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An Open Letter to Readers

At a time when “‘nuclear freeze’” advocates are using antiwar rhetoric to promote a
freeze on nuclear power plants, Fusion is not just a good magazine. It is the only
science magazine fighting to continue the American tradition of progress.

The printing and mailing of our 1982 issues have been delayed because of our financial
difficulties—difficulties that have been fostered by the same forces who bankroll the
nuclear freeze and environmentalist movements.

We resumed regular publication in September 1982 with a special format issue of
Fusion. This November issue, which contains feature material from the unpublished
May 1982 issue, is our third special format issue. We plan to continue to publish more
than one issue a month in order to send readers the highlights of all the back issues
we have prepared, plus new materials. How fast we can catch up to our regular
schedule and our full 64-page format depends on you.

With your financial help, we can win this fight for America, and get Fusion out regularly
to its 200,000 readers.

® join the Fusion Energy Foundation today. Memberships are $75 (individual), $250
(sustainer), and $1,000 (corporate).

® Send us a contribution to further our research and educational work and public
lectures. Contributions to the FEF are tax-deductible.

® Donate subscriptions to your local schools, libraries, and legislators.

At f et

Paul Gallagher, Executive Director, Fusion Energy Foundation
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4 Beam Weapons: The Science to Stop Nuclear War
Dr. Steven Bardwell
Yes, there is a way to stop nuclear war—by developing directed
energy beam weapons. A crash program to pursue these frontier
technologies would have a revolutionary impact on society,
accelerating the development of fusion energy and bringing us
into the plasma age.

9 Systems Analysis: White Collar Genocide
Lyndon H. LaRouche, Jr.
When applied to the planning of whole economies, the method of
systems analysis leads inescapably to genocide. The opposing Platonic
theory of scientific inquiry is the most powerful weapon not only for
destroying Malthusianism, but also for building the technologies
required to prevent genocide. Part 2 of this provocative article
discusses geometry as the “language of vision” and its application to
economic analysis.

The U.S. Needs
A Beam Weapons Program

Send Your Letter to President Reagan!

President Ronald Reagan
The White House
Washington, D.C. 20500

Dear Mr. President:

| urge you to end the threat of nuclear war by committing the United States
to a crash program to develop directed energy beam weapons. By developing
this ballistic missile defense system we will be able to destroy nuclear missiles
in mid-flight, before their warheads have been released. At the same time,
beam research will also speed the development of nuclear fusion power, a
source of unlimited cheap energy from seawater, and bring us the technologies
of the plasma age.

Like NASA’s Apollo program, a crash program on the frontiers of science to
develop beam weapons will revitalize the economy, our industries, and our
science education system.
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Editorial

Beam Weapons, the Nuclear Freeze,
And the 1982 Elections

This is a guest editorial by Lyndon H. LaRouche, Jr., a
founding member of the Fusion Energy Foundation and a
member of its board of directors. LaRouche heads one of
the major political action committees in the Demo-
cratic Party, the National Democratic Policy Committee
(NDPC).

The November 1982 congressional elections were, in the
words of a popular idiom, a “Mexican stand-ofi.” The Dem-
ocrats gained 25 seats in the House of Representatives, a
gain of no trend-setting significance, while the Republicans
held their majority in the Senate. As a result, the real fac-
tional issues in the nation’s capital at this moment are not
between the two major parties, but across party lines.

The major fight at this moment is between backers of a
Kissinger-guided State Department and backers of the Rea-
gan Defense Department’s push for the development of
space-based antimissile beam weapons.

Otherwise, the important feature of the election is a
profound discrediting of the right-wing conservative fac-
tions of both major parties, and also a significant, if in-
decisive, weakening of the left-wing forces of the Dem-
ocratic Party. Under the pressure of a new economic
depression, increasing portions of the electorate are look-
ing back affectionately to the memory of President Franklin
D. Roosevelt, and are turning their backs to both right-
wing and left-wing varieties of political eccentricities.

The Beam Weapon Issue

Although the proposal to develop space-based anti-
missile beam weapons is only one among many major
issues dividing forces in Washington, D.C., it is at the
present moment the single issue upon which the entirety
of near-term U.S. policy directions will turn. A summary
of the history of the beam-weapon policy helps to make
the issue and its connections clearer.

The discussions leading to the proposal of beam weap-
ons began during the summer of 1977, through collabo-
rative deliberations between retired Air Force Intelligence
chief Major-General George Keegan and Dr. Steven Bard-
well of the Fusion Energy Foundation. Putting their heads
together, Keegan and Bardwell established beyond doubt
that both superpowers had the scientific and technological
means to launch crash programs to develop and deploy
beam weapons capable of destroying large parts of the
nuclear missile arsenal of the opposing superpower.

Although Keegan broke off direct collaboration during
autumn 1977 over the issue of this writer's opposition to
the “Camp David” policy, Keegan's and Bardwell’s collab-
orators separately launched public campaigns for beam-
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weapon development during that autumn period, over
hysterical opposition to both from the London Interna-
tional Institute for Strategic Studies (11SS).

During early 1982, this writer composed a comprehen-
sive strategic policy draft, centered around a detailed pro-
posal for a U.S. space-based antimissile beam-weapons
development. This policy draft was circulated in prepub-
lished form to key military and other circles, and later
published with wide circulation as a policy study issued
by the NDPC. A concerted effort of support for this policy
proposal was launched during April-May 1982, and knowl-
edge and support for the NDPC proposal spread.

As Dr. Edward Teller reported during an Oct. 26 public
address in Washington, D.C., some of his “younger friends”
won him over to becoming a spokesman for this palicy.
Teller has adopted the full range of proposed features of
the policy. Defense Secretary Caspar Weinberger has pub-
licly supported, at the very least, the military hardware
features and implications of the same paolicy.

Currently, opposition to the policy comes chiefly from
the allied forces of Henry A. Kissinger and AFL-CIO Pres-
ident Lane Kirkland, both supported by the “conventional
weapons” build-up liberal faction of Governor Averell Har-
riman, Senator Edward Kennedy, and Senator Gary Hart.

In the layman’s terms, the NDPC’s beam-weapons policy
has the following leading points:

(1) That the only possible means for ending the age of
nuclear terror is the development of technologies through
which nuclear missiles can be destroyed with more than
99 percent effectiveness in mid-flight. Without beam weap-
ons, under present or foreseeable political conditions, nei-
ther superpower would be willing to reduce nuclear ca-
pability below its estimate of assured minimal capability
for total physical destruction of the home-base of the op-
posing power, :

(2) That the science and technology for such weapons-
systems deployment exist at the established or early-
potential capacity of both superpowers.

(3) That a “crash effort” to develop and deploy such
antimissile defenses would incur no net cost to the U.S.
economy, since the civilian-technological by-products of
the development effort would stimulate a high-technology
economic boom in the United States.

(4) That the only foreseeable trigger for actual thermo-
nuclear war between the two superpowers now in sight
would be a combination of “conventional wars” among
regions of the developing sector and a significant weak-
ening of the relative strategic power of one of the two
superpowers. A weakened and threatened superpower,
either the United States or the Soviet Union, would fall




back on the last resart of its thermonuclear arsenal, using
thermonuclear blackmail to correct the imbalance. Thus,
the savage weakening of the West through the present
world economic depression, combined with regional con-
ventional warfare in the developing sector, makes the oth-
erwise unthinkable thermonuclear war an increasing pos-
sibility for the years immediately ahead.

(5) Thatthe agenda of arms-negotiations between Wash-
ington and Moscow must be scrapped and replaced with
a new agenda based on a policy of development of de-
fensive beam weapons to the end of ending the age of
thermonuclear terror (the policy of mutually assured de-
struction—MADs,

(6) That this qualitative change in military technology
will, by itself, merely postpone the danger of thermonu-
clear war. We must include a feature which carries us
beyond mere war postponement into circumstances of
durable peace.

(7) That the basis for durable peace, as Teller empha-
sized in his own choice of terms, is a U.S. commitment to
high-technology economic development of the developing
nations, seeking to win the Soviet Union to cooperating
in this effart on behalf of the “common aims of mankind.”

The additional special feature of the NDPC-policy outline
is that it specifies that the research and development for
this be civilian-based, rather than locked away in secret
military projects. The NDPC has proposed that the United
States launch several civilian-economy crash programs to
perfect the technology used in antimissile beam weapons.
For example: NASA should be given the assignment for
keystone tasks, including the development of manned Earth-
orbiting space laboratories, and a manned Mars landing,
as well as manned Moon stations. Such civilian research
will develop all the technology required to be properly
repackaged as space-based beam-weapons systems.

