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Editorial WE CALL IT 
'METASTABLE TENSION' 

AND FIND n WOKftS 
QUITE WELL! 

Dr. Strangelove 
This guest editorial was written by Paul Gallagher, exec­

utive director of the Fusion Energy Foundation. 

Those who have considered the real "Dr. Strangelove" to 
be Henry Kissinger have not looked deeply enough into the 
•history of the antinuclear policy doctrine known as MAD— 
mutually assured destruction—and its corollaries. Kissin­
ger's conscious acts against the strategic security interests 
of the United States, including his deliberate disinforma­
tion to U.S. presidents concerning potential weapons tech­
nologies and Soviet policies, have continued for 25 years. 
But since his 1957 book, Nuclear Weapons and National 
Security, behind Kissinger's nuclear weapons policies has 
been a far more evil man—Lord Bertrand Russell, and his 
associates. 

The documentation is absolutely clear (only a highlight 
of it is presented here) that the Dr. Strangelove of Stanley 
Kubrick's "How I Learned to Stop Worrying and Love the 
Bomb," was Dr. Leo Szilard, Russell's close collaborator 
among the pan-European emigre scientist circles. 
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Founded the Nuclear Freeze 
In 1957, Russell and his elite circle of neo-Malthusians 

founded the Pugwash Conference, the "peace and disar­
mament" network that has since that t ime, in fact, formu­
lated all U.S.-NATO nuclear doctrines and all U.S.-Soviet 
arms agreements. In addi t ion, the Pugwash group has 
founded or control led all "nuclear freeze" institutions then 
or since, including the Union of Concerned Scientists, the 
Stockholm International Peace Research Institute, and the 
Council for a Livable W o r l d , as wel l as today's "nuclear 
freeze" and "green" peace movements. 

Pugwash's 'Two Empires' 
Since 1957, the Pugwash doctr ine has specified wor ld 

government by " two empires," the Eastern (Russian) and 
Western (American) divisions. Such a wor ld government 
wou ld destroy the sovereignty and the rights to nuclear 
technology development of all other nations in the name 
of "peace" and "metastable tension," to use the words of 
Leo Szilard. 

From 1946 to 1952, Russell, Szilard, and their collabora­

tors wrote articles stating that fear and guilt fantasies about 
the atomic bomb, among scientists and populat ions, could 
be used to force one empire, an Anglo-American wor ld 
government, on the nations of the wor ld . In their view, 
nuclear science and technology would be driven complete­
ly into the jealous and secretive control of a wor ld agency 
that wou ld have a monopoly of uranium and nuclear arms. 

In 1946, Russell and Szilard demanded that the Soviet 
Union be blackmailed out of its attempts to become an 
independent nuclear power by threatening it w i th a nuclear 
attack! 

By 1953-1956, when this "preventive war" scheme had 
irreversibly failed and it was clear that the Soviets had de­
veloped thermonuclear bombs, the great men of peace 
around Russell stopped threatening Russia and instead 
started court ing the "Eastern Empire." 

That decision marks the start of the publ ic celebrity of 
Henry Kissinger as a sucker for the Soviet Union, a liar to 
U.S. presidents, and an advocate of decline in U.S. wor ld 
influence to "25 percent of its postwar level." Whi le Kissin-
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ger has styled himself as the agent of Lord Carrington and 
the British intell igence factional tradit ion of Bertrand Rus­
sell, he has continuously acted on behalf of the Soviet Union 
in arms policy debate and direct arms negotiations for 20 
years. 

Kissinger's Treachery 
It is the direct responsibility of Henry Kissinger that the 

Soviet Union today has a nat ionwide infrastructure for anti­
missile defense, which is being prepared for operation and 
upgrading to laser and particle beam defense, whi le the 
United States has no such infrastructure and is years behind 
in the drive to develop directed energy beam weapons. This 
is the result of what Kissinger admitted to Congress in 1982 
were his own unilateral interpretations of the SALT I (ABM) 
and SALT II Treaties—interpretations never agreed to but 
simply imposed on "Kissinger's presidents" by decept ion. 

More important, it has been documented (see Executive 
Intelligence Review, June 7,1983) that Kissinger, as an arms 
intell igence specialist attending Pugwash conference sym­
posia f rom 1961 to 1964, knew then of the potentials of 
antimissile beam weapons and of the Soviet military's inten­
t ion to develop them. Pugwash veteran Dr. Jeremy Stone, 
head of the Federation of American Scientists, revealed the 
same facts at a brief ing at the Rayburn House Off ice Build­
ing July 26. Stone and Kissinger have both worked f rom 
1962 on to organize opposit ion to Western efforts to devel­
op laser, particle, microwave, and other antimissile beam 
weapons, knowing that the Soviets had a continuous high-
priori ty program to develop them since 1962. 

The years 1961-1964 were the per iod of the most intimate 
and intense cooperation between the Pugwash Conference 
leaders and the Soviet leadership (at the t ime, Khrushchev). 
Szilard, Kissinger, and the Pugwash group retailed Khrush­
chev's particularly lur id and fantastic MAD scenarios 
throughout the West—knowing in ful l detail that the Soviet 
military general staff had rejected the MAD strategy and 
was completely commit ted to war-winning offensive and 
defensive capabilities. 

Since Khrushchev's failed bluff that ended wi th the Cu­
ban Missile Crisis, the Soviet Union has taken the safer, 
patient route to reach its military goal: Through the vehicle 
of the Pugwash Conference, Soviet military men and sci­
entists have directly shaped U.S. and NATO strategic doc­
tr ine. 

