

Operatmg speed
" (miles/hour)

“Unit capital cost
Passenger  Freight

(dollars/mile)

EFFECTS OF DESIGN AND MAXIMUM SPEED ON THE CAPITAL COST

Total capital cost
(Millions of dollars,
42,000 miles)

Track construction 1,500,000 2,500,000 billion in 2010, to $235 billion in 2030, to $335
Electrification system 1,300,000 1,800,000 billion in 2050. The.estimated capital cost of the
Signalling and communication 400,000 700,000 new power plant generating capacity is expected
. Subgrade and drainage 300,000 500,000 to increase from $55 billion in 2010, to $140 bil-

Unit cost 3,500,000 5,500,000 lion in 2030, to $195 billion in 2050, as addition-

Other civil construction 7,000,000 12,000,000 al electricity is required.

Total cost 10,500,000 17,500,000 The development of the proposed magnetic
levitation network will have a considerably
greater capital cost than for the electrified rail-

road network of the same route dis-
tance, as illustrated in Figure 12(b).
Table 3

The capital investment in the mag-
netic levitation fixed facilities and
attached -guideway vehicles is
expected to increase from $100 bil-
lion in 2015, to $1,150 billion in
2030, to $2,000 billion by 2050. The

80-8013 60-80"8 1,500,000-2,500,000
9011014 80-9074 5,250,000-6,000,000
110-150*  90-110"#  15,000,000-17,500,000

Notes

220,000-250,000
550,000-735,000
850-5002  350-5002  35,000,000-50,000,000  1,470,000-2,100,000

associated power plant capital costs
are expected to increase from $70
billion in 2020, when the system
begins operation, to $1@0 billion in
2030, to $135 billion'in 2050 based
on a unit capital cost of $2,000 per
kilowatt of installed capacity, which

65,000-85,000

1. For conventional raflroad lines.
2. For magnetic levitation routes.
3. Dlesal-powered railroad lines.
4, Electric-powered raiiroad lines

would be typical of a new nuclear
power plant. The total capital invest-
ment in the magnetic levitation sys-
tem would increase from $100 bil-

systems, the total system capital cost is expected to increase
from $750 billion at 20,000 miles in total, to $2,000 billion for
the 84,000 mile systems by 2050 with all of the additional
improvements.

The capital cost estimates for the electrified railroad are
shown in Table 2 for the single-track and the double-track con-
figurations. The actual unit costs are estimated as between
$1.3 million and $1.8 million per mile for single-track and
double-track electrification, respectively. The direct unit capi-
tal costs for the single-track and double-track configurations
range between $3.5 million and $5.5 million per mile, respec-
tively, with the trackage, civil works, electrification, and sig-
nalling all included. However, the need to build major bridges
and tunnels plus grade separations and trenches or elevated
viaducts raises the average total unit capital cost-to an esti-
mated range from between $10.5 million and $17.5 million
per mile, gspéctively. These unit capital costs are very much
a function of the required operating speeds for the trains, as
presented in Table 3.

The total capital investment for the electrified railroad sys-

1o
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lion in 2015, to $1,250 billion by
2030, to $2,135 billion by 2050.

The total capital investment in the combined electric rail-
road and magnetic levitation system will increase from $305
billion in 2010, to $2,355 billion in 2030, to $3,465 billion
by 2050, as the combined network size increases from 5,000
miles to start, to 10,000 miles, to 50,000 miles by 2030, to
84,000 miles by 2040. Approximately 58 percent of this new
investment will be in fixed facilities for the magnetic levita-
tion, with another 23 percent, or $800 billion, associated
with the electrified railroad. The remaining 19 percent of the
total capital investment will be broken down almost exactly
equally between the power plants, with $330 billion, and
$335 billion for the electric locomotives, for a cumulative
total of $3,465 billion by the year 2050 for the entire inte-
grated system. A summary of the expected cumulative capi-
tal 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 presented in
Table 1.

Although seemingly a veéry large capital investment is
required for electrified railroads and magnetic levitation, it
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FUTURE CAPITAL INVESTMENT IN U.S. RAILROAD

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 2010 to 1,105 billion in
2030, to $1,330 billion in 2050 Most of this is for rail-
road fixed fac:lmes
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FUTURE CAPITAL INVESTMENT IN MAGNETIC
LEVITATION NETWORKS (2010-2050) )
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 fs in
fixed facilities and guideway vehicles. The cost is
expected to ‘increase from $100 billion in 2015, to
$1,150 billion in 2030, to $2,000 billion-by 2050.

must be realized that the continued importation of foreign oil
will .involve a cost which is expected to increase from the
present $230 to $250 billion per year to as much as $500 to
$900 billion per year by 2050, if not remedied: If up to 30
percent of this oil import cost can: be reduced by the above
electrified railroad-and magnetic levitation .system, then an
import cost reduction of as'much as $150 to'$300 billion per
year can be realized by its construction. Many jobs will be
created by the above electrified railroad system along with
considerable transportation cost-savings to travellers and
shippers.

In conclusion, it is proposed-to construct a 42,000-mile
electrified railroad system along the existing railroad
lines for the transport of freight and passengers at speeds of
100 to 150 miles per hour, including intermodal trucks
hauled by rail between cities, and-to supplant car travel for
trips of less than 300 to 400 miles. In addition, it is proposed
to build a new 42,000-mile-long magnetic levitation system
generally along the interstate highway medians for very
high speed passenger and high-value cargo transport at 350
ta 500 miles per hour to replace air travel for trips of less
than 500 to 1,000 miles. This new proposed electrified
transportation system is expected to ultimately cost up to
$3.5 trillion over 45 years at an average annual cost of §75
to $80 billion. This system can ultimately result in a reduc-
tion in overall oil use of up to 2,480 million barrels per year,
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or up to 30 percent of the expected oil imports, and would
require an increase in the national electric-generating
capacity of up to 163,000 megawatts, or 7 to 9 percent of
the expected overall national total of 1,500,000 megawatts
by 2050.

The proposed financing for the construction of this future
electrified rail and magnetic levitation transportation system
is through' long-term bonds and loans provided through a
newly created National Infrastructure Development Bank
(NIDB). This bank would be able to issue credits, guarantees,
and currency entirely separate from the existing Federal
Reserve Bank System, which has shown itself to be at best
reticent about, and in the worst case opposed to, major infra-
structure development projects. Loan and bond guarantees
could be provided through commercial banks to private
companies, as well as direct loans and grants to the feder-
al, state, and local governments for the above energy and
transportation infrastructure-development projects. The pre-
scription for economic and infrastructure policy proposed by
Lyndon LaRouche is the only way this and similar infrastruc-
ture projects to promote prosperity through.the general wel-
fare, can be realized as a superior alternative to the present
insane free-trade/free-market/fiscal-austerity fascism, so ram-
pant in government and business circles today.

Hal Cooper is an independent consultant on transporlat/on

and water programs, based in Washington state. .
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How to Build
6,000 Nuclear I lants

A plentlful energy supply is the key to brmgmg the wor/d’s populatlon
- - uptoadecentstandard of living. We asked an experienced -
nuiclear engineer how many nuclear plants we would need, and

‘By 2050

by James Muckerhelde

how to get the job done. Here are his answers.

n 1997-1998, | made an estimate of how many nuclear
l plants would be needed by 2050. It reflects an economy

that is directed to provide the energy necessary to meet
basic human needs, especially for the developing regions.

The initiative required is not unlike what the U.S. govern-
ment did under Roosevelt to bring electric power to rural
areas; to provide transportation by building roads and high-
ways, canals, railroads, and. airlines; to develop water supplies
and irrigation systems, to provide telephone service, medical,
and hospital services; and many other programs that were
essential to lift regions out of poverty. That is, to meet the
needs of people outside of the mainstream of economic life,
even if those people are the farmers providing our food and
clothing, miners providing our coal and steel, and 50 on.

However, as economist Lyndon LaRouche has proposed; we
need to do more to meet those needs, both within the United
States and for the developing world, to bring those people into
the economic mainstream, instead 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 recognition that nuclear power is essential. There
is increasing support by industry and governments, com-
pounded.by recent changes in oil and gas supplies and costs,
and there is increasing recognition of the essential role of
nuclear energy by some responsible environmentalists.
Initiatives in industry and the political environment are gear-
ing up to implement nuclear power. But they are timid and
leaderless in the United States and Europe compared to most
of the rest of the world. .

Unfortunately, current economic concepts expect that such
decisions are to be made for individual plants, one at a time,
by privq{e interests, only when they are assured that they will
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be competitive (that is, assured to be profitable). Attempting t
make such decisions, even with “guarantees,” must therefa;
compete for private financial resources. But those fesource
can see greater returns in making movies or resellmg mort-
gages. Such decisions are therefore going to be too little {too
little energy), and too late (too little lead time) to adequately.
address national and international infrastructure requirements.
Government and industry leadership that is directed to meet |
the national interest must make the public:interest decisions to-
produce essential infrastructure, instead of being limited to
providing small, incremental, ad hoc profit opportunities.
They must enable the critical private interests and industries,
which must do the work, to-get on with the business of com-
peting to deliver the essential technology and services. The
great manufacturing, materials, construction, and services
enterprises can produce the infrastructure required to engage
the world population in tremendous economic growth,-mod-

elled on the U.S. growth of the mid- to'late-19th Century, and

the mid- 20th Century, whrch would pale in companson

"The Role of Nuclear Energy

The projections | made for nuclear energy in 2050 simply
took the role of nuclear energy to prévide for roughly one third
of the energy demand in 2050, which was taken to grow by
about a factor of 3 from 2000. But, of course, that begs the
question: Can fossil fuels continue to provide energy at the
same level, or a moderate increase as today, to produce about
one third of the-energy demand in 2050? And can hydro, wind
energy, and other alternatives {for example, tidal and wave
energy), provide the other third, also the equivalent of 100
percent of today's total energy use?

We must, however, consider that any significant reliance on
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Korea’s Yongwang'nuélear coh‘rpléx with six reactors.

-a summer,” and possibly longer, followrng large volcanic erup-
tions. This occurred twice in the 18005——Tarnbora in 1815,
and Krakatoa.in 1883. Under these conditions, billions of pec-
ple would die in a world of 9-10 billion péople, and dozens of
mega-cities of more than 20 million people each, if we don't
have adequate nuclear power or fossil fiel supply capacity to
provide the “back-up power” required after gaing weeks or

hemisphere.

of current energy use. Since nuclear energy produces about 6

percent of world energy use today, that is an increase of rough-

ly 18 times current use. This is fewer than the 6,000 plants !

projected in. 1997, more like 5,100 equrvalent 1,000~
o megawatt-electric (MWe) plants. ‘ !

; But nuclear energy needs to be used for more than Just elec-
tricity. This includes, for example, desalination of seawater,
hydrogen production from water to displace gasoline’ and

: diesel fuel for transportation, process heat for industry, and so

. on. This could also include extracting oil from coal, from tar

| sands, and/or from oil shales for transportation and other uses,
in addition to the use of hydrogen.

Note that, here, nuclear energy does not displace coal oil,
and gas. [t just limits the increase in demand. If we need to dis-
place fossil fuels, we need even greater nuclear energy use—
along with other alternatives. However, there are limited 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 still leaves the question of how much oil and gas
are being depleted, and coal to 2 lesser extent." If oil and gas

‘solar energy runs the enarmotis rrsk of another ”year wrthout '

months with the Sun being blocked over the entrre northern‘

So, nuclear power in 2050 would supply about 100 percent

Courtesy of Karaa Hydra & Nuclear Pawer Co., Ltd,

. proddction‘can not be maintained’up to about 100 millions

barrels per day, this could require an even greater commitment
to nuclear energy, especially if nuclear energy is needed to
extract oil from tar sands, oil shales, and coal.

This means that about 200 percent of current energy use
would still have to come from fossil fuels and alternative
sources. This leaves the questions: Is this possible? Can
enough oil and gas be discovered, extracted, and refined? Can

. enough coal, tar sands, and oil shales be converted.to displace
current oil and gas supplies? If so, how much energy will this .

use? And how much will this‘increase per capita energy use?
Policies to reduce carbon emissions may affect this mix of
energy. supplies, but whether or not that is done, there are pol-
lution-control costs and other cost pressures limiting supply
that will make fossil fuels more costly in any event. We need to
consider this in the light that nuclear energy can be praduced
indefinitely at roughly. the cost that it can be produced today.
The alternative is to continue “business-as-usual.” These
conditions are even now producing international conflicts
over oil and gas supplies, large environmental pollution costs
in trying to increase fossil fuel production, and high costs to
try to subsidize uneconomical “alternative” energy sources.
This is leading the world into economic collapse, 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 21st 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 21st"
Century will require
tripling today’s
energy supply, with
one third of the
total coming from
nuclear.

“J.P Lafonte/Unilad Natlons

will have limited population increases. The .
developing world will add 3 to 4 billion’
people, with increases from repféduction :
and with the addition of undeveloped
regions to the developing world totals. The "
current development in China and India,
and elsewhere, indicates the enormous
growth now in progress. Today, if anything,
such development projections may be
understated. o
* The industrialized world can be more
energy efficient. Per capita energy use may
be 65 to 75 percent of current use.
. 8 However, there will be greater energy
@i demands for new applications as necessary,

)
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such as the use of desalina-
tion to, produce water, and
hydrogen from water, and
ail from coal, and so on,
using * more energy to
extract end-use energy.
The developing world will
substantially 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 fo cars. Even in
the last 5 to 10:years, there
has been an enormous
increase in vehicles, in
China especially, and in
other developing regions.

Nuclear energy will be used for hﬁény applications, such as desalination of seawater. This These are large populations,

1960°s sketch is of a nuplex, an agro-industrial complex centered on a nuclear power plant. more than 2 hillion people,

It is located on the seacoast, making possible the large-scale irrigation of farmland.

adequate energy-supplies. That will produce a world in
which the rich will feel the need to acquire the significant
resources of the economy, with the growing disparities in
income and wealth that we are again seeing even in the
developed world, and frustration in the developing and
undeveloped world from limits on their ability to function
economically. .

Calculating Energy Demand

To.evaluate projections of energy demand, [ looked at the lit-
erature on per capita energy use in the developing and devel-
oped worlds: the size of current and projected populations.

World-population will increase from today’s 6 billion-plus
people to an estimated 9 to 10 billion people by about 2050
(unless there are even greater wars of extermination and geno-
cide). T\bﬁeﬁdkey_elgfed warld, with fewer than 1 billion people,
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and their need for oil is
becoming enormous.

It is virtually inconceivable that world governments have
allowed (and even fostered, in the case of Germany and oth-

“ers) this unambiguously devastating condition, known to all,
to reach this stage of crisis, unaddressed.

Therefore, if we are to achieve a world that is providing the
energy required for developed societies, along with substantial
relief of human suffering and deprivation (while limiting the
enormous environmental and economic costs of large increas-
es in fossil fuel demand), energy use in 2050 will be roughly
three times the level of energy use of 2000.

- Why Accelerate Nuclear Power 2
With world energy currently relying on oil, coal, and natu-
ral gas, there are [imits on the oil and gas that are available.
Without fully considering untapped proven and unproven
reserves in the ground, in the near- to medium-term we need
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to inclr"ease the current 80 million barrels per day of oil. This
will push the competition for oil to dangerous levels in 5 to 10
years, and without mare aggressive oi} supply development, it
will be miuch worse in 15 to 20 years.

But we aren't taking the actions needed to prevent those con-
flicts. People talk about wars over ail, including both lrag wars.
China has become a significant player in hidding for oil. Beyond
its own region, it is negotiating future supplies from Iran and
South America. But large-scale initiatives to meet energy needs
in order to limit future conflicts are generally inadequate. China
and India have taken major initiatives. Russia will also make sig-
nificant contributions. There will be an economic war, as well
as possible shooting wars. In that war, China already has the
substantial leverage of its encrrmous dollar holdings—more than
$600 billion. But if, at some point, U.S. and European monop-
olies on oi] from the Middle East and elsewhere are seen as
severely damaging to China’s need for oil to maintain its devel-
oprnent, we will increase global tensions significantly.

At the same time, fortunately, the United States and China
have large supplies of coal. China has enormously expanded
coal production and use aver the last 20 years. It produces 65
percent of its total energy from coal: It is currently opening
about one coal plant per week. But this has come with enor-
mous environmental destruction, from using older,’ cheaper,
quicker technologies, both to mine 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 miners.

China has already expressed its intent to reduce depend—
ence on coal; it is pushing the growth of hydropower—which
it is doing with the large dam projects—and nuclear power,
and many wind power projects. But because of current-high
costs, and allowances for intermittent generation, wind power
is not now planned to be a significant contribution to China’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 addition to having to move power over long distances.
These dams also provide (and must provide) enormous bene-
fits for both flood control and 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 United States, the Chinese are running out
of ideal locations to site hydrd power dams. There are also sig-
nificant losses of arable land, plus the significant social and
economic costs of moving and relocating masses of people as
land is flooded. So there are fewer benefits to be gained from
hydro power, and somrie costs that must be relieved, instead of
being able to depend on dam-building 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.
Numerous pragmatic current and recent construction projects
around the world provide a strong basis for cost projections in
the United States, Europe, and other locations that do not have
current experience. Electricity from available nuclear power
plant designs is lower than current costs from recent coal and
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gas plants, and reascnable projections of electricity costs from
future coal and gas plants. But to some extent, nuclear power
can be the victim of its own success. In the competitive mar-
ket, some see new nuclear plants potentially causing electric-
ity prices to come down, possibly to the point that the plant is
not competitive, or at least that it reduces the return on invest-
ment. This could depress the owner's stock price. In 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 nuclear plant competitiveness
and stock prices.

There is a popular view that nuclear power is the high-cost
option. However, during the 1968 to 1978 nuclear 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 103
operating plants, and more, were ordered between 1967 and
1973. From 1970 to 1978, we were buying and building many
more plants that did not get completed. All of those plants
established strong competition with oil, gas, and coal. (Burning
gas for electricity was prohibited in the WUnited States in 1978,
and only went into effect in 1990.) But the competitive pressure
brought down the fossil-fuel-generated ‘electricity a great deal.
Electric ratepayers in the United States saved billions of dollars
in oil, gas, and coal fuel costs over almost three decades.

Of course, the companies building those plants don‘t see
that on their 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 building the plant
do not see a return on their own investment, and even if the
oil, gas, and coal companies see these lower prlces as a loss,
or at least a lost opportunity.

So, without the nuclear option, we lost that competltwe
pressure. Prices are not constrained by that competition and
have been.increased, along with increased demand for
scarce oil, gas, and coal resources. So, if we build nuclear
power plants, even before a significant number of plants are
operational, and especially if we have the ability to build a
plant in four to five years for large plants, of we have a series
of plants of the modular type that can be constructed to
begin operations on shorter schedules, we will have an effect
of reducing the excessive demand for, and costs of, coal and
gas for providing electricity—to the benefit of the whole econ-
omy. We must consider that as part of the economic equation
that doesn’t presently exist, in the way we evaluate nuclear
power costs.

We have developed methods to apply “externalized costs”
in evaluating alternative energy sources. This is a step toward
recognizing that the financial balance sheet does not fully.
measure the non-monetary values of energy to the economy.
But we should also consider “externalized benefits” to evalu-
ate such non-monetary benefits. This includes the bengfits of
reducing energy prices to the economy, the value of energy
security, 'and so on.

Of course, people still consider the very hlgh costs of the large
nuclear plants ordered in the early 1970s. But these suffered the
unanticipated effects of high component and labor costs, design
changes in process after the Three Mile Island accident, and
Iong construction times with high financing costs.
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Wesﬁnghousa Elagtric Carp.

The 600—megawaﬂ Yankee Atomic E/ectrlc plant in Rowe,
Mass. was the third commercial plant in the United States.
Now decommissioned, it operated for 31 years, starting in
July 1961. .Yankee Rowe was built before high interest-rates
and construction delays slowed down nuclear development.

Mot of the cost in the 1970s and 1980s was the result of the
interest rates hikes instituted by Paul Volcker. But the other
side of that coin Is in considering the relative financing advan-
tage with demonstrable 4- to 5-year construction schedules
and evgn less; instead of 6 to 7 years in our original ad hoc
planning anid construction experience when we were ‘building
them al| de nouveau on each site. Today, we are prepared to
manufacture. and pre-build modules, reducing construction
schedules to limit that long-term financial exposure, even if
there were increases in interest rates.

Then, there were relatively long construction schedules,
increases in financing rates, and also delays in construction
after the Three Mile Island accident, so that, instead of 6 or 7
years; construction became 10, 12, or 14 years—in some
cases, more than 20 years. But we can ignore the outliers.
They were delayed for various reasons other than just con-
struction schedules.

Even the plants that took 10 or 12 years were the result of
weak engineering and construction management. The good,
knowledgeable, hands-on engineering companies during that
time, like Duke Power, did not have plants that were exces-
sively delayed. They were able to manage design and con-
struction changes without dropping the ball.

But, in any event, future projects will undertake plant con-
struction with approved designs, with “constructability” incor-
porated in plans. The current generation of early plants are
simply artifacts of the historical first phase of nuclear power
plant design and construction, just as the Ford Tri-Mator and
the DC-3 are artifacts of the first phases of passenger aircraft.
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Mass Plant Production to Follow the Land-Bridge

Strategic development and implementation of .nuclear
plants is like the Eurasian Land-Bridge concept: building net-
works, not just building out linearly as the United States did in
moving to join the East and West in building the transconti-
nental railroad. It is more like the following period in railroad
history, when simultaneous railroad lines were tying together
the country; for example, the north and south in bringing Texas
cattle to the Chicago stockyards, supported by the telegraph
with its ability to implement network communications. The
process is explicitly oriented to develop along a strategic path,
rather than ad hoc plans to develop energy sources and com-
munications around cities 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 hundreds of miles away.
Intercity infrastructure needs to be integrated with intracity~
regional systems.

Such strategic plans anticipate growth of large nodes that
require substantial infrastructure, which rely on and include
power requirements—as in industrial complexes and large
cities of more than a few hundred-thousand people. We can
consider a liitle separately the mega-cities of 20-plus million
people that are being created. They require an abvious, 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-
munications. Electrification of the railways, and non-electric
energy for heat, for example, to provide desalinated water,
must be considered.

Electric grids also require that power loads be balanced
which further requires planning in a network strategy, instead
of linear development as occurred in the early United States,
where, even after the beginning of installing eleciricity, “the
grid” was essentially Jocalized to cities.

In building out a network, we can take a manufacturmg
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 occurred with the original U.S. electric
power system development. This fragmented result of ad hoc
private decisions, responding to individual profit opportunities,
had to later be fixed by government, including, for power, gov-
ernment agencies like the great Tennessee Valley Authority
(TVA), the creation of the Rural Electrification Administration,
and so on, to bring the nation together. As still is true today, this
could not have happened effectively by leaving ad hoc deci-
sions with the private financial interests, focussing on assured
quick-return profit opportunities in individual projects. !t could
be delivered by corporate America when given the opportuni-. -
ty, just as with the great dam projects, providing power and
water for cities and irrigation, and even recreation, with the
associated econamic 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 1973-1974, a national decision was made to -build
nuclear plants in convoy series, to make decisions on designs
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Only soma rall linas in Northem |’
Africa are shown here.

This Map;b.f'i‘he main ,t‘ruhk“{ines progoséd_for the Eurasian Land4Bridge-'givé5 an idea of the route, moving west fron China’s
‘éast"coast,’ that nuclear development:could. follow. Envisioned in the Land-Bridge concept is the building of industrial
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development coiridors along the route, whére new cities—agro-industrial and educational centers—would be the vehicle for
briniging interior regions out of poverty, developing their human and mineral resources. . ’

and to install those designs multiple times, with evolutionary
enhancements in size, costs, and safety for future plants. This
puts many plants on line in a manufacturing planning mode
rather than constrained by plant-by-plant decision-making and
piant construction mode only as individual project profits can
be reasonably assured. . )

- This enables the ability to take advantage of mass.production,
with programmatic commitments to make the vessels and major
components to support a plant assembly approach. Individual
plants would be installed to meet the electric power market
needs. This is especially true of the modular.gas reactors.

There are areas that have high power demands now-—
southern China for example. {n addition, there are developing
areas_extending inland to produce energy for local develop-
ment along a Silkk Road model. Initial energy demands in such
areas. are not enormous, so that instead of large light water
reactor plants, we could incrementally build dozens of modu-
lar units over decades, combined with evaluating power to
eventually be fed to, and supplied from, the growth of the larg-
er regional and national grid. :

Installation sequences would dynamically respond, to both
lead and follow growth. We could build two or four plants in
one location, and move down the road 200 miles and build
two or four more; then build 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, while the

central facilities would build units in a long-term planned
strategy for a number of pressure vessels per year. Although the
285-MWe GT-MHR (General Atomics’ gas-turbine modular
helium reactor) modular plants are small, compared to light
water reactors, the pressure vessels are as large as 1,200-MWe
pressurized water reactors (PWRs). When, 10 or 20 years later,
we need to expand the capacity to build pressure vessels, we
will work with the manufacturers either to expand existing
facilities or to select and develop other locations.

‘S0, we have the railroad model: Start at key nodes, and
expand toward other nodes. The railroad development in the
United States is a kind of paradigm. It shows that we need a cen-
tral strategy. But the people doing the work were competing for
contracts and building from, and developing, private industrial
growth. President Lincoln and the Congress made national deci-
sions to establish routes, public domain issues, incentives, and
so on, that were required to support that kind of strategic devel-
opment. So, governmental direction and vision are needed, with
private participation. This has to ‘establish the framework in
which the private industries can compete and succeed, to
implement that vision in the national economic interest.

We need a similar 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 directly, 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

. Gabriel Ussse/Framatome

thé"l_'anderidge 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 and opportunities are going to be provided by ade-
quate development:and growth ‘in the national and waorld
econamies, that are geared to meet human needs. Otherwise,
we are all going to be in a real crisis, that will become increas-
ingly visible to the general public, as our lack of adequate
economic infrastructure, especially for energy supplies, with
associated environmental and financial costs, will be increas-
ingly seen as overwhelming the nation, and the world.