An intensive schedule of speaking engagements by the
FEF's Dr. Steven Bardwell substantially weakened the cause
of the “nuclear freeze” movement in California during the
two weeks immediately preceding the election. Bardwell's
speaking-tour had two significant kinds of effects. Al-
though Bardwell was one of the designers of the beam-
weapons project, he has done his work outside the bounds
of secret research. Therefore, Bardwell is free to offer the
kind of technical-scientific clarifications of beam-weapons
principles which Teller is not presently legally free to reveal
publicly. Second, Dr. Bardwell succeeded in winning a
significant number of university students and some spe-
cialists away from the “nuclear freeze” cause, by convinc-
ing them that beam-weapon deployment is the effective
approach to ending the age of thermonuclear terror.

The General Line-Up
At the highest level of U.S. circles, the practical division
of forces is between the supporters and adversaries of the
“New Yalta” policy of Britain’s Lord Carrington. Carring-
ton, a long-standing controller of Henry A. Kissinger, is at
the center of an Anglo-Soviet game intended to break Eu-
rope away from the United States, and to kick U.S. influ-
ence out of the Middle East and other parts of the world.
The principal bastion of pro-Carrington policies in the

U.S. government is the State Department. Kissinger allies
in the State Department and ultra-liberals in the Demo-
cratic Party are the principal backers of neo-Malthusian
policies concerning population reduction, technology, and
economic policy. This faction opposes beam-weapons de-
velopment, and proposes to develop a reduced U.S. con-
ventional military establishment, designed to conduct re-
gional wars against nations in the developing sector.

This division of forces along policy lines overlaps a sec-
ond division within U.S. leading circles. This second issue
centers around the publicized case of alleged Soviet spy
Geoffrey Arthur Prime, alleged to have delivered detailed
NATO plans and U.S.-NATO codes to Moscow. British re-
fusal to inform the U.S. government of the massive leak
of U.S. secrets by Britain's secret services, and massive
other indications of Anglo-Soviet collaboration against the
United States, have infuriated large parts of leading mili-
tary, intelligence, and other circuits in and around Wash-
ington, D.C.

Informed sources indicate that the Prime affair is gen-
erally viewed as a British smoke-screen, a diversionary op-
eration, covering up a much more serious business, The

fingers point in the direction of Lord Carrington’s “New

Yalta” package, viewed as “treasonous” by some critics,
and also repeated charges to the effect that Kissinger was
a Soviet intelligence asset during the period of his postwar
service in the Oberammergau Center in occupied Ger-
many: the so-called Odra Cell affair.

Although the general U.S. public is only dimly aware of
such issues up to the present moment, the lines of cross-
party divisions in and around Washington, D.C., intersect
an eruption of rage against the effect of the policies of
Federal Reserve Chairman Paul Volcker among the pop-
ulation generally. The recent elections reflect this rage only
indirectly. Except in isolated cases, the percentage of the
electorate participating in the elections was typical for a
midterm election: approximately 34 percent. Also typical,
the mobilization of certain sections of the electorate around
special issues, such as the “nuclear freeze” referendum,
tilted the results of the elections such that more militantly
organized minority views within the electorate affected the
overall vote in such a way that the result of votes cast does
not efficiently represent the moods in the population as a
whole.

In this election, the voters voted less frequently for can-
didates than against candidates. With relatively few ex-
ceptions, voters voted for candidates not because they like
those candidates, but because they wished to destroy the
political career of the opponent. The voters are not to be
blamed for this; with few exceptions, they had no can-
didate or party policy worth voting for.

At the top, and among the electorate, the politicians of
the United States are wobbling on a political knife’s edge.
Both the government and the electorate could easily fall
to one side or the other, to the side of beam-weapons
supporters, or to the side of Kissinger’s friends. Whether
President Reagan capitulates to Kissinger and Kirkland, or
overrides Kissinger’s State Department-centered backers,
will probably determine the way the United States and the
world go during the months immediately ahead.
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Beam Weapons:

by Dr. Steven Bardwell

For years the threat of nuclear war
has hung over the heads of Americans,
the fear that by accident or design
someone would press a red button and
send anuclear-armed intercontinental
ballistic missile (ICBM) to turn U.S.
cities into infernos. Now, after 30 years
of living with this horrible possibility,
there is a definite means to ensure that
nuclear war will never happen: the
technology of directed energy beam
weapons.

We could have the first generation
of beam weapons within 5 years—if
the United States put a priority on
beam research. Such beam weapons
would be able to find, track, and de-
stroy a nuclear-armed ICBM, pre-
venting its explosion. And in another
10 to 15 years, we could develop a
second generation of space-based
beam weapons, giving even greater
protection with a capacity to destroy
10,000 ICBMs at once.

Such beam weapons would make
nuclear war obsolete. Beam weapons
do not simply hit a missile silo or pre-
vent a nuclear missile from being
launched; they ensure that the nucle-
ar warhead is destroyed in the strat-
osphere. There is no nuclear explo-
sion, no nuclear holocaust.

The news media have portrayed the
beam weapon as a “Buck Rogers” fan-
tasy or as a “third generation nuclear
weapon” that will “militarize” space by putting bombs there.
But beam weapons are neither wonder weapons nor nu-
clear weapons. Directed energy beams can be of intense
electromagnetic waves of the same wavelength (laser
beams), of subatomic particles (electron beams, proton
beams, or neutral particle beams), or microwave and plas-
ma beams—all of which travel at or near the speed of light.
The development of such beams would represent a qual-
itative leap in our understanding of physical science and
technology, similar to the leap the world made with the
use of nuclear fission.

For this reason, Dr. Edward Teller, who is often called
the “father” of the hydrogen bomb, has termed the beam
weapon the most important military development since
the atom bomb. Whether or not the United States will
embark on a new “Manhattan Project” effort to develop
directed energy beam weapons depends on the success
of Teller's ongoing public and private interventions into
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Sandia Mational Laboratories
The PBFA 1, a particle beam accelerator used for electron beam production and
focusing experiments in the fusion research program at Sandia National Lab-
oratories in Albuquerque, N.M.

military policymaking, along with the initiatives of Dem-
ocratic Party leader Lyndon H. LaRouche and the Fusion
Energy Foundation, to shift this nation’s defense policy
away from the absurd concepts of mutually assured de-
struction (MAD) and deterrence, authored by Robert
McNamara and the Rand Corporation.

A new Manhattan Project, ironically, would for the first
time in 30 years free this nation from being held hostage
to the threat of nuclear holocaust. More important, as
LaRouche, the Fusion Energy Foundation, and, recently,
Teller have stressed, a brute force research effort in beam
technologies would have a revolutionary impact in acce-
lerating the development of nuclear fusion for energy pro-
duction, the development of plasma torches for materials
processing and mining, and a host of other technologies.

Like the NASA Apollo program in the 1960s, an all-out
research program in this frontier science area would spur
industrial productivity and revive the U.S. economy, at the




to Stop Nuclear War

same time making the industrialization and development
of the underdeveloped sector a reality.

The development of a beam weapon will open up a new
chapter in man’s history: the age of plasma technologies.
These new technologies will have a more revolutionary
impact on society than the introduction of electricity had
100 years ago.

The real source of the revolutionary impact of these
technologies is the scientific challenge they present. The
development of a beam weapon would require the reso-
lution of the most profound problems of theoretical phys-
ics of the past several centuries.

How a Beam Weapon Works

A beam weapon system would have to meet the same
requirements as any other conventional defense system
against ballistic missiles. The Los Alamos National Labo-
ratory’s 1980 report on ballistic missile defense specified
the problems to solve as follows: (1) early warning that
hostile ICBMs have been launched; (2) detection and as-
sessment of the threat; (3) derivation of trajectories and
prediction of targets; (4) discrimination of warheads, reen-
try vehicles, and decoys; (5) targeting the interceptor (the
beam); (6) guidance of the beam; and (7) destruction of
the target.

Over the past 15 years, both the United States and the
Soviet Union have perfected the early warning technology
using satellites, and both countries routinely monitor all
missile launchings. The more refined assessments are now
accomplished using ground-based radar, but there are sev-
eral new technologies that will greatly enhance the quick
determination of where a missile is coming from, how fast
it is going, and what its target is, and also discriminate
between those missiles meant to hit their mark and the
decoys.