Strangelove Appears 
At the Third Pugwash Conference in Lac Beauport, Que­

bec, in 1958, Leo Szilard presented a speech tit led "How to 
Live wi th the Bomb and Survive," f rom which Kubrick took 
his fi lm's famous subtitle and theme. In that speech, whose 
own subtit le was "The Pax Russo-Americana in the Long-
Range Rocket Stage of the So-called Atomic Stalemate," 
Szilard popularized the doctrines of mutually assured de­
struct ion, l imited "theater" nuclear war, and the complete 
"decoupl ing" of military security f rom economic-industrial 
strength as a supposed characteristic of the "era of long-
range rockets" (ICBMs). 

These doctr ines, later attr ibuted to Kissinger, James 

Schlesinger, Robert Strange McNamara, and the Rand Cor­
porat ion, were ful ly elaborated by Szilard in 1958. As he laid 
it out , the two imperial superpowers wou ld pursue wars of 
conquest wi th nuclear-armed rapid deployment forces, 
destabilizing and destroying the nations of the Mideast and 
Africa in particular, and conduct ing periodic limited nucle­
ar wars to maintain the level of "metastable tension. "Szilard 
wrote out Henry Kissinger's entire career in advance. 

Here is Szilard's 1958 "Strangelove" update of Lord Rus­
sell's 1946 doctr ine of "preventive war" : 

Let us now assume, for the sake of argument, that in 
the long-range rocket stage there may occur some ma­
jor disturbance affecting the Arabian Peninsula which 
threatens to cut off Western Europe f rom its Mideast-
ern oil supply. Let us further assume that America is on 
the verge of sending troops into Iraq and Saudi Arabia, 
that Turkish troops are poised to move into Syria, and 
that Russia is concentrating troops on her Turkish bor­
der for the purpose of restraining Turkey. Let us sup­
pose further that at this point America may declare that 
she is prepared to send troops into Turkey and to use 
small atomic bombs against Russian troops in combat 
on Turkish terr i tory and perhaps, in hot pursuit, also 
beyond the prewar Turkish-Russian boundary. 

Russia. . .m ightproceedtonamesome20Amer ican 
cities and make it clear that in case of American t roop 
landings in the Middle East she would single out one 
of these cities, give it four weeks warning to permit its 
orderly evacuation, and then demolish that city wi th a 
single long-range rocket. 

If America, being wi l l ing to lose one of her major 
cities, were to decide in favor of intervention, then 
both Russia and America would lose the same amount 
in "property destroyed" and America wou ld be free to 
occupy Iraq and Saudi Arabia wi thout having to fear 
any further Russian reprisals. 

Russia might do the same in "nor thern Europe" or wher­
ever else it had "understandable" strategic objectives of 
conquest, cont inued Szilard. In fact, each side wou ld pub­
lish "price lists" for each area of the wor ld , expressing the 
number of cities of a certain aggregate populat ion it wou ld 
threaten to destroy, "after four weeks warn ing," in the oth­
er superpower's terr i tory, to make the other superpower 
pay a price for invasion and conquest of that area of the 
wor ld . Again to quote Szilard: 

If Russian troops were to invade an area which is on 
the American list, this might show that America has 
underestimated Russia's will ingness to pay a high price 
[in cities destroyed] for gaining control over certain 
contested areas. In such a case America might then 
decide to revise the old price list upward. 

As for relations among all ied, sovereign nations, Szilard's 
formulas clearly allow no such thing in the age of the ICBM: 

It is clear that, if America were to base her security 
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"It is a foregone conclusion that American efforts toward creating an orderly and 
livable world will be frustrated in Southeast Asia and Africa In the end the 
people may have to choose between chaos and communism." 

—Leo Szilard, 1962 

on long-range rockets alone. . .even if America should 
continue to maintain an alliance with the nations of 
Western Europe, she would be bound to regard these 
allies more and more as expendable. 

No Defense Allowed 
The Russian scientists attending that 1958 Pugwash con­

ference, led by Alexander Topchiev, must have taken eager 
and careful notes for transmission to their outposts in Mid­
east and Western European countries. 

In 1962, in the Bulletin of the Atomic Scientists, Szilard 
extended the doctrine to Asia, in anticipation of the Viet­
nam War's course: 

The objective of the use of force must no longer be 
victory. The objective must only be to make a conquest 
difficult and expensive. . . . It is a foregone conclusion 
that American efforts toward creating an orderly and 
livable world will be frustrated in Southeast Asia and 
Africa. . . . In the end the people may have to choose 
between chaos and communism. 

In 1958, the Pugwash Conference as a whole, in its Vienna 
Declaration, insisted that the terror of MAD was the fun­
damental and permanent condition of mankind because of 
nuclear technology itself, and admitted that all its own 
"peace and disarmament" antics are and always have been 
a hoax. According to the Declaration: 

Although the nations may agree to eliminate weap­
ons of mass destruction from the arsenals of the world, 
the knowledge of how to produce such weapons can 
never be destroyed. It remains for all time a potential 
threat for mankind. In any future war, each belligerent 
state will feel not only free but compelled to undertake 
immediate production of nuclear weapons. . . . [De­
spite agreements against their use] the decisive power 
of nuclear weapons would make the temptation to use 
them almost irresistible. 