Five Basic Types of Nuclear Plants )
We need to implement available plant designs. There are
five basic types needed, and there will be more in the future:
advanced light water reactors (ALWRs), high-temperature gas-
cooled reactors, breeder reactors for the long term, a small
packaged reactor for remote and long-term operation without
refueling, and small reactors for merchant shipping and other
small non-electric-power requirements. The Canadian
Advanced CANDU reactor, with a good technology base, is
also a candidate to be installed extensively in a large world-
wide reactor implementation program.
We clearly have ALWR plants that are well-suited to provide
large, que.mtities of baseload power. Because of the inherent
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safety of these plants, as was documented in thé' “Policy
Forum” in Science magazine (Sept. 20, 2002, p. 1997), there
are substantial opportunities to reduce the capital costs and
construction schedules of these plants over timie; as designs
can be improved to better reflect safety reqiirements:
However, building one or two units at sites is not very effec-
tive. LWR plant sites shauld be four to six tnits, and more in
many cases. They would be located in areas where large pop-
ulation densities and industrial infrastructure warrant these
bulk electric-generation capacities. '

At the same time, for high-temperature industrial applica-
tions, and relatively remote and developing populations, we
need the modular high-temperature gas reactor plants—either
the pebble bed modular reactor (PBMR) or the General Atomics
prismatic fuel gas-turbine plants” (GT-MHR). These modular
ceramic-fueled reactors-enable incremental planning and flexi-
bility. If we plan on 100 units per year, we can implement that
manufacturing plan before deciding the locations of modules,
although the primary locations. for-energy requirements in the
network would be known. -But implementation” over the
decades would be able to accommedate 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.
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One of the difficulties of the past has been with ad hoc deci-
slons of utilities about plant types. In the United States, this
was influenced by the light water reactor development tech-
nology undertaken for warships by the U.S. Navy, with its
need for high power-density reactors, while the utilities did no
reactor development to optimize reactors for commercial
applications. However, that optimization effort is now.being
undertaken, in respect to ALWR plants, including the new

“passive” designs, and the modular gas reactors, with some
limited work ongoing on more advanced reactors under the
international “Generation V" program led by the U.S.
Department of Energy. .‘

The gas reactors, the ceramic-fuel reactors that were bemg
built starting in the 1960s, did not have enough plants to opti-
mize fuel production, after orders for the large high-tempera-
ture gas reactors (HTGR) plants were cancelled in the early
1970s. The fuel was costly, and there are questions about fuel
recycling, although the high burnup of this fuel, including the
reduction of plutonium and actinides, limits the inefficiencies
that are associated with non-recycled LWR fuel. The HTGR
fuel waste greatly lowers disposal costs. However, rational
standards and technologies for spent fuel and high-level wasta
disposal will lead to greatly reduced waste disposal costs in
general. There were materials constraints in the 1960s and
1970s, compared to current materials technology. There was
more use of CO, than helium for reactor heat transfer. In addi-
tion, gas turbines today have the advantage of a great deal of
large jet engine ‘and combined-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 high-temperature gas-cooled reactors that
have uranium-carbide ceramic-microsphere fuel. The
German-designed pebble bed.reactor from the Jilich research
center was a 15-MWe prototype that operated from 1967 to
1989. It is now being developed for Eskom in South Africa as
a 135-MWe pebble bed modular reactor. China also has an
operating 10-MWe operating prototype, and is designing a
commercial plant. In the United States, the General Atomics
design is a 285-MWe prismatic fuel gas-turbine modular heli-
um reactar, the GT-MHR. A prototype plant is being designed
with the Russian nuclear agency for constructlon in Russia, to
burn plutonium fuel.

I have long favored HTGRs. | was at Bechtel when. the large
HTGR plants were ordered by Baltimore Gas and Electric and
others in 1971. I also participated in the Department of Energy
meetings with industry on the modular HTGR program in the
early 1990s.

Of course, in practice, we will initially build the ALWRs
that are already designed and now being certified by the U.S.
Nuclear Regulatory Commission, and the French-German
EPR, and the Russian large PWR, which are being construct-
ed today. These apply where large nuclear power capacities
for electric generation are needed, especially in China, India,
South America, Russia, Europe, and the United States. But
we must also aggressively pursue the gas reactor prototype
_development, to enable design acceptance for modular gas-
cooled reactors, so that they are available for the smaller

electric power systems that have less technology and pecple
infrastructure.

The prototypical gas reactor plant has four units with a sin-
gle control building. But in practice this model is flexible, to
be expanded with another contro!l building with another four
units going out, or expanding the control building to run addi-
tional reactors. There are flexible ways to build out the num-
ber of modules at a site, and to sequence modules at more
than one site, in case of site installation constraints,

But that's a detail. We need to be able to accept the designs
to be able to produce the plants over more than a decade,
independent of the commitment of where to build those units,
and to plan their associated fuel facilities, pressure vessels,
and so on. As noted above, the pressure vessel for the General
Atomics 285-MWe GT-MHR is roughly the same size as the
pressure vessel for a 1,200-MWe PWR.

" Uranium reactors use less than about 1 percent of the ener-
gy from the uranium fuel. Breeder reactors use fuel recycling
to obtain 60 to 70 times the energy value from the uranium
resources. Breeder reactor plants are not needed quickly.
However, with a large commitment to nuclear power to meet
world energy needs, we must develop breeder reactors and
plant designs, and fuel recycling. Fuel recycling will start with
the use of mixed plutonium-uranium oxide fuels, with a later
introduction of breeder reactors.

The small reactors can be applied to many specn‘lc energy
applications to replace costly fuel oil for transport; for exam-
ple, to power oil tankers and container ships. Major industrial
applications can be powered by small reactors, not unlike the
extensive experience that has been obtairied from operatlng
nuclear-powered warships, ice breakers, and power plants for
the Antarctic and other remote locations. We need to develop
small reactor designs for such commercial applications.

Some power applications can also be met by using radio-
isotopes that can ‘be extracted from recycled fuel, especially
from strontium-90.

The Mass Production Road to 2050

Because the time frames for these construction requirements
are long, and we need significant contributions to power sup-
plies by 2020, we can't just follow exponential growth curves
to put a lot of the power on line in the decade from 2040-
2050. Note that my projections are for a nominal 6,000 units
of 1,000 MWe. There would be many more units if there were
many modular gas reactors. On the other hand, there may be
many 1,600-MWe plants of the French-German European
PWR design. This plant design is now bemg built in Finland,
and one is planned in France.

-But to produce that number—6,000—plants by about 2050,
we can not just increase production exponentially. We need a -
substantial amount of nuclear electricity beforé 2030, and we
want to install a construction capacity that would alse pro-
duce a stable plant production rate for the future, to meet both
a nominal energy growth and to replace old power and other
energy plants. Consider that China is building roughly one
new coal plant per week now, and the United States has about
100 coal plants on the drawing board. These plants and hun-
dreds of others will need to be replaced after 2050.

Obviously, we would install much of that capacity between
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q - GT-MHR: GENERAL 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 grolind, in this 285-
megawatt-electric reactbr design. This is a ~ Generator
: gas-turbine madular high-temperature gas-

Recuperator

cooled (helium) reactor. lts ceramic fuel "

_ particles are embedded in 2-inch-long rods, Turbine
I which are stacked up in columns and

B inserted into a hexagonal fuel block. Comprassor

i Helium can be heated to higher tempera-
tures than water, so the outlet temperature -
is 1,562° F, compared with the -600° F of Precopler

conventional nuclear plants.

Intercooler

Control rod drive/refueling

Steel reactor vessel

Annular reactor core
* Shutdown heat exchanger

; Shﬁtdown circulator

Sdurce: General Atornics

Reactar
vessel

Generator ) P’AQ\
Power turbine !

" Core ) L
conditioning i High
system  pressure
) AT turbo unit
Bypass

Reactor
pressure
vessel
conditioning
system

Intercooler

Pebbles leave the reactor here

Recuperator

Precooler —

Eskom

’

. PBMR: SOUTH AFRICA’S
PEBBLE BED MODULAR
REACTOR
This Eskom reactor design is
110-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 leaves 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.
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1. Reactar pressure vessel

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

4, Lower drywell flooder

" 5. Reinforced concrete -
- containment vessel

6. Advanced control room
7. Turbine-generator

GENERAL ELECTRIC’S ADVANCED
BOILING WATER REACTOR
This General Electric ABWR design
was built in' Japan by Hitachi and -
Toshiba, putting two units of.1,353-
megawatts each on line at the
Kashiwazaki-Kariwa site in Japan in
record time in 1997 ‘and 1998. The
ABWR incorporates the passive safety
and other advanced-reactor design
improvements.”

2030 and 2050. But to get from here t0:2030, we have to re-
examine how we plan, and commit, to installing nuclear
plants. We need to go beyond the current idea that we would
only cominit to constructing one plant-in the U.S. in 2010, and
then, building something like 10.plants in the next 10 years, to
2020, in the United States. That’s a long way from 2,000 orso
in 2030 in the world. ,

Fortunately, other countries are domg more to meet the
need, as publicly reported in-planning announcements, even
if that is still inadequate. Hopefully, and-l expect that, much
more is being done in some key organizations and institutions
around the world.
~ Fuel supply, of course, requires a large expansion of urani-
um extraction, conversion, enrichment, and manufacturing,
along with implementing adequate fuel reprocessing to use
plutonium-uranium mixed oxide fuel, and later breeder reac-
tors, to create more fuel than they consume to produce power.
This uses the large inventories of depleted uranium created by
enriching uranium for power and, especially in the United
States and Russia, from building atomic weapons. India is also
developing a thorium-based breeder reactor to take advantage
of its thorium resources, and limited uranium.

We have to commit to manufacturing the pressure vessels

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 build in four-unit
plants, there are substantial overheads and delays to.develop
contracts, which are subject to the ad hoc process of integrat-
ing such plans inta the production capabilities of vendors, with,
again, rising costs and/or extended schedules, as negotiations
are entered for limited production capacity, with high risks per- -
ceived for commitments to expand manufacturing capacity vs.
the assurance that the industry will not collapse again.

We must also commit to working on.evolutionary designs
that can reduce the cost of current and future plants, For exam-
ple, current requirements for containment pressure and leak-
age, radiation control, including ALARA (the as low as reason- -
ably achievable standard), and so on, can be based on realis-
tic analyses, while enhancing nuclear power plant safety. (n
addition to engaging the manufacturing industties directly, we -
must engage the major national and international -standards
organizations, and other mterna’uonal non-governmental
organizations, in this project.

Such competition in the original nuclear plant construction
process in the past led to very high component and materials
costs. Individual companies would stil} have to develop plans
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and contracts for new plants, but those plants would come
from national policies-that engage the developed and devel-
oping countries to commit to the production and installation
of nuclear power plants to produce a large, worldwnde plant
manufacturing capacity. :

To have 6,000 unitsin 2050 exponentlal growth would
result in building about 400 units per year in.2050, but with

fewer in the early decades. But a plan for more rapld growtt .

(from about 440 actual units).

There are about 30 units now in constructron in the world o
with construction times of five to_six. years, so we arg, now..
building about 6 units per year. This will substantially increase_

in the next two to three years. So we can take som‘ethrng'mb're
than 10 units per year as a current baseline, although we can
more rigorously examine pressure vessel capacity.We' can
plan for a rapid inerease in current capacity to a level about

200 units per year around 2040. Current and nearterm )
nuclear power plant construction experience is a sound basns“

to adopt rnmal plant designs-and major supphers

i The Productlon 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.1,000-MWe plants and the plants now under con-

“struction; so that there will be about 320 equivalent 1,000- --

MWe plants in 2010. There is a currént production capacity of
at least 10 plants per year, which needs to be evaluated as a
basis for developing additional capacity.

To build 5,000 plants by about 2050, production can be
increased to build an dverage of about 30 plants per year
between 2010 and 2020, which’ would add’ another 300
plants, for a total of about 620 plants*in 2020. Building an
average of about 75 plants per year from 2020 to 2030, adds
750 plants; building 160 plants per year between 2030 and
2040, adds 1,600 plants; and building 200 plants ‘per-year
‘between 2040 and 2050, adds 2,000 -plants. This results in
about 4,970 equivalent T,000-MWe plants. :

- To achieve 6,000 plants by about 2050; reéquires pushrng
plant production to an average of about 40 plants per year
between 2010 and 2020, which adds 400 plants; 125 plants
-per year between 2020 and 2030, which adds 1,250 plants;
180 plants per year between 2030 and 2040, which adds
1,800 plants; and 220 plants- per year between 2040 and
2050, which adds 2200. plants. This results in about 5,970
equivalent 1,000-MWe plants.

This: building schedule does not take into 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 will be the older and smaller units, at perhaps a loss
of about 200 of the 300 current equivalent 1,000-MWe plants.
To make up for this loss, about 7 plants per year, in addition to
the above schedule, would have to be built between 2020 and
2050.

" We would focus primarily on the requrred fuel cycle capac-
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’ity. and major component.manufacturing, and primary-rnateri-

als and infrastruciure, including the required people, to pro
duce nuclear units more like the way we build 747s, with part
being delivered for assembly from around the world.

Note that “manufacturing” applies to on-site and. nearsit
support of construction by producing major modules outsidi

‘of the construction area of the plant itself. The modules buil

_j‘,:*on -site”'in Japan to consfruct the two 1,356-MWe ABWR
to a level long-term productlon capacrty to support long-term’

energy growth and replacement: of old plants and fossil fuels,-‘.
would result in producmg up t6 200 new -units per year. We:-
can plan for 6,000 equivalerit units taking our present operat-
ing plant capacity as about 300 T OOO—MWe equrvalent umts

(advanced bmhng water- reactors) in about four, years each

,_whrch came on line in 1996 and 1997, wetghed up to 65
“tons. and were hfted lnto the plant

o The World War ll and TVA Precedents :
We have the experlence of the expdnsion of productiol

,:capacrty in-a few years before and during “World War II
_Presidéent Roosevelt antrcupated the need, by engaging indus
: trylleaders before the U.S. entry mto the war, lncludrng earlie

to’ supp!y Britain and Russra using the “lend-lease” program
Henty Kalser burit Lrberty shxps, which took six months befor
‘the war, dehvermg more than one per day.

.-The early TVA experlence built large’ projects that integrate

roductlon and consttu ion, ~with labor requirements an

) as ‘With:mariy large organization:

- the later mahagement falled o fully understand and- maintai

the capabilitiés that were Iargely taken for'granted as the his
torical legacy of the organization; with inadéquate commi
ments to maintain that capability. However, there are exam
ples of maintaining those capabilities, in organizations lik
DuPont and the U.S. Nuclear Navy. - . :

In addition, our original nuclear power coristruction exper
ence demonstrates that these capabilities are readily achies
able. Today there are 103 operating nuclear units in the Unite
States, ordered from 1967 to 1973. Earlier units were the sma
prototypes that are now shut down. Many units'ordered in thz

‘period had vessels and major components;-and containmer
" construction materials in‘place orin process: Iri-addition, ther

are a number of plants that were built in that period that hav
been shut down; some of which should not have been, if th
decisions had been made in the interest-of the ratepayefs an
the general economy, instead of only by and for the utilitie:
which could then access hundreds of mrlllons of dollars i
decommissioning funds.

There were about 200 units'in productlon and constructlo
by the early- 1980s..50, even with little management coord
nation, poor management by many owners and constructor
with plant owners, vendors, and constructors jeckeying fc
position and running up costs in the marketplace, we wel
building about 20 units per year. " "

But we got ahead of ourselves. Costs were drlven up by con
petitive bidding for limited production capacity and capital cor
straints, but,more important, there was much lower electrici
growth following the 1973 oil embargo, which had not returne
to near pre-embargo rates as had been expected by many in th
industry. The then-existing-excéss baseload plant capacity w:
sufficient to satisfy -thé slower growth' in demand for- tw
‘decades, relying primarily on coal, which we have in abundanc
and in the 1990s, by building low-cost: natural “gas-burnir
plants, when the cost of gas was very low. This provided hig
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Installed Power Plants

@1 Cancellations

‘ : SR .
o CANCELLED U.S. NUCLEAR PLANTS
The map shows the

power the re-industrialization of the Midwest, for example.

currently operating 103 U.S. nuclear plants, plus the sites
where new nuclear plants were planned, ordered, and then cancelled in the 1970s
and early 1980s. We need a national energy plan that will mass-produce stan-
dardized nuclear plants now, and site them where power is needed—to supply
desalinated water for the drought-stricken areas in the Southwest and West, and to

the later designs of those we built
were greatly improved. Those
plants are the foundation for the
Westinghouse and General Flectric
advanced LWRs and passive design
plants that are being certified by the
U.S. Nuclear Regulatory
‘Commission today.

France is the premier example of
the alternative mode!, of making
national decisions on both the need
to build nuclear power plants
(because France did not have the
coal or gas that was available in the
United States), and the decision to
select standard designs to evolve in
series, applying. the worldwide
experience with many early plants.

In contrast, the United States buiit
plants one at a. time, because each
was a separafe contract, for separate
owners. Each design was independ-

* ent, although with some sharihg of
knowledge and technology. Starting
about 1971, as with France, there
‘were initiatives to build “standard-
ized nuclear units” for multiple util-
ities. But the United States had no
institutional capability to, make

short-term returns to the electricity-generator companies, but
at high long-term energy costs and energy security risks to the
nation—and the waorld. That was an. obvious failure to do com-
petent planning, which has ¢élearly exacerbated our current
inadequate ability to provide for long-term energy needs of the
U.S. and the world, with rising costs that are threatening the
world economy. o

A more responsible national policy in the 1980s would have
acquired some of the abandoned nuclear power plant projects
in the national interest (those capable of being maintained to
salvage the sunk costs), fo 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 acquire the
bankrupt GM plants from those who have destroyed them, and
who would dismantle them, for short-term gain, while losing
essential installed 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 interest based on the value of nuclear
power plants to the economy, including environmental and
energy security benefits. In a rational world operating in the
long-term public interest, it would have been better to have
completed many of the plants that were under construction,
including mothballing coal plants, and preventing the con-
struction of gas plants instead of overturning the prohibition
against burning natural gas for electric power.

But, we hadn’t Pui!t well-designed nuclear plants, although

)
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effective decisions in the national
-interest. This was especially true
after the Atomic Energy Commission was dismembered in
1974, ' o

To some extent, we hlew up the economic system in com-
peting for massive amounts of capital, as well as the engineer-
ing and procurement systern, in trying to push all of those
plants out at the same time—without national policies and
plans that could make that possible. The utility regulatory
process that had been in place since the 1930s should have
been fixed to meet the realities of future power needs from
earnings, when the conditions of lower-cost electricity from
new plants no longer applied.

Government needs to put in place the public/private initia-
tive, with national and international authorities to make the
requisite strategic and operational decisions on the plant
designs to be built, and to make initial commitments to devel-
op the production capacity, by the primary vendors. The plants
can be put in a manufacturing pipeline. The utilities will iden-
tify sites, power needs, and their capability and responsibility
to construct and operate the plants, from available plants and
positions in the manufacturing pipeline. Volume production
would be adjusted to meet demands. This will reduce con-
flicting demands for resources, including labor, and as with
France, enhance high quality designs and production, and
reduce wasteful and redundant investment in technology.

Today, an element of that capability exists in the new U.S.
Nuclear Regulatory Commission rules that provide for certified
reactor designs. This enables a utility to select from “available”
regulatory-approved designs. But this general principle needs
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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. ;

|t 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'1970s.

Combusuan Eng)nsarlng

A h{gh—capaaty coolant pump,
produced by C-E/KSB Pump:- .
Company-in the late 1970s. The
pump was assembled and tested in a
full-flow loop at the manufacturing
facility, before being shipped to the
nuclear reactor site. -

to be applied to. complete units, for procurement and licens-
ing, not just to the reactor designs: Current work is developing
Construction/Operating License applications for current and
in-process certified reactor designs. These are, in effect, the
initial standard plants available to be selected for construction.

" However, private interests have limited ability to plan and
commit to develop the production capacity which can provide
the cost advantages to establish a productive industry to meet
the essential energy needs of the 21st Century.

China’s Ambitious Nuclear Plans

It is useful to look at what China is doing. The Chinese have
announced a significant commitment—32 new units by 2020.
But China is still authorizing the construction of plants pro-
posed by local utilities and requesting tenders for contracts
with vendors on a project-by-project basis. Its current tender is
for 2 plants with 4 units, for 2 utilities. This approach is rea-
sonable, considering that China is still gaining experience with
plants and vendors, including its own plant design and con-
struction capability The Chinese also have their own success-
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ful PWR construction, now in operation, and their own pebble

bed gas réactor, with a 10-MWe prototype operating. This is
also influenced by the advantages of obtaining foreign financ-
ing from vendor countries for plant construction.

I expect that China is evaluating plant designs and vendors,
“mostly PWRs, with CANDU reactors that were recently com-
pleted, and that it will develop its optimum national plans in
the next few years, instead of continuing to make separate
contracts for each plant and having an ad hoc strategy about
how many plants it is building. | also anticipate that by 202C
the Chinese will have more than these 32 additional plant
that they have announced. They can decide well after 2010 tc
build plants to be operating in 2020.

Note that China has a contract with France spec:ﬁcally or
the French experience with its national .nuclear power plan
design and construction planning process.

building -the relatively few plants currently in thi
pipeline in China should support-making decisions on plan
designs and development programs, includingthe pebble-ba:
gas-cooled reactor. That effort is aggressively promoting th
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PBMR as the primary nuclear solution in China. They are
undoubtedly planning to produce process heat. | am unaware
of plans-in China to produce hydrogen to reduce the demand
for oil for transportation.

China is where the United States, the United Kingdom,
France, Russia, and Canada were roughly 30 years ago. To
implement -nuclear power, the Chinese need to select and
develop standard designs, and decide how to implement
them, for example, as in the United States where projects are
local utility decisions in participation with a consortium for
multiple plants, with engineering afid contracting, 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 build many
plants, and then to the siting of those plants. Of course, it
helped that France had one national utility, EdF, in a national
regulatory environment, as opposed to the United States,
which had the legacy of ad hoc development for short-term
profit in hundreds of utilities regulated by each state.

China will likely combine large light water reactors and the®
PBMRs. This works for most of world nuclear energy needs,
where large power centers can readily adopt multiple PWRs,
while developing areas and industrial needs are met by gas
reactors with many smaller modules. These modular reactors
are designed to be simpler to operate and to be implemented:
to dynamically follow, power demands, with four, eight, and
even more vmodules ata given srte, while still being a man-

However, thie battom line to thrs is that this entire enterprise
should be the subject of more strategic formal multi-national
plannmg and negotiations to enHarice China's ability to devel-
op its nuclear power plant capacity most cost-effectively, as a
matter of: rnternatlonal support as well as national strategic
decision-making. The need to reducé ¢ompeting demands on
oil and gas | is in the mterest of the world, as well as of China.

The lndustrral Gear-up Requrred for Mass Production

What kind of industries would have to gear up—steel, con-
crete, new. matenals, nuts and bohs “and reactor vessel pro-
ducers? - '

The cornerstone of manufacturlng for an accelerated pro-
gram is in:fuel supplies and reactor pressure vessels, along
with stearn generators and turbines, 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-
tainment and other buildings, are high volumes of materials,
but these should be more readily met within the general indus-
trial production of concrete and steel, and other rndustrral
companents and equipment.

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 critical. Initially, uranium mining can
readily be substantially expanded. However, high-grade urani-
um supplies will be exhausted, along with surplus nuclear
weapons materials, requiring the use of lower-grade ores. But,
ultimately, uranium can also be extracted from ocean water, at
only about 10 times the extraction costs of lower grade ore,
where it is replenlshed from natural discharges into the

RS

oceans. Because, unlike other fuels, the cost of uranium is a
relatively small fraction of the cost of producing nuclear ener-
gy, such an increase does not substantially affect the costs and
advantages of nuclear power. Extraction of uranium might be
effectively done in conjunction with desalination plants and -
hydrogen production. Uranium from seawater, combined with
breeder reactors provide redundant pathways to assure supply.
This makes it clear that these resources are good for thousands
of years.

The need for conversion and ennchment capabilities would
be substantial, along with fuel assembly manufacturing, includ-
ing the need ta establish large-scale ceramic fuel manufactur-
ing for the high-temperature gas reactors, and develop repro-
cessing facilities to extend uranium fuel supplies. Initially, this
would be done by making plutonium-uranium mixed oxide
(MOX) fuels, and then later developing breeder reactor fuels.

Following the Eurasian Land-Bridge

As to where the facilities would be located: The whole idea
of Land-Bridge development applies here. Today, pressure ves-
sels are built in a few locations and transported around the
world. But in planning for necessary nuclear power plant con-
struction, it would be rationa! to locate pressure vessel, steam
generator, large pump and valve manufacturing, and other
major component facilities relative to the major plant con-'
struction and transportation locations, along with steel
sources. These decisions would be made with the industries
and countries that would praduce the components.

Initially, two or more major pressure-vessel facilities might
need to be developed to be able to produce ‘about 20 vessels
per year. These would be massive facilities. With an initial tar-
get to uliimately produce 200 plants per year in the 2040s, we

‘would decide later whether to’develop 10 to 20 such facilities

around the world, or to make larger and fewer facilities. This
will refléct the capabilities of the various companies that must
do the work. We can get that capability into simultaneous pro-
duction. We can construct the large PWRs in four 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 plant construction is
therefore more of an assembly process, as well a3 the con-
struction process that we normally think of in building large
concrete and steel structures and facilities.

Manufacturing facilities would be located with considera-
tion of the known and anticipated locations of future power
plants, steel suppliers, transportation capabilities, and so on. A
constructive competitive environment can be established to
keep the system dynamically improving and reducing costs,
with necessary elements of competition and rewards to the
companies and péople producing the components.

We have done this to some extent in the past in building the
railroads and the TVA, the Nuclear Navy, and other major pro-
grams such as the space program. Of course, there have also
been many poor and costly government program decisions
that were made to satisfy political and private interests in
developing facilities and services. Some of this is also “neces-
sary overhead,” as long as it falls short of outright corruption,
and the building of “roads to nowhere” that do not contribute
to the national purpose, t@t!{re Productrvrty of the economy,
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and to meet essential human needs.

Our experience with the railroads, and the Interstate
Highway 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.

A The Pdlit_ﬁcal Framework
So, how do we proceed with this ambitious building and

development program? We need both top-level dlrectlon and

authorization, and private-sector initiatives.

Certainly, 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
centralized that would be beyond the essential commitments
and respansibilities for infrastructure planning-and financing,
how it works as a government/private sector implementation
program, is flexible.