The Los Alamos group has stated that the best way of
using these new technologies for the job is to launch rocket-
borne probes into trajectories above the atmosphere
equipped with (1) a long wavelength infrared sensor tech-
nology that can detect fuel tanks in the hostile missile at
distances of 3,500 miles, and (2) computer and commu-
nications technologies that can handle the data for as many
as 20,000 targets in the infrared telescope’s field of view.

Once the necessary information is processed, of course,
the beam weapon must be aimed and must hit and destroy
its target, as well as assess whether another shot is nec-
essary. The technologies needed here are completely new,
requiring unique solutions: Aiming a beam weapon at a
target 3,500 miles away is like hitting an image about .00003
degrees wide—the same as a piece of thread seen at 100
meters—while it is moving at 20,000 feet per second!

It is generally agreed that the aiming and tracking tech-
nologies are within our scientific grasp today. What is re-
quired is concentrated work on the problem using existing
optical systems (there are now cameras on civilian satellites

that can point to a region of the sky with the accuracy
required by a beam weapon) and fourth-generation gy-
roscopes now on the drawing boards.

The more difficult task will be powering the beam to the
target with energy enough to destroy the target and energy
of a sort that can be absorbed by the target so that it will
be disabled.

These three problems—power, energy, and absorption
by the target—are solved differently by each of the four
types of beam weapons proposed: laser beams, particle
beams, and microwave and plasma beams. However, all
of them appear capable in principle of generating the re-
quired power and energy in a form efficiently absorbed
by the missile.

The timetable is as follows: Within five years we could’

have a hybrid beam weapon system with an on-ground
laser and a mirror in space (see figure). This would offer
complete protection against an accidental ICBM launch or
an attack by a runaway third power. In another ten years,
a second-generation beam system could give us substantial
protection; and in fifteen years, more advanced and much
more attractive possibilities, like the X-ray laser, could pro-
vide us with defense against all-out nuclear attacks.

Laser Beam Weapons

Laser beams are perhaps the most familiar of the beam
technologies. A laser beam consists of a beam of very
intense, single wavelength electromagnetic waves, either
light or high energy X-rays. Because the wavelengths of
light are coherent—all the same frequency and phase—
the beam of light can be focused very precisely.

There are four different types of lasers considered, all
being researched at U.S. national laboratories both for
weapons and fusion energy applications:

(1) In a gas laser, such as carbon dioxide, a burning gas
is suddenly compressed and the resulting energy distri-
bution is stimulated to emit single frequency light at high
energies. Huge gas lasers are now being used here and in
Japan in the nuclear fusion effort.

{2) A chemical laser uses a gaseous medium in which a
chemical reaction is induced, the products of which then
emit laser light. The Soviet Union last year in tests used
such a laser to down a ballistic missile.

(3) An electron discharge laser uses the replaceable en-
ergy from an electron beam to create the source for laser
light. This is the most attractive laser for space use because
its energy source is not a chemical fuel that is used up but
rather the electricity that drives the electron beam.

(4) There are two kinds of more speculative lasers that
have not been perfected technologically but that promise
the advantages of energy density and flexibility: the X-ray
laser and the free-electron laser.

The X-ray laser, tested in the United States in 1981 and
openly discussed in the literature last year, uses the X-
radiation produced by a small nuclear explosive to “pump”
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rods of a heavy metal medium that then releases its stored
energy in a very concentrated, short pulse of X-rays.

The X-ray laser has the capability of such high powers
and such efficient missile destruction (because the target
efficiently absorbs the X-rays) that it is widely recognized
as the most promising long-range laser for ballistic missile
defense based in space. Although just a single pulse, the
X-ray laser delivers thousands of times more energy per
pulse than conventional lasers.

" Given the state of technological development of the op-
tical and power systems, there is not a competent scientist
who doubts that a laser weapon capable of destroying an
ICBM can be built. It is critical to understand that the most
important objections to beam weapons, especially laser
weapons, are political and military, not scientific.

Particle Beam Weapons

Particle beams, like lasers, deliver energy in a highly
controlled pulse traveling at near the speed of light. But
instead of a pulse of intense electromagnetic radiation, a
particle beam is made up of subatomic particles (specifi-
cally electrons or protons), neutral atoms (usually hydro-
gen), or macroscopic particles (usually magnetized) that
are accelerated to high speeds.

The destructive power of a particle beam is the intense
shock wave that it creates in the target, which is like a
small, very powerful hammer slamming down on the target.

All three types of beams have similar acceleration mech-
anisms, although the engineering is different: A magnetic
wave generated by radiowaves or a set of magnetic coils
is used to “push along” the particle. The magnetic wave
stores energy from some electrical power source and trans-
fers this energy to the particles.

The generation of electron beams is similar to the old
idea of electron acceleration used in a vacuum tube. Elec-
tron beams are now routinely generated in the range of
millions of electron volts, millions of amperes of current,
and power densities inside the beam of trillions of watts
per square centimeter.

What has continued to surprise scientists researching
electron beams for military and civilian energy applications
is that an intense electron beam is not actually a beam of
individual electrons, but rather a complex structure of elec-
trons and magnetic field. In electron beams of the order
required for a beam weapon, the electrons actually in-
crease their intensity by forming into a tightly bundled
sheaf of separate beams in a vortex structure. These struc-
tured beams, which propagate together inside a protective
shell of their own magnetic fields, can then carry higher
currents and more energy longer distances at greater pow-
er levels.

Proton beams have been a subject of intense research,
especially in the Soviet Union, for the past 30 years. These
use an electron beam as a “seed” and then are accelerated
in their own right. One of the newer technologies is a type
of collective acceleration that uses an electromagnetic in-
teraction to accelerate the protons to the same velocity as
the electron beam “seed.” Because the protons weigh al-
most 2,000 times as much as the electrons, having the same
velocity means that they have 2,000 times greater energy.
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Again, these proton beams use their self-organizing ca-
pacity to “keep up” with the electron beam seed in the
accelerator. The result is a very high quality beam with
uniform energy density and uniform energy.

Neutral particles, because they are not charged, as are
the electrons and protons, eliminate problem areas such
as deflection in the atmosphere and electric farces be-
tween the charged particles and the background atmo-
sphere that can degrade the efficiency and controllability
of the beam. The technology for accelerating neutral beams
was developed in the fusion program, where high density
neutral beams are used as auxiliary heating for magnetic
fusion devices. Because the technologies are not available
to directly accelerate neutral atoms, the atoms (usually of
hydrogen) are first ionized and then electrically or collec-
tively accelerated. These accelerated particles are then
passed through a dilute background gas and stripped of
their charge, or neutralized.

By spring 1983, U.S. researchers will have produced a
beam of protons at an energy of 2.5 million electron volts,
traveling at 99 percent of the speed of light, as the first
step in the large-scale testing of particle beam weapons.

The use of macroscopic particles accelerated in a rail
gun—a magnetic track much like a linear induction mo-
tor—has been studied for applications that range from
space propulsion, magnetically levitated trains, inertial
confinement fusion energy, to weapons. These devices use
a magnetic field to push particles (or whatever object is
being propelled) down a track in the same way that the
exhaust gases from a conventional shell push a bullet down
the barrel of a rifle. Replacing the exhaust gases is a mag-
netic field capable of generating much higher pressures
and therefore, much higher velocities (100 kilometers per
second).

Although control and targeting would be more difficult
with a macroscopic particle beam, its unparalleled power
densities—because of the large mass of the particle—make
it attractive as a beam weapon. According to U.S. weapons
researchers, the Soviet Union has a large program devoted
to the development of macroparticle beam anti-aircraftand
antiballistic missile weapons, as well as anti-armor weap-
ons and antiship weapons. There is no known armor that
can withstand even a small projectile moving at the ve-
locities attainable for macroscopic particle beams.

Microwave and Plasma Beams

Microwave and plasma beams have only been discussed
in the United States in the last two years, although the
Soviet Union has had a large program in both areas and
is estimated to be about two to three years ahead in the
production and propagation of microwaves and in the un-
derstanding of the interaction of intense microwaves with
matter.

Intense, directional microwaves are generated when
electron beams are propagated at or near the speed of
light through a plasma. These microwave sources provide
intensities many orders of magnitude greater than those
associated with radar; and such beams, if focused, could
destroy delicate electronic equipment in a target.