A 20-Year Campaign Against Beam Defense 
When Szilard's 1958 "Strangelove" speech was reprinted 

in the September 1960 Bulletin of the Atomic Scientists, he 
pointedly added: "Occasionally, there are hints in speech­
es of officials, who should know better, that there is work 
in progress on a defense system aimed at destroying long-
range rockets in flight. Such a defense system is not in fact 
in sight." 

Again, Russian scientists took note. The laser had just 
been invented by both Western and Soviet research teams. 
Some 18 months later, in the 1962 Soviet book Military Strat­
egy, by Marshal V.D. Sokolovskii, appeared the following: 

Possibilities are being studied for use against rock­
ets, of a stream of high-speed neutrons as small deto­
nators for the nuclear charge of a rocket. . . . Various 
radiation, anti-gravity, and anti-matter systems are also 
being studied as a means of destroying rockets. Special 
attention is devoted to lasers; it is considered that in 
the future, any missile and satellite could be destroyed 
with powerful lasers. 

At this point began the intense and deliberate 20-year 
campaign of disinformation and suppression of facts con­
cerning the potentials of relativistic energy beam technol­
ogies for antimissile defense, conducted by the scientists 
of the Pugwash Conference and its "peace" and "nuclear 
freeze" spinoffs. Conducted in full collusion with the So­
viet scientists who themselves were working on beam 
weapon programs, this campaign of treasonous disinfor­
mation has marked the entire career of Pugwash participant 
Henry Kissinger as "advisor to presidents." 

It continues with particular intensity today against Ronald 
Reagan's policy of ending MAD. While Kissinger's Scow-
croft Commission and Kissinger's cothinker Secretary of 
State George Shultz offer to bargain away beam weapons 
at Geneva, the August 1983 Pugwash Conference at Venice 
takes as its major theme the necessity of the "peace forces" 
to stop Reagan's program for the development of antimis­
sile defenses. 

The Soviets—140 attended the Venice Pugwash Confer­
ence—-do not take seriously what is said on these occa­
sions. They have continued to build layer after layer of 
surface-to-air- defenses, perimeter missile defenses, and 
ABM radars, with whatever technological capabilities are 
available at every point—pursuing strategic defense with 
large and accelerated scientific programs for laser and par­
ticle beam defenses. 

The only possible U.S. response to the widening Soviet 
military superiority, which is now accompanied with blatant 
threats against President Reagan's beam weapons commit­
ment, is to immediately make that commitment into a crash 
"Manhattan Project" for beam weapon development and 
deployment, throwing out Henry Kissinger and the Pug­
wash baggage so that American presidents, not the Soviets, 
can make American strategic and scientific policy. 
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Kepler's Planetary 
Geometry 
To the Editor: 

I read wi th interest both articles in 
the November 1982 Fusion. On page 
15, Figure 2 is an insert on Kepler's pla­
netary geometry. I believe that the data 
presented under "Kepler's Polyhed­
rons" are misleading. In deriving the 
distances of the planets by the method 
described in Kepler's Mysterium Cos-
mographicum I obtain the fo l lowing 

figures: 
Distance 

by Kepler's 
Original Figures 

Planet Method* in Fusion 

Mercury 

Venus 

Earth 

Mars 
Jupiter 

Saturn 

.459 

.795 

1.01 
1.2581 

3.7744 

6.5419 

.400 

.738 

.0 

.432 

.881 

.726 

* All distances are given in astro­
nomical units (AU); 1.0 A .U . is the 
mean distance between the Earth and 
the Sun. 

Are the published figures labeled 
Kepler's Polyhedra actually derived 
from his method method of musical 
intervals? If so and I have made no er­
ror, I think we must reject the appli­
cation of the Platonic solid method 
proposed by Kepler in Mysterium Cos-
mographicum as not actually describ­
ing the lawful order ing of the solar sys­
tem. 

Lawrence S. Taylor 
Columbia, Maryland 

The Editor Replies 
Mart in Howard Nieto of Los Alamos 

National Laboratory has published a 
book on the Titius-Bode law in which 
he presents roughly the same figures 
as you do. The figures are wrong. They 
are based on an incomplete applica-

Continued on page 8 

Viewpoint 
The Embalse Nuclear 

Plant and Argentina's 
Nuclear Independence 

by Luis Calvino 
EDITOR'S NOTE 

Over the past year, every country in 
Latin America wi th aspirations of in­
dependent technological and indus­
trial development has been under 
pressure to succumb to the Mal thu-
sian dictates of the International Mon ­
etary Fund. In such debtor nations as 
Mexico and Brazil, nuclear energy pro­
grams that were among the most ad­
vanced on the cont inent have been 
brought to a virtual halt. 

Argentina stands out as an excep­
t ion to this pattern. Even in the midst 
of the worst economic crisis in its his­
tory, which has caused some delays 
and budget cutbacks, the Argentine 
Atomic Energy Commission (CNEA) 
successfully completed the country's 
second nuclear plant, inaugurated at 
Embalse, Cordoba, in May 1983. A third 
plant, Atucha I I , is also under con­
struction. Argentina is at the same t ime 
pursuing a policy of transfer of nuclear 
technology to other nations of the 
cont inent. 