Private initiatives can be authorized, directed, and support—
ed by government, more like the transcontinental railroad
development. It was justified by national needs for maijl deliv-
ery and military purpases, which also supported stage coach-

es and early airlines development, providing guarantees and

funds for services. Or it can be a mare centralized government

role, like the TVA development, but thinking of: this like

Admiral Rickover thought of it, in using the private sector and

competition to build the U.S. Nuclear Navy: Get the private

sector to develop and deliver the technology, while govern:,
ment makes major strategic and programmatic decisions, con-

tracting to undertake production capacity to meet demanding
specifications and performance requirements, -

The COMSAT/INTELSAT.model was advocated by President
Kennedy to engage the private sector to interconnect the world
through a for-profit organization with substantial participation
by the private-sector communications companies. This was
done even though AT&T was prepared to implement its own
system based on its successful TELSTAR satellite, which would
have required tracking antennae to follow medium-orbit satel-
lites across the sky, providing service to the most lucrative mar-
kets. COMSAT provided for geosynchronous satellites to cover
the whole world, and INTELSAT supported the formation of
satellite commumcatlons companies in many nations, to avoid
having to patch world communications together after ad hoc
projects to. provide communications satellite service to the
most lucrative markets (as AT&T had been prepared to do).

We need a dynamic, competitive, management—dnven~

Outer isotropic

pyrolytic carbon

Silicon carbide .

barrier coating . £>
Inner Isotropic

pyrolytic carbon : :

Poraus carbon
buffer

Uranium oxycarbide
kernel

(a) Fuel particle

(b) Fuel rod

Source: General Atomics

there are hundreds of thousands of fuel particles.

() Fuel block element

FUEL PELLETS FOR THE MODULAR HELIUM REACTOR

The fourth generation ceramic fuels, pioneered by General Atomics, will stay intact p to 3,632°F (2 000°C), which is
well above the highest possible temperature (2,912°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 14 inches. wide and 31 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 Eskom PBMR. In the PBMR, how-
ever, the fuel particles are embedded in graphite and formed in tennis-ball-size balls, called pebbles. In both reaciors,
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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 1o, perform well, either on the tech-
nology side or on the economic side. Such failures leave the
national interest hostage to self-serving organizations and
financial interests, whether private or governmental.

Consider the building of the transcontinental railroads in the
United States, where the Union Pacific and Central Pacific
were chartered to do the job, with subsidies, but they had to
raise their own money, with government direction and guar-
antees. This was compromised in many ways, however,
including buying Congressional support with Credit Mobilier
stock for changes favorable to the owners, and so on. That was
not a clean process.

But after false starts with little progress, while self-serving
work was being done, primarily in land-grabbing with the 10-
mile track-side lands given-to the Wnion Pacific owners,
President Lincoln and-the Congress created incentives that led
to progress. Eventually the companies had to compete as to
how far they were going to build out to where they would
meet, and be rewarded for how much of the intercontinental
connection they had fespectively built. And for many years it
was a substantial eompétition that had them going “hammer
and tong,” as we wouldsay; to build out from San Fraricisco
and fram the Missouri River at Omaha, Nebraska. Lincoln-had
to pick the stating pomt which was Itself a political reward
for electoral support .

y'-v-. ‘-.‘

- Learnmgf om Other Great Pro;ects c o
Thls Job s’ 8ven’ more"vast. But there are™ Iessons to be
learned from the railroads, the TVA; and othergreat projects to
lmplement essenitial public purposes. The railroad conditions,
hefore. and after the:Civil War had the compllcatlons of
procuring and delivering materials to Nebraska and California,
with most of the financial-and corporate interests in New York
and Philadelphia; and government participants in Washington,
" along with involvement by- some states. They had a problem
gettmg labor, until the Chinese‘were recruited by the Central
Pacxflc, and:Union:: and: nfederate -Afmy soldiers were
' recrurted to do the’ ]Ob by-th Ul"llOl'l Pacnflc after the war. Pay
ohil or;“which*is ‘part of the down-side of
ests to do the job, befare labor stan-

Thomas Durant; wh héaded the Union PalelC 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 actually’ building the railroad, so Lincoln
worked to shift incentives to-have to build so many miles of
track, and the company with the most miles of track at the end
was going to make mdré money. Without that, the Union Pacific
would have built out only slowly, focussing more on develop-
ing the more valuable track-side land resources. When they
were building out, the Central Pacific was trying to get past Salt
Lake City, Utah, to the coal deposits in the Wasatch mountains.
They failed 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 think-
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ing of it as a point A to point B transportation construction
project, unlike ocean shipping. Or the need to have airlines
serve smaller cities as well as the large cities.

In the final analysis, the world will work by people maximiz-
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 centralized gov-
ernment program to develop the TVA, or by engaging the private
sector more directly, as with the railroads. 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 airline industry is another
model of combining private and government interests, but
with inadequate government responsibility to meet the nation-
al-interest since airline deregulation.

The Interstate Highway system is-another model, where
government directly. funded construction. This. was, and is, of
enormous economic value, but it was also not done with an
adequate balancing of the effects on railroads and cities by the
financing models established by the Congress, rather than by
a résponsible government transportation agency, for example,
in establishing and allocating fuel taxes. There was no one
competing for ownership and profits,. other than those: doing
the éngineering or pouring concrete, nor were there rewards
for building the most highway miles. On the other hand, there

. were many local interests working politically to influence

routes and. highway interchange access that were always at
work. Those were government program decisions rather than
private interests licensed to build highways between points A
and B, to-profit on being given roadside land and-resources,
and owning and selling interchanges to the highest bidding
communities.

But historically, the transcontinental rallroads, orxglnally
chammipioned by Stephen Douglas, even with the major scan-

dals, were a great and economically important success, as a

national- economic and political achievement. They captured
the imagination of the country. When looked atclosely, we find

that it’s like making sausage, or laws—we may not want to see

how. it's done, and who is just selfserving in the Process,
whether they are just normally biased by personal and local
political advantage, or they are committing outright fraud. But
programs today can generally control any significant fraud.
Achieving a great project transcends such details, 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.

| also like to be philosophical,. considering that any such
perpetrators of fradd, if not stealing from such great projects,
would likely be stealing elsewhere, perhaps from our pension
funds, and so.on;that are much mare of a zero-sumi game:
n from the ongoing national economic

development that"was stopped by the 1873 financial collapse

created by the international bankers, after they had failed to
stop American development by instigating the secession of the
South. - '

And " ‘we“¢an learn from the subsequent role of Thomas
Edlson, ‘and his aversion to the Wall Street financiers, to make
an-eénormous individual contribution to overcomlng that inter-
ruption in American development
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What a Nuclear Energy Initiative Can Bring to the World

First, even though such a nuclear power enterprise is an
enormous project to salvage the world energy lifeline and to
limit conflicts, while 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 required to provide for the human needs of
the developing and undeveloped world, and expanding pro-
ductive wealth in the developed world.

In addition, such a nuclear power and/or energy technology
development initiative is also a foundation of common science
and technology, and common purpose, for the world. It can be
a mode!. It is a national and international enterprise, founded
on government and private industry participation. It has the
power to limit the non-productive machinations of both gov-
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ernment and private financial interests that are in conflict, and
constrain responsible government and private interests from
working for greater general wealth and constructive progress
for both the developed and developing world. o
Nuclear power also has the advantage that it currently has
a high international profile, and substantial, if relatively non-
productive, ongoing national and international government
organizations. For example, the United Nations, espécially
with the International Atomic Energy Agency, the
International Energy Agency, and the Non-Proliferation
Treaty, is essential to our need to safeguard uranium enrich-
ment and plutonium production, plus many other institution-
al. components. The major industry organizations are also
more coordinated, with compatible technelogies and ‘capa-
bilities that are- more complementary than other equivalent
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industries.

In addition, such actual public/private mechanisms can
transcend some of the destructive national conflicts and
destructive financial conditions, to meet actual worldwide
energy needs, and to actually implement essential nuclear
power energy supplies to prevent world conflicts over ener-
gy—in the real world. This can provide an initiative with a
productive purpose that can push current non-productive gov-
ernmental and non-governmental organizations to replace
non-productive dialogue and make actual progress in meeting
the human needs of the world.. o

With any success, these mechanisms ¢an also contribute to
models that can address other substantial national and inter-
national purpases, to engage the developed and developing
nations to enable solutions, beyond current “policy discus-
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sions.” These mechanisms can enable productive cooperation,
along with healthy competition, that can enhance relevant
technologies, and lower costs, instead of seeing little actual
progress in major projects. This can include basic infrastruc-
ture, health care, and drug delivery, education and communi-
cations, and so on. These initiatives can constrain costs, and
preclude destructive financing costs on developing and unde-
veloped nations. ) :

The nuclear power enterprise can reduce the coming
world energy conflicts, create wealth, and be a model to
address the inability to deliver technology and services to
the developing and undeveloped world and bring these
societies into the economic mainstream. This can be the pri-
mary economic engine, the wealth-generating machine, for
the 21st Century.
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rchimedean Polyhedra
And the Boundary:
he

”Geometry is one and eternal a reﬂectlon
from the mind of God. That manklnd shiares
in 1t 1s because man is an. lmage of God.” -

johannes Kepler1

# eeping in mind the above invocation, we are gdihg to
develop, through a sometimes good-natured analysis
situs of the Platonic and' Archimedean ‘polyhedra, an

examination of the limits that constrain physical: space. My
contention is that the boundary demonstrated by the con-
struction of the Platonic solids can not be fully apprehended
without mvolvmgéne Archimedean polyhedra in the investi-

@Jmmer 2005 21st CENTURY (.

Missing Link

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- Ilmlts of the
universe.

A view of Saturn’s rings. The =
study. of the Platonlc and
Archlmedean sohds reveals .
that space has a structure, R
and that structure exposes a
discoverabl&'initéntion; -

which has created a

boundary

gation. This discourse is not meant to'substitute for your work- .
ing through the discoveries of Carl -Gauss or Bernhard
Riemann, but is meant to fill 'a-conspicuous gap in existing
pedagogy.' The Archimedean polyhedra‘are largely, and for
quite sensible reasons, an unexplored area of study, and on
that basis, my subtitle is emblazoned above, for aH to see, as
“The Missing Link.”

By the time we are done, we will have constructed the geo-
metrical equivalent of an imaginary toolchest which will then
be available for your use in later efforts. This chest has an array
of tools, arranged in two differerit-drawers. One set of tools is
realized on the surfaces of three spheres and comes from a
place somewhere “above” the spheres. The other set is ren-
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- Figure 1 )
KEPLER’S PLANETARY

+ 7% -+ ORDERING

Johannes Kepler (1571-1630), 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 Mysterium
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 dimensions, even though it was developed from .-~

a three-dimensional:Tattice. | haven't invented any of these
toals. Some.of them have been known for decades, others for
millennia, but the sets have never been assembled.in this fash-
ion before; nor, to my knowledge, has the insistence been pre-
sented that these tools, as sets, be used in the waorkshop of

. your mind. . :

'Why Archimedean Polyhedra?

S'tu.‘dy.of the Platonic solids reveals that space is not justan.
endless checkerboard; it has a structure, and. the structure”™ -
exposes a discoverable inteption, :which has created a bound- |

ary... L.

There are fi\)e, é"nd only fi,i/é shapes that are convex_p’oli'/h.é-
dra- with regular, congruent faces whose edge-angles-and ver- .

tices are equal: the-Platonic solids (Figure 3). You can only

make these five shapes within those constraints, .and hence the
limit. When you try.to make more regular solids, say, by put- -
ting 6 triangles, or 4.squares together at a vertex, you on'tget,
a solid at all; you can‘t do it, no matter 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 universe than meets the eye. Something in
the make-up of everything you can see is different from what
you see. That is the importance of the Platonic solids. They
prove that we don’t know what we are looking at.

*The uniqueness of the Platonic solids proves that we are not

living on.a checkerboard. at-all; we are living in a goldfish
bowl. The limits are real. Admittedly, most people spend their
time looking at the racks and bubbles in their bowl, or they
choose to play checkers on the nonexistent checkerboard, and
wonder how long it will be until feeding time.

[ wanted to know what the shape of the fishbow! is. Just how
do the Platonic solids relate to the limit? How does it work?
Does the visible universe push through the infinite like a ship

. verse.

throggh the ocean; and dre the regular polyhedra the wake? Is
the discrete:manifold bashing againist the coritinuous manifold
like a subatomic,particle in a cyclotron, and are the Platonic
solids the little ‘pieces spinning off in a bubble tank? Or s it
like graphite dust ona kettle drum. head, when*sounding dif-
ferent notés causes' the dust to: daric  in different standing-
wave patterns? What is: it? What's goingon2 .-

For about 10 years | watched the’ Platonic solids, hoping
they:would show'me something about the structure of the uni-
se. | put cubes iriside’ dodecahédra, tetrahedra inside

| KEPLER'S ARCHIMEDEAN.SOLIDS -
Kepler did extensive studies of polyhedra, and made
these drawings of the Archimedeans, which was part of

his geometry tool chest.

f
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Cubs Dodegahedron

: Tétrahed{on ,

df:_fahEdron S ,' ’i’cosahé_d'ron '
Flgure3 EE
THE FIVE PLATONIC SOLlDS
The Platonlc 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. Thé cube and octahedron are dual-pairs, as are the
dodecahedron and the lcosahedron Dual-pairs have switched

numbers f faces and vertlces, w:th ldentlcal numbers of edges.

have anything to do with them. Compared to the nice,
5 Platonics, there were 13 Archimedeans, which is
bad enough. Plus there was an infinite series of
Archimedean prisms and another infinite series of
Archimedean anti-prisms. And on top of that they all-
have duals, the Archimedeans, the prisms, and -anti-
prisms; and they are not duals of each other like the

‘Bood old Platonic solids are, either. Each of the 13

Archimedean shapes has a unique dual that isn’t an
. Archimedean solid, and all the prisms and anti-prisms
" have unique duals, too. Infinity times 4 -plus 13
Archimedeans twice was too much. Archimedeans.
weren't for me. The 5 Platomcs did their job; I could
handle that just fine.

Spheres Were My Downfall.

YYou can arrange each Platonic solid so that its ver-
- tices can touch the inside of one sphere. When you do
that, it is said to be inscribed in the sphere. The center
of each face of a Platonic can also touch another
sphere. So can the center points of their edges.'A.dif-
ferent sphere can touch each location on each poly-
hedron. This comes from the regularity of the Platonic
solids. Spheres are important because they represent
least action in space. Just like-a circle on a- plane;
spheres enclose the most area with-the least: surface.

Spheres represent the cause of the limit you'run into
when you try to make more than five-Platonie.solids.
Just like the guy in Flatfand,2 who saw anly a‘circle
when a sphere popped into his world, thesphereiis the

cubes, octahedra inside tetrahedra; | paired duals; stellated
those that would steilate, and sliced cubes and tetrahedra to
see what their insides looked llke ‘Norie of these ”lnterroga-

highest level of least action we can apprehend with-our sens-
es alone. Perhaps the vertices of a Platonic selid don’t define’
a sphere, but-the sphere {or the nature of space that makes the

tion protocols” worked; they still:wduldn’t talk. - sphere unique) is what limits the Platonics. That's more likely.
I knew about the.Archlmedean solids. and didn't want to’ Spheres are what the limit looks like to us lf ~we're paylng
; K S S U ; attention. . : .
That's an 1mportant part of studymg
geometry. How doesithe infinite impact
the universe we can sée? Where does the:
complex domain-intersect: our domain?
It's hard to see. Theguy.in Flatland
looked at a-circle-and saw a line seg-
ment; never mind the sphere that creat-
ed the circle that looked like a line to
him.- We aren’t in:much. better shape
‘than he was, when: we are -looking at
spheres. Spheres,: without the proper
shadmg, just look hke CIrcles to us.

‘ 1..2 adges Gedges

Spherlcai Geagraphy
A straight line ‘on‘a sphere’is a great
circle, like the equator of the Farth. Look
at a globe; we are talking-about geome-
try (Geo = Earth, metry = measure),
B , right? Great circles.are why Charles
Figure 4- ) : . Lindbergh flew. over Ireland to get to-

THE PLATONIC DUALS Paris. There are no parallel straight lines
Note that the tetrahedron is the dual of itself. on a sphere. Any two great circles inter-

sect each other, not once, but twice, at
56 : ?’!“g%m migr 2005
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exactly opposite sides of the sphere.

Ydii-can do a neat trick with least action
on a sphere. | saw this first in a videotape
of a class given by Larry Hecht (editorin-
chief of 215t Century magazine), and later
Lyndon LaRouche featured the process in
his paper “On the Subject of Metaphor” in
Fidelio magazine.3

If you divide a great circle on a sphere
with another great circle, they divide each
other in half, as stated above. Picture the
equator and what we laughingly call the
Greenwich Meridian on Earth. Of course
the two great circles don‘t have to be at
right angles to each other; either of them
can rotate around the points where they
meet (in this case in the Gulf of Guinea,
off Ghana, and in the Pacific Ocean,
where the equator and International Date .
Line meet—Figure 8). .

If you want to' see how great circles
divide'each other in even divisions other -
than just in half, then the fun begins.

Take our ariginal two great circles. Go
to where they meet, off Africa, and move ..
west' on the equator until you hit the
Galapagos Islands and stop. You are ready
to.create a third great circle. Turn right and
go north. You zip over Guatemala, then
over Minnesota, the North Pole; where
you intersect the second great circle,
Siberia, China, Indian Ocean, equator
again, Antarctica, the South Pole is arioth-
er intersection, South Pacific, and you are
back where you started, having intersect-
ed the equator twice and the international
Dateline/Greenwich great circle twice,
too. '

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 circle, and so is our new great

THE 13 ARCHIMEDEAN SOLIDS AND THEIR DUALS .
* All hell breaks loose. The polyhedral neighborhood-becomes very crowded.
There are 13 Archimedean polyhedra, and they all have duals.”

The Archimedean solids

- Figure5 B

circle. Three great circles dividing each
other into 4 equal parts. The sphere of the Farth was just divid-
ed into 8 equilateral, right triangles by our 3 great circles
(Figure 9). The great circles intersect at 6 locations. | wonder
how many different ways you can divide great circles evenly
with other great circles?

We got 4 even divisions with 3 great circles, how about 3
even divisions? Well, if you take the equator, or, | hope by now
a 12-inch-diameter embroidery hoop, and divide it by other
great circles into 3 parts, you don't get 3 parts. You get 6 parts,
because pairs of great circles meet at opposite points of the
sphere. There are no odd-numbered divisions of a great circle
by other great circles. Let's see what these 4 great circles do.
First, make sure the 3 great circles dividing your ariginal one
are also evenly divided into 6 segments by each other, and see
what we have: All 4 circles are divided into 6 equal parts—
spherical equilateral triangles alternating with spherical

:. n . v.‘.J
o bvrey

squares above and below the original circle, and triangles sur-
rounding each pole. ‘

Six squares and 8 triangles; does that sound familiar?

Anyway, we are about to hit a limit here, just to warn you.
The only other way for great circlés to evenly divide them-
selves on a sphere is with 6 of them dividing each other into
10 even segments. Try dividing one great circle into 5 equal
parts—you can't.do it; it will make 10 divisions, just like 3
forced 6. This is very hard to see it you haven't done it your-
self—so, do it yourself. You can get a pair of 12-inch-diameter
embroidery hoops:for about a dollar. What you end up with is
really pretty, too. It is 2 metaphor you can hold in your hand.

Twelve spherical pentagons and 20 spherical triangles. That
sounds familiar too. )

Three hoops, 4 hoops, and 6 hoops; and no other combina-
tion will evenly divide great circles—ancthar limit. just like the
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Hnfi-prisms
Figure 6

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

Platonic solids are limited in number. (See Figure 9.)

But, this s, the killer: Look.at the 4-hoop construction. See
the 12 ‘places the hoops ‘intersect each other? There are 6
around the middle, 3 o top-and 3 on the bottom,

- Well, if you stacked up identical marbles, you could put 6
marbles around one marble on a flat surface. Make sure that
each of those 6 marbles have 6 around them, too. Keep doing
this over and ‘gver, and cover your whole floor: with a neatly
of marbles;. then get ready for the second level.
56 dyer, you could put 3 marbles. Zround ‘dny-one
marble in the first layer, either in the 12, 4, and 8 o’clock posi-
tions, or alternately, in the 2, 6, and 10 o’clack positions,
Choose one of the two atrangements and add’enough marbles,
and you will complete the second level, which will. look just
like the first level. o T e

. When it comes time to-do the third levél; you have a:deci-
sion to make. You can put the third level in one of two orien-
tations. You can put them directly over the marbles in the first
level, or you éé’n take the-path less travelled: Put the marbles
over the pasition you didn‘t select for the sécond

PRISMSAND ANTIPRISMS = ...

" Nasa

. -Figure 7- I
OUR EARTHLY SPHERE

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

triangles. The dual of the cuboctahedron’is called the rhombic
dodecahedron. Dodecahedron means that it has .12 faces, like
the regular Platonic dodecahedron; and rhombic means the
faces are rhombic in shape, that is, diamond-shaped rather -
than the pentagonal shape you are used to. The rhombic
dodecahedron is the shape of the honeycomb that Kepler dis-
cusses in the “The Six-Cornered Snowflake” paper.* Rhombic -
dodecahedra fill space. That ‘means you can stack them up
with no air between them. Because spheres close-pack in a
way that generates the vertices of cuboctahedra, the dual of

level. If you.do this, and keep the pattern up unti]
you fill your room entirely with marbles, you will
have two things, besides a heck-of-a-lot of mar-
bles. One is a room filled.with the mast 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 thing is this:
Look at any marble. Where does it touch the other
marbles? It touches 6 around the middle, 3 on top
and 3 on the bottom—ijust like the intersections of
the 4 hoops! The even divisions of 4 great circles
generate the very same singularities where the
hoops intersect, that close-packing of spheres
does where the spheres touch. (See Figure 10.)
Remember that | didn’t want to construct the
Archimedean solids? Here's how it happened.
The spherical faces of the 4-hoop construction
represent an Archimedean solid called the cuboc-

i Figure 8-
GREAT CIRCLES INTERSECTING
Great circles intersecting each other on a sphere always divide each
other in half. That is about as “least action” as you can get.

tahedron: "Clit{efgct(%pedron"‘is 6 squares and 8
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Parmenides go through the whole thing.
Parmenides didn‘t want to, and said, “. . . and
50 | seem to myself to fear, remembering how
great a sea of words [ must whirl about in.”?
Yes, | was caught.

What Most People Think =~ i
Archimedean Solids Are
Here are the 13 different Archimedean
shapes: Two of them, we are told, are more
regular than the others, and are called “quasi-
regular.” You have already run into them;
they are the cuboctahedron 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

Tgure 3. the 8 triangular faces of the octahedron. The
GREAT CIRCLES AND SPHERICAL POLYGONS icosidodecahedron has 12 pentagonal faces

There are only three ways great circles can divide themselves into even like the dodecahedron and .20 triangular
sections which result in spherical polygons.The 3, 4, and 6 great-circle faces like the icosahedron. (See Figure 12.)

hoaps represent the spheres which contain the great-circle figures below The next five of the Archimedeans are not
them: octahedron, cuboctahedron, and icosidodecahedron. ' a big problem to visualize either; 1 call them

the truncated Platonic group {Figure 13)

Octahedron Cubacta‘hsd.ron lcosidodecahedron

Figure 9.

o , There is ane of them for each Platonic solid,
the cuboctahedron, by definition, can fill space. Now this and they include the only polyhedron that people regularly kill

wouldn't be so earthshaking, except for this fact: There is only  and die for to this day, the truncated icosahedron, which is in
one other polyhedron in the entire universe that has all of its  the shape of a soccer bal].8 .
faces identically shaped, and can fill space
the way the rhombic dodecahedron does;
that is the cube. Just those two with that
limit—the cube and rhombic dodecahe-
dron—and nothing else fills space.5 L

When Larry Hecht painted this out on the
videatape I saw, my heart sank. | knew that
| was trapped; | had to constrict “the
Archimedean solids,® because the dual of
one of the Archimedeans had expressed a
relationship to the same kind of limit thiat the
Platonic solids express. This is the sarmé limit
that the great circles represent when, venly
dividing themselves. It was all orie package.

I was cornered. | felt like that old bastard
Parmenides, who was trapped by the
i young Socrates into laboriously défending

Christine Cralg
| his life's work, rather than playingjmind ' Figure 10
§  games with a'group of bright young eople. CLOSEST PACKING IN SPHERES
] .

8 Socrates had accised Parmenides” hench-
¢ . man, Zeno, of lying to
advance Parmenides’ i

. theories. Zeno and
| Parmenides responded
& not by losing their tem-
B per, but by trying to
¥ recruit Socrates to their
£ way of thinking (the best
§ defense is a good
offense, even back then),
but Socrates maneu- Rhombic dodecahedron " Cube
vered Zeno into having

Figure 11
SPACE-FILLING POLYHEDRA
A Platonic solid, the cube, and the dual of
an Archimedearn, 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?

.{‘ : o
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[cosidadecahedron

Cuboctahedron

Figiire 12
) QUASI-REGULAR POLYHEDRA
The quasi-regular polyhedra are the great-circle figures

containing the dual Platonic solids reflected in their
narres.

In each case you can imagine starting with a Platonic solid.
For each Platonic face, however, there is a face with twice the
number of sides. For example, the truncated cube has 6 octag-
onal faces instead of the 6 square faces of a cube. Where the
Platonic solid had a vertex, there is now a face, which looks
like the faces of the dual of the original Platonic solid. The
truncated cube has 8 triangular faces, located where the
cube’s vertices were, situated 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, s0.you have 4 triangles in the triincated tetrahedron, toa.
The truncated dodecahedron hag 12 ten-sided faces and 20 tri-
angles, while the truncated icosatiedron has 20 hexagons and

12 pentagons.. © .

&

Truncated tetrahedron

 Truncated .
octahedron )

Truncated cube

il

Truncated. ’ Truncated .

‘dodecahadron icosahedron.”.
Figure 13

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

That wasn't too bad. We are done with 7 ot of 13 already.

It does get stranger from here on out, though. In ascending
order of weirdness, you next have a pair of solids, which ! call
truncated quasi (quasi, for short) because they are truncated
versions of the quasi-regular Archimedean solids. These are
the truncated cuboctahedron and the truncated icosidodeca-
hedron (Figure 14). Where the cuboctahedron has squares and
triangles, the truncated cuboctahedron has ‘gctagons and
hexagons. In addition, where the cuboctahedron has 12 ver-
tices, the truncated cubdctahedrofi has 12 squarée faces.
Where the icosidodecahedron has pentagonis-dnd triangles,

. the truncated icosidodecahedron has 10-sided fécés and hexa-

» Figure14 . . .