Plasma weapons offer even more of a challenge to sci-
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entists, and operate very differently from other beams. A
plasma beam consists of the highest energy dense form
of matter, a gas so hot that the electrons and nuclei have
been separated. The “gas” is made up of electrically charged
particles and the electric and magnetic fields they generate.
This so-called fourth state of matter quite naturally forms
into complex structures of particles and magnetic fields,
which are spontaneously created and stable. One of these,
shaped like a donut, is called a plasmoid and is the most
frequent form of spontaneous plasma-field structure. It
occurs naturally in the form of ball lightning, and has been
reproduced on a small scale in the laboratory.

Plasmoids are contained by a toroidal magnetic field that
spirals around the donut and reconnects with itself. This
magnetic field simultaneously confines and insulates the
plasmoid. Contrary to other beam weapons, for which the
atmosphere hinders the guidance and propagation of the
beam, the plasma beam could not exist without it; it re-
quires something to “push against” to hold in the plasma.
These closed field plasma blobs are extremely stable given
their energy density, with a lifetime measured in seconds.

The exact physical mechanism involved in such closed
field structures is the subject of heated debate here (some
U.S. scientists even doubt the existence of such struc-
tures). Nevertheless, the Soviet Union has had a major
research program in plasmoids since the middle 1950s,
when the first plasmoids were produced at Lawrence Liv-
ermore National Laboratory in California. The first public
indication of serious interest in a high energy plasma beam
in U.S. military literature appeared in an April 1982 article
that discussed the applications of a “collective accelerator
based on magnetically confined plasma rings.”

Such rings would be an almost ideal plasma weapon:

They carry high energies, are stable, and can be accelerated
to very high velocities. However, how such beams could
be guided and targeted is still a matter of speculation.

The Science of the Beam Weapon

An engineering analysis shows that beam weapons for
ballistic missile defense can be built. The problems of de-
tection, discrimination, target acquisition, beam genera-
tion, and target destruction are all within our scientific and
technological capabilities. Even for a chemical laser beam
weapon, which is not “off the shelf” technology, there is
no question that such a weapon could be built in the next
five years with technologies available today. Despite this
engineering certainty, the beam weapon confronts us with
a host of fundamental scientific questions when it comes
to a detailed understanding of the scientific basis of beam
generation and propagation.

The fundamental scientific problems raised by the phys-
ical phenomena occurring in the energy-dense regimes
necessary for beam weapons require working from the
perspective of the German classical school of mathematical
physics. This is not the method of analysis used by Western
scientists. In fact, the tradition of Leibniz, Gauss, Weber,
Riemann, and their successors, from which all the major
discoveries of the past period have been derived, have
been attacked with increasing success by the British em-
piricist or Newtonian school.

There are two main areas central to the question of the
science of the beam weapon where the Newtonian ap-
proach cannot possibly explain the phenomena actually
observed in experiments with high energy plasma physics.

First is the question of energy. While conventional New-
tonian or Maxwellian physics defines energy as an inter-
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nally measurable, conserved, scalar quantity, this view is
untenable given the role of energy in the evolutionary
properties of various beam weapon systems (for example,
the self-organizing acceleration of proton beams).

Second is the question of the direction of evolution in
physical systems. The fundamental assumptions of modern
physics insist that changes with time in a physical system
are the result of a summation of microscopic dynamics. In
other words, particle-by-particle interactions supposedly
“add up” to the global behavior of a physical system. In
this view, the quality of the global evolution is statistical
and random.

The behavior of high energy plasmas overthrows this
premise. Beam weapon experiments, in fact, present strik-
ing evidence of a kind of global causality that directs the
microscopic evolution of a physical system but is not re-
ducible to microscopic interactions. There is a well-doc-
umented, spontaneous self-organizing behavior tending
toward large-scale structure and more order.

These two opposing methods—Leibniz versus Newton—
have been at the center of an intellectual and policy fight
for 200 years, pitting the followers of the Newtonian atom-
istic tradition against the followers of the Leibnizian school.
This is not merely an academic question today. In this
country, the information that is classified in both fusion
energy research and beam weapons research is the results
of Riemannian physics that threaten the intellectual he-
gemony of the Newtonian ideas. At the same time, the
mainstream of Soviet science is in the Riemann-Leibniz
tradition, which explains the lead the Soviets have in phys-
ical research on relativistic beam weapons. If the United
States is to develop beam weapons—as the Soviets are
now doing—the Riemannian tradition will have to prevail
in U.S. science.

The critics of beam weapons who challenge the very
possibility of developing this technology do so on the basis
of their Newtonian physics. How can beams propagate
through the atmosphere without losing so much energy
density that they will be unable to destroy the target? the
critics ask. The answer is in the actual behavior of the
plasma itself, which is not describable by means of con-
ventional particle-based plasma physics.

The basic point of physical science is that a plasma is
not in any real sense made up of charged particles and
fields. To define a plasma in this way is much like saying
a human being can be understood by studying the result
of combining billions of single cells and the fluids around
them. Rigorously. the problem a Newtonian faces when
confronting these phenomena is that the causality for the
macroscopic behavior is not contained at the microscopic
parts of the system. The microscopic entities exist, but
they are not primary; they are determined by the same
global causality that shapes the general evolution of the
system.

The Plasma Age
The development of beam weapons will not anly free
humanity from the insanity of having no defense against
nuclear war; it will bring mankind out of the atomic age
and into the plasma age, where we will be able to master
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technologies using the highest energy form of matter known
today. '

Mastery of a plasma would put at our command (1) an
energy source—nuclear fusion—that has an unlimited fuel
supply taken from seawater and is cheap, clean, and in-
herently safe; (2) access to a supply of raw materials that
would be virtually inexhaustible through the technology
of a fusion torch, which is capable of refining the lowest
grade ores economically; and (3) new materials processing
technologies that allow the creation of nuclear-tailored
materials (isotope separation on a large scale), the deg-
radation of radioactive wastes, and the ultimate recycling
of wastes, using the plasma torch.

This is not science fiction, but what we can do in the
next few years—if we win the policy fight for an Apollo-
style program to develop beam technologies.

Real National Security

Beam weapons are inherently defensive technologies.
The most important military consequence ot this fact is
that the national security of a country is not substantially
affected if its putative adversary obtains these technolo-
gies. This, as Teller and the FEF have pointed out, removes
any rationale behind the Schlesinger-authored security
classification of the basic scientific research in the laser
fusion program and in other beam-related areas. Such clas-
sification has hindered not helped the advancement of
beam weapon research and scientific research in general.

For the layman trying to understand the military policy
fight and how it intersects with the nuclear freeze move-
ment, the important thing to keep in mind is the relation-
ship of economic growth to national security. McNamara,
Schlesinger, General Maxwell Taylor, and other freeze
leaders advocate a postindustrial society, a curb on ad-
vanced technology, and new wars fought with conven-
tional weapons to depopulate the Third World.

The traditional American military strategy of “winning
the peace,” nation-building domestically and abroad, has
been the very oppaosite. This was the tradition in which
General MacArthur rebuilt Japan, in which President
Eisenhower proposed the Atoms for Peace program, and
in which Admiral Rickover forged the Nuclear Navy and
the civilian nuclear program as well.

The only way for the United States lo ensure its national
security is through the kind of rapid economic develop-
ment that would result from a new Apollo program for the
frontier science area of beam weapons. Real national se-
curity rests on economic growth, technological develop-
ment, and human advancement that simultaneously pro-
vide a strong military and the objective self-interest that
make war unlikely, if not unnecessary. A country produc-
ing new resources (rather than fighting for old ones), ed-
ucating and training its citizens (rather than being plagued
by unemployment or apparent overpopulation), and pro-
viding a hopeful future for its people, is a country with
real national security.