Luis Fernando Calvino, theau thoro f 
this Viewpoint , is director of the Bue­
nos Aires-based Energeia magazine and 
an active proponent of Argentina's nu­
clear program. Mr. Calvino is a mem­
ber of Argentina's Justicialista Party, 
founded by Gen. Juan Peron ( and is a 

founding member of the Club of Life. 
* * * 

With the inauguration on May 3, 
1983, of the Embalse nuclear plant in 
Cordoba, a fundamental phase of the 

Argentine nuclear program was com­
pleted, and a lengthy process plagued 
by technical, f inancial, and political 
difficulties finally ended. 

The complet ion of a plant of Em-
balse's scope—a 600-megawatt plant 
supplied by Atomic Energy of Canada, 
Ltd.—has rescued the Argentine Nu­
clear Plan. The plant's coming on line 
has given a f irm impulse to the coun­
try's legitimate aspirations for devel­
oping its nuclear sector in an indepen­
dent manner and for peaceful purpos­
es—for which it has earned undisput­
ed leadership in Latin America. 

The case of the Argentine Atomic 
Energy Commission (CNEA) is an ex­
cept ion, in a highly unstable political 
situation, because of the clarity of its 
stated goals and the continuity of the 
efforts undertaken over 30 years ago. 
The words of CNEA president, Vice-
Admiral Carlos Castro Madero, at Em-
balse's inauguration, are perhaps the 
best summing up of this phenome­
non : "This project is further testimony 
of what can be achieved when factors 
of cont inuity and coherence come to­
gether wi th in a rigorous ethical frame­
work in ful f i l lment of a stated policy. 
Such continuity and coherence, pre­
served throughout CNEA's history de­
spite the polit ical avatars suffered by 
the nat ion, have allowed us to select 
the natural uranium and heavy water 
line of reactors that offers the country 
the possibility of attaining the greatest 
autonomy possible in the nuclear sec­
tor, by permit t ing the local develop­
ment of the entire fuel cycle." 

The Fight for Energy Independence 
Naturally, this goal has won us ene­

mies here and abroad. Over the past 
seven years, the nuclear plan has suf­
fered f rom savage budget cuts, which 
would have threatened the continuity 
of the program had it not been for the 
tenacity of our nuclear authorit ies. 
Nuclear energy was seen as an unnec­
essary luxury, wi th in the model im­
posed by the financial establishment 
after the 1976 military coup that over­
threw Isabel Peron. Expressing his un-
repentent Malthusian view, the mo­
netarist finance minister f rom 1976 to 
1981, Jose Martinez de Hoz, once said 
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that Argentina should ideally have only 
10 million inhabitants [rather than the 
current 28 million or more—ed.]. 

This monetarist establishment had 
incalculable assistance from interna­
tional pressures, which tried at every 
point to strangle Argentina's nuclear 
growth. The country was the victim of 
threats and pressures wielded in the 
name of nuclear "nonproliferation." 

A third element in the strategy of 
preventing any transfer of nuclear 

technology to developing nations has 
been the activities of environmentalist 
and antinuclear groups. 

"Green terrorism" has its eyes on my 
country, encouraged by the ideologi­
cal arguments of the international left, 
financed by the world power centers. 
Argentina, which over the past decade 
has had to confront Marxist subver­
sion and British imperialism, must now 
prepare to face a nonproliferation of­
fensive in all its guises, which seeks to 

undermine the popular support given 
our country's nuclear development. 

Embalse's Importance 
On Dec. 20, 1973, the Argentine 

Atomic Energy Commission (CNEA) 
signed an agreement with Atomic En­
ergy of Canada, Ltd. and the Italian firm 
Italimpianti that was subsequently ap­
proved by Decree 706 of March 7,1974. 
CNEA's promise to sign a technology-
transfer agreement with my country, 
plus the advantages of the CANDU re­
actor (Canadian deuterium uranium) it 
proposed, made the Canadian offer 
more attractive than that of the Ger­
man firm KWU. 

Originally scheduled for comple­
tion in January 1980, the plant was de­
layed by more than three years as a 
result of financial and political obsta­
cles placed by the architects of Argen­
tina's post-1976 financial policy and by 
the Canadian government itself. The 
project was finally completed in De­
cember 1982, at which point the trans­
fer of fuel and heavy water to the re­
actor began, and it entered critical 
phase in March 1983. On April 25, the 
Embalse nuclear plant was synchro­
nized with the National Interconnect­
ed System, and it was inaugurated of­
ficially on May 3. 

The construction of Argentina's sec­
ond nuclear plant is a decisive step in 

Continued on page 63 

Top left: Argentina's second nuclear plant, tl 
control room (left) and turbine room (right). 

completed 600-MW Embalse plant in Cordoba. Bottom: Embalse's 
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Continued from page 7 
t ion of Kepler's procedure in his Mys-
terium Cosmographicum (The Secret 
of the Universe). 

Kepler's model of the universe in the 
Mysterium determines the spacing of 
the spheres of the planets by inscribed 
and circumscribed regular or Platonic 
solids. He assigns to the spheres or 
orbits of the planets in his model a 
thickness, determined by the differ­
ence between the perihel ion and 
aphelion distances f rom the Sun in a 
planet's orbi t . Or as Kepler puts it, the 
solids space "the lowest po int " (peri­
helion) of a superior planet f rom "the 
highest po int " (aphelion) of the next 
inferior planet. The figures f rom Los 
Alamos and your letter, however, are 
based on a zero thickness for the pla­
netary spheres. 