TRUNCATED QUASI-

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

dron Truncated

. cuboctahedron

lcosldodecahedron

Truncated

Figure 15
RHOMBIC QUASI-
REGULAR SOLIDS

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

Rhombi- - -

-3

Snub dodecahedron

":  Snub cube

Figure 16

SNUB LEFT- AND

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-

. bi- - -
cuboctahedron and the rhombi- cubactahedron {cosidodscahsdron and right-handed snub dodecahe-
cosidodecahedron. dra.
g (4
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gons, with the addition of 30 square
faces where the icosidodecahedron
vertices were (Figure 14).

The next pair, the rhombicubocta-
hedron and the rhombicosidodeca-
hedron, aré simpler, but one of them
is harder to see. These are called
rhombi-quasi polyhedra, and they
have the same square faces from the
vertices of the quasi-regular solids as -
the previous pajr does, but the other -
faces are the same shape as those of
the quasi-regular solids, themselves,
not double the number, like in the
quasi, above. The rhombicosidadec-
ahedron has 12 pentagons, 20 trian-
gles and 30 squares for faces, and
looks kind of obviously what it is, but
the rhombicuboctahedron has 18
square and 8 triangular faces- (Figure
15). This confused me when | first
saw it, because the squares, even
though they looked alike; -actually
came from two different processes

Truncated
dodecahedron

Truncated cube Tmﬁcated
octahedron

Truncated

Figure 17 : : .
STANDARD ARCHIMEDEAN ARRANGEMENT
Two families of polyhedra are related to the
Platonics: the cube/octahedron family, and the
dodecahedron/icosahedron family. The truncated
tetrahedron sits alone in the tetrahedron family..

(a) Cube/octahedron family

Rhombi- Truncated
cuboctahedron  cuboctahedron

Cubociahedfon

{b) Dodecahedronficosahedron family

lcasi- Rhombicosi-

2 Truncated
icosahedron = dodecahedron dodscahedran Icosidadecahedron dodecahsdron

Snub

(c) Tetrah.edr‘on family
Truncated tetrahedron, all.by itself

(the square faces of the cube, and
squares from the vertices of the cuboctahedron). This is the

kind of ambiguity that can drive you nuts, until you realize that

the whole point of what you are doing, in the geometry biz, is
finding this kind of puzzle, and solving it.
Speaking of ambiguity that can drive you nuts, the last two

. ‘Archimedeans are the snub cube and the snub dodecahedron.

The sniih; cube, mercifully has 6 square faces. So far so good,
but it also-has 30 triangular faces. The snub dodecahedron has
the expected 12 pentagonal faces, and 80 triangular faces. If
you think that's bad, I'll tell you that there really 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 like they are twisted to either the left
orthé right (Figure 16).- .~ . ... . '
- That's. it; those are the 13 Archimedean shapes.
The way these shapes are

the icosidodecahedron, the rhombicosidodecahedron, the

snub dodecahedron, and the truncated icosidodecahedron.
Now, | tried a more clever approach, asking why the tetra-
hedron group was such a little, nubby family, while the other
Platonic solids have such nice big families?
. H

What Archimedean Polyhedra?
Act 1, scene 1 of King Lear: -

REGAN: Sir, | am made ‘

Of the self-same metal that my sister s,

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

traditionally organized is
apparent from their names.
There are three sets arranged
by dual-pair type: the tetra-" | -
hedrari, the cube/octahe- :
dran,- and the dodecahe-
dron/icosahedron. One set
contains only the truncated
tetrahedron. The next one .

contains the truncated cube
and truncated octahedron,
the cuboctahedron, the
rhombicuboctahedron, the
snub cube, and the truncat-
ed cuboctahedron. Finally,
you have a set containing
the truncated dodecahedron
and truncated icosahedron,

Ve

Figure 18

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.

_: ‘

o Figure 19 . :
" FROM THE TRUNCATED CUBETO
THE TRUNCATED CUBOCTAHEDRON
The truncated cuboctahedron retains the 6 octago-
nal faces from the truncated cube, but 8 hexagonal
faces replace the 8 triangular faces. Additionally, 12
squares appear where the cube’s edges were.

(.
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As is to

Flgure 20 .

ANOTHER TRANSFORMAT]ON TO PRODUCE 2
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*| saw Larfy’ Hecht's class, | did make: all the
Archimedean solids. it took weeks, and [ highly recommend
that readers do the same. You can look at a still picture of
them, or nowadays even download an interactive file from the
internet, 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 like it is supposed-to. Ariyway, in mak-
ing the Archimedeari salids, | became more and more upset at
the injustice being meted out to our little friend, the tetrahe-
dran. Not only did he have to pretend.he had a dual by acting

: Flgure 21 ;
A TRUNCATED TET RlTETRAHEDRON
Eight hexagons, 6 squares! A truncated:'telritetrahe-
dron—a . riew role for the Archimedean solld also
known as the truncated octahedron. &

the part himself, but where the other Platomc dual “pairs have.
6 or-7 Archimedean solids associated with ther’ (lf you count
left- and right-handed snubs separately you get 7 each) the
tétrahedron had only one Archimedean to play with:

| decided that this injustice would not stand. Buit what could
I do about it? One thing I knew, | wasn'’t going t6' fiiess with
the dodecahedron family—80 triangles in a snub dadecahe-
dron? So, the cube family it is. The truncated cuibactahedron
looked busy enough to get my teeth into, aiid:the truncated
cube looked to me like what was happemng on:it was clear
enough, so that's where | started. | set up this puzzle: What
would you get if you did to the truncated tetrahedron the same
thing that was done to a truncated cube t'dg‘et a truncafed
cuboctahedron? You know, A is to B as C is to X What could
be easier? (Figures18-21.) . T

The truncated cube has 6 octagonal faces,'and 50 does the
truncated cuboctahedrofi. The truncated -

Tetahedion farily T

' Flgure 22
_ AN ADDITION TO THE ARCHIMEDEAN SOLIDS
The tetrahedron family now has two members.
I S

cuboctahedron has -8 hexagonal, faces
_ where the truncated cube has 8 trian-
gles. So far so goed. And the truncated
cuboctahedron has 12 square faceg;
where the cube has 12 edges. That is the
Alsto B part Now for the “Cis to X"
;- part: The truncated tetrahedron has 4
hexagonal faces, 50 X has 4 hexagonal
faces, too. Four triangular faces become
4 other hexagonal faces, and the 6 edges
of a tetrahedfon 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. Eight hexago-
nal faces and 6 square faces, it has to
work. C
It doesl Eurekal A pew polyhedron
lives) The tetrahedron has another fami-
ly member. It's alivel I've invented a new
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square faces, and it has all
of its fingers and toes. It
looks just like. . ..

Wait a Minute

What does it look just
like? We have already done
8 hexagons and 6 squares,
and if it is an Archimedean
solid 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 in
the tetrahedron family, act-
ing like a truncated quasi, a
truncated tetritetrahedron.
The cube family is intersect-
ing with the tetrahedron
family. The shape of the
truncated octahedron is act-
ing like a truncated tetrite-
trahédron, just like F# on
the piano. is also- G-flat.
They are “enharmonic

Another view of the Archimedean famnilies.

' Figﬁre 23
THE SHAPE OF SPACE

shapes.”

-When | first discovered this, | was so happy, | almost forgat
entirely my mission of grilling the Platonic solids for their
secrets. | made an attractive, nicely colored poster with the
pretentious name, “The Shape of Space,” which had the
Platonic and Archimedean solids arranged in the symmetrical
cube/octahedron - and dodecahedron/icosahedron families,
centered on the quasi-regular polyhedra; and the truncated
tetritetrahedron was connected to the cube family. with little
dotted lines. It was pretty, and took some time to make, but
completely ignored the fact that the tetrahe-

alous.” What | meant to say was, “Is the Composer of the uni-
verse a spazi” Who would design something that odd? |
What bothered me was the apparent unevenness of the pat-

‘tern in my shape-of-space chart. It was that tetrahedron fami-

ly that was out of place. | finally decided to look in that direc:
tion. . .

| knew that while the cube was the dual of the actahedron,
and the dodecahedron was the dual of the icosahedron, the
tetrahedron was the dual of itself. Well, in order to examine

dron still had a long way.to go to achieve the
equal rights it deserves as a fully vested
Archimedean solid and head of a family.

At that point, LaRouche put out his
“Metaphor” paper, in which he hit the great-
circle question really hard. The “Metaphor”
paper set me to thinking again. | had sup-
posed that the sphere had to be a major way-
. point on the route to the creation of the
Platonic solids; and the quasi-regular solids
(the cuboctahedron and icosidodecahedron)
were clearly generated by even divisions of
great circles on a sphere; and LaRouche
made no bones about the fact that the way to
construct the Platonic solids was with great
circles on spheres. But why, then, was the
epitome of clean, least action resulting in an
oddball hodgepodge of two Archimedean
solids and one Platonic solid? (Figures 24.)

This was really messy. When | first wrote

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.

Figure 24 .
EVEN DIVISIONS OF GREAT CIRCLES

about this 10 years agp 1 said, “How anom-

215t CENTURY  Summer 2005 * § 02736
s oo




THE GREAT CIRCLE FIGURES AND DUAL PAIRS
Two of the polyhedra formed by great circles have faces reflecting:

Figure 25

the dual pairs of Platonic solids. The 12 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, ioo. 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

octahédron.

Figure 26
THE RHOMBIC TRANSFORMATIONS
In the citbe/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 hy taking the icosidodecahe-
dron and adding squares in place of all its
vertices.

Similarly, in the tetrahedron family you -

would start with the o‘ctahedron’ (or as we
would call it in this family, the tetritefrahedron)

-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 dodecahedron

Left and right snub cube

Figure 27

teft and right "snub tetrahadron®

THE SNUB TRANSFORMAfIONS

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 ane 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
12 triangles. That's 20 triangles, 2 for each of the tetritetrahedron (octahedron) edges—left- 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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Vertices | Faces Edges Polyhedron Polyhedron Vertices | Faces Edges
B 12 18 Triakis tetrahedron Truncated tetrahedron 12 8 18
(both of them)
14 12 24 Rhombic dodecahedron Cuboctahedron 12 14 24
14 24 36 Tetrakis hexahedron Truncated octahedron 24 4 [ 36
14 24 36 Trlak!s"':octahedron Truncated cube 24 14 36
26 24 48 Deltoldal lcositetrahedron Rhombicuboctahedron . 24 -26 - 48
24 80 Pantagonal Snub cube 24 38 60
8 . icositetrahedron . .
32 - 60 - Rhombile triacontahedron lcosidodecahedron 30 32 60
26 48 72 | Disdyakis dodecahedron Truncated cuboctahedron | 48 | 28 72
a2 60 9 | Pentaks dodecahedron Truncated lcosahedron- | 60 | 32 |- go-
] 60 | 80 Triakls Icosahedron Truncated dodecahedron 60 32 90
62 60 120 Deltoldal hexecontahedron Rhombicosidodaecahedron €0 62 120
92 60 150 Pentagonal Snub dodecahedron 60 | 92 150
hexecontahedron : -
- I
i ’ Truncated
62 120 180 Disdyalds triacontahedron Icosidodecahedron 120 62 180
o ' : Figure 28
A : L . . THE ARCHIMEDEANS AND THEIR DUALS

these anomalies, | decided to.see if the tetrahedron family
could be made to conform to the pattern created by the other
_two families. - :

If the tetrahedron is the dual of xtself then the truncated
tetrahedron should show up in'the pattern twice also. That
-makes sense.

The quasi- regular slotin he other famxlnes could be thought
of as forming thus: Take the 6-3quare faces of the cube and the
8 triangular faces of the octahedron, and create a cuboctahe-
dron.. Take the 12 pentagonal faces of the dodecahedron and
the 20 triangular faces of the icosahedron and create an icosi-
dodecahedron (Figure 25). So, in the tetrahedron family you
take the 4 triangular faces of the tetrahedron and the 4 trian-
gular faces of the other tetrahedron and create. . . . The quasi-
regular polyhedron in my hypothesized tetrahedron family
was the octahedron, the very same figure that | had construct-

ed for that slot using LaRouche’s great-circle method earlier.'

That was amazing, even electrifying.

In an instant | went from a-perception of a cluttered universe
and a nice tidy theory, to a more orderly universe and a pet
theory blown to smithereens. .

Now | was sure | could fill up the empty spaces in the

tetrahedron family. | only had two left to do. The rhom-
bicuboctahedron looks like it is formed by taking the cuboe-
tahedron and adding squares where the edges were (Figure
26). The rhombicosidodecahedron looks like you take the
icosidodecahedron and.add squares where its edges were. In
the tetrahedron family you would start with the octahedron
{or as we would now call it in.this fémilvy, the tetritetrahe-
dron) and add squares to the edges. What do you get? The
result was a figure with B triangles and 6 squarées—a cuboc--
tahedron—a polyhedron already created, which we could
now call the rhombltetrltetrahedron, in this new, enharmon-
ic incarnation.

This was getting interesting. | now had three polyhedra
from the cuboctahedron family serving double-duty in the
tetritetrahedron- family, and there was one figure left: the
“snub, tetrahedron,” if there were such a thing. Snubs (the
snub cube and the snub dodecahedron)- weren’t on my
“favorites” list. They were messy;-they didn’t have the same
number of faces that the rest of their families did..The snub
cube had 6 squares, all right, but had 32 triangles! The snub
dodecahedron had the expected 12 pentagons, but 80 trian-

.gles, as already mentioned, and it wasn’t clear what they all
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. Figure 29 -
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 last time ‘that an
anomaly like that irritated me. | started to look forward to
them after 1 did 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).. .

Likewise, in 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 12 triangles; add 4 triangles from the
tetrahedron and 4 triangles from its dual. That would give you
a figure made up of 12 plus 4 plus 4: 20 triangles. Do we have
something like that already? Yes, of course we have 20; it's
called the icosahedron! The icosahedron is.also a‘snub tetra-
hedron; and the icosahedron. is from the dodecahedran fami-
ly, too, not the cube family. The dodecahedron family is enhar-
monically. participating in the tetrahedron family, as welll All
of a sudden, the snubs didn’t seem. so bad. afterall. They had
filled up the tetrahedron family. The pattern: was complete. -
We now have three totally symmetrical families.of polyhe-
dra. Each family has the same number.of members as the other
two families, performing the same function in each family.
Starting with even divisions of great circles on a sphere, with
the 3, 4, and 6 hoops; each family has a polyhedrop directly
mapped from the vertices of the hoops. Every-family also has
twa 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 greai-circle figure, a trun-
cated version of the great-circle figure; and a snub figure, left-
and right-handed. The families are connected by three poly-
hedra in the cuboctahedron family -and one member of the
icosidodecahedron family, appearing in the tetrahedron fami-
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ly as “enharmonic” solids.

This was a.milestone, but | wasn’t done. One huge batch of
warlk | foresaw was, how do you arrange the families so that
both their symmetry and their interconnections are clear? That -
would be an updated and more accurate version of my old
“Shape of Space” poster. s

The other issue that came up some time later, as a surprlse,
was that each of the Archimedeans has a dual. How do they
fit inte the pattern?

Anather big issue was this: Clearly, the Composer of the.uni-
verse didn’t hack off the vertices of a cube with a knife to

‘make a truncated cube. How directly do great circles partici-

pate in the construction of the Archimedeans, or Platonics for
that matter?

Where Archimedean Polyhedra Meet

We began with the assumption that space wasn’t just an-end-
less checkerboard. In investigating the limits of visible space, .
starting with the Platonic solids.as symbolic of shapes that were
formed by the confines built into the nature .of creation, we
fashioned a set of three, symmetrically ordered families of poly-
hedra, each containing Platonic and Archlmedean solids.

The families are connected by three polyhedra shared by
both the cuboctahedron and the tetrahedron families-as enhar-
monic shapes. These are polyhedra that look alike, but whose
genesis and usage in this scheme, make them different. There
is also one member of the icosidodecahedron family that is
enharmonically shared with the tetrahedron family as well. No
member of the cube or dodecahedron family touches each
other, but both of those families touch the tetrahedron family.

~The significance of this arrangement goes back to the age-old
apprec:atlon of the uniqueness of the Platonic solids. The limit ‘
built into the universe is manifested in the fact that you can
construct only five shapes that conform to the restrictions that
define the Platonic solids. That same limit restricts the number
of ways that the great circles divide each other evenly. There
are only three ways to do it. Once yau recognize the way the
families intersect, you realize:that you are looking at three sym-
metrical..families, which contain three pairs of Platonic sollds,
generated by three sets of great-circle” “figures.10

+ After | remanufactured: all the Platonic and Archlmedean-
SO|IdS with the faces of each solid instructively colored, {.want-
ed o develop -a pedagogy-that-would enable people to see
both the symmetry of the families -and- how they intersected.
My set of all these polyhedra had: the cube;-and all faces of
other polyhedra that-shared. the cube's orientation and func-
tion, colored green. The dctahedra: and. its kin were yellow.
One tetrahedron was red;*with- its-dual orange. The dodeca-
hedron and its co-functionaries were dark blue, and the icosa-
hedron was light blue. The faces which represented variations
on the vertices of the great-circle polyhedra, were colored
white, black, or gray, depending on how many sides the faces
of their Archimedean duals have. This arrangement showed
the symmetry of the families.brilliantly, but left the intersec-
tions of the families up to the.imagination. :

My first. atterpt to rectify this shortcoming looked like a
model of a molecule—a- rather alarming - molecule, at that
(Figure 29). A ring of 6.spheres represented the members of
each family. These spheres represented. the Platonic solids,
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Figure 30
: THE COMPLETE SET OF ARCHIMEDEANS
This is one way of looking at the family relationships within any of the polyhedral famllles

Snub
Platonic

Truncated
Quasi

both truncated Platonic solids, the truncated great circle, and
the rhombic great-circle figure, all arranged around the great-
circle figure itself. There was a tail attached at one Platonic,
representing the snub figures. | later refined this arrangement
to one that [ooked like one of a set of jacks: 6 balls, one above,
one below, up, down, left, and right of the central ball, with
one hanging off to the side.

| actually made three of these sets out of Styrofoam balls and
toothpicks, and attached them to each other in the appropri-
ate manner. If you did it just right, you could join the three
families where they intersect, indicating the connections made
by the enharmonic solids, with the octahedron touching the
tetritetrahedron, the cuboctahedron touching the rhom-
bitetritetrahedron, the truncated octahedron touching the trun-
cated tetritetrahedron, and finally the icosahedron touching
the snub tetrahedron.

I did it, but it was a mess. It was very hard to keep the con-
struction from falling apart. And even when it held together
(though it accurately represented what | wanted to show), you
couldn’t really see it. It had a decided Rube Goldberg quality.

This wasn’t what | wanted at all. You had the sheer beauty
of great circles on a sphere: Least-action pathways on a least-
action surface, dividing themselves evenly and creating sym-
metrical families of polyhedra, which intersected in an ironi-

cal way, typifying the kind of certainty you can .only find
embedded in a metaphor, which, of course, is the only way
to speak the truth. This truth represented a visible image of
the unseen limits placed on physical space by the creating
force of the universe. | didn’t think a pile of crumbling
Styrofoam was the right way to show this. | was stuck at this
point for some days. Then | had an idea; | decided to dlsplay
this irony ironically.

The irony was this: The unseen, uncreated domam, which
bounds and is creating our universe, has limited our ability to
create regular polyhedra and, as stated, proved that the uni-
verse is not shaped like an endless checkerboard: How to
show this? Put it on a checkerboard.

Do What?

This really cheered me up. In discussing 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 17 edges. The rea-
son the octahedron is the dual of the cube is that the octzhedron
has 8 faces where the cube has 8 vertices, 6 vertices where the
cube has 6 faces, and 12 edges, which cross the cube’s 12 edges
at right angles. You get the idea. To map the polyhedral families,
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Flgure 31
TWO-DIMENSIONAL GRID OF PLATONIC AND
ARCHIMEDEAN POLYHEDRA

find the location for each member on a three-dimensional grid,
where each axjs of the grid represents one of the attnbutes of the
polyhedron: faces, edges, and vértices.

Since | was working with graph paper on a clipboard, |
started by using only two axes-at a time. | found it most.effec-
tive to examine the faces and vertices on the two-dimension-
al graph paper and just ignore the ‘edge-axis. (There is anoth-
er irony here that-took me years to understand, but no short-
cuts). What | found at the time was really somethlng (See
Figure 31)

I put the'dots on the graph paper. It looked hke a confusing
mess, but when | connected each family’s dots with colored
ink, its clarity almost jumped off the paper. it looked like a star
chart with constellations drawn on it. The constellation of
each family looked like a primitive cave painting of a bird—a
crane or pelican—or better yet, a theropod" dinosaur, one
that looks like the Tyrannosaurus rex. The Platonics were
located at the-tip of each dinosaur’s mouth; the great-circle
figures were the heads and the truncated Platonics were the lit-
tle front claws. The rhombic great circles were the bodies, the
snubs the tips of the tails, and the truncated great—cnrcle figures
were the feet.

1 had a “litdle” 8-foot-long, red Demonychus dinosaur,!?
with its mouth closed representing the tetrahedron family; a
medium-sized 16-foot, green Ceratosaurus'® with its mouth
open a little as the cube family, and a huge blue 40-foot-long
T-Rex' with its mouth open wide, as the representative of the
dodecahedron family. This was a lot of fun.

One thing that seemed funny to me was that the “truncat-
ed Platonic” pairs—the truncated cube and truncated octahe-

dron, for example—both mapped to the same place, even.

though they had very different appearances. The same thing
happened’ with the truncated dodecahedron’ and truncated
jcosahedron. Look at the truncated cube and truncated octa-
hedron, ar even more striking, the truncated dodecahedron
and truncated icosahedron. They don‘t [ook at all alike, but
each-pair happens to have the same number of faces, vertices,
and edges. Well, one polyhedron for each dinosaur claw.
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Faces

Figure 32
THE TETRAHEDRON FAMILY HIGHLIGHTED
The connected dots represent the tetrahedron family,
masquerading as a small Deinonychus dinosaur,

You could see each family clearly on the chart, and the
intersections, too: the tip of the mouth of ‘the green
Ceratosauirus touched the head of the red Deinonychus; the
head of the Ceratosaurus touched the body of the
Deinonychus; and the neck of the” Ceratosaurus touched the
foot of the Deinonychus. At the same time, the mouth of the
blue T-Rex touched the tip of the tail of the poor litle
Deinonychus. This really worked nicely, and it gave you the
impression that you weren't looking at a static thing. Those
dinosaurs Were going to start chewing any minute. You could |
also see how the enharmonic polyhedra were, in fact, in both
families, filling different roles. :

The dinosaur mouths were. open d[ﬁerent amounts That
made me stop and lock: it seemed to:mess up the symmetry of
the families.'| knew something was funny with-the way | was
thinking. about this, and I-had ‘a glimmer of anticipation, like
the-change in the way the air feels before a thunderstorm. Why
weren’t my supposedly symmetrlcal fam/lles absalutely identi-
cal on the chart? - o

! had an ldea—supenmpose the famlhes to see 1f 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
Archimedeans were at 30, 60, and.- 120; the cubic
Archimedean vertices were at 12, 24, and '48; and the tetrahe-
dral vertices were at 6, 12, and 24. All I'had to do was put the
dots on one grid that had three different scales. If the families
were symmetrical, then the dots would be in the same place.
The differences in dodecahedral Archimedean vertices were
30 and 60; the differences-for the cubes were 12 and 24, w1tl‘
the tetrahedrons at 6 and 12. That should work.

The scale for the faces of the Archimedean polyhedra war
the same idea. The dodecahedral Archimedean faces fell a
32, 62, and 92. The cubes were 14, 26, and 38; with the tetra
hedrons at 8, 14, and 20. This worked too, with differences o
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Vertices

Figure 33
THE CUBE FAMILY HIGHLIGHTED
The cube family resembles a mid-sized Ceratosaurus
when its.dots are connected., S

Vertices

S “Fi'gure34 o
THE DODECAHEDRON FAMILY HIGHLIGHTED
The dodecahedron family as a huge Trex.

30 for the dodecahedral, 12 for the cubic, and 6 for the tetra-
hedral. The Archimedean solids of each family exactly
mapped onto the Archimedeans of all the other families. The
Archimedean polyhedra families really were symmetrical.
One little nagging, hint of a question. The cube, dodecahe-
dron, and tetrahedron all mapped onto each other too, when |
averlaid the families of Archimedeans, but the octahedron and
icosahedron-each: fell .in a different place. That was why the
mouths of the dinosaurs seemed to be open wider, as they. got
digger. The bigger the dinosaur; the. wider the mouth—maybe
hat had something to do with:Darwin, but | doubted it. It was a
auzzle, but by this time | was working so fast that 1 didn't stop.
This was a situation | was used 1o by now, in the geometry
wvork: | had a nice theory, a beautiful:picture to show, and one
ly- in the ointment. | found that.you don’t have to ruthlessly
wnt down the anomalies and destroy them. Believe me, if you
lo the work, they!ll find you. (What you do havé'to do is enjoy
seing caught by the anomalies, unlike the “Bread ‘Scholars”
hat Schiller denounces, who try to cover up anomalies.!)
Why weren’t my symmetrical families symmetrical? Those
lamn dinosaurs had their mouths apen different widths. | will

ell you why, but we are going to have to go around the long
vay to get there. :

: Three Dimensions, If You Got 'Em

I.did feel a little bad to be working with only two dimen-
ions of my three-dimensional grid at one time. So, | got a
lab of Styrofoam and some small wooden dowel-rods. |
nade a face- and vertex-grid on a piece of paper, cut the
owels to the length of the edge-axis on the same scale plus
n inch, put the paper on the Styrofoam, and poked the dow-
Is through the paper at the proper place an inch into the
tyrofoam. The upper ends of the -dowels represented the
ycation in 3-D where the polyhedra should be located. | was

ST RoR

so happy with-this that | made a piece of cardboard which
had pictures of each Platonic and Archimedean polyhedron
on it. The cardboard would sit on the Styrofoam, next to
where the dowels were, 50 you could see what each dowel
represented. :

| had hoped that looking at the pattern in three dimensions

would directly portray some neat.secret about the unseen
force that shapes the Platonic and Archimedean solids. Maybe

- it would be a 3-D spiral, or waveform, or some exatic shape

like a pseudosphere.