Steven Bardwell, a plasma physicist, is editor-in-chief of
Fusion. This article was adapted from his comprehensive
report on beam weapons avaiiable from the FEF at $250.
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White Collar Genocide
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EDITOR’S NOTE

“To replace Nazi-smelling eugenics, a new pseudo-
science has been cooked up, and promoted as the putative
‘scientific’ basis for genocidal policies such as the Carter
administration’s Global 2000 and Global Futures. That
Malthusian pseudoscience in currency today is called
‘systems analysis.” "'

The proof of this thesis, that systems analysis is nothing
but a rationale for policies leading to genocide, is the
subject of part 1 of this provocative article by FEF board
member Lyndon H. LaRouche, |r. (see October 1982
Fusion, p.3). Systems analysis, LaRouche demonstrates,
as a “linear equilibrium model,” is a doctrine of genocide
because it ignores the role of technological innovation in
economies and -thereby precludes those very policies
essential not only to support population growth but to
permit the maintenance of even a fixed level of popula-
tion. Under present world economic conditions, systems
analysis is leading to mass-murder on a scale two orders
of magnitude greater than that perpetrated by the Austrian
hippie Adolf Hitler,

After noting that this evil methodology infects circles in
both the East and West—including the State Department
authors of the Global 2000 Report, the Draper Fund/
Population Crisis Committee, the Aspen Institute, and
other neo-Malthusian institutions based in the West; the
Peking-allied Pol Pot regime that murdered 40 percent of
the population of Kampuchea between 1975 and 1978;
and the Gvishiani faction in the Soviet bureaucracy linked
to the Vienna International Institute for Applied Systems
Analysis—LaRouche traces the origin of modern systems
analysis to the immoral ““hedonistic calculus” of utilitarian

philosopher Jeremy Bentham. Bentham, and following
him the British economists John Stuart Mill and William
Jevons, founders of the modern doctrine of marginal
utility, rejected the possibility of founding a universal
science of economics and instead maintained that eco-
nomic processes are determined by the aggregation of
marginal pleasure and pain experienced by individual
buyers and sellers,

This pseudoscientific theory was continued by Alfred
Marshall and J. M. Keynes and finally appeared in its most
radical form in the modern doctrine and practice of
systems analysis, typified by the influential Theory of
Games and Economic Behavior coauthored by the math-
ematician John von Neumann and the Vienna neopositivist
Oskar Morgenstern. Like all econometrics today, Theory
of Games degrades economies to mechanical sorts of
linear equilibrium models, which are axiomatically en-
tropic processes; it considers nothing bearing on those
crucial processes by which the productivity of labor rises
or falls. As a policy-making tool, applied to “macroecon-
omies,” systems analysis leads inescapably to economic
devolution (depression).

There has been an equally continuous tradition of
economic science opposing the marginal utility/systems
analysis disease: the Platonic theory of scientific inquiry
and practice, based on uncovering the negentropic quality
of natural law. This theory is the most powerful weapon
not only for destroying Malthusianism but also for building
the technologies required to prevent genocide.

In part 1 of this article, LaRouche shows the coherence
of the Platonic scientific tradition, leading up to his own
discoveries as an economic scientist: Kepler’s proof, in his
works founding modern mathematical physics, that the

upPi

Indicted Nazi leaders in the dock at the Nuremberg Tribunal October 1946, await sentencing for their crimes against
humanity. In the first row of the dock (from left) are Goering, Hess, and von Ribbentrop.
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universe is fundamentally negentropic, not entropic;
Leibniz's insight (which grew out of his training in both
German cameralism and French mercantilism) into the
broad implications of the heat-powered machine—"by
which one man can accomplish the work of a hundred
others”"—that successive rises in productivity, grounded in
advancing technology, is the general principle of human
existence; the unifying thesis of the anti-free trade Amer-
ican System economics of Alexander Hamilton, Henry
Carey, and other patriots that value is located in “artificial
labor,” human improvements in raw nature; the rigorous
proof by Riemannian physics (Bernhard Riemann, Georg
Cantor, and their tradition in German 19th century sci-
ence) that the Second Law of Thermodynamics, the so-
called law of entropy, is a groundless fiction; and the
negentropic outlook underlying the Judeo-Christian tra-
dition, exemplified by the consubstantiality doctrine of
Apostolic Christianity. LaRouche shows that far from being
a merely theological issue of no importance to science,
Apostolic Christianity's insistence on the universe as a
process of lawfully ordered continuing creation is traced
in literature to Plato’s notion of the hypothesis of the
higher hypothesis, which was the fundamental principle
(often explicitly so) guiding the work of Riemann, Cantor,
and every other major discoverer in the work of conti-
nental science.

LaRouche then establishes the notion of potential rela-
tive population-density as the central principle of Platonic
economic science: “We must interpret all actual and
proposed changes in society’s productive behavior by the
single parameter: Do such changes increase or fail to
increase society’s potential relative population-density?”’
Taking the example of resource exploitation, he demon-
strates how this parameter functions as a measure of a
society’s progress: If a society remains within a relatively
fixed level of technology, the variety of natural resources
available to it is delimited, and the cost of exploiting these
resources—the portion of the labor force that must be
allotted to exploitation—must tend to rise through appar-
ent depletion of the richest grades of ore. Less is produced
per capita of the work force and per capita for the entire
population. The relative potential population-density of
the saciety falls accordingly. “Even the maintenance of a
fixed level of population requires a constant change in
human behavior, constant advances in the general level
of technology of practice,” LaRouche concludes.

From there, LaRouche argues that man’s successful
mastery of the universe, as measured by successive in-
creases in potential relative population-density, is the basis
of all science. Science is emphatically not a collection of
isolated scientific experiments.

LaRouche’s final point in part T concerns the notion of
energy. Although advances in technology appear to cor-
relate with increases in the energy transmitted per capita
of the population, current notions of energy, as measured
in scalar units such as calories, joules, watts, and so forth,
are inadequate to mathematically describe the causal
connection between the increasing energy density of
production processes and rate of increase of productivity.

Geometry As the ‘Language of Vision’

The best approach to succinct statement of the issues
involved in study of the “energy” problem is found by
referencing Kepler’s three major published writings.! Ad-
mittedly, this writer did not have competent command of
Kepler’s writings, or of many other materials now in his
possession, back in 1952. His principal methodological
guides were a hatred of the mechanistic method, and a
positive knowledge adduced from a few works of Leibniz?
plus the fruit of his own de novo refutation of Immanuel
Kant. However, the canclusions which this writer reached
in 1952, and which continued to be his independent
reference-points-in-chief into the 1960s, have proven, not
accidentally, to be congruent with the superior quality of
argument to be developed directly with reference to the
work of Kepler and other resources added to the writer’s
repertoire at various points over the past two decades.

It were better to employ the improved form of argument
brought directly in reach by resources not at the writer's
original disposal, than to burden the reader with the more
laborious approach the writer actually employed to de-
velop the views described here.

One must appreciate the writer's anger at the wasted
years occupied in accomplishing something which he
might have more quickly accomplished and better, had
the educational institutions to which he was exposed not
been degenerated to the point their decay had already
reached during his childhood and youth—long before the
“new math” began destroying students’ scientific poten-
tials. He is therefore resolved that new generations of
children and youth shall not be obliged to suffer the same
costly deprivation, that the precious sources which every
student ought to have available hereafter be available to
them all. If there is any complaint to the effect that the
writer is presently employing an argument considerably
improved over that he actually employed to reach these
same conclusions, the reader should not blame the writer
for that, or regard it as in any way “intellectual dishonesty"’
that he honors a right method superior to the more
laborious course he actually employed. Educate our stu-
dents properly and such discrepancies need not arise in
the future.

In respect to mathematical knowledge, the central issue
of scientific work has been the question whether or not
the universe as we see it is an adequate representation of
the universe as it is.

If we see the answer to the question we have just
identified rightly, we are led by rigorous steps to the
discovery that there is no ontologically axiomatic “energy”
in the universe, but that the phenomena of energy are a
determined aspect of a more fundamental principle of
our universe: negentropy.

This correction in thermodynamics, from the vantage
point of Riemannian physics, is indispensable for solving
the crucial problem of economic science. It leads us to a
successful determination of the equivalence between an
“injection” of negentropy into the productive process,
and a correlated increase in the negentropy of the pro-
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“Proceeding from the fact that visible space is
characterized by the case of five uniquely defined
Platonic solids, Kepler proved conclusively, with aid of
solar observations, that visible space is not adequate
representation of physical space.”

/
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ductive process, a negentropy measurable in terms of the
work of increasing potential relative population-density.

The reader will soon discover why it has been necessary
to identify the range of issues we have identified so far, to
bring the report up to this point of elaboration.