The procedure is as fol lows. Assign 
the distance 1.0 AU to the mean dis­
tance between the Earth and the Sun. 
Then determine the thickness of the 
Earth's sphere from its perihelion and 
aphelion distances. Kepler used Cop-

ernicus's data—resulting in a thick­
ness for the Earth's orbi t of 0.204 AU. 
Then inscribe an icosahedron with in 
this sphere of 0.204 AU thickness and 
circumscribe a dodecahedron about it. 

This yields 0.762 for the aphelion of 
Venus and 1.311 for the perihelion of 
Mars. Determine the thickness of these 
spheres in the same way and circum­
scribe a tetrahedron about the sphere 
of Mars to estimate the perihelion of 
Jupiter and inscribe an octahedron in­
side Venus's sphere to estimate the 
aphelion of Mercury. 

Continue this procedure using the 
cube to determine the spacing be­
tween the orbits of Jupiter and Venus. 
Then take the arithmetic mean of the 
estimated perihel ion and aphelion dis­
tances for each planet to arrive at the 
mean distances determined by Kep­
ler's method. (For ellipses of low ec­
centricity this is a good estimate of the 
mean distance and the one used by 
modern astronomy.) 

The box on Kepler's model in the 
November 1982 issue generally fo l ­
lowed this procedure. However, I re­

peated the calculations based on the 
data f rom Copernicus presented on 
page 213 oi Mysterium and again based 
on data f rom modern astronomy. I also 
calculated the variance from the mean 
distances f rom modern measure­
ments. The result is as fol lows: 

Copernicus Modern Data Actual 
Mean % Mean % Mean 

Planet Distance Var. Distance Var. Distance 

Mercury 0.378 2.4 0.366 5.6 0.387 

Venus 0.740 2.0 0.776 7.3 0.723 

Earth 1.0 0.0 1.0 0.0 1.0 

Mars 1.438 5.4 1.421 6.8 1.524 

Jupiter 4.945 5.0 4.941 5.0 5.203 

Saturn 9.820 3.0 9.530 0.1 9.539 

Copernicus's data on the perihel ion 
and aphelion of Mercury is way off. 
Kepler adjusted his procedure to cor­
rect this (using a circle inscribed into 
one face of an octahedron rather than 
the sphere inscribed inside the solid) 
to arrive at a mean distance for Mer­
cury. The result is that the average var­
iance from modern astronomy's mea­
surements of the six planetary dis­
tances is 3 percent using Copernicus's 
data and 4 percent using data f rom 
modern astronomy to determine the 
thickness of the orbits or planetary 
spheres. 

The Titius-Bode law fits somewhat 
better with a variance of only 2.6 per­
cent. As Nieto says about Titius-Bode, 
"these deviations are nothing com­
pared to what today's theorists in high 
energy and astrophysics are all to often 
wi l l ing to call agreement wi th theory." 

It is characteristic of Kepler of that 
once he had developed this model , he 
immediately went to work to supersede 
it. His Harmony of the Spheres and his 
New Astronomy accounted for the en­
tire system, including the necessary 
existence of the asteroids, discovered 
much later. 

—Robert Gallagher 

The Distributive Law 
To the Editor: 

In the March-Apri l 1982 article on 
geometry ["A Mathematics Curr iculum 
for Creating Citizens" by Dr. Jonathan 

Continued on page 67 
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Fusion Report 

Steven Bardwall 

Target chamber of the Cekko 
IIM glass laser at the Institute (or 
Laser Engineering. 

by Dr. Steven Bardwell 

EDITOR'S NOTE 
In March-April 1979, Fusion pub­

lished a special issue that described 
many of the most classifed aspects of 
the U.S. inertial confinement fusion 
program. Convinced that secrecy 
serves only to impede progress in this 
area of fusion research, and convinced 
that classification of fusion specifically 
continues to be motivated by political 
considerations, Fusion published a 
detailed description of three of the 
most closely held "secrets" of laser fu­
sion: 

First, the most favorable geometry 
for irradiation of a laser fusion target is 
not the spherically symmetrical car­
toon usually shown in the public liter­
ature, but rather a cylindrical geome­
try. 

Fusion Report 

Second, the essential physical cou­
pling between the laser energy and the 
fusion fuel is not direct absorption of 
laser light, but rather a two-step pro­
cess: The laser light is converted to 
soft (low-energy) X-rays. This radiation 
then drives a converging (Cuderley or 
Busemann) shock wave that com­
presses and heats the fuel. 

Third, changes in the equation of 
state of the fuel make efficient 
compression possible, even though 
calculations made on the basis of the 
normal (uncompressed state) fuel give 
more pessimistic results. 

As a result of our 1979 publication, 
significant changes occurred in the 
U.S. classification guidelines, and 
some of the research conducted on ra­
diation-driven, or hohlraum targets was 

declassified. However, the physics of 
these targets, their construction, and 
thei r geometry remai ned a very closely 
held secret. Specifically, three ques­
tions are now the center of the classi­
fication effort: 

(1) What is the most favorable con­
figuration of driver energy and target 
material so that the amount of radia­
tion absorbed is maximized and at the 
same time the hydrodynamic 
compression efficiency is maximized? 

(2) What is the physics of the radia­
tion production and absorption pro­
cesses in the target (so-called nonlocal 
thermodynamic equilibrium radiative 
transport)? 

(3) What processes occur as the tar­
get is compressed by a strong shock 
wave; for example, megagauss mag-
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The Secret of Laser Fusion: 
The Japanese Have It! 