It didn't.. ' . . . :

It looked to me like all the polyhedra fell in one plane, a
plane tilted with respect to the other axes, but just a plane!
Upon reflection, this shouldn’t have been a surprise, if | had

had more mathematical training. The phenomenon was an
artifact of what has been sadly named Euler’s formula. Each of -

the polyhedra is subject to this curious fact: The number of

faces, plus the number of vertices, minus the number of edges
is always 2. .

Tetrahedron: 4 +4 6= 2, : -
Snub dodecahedron: 92 + 60 - 150 = 2, and so on.
This would -explain why all the solids;*mapped the way [

was doing it,-ended up in a plane. It did make it easier to.

show. I could still accurately display the real three-dimension-
al graph an a two-dimensional piece of paper after all, but it
lacked the pizzazz of having the more trendy hyperbolic
waveforms in my graph.

‘The Universe, and All That Surrounds I8
In LaRouche's “Metaphor” paper, which was published when
he was in prison, at the height of my activity in these matters, he
made it quite clear that great circles on a sphere were the way
to create the-Platonic solids. My one overriding thought while
working on this project was, “Spheres are primary; “~w. does

8029 -

21st CENTURY Summer 2005




Ghristing Cralg

Flgure 35 ‘
: GOD’S GRAPH PAPER ..

The 6- 9— and 15-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 c:rcles ‘White balloons were inflat-

cuts through the center of the next
face, cuts a different edge in half at
right angles, cuts through the center
of another face and then joins: up |
with the edge on the opposite side of
the dodecahedron. It continues on
until it returns to the original great-
circle segment. If you can see it (it is
really hard), you will find that it takes
1-great circle to cover 2 edges of the
dodecahedron. Since there are 30
edges on a dodecahedron, it takes
15 great circles to define a dodeca-
hedron.

Fifteen great circles! 1 can barely
see 4 great circles when I'm looking
right at them. How can I visualize
152 ,

Remember the Bread Scholars?
You have to do it. For safety’s sake,
don’t use. 15 embroidery hoops for
this. Use a half-inch strip cut the long
way.-from . a- piece of poster board.
Mark the strips where they will inter-
sect before you cut them out. There is

..2 lot of technique involved in getting

them to work, but that's part of the
fun, too.

Remember the dodecahedron
inside the icosidodecasphere? The
center-of each of the dodecahedral
edges touches a vertex of the icosi-

ed-within to 'enhance VISlbIIlfy.. Tl e

dodecasphere. There are 30 edges
to-a dodecahedron, and 30 vertices

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, theicosidodecasphere, has 12
pentagonal and 20 triangular..areas that. the great circles
sweep out. To locate a- dodecahedron .in this arrangement,
you put each of its 20 vertices in the eenter of one of the 20
spherical triangles of the icosidodecasphere. Likewise, the
icosahedron's 12 vertices would go-into the 12 spherical pen-
tagons of the icosidodecasphere. f you look at a dodecahe-
dron alone, you see that it is like every other polyhedron we
are dealing with, except the tetrahedron, in this way: It is
made up of features that reappear on opposite sides of the fig-
ure. Each face has a parallel face that is on the other side of
the dodecahedron, so a dodecahedron is really made up of 6
pairs of parallel faces. Likewise, the vertices all have anather
vertex exactly opposite to it 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
circle 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 circle. Extend the segment
in a stralaht line on the sphere. The line (great-circle path)

& ) .U :
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.in an icosidodecahedren, and they
are, mdeed, in the same. orientation. Because that's true;
look at where the 15 great circles go, They all bisect the
vertices of the icosidodecasphere, clean as.a-whistle,.. . -

.Look at an icosahedron inside. an. icosidadecasphere.
Remember that? 12 vertices are inside.12 spherical pentagons.
The center point of the each of the icosahedral edges touches
each icosidodecasphere at the vertex—30 and 30, its just like
the dodecahedron. The 30 edges of an icosidodecahedron
would make 15 great cxrcies, just like the dodecahedron dld
In fact they are the very same 15 gréat circles.

Now look-at this process backwards. You start with a sphere—
least action in the visible domain. Straight [ines 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
anather great circle. These 15 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 could slice up a dodecahedron to make the other
Platonic solids without ysing the other reguiar great-circle fig-
ures, but why use. 18th Century methods, as FDR said to
Churchill?'? Use the even divisions of great circles directly.!®

OK, who's next? The cube and octahedron in the 4-hoop
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cuboctasphere are next. This is a little easier. The cube fits into
the cuboctasphere with its 8 vertices in the centers of the 8
spherical triangles. The centers of its 12 edges hit the vertices
of the cuboctasphere, and if you extend its 12 edges, you get
6 preat circles. This is the same pattern as before, but wnth
fewer components.

The octahedron is a different 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 12 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 circles, because the octahe-
dron, in spherical form, is also the tetritetrasphere, the three-
great-circle figure of the tetrahedron family. In the icosidodeca-
sphere, you had 15 additional great circles, 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 almost get back to normal. If you
put a tetrahedron in a tetritetrasphere, its 4 vertices go into
alternating spherical triarigles, and the centers of its edges map
to the vertices of the tetritetrasphere. Extend the edges of the
tetrahedron and you-get 6 great circles. The other tetrahedron
fits into the unused spherical triangles of the tetritetrasphere,
and its edges lie in the same 6 great circles as the first tetrahe-
dron’s do.

This is the least-action pattern. 6 regularly d|v1ded great circles
generate 15 others, which define the dodecahedron and icosa-
hedron. Four regularly 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
tétrahedra, but they in no way resemble the regularly divided

.-arrangement of 6 great circles that are the icosidodecasphere.
“The cubeftetrahedral 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 atorm.?

- In the middle of all these lovely trees, | remembered some-
thing about a’ fofest. The reason that | started’ investigating
Archimedean solids in the first place was bec¢ause the rhombic
dodecahedron filled space like a cube: and no other shape in
the universe, 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 all. It doesn't
have regular faces. It is the dual of an Archimedean.

What About the Duals?

So, | constructed the Archimedean duals, too, all of them.20
(See Figure 28.)

The way Archimedean dual polyhedra relate to the
Archimedeans' is instructive.. The sphere -that encloses and
touches each vertex of an Archimedean solid touches the cen-
ter of each face of the dual. All of the faces of a dual are the
same shape, although some of them can be flipped over in a
left-handed/right-handed way; and none of their faces is regu-

R e,

: Dlsdyakfs dodecahedron
(9 circles)

Tetrakis hexahedron
- (6circles) .

Dlsdyakls triacontahedron
-{15 circles)
- ... Figure36 '
THE ARCHIMEDEAN DUALS AND
' THE GRFAT CIRCLES
The dual of each and everyArchlmedean solid is dlrect-
ly mapped by the 15, 9, and 6 great circles derived from
the 6, 4, and 3 evenly divided great circles—except for
the pesky snubs.

lar. As we ‘will see, the Archimedean duals are harder to dis-
cuss, because of the irregularity of the faces, but I've come to
believe that they are, at the very least, as important as, and as
primary as, the Archimedean solids themselves.

The last dual solid | made, the disdyakis triacontahedron, was
the dual of the truncated icosidodecahedron. It has 120 identi-
cal little right triangles for faces. As | was putting it together (I
actually cut out 120 triangles and taped them togethen), | real-
ized that the edges of this polyhedron were also great circles,
That seemed interesting, but this was such a busy construction;
that | couldn’t see exactly what | had made at the time. (This
realization also points out the importance of actually construct-
ing the real polyhedra, rather than just looking at them.)?!

I thought about the great-circle question for days. | had my
whole set of 48 polyhedra hanging in- my bedroom. There
were a heck-of-a-lot of great circles dividing up the disdyakis
triacontahedron into 120 triangles. Were there 15 great circles
in the disdyakis triacontahedron? Were they the'same 15 great
circles that define the dodecahedron and the icosahedron?
Could that be possible? Was the universe designed with such
precision and charm that the process that created the dodeca-
hedrori and the icosahedron directly mapped to the dual of the

truncated icosidodecahedron? It seemed like it should be, but .

was almost too- much to hope for.

| went to sleep one Saturday night thinking that, if the families
of polyhedra were indeed symmetrical, and the disdyakis tria-
contahedron was really mapped this way, then the edges-of the
dual of the truncated cuboctahedron, the disdyakis dodecihe-
dron, should be made out of the 9 great circles used to make the
cube and octahedron. In addition, the edges of *ha dual“of-the
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Figure 37
TWO-DIMENSIONAL GRID OF
PLATONIC AND ARCHIMEDEAN POLYHEDRA
AND THEIR DUALS

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

This really got me moving.

It turns out that the dual of each and every Archimedean solid
is directly mapped by-the 15, 9, and 6 great circles derived from
the 6, 4, and 3 evenly divided great circles; all of the duals except

-for the pesky snub cuberand snub dodecahedron, are right there.
The snubs are a special case, which will become more apparent,
the more work we do. The duals of the truncated quasis use all
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 warks.

The realization of the role of the great circles in the con-
struction of the Archimedean duals made me determined to
integrate the Archimedean duals into my system. How do the
duals map onto the grid on which | had already placed the
Archimedean solids?

These names mean something about the number of faces.

The dual of the truncated tetrahedron, the triakis tetrahedron,
looks like a tetrahedron that has each face divided 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 little at the center of the tetrahedron’s
face. | suppose the “triakis” means 3 and “tetrahedron” means,
as we know, 4-sided. The first pair of these polyhedra | made
were out of black poster paper, as their faces were triangles.2
The other names are also as instructive, but not very catchy.

What you see when you add the Archimedean duals to the
map, is a symmetrical pattern, like a Rorschach ink-blot test
made up of dots 23 (See Figure 37.)
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As | started to do the additional mapping, | decided to go whole
hog. You may remember that there are two infinite 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 equilateral triangle up to an equilateral bazillion- -
sided figure. Hang squares with edges the same lerigth 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 like your original one on the bottom, and
you have an Archimedean prism. (See Figure 38.)

For example, you can start with a regular hexagon, hang

.. squares from each of its edges, and put another hexagon on

the bottom. It looks like a hatbox. This is an Archimedean
solid too. One sphere would touch each vertex, and one
sphere would touch the center-points of both hexagons, and
one sphere would touch the center-points of all squares. This
is true for all of the Archimedean prisms. As you get iato the
higher numbers of sides, the prisms get thinner and thinner,
eventually resembling. a cain, or CD. As for the duals, the
prism duals are all made up of isosceles triangles. The dual of
the 6-sided prism, the hexagonal dipyramid, would have 12
triangles—6 isosceles triangles pointing up, like a tee-pee, and
6 pointing down. See: “dipyramid,” two pyramids stuck
together at their bases. As you add more edges, the triangles
get. longer and longer until they take on the aspect. of a
stretched-out dowel with sharpened ends, until you finally
give up because there are too many sides.

Anti-prisms are similar to prisms, but are made with tri-
angles rather than squares, hangmg from any regular poly-
gon—from an equilateral 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 like
a child’s drawing of sharl's teeth. A 6-sided anti-prism has 12
equilateral triangles around the circumference, and hexagons
on both top and bottom. The dual of an anti-prism is made up '
of a 4-sided figure that looks like an arrowhead. They are
called trapezohedrons. The more sides the anti-prism: ’has, the
more pointy the arrowhead. The dual of the &-sided ant[—pnsm
has 12 faces: 6 arrowheads pomtmg up; meetmg at their
points, and 6 pointing down. . oo

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

Figure 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 number.

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

There is something going on that | haven’t mentionéd yet:
The 4-prism is the cube and the 3-anti-prism is the octahe-
dron. Look at all the work the dual-pair of the cube and octa-
hedron do. First, they each are Platonic solids and duals of
each other. Second, the octahedron is also the tetritétrahedron,
the figure directly created by the even divisions of three great
circles, and parent of the tetrahedron family; and the cube is
its dual, perhaps called the rhombic.hexahedron in that incar-
nation. Third, the cube is the 4-prism, one of that infinite
series; and the octahedron is its dual, a dipyramid—the one
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{a) Prisms
¥ Trafigular: 5 faces, 6vemces

@' ‘Sguare: 6 faces 8 verﬂcss (a cuba)

Psntagonal 7 faces, 10 vertices
Tyil .

Nine-sided: 11 faces; 18 vertices. . .

(b) Anti- pnsms
Triangular 8 faces, 6 verﬂces (an uctahsdronl)

Square: 10 faces, 8 vartices (a cube)

Nine-sldec: 20 fac_ée, 18 i/erqce's. e

Co Flgure 38 .
PRISMS ‘AND ANTIPRISMS.

The series of prisms and antiprisms goes on infinitely.

" Hexagonal prism. ..

Haexagonal dipyramid Hexagonal trapszohedron

Figure 39 .° .. .
SR MOREPRISMS ~. . -
P:ctured here are a:6-sided prism, antl-prlsm,

and their respective duals

wath equxlateral trlangular faces Fourth the octahe—
dron is the three-anti-prism, the first of that infinite
series; and the cube is its dual, a trapezohedron with,
equilateral faces.

Let’s go io the grld (See Flgures 37-38. )

: , The Chart =~
There is quite a lot going on here, so lll try to

break it down. The dominant thlng you see after you

e

Flgure 40

CHARTING THE PRISMS AND

THEIR DUALS .
When the faces and vertices are gridded,

the prisms. and. their duals go- off in two

Faces

. different straight lines that seem. to start.

at the tetrahedron. At the second prism l

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 “5-lines” connect all three snubs

and their duals, and meet the “3-lines”

at the dodecahedron and icosahedron

{the snub.tetrahedron).
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put all the dots on the graph paper, is the wedge that the
prisms and their duals make. Since you are mapping dual-
pairs, the chart is completely symmetrical. There is an imagi-
nary line down the center of the pattern where you could put
a mirror, and see the place where the dual of every mapped
point on your side would appear in the mirror. The only
mapped point that actually falls on this line is that of the tetra-
hedron, as it is the dual of itself. You could. also call this line
‘the pyramid line, as any pyrarmid you can construct would fall
on this line. Pyramids are all duals of themselves. A pyramid
with a million-sided base would have a million-and-one faces,
and a million-and-one vertices, with 2 million 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.
Since-every pyramid is the dual of itself—and even though the
tetrahedron is the only pyramid qualified to be'mapped on our
chart—they all would map right down the center dual line, if
we bothered. You could fold the chart in half on the dual line,
or pyramid line, and every other polyhedron would touch its
dual.

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. They run in parallel lines very close to the pyramid line.

" This intersection spot, where the cube and octahedron are,
is the location of the most intersections of functions on this
chart. Does that have something to do with the ease with
which we conceptualize 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 dis-
secting this wonder, we find the snubs, and the dodecahedron
family as a whole, on the far side of the singularity from us—
the “dark side of the Moon,” if you will. The cube, in contrast,
is the nearest and most familiar point in this process. (Can sin-
gularities have sides?)

All of the Archimedean 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). All of the Archimedean polyhedra which pair with
those duals fall on the same spot as one of the prisms. These
are the truncated 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 30-sided faces;
the truncated cuboctahedron maps to the prism with 24-sided
faces; the truncated cube and truncated octahedron (truncated
tetritetrahedron) map to the prism with 12-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 Archimedeans 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 30-sided faces; the icosido-
decahedron maps to the anti-prism with 15-sided faces; the
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rhombicuboctahedron maps to the anti-prism with 12-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 all, the cube).

The Archimedean duals, like all duals, owe the shapes of

their faces to the nature of the vertices of their dual-pairs, and
vice versa. An octahedron has faces made up of equilateral tri-
angles, whereas the cube has 3 edges meeting at equal angies.
The duals of the great-circle figures all have 4-sided faces,
because the great circles meet, creating four angles. The rhom-
bi, and all truncated Archimedean duals have 3-sided faces.
.. Only the snubs and their duals, which have 5-sided faces,
fall on the chart in a place not already defined by the prisms or
anti-prisms. Even they lie on their own straight line on the chart
which intersects the prism line at the icosahedron. This implies
that the snubs make up a category of their own. The whole
chart is contained in three pairs of straight lines. The prism and
dual-of-prism lines, the ”3-lines,” meet at the tetrahedron; the
anti-prism and dual-of-anti-prism lines, the “4-lines,” run par-
allel, and very close to the “dual line,” and meet the “3-lines”
at the cube and octahedron, while the “5-lines” connect all
three snubs and their duals, and meet the “3-lines” at the
dodecahedron and icosahedron (the snib tetrahedron).

The separation of the “5-lifies” of the snubs is another
example of their uniqueniess.2? It i not that they are snubbing
the other polyhedra, of course, but'theré should be another
infinite set of polyhedra, which would fall under the snub
polyhedra. They would be like the prisms and anti-prisms;
except with five-sided duals. They don’t exist because they
are not constructable in the discrete universe. The snub poly-
hedra are as close as you can come, because of the limit
imposed by the nature of space. My opinion s that the angel”
in Darer’s Melancolia is trying to construct such a set, but is
frustrated by the limits of physical space, and is thus, melan-
choly. The dual of what the angel has made in the woodcut
would 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 5-line at all. This just shows how
impossible the projectis. - S .

Where the Platonic solids fall on this chart, is highly 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 | asked about the location of the Platonics
in that scheme. Do you remember when we superimposed the
three families of Archimedeans? The dodecahedron, cube, and
tetrahedron all fell in the same spot, but the octahedron and
icosahedron seemed to randomly miss the target. The dinosaur
mouths were open different amounts. Well, do the same
superimposed mapping with the duals of the Archimedeans
and the Platonics. The icosahedron, octahedron, and tetfahe-
dron all map to the same place, and the dodecahedron and
cube splatter somewhere else.

This is awesome.

From the perspective we have just established, the cube and
dodecahedron belong to the same set of polyhedra as the
Archimedean solids, while the icosahedron and octahedron
belong with the Archimedean duals. If you map the Platonic
polyhedra that way, the families are completely symmetrical,
and once again the beauty of creation has smashed one of my

i A
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. Eigured1 -

- the figures. s i

Melahéolia, by Albrecht Diirer. Notice.the large polyhedron behind

families is evenly divisible by 6. If you divide
each polyhedron’s edge-number by 6 and look at
the results as a one-dimensional graph, the tetra-
hedron family falls on 1, 2, 3, 4, 5, and 6. The
cube family falls on 2, 4, 6, 8, 10, and 12; while
the dodecahedron family falls on 5, 10; 15, 20,
25, and 30. The cubeftetrahedron enharmanic
intersections are at 2, 4, and 6; with the dodeca-
hedron/tetrahedron intersection at 5. That's it. The
fact that both the cube and dodecahedron family
‘ave members with edges of 10 does not indicate
an enharmonic intersection; they just have the
same number of edges.
The utilization of the edge-axis in this way is
- why,. when .| first started - mapping the

use the faces and vertices for a two-dimensional
view. The polyhedra seemed to bunch up in the
-edge-axis view, and made the chart sloppy. |
thought that was a problem, and went on to do all
the work recounted above. I | had realized that
only using the edges for mapping, 1 could show
“both the symmetry and intersections of the fami-
.. lies, | would have missed all this fun. .

*your.head with this simple chart in your mind.?
Or draw itout: 1, 2, 3, 4, 5, and 6 down the cen-
ter of a piece of paper; 2, 4, 6, 8, 10,.12 on the

Make sure that the numbers are lined up, 2 next
to 2, 4 next to 4, and se on; circle all 2%, 4's, 5%,
and 6's, and you're done. See Figure 40.

Once the idea is in your head, this is the only
mnemonic device you will need.

- Ty,

S0, What Do We Have? AR

pet theories into the mud: - S S e

- When the icosahedron arid octahedron enharmonically act
as Archimedean solids 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 weédge on our graph, and dual
of itself; participates ir both sets. -

The Platonic solids -all ocaupy the 3-lines. The icosahedron
and dodecahedron occupy:the 5-lines as well, because the
dodecahedron is a 5-sided-face dual of the snub tetritetrahedron
(icosahedron). Th& cube and octahedron occupy the 4-line as
well, because the'cube is a 4-sided dual of the tetritetrahedron
(octahedron). Most ironically, all the lines intersect at the tetra-
hedron, even though it is neither a prism nor the dual of a prism.

TheChart:in the Back of the Book
This is a lot-to kéep'in your head. When | was reviving my
activity with the Archimedean families, a way of keeping the fam-
ilies and their relationships straight in my mind came to me. Don’t
tell anyane this trick, until they have done all the ahove work.
The number of:edges of each member of the Archimedean

- B T S
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In summary, we have created two sets of taols,
# -+ useful in'the philosophical examination of geom-
etry, ‘and, I'might add, just as useful in the geometrical exami-
nation 'of philosophy. o T
The first set.is the collection of great-circle figures: 3, 4,
and-6"even divisions of great circles by other great circles,
from which: we create the 6, 9, and 15 other great-circle
arrangements which give you the Archimedean duals, and
the Archimedean polyhedra arranged in the three symmetri-
cal-families. The great circles are useful-in the planning and
construction of our polyhedra. All of these collections of
great circles together, I've come to call “God’s graph-paper.”
(Figure 35). - : .

The other set of tools is the mapping of the locations of the
polyhedra onto a three-dimensional grid. You have the three
families of Platonic and Archimedean solids, which look like
three constellations, and show the symmetry and intersections
of the families: Adding the duals of the Archimedean solids
shows how the dual-pairs are mirror images of each other,
while adding the prisms, anti-prisms, and their duals provides
a framework-for the other polyhedra, and highlights some of
the processes that create the shapes. The various stages of this
mapping are useful in seeing what has been constructed.
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‘Archimedean families, it was most convenient to.

:You can-discourse on this topic, off the top of

right side;-and 5, 10, 15, 20,. 25, 30 on the left. *




Gridding or mapping the positions of the polyhedra is-a tool to

_ T ' examine the limits embedded in visible space. Don't look at the
B 2] graph. as a thing. It is picture of a small part of the ongoing
SR - . ] process of creating the universe. Your examination of the chart is
L4 4] ! part of that process of creation. It would be nice to build a chart .

T5 5. big enough to put models of the polyhedra where they appear on

L6 5 | the grid. Even if we do that, even if we have a few city blocks to

8 - landscape, and the chart is big enough to walk around in, it
Tetrahedron won't be a thing. Imagine walking along the 3-line by each of the
1 | fmil 10 ‘ prisms; past the dodecahedron and the truncated tetrahedron,

. until you reach the cube. You stop and look across the little

12 stream that represents the pyramid line,. seeing the octahedron

: and the anti-prism row leading.off to your right, and reflect on

Cubs family 15 : how many things the octahedron is doing at the same time, even
whilé it appears to be. just sitting there: Your thoughts at that

- o0 * (Number of edges moment are what's happening, not the models themselves,

, divided by six) These are really To61§ iou can use to answer questions such as,

25 how is the axis of symmetry different in the dodecahedron vs. the

20 rhombic dodecahedron? They both have 12 faces, which are dif-

- ferent shapes.” How -could there possibly be two dodecahedra

. Dm‘?::‘n?fdm" : with differently shaped faces? The Composer didn't sit down and

: LA | cutout cardboard: How d6 the faces orient to each other in each

- Figure 42 ’ ' polyhedron? Look at the-3- hoop and 9- “hoop spheres Clearly, the
. CHARTING THE FAMILIES OF POLYHEDRA center of each face of the rhomblc: ‘dodecahedron falls at the cen-

This is the chart at the back of the book, showing how" ter. of each edge of the tetntetrasphere, the evenly leldEd 3-hoop
* the families of polyhedra intersect. The number of construction. Now' look at the, dodecasphere in the 15-hoop

edges of each member of the Archimedean families is |  sphere. The center of each face:of the dodécahedron also falls
evenly divided by 6. If you divide each polyhedron’s on an edge of the 3-htap tetrltetrasphere, but not in the center
edge-number by 6 and plot the results in one dimen- of the arc segment. Could it be that the center of theface dlwdes
sion, this is the result. the edge at the Golden Mean? I think-it does. When you divide

the arcs thusly, you have to chdose either a right- Handed or left-
- handed orientatién. This is another indication.of
the ‘dodecahedron family’s affinity to the snub

. figures. Try picturing that without the great -Cir-
cle constructions as a guide.

The relationships “presented here are true,
but what is. the relevance? How that works is
up to you. The [ast thing you want is a well-
stocked tool box sitting unused.in a closet.
Make, or borrow an hypothesxs and then do
the constructions. "Once=+you- get the ball
rolling, it becomes a self-feeding process. .

As a final inspiration, some wisdom from Act
I, Scene 5-of Mozart's opera Don Giovanni. Doh
Giovanni (Don Juan) foolishly lets himself get
within arm'’s reach of a former, abandoned lover
who is looking for him to make him marry her.
He wants to have his servant, Leporello, save
him by distracting her by recounting his lengthy
list of Giovanni’s amorous adventures:

He says (loosely), “Tell her-everything.”

Leporello, missing the point, either on pur-
pose, or not, asks, “Everything?”

"Yes, yes, tell her everything.”

“And make it snappy,” she interjects.

Figure 43 ' : “Well, ma'am, in this world, truly” says the
THE SHAPE OF SPACE I} embarrassed Leporello, “a square is not round.”
The beginning of everythingl ’ See, everybody used to know that geometry

was the beginning of “everything."?¢

- e
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Notes

1.Max Casper (1880-1 QSG).v Kepler, (Minecla, N.Y.: Dover Publications, inc.
1993), p. 380.

2. Edwin A. Abbot (1838-1926), Flatland, A Romance of Many Dimensions, with lus-
traiions by the Author, A. Square, hipZ/www.geom.uiuc.eduhbanchoff/Flatiand/,

3.Lyndon H. LaRouche, Jr., “On the Subject of Metaphor?” Fidelio, Vol. 1, No.
3, Fall 1892. :

4.Johannes Kepler (1571-1630), The Six-comered Snowflake, edited by
Colin Hardis, (New York: Oxford University Press, 1966), 74 pp. This is a
beautiful work.

5. My friend, Jacob Weish, (b. 1889) has carrectly pointed out that if you
squash a cube the right way, and make all the faces Identically diamand-
shaped, this figure will also fill space. | maintain that a squished cube is still
a cube, so let the merriment continue.