Proceeding from the fact that visible space is character-
ized by the case of five, uniquely defined Platonic solids,
Kepler proved conclusively, with aid of solar observations,
that visible space is not an adequate representation of
physical space (Figure 1). The fact that only five regular
polyhedral solids can be constructed in Euclidean space—
the space of vision—proves conclusively that Euclidean
space itself is shaped by something external to it.

This was not new with Kepler. Plato understood this
same point in exactly the terms we argue it here, in
reporting that man does not see reality directly, but only
the shadows of reality, as if viewing such shadows in a
cave. Saint Paul writes that we see as in a mirror, darkly.
Plato's scientific knowledge was enormous, in fact, a
knowledge for which he was significantly indebted to the
leading scientific institution of that period, the Cyrenaic
temple of Amon, at which the uniqueness of the five
solids was proven during Plato’s lifetime, It is Plato’s report
of those solids and of their significance for physics which
resulted in their designation as the “five Platonic solids.”

The principal stimulus for the revival of this Platonic
approach to physics in relatively modern times was the
scientific work of Cardinal Nicholas of Cusa, including
Cusa’s anticipation of modern topology in such locations
as his “Sphere Play,” and Cusa’s general emphasis on a
critical examination of the work of Archimedes.

The generation of Cusa’s Italian successors, especially
the circle associated with Leonardo da Vinci, and that
generation’s successors in the School of Raphael, had
extensively explored all of the questions on which Kepler

12 November 1982 FUSION

focused his own work. The Divina Proportione of Luca
Pacioli, a collaborator of Leonardo, and of Pacioli’s student
Albrecht Direr, as well as Giordano Bruno, are the im-
mediate sources most strongly influencing Kepler in the
direction of work he undertook.’

Also probably influential on Kepler was the work on
well-tempered harmony by Bishop Zarlino, the latter also
the proper ancestor of Bach, the late Mozart and, most
explicitly, the late work of Beethoven. Although the work
of al-Farrabi was key to pre-14th-century developments in
music in Europe, and Leonardo is also influential on this
matter, the agreement between Kepler and Zarlino on
crucial points is most striking, perhaps conclusive, evi-
dence of such an explicit indebtedness.

It was well developed before Kepler that principles of
action in living systems, and other phenomena as well,
were coherent with the so-called divine proportion, the
golden mean. Kepler, who stressed this point, noted the
central position of the golden mean relationship in the
uniqueness of the five Platonic solids, as had his prede-
cessors.! To test whether or not this predominance was in
fact a lawful ordering of the universe, Kepler attacked the
most conclusive body of evidence available to test this
hypothesis: the solar orbits,

He proved that the orbits, including their variations in
orbital velocity, were fully subsumed by the same princi-
ples of geometry which prescribed the well-tempered, 12-
tone octave scale as the only lawfully determined tonal
values and relationships within music. Although Kepler
merely approximated values later determined more ex-
actly by Riemann’s comprehensive solution to elliptical
functions, this element of approximation in Kepler’s math-
ematics has proven to be no source of defect in the proof
as a whole, as a proof of the hypothesis. Today, Kepler’s
method is eerily superior in quality as well as quantity to
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any alternative method for describing the orbits of planets
and moons.’

The proportions of the spiral nebulas are properly taken
as complementary proof of Kepler’s hypothesis, relation-
ships coherent with the same principle of the five Platonic
solids Kepler employed for the solar orbits. The fact that
the principal asteroids, despite wildly different orbital
paths, all “sing’" in the same tone, is also collateral re-
enforcement of the notion of uniqueness for Kepler's
proof.®

As Leibniz stressed the point against Descartes,” Kepler’s
proof subsumes the necessary conclusion that real physical
transformations occur not as straight-line action in visible
space, but in a manner implied by the Archimedean spiral,
as the Riemannian theary of a complex variable elaborates
this for physics today.

What, then, is the higher order of physical space, which
shapes the characteristic form of transformations seen in
visible space? This, since Kepler's proof, has been the
central question of scientific work. In brief: How do we
define a higher continuous manifold, such that the char-
acteristic form of action is vortical (helical), such that
projections of that higher space into the visible domain
necessarily determine all of the characteristic features of
the visible domain?

This is the problem which Riemann essentially solved,
beginning with the statement of his program as early as
the 1854 habilitation dissertation. There are omissions in
Riemann's program, as he himself located such a defi-
ciency in respect to the concluding subsection of his 1854
dissertation. These deficiencies, which bear on the deter-
mination of number relationship in a Riemannian form of
continuous manifold, are implicitly overcome by the 1871-
1883 work of Georg Cantor. For related reasons, it was not
accidental that this writer discovered the significance of

the 1854 dissertation for himself from the vantage point of
Cantor’s notion of the ordering of transfinites. This
Cantor-Riemann method for analysis of higher-order con-
tinuous manifolds supplies, and uniquely so, the basis for
solving the indicated problem of economic analysis.

We now elaborate the principal conceptual steps by
which the meaning of the 1854 habilitation dissertation is
to be correctly understood.

Visible space, with its apparent objects floating about
and sometimes bumping one another, is what is described
as a discrete manifold. Our problem is that of defining a
continuous manifold, in which individual objects (qua
objects) have no self-evident existence, but only a deter-
mined existence. The projection of the events occurring
in this continuous manifold must account fully for all of
the visible events of the discrete manifold.

The objects of visible space are not real objects, at least
not in the sense naive epinion mistakenly assumes them
to be ontologically self-evident. They are shadows of
reality, and are real as shadows. Shadows do not efficiently
act directly on one another to cause the movements
reflected as movements of shadows. They do not effi-
ciently bump, nor do they act upon another efficiently at
a distance. There is no efficient causality contained ade-
quately within visible space as such.

Efficient action, including our own efficient actions,
occurs “out of sight"—as the movement of ducks swim-
ming on the surface ot the water occurs beneath the
surface. So, in attemnpting to comprehend efficient physi-
cal space, we attempt to look beyond the “surface.” We
imagine the aspect of physical space which we see as
hroadly analogous to the projection of action in three-
coordinate space and time upon two-coordinate space
and time. We do not imagine that the higher-order space
we infer “looks like" the images we construct to represent
it. Rather, we use the analogies of projection of three-
coordinate space upon two-coordinate and one-coordi-
nate space as a “language of vision,” and through refine-
ment of use of that language, through observation and
experiment, we make that language rigorous.

This heurism of “language of vision” we know to be
valid, and uniquely so. If we know, as we do, that the
ordering of events in visible space is geometrically rational,
then reality, the projection of a continuous manifold upon
a discrete manifold, is coherent with the rationality it
projects. Therefore, we are permitted, on principle, to
employ images which we construct in terms agreeable to
our developed visual-conceptual powers, to represent
visually thus a world we in fact cannot see. Our choices
of imagery in this are limited to those options which are
sufficient and necessary to describe a continuous manifold
consistent with projections into a discrete manifold cor-
responding to the shadow-reality of our visible space.

The second of the two special problems is that of
defining a continuous manifold which has an intrinsic
metrical quality of action. Although the metrical qualities
of a continuous manifold must be qualitatively different
from those of a discrete manifold, there must be some
metrical feature of the continuous manifold which ac-
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Figure 1
THE FIVE PLATONIC SOLIDS

The Greek geometers in Plato’s Academy already
knew that only five solid figures could be con-
structed all with equal faces and equal angles. These
five “Platonic solids” are shown above. That exactly
five such solids can exist in three-dimensional space
is a profound fact about the intrinsic geometry of
three-dimensional space and about the visual space
of three degrees of freedom. The constraint of
closure in three-dimensions—which leads to the
existence of five and only five regular solids—is
characteristic of the fixed, but geometric laws that
govern visual space. A different kind of lawfulness
is characteristic of the physical or continuous man-
ifold whose projection we see in visual space.
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counts for a properly adduced, characteristic metrical
feature of our discrete manifold. This latter pair of prob-
lems of projections is the crux of Riemann's 1854 habili-
tation dissertation.

There is only one kind of continuous manifold which
has both the needed, inherent metrical qualities, and
which subsumes efficiency of local existence under that
metrical quality. This kind of manifold is one in which the
existing order, denotable arbitrarily by n, is passing over
to a higher-order configuration, denotable by n+1.

The most appropriate term in the mathematics lexicon
to describe the characteristic action of such an n into n+1
manifold is negentropy. What appears to us as rigorously
defined negentropic phenomena in terms of the visible
manifold, is a projection of the characteristic, universal
negentropy of the continuous manifold.