Figure 1 
STRATEGIES FOR 1,000-FOLD COMPRESSION OF FUSION FUEL 

Direct Illumination 
The oldest, simplest, and only unclassified approaches 
use a high-intensity laser beam to vaporize the surface of 
the fuel assembly. The blow-off (ablation) of this layer 
drives a compression wave into the fuel. 

Radiation-Driven Compression 
The radiation-driven compression first converts the in­
tense laser light into X-rays that then drive the compres­
sion wave into the target. This is the principle of the large 
hydrogen bomb. 

netic fields generated by the laser, 
changes in the equation of state of the 
fue l , and inhibi t ion of traditional en­
ergy transport processes? 

In the past, the arrogant presump­
t ion of the protectors of these secrets 
was supported more by the U.S. mo­
nopoly on large laser research than by 
any rational justif ication of the policy. 

That monopoly no longer exists: The 
largest laser in the wor ld is now Japa­
nese; the largest laser fusion research 
budget is Japanese; and the most ag­
gressive pursuit of laser fusion is oc­
curr ing in Japan. A n d , much to the 
chagrin of the classifiers, the Japanese 
program is completely open. 

In the past six months, the Japanese 
research has shed tremendous light on 
the three "secrets" ment ioned above. 
This research is reviewed here. It is 
ironic—indeed pathetic—that this re­

search cannot be published in the 
United States. For any American who 
does not have access to the Japanese 
or Soviet journals, or the one or two 
independent European journals, these 
Japanese results remain classified, be­
cause the U.S. government has pre­
vented their publ icat ion. Fusion is 
proud to publish this report on the Jap­
anese laser fusion program, in the 
convict ion that the classification of 
such research continues to impede 
progress in laser fusion and serves only 
the interest of the opponents of fusion 
and advanced energy development. 

On May 10, 1983 (Showa 58 in the 
Japanese calendar), the largest, most 
powerful laser in the wor ld was off i­
cially opened. This laser, the GEKKO 
XII glass laser at Osaka University's In­

stitute of Laser Engineering, releases 
more energy in its b i l l ionth of a second 
pulsethan the rest of Japan uses in that 
t ime. That energy is focused in t ime 
and space on to an almost microscopic 
sphere f i l led wi th fusion fuel , produc­
ing temperature and pressures at the 
center of that fusion fuel that are high­
er than those at the center of the Sun. 

The GEKKO XII laser is the dramatic 
climax to the Japanese commitment to 
fusion development begun in 1976 un­
der Prime Minister Takeo Fukuda. 
Identifying fusion as the lead technol­
ogy of the 1990s, the Japanese, since 
the late 1970s, have made a massive 
investment in both magnetic and in-
ertial conf inement fusion (see Fusioh, 
August 1981)—an investment that to­
day is the largest in the wor ld . Under 
the direct ion of Dr. Chiyoe Yamanaka, 
the Institute of Laser Engineering at 
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Nonablative Compression 

Osaka University was established as the 
primary site for laser-driven and beam-
driven (inertial confinement) fusion 
research. The table (p. 14) shows the 
impressive range of Yamanaka's insti­
tute, bounded on one side by the 
world's largest glass laser, and on the 
other by the world's most advanced, 
short pulse gas laser, LEKKO VII I . 

The construction of CEKKO XII was 
the result of a close collaboration be­
tween the Japanese optical and elec­
tronic industries and the scientific staff 
of the laser institute. After the comple­
t ion of the new facility's bui ld ing, the 
12 arms of the laser were constructed 
and completed in less than one year! 
(The comparable laser in the United 
States at Lawrence Livermore National 
Laboratory has been under construc­
t ion for two years and continues to be 
delayed by funding cuts.) 

By using the Nippon Electric Com­
pany as the manufacturer of the laser, 
rather than making it by hand at the 
laboratory, the first steps have been 
taken to establish Japan as the only 
country with a laser fusion industry. 
This strategy has already paid off; the 
U.S. laser laboratories, including Law­
rence Livermore, buy laser glass f rom 
Japanese factories. 

From the very beginning, the Japa­
nese laser fusion program has been 
forced to reinvent or rediscover the 
most classified secrets of the U.S. laser 
fusion program. The centerpiece of 
their research on inertial conf inement 
targets is a target design called the 
Osaka cannonball—and therein lies 
our tale. 

In 1975, the Japanese designed a very 
clever solution to the classic problem 
of laser fusion physics: How can a small 
amount of fusion fuel be raised to fu­
sion ignit ion condit ions wi th a short 
burst of energy small enough to allow 
net fusion energy release to occur. This 
process is not too difficult if the amount 
of fuel is large, as is evident by the 
ability to bui ld a hydrogen bomb. But, 
as a simple calculation shows, de­
creasing the linear dimension of the 
target means that the density of the 
fuel for ignit ion must increase in the 
same propor t ion ; the product of the 
radius of the target and its density wi l l 
be approximately constant for ignit-
able fuel assemblies. Thus, ignit ion of 
a hydrogen bomb wi th a fuel assembly 
10 centimeters in diameter can be ac­
complished at near normal densities, 
but a target 1 mil l imeter in diameter 
requires 100-fold to 1,000-fold 
compression! 