6.Magnus J' Wenninger, Polyhedron Models, (New York: Cambridge
Universlty Press,.1971), pp. 12-13. Wenninger gives brief notes an con-
struction techniques. My current practice follows his closely; however,
when | started this project, | used wide, clear tape to cover each cardboard
faca, and then taped the individual faces togather. . -
7.Plato, Parmenides, or On Ideas, Logical, unpublished translation from
1990 by Leslie B. Vaughan.
8.To show what | mean by this, here are some news reports from the internet:
“Oné Critically Wounded during Rotterdam Soccer Riot—Rlofing soceer
fans may have returned fire at police during a clash In central Rotterdam
Sunday night in which police shot info the erowd, wounding four peaple. . . *
“Rome Soccer Riot Was Planned—A hardcors of Lazio and AS Roma
soccer fans worked together to spark the riot that caused the Flome derby

to be abandoned on Sunday, politiclans sald on Monday. Police on Monday '

said they had arrested 13 supporters fram both sides, some of them known
hooligans, following a 6-hour pitched battle between police and fans that
left more than 170 people injured. . .-" o L
“Sogcer 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-
tifig fire to cars, smashing store windows and attacking a group of young

Japanese musicians. At least one man was killed in the meles. .. *

9. The late, great Fred Wills (1928-1982), former Foreign Affalrs and Justice
Minlster of Guyana, hero of the Colombo cenfarence and the Non-Allgned
Movement, Shakespearean scholar, friend of Lyndon LaRouche; and erick-
et expert of international renown, taught me that the above quots is almost
always useful, and incidentally, the oldest rhetoriclan's trick n the book. If
someana 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 thelr hard wark as your own. Anything
you add is by definition more than your unfortunate predscessor has sald.

That is my rale here, to build on the work that our “non-checkerboard”
faction has already dona over the last 3,000 years or sa. With any luck af
all we can end up in better shape than Regan does later In King Lear.
(Sick, oh sick)

10. Thres symmetrical families; threa palirs of Platonic solids; three sets of great cir-
dle figures: What is with all these threes? Naow look, when we say that the
cube has 6 faces, we don't- mean "8" in a Sesame Street, “one; two, three,
four, five, s--H-x" kind of way. The 6 faces of a cube are oriented a certain
way? Up, down, laft, right, front, back. This & Is not just a dead number, but is in
the piticess of going from somewhere ta somewhere. In fact, you wouldn't have
those concepts of direction without a reference like the cube. If fact, 1he sjructure

of thé universe, which we are Investigating here, determines where those 6 -
sl o

facas fall, and how they aré shaped; and why they are unique. 6 doesn't just

mean 6;at all. Likewise, the three familles of Afchimedean polyhedra are not

just threg, as in "three” The pastis 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”

11. 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 fooked like the kind of turkeys that
could have you for Thanksgiving.

12. Delnonychus antirhopus, "Terrible Claw uptumed” was supposedly a lightly
buit, fastmoving, agile, bipedal (walked on two fegs), bird-ike dinosaur, which
could grow up to 10 feet long and lived from 110 to 100 milllon years ago.

13. Ceratasaurus, 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 156 to 145 million
years ago and could be 15-20 fest long.

14. Tyrannosaurus rex, the “Tyrant lizard king,’ was a huge meat-eating
dinosaur that lived during the late Cretaceous period, about 85 milllon to
65 million years ago. Until recently, Tyrannosaurus rex was the biggest
known carnivorous dinosaur, at 40 feet lang. Gurrent teaching has it that
the Giganotosaurus and Carcharodontosaurus are slightly bigger.
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15. Frledrich Schiller, “What Is, and to What End Do We Study Universal
Histary? 1788 Inaugural Address at Jena!" translated by Caroline Stephan
and Robert Trout, Friedrich Schiller, Post of Freedom, Vol I, (Washington,
D.C.: Schiller Institute, 1988), pp.254-255.

The course of studies which the scholar who feeds on brsad alone
sets himself, is very different from that of the philosophical mind. The
former, who for all his dillgence, 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 & person has no concern upon entering his academic career,
more important than distinguishing most carefully those sclences
which he calls “studies for bread," from all the rest, which dellght the
mind for their own sake. Such a scholar belleves; that afl the time he
devoted to.these latter, he would have fo divart from his fufure voca-
tion, and this thievery he could never forgive himseif.
16. Pater Cook (1937-1995), “Sitting on the Banch,” Bayond the Fringe, (New
Yoric Samuel French, inc. 1963). )

Strange, but not add, that a Cambridge-sducated comedian would use
this as a joke title for a book in a comedy review.

".. .l am very Interestad In the Unlverse and all that surrounds k. In fact,
'm studying Nesblit'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. 81, 1940, And he says
the Earth is spinning Into the Sun, and we will all be bumnt 1o death. But he
ends the book an a note of hope, he says, 1 hope this will not happen.™

17.Elliott Aoosevelt, As He Saw /i, The Story of the World Confarences of
FDA, (New Yorlc Duell Sloan and Pearce, 1948), p. 36.

18. This Is what LaRouche says to do In the *Metaphor” paper, but this Is riot how
he says to do it. He says, “From the 6-hooped figure containing dadecahadran
and fcosahedron, the cube, actahedron, and tetrahedron may be readily
derived.” And it can. Howaver, you may see how the Platonic and other paly-
hedra may be formed from the three sels of evenly divided great circles.

18. 8ee Laurence Hecht and Charles B. Stevans, "Naw Explorations with the
Moon Madel," 21st Century, Fall 2004. .

20.Magnus J. Wenninger, Dual Models, {New York: Cambridge University
Press, 19883}, pp.1-6. 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.

.Robert Williams, The Geomeirical Foundation of Natural Structure,
(Mineola, N.Y.: Dover Publications, Inc. 1972), pp.63-97. This section of Mr.
Willams's book was significantly valuable to me when | first started can-
structing polyhedra. In particular, the face-angles of ths dual polyhedra
made this partion of the project possible, befare-| had read Wanninger's
Dual Models book referenced in footnate 19.

22.Don't make a polyhedron all black, unless you are golng to hang it In a
nightclub. [ 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 ook like in a photograph. They
do look mighty sfick in person, though.

23. When first saw the pattern, | thought it looked like a sampling of an ampli-
tude-modulated envelope of increasing amplitude, running for three-and-a-
half cycles of the modutating fraquency. 1 later imagined that each family of
Archimedean solids and their duals could be connacted by & palr of sine
waves 180 degrees out of phase with each other, sither expanding from,
or contracting on, the Platonics, for three or four cycles. | am far from com-
plete in connecting each family's dots with curves, or'sine waves, rather
than dinosaur skeletans. It is more of an artistic proposition, than a sclen-
fific one. That could be because | haven't seen the pattern corractly.
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 Girry Therrlen has spoken of how Kepler wrote about the attrib-
utes and genesis of the snub palyhedra. | hope he writes up his observa-
tlons sometime. For now, look at the snub figures and then at any anti-
prism, and ponder the simliaritles.

25. Plato, Meno.

This Is funny: Plato has Meno express amazement that Socrates can't even tell
hirn what virtue is, as Meno has spoken "at great length, and in front of many
paople on the topic.” Later, when Socrates shows the slave why doubling the
sldes of a square won't double the area, Socrates says that, just a moment be-
fora the slave would have spoken at great length, and in front of many people on
doubling the side of a square. Yes, Socrates did Irftate a few people.

26. DON GIOVANNL: S}, sl, difle pur tutto,

(Parte non visto da Donn’ Elvira.) DONNA ELVIRA: Ebben, fa presto.
LEPORELLO: (Balbettando): Madama. . . veramente. . . in quesio mondo
conciossiacosaquandofosseché, . . it quadro non & tondo. . . .
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ASTRONOMY REPORT

IRON IN THE SUN

Nuclear Chemist Challenges
Theory of Solar Origin |

by Lance C. Feyh

For decades, Dr. Oliver Manuel, a pro-
fessor of nuclear chemistry at the
University of Missouri-Rolla, has been
telling anyone who will listen that the
accepted theory on the Sun’s origin—that
it was created slowly along with the plan-
ets in a huge collapsing cloud of hydro-
gen and helium—is seriously flawed.
“That story about the solar system's

creation- certainly doesn’t ‘match my -

findings,” says Manuel, wha, back in the
1970s, uncovered evidence supporting
a different theory: that a supernova
explosion created the Sun and planets.

Lately, it-appears that Manuel’s ideas
aren’t quite as-far-fetched as they used to
seem.

New findings ~at Arizona State
University convinced a  Chinese-
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

meéteorites for the past presence of chlo-
rine-36, they concluded that-a nearby
supernova must have injected radioactive
isotopes into the interstellar cloud of light
elements that was forming our Sun and

THE SUN IS A COLLAPSED NEUTRON STAR -

In Manuel’s theory, a massive spinning star becomes chemically layered near
the end of its life, when asymmetric collapse occurs to conserve angular
momenturn (1). The infall 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).
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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
. Dr Hans Klapdor-

- Kleingrothaus of the
Max-Planck Institute
for Nuclear Physics.

;o

planéts. The conclusions are reported in

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 failed to _
realize just how close the supernova
explosion was to our solar system.

“I am pleased the Chinese-Arizcna State
team of scientists recognizes this new evi-
dence of a supernova at the birth of the
solar systém;”-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 helium.”

According 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 supernova 5 billion years
ago. :
Manuel and a colleague hatched this

-theory in 1975. In 1977, their conclusions

were published in the journal Science. In
conjunction with this supernova theory,
they suggested that iron from the superno-
va made iron metearites, formed the inte-
rior of the new Sun, and created the jron
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Composition of the Sun after
correction for mass fractionation
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When elemental abundances in the
Sun’s-photosphere are corrected for
‘mass fractionation, the most
abundant elements inside the Sun
are found to be iron, nickel,
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
physical chemist Dr. Robert J.
Moon (1911-1989).

cores of the inner planets. ~
" Because there is very little iron at the
surface of the Sun, Manuel didn’t have
much luck convincing people that the-
heavy elefment played such an-important
role in the solar system’s formatron The
conventional wisdam ‘was that the light:.
elements seen at the surface of the Suri,
hydrogen and. helium; were . prevalent
inside the Sun” and throughouit the solar-
‘ system Last spring, the Arizona State team
detected the footprints of iron-60 in a
meteorite that circled the Sun for billions
of years: before landing on Earth. In a
Sciencé article, the team noted that i iron-
60 can only be made in a supernova. *

“All of the iron in.the Sun and Earth.
came with radioactive. iron-60 from the
supernova, “along . with many other.
radioactive ‘elements,” Manyel says.
”Long—hved radioactive elemefits like
tranium: still, survive,. which is why the
‘insides of the Earth are hot today.”

: Back in’ 19715 Manuel reparted in
Science the drscovery of short-lived plu-
toni 1-244, iniside'thé Earth. Like iron-
60, pluton1um-244 can only be made in
a supernova blast, :

~ Prior to the Galileo probe that entered
Jupiterin 1996 Manuel and a University
of Missouri-Rolla- graduate student pre-
dicted that the hydrogen and helium in
Jupiter would contain “strange xenon,”
made by nuclear reactions in the outer
part of the supernova. Data from the
Galileo probe cornifirmed that prediction.

In Manuel’s .model of the solar sys-
tem’s creation, heavy eléments stayed
close to the Sun and congregated to
form terrestrial planets like Earth, while

ASTRONOMY REPORT  £78:¢}.14
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" the light elements from the outer layers

of the supernova formed the blg gaseous
planets like Jupiter.: - -
Although the Sun's: surface is covered

‘Wwith hydrogen and helium, Manuel says

he's ‘absolutely convinced the Sun is

‘made mostly of. iron ‘and other heavy

elements that were left over from reac-
tions inside the & supérnova. .

“Our Sun is a huge plasma diffuser
that sorts atoms by weight and’ moves
lightweight elements like hydrogen and
helium to its surface;” he says. - .

In 1983, 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
in,the Sun are iron, . ‘oxygen, silicon,
mckel -sulfur, magnesium;’ and calci-
um,” says Manuel. “The most abundant
elements inside the Sun tumed outto be
the same elernents that-are most abun-
dant in ordinary meteorites. The likeli-

hood of this: spectacular agreement -

being a meaningless. coincidence is less
than one in a billion.” -

As part of a contmumg‘effort'to prove

he’s been right all along, Manuel's latest
publication shows that an additional 72
types of atoms in the outer layer of the
Sun, or photosphere, are sorted by
weight. Those results, and additional
evidence suggesting that iron is the most
abundant element in the Sun, will be
published with co-authors.in the next
issue of The Journal of Fusion Fnergy.

For more information and articles by
Dr. Oliver Manuel, see:

http //web umr. edu/~om/
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Letters
Continued from page: 7.
about the upshat.

| was a chemist on the pro;ect in the
“Madison Square Area,” stationed at Yale
University. | was in the Corps.of
Engmeers, as a buck Sergeant. (If I'd been
|n the Navy, Id have probably been a Lt.-

j-g-» but that's neither here nor there.)
- On. page 27, Mr. Wolfe says,
“'Exceptional’ securxty arrangements’ are
in effect for a labor force that will swell
to 150,000; few know the real purpose
of their work.”

True, General Grove was obsessed
with “security.” He even. wanted to
“classify” the value of Planck’s constant!
But saner heads prevailed. . .

As far as | know, the official figure for
those involved in the “Project” was
65,000—but that's a quibble. There may
have been ancillary workers not directly
involved to account for the larger figure;
however, to say that “few” knew the real
purpose is just not frue. We all knew
exactly what we were aboutl’

Many a bull session was devoted to the
yield of the projected A-weapon, with lots
of gruesome projections ahout just how
bad it could be—none of which
approached the realityl The “official”
story, of course, was .about the peaceful
use of atomic energy; but wewere military
personnel in wartimel It was utterly stupid
to try to sell us the idea that such a massive
effort, bound ahout with “Q" clearances,
was for future “peaceful” purposes! . -

(My own personal claim to fame was
the development of a method of prepa- .
ration of red oxide, and prevention of
the corrosive effects of fluoride on stain-
less steel. Even then we' knew ﬂuorrde
was bad news!) .- .

But we knewwhat Wwe were domg—we
hoped that there would be a demonstra-
tion somewhere to convince the Japanese
that their war was lost, without.the hor-
rendous loss of life that did occur. But that
hope was futile, as the author points out.

However, the hope and promise of
atormnic power was still there! And therein
lies my remark, There is nothing wrong
with nuclear power! There is a great deal
wrong with people. As long as pecple are -
involved in. it, the possibility of puclear
catastrophe is always present. For exam-
ple: in 1945, to be a Nuclear Plant
Operator, you had to have the equivalent
of three Master's degrees—ln Nuclear

8039 "




Science, Mechanical Engineering, and
Chemistry. Only very knowledgeable,
well-qualified persons were entitled to
work around a “Hot Box.” Now, anybody
can be a Nuclear Operator! The idea is
that the “Fail Safe” systems will keep the
plant safe, and therefore emergencies
either will not happen, or can be easily
dealt with. But, as’ John Gall points out in
his seminal work, Systemantics, “When a
Fail-Safe System fails, it fails by falhng to
fail safe.”

There are, for example, many ways to
deal with nuclear wastes—and burying
them in a mountain criss-crossed by
geologic faults is not one of them! | have
expounded upon that subject frequently,
but Senators, having small knowledge
and less interest in the subject, have uni-
formly brushed me off. Maybe someday
I will 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
number of the employees were being
monitored by FB! and other intelligence
personnel, which was not normal, even
for a wartime military project. According
to other personnel whom | have talked
to, theré was a pervasive sense that “Big
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 “in a box,” and only among
those directly involved with the project.
" The vast labor force that I refer to
includes the tens of thousands of con-
struction and other workers involved in
building the facilities in Tennessee, and
then expanding them,.as well as others in
factories and shops wha were involved
in making components for research, both
applied and otherwise. In these cases,
there was most definitely a lack of total
knowledge of the purpose of the project,
although Mr. Robles and his much small-
er group may have had more complete
understanding of what was being done.

In addition, as the project reached
fruition, obviously many more people

" knew exactly what was taking place.

As for Mr. Robles’s other observations, it
is certainly true that people with fewer

with nuclear materials and at nuclear -

facilities. 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. Roblés worries about wauld be gener-
ally solved by a gearup_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 far his contribution
to our discussion of the past, and look
forward to his help in making a future
without the kind of Beast=men who cre-
ated and dropped atomic weapons, and
have now destroyed the peaceful use of
nuclear technology as well,

Shocked by Shutdown
Of FFTF Reactor

To the Editor: - -

I was shocked when I’ [earned about
the plan to permanently shut down the
FFTF nuclear reactor. | deeply appreciate

your efforts’ to save the FFTF-and was’

stunned by the recent execution of such
a foolish decision. We have been lied to
that the reason for the shutdown is cost
of operation, when the-clean-up expen-
diture is equal to what it would cost to
aperate the reactor for another 20 years!
We have been lied to, that there is no
long-range mission that can be assigned
to the reactor, when, in fact, we need a
long-range reearch program to develop
and deploy all the fuel cycles that are
required to eliminate the actinide ele-
ments from nuclear waste, thereby dra-
matically reducing the storage require-
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
facility in the United States that could pro-
duce medical isotopes needed for cancer
treatments, and especially the very prom-
ising liquid radiation treatment3 4
Environmental organizations have
betrayed their dishonesty by not rallying

“to support the recycling of nuclear waste

as a research mission for the FFTE. At this
point, the only logical course of action is
to initiate a massive development and

_tion technologies internationally.

We cannot continue to rely on fossil
fuels;” we cannot continue to tolerate
stupid excuses such as “it costs too
much,” and we cannot have peaceful
international relations and stability if this
is not done on an internatjonal scale®
The foolishness behind shutting down
the FFTF is only a small nugget of the
mental dysfunction represented also by
the foolish arguments that are being put
forth to justify starting a nuclear war
against Iran; Because the Iranian govern-
ment had the indecency to implement a
much wiser energy development policy
than the barbarians who run thmgs
around our-neighborhood.

Eleftherios leoulekas
Dept. of Applied Mathematics
University of Washington, Seattle

* Notes

1. M.M. Hecht, 2005, “Save the: Fast Flux Test
Facllity] 21st Ceniury, Spring 2005; pp. 68-73.
2, G.E. Till, 1999. "Nuclaar Fisston Heactors" FAev.

Mod. Phys., Vol. 71, pp. S451-S455
3. See hﬂpJ/www medicallsotopes. org/
4, JM. Connars, 2005, “Radloimmunotherapy-

Hot New Treatment for Lymphoma," N. Engl. J.
Med., Vol. 352, No. 5, pp. 456-498.

5. DL. Goodstsin, 2004. *Out of Gas: The End of

the Age of Oll (W.w. Norton & Company)

)
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End the Great 2006

Biofue

‘Swindle

by the Staff of Executive Intelligence Review

Mhe current mania for-
ethanol, biodiesel fuels,

. “flex-fuel vehicles,” and

the like, is creating a financial

bubble—within which is a swin-

dle—inside of which is a slip-

pery old methane fart; waiting
to: explode. Members of

Congress taking part in the

swindle, enthusiastically or not,"
are going to wind up very smelly

when the ethanol party ends, the

investment boom- collapses, and

motorists indignantly demand

regular gasoline again.

Why should we shift to biofu-
els for transportation; ethanol,
for example? Well, first, we'll get
20% less gas mileage from our
fuel that way. Second, we can
pay a good deal more for fuel, in
direct prices and subsidies; in VS A
fact, we'll bé able to use a fuel T AR
whose price is inflating much
faster than the price of gasoline.
Third, well be able to spend tens
of billions of dollars more a year
in tax revenues, subsidizing ethanol makers, including
some of the biggest global cartels. Fourth, we can use up
more petrochemical energy making ethanol than we get
by using it. Fifth, we can use up large volumes of water
making the ethanol, ihtluding in some very water-scarce
regions of the country—and overburden our tranport

United States is a fraud.

ﬁ ']
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Uniled Nationsierry Frank

Congressional job creation you don't want: In Brazil, gthzingl depends on sugar cane
harvesting by virtual slave labor. That's one of many reasons any “biofuels boorn” in the

infrastrucfifre as well. Sixth, we could ‘soon deny corn
exports to*nations: that need them—maybe even cut our
own consumption of corn—and burn it in our cars
instead. : o

And last but not least, we can delay or cut off the
revival of nuclear power for industry and economic expan-
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sion; instead, we could take a major scientific and tech-
nological step backwards, a great leap back toward primi-
tive ages when mankind burned straw for fuel.

Those are seven pretty good reasons—for the past

year, they've been enough to affect the public posture of
quite 2 mumber of Members of Congress.

In the worst example, one such Congressman—an
Ohio Democrat—addressed a rally promoting the ethanol
madness in his home state on May 20, and then stepped
off the podium and told a questioner that he knew
ethanol wouldn't work as a solution to high fuel prices; he
knew, in fact, that ethanol is expensive and uses up more
petrochemical energy in production than it gives back in

burning; but, he said, he was promoting it because he ‘-

had no better alternative. This Congressman was not just
posturing, but lying to his constituents about the crucial
question of inflation and the economy—and this in a

depressed state where Democrats have made Republican

elected officials’ lying and corruption a major issue.

Another, a northern Republican governor, cheered on
the start of construction of new corn-ethanol factories in
his state, admitting publicly that the process was too inef-
ficient for fuel! He claimed that the next generation of
technologies would surely cure that, so let’s get on with it.
As the friendly drunk could tell you about ethanal, “the
more you drink of it, the better it seems to work.” A com-
bination of smtchgrass and farm dung is alleged to make
amuch '’ stxonger fuel variety. No doubt.

And if you've just invested your constituents’ money,
your farm cooperative, or your nephew’s pension plau in
it, it becomes a virtual miracle cure. Why, a
Congressional deputy leader of the Democrats proudly
called for installation, in the Congressional garage, of an
E-85 Ethanol fuel pump. He was sure this would cure any
defects of national leadership the voters have found in
that body recently. Another leading Democrat thought
the better part of $50 bﬂhon was not too much to lavish
on such technologies. ' .

The great satirist J onathan SWlft pamted such a scene
in Gulliver's Travels, wherein scientists of the: Academy of
Lagado strove to extract sunbeams from cicumbers for
warriiing, and to reconstitute food from dung.

The desire to head off a new development of nuclear
power—the actual alternative to oil imports, carbons pol-
lution, low power growth, and high power prices—is
transparent in both the right-wing and liberal or environ-
mentalist promotions of the biofuels fraud. Ethanol is
already being subsidized with billions a year, and would
be fertilized with tens of billions annually, by those in
Congress and elsewhere who denounce any government
move to approve and speed up new nuclear plant con-
struction as an unwarranted “subsidy.”

This Tulip Willi Bubblie, Not Burn

In the articles below, we show that the delusional
ethanol mania gripping many, both inside the Beltway
and out in the Cornbelt, defies well-established scientific
nc1 gﬂ of technology and physical economy.

E one gallon of gasoline from imported: oil,
\) ‘7“ % e
2 t

e b e L

with a gallon of ethanol from domestic corn, costs t
nation $7.24 in prices and subsidies, by one exhaust
calculation; even a small increase in the tiny fraction
transportation fuel which is ethanol now, would conisu
most of our corn crop, leaving none to export and little
eat. A significant shift—say, to 25% of transportati

fuel, as the auto “Big Three” CEOs disingenuously p:
posed—would plant 13% or so of the nation’s entire lar
mass in corn for that purpose alone. The underlyi
physical situation is that ethanol production consum
more fossil fuel energy than the ethanol gives wh
burned, for clear scientific reasons.

Ethanol’s national average market price has ma
gasoline prices seem stable by comparison, catapulti
from about $1.20 a gallon in early 2005, to $1.80 or so
September 2005, to $2.75 a gallon this Spring. Now, it
just about at the price of regular gasoline—and that
after a Federal subsidy of 51 cents on every gallon, ad
tional state subsidies and tax breaks, and somé local st
sidies. As the price has soared, 35 new ethanol plar
have leapt up. Fermentation ethanol production h
zoomed from 2.7 billion gallons inn 2003 to almost 4.5 1
lion gallons annually now, and corn for ethanol n
exceeds corn for export, by velume. The phenomenon
an ethanol investment bubble, adding at least seve:
more “tulips” to the global commodmes-markets fury
the past 18 months.

. This bubble has been caused and fed by direct gove
ment subsidies, and by Soviet-like orders in the 20
Energy Act that ethanol production grow to 12 billi
gallons by 2010. The White House has pitched in
ordering states to put ethanol in their gasoline blen
beginning with California in 2001.

In fact, ethanol—the “alternative” to rising gas prices
has pushed the national price of gasoline up in rece
months. At Senate -Commerce, Science, a:
Transportation hearings on “gas price gouging” on-M
23, witness testimony repeatedly acknowledged that g
ernment-ordered use of ethanol in gasoline has been ¢
ving up the gas price; inefficient truck transpert
ethanol from the Midwest t6 the coasts, combined w
refinery delays and costs in adding ethanol to. gasoli
blends, caused the additional 10-15 cent mcrease in ga:
line prices in late April. .

That is nothing compared to what will happen as
ethanol price bubble expands, before it-bursts. |
show in this feature that at the center of this bubble
the food cartel—specifically, the Archer Danic
Midland conglomerate, which has gorged on t
Federal subsidies. ADM made 40% of all fermentati
ethanol in the United States until recently; that is n
down to 25%, as every local fund and cooperative tr
to start an ethanol plant to tap the bubble. But ADM
itself building new biodiesel plants and reporting prc
increases of 30% on the ethanol boom, its stock up 5
in a year.

We show that Brazil, the constantly cited model, p
duces ethanol en masse with virtual agricultural sl
labor, more than with sugar; and that the Brazilian his

anda
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ry with ethanol in fact shows the economic/financial dan-
gers ahead on the path of ethanol madness. Having pro-
duced ethanol fuel in cycles for 30 years, with 90% of all
cars produced there being capable of burning E-85,
Brazil has suffered repeated hyperinflationary bubbles of
ethanol prices, and then of the prices of sugar. One of
those cycles is going on now, and the price of ethanol
within Brazil has increased 15% in the past few months,
while sugar prices are at 25-year highs on global com-
modity markets. '

The result: Once again, Brazilian motorists who were
using ethanol are switching back ito gasoline, and ethanol
use is falling; once again, Brazilian ethanol producers are
trying to get rid of tariffs and sell ethanol to the United
States; once again, sugar-cane ethanol producers are
switching back to producing sugar, and ethanol supplies
are suddenly very short, pushing the price up further.
Ethanol production in Brazil fights food production,
helps generate the highest inflation rate in the world, and
thus fights overall consumption.