For the purposes of this report, it is sufficient to direct
our attention only to the most crucial features of this
projective correspondence.

Our central problem is this! Although we know the
continuous manifold to be in projective correspondence
to our vision of the discrete manifold, there are charac-
teristic differences between continuous manifolds and
discrete manifolds, such that one cannot simply carry over
certain kinds of secondary phenomena of the one to the
other,

In a continuous manifold, for example, there can be
objects (singularities), but no ontologically self-evident
objects of the sort which naive common sense imagines
itself to recognize in visible space. Similarly, there is no
action at a distance among objects in a continous mani-
fold. There are two leading additional considerations most
crucial to defining the proper selection of continuous
manifold.

Although the objects of visible space are merely shad-
ows of reality, the shadows each correspond to an exist-
ence which is itself causally efficient. This is an impossible
condition within a continuous manifold of a fixed order.

That is the gist of Riemannian physics.

This leaves us with an important problem to be resolved,
a different sort of problem than we were obliged to
emphasize on the pathway to Riemann’s 1854 dissertation.

First, we were obliged to specify the conditions a con-
tinuous manifold must satisfy. Having defined those con-
ditions, we must next concentrate efforts on developing
methods for representing the conceptions we have
reached in that fashion. Although one can develop geo-
metric images of the transition from a specific n-manifold
to a successor n+17-manifold rather directly, how do we
generalize all such transformations, in the sense of gen-
eralization associated with geometrical mathematics as a
whole? What we require, in order to represent such larger
conceptions within our language of vision, is a method
for defining coordinates in a three-space (visualizable
image of space), such that conical-helical action (for ex-
ample) in a three-space of such coordinates might sub-
sume implicitly the general form of successive transfor-
mations. To this purpose, Cantor’s notion of the orderings
of transfinites is indispensable,




Figure 2
KEPLER’S PLANETARY GEOMETRY

Kepler developed his “Three Laws of Planetary Mo-
tion,” upon which modern astronomy is based, out
of his certainty that the universe was coherent and
the Platonic insight that the laws of physics are the
same on the Earth as in the heavens. His first law
says that a planet sweeps out equal areas in equal
time, no matter how far it is from the Sun. The
second law states that the orbits of the planets are
ellipses, with the Sun at one focus of the ellipse.
Kepler’s third law, which he considered to be his
“great law,” says that the ratio of the cube of the
distance of a planet from the Sun to the square of
the time it takes the planet to go around the Sun is
the same for every planet,

Kepler insisted that the existence of the solar
system in its present form must also be explained. In
his years’ long search to find a lawful principle to
explain why the planets were spaced from the Sun
in the distances that we empirically know them to
be, Kepler initially determined that these distances
could be derived by considering the planets to travel
on orbits around spheres whose distance, one from
the other, is determined by placing a three-dimen-
sional, regular solid figure between each sphere, as
shown in the model here. First, Kepler inscribed a
cube inside a globe, representing the orbit of the
farthermost known planet, Saturn. Then he put an-
other globe inside the cube, representing the orbit
of Jupiter. Then between the globes representing
Jupiter and Mars, he put a tetrahedron. Around the
Earth, Kepler placed a dodecahedron; inside the
globe representing the Farth, he placed an icosa-
hedron; and between Venus and Mercury, he put
an octahedron.

As the accompanying table shows, Kepler was able
to account for the six known planets and their
distances with this construction. Later he rejected
the specific construction using the Platonic solids,
but he continued to point to it as an example of his
geometrical method.

¥ 2

Moder by Michaal Micare, ohato Carles de Hayas

AVERAGE MEAN DISTANCES OF

PLANETS FROM THE SUN
(measured in astronomical units, A.U.; the distance
of Earth from the Sun equals 1 A.U.—actually 92.9
million miles)

Kepler's Modern

Planet Polyhedrons Astronomy
Mercury .400 .387
Venus 738 723
Earth 1 1

Mars 1.432 1.524
Jupiter 4.881 5.203
Saturn 9.726 9.539

For spaces of orders n, n+1, n+2, ... we are able in
each case (actually or at least implicitly) to define arrays
of characteristic relationships peculiar to that order of
space. Yet, each such array for one space must be different
from the array proper to another. Insofar as we can treat
sequences of arrays, arrays each distinguished by a fixed
order of space, as an ordered sequence, our problem of
representation becomes implicitly solvable. The changes
in the array denoted by n to yield the array denoted by
n+1, are treated as the characteristic feature of the trans-
formation from n to n+1. The characteristic feature of
“extension’’ common to successive such characteristics
implies the notion of ordering principle we require.

To elaborate a mathematical structure for this work is of

the highest practical importance. Yet, a preliminary the-
oretical step toward that undertaking is far more impor-
tant. The first, indispensable step, without which the
detailed elaboration cannot begin 10 be developed, is to
master a clear conception of this generalization as such.

There are, in the best judgment of the matter we have
been able to assemble so far, two elementary problems
which tend to prevent educated mathematicians from
accepting the combined work of Riemann and Cantor on
its own terms,

First, in order of commonplaceness, is the prevailing
notion of number as such. Leopold Kronecker's famous,
and mind-disabling dictum, “God made the integers,” is
exemplary of this problem. In fact, the evidence is over-
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Figure 3
THE INADEQUACY OF PYTHAGOREAN DISTANCE
AS A METRIC FOR PHYSICAL SPACE

In Euclidean-Cartesian two-dimensional space, the
magnitude of displacement ds of a pomnt is deter-
mined in terms of the changes of its coordinates dx,
and dx, by the Pythagorean formula ds? = dx,* + dx.*,
ords = dx,? + dx,°. (More familiarly, this is h* = a‘
+ btand h = "a? + b, where h is the hypotenuse
and a and b are the sides of a triangle).

In the generalization of Euclidean-Cartesian space
to any number n, of dimensions, the corresponding
formulfa is ds = Jdx,? + dx;? +. ..+ dx,2. Another
way of writing this is

zn: dxz2 where i
=1

i=1

represents the summation of all numbers from 1 as
the index, i, to n.

This notion of magnitude of linear displacement
as the model of the general notion of metric has
become a major stumbling block for the turther
development of physics and economics, because it
excludes the possibility of negentropic development
in the universe. Suppose, however, that instead of
measuring the internal geometry of a given manifold
with such a displacement, we look at the change in
the magnitude of this displacement as the manifold
increases its number of degrees of freedom, or
dimensionality. If we call ds, the displacement for
the first space, and ds, the displacement for the
second, then a change in the displacement, d(ds) or
ds can be heuristically written:

n+t1

dx? - 2

=1

dis= d;s— dys = dx 2.

This formula expresses the magnitude of the
change in metric effected by a change in the order
of the space from n to n + 1 dimensions.
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whelming, that only what we term “complex numbers”
have any primary sort of existence as number in respect
to the metrical characteristic of our universe. The notion
that the “simplest object’” must be the most elementary
is the broader fallacy underlying this.

Second, topology is burdened by repetition of the
nonsense-assertion that there are no metrical features to
topology as such. This is a tricky problem, since the
development of topology has depended upon reexamin-
ing geometry freed of the burden of those metrical as-
sumptions we associate with the visible manifold. Such
metrics had to be discarded, in order to develop topology
to the point at which the metrical features of a continuous
manifold could be rigorously defined in such a way that
we could be certain we had not carried over some exo-
geneous assumption borrowed from our naive view of the
discrete manifold.

Plainly, many students of topology have forgotten why
Leibniz undertook analysis situs in the first place. In order
to adduce the characteristics of a continuous manifold in
terms of characteristic transformations in a visible, discrete
manifold, it was indispensable to discard from geometry
of visible space only those features which were peculiar
by their nature to a discrete manifold. We assume for
properly obvious reasons, that those features of geometry

- which are not idiosyncrasies of discrete manifolds are the

qualities carried over by projection from the continuous
to the discrete. The end-object of this process of searching
which is called topology, was properly to discover the
metrical characteristics intrinsic to the continuous mani-
fold.

The topologist is too often like the fellow who took a
journey to another city to fetch his bride, but, midjourney,
became so fascinated with this excursion itself, that he
began walking around aimlessly in one direction, then
another, having forgotten what the purpose of the depar-
ture had been,

What we require is a characteristic metrical feature of
a negentropic continuous manifold, which informs us how
we must interpret the distance-function of phase space
transformations in a discrete manifold, to the effect that
this proper interpretation of phase spaces yields a char-
acteristic, metrical feature of the discrete manifold, which
is in projective agreement with the corresponding metrical
feature of action in the negentropic continuous manifold.
The simple Pythagorean expression,

ds

]

will not do (Figure 3). We require a measurement of ds
for the case that the manifold is undergoing transforma-
tion from order n to n+1.