According to researchers in U.S. las­
er fusion laboratories, f rom the early 
1970s there have been three strategies 
for achieving this compression: 

(1) Direct illumination. The only un­
classified approach, and one known to 
be insufficient, direct il lumination uses 
the ablation of the outer surface of the 
pellet to drive a rocket-l ike shock wave 
into the fue l . (See Figure 1.) These tar­
gets are widely researched to provide 
information on laser-target interac­
t ion , behavior of the fuel at high tem­
peratures and velocities, and the phe­
nomena surrounding spherical 
compression, but theyare notserious-
ly considered for laser fusion itself, (at 

least not at the energies available in 
current lasers). 

(2) Radiation-driven compression. 
From work on the hydrogen bomb, it 
was discovered that the most eff icient 
carrier of energy for compression is 
radiation in the low-energy or soft X-
ray band. These X-rays are absorbed 
completely and at the very surface of 
the target, creating an ideal shock wave 
compression (again by ablation-reac­
t ion). If an adequate amount of X-rays 
wi th this spectrum can be generated in 
the laser-irradiated target, then the 
condit ions inside a hydrogen bomb 
wou ld be replicated, in which the X-
rays are created by the detonat ion of a 
fissionable trigger. Many target de­
signs using this radiation-cavity or 
hohlraum idea have been proposed, 
and, since 1981, have been begrudg-
ingly discussed in the open literature. 
(See Figure 1b.) However, there are 
many indications that these radiation 
targets wi l l also be insufficient to 
achieve the required 1,000-fold 
compression at reasonable laser ener­
gies. 

(3) Nonablative compression. These 
targets received only one ment ion in 
the open U.S. literature and have oth­
erwise been the subject of complete 
classification in the United States. 

The Osaka Cannonball 
As long as U.S. laboratories had the 

only very high power lasers, classifi­
cation of the nonablative target de­
signs was possible. However, the Jap­
anese program has changed all that. 
The principal area of research in Japan 
is on a unique target design, publ ished 
nowhere except in Japan, that uses 
nonablative compression! 

Figure 2 is a schematic diagram of a 
recent cannonball target used at the 
Osaka Institute of Laser Engineering. 
The basic idea behind the cannonball 
target rests on the difference between 
a cannon and a rocket. A rocket, just 
l ike the ablatively driven compression 
in conventional laser fusion pellets, 
derives a very high velocity f rom the 
momentum reaction of a large mass 
emitt ing a stream of small mass at very 
high velocity. A rocket derives very 
high velocities but at relatively low ef­
ficiency. A cannon, on the other hand, 
uses the pressure of a confined gas to 
push a heavy mass to high velocities. 
The velocity can never exceed the ve-
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Laser 
Figure 2 

THE OSAKA CANNONBALL—A NONABLATIVE LASER FUSION TARGET 
The target consists of a hollow sphere (the cannon) with two holes in the shell and a fusion fuel target in the center 
(the cannonball). Laser light (a) is focused through the holes, illuminating the inside of the cannon. The deposition 
of this laser energy creates an intense burst first, of X-rays, and second, of plasma (b). This "gas" of radiation and 
plasma quickly closes the two holes through which the laser light entered, and then begins to compress the target 
of fusion fuel (c). In the beginning, this compression consists of a shock wave generated by the ablation of the 
suriace of the fuel assembly as it absorbs the X-rays; added to this is the compression caused by the slightly later 
arrival (and reflection) of the plasma blast from the cannon. 

locity of the expanding gas, but the 
efficiency is very high. 

In the Osaka cannonball, the high 
efficiencies inherent in a cannon are 
used to minimize the energy required 
for target compression. As shown in 
Figure 2, the laser light enters the can­
nonball target and creates an "expand­
ing gas" of plasma and X-radiation in 
the target. This expanding gas then 
drives a series of reflected shock waves 
that hammer the fuel assembly in the 
center of the target, compressing and 
heating it. This sequence of events in 
its initial configuration succeeded in 
solving three of the most significant 
problems of inertial confinement fu­
sion: 

First, efficiencies of absorption of 
laser light and its conversion to hydro-
dynamic compression in excess of 10 
percent have been achieved. This is an 
order of magnitude higher than any 
ablative target and represents a signal 
success in solving the problem of con­
verting laser light into compressional 
motion. 

Second, highly symmetric compres­
sion has been achieved with a small 
number of beams. A classic problem 
in inertial confinement fusion in the 
direct illumination scheme is that any 
nonuniformity in the deposition of las­
er light is amplified as the pellet is 
compressed. The resulting wrinkles or 
ripples will disrupt the compression. 
The cannonball, like the radiation-
driven target, circumvents this prob­
lem by using the plasma and radiation 
produced by the laser, rather than the 
laser itself, to drive the compression. 
Thus, the multiple reflections of the 
internal plasma expansion and the 
"gas" of X-rays provide a natural mech­
anism for spreading out and smooth­
ing the energy on the surface of the 
pellet. This has been spectacularly 
proven on recent cannonball target 
experiments. 

Third, these achievements have been 
combined to achieve high compres­
sion even with relatively small lasers. 
Compressions to 20 times solid den­
sity have occurred with cannonballs 

many times, a result comparable to the 
best achieved anywhere. When these 
pellets are used on the GEKKO XII, 
whose first target experiment is set for 
Dec. 8, 1983, the world's highest 
compressions are expected. 