Not a Kernel of Science in It

by Laurence Hecht

Eﬂ1anol is-an excellent substance to tank up on. Just

don't drive on it. It slows reaction time, impairs judg-
ment, and it's illegal. In excess, it can make you giddy,
stupid, mean, sour, depressed, and violent. It might even
make you President.

Here we will inform you what ethanol is, why it is a
worse than stupid way to replace our oil dependency, and
why development of nuclear power is the only sane way
to provide ourselves an economic fiture.

Ethyl alcohol or ethanol (C,Hs0H) is the second in
what chemists call the homologous series of alcohols,
which include methyl, ethyl, propyl, butyl, and amyl alco-
bol, each one distinguished from the previous by the
addition of an atom of carbon and two of hydrogen
(CHj). Man has been making ethyl alcohol since long
before the discovery of its chemical and struchural formu-
la. Almost any plant substance can serve as the raw mate-
rial—grapes, apples, corn, grain, and potatoes are tradi-
tional ingredients. To make some yourself, start with
some store-bought apple juice which has been bottled
without preservatives. Put it in a clean glass container,
and let it sit several days. Yeast, naturally present in the
air, will act on the fruit sugars—according to a process
first deduced by Louis Pasteur—to change them into
alcohol. This is called fermentation. Make sure you use a
loosely fitting cover, hecause carbon dioxide gas is
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An “ethanol boom” in the United States will do all the
same things, and worse. Corn, particularly the U.S. corn
crop, is a far more important food source for nations and
people in need, than sugar.

And we show that the political promotion of the fraud-
ulent ethanol craze, through foundations and think-
tanks, has been led by—the neo-cons, the kindergarten of
George Shultz and his Committee on the Present Danger.
These are the mendacious crew.who brought America the
“Iraq cakewalk,” the nonexistent weapons of mass destruc-
tion, the war that would pay for itself in oil revenue, and
so many other of Dick Cheney's lies. Now, it's “energy
independence through biofuels”; and such great anti-neo-
con truthtellers as Al Gore, George Soros, and a host of
liberal and labor outfits, are publicly backing Shultz’s
neo-cons in this swindle.

If Congress continues down this very slippery slope,
with more and more billions of subsidies, the aroma of
hypaocrisy, and even deliberate lying for campaign contri-
butions and votes, will cling for a long time. :

released in the process, and could explode a tightly closed
container. ’

If you wait too long, the fermentation will go to the
next stage, converting the alcohol to vinegar (acetic
acid). If you stop it at the right moment, you will have an
apple cider of perhaps 5-10% alcohol content. The alco-
hol will be mixed in with the sugary fruit juice. A simple
way to separate the alcohol is to freeze the mixture. The .
alcohol, which has a lower freezing point than the rest of
the mix, will collect in a cylindrical hollow in the center
of the frozen substance. One can also separate the alco-
hol with a still, or what chemists call a distillation appa-
ratus. Ethyl alcohol has a boiling point of 173°F, well
below that of water. By heating the mixture, the ethyl
alcohol boils off first; its vapor can be collected by con-
densation ‘on a cool part of the apparatus called a con-
denser. Both of these methods of separation are types of
fractional distillation, .

The Cost of Scaling Up

To produce ethanol on a commercial basis, the labo-
ratory process of fermentation and distillation must be
scaled up. Remembering that our original intention was
to save on the use of petroleum products, we must
therefore examine the amount of gasoline and other
petroleumn fuels that would go into the prqgugﬁnn af
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ethanol as a replacement for gasoline. First we have the

production of the corn or other vegetable product which

is going to provide the sugars for fermentation. Modern
agriculture is a highly energy-intensive operation: trac-
tors and farm vehicles require a lot of gasoline or diesel
fuel; ammonia fertilizers use natural gas as a feedstock;
irrigation requires large amounts of electrical energy;
farm work also requires human physical and mental
labor, which requires energy for its maintenance. Bulk
raw materials must now be transported from the farm
to the still, for processing and distillation, another ener-
gy-intensive process, frequently using natural gas. In
fact, more than the total current national consumption
of natural gas would be required to power the stills to
produce enough ethanol to replace our petroleum
dependence.

When all of these inputs are taken together—studies
by Dr. David Pimentel of Cornell University and Tad W.
Patzek of the Dept. of Civil and Environmental
Engineering at Berkeley have shown—alcohol production
consumes more units of fossil fuel energy than it yields
when burned as fuel. Corn ethanol, switchgrass ethanol,
and wood alcohol (methanol) consume respectively 29%,
45%, and 57% more units of fossil-fuel energy than they
give back on burning.

If we were so insane as to attempt to replace our petro-
lewm usage with corn ethanol (the least inefficient of the
choices), it would require placing 1.8 million square
miles, or 51% of the land area of the 50 states, under corn
cultivation, according to the calculations of retired
University of Connecticut physics profesor Howard
Hayden (21st Century Science & Technology, Spring 2005,
pp. 10-11). However, this is a physical impossibility, for
not only could we not find the arable land; we would lack
the fossil-fuel supply with which to generate our replace-
ment fuel! Need we also mention that a large portion of
the human population is suffering from malnutrition?
Knowing that, can any moral person justify taking our
productive agricultural land out of food production to
feed this swindle? '

The high cost of the energy inputs required for
ethanol production is actually reflected in the price of
the product. When all the tax credits and government
subsidies are taken into account, the cost of ethanol
comes to $7.24 per gallon of “imported gasoline
replaced” (see http://zfacts.com for an exhaustive
study). A bipartisan grouping of Senators has now
moved to remove the Federal requirement of a 10%
ethanol additive to gasoline, because it is adding 30-40
cents per gallon to the price of gas. Not surprisingly,
the largest financial beneficiary of the government
subsidies have been the grain cartels—Archer,
Daniels, Midland and Cargill—and hedge fund specu-
lators who have recently moved in on the ethanol
boondoggle.

Let us now see why nuclear power is an enormously
better, and absolutely necessary alternative to the funmny

¥

How Alcohol and Gasoline Burn

Structurally, alcohols are similar to hydrocarbons
which are what malke up the combustible parts of coal, °
oil, and gasoline. The hydrocarbons form a simple,
homologous series, like the alcohols. Methane, one of the.
ingredients of natural gas, is the simplest hydrocarbon, °
consisting of a single carbon atom surrounded by four
hydrogens.-In the 1870s, two brilliant young chemists,
Joseph Achille LeBel and Jacobus Henricus van't Hoff,
deduced that carbon bonds with other atoms in a tetrahe-
dral arrangement. Thus, the methane molecule (CHy)
could be pictured as a tetrahedron with a carbon in the
center and a hydrogen atom at each of the four vertices.
Ethane, the second in the hydrocarbon series, consists of
two tetrahedra joined at their vertices (see Figure 1).
Knowing this, its formula may be easily deduced by con-
struction, as C;H,, and so forth. The alcohol series are
much like the hydrocarbons, except that one of the
hydrogen atoms is replaced by a molecule consisting of a
combination of oxygen and hydrogen (OH).

The connection between one atom and another is
called a bond. We understand these bonds today as
attractive relationships between the electrons in the
outer orbitals of the atoms. Their exact-natiire, despite |

~much study, is not yet fully understood. However, the

branch of physical chemistry lmown as thermodymamics
has been able'to create a kind of accounting system,
which doesn't worry about what the actual physical geo-
metric process of transformation is. It merely keeps
track of the energy relationships, on the asswnption that
no new energy is created or destroyed in a chemical
change. Thus, the attractive bond between the electrons
is thought of as containing a certain amount of energy.
When a hydrocarbon or an alechol burns, that is.com-
bines with oxygen in the air, these bonds are broken. The -
energy contained in them is now converted into heat. We
don't know exactly how, but we can measure precisely
how muich. - N
Heat is measured in a unit called a calorie, which was_
developed out of the work of Antoine Lavoisier (1743~
1793) in experiments on the specific heats of the ele-
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ments. It is the amount of heat required to raise the tem-
perature of one gram of water (at a temperature of
14.5°C) by one degree centigrade. Because this unit is so
small, we often employ the kilocalorie, which is the
amount of heat required to raise the temperature of one
Idlogram (2.2 pounds) of water by one degree centigrade.
(Heat may also be measured by the unit of work known
as the joule—there are 4.18 joules in a calorie—and the
British Thermal Unit (Btu) which is equal to 252 calo-
ries). Using any of these units, we can determine the
amount of heat produced when a certain quantity of alco-
hol, gasoline, coal, or any other combustible substance is
burned.

The burning of one,]dldgram of-gasoline produces

about 10,500 kilocalories. Burning one kilogram of
ethanol produces about 7,140 kilocalories, about 68%
that of gasoline. Thus, a car running on pure ethanol will
require a fuel tank that is almost half again larger than a
gasoline-powered vehicle,!

The Nuclear Domain '

However, these relatively small differences are negligi-
ble in comparison to the heat released by nuclear
processes. The fissioning of one gram of uranivm releases
about 2 million times as much heat as is produced by
burning an equivalent weight- of gasoline or oil, and 3
million times the heat produced in burning that weight of
coal. . .. :

These enormous energies are not released from the
chemical bonds: We are speaking now about a new physi-
cal domain. In the breaking apart-of the uranium nucle-
us, we are releasing the much stronger forces which hold
the nucleus together. Here, in a space about one-mil-
lionth the size of the whole atom, we find 92 charged par-
ticles, known as protons, each 1836 times heavier than
the extra-nuclear-electrons, which are the actors in chem-
ical reactions. The protons are held together by some
powerful agent, conventionally known as the strong
force. In addition to these 92 protons, a nucleus of fis-
sionable uranium-235 contains another 143 neutral parti-
cles about the same mass as the proton.. When a uranium
nucleus shatters, fragments containing these particles go
flying apart at velocities up to one-tenth the speed of
light. - - . o

For more than 60 years, since the operation of the first
atomic pile on Dec. 2, 1942, we have known how to con-
trol this process. For over 50 years, we have harnessed
the heat generated by the fission of the nucleus to pro-
duce electricity, safely and cheaply. With a complete fuel
cycle which includes reprocessing, there is no nuclear
waste.

1. Ethanol is able to deliver about the same amount of power as
gasoline, because it requires less air to burn, and thus a greater
portion of the gaseous mixture found in the cylinder on each
stroke is made up of ethanol. Because of its air requirement, only
about one third as much gasoline vapor as ethanol can fit into a
cyclinder of a given size.

Nuclear is a fully renewable energy resource. It is also
only-the beginning. For in 25 years we will begin to com-
mercialize an even more powerful source of energy from
the nucleus, fusion power.

With abundant nuclear power, we can virtually elimi-
nate our dependence on imported oil, without having to
cover the whole nation with ethanol comnfields and elimi-
nate our food and animal production. Nuclear will pro-
vide the electricity to recharge the batteries for electric-
powered transport on the trips of under 30 miles that
make up the majority of vehicle use.

Nuclear will also generate the fuel to replace gasoline
for use on longer trips. With the temperatures of 700-800
degrees, which can be-produced by the new fourth gener-
ation of nuclear reactors, we can easily separate hydro-
gen from water, using electrolysis and even more efficient
chemical separation methods. The hydrogen will power
fuel cells to rumn electric motors, or be burned in internal
combustion engines. Soon, as a result of advances in fast
pulse laser machining processes, ceramic turbines, capa-
ble of operating at temperatures of 3,000 degrees and
thus achieving efficiencies three times that of convention-
al engines, will be available.

Hydrogen Fuel

With a heat of combustion of 34,200 kilocalories per
Idlogram, hydrogen carries more than three times the
energy content.by weight of gasoline, and nearly five
times that of ethanol. That is why it is used as rocket fuel.
The leading problem in using hydrogen to power vehicles
has been-the cost of compressing it to a usable size.
However, a variety of options are available and in the
works to solve this problem.

The byproduct of the burning of hydrogen is water.
The byproduct of the production of hydrogen from water
is oxygen. Releasing oxygen to the atmosphere by the
industrial production of hydrogen, will solve what is by
far the most serious atmospheric environmental threat
we face. That threat is not the release of carbon dioxide
fromn combustion of carbonaceous fuels—for carbon
dioxide enhances plant life, helps produce cloud cover,
and has never been proven to increase the Earth's tem-
perature. The real danger to be feared from the greatly
expanded use of carbon-based fuels, is the depletion of
atmospheric oxygen. Nuclear power and the hydrogen
cycle will give the children of the next century the air they
need to breathe. . .

As a growing fraction of intelligent young people are
coming to recognize, the often sexually-tinged anti-
nuclear obsessions of their parents’ generation have con-
tributed in large part to the new generation’s lack of
access to the levels of educational, healthcare, and
employment opportunities which Americans had come to
expect. It is time for those still embracing such fantasies
to grow up and admit their past errors, or get out of the
way. Woodstock, EarthDay, and the rest of those youthful
hijinks are a thing of the far-distant past. The nation’s

future is at stake."
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Brazil's ‘Biofuel Republic’

Is Murder!
by Cynthia R. Rush

Several times in the course-of this year, Brazilian
President Indcio Lula da Silva has boasted that his
nation is about to become energy independent, through
the development of biofuels based on sugar cane or other
feedstocks derived from soy, castor beans, and sunflower
seeds among others. “In the 21st Century, Brazil will be
the biggest energy power on the planet without having to
use nuclear energy,” Lula announced with great fanfare
on May 18, while inaugurating the Petrobras experimen-
tal biodiesel facility in the state of Rio Grande do Norte.
The new kind of biodiesel produced by Petrobras, a semi-
private oil firm once fully controlled by the state, consti-
tutes “an energy revolution in the world,” the Brazilian
President trumpeted. “When it comes to energy, [develop-
ing nations] will have to come to us to ask how to do this
the right way.” e

Lula was equally effusive in an article published in the
London Guardian March 7, during his trip to Britain to
meet with Prime Minister Tony Blair. Ethanol and
biodiesel are the “key components” to the government's
approach to the energy crisis, he said. “We are deter-
mined to ‘plant the oil of the future.’ I invite you to join us
in our endeavors.” - Lo

Big multinational agro-cartels 'such as Cargill or
Archer Daniels Midland (ADM), and the 'synarchist
financiers who stand behind them, no doubt welcomed
Lula’s statements. They have already invested: big bucks
in Brazil's biofuel scam; proclaiming it the antidote to
high oil prices and environmental pollution caused by
fossil fuels. Why, these predators proclaim, Brazil's suc-
cessful ethanol industry, first launched in 1975 as the
“Prodlcool” program, could: make Brazil the néw Saudi
Arabia of biofuels. It's a “biofuel Republic” in the making,
they gush, blessed with an unhindered free market
(ethanol production and marketing were deregulated in-
1998-99, after two decades of generous subsidies and
strict regulation), cheap labor, and endless acres of land
available to expand the production of sugar cane, cur-
rently the cheapest and most widely used feedstock for
Brazilian ethanol.

Globalization and Fascism

As EIR's Mark Sonnenblick first documented in a
September 1979 article in Fusion magazine, the only ben-
eficiaries of Brazil's biofuels program—then or now—are
the financial oligarchs who see no distinction between
man and beast. Sonnenblick, who passed away in 2004,
pointed.out Yhéft ﬁasohol “appears ‘efficient’ only in a
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technologically backward nation that plans to stay that
way, or in a‘nation that is being deindustrialized and
made backward.” In 1979, the Brazilian gasohol program
employed 500,000 workers' who cut sugar cane by hand
at daily wages of $3, to produce a mere 70,000 barrels of
alcohol per day. Today, there are over a million people
employed in 320 sugar mills and 800 distilleries, mostly
men under the age of 40, whose working conditions have
scarcely improved. I

Sonnenblick also revealed that Brazil's gasohol pro-

© gram, in the late 1970s had “so diverted croplands and

labor resources from food production that the nation—
the world's second-greatest agricultural exporter—is run-
ning into severe food shortages, high inflation for food
prices, and the need to import more than $1 billion in
foodstuffs that could be cheaply produced at home.” He
quoted Cloud Cray of Midwest Solvents Corp, a highly
efficient U.S. ethanol producer. Cray, at that time, told a
seminar on Brazilian gasohol that the only way a U.S.
gasohol program-could reduce foreign-oil imports would
be to do' what “Brazil dees, bring your biomass to markét
in'horse carts and burn it, or cut your forest down and
bring them in, or use some other source of energy to con-
vert this grain or agricultural source [into alcohol]" - "
‘A passionate student of Brazil's history and economic

development, Sonnenblick concluded in his 1979 article -
that “alcohol fuels do not ‘work in Brazil." * Nor do they *
today. For the better part of the 30 years since the 1975 ]
launching of the Prodlcool program; Brazil's economy |
and labor force have been ground tip by the International . |
Monetary Fund’s murderous globalization policies. Those
who claim that ethanol will transform this nation into
“Brasilia-Arabia,” are really proposing to send Brazil back
to 16th Century when, as-a colony of Portugal, it relied on
slave labor to produce sugar and, as a reporter for the
Guardian put it last March, “sugar plantation owners
[became] so rich that they would send their dirty laundry
to Portugal for cleaning.” - :

A Hoax by Any Other Name

Brazil is the world's largest sugar producer and
exporter. With 13 million acres under cultivation, it is
expected to produce 30 million tons for the 2005/2006
harvest, one-half of which will go into ethanol produc-
tion, It is also the world’s leading ethanol producer and |
exporter, having distilled close to 4 billion gallons in
2004, thirty-seven percent of the world total. The state of
Pernambuco in the impoverished Northeast, and Szo
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Paulo state in the South, have historically been the sites
of large-scale sugar cane production, although more
recently it has expanded into the states of Rio de Janeiro,
Minas Gerais, Espiritu Santo, and Patans. Sao Paulo pro-
duces 60% of the nation’s sugar cane.

The public relations line on Brazil's biofuel success is
that, even though ethanol shortages and cheap oil prices
in the 1980s and 1990s made the ethanol-only cars pro-
duced almost worthless, the introduction of “flex-fuel”
cars three years ago—they run on either gasoline or
ethanol—combined with the astronomical hike in the oil
price, opened the door to a biofuel *revolution.”

Amory Lovins' Earth Policy Institute manically assert-
ed in a June 2005 article that Brazil's biofuel industry
could easily “produce enough ethanol to meet total
domestic fuel demand by increasing the area used to
grow sugarcane for alcohol from 6.6 million acres to 13.8
million acres . .. or by sthtmg all cuirent sugarcane
acreage to ethanol production.”

But today’s orgy of commodity price hyperinflation—
the price of white,.or refined sugar has increased 31%
this year, and the price of raw sugar soared 87% over the
past 12 months—underscores the precariousness of this
scenario. Cane growers this year took advantage of the
record-high sugar price to increasé production of sugar
. instead of ethanol. The resulting supply shortages led to a

15% price hike for ethanol; and a drop in consumption
that forced the government to reduce the percentage of
ethanol in gasoline from 25% to 20%. It would only take
a “surprise” like a drought in the main cane-growing
regions to jeopardize Brazil's new status as the world's
biofuel diva.

‘Satanic 'Sugar’

More importantly, as the case of China demonsirates,
a country with 70% of its population living in poverty
cannot claim to be a model of “sustainable” economic
development. This is true of Brarzil. With the global econ-
omy shattering, any attempt to go ahead with the “biofuel
republic” model, premised on the destruction of the labor
force, rather than pursue the ambitious plan to build
seven nuclear-plants over the next 15 years (two of them
in the impoverished Northeast) as announced by Science
and Technology Minister Sergio Resende last March, will
doom Brazil to the brutal primitive accumulation typical
of the British colonial plantation model that has already
imposed soy monoculture on large swaths of Brazil and
neighboring Argentina.

Resende reflected the battle for Brazil's future in a
May 5 opinion piece in O Globo, in which he stated that
“the technological wager on renewable energies, such as
wind and solar, to substitute fossil fuels, has not been
found to be viable on a large scale. In every study, nuclear
energy is confirmed as an alternative tapable of meeting
demand in the larger domain, cleanly and safely.”

.- Absent the focus on technological development and
tralmng of skilled manpower, ever increasing tracts of
land concentrated in the hands of the multinational food
cartels or their local agents are displacing traditional
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crops grown for domestic consumption. This increases
deforestation and soil degradation, and drives millions of
farmers off the land into the ranks of the urban unem-
ployed. Small and medium-sized farms produce the
majority of the food for Brazil's domestic consumption;
yet foreign-run agribusiness is driving them out of farm-
ing. Over the past 15-20 years; according to one study,
sugar cane expansion in the poorer areas of Pernambuco
and the Northeast has driven 40,000 people out of sma]l—
scale agriculture, and into urban slums.

In a country with a huge infrastructure deflcrt—a
USDA officer based in Brasilia reported that total train
track hasn't grown in Brazil in 80 years—the biofuel “rev-
olution” is literally squeezing the bagasse out of an
impoverished rural work force. Their living conditions
have not improved under Lula da Silva's free-market eco-
nomic policy, in place since 2001. The sugar barons are
laughing all the way to the bank.

The cost of Brazil's sugar production is the lowest in
the world because of the “cheap and plentiful labor” of
which financial vultures always brag. In the state of Séo
Paulo, the cost of production is $165 2 ton, compared to
$700 per ton in European Union nations. According to a
February 2006 study published by. Brazil's Social Justice
and Human Rights Networlk, workers in Sdo Paulo state
are paid 2.60 reais—about a dollar—per ton of cut camne.
Workers are paid according to how much cane they can
cut in a day, rather than any fixed wage. Silvio Donizetii
Palvequeres, president of the farmworkers union in the
important cane cutting region of Ribeirdo Preto, told the
New York Times that “you used to have to cut fout tons a
day, but-now they want eight or ten, and 1f you can't
make the quota, you'll be fired.”

Workers who do the backbreaking work to cut ten, or
even 12 tons per day can earn up to R$800 a month, but
then have to deduct R$400 for food and usually miserable
accommodations. Malnutrition and illiteracy plague most
cane-cutting areas. Workers migrate-from one region to
another in search of worlk, leaving their families behind,
as there is more than one harvest season. Where mecha-
nization has been introduced, fewer workers are needed,
as occurred during the 2001/2002 harvest in Pernambuco
where 150,000 cutters lost their jobs. But since they have
no alternative employment, workers are left to wander to
other areas in searth of work, or end upresiding in urban
slums or favelas. Job security is non-existent, and wnion-
ization becomes impossible, given the large number of
transient or temporary workers. With good reason, sugar
cane in Brazil's Northeast is called “Satanic sugar.”

What a contrast to the optimistic and supportive atti-
tude offered by Franklin Roosevelt's friend, Morris L.
Cooke, who led a technical mission to Brazil in 1942, to

- evaluate what the country would need in order to indus-

trialize. In his dedication of a condensed version of the
mission’s final three-volume study, “Brazil on the March:
A Study in International Cooperation,” Cooke wrote “May
the policies and plans here discussed, bear plentiful frujt
to satisfy human wauats. In the forthcoming industrializa-
tion, may every Svely faeet of Brazilian life he.nratected.”
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Bio- Cons Neo-Greens:
Shultz Boys’ Corn Scam

by Christine Craig

George P. Shultz has been a busy man these days, even
for an octagenarian oligarch. After basking in his
bringing down Bretton Woods and creating the global
floating-exchange-rate system in the 1970s,, the
Republican “fixer” personally chose Dick Cheney and the
George W. Bush Cabinet in early 2000, A former JP
Morgan banker with a.publicly stated preference for
“war” as the best means of achieving imperial objectives
in the Mideast, Southwest Asia, and elsewhere, Shultz
has recently taken the lead on regime change in Iran, as
head of the Committee on the Present Danger and the
closely allied Foundation for Defense of Democracies.
With Felix Rohatyn, he has sponsored conferences push-
ing the palloping privatization of militaries. And lately,
he's been sharing the pulpit with a fascinating circle of
associates from both the left and right, on the curious
subject of alternative energy sources—including such
strange bedfellows as anti-nuke environmentalist Amory
Lovins of the Rocky Motntain Institute, and ex-CIA
director, imperial war-hawk R. James Woolsey. -

One thing all Shultz's kindergarten, “left” and “right,”
now share: They're all pushing the ethanol bubble as a
purported means to U.S. energy independence and
national security. And they demand Congress, and the
American taxpayers, throw tens of billions a year at jt.

Indeed, in October 2005 alone, Shultz wrote a posi-
tion paper with Woolsey for the Committee on the
Present Danger, titled “Oil & Security.” He then
reworked the same story into an article with Woolsey for
the journal Mechanical Engineering, “Petroleum Bornb,”
and then wrote a glowing introduction for Lovins' new
book, Winning the Oil Endgame. In all these, Shultz ruled
out nuclear power as an alternative- to- that old Mideast
oil addiction—mighty strange, for a former CEO of
Bechtel when it was bidding to bid on nuclear power
contracts.

Why is Shultz hyping Amory Lovins' view of a
nuclear-free future full of ethanol-guzzling flex-fuel cars
and windmills supposedly producing hydrogen? Has
Shultz gone senile? Or does this lunacy come naturally
after decades of imposing technological apartheid,
 including by war, on other nations? Shultz's war-hawk
friends, and his and Al Gore's environmentalist protégés,
share a common vision for future—a world with fewer
people and less technology, using fewer resources.
Nuclear energy doesn't fit that vision. When these weird
brothers get Eggether, does the haze of ethyl alcohol
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remind them that they all beheve mankind is really just
“smart biomass,” and not fit for any Promethean fire like
nuclear technology?

Gore and Gaffney Puff ‘Corncob Pipes’

As early as 1974, the Ford Foundation published a
lengthy policy report titled A Tine to Choose: America's
Energy Future in which they introduced a pathway
termed Zero Energy Growth (ZEG), wherein major
research and development would focus on ways to con-
serve energy through greater efficiency and recycling of
wastes. New energy sources were envisioned to come
from “solar technologies, energy from organic and
urban wastes, and geothermal energy, which are the
most promising.” The report viewed nuclear power as
an unproven and dangerous technology that needed to
slow down and catch its breath until scientists and regu-
lators figured out how to tame it and keep it from
spreading to the Middle East and developing countries
in general. They considered it “wrong-headed to concen-
trate only on options [breeder reactors and fusion
power] that will take decades, and ignore options that
are closer at hand and necessary to meet needs in this
century.”