Such a correct approach to the metrical features of the
discrete manifold defines this value, d%, as the unique
measure of incremental work. This work must be defined
in respect to the work of increasing the potential relative
population-density of society through technological ad-
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“Base 2"
logarithmic spiral

a
Generating a

self-similar spiral
on a cone

Figure 4
THE LOGARITHMIC (SELF-SIMILAR)
SPIRAL ON A CONE

The conical form of the logarithmic spiral is generated
as the trajectory of a moving point on a cone, whose
angle a of ascent or descent, relative to the apex of the
cone, remains constant (a). This curve has the charac-
teristic property that each successive “loop,” differs
from the preceeding loop only in scale, with a constant
of proportionality that depends only on the angle of
ascent or descent chosen. Thus, in a ““base 2" spiral, (b)
each successive loop moving away from the apex of
the cone, doubles the distance from the apex.

An easily constructed instrument for generating such
spirals will be described in a forthcoming Fusion article.
A rough approximation can be obtained by folding a
quarter-circle as shown in (c). A circle, AB, is drawn
with radius half that of the original circle. Then, a
straight line is drawn from the point D to B (this will
form an approximation of the first loop of the spiral).
Next, a circle with half the radius of circle AB is drawn,
EF. The corresponding straight line, AF, gives an ap-
proximation to the second loop of the spiral. This
process can be continued to generate a conical spiral
with almost constant pitch.

c

Constructing a cone
from a circle

A

d) Model of a cone constructed of clear acetate

vancement. The negentropy of the system is the work of
the system.

For related reaons, Riemann’s 1859 hypothesis, setting
forth the determination of acoustical shock waves under
experimental conditions satisfying his “infinite cylinder”
case, is the prototype of all valid scientific experiments,
insofar as any experiments can be said to have authorita-
tive bearing on knowledge of the lawful ordering of our
universe. It is for this reason that the 1859 paper has been
the model for crucial experimental treatment of relativistic
phenomena in a broad assortment of cases outside of
aerodynamics.

“Physical Topology”
That we be neither misunderstood nor give premise for
misinterpretation of what we are about to say, we stipulate
at the outset that the imagery we now introduce is a

choice of pedagogical device—if it pleases you to call it
such, a “heurism.”

This writer does not assert that this is necessarily the
most appropriate heurism which might be cooked up. He
insists merely that it is the pedagogical imagery which
presently appears the best compromise between the ca-
pacities of students and his own mental image of the
material to be presented. Additionally, it contains no error
as an image with respect to the points to be presented
with aid of such a representation.

Imagine, first, a hollow sphere. You, the observer, are
situated such that your eyes are looking into the sphere
from a point we shall designate the ““north pole” of that
body. This sphere’s sauth pole is sitting upon a flat surface.
As you, the observer, attempt to view the images projected
on that flat surface outside the sphere, what you are able
to see is a shadow of those images. The shadow is that
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CONICAL SPIRALS AND
THE WELL-TEMPERED SCALE
A striking example of the power of the self-similar
conical spiral is its use for the construction of the
well-tempered scale. If we project a “base 2" spiral
(one whose inclination is such that a 360° loop of
the spiral going up to the apex halves the distance
to the apex), on the plane of its base perpendicularly
(see a), we will create a flat exponential spiral. By
dividing the circle of the base into 12 equal sections
(see b), the intersections of these 12 radii with the
flat spiral determine a sequence of distances from
the center of the circle to the spiral. These increasing
distances are the lengths of the vibrating strings
(assuming constant tension) that will produce the 12

Maodel by Dorothea Bunnel, photo Carlos dé Hoyos

tones of a well-tempered scale. If we call the longest
distance the note C, the succeeding lengths moving
inward on the spiral will correspond to D, D§, E, F,
F#, and so on, as shown. Pairs of points correspond-
ing to the same interval (for example, C and £ with
B and D, the major third) subtend the same angle at
the center of the circle. In this representation, in-
tervals correspond to angles and transposition from
one tone to another to rotation through some angle.

The strings on the model shown in ¢ can be
plucked to play the well-tempered scale.

defined by a line of sight drawn through the surface of
the sphere and to the points of the image on the flat
surface. You see the projection of that image on the
interior surface of the sphere,

Now, to extend the description of this pedagogical
imagery to include other considerations: The images on
the plane surface are themselves projected images. They
are the composite image of—in first approximation—sev-
eral distinct cones, whose central axis may, in the simplest
case, intersect at some common point on the surface.

The reader might, for example, construct a logarithmic
spiral on a cone (Figure 4). Divide a circle into four equal
parts, by means of two perpendicular diameters. In one
quadrant, mark off inscribed quarter-circles by halving the
radius successively. Now construct diagonal lines between
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the arcs, in the obvious way, and then cut out and fold-
to-join the quarter-circle to form a cone. This is an
excellent exercise for the amateur mathematician, who
having completed this construction, should reference
Jacob Steiner’s program for geometry instruction as to
principles of geometric proof, and should also compare
the result of this construction with Leonhard Euler’s de-
termination of the “natural logarithmic' value.

Having constructed the cone in this manner, imagine
that the spiral (helix, vortex) so portrayed had been
generated by continuous, homogeneous action, starting
from the apex of the cone. This, of course, requires a
function in terms of two variables. The first variable is a
distance of displacement along the midline-axis of the
cone, from the apex of the cone toward the base. The




second variable is a stretching and rotation action. The
amateur mathematician should determine what kinds of
numbers satisfy the conditions of variability for generating
such a conical spiral. He should ask himself, what sort of
ideas are suggested by this construction and this added
analysis?

Suppose that the apex angle of the cone were made
very small. Then, looking at a truncated interval of a very
long such cone from the side, seeing it as an approxima-
tion of a cylinder, what does the amateur mathematician
(for example, a high school student) now see? Let us
assume the cone has been constructed of transparent
plastic sheeting. What is the geometric connection among
e, pi, complex variables, and trigonometric functions?

Now, look at this cone from the base side, toward the
apex, or, using a light source, project the image of the
spiral on the surface of the cone (constructed of trans|u-
cent sheeting) onto a flat surface? Describe the shadow.

Now, make the midline of the cone intersect the flat
surface at a right angle, and mark the circular perimeter
of the cone’s base. What is the image now projected on
the flat surface? Divide the circle (the projection of the
perimeter of the circular base of the cone) into 12 equal
sectors (Figure 5). The distances marked off on the proj-
ected spiral (inside the circle) correspond, as chord lines,
to the proportions of the 12 tones of the well-tempered
octave. Show, by rotation, by intervals of fifths and minor
thirds, that the well-tempered octave scales as determined
by Kepler (Harmonies of the World) precisely agree with
the chord lengths of this 12-part division of the spiral.

That is the simplest sort of co-projection we employ in
the entire family of possible co-projections we impose
upon the flat surface in this pedagogical device. Dr,
Jonathan Tennenbaum has also developed a Weierstrass
function as another example of the same family of projec-
tions (Figure 6).% The apexes of the various cones in such
a co-projection are, clearly enough, in correspondence
with points subsumed by other projections of the same
sort, and so forth and so on. It is not necessary—for the
purposes of this report—to expand further in such direc-
tions here. The amateur mathematicians have now a work-
ing image of what our pedagogical construction repre-
sents, and professional physicists and engineers ought to
see clearly enough the direction in which we are pointing.

What we wish the reader to do next is to reflect upon
the difference in images among: first, the cones being co-
projected; second, the image co-projected upon the flat
surface; and finally, what the observer at the north pole
of the sphere sees as projected upon the interior surface
of the hollow sphere. Our immediate purpose is to elim-
inate the mystification commonly attached to topology.

Pause for a moment before attempting to force a con-
clusion respecting this comparison of the images. Let us
think about the simplest example of invariance in our
observations of visual space. Is it not the case that we
learn, early in childhood, to recognize a face of a person
as being the same, no matter from what angle we view it,
or even when the facial expressions change? What is it
that we recognize, in light of the fact that the manifest

Figure 6
THE CONICAL S