The sequence of events that occur 
after irradiation of the cannonball tar­
get, shown schematically in Figure 2, 
is as follows: 

(1) The laser light is absorbed on the 
inner surface of the cannon. The com­
position of this layer will determine the 
composition of the energetic products 
of this irradiation; if the inner surface 
is plastic or another light material, the 
primary product is a hot plasma that is 
blown off and converges toward the 
center of the fuel pellet, exactly in the 
way a cannon functions. If the inner 
surface is instead a heavy metal (gold 
is used in many Osaka experiments), 
the laser produces a large amount of 
soft (low-energy) X-rays along with the 
plasma, in a manner resembling the 
radiation-driven target. 

(2) The radiation is rapidly reflected 
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back and forth in the cavity, becoming 
isotropic and then being absorbed by 
the pellet. This absorption results in 
the ablation of the surface of the fuel 
assembly and compresses the fuel in a 
way similar to that used in the other 
target concepts. 

(3) The plasma blown off by the laser 
travels more slowly (at about 50 kilo­
meters per second) than the X-rays, 
which travel at the speed of light, and 
therefore it reaches the fuel slightly lat­
er than the X-rays. This plasma blast 
creates a second shock wave that com­
bines wi th the X-ray ablation shock to 
compress the fue l . 

Figure 3 shows an Osaka laboratory 
computer simulation of the density 
history of a slice of a simple cannonball 
target, w i th the plasma compression 
dominant. 

The research on the cannonball tar­
get has already shed considerable l ight 
on the three major areas of classifica­
t ion ment ioned above—the most care-
fully guarded "secrets" in the United 
States. That answers to these ques­
tions hold the key to workable inertial 
conf inement fusion is obvious. That 
cont inued secrecy on these questions 
is self-defeating for the United States 
is also obvious. The real question is: 
cui bono? Who benefits by impeding 
fusion research? 

The "Secrets of Laser Fusion: 
Radiation-Plasma Physics 

The first and most highly classified 
area of research opened up l j y the can­
nonball target is what is called non­
local thermodynamic equilibrium ra­
diative transport or non-LTE. This topic 
deals wi th the physics of interacting 
plasma and radiation, the predict ion 
of the resulting radiation distr ibut ion 
(in frequency, space, and t ime), and 
the plasma dynamics of such a system. 
In 1976, this appeared to be concerned 
primari ly w i th the physics of soft X-ray 
generation by a laser-irradiated plas­
ma. However, the control and opt imi ­
zation of laser interactions wi th matter 
(or, in fact, the energy balance and 
transport in any high-energy plasma) 
require a knowledge of the way a plas­
ma absorbs and reemits electromag­
netic radiation. 

In the past, the only plasmas for 
which these radiative processes were 
signficant occurred in the study of stel­
lar atmospheres and the hydrogen 

bomb. In fact, much astrophysical re­
search on non-LTE radiative transport 
escapes classification because it has 
dealt only wi th the plasma mixture 
specific to stars and has not general­
ized these results to other plasmas. 

The understanding of the hydrogen 
bomb (and hence its optimization and 
miniaturization) on the other hand, 
depends on the physics of LTE radia­
t ion transport under a wide variety of 
plasma densities, temperatures, and 
hydrodynamic condit ions. After Ed­
ward Teller's discovery that X-ray 
compression could be used to ignite a 
thermonuclear weapon—a concept 
still classified—one main purpose of 
nuclear testing was to accumulate data 
on non-LTE radiative transport. These 
data were the basis of a large amount 
of secret theoretical and computer 
model ing of radiation in plasmas. 

After the negotiation of the test ban 
treaty in 1972, the only ways of gener­
ating plasmas under the variety of con­
dit ions of interest in military applica­
tions were underground tests and 
laser-created plasmas. This intersec­

t ion of laser fusion, the basic physics 
of electromagnetic radiation in a plas­
ma, and military research meant that 
laser fusion and the laws of nature were 
classified! 

The Japanese program changes all 
that. The basic physics of non-LTE ra­
diative transport occupies a significant 
part of the Japanese research team, and 
a large computer code for model ing 
these processes is underway. Already, 
however, three techniques have been 
developed by the Japanese for con­
trol l ing and opt imizing these radia­
tion-plasma interactions: 

(1) The use of heavy metals to in­
crease soft X-ray emissions. This idea, 
certainly used in some way in bomb 
design, is used in the cannonball tar­
get to tailor the relative strength of the 
radiative and plasma compression of 
the fuel . Gold coatings on the inner 
surface of the cannonball result in dra­
matic increases in uni formity and effi­
ciency of compression. This "degree 
of f reedom" is one important variable 
available to make laser fusion pos­
sible. 

Figure 3 
COMPUTER SIMULATION OF CANNONBALL PLASMA COMPRESSION 

The contours of constant density as a function of time and position show 
the time history of the compression of a cannonball target in which the 
plasma compression is dominant. In this simulation a total compression 
of about 20-fold was achieved. 
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(2) The use of light metals and foams 
to enhance compression and heating. 
The Japanese have replicated a widely 
rumored and essential "secret" of an 
efficient hydrogen bomb, beryllium 
doped foam surrounding the fusion 
fuel. This beryllium serves to amplify 
and concentrate the energy in the soft 
X-ray part of the spectrum, dramatical­
ly increasing the compression pro­
duced by a given plasma. It is almost 
certain that the ability to miniaturize a 
hydrogen bomb is the result of this 
technique. Japanese researchers have 
further speculated that suitable foams 
may be used to generate cavitational 
compression of the blackbody radia­
tion contained in the bubbles, giving a 
significant enhancement of the X-ray 
intensity through local hot spots (like 
cavitation phenomena in flowing