But it was George Shultz's neo-conservative collabora-
tors of decades—particularly that ultimate neo-con cold
warrior Albert Wohlstetter of RAND, and Wohlstetter's
students such as Richard Perle and Paul Wolfowitz—who
were and are the primeval anti-nukes. Wohlstetter, from
the 1950s to his death, fought to keep- civilian nuclear
power from spreading in the world, using the argument
that it was dangerous and economically unfeasible (see
“The Neo-Cons, Not Carter, Killed Nuclear Energy,” EIR
March 24). From such as Wohlstetter, the Amory
Lovinses, Ralph Naders, and Barry Commoners took
their case studies in which mankind is a bumbling tinker-
er, unwittingly throwing a wrench into the natural
ecosystem with his technological innovations.

Boondoggle

One of the boondoggles to have arisen in the vacuum
left by the smothering of nuclear energy in the United
States in the 1980s, has been the corn/sugarcane ethanol
fuel subsidy swindle, perpetrated on gullible taxpayers by
agricultural cartels such as Cargill and Archer Daniels
Midland (see p. 10). In recent years it seems that every-
body wants to get on the bandwagon. The major push has
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been for ethanol and related
biofuels to replace oil. From
the left, it is fueled by hysteria
about greenhouse gases and
climate change from burning
fossil fuels. From the right,
comes the battle cry for inde-
pendence from Middle
Eastern oil. Of course,
nuclear power would solve
both of these problems at the
same time with ease, while
powering an industrial
renaissance, but that is not
what either side wants. They
want soft energies with a
small fooiprint, and no major
new technology or capital
expenses. They want solu-
tions that emphasize conser-
vation, not development. - -

In 2006, it is neo-cons
allied with Shultz and Dick
Cheney who are the leading ,
thinl-tank, propagandists. for ethanol and nastier wastes
as “American energy independence.” Environmentalists
and Democrats are Jommg them in a truly smelly
alliance.

The major front orgamzaUOn for boﬂ1 szdes is called
the Set America Free Coalition, pushing George Shultz’s
and: James Woolsey's line of independence from foreign
oil, through domestic production of cellulosic ethanol
and biodiesel for transportation. The Set America Free
Coalition, started by the Institute for the Analysis of
Global Security, includes leading “regime change”
warhawks and neo-cons such as Woolsey, Perle, Clifford
May, Frank Gaffney, Meyrav Wurmser, and Daniel Pipes.

The Coalition includes such general right-wing non-
profit. institutions as: the Foundation for the Defense of
Democracies, Hudson Institute, Committee on the
Present Danger, Center for Security Policy, National
Defense Council -Foundation, American Values, and
American Jewish Committee. They all act as if they were
taking an “ethanol bubble break” from their normal shxill
pursuits of wars agamst ‘rogue states.”

The Left cheek of the Ethole

But the same ethanol-pushmg Coalition also includes
the American Council on Renewable Energy; the Natural
Resources Defense Council (NRDC); and the Apollo
Alliance,

The Apollo Alliance is a joint project of the Institute
for America’s Future and the Center on Wisconsin
Strategy, and is a huge grouping of liberal environmental-
ists causes, including Greenpeace, the Sierra Club,
Americans for Democratic Action, and Rainbow
Coalition. Various unions such as the International
Association of Machinists and United Automobile
Workers are represented. Its funding comes from groups
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“The Cornheads'’s Mr. Gore (nght) and Mr. Preventive War: Why are they all for ethanal ?

Alan Yue

like the: Ford Foundation and Rockefeller F1nanc1a1
Services. i

Two rotten Democrats prominent in the fetid mess are
Al Gore and Sen. Joe Lieberman (who sits on the
Committee on the Present Danger and the Foundation for
Defense of Democracies with other neo-cons)—ithe turn-
coats who tried to destroy President Clinton as well as the
Democratic Party. As the Democratic Leadership Council
(DLC), Lieberman and Gore were and are funded in this
treachery by the extreme- rlght Smith-Richardson
Foundation of CIA “secret wars” fame. !

Gore's sensationalist global warming mov1e, “An
Inconvenient Truth,” is contributing $500,000 plus 5%.of
ticket sales to Gore's new group, Alliance for Climate
Protection, headed by former Reagan EPA chief Lee
Thomas. Its stated aim is to combine conservatives with
labor groups for eco-friendly legislation.

Gore is on the stump all over the country, repeating
NASA scientist James Hansen's scare-line that within 10
years, the greenhouse effect is going to be unstoppable. In
a recent interview, Gore panned nuclear power for exact-
ly the same bogus econoinic/security reasons as
Wohlstetter did 50 years ago, then waxed poetic on cellu-
losic ethanol as the salvation of the world: “I think it is
going to be a huge new source of energy, particularly for
the transportation sector. ... You're going to see new
processes that utilize waste as the source of energy, so
there's no petroleum consumed in the process. . .. You
may also begin to see a new generation of fuel cells that
run on cellulosic ethanol, where you can grow your own
electricity. I think it's-going to play a huge role.”

So both bio-cons and neo-greens are waging this
insane war to bury nuclear power with subsidized switch-

grass and cow pies, shuffling backwards into the Third
World.
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ADM, Cargill—
The Enron and Halliburton

Of the Ethanol Swindle

by Marcia Merry Baker .-

Befofe there was Halliburton or Enrc'nh, there was the

food cartel—the leaders of the pack on today's.

ethanol bubble and swindles. For decades, Archer
Daniels Midland (ADM) and Cargill, leading cartel glob-
alizers, have laid the basis for the disastrous energy
“technological downshift" into ethanol and biofuels.
Right from the 1970s start-up of corn-based ethanol
(then called “gasohol”) for the U.S. “market’—as the
false energy alternative to nuclear power—these two
companies accounted for 70% of the new biofuel produc-
tion capacity at that time, arid have dominated every pol-
icy turn since.

Now, although their share of U.S. ethanol output may
be “only 24%,” because of the bubble-boom of other new
capacity coming on line in recent months, ADM and
Cargill are still preeminent internatienally in the promo-
tion of biodiesel, ethanol, and other biofuels; as they are
controllers of vast worldwide patent rights over seeds for
bio-inputs of corn, soy, and other crops and agriculture
wastes. These two firms, with a few others, dominate
food processing globally. -Along the way, they have raked
in billions of dollars of Federal subsidies directly for
ethanol—but also through Food for Peace and other com-
modity programs—and through: outright illegal opera-
tions, for which they have been convicted or negotiated
plea bargains. S ‘

In addition, these two companies, and a select few oth-
ers, have come to dominate agriculture-related trans-
portation and storage, as well as processing infrastruc-
ture, so they have a lock on food and farm practices—
with or without the biofuels mania. -

It is critical to understand the pedigree and record of
these entities, in order to bust up the “romance of biofu-
els” now spreading its haze of quick-money dreamns.

Today's manic biofuels bubble is not the culmination
of a natural evolution toward “alternative energy,” but of
. schemes put into effect deliberately, by networks of finan-
cial circles, acting against national interests, for their
own control and gain. In fact, the origin and practices of
ADM and Cargill trace back directly to the centuries-old
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“merchants of grain,” based in Europe, and interconnect
with financial syndicates notorious in the 1930s and
1940s period for their backing of fascist economics, or as
it was called, synarchism.

Here we provide a short timeline of ADM and Cargill's |
recent history, and need-to-know highlights of their oper- -
ations, both general and focussed on biofuels.

ADM, Cargill—Globalism

ADM, a publicly-traded company, headquartered in
Decatur, IIl,, is today the world's largest processor of
corn, soybeans, wheat; and other commoditied, operating
in 180 countries, with a' workforce of 30,000. ADM was )
founded by former Cargill executive Dwayne Andreas in
1965. .

Cargill, privately held, is headquartered in Minnetonka,’
Minn., and operates in 59 countries, with a worldorce of
124,000, producing directly or in various forms of part-
nership, commodities ranging from salt to steel, as well
as agriculture products, fertilizer; energy, and futures
trading, S A ' S

The degree of dominance held by these two compa-"
nies, and related firms in various agriculture commodity
cartels, is dramatic. Look at their rank in market share in
the- United States, for the following selected items. These
statistics name the top four companies, and the ratio of
concentration they hold, as of early 2005. (From ongoing
studies by Bill Heffernan et al, University of Missouri; see
National Farmers Union, www.nfi.org). - :

Flour Milling: The top four firms account for 63% of
capacity; Cargill is first, and ADM second.

Soybean Crushing: The top three firms account for 71%
of capacity; ADM is first, Cargill is third; {(Bunge is/second).

Animal Feed Production: The top four firms
account for 34% of output;.Cargill ranks second; and
ADM third..- . Co

Beef Packing: The top four firms control 84% of pro-
duction; Cargill ranks second.

Turkey Processing: The top four firms control 51% of
production; Cargill ranks first. ‘
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U.S. Ethanol Manufacturing Locations
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The locaz‘zcm is
"shown here of the
. 95 ethaviol
refineries in .
operation in
2005. Today there
are 97 ethanol
bio-refineries in
operation, with
35 under
construction, and
nivie expansions
underway. The
total current
capacity is 4.486
billion gallons a
. year.

]'nternahona]ly, these companies exert corresponding
domiinzance, with varying patterns from country to coun-
try. The most striking part of the global picture, has been
the rapid spread of their conirol operations in South
America, centered in Brazil, Argenhna Paraguay, and
Uruguay (see p. 6).

ADM,. carglll—blofuels

On biofuels in the United States, ADM and Carglll
were the ground-floor ethanol producers as of the
1970s. Over that decade, numbers of acts were passed to
subsidize ethanol producers, in the:nameé of “ energy
independence,” as the oil price spikes hit in 1974 and
1978, and: as nuclear power came under assault. In
1977, Congress passed a law mandating the U.S.
Department of Agriculture to issue $60 million in guar-
anteed-loans for ethanol distilleries. States likewise
issued tax and loan deals. The Carter Administration
exempted gasoline containing 10% ethanol from the 4-
cents-per-gallon Federal fuel tax, etc. In the course of
this, the mother—of all subsidies was:introduced—tke 50-
cents Federal tax exemption for every gaZlon of ethanol
prodiced.

ADM and Cargl]l have raked it in. Tv addmon, there
were special deals and windfalls. In 1986, the Reagan
Administration Agriculture Secretary Richard Lyng
announced a new program to give away $29 million
worth of corn to ADM distilleries, in the name of assis-
tance to ethanol production at a time of corn surpluses.

Over the past 20 years, Cargill and ADM together,
along with the next two producers, accounted for major
percentages of all U.S. ethanol, quipnt:

L ‘x ‘~‘ 8
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1987—73%
1995—73%
1999—67%

- 2002—49%
- 2005~41%:
2006—34% . -

The decline of producnon share durmg the 20005 does
not at all signify the waning of ADM and Cargill's role,
but rather the rapid growth of the biofuels bubble under
the Bush Administration.. There has been a rush of
mvestors as. well as farmer-owned cooperatives, ured
into an “easy money” corn ethanel'market.

- Ethanol production nationally went from 175 mﬂhons
of gallons a year in 1980, up to 900 millions in 1990; to
1.630-billion in 2000; and reached 3.904 billion gallons a
year in 2005 (or even hlgher, up to 4. 264 billion, depend—
ing on the source).

Today, the percentage of U. S ethanol productron held
by ADM alone is 24%. ADM has seven ethanol plants, in
five states, with a combmed capac1ty of 1.070 bﬂhon gal—
lons a year. :

The new CEO for ADM announced on May 5, wﬂl bea
former Chevron Oil Vice President, Patricia Woertz. She
was in charge of refining, marketing, and trading oil for
Chevron. Woertz has proclaimed: that she intends to use
the “oil company approach” at ADM. Currently under

" construction are two new ADM blodlesel plants, one in

Missouri and another in North Dakota. -

~Cargill, for its part, is on a global biodiesel binge. Just
in the last six months, here are new operations
announced:

Eng:land Cargill has a 25% shareholding in
BT
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Greenergy Biofuels Ltd., otherwise owned by parent
company Greenergy Fuels—the leading British bio-
energy group; and Tesco, the supermarket giant. Tesco,
the foremost biofuel retailer in the UK, offers biofuel
blends at more than 40% of its gas stations. Among the
planned Cargill/Greenergy Biofuels projects is a

biodiesel facility to be built at Cargill's existing crush- -

ing plant in Liverpool, on the Mersey River—using
international feedstock input. Cargill's February 2006
press release proclaimed its plans, “With biodiesel
plants on the east coast Humber estuary and West
Coast Mersey estuary, Greenergy will have a presence
in two of the most important oil refining regions in the
U.K. Having world class biodiesel production facilities
on both coasts gives unmatched access not only to the

raw materials for production but also to the fuel supply .

chain.” )

France: Construction is starting this year on Cargill’s
new biodiesel facility, to be located next to its rapeseed
crushing plant at the port of Montoir in Western France.
This is a joint venture of Cargill with a subsidiary of
Sofiproteol, a financial holding company specializing in
oilseed use and marketing. The Cargill project comes in
the walke of the French government action in September
2005, to promote and advance biofuels in the country.
Quota allocations are given out by the government to
selected operations, to implement the government-set
goal of having 5.75% of biofuels in fuel by 2008; 7% by
2010 and 10% in 2015.

The 350,000 tons of by-product meal to be produced
at Montoir will go into Cargill's animal feed marketing.
The Montoir site is just part of Cargill's existing nation-
wide operations in France, which include a site at St.
Nazaire, where the volume of Cargill’s crush of sun-
flower seed represents more than half of all France’s
annual production. A Cargill plant already in Brest will
focus on rapeseed and: soy crushing for biodiese] and
livestock feed. R )

Germany: In March this year, Cargill held a ground-
breaking in Franldfurt, for its new biodiesel plant in the
Héschst Industrial Park, intended to process rapeseed oil
and other vegetable oil feedstocks, to reach 250,000.met-

DOCUMENTATION -
ADM/ Cargill Record

1945-1952: Dwayne Andreas, born in Illinois in 1918,
worked for Cargill, starting as general plant manager,
ending as vice president in charge of soybean and linseed
oil. His assistant James R. Randall (hired at Cargill in
1948), later became president of ADM. .

1945: Andreas met Hubert Humphrey, then mayor of
Minneapolis, and elected to the U.S. Senate in 1948.
Their collaboration involved some 85 world trips;
Humphrey was godfather to Dwayne’s son, Michael, later
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ric tons of capacity and utilize ship, rail, or road tanker
transportation.

Malaysia: Here, Cargill Palm Products Sdn Bhd will
supply criude palm oil, as the primary feedstock in a new
five-year contract, for a just-announced biodiesel plant.
The facility, designed for a 100,000 ton anmual capacity,
will be done by Mission Biofuels Ltd, listed ‘on the
Australian stock exchange. The biodieéel output is,
already booked for a five-year supply contract, for ship-
ment to Austria-based commodity trader Godiver.
Handelsgesellschaft GmbH, which then will market it to
Germany. .

‘Lock on Feedstock—and Ethanol?

To cap off this picture, look at the hold ADM and
Cargill have over the seed supply for the major bio-energy
feedstock crops, corn and soybeans. As of 2004, it was
estimated that Monsanto—which works in partnership
with Cargill and Pioneer/Dupont—controlled 60% of the
U.S. corn and soybean seed market. '

This has come about from a series of crucial changes
made in U.S. and world patent law over the past 20 years,
granting sweeping rights over food genetics seed-stocks
to an interlock of cartel commodity and chernical compa-
nies. For example, Cargill or ADM-—which dominate soy-
bean and corn processing, whether for feed, food or bio-
energy—can decree that they will accept only “Round-Up
Ready” soybeans, the Monsanto seed, and farmers have
IO Tecourse. . ' o v

The control side of this-is underscored by some recent
announcements of new Cargill/Monsanto ethanol produc-
tion methods associated with ethanol designer-seeds. .-

In Eddyville, Iowa, Renessen LLC, the joint
Cargill/Monsanto biotech company, announced in
January that it will test.a new production process for
ethanol, using a new biotech seed, with an oil-rich trait
designed for biodiesel, and pitched as a high-nutrient
livestock feed. In February, the Agriculture Department
granted marketing approval for the new seed, a high-
lysine corn (LY038), to:'be marketed under the usual strict
patent controls, as “Mavera High Value Corn with
Lysine.” . : ’ -

of GIobal' :“Corru:pt{ion

(1999) sent to jail for international price-fixing as chair-
man of ADM. : A

1952: Andreas made his first trip to the Soviet Union,
as 34-year-old vice president sales representative for
Cargill, Inc., one of few U.S. citizens to get visas to the
U.S.S.R.

1954: The Food for Peace law, PL-480, was enacted.
Humphrey and Andreas travelled to Poland and to the
Vatican, as a showcase higartisan move with the

NS4



Eisenhower Administration, to pave the way for paying
Cargill and other cartel firms to ship food to the East
Bloc.

1965: Archer Daniels Midland was formed, merging
assets of the Archer, Daniels, and Andreas families.

1966: Dwayne Andreas became president of ADM.

1968: Andreas “loaned” $100,000 to Humphrey's
Democratic Presidential campaign, and was charged with
illegally transferring corporate funds for election purpos-
es. A Minnesota Federal judge, a close friend of
Humphrey's, dismissed the case. ~

Andreas, via a Minneapolis business partner,
Kenneth Dahlberg—chairman of Minnesota branch of
Nixon’s Committee to Re-Elect the President, or
CREEP-—funnelled $25,000, which ended up in the
account of Watergate burglar Bernard. Barker. Rep.
Wright Patman (D-Tex.), whose Banking and Currency
Committee was investigating the case, expressed con-
cern that Andreas was one of the investors who were
granted a Federal bank charter in a Minneapolis suburb.
Dahlberg was among the five applicants for the charter.
After Nixon's resignation in 1974, $100,000 in cash, pro-
vided directly by Andreas, was found in the White
House safe. Andreas got his money back in full, and
reportedly, was able to successfully dodge subpoenas
from Sen. Sam Ervin's impeachment hearings, by living
in Europe. .

1971: Michael Andreas joined ADM at age 23, having
been trained in speculation by Cargill's Tulius Hendel.

1973: Dwayne Andreas’s nephew, Martin Andreas,
became ADM'’s chiefsalesman for corn sweeteners.

1974: ADM entered into a price-fixifig scheme, over-
charging the U.S. government by $19 million in sales
of soy-fortified food to the Food for Peace program.
ADM was -convicted in both criminal and civil suits,
but evaded repaying the government its share of $19
million. - .

1976: ADM pled no contest to Federal charges of Sys-
tematically short-weighting and misgrading Federally
subsidized grain shipped abroad. ADM: lost no contracts,
and continued all its shipments.

ADM/Cargill started up ethanol production at this
time, lobbying for Federal subsidy for the non-food use of
crops, because Andreas needed a way to dispose of a
huge corn syrup excess.

1977: The newly enacted Federal sugar price support
netted ADM millions of dollars by preventing sweetener
prices fromi dropping. The staff author of the law, David
Gartner, was a top aide to Humphrey; ADM bribed
Gartner with a contribution of $72,000 worth of ADM
stock to a trust fund established for Gartner and his
family. -

1978: Gartner was appointed to the Commodity
Futures Trading Commission. The story of ADM's bribe
to him broke into the news, but Gartner refused to resign
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or to pay ADM back.

© . 1984: President Reagan appointed Andreas to chair a

task force on private initiative; Andreas recommended

creating an Economic Security Council, which became

the Economic Policy Council. The joke around

Washington was: “Ask not what you can do for your
country; ask what your government can do for ADM.” .

1990: The Clean Air Act was a boon for ethanol out-
put, with Cargill and ADM owning over 70% of the
capacity. :

1990s: Under the U.S.-Canada Free Trade Accord,
ADM and Cargill extended their control and reposi-
tioned their operations in North America. Dwayne
Andreas joined the board of the British intelligence pub-
lishing empire, Hollinger Corp., run by Canadian
Conrad Black. :

1994: Federal grand juries took anti-trust evidence on
Cargill, ADM, Tate & Lyle (UK., and CPC
International—on price and supply fixing of lysine, citric
acid, corn sweeteners, and starch. These four companies
control 74% of U.S, wet corn milling.

1995 On June 27, the FBI raided ADM executive
offices and homes in Decatur, IIl. o

1996: In October, top ADM executives Michael
Andreas and ‘Teirence Wilson left the company. On Oct.
14, ADM pled guilty and agreed to pay fines of $100 mil-
lion for criminal price-fixing of lysine and citric acid.

1998:Michael Andreas and. Terrence Wilson were con-
victed of criminal price fixing, Sentencing was scheduled
for Feb. 26, 1999, - ‘

1999: Michael Andreas was sent to jail. Later, G. Allen
Andreas, cousin of Michael Andreas, took over as
Chairman of ADM." ' g :

2003: Cargill's Chairman and CEQ Warren Staley was

" named in February to the President's Export Council, to

represent food ‘and agriculture among the 28 private sec-
tor executives.

2004: Cargill agreed on March 12 to settle $24 million
in charges against it by 18 plaintiff food firms, from
1995, for conspiring with ADM et al, to fix sweetener
prices. ’

- 2006: Cargill pushed its international bio-diesel opera-
tions with new plants under way in France, England,
Malaysia, Germany, and elsewhere. Cargill’s workforce
numbers 124,000 in 59 countries. :

ADM commands the world's largest processing capaci-
ty for corn, soybeans, and wheat; operates in 180 coun-
tries, with a 30,000 person workforce. ADM operates. 170
processing plants, 300 grain elevators, 10,000 rail cars,
15,000 trucks, and 2,000 river barges.

In May, former Chevron Vice President Patricia
Woertz became President and CEO of ADM; G. Allen -
Andreas, Interim CEO, stayed on as Chairman. Woertz
stressed her intent to use her experiénce to operate ADM
like a petroleum-marketing company.
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Nebraska Farm Report: Biofuels Mania

Don Eret, a farmer and former state
legislator in Dorchester, Nebraska,

Corn Prices Received, U.S. (Per Bushel)

described the scene in his state to ETR on =~ "0 - A
May 24-—Nebraska being the third- $4.00 |
biggest corn state in the country, with 11 -7
ethanol plants operating, and more under $3.50 |
construction. Eight of these plants are in i
Nebraska's central/eastern region, sur-  $3.00 F
rounding Eret’s farm in Saline County. :
Eret points out how the over-stretched  $2.50 |—
transportation base is straining to service X
the ethanol mania. Since the rail grid has ~ $2.00 -
been drastically taken down, by over a -
third in the last 30 years, the pressure is $1.50 | N
heavy on the diminished rail system, and $1.00 000000000000 0000 00000 O L
on trucking, to shunt the com around to ’ € 5 8 2 2 5 8 8.3 8§
the ethanol plants. The local farm-coopera- 2 2 =2 2 3 g § & 8§ 8 8-

tive’s truck fleet of 25 semis, constantly

hauls grain—using diesel fuel. Eret lives

along the Burlington-Northern main line, and sees two
120-car unit trains loaded out each week (each takes 12-15
hours to load). This shipping includes destinations for
export. But cross-hauling is now increasing just to serve
the expanding number of biofuel plants.

Then, there is the added pressure to ship and use the
corn mash by-product of ethanol production, for live-
stock feed. The mash can be used as is; or dried and
stored. But to save the energy costs involved in feed pro-
cessing and storage, the ethanol plants try to contract
with feedlots, to ship out the mash from the distillery,
direct to the feeders, before it goes bad after a couple
days. Cargill ships out mash from its Blair, Nebraska
plant (near Omaha), on a 120-car unit train direct to
Texas, by express rail, within 48 hours of production.

In the farm states, Eret says, one sees real mania being
whipped up. Nebraska Sen. Ben Nelson (D), campaigning
for re-election, “is fighting for his political life, has made
biofuels almost his 100% issue.” And it is rumored that
the reactivated American Agriculure Movement—which
coordinated the 1979 Tractorcade of 5,000 trac-
tors/50,000 farmers to Washington D.C. to protest farm
policy, will again call for a national tractorcade—for bio-
mass! Eret himself drove in the 1979 Tractorcade from
Nebraska. .

But the popular media report that there is a big farmer
involvement in, or benefit from, all the ethanol expan-
sion, is a misconception. Eret reported the example of a
big push now underway for a new ethanol plant in
Fairmont, Nebraska; organizers are attempting to restrict
it to local farmer investors. However, not many farmers—
just like non-farmers in the 80% lower income brackets—
have the funds sitting around to put into any venture at
all. Some are attempting to take out loans, using their
farms as collateral, with all the risk that that involves.
Some are cadging relatives. Desperation is rampant, in
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the form of visions of a “pot of gold.” .

The myth has been promoted that ethanol will -drive
up corn prices, helping corngrowers. In fact, the math of
ethanol plants is—take note, if you are a farmer
investor—that if corn prices rise significantly, then the
profits of your ethanol distilleries vaporize.. - -

Today, the U.S. price of corn is runming between $2.13
and $2.50 a bushel depending on location, delivery date,
etc. But the parity price (to meet the farmer’s cost of pro-
duction plus fair profit) is $7.78 (April 2006, U.S.
Department of Agriculture). Parity is the combined
expenses of seed, fuel, cultivation, fertilizer, labor, and a
modest profit to the farmer in producing that crop, in
order to guarantee the existence of the family farm sector
output potential (soil fertility, experienced farmers, capi-
talized operations, etc.) for the future. Keeping corn
prices paid to the farmer low, ensures great profits to
ADM, Cargill, and the other cartel companies, and to the
small handful of farmer investors in ethanol production,
now seeing windfall profits. » : :

In 1977, for producing a bushel of corn, the farmer
received $1.98, which was 57% of parity at that time. In
2006, in January, for a bushel of corn, the farmer still
received $1.99, now 26% of parity. '

That farm prices are easily manipulated for politic

purposes on the futures markets, is clearly shown in the

figure, tracking the corn price. In 1996, a radical-free-
market farm law, the Freedom to Farm Act, was pro-
posed. During the time of Congressional debate, passage,
and President Clinton’s signing of the bill in April 1996,
the price of corn mysteriously hovered in the range of $4
a bushel. The cry went up: “See how great the prices can
be on the free market!” After the bill was signed, the
price, just as mysteriously, fell, never to reach that level
again. So it could easily be made to seem with ethanol—
for a short while.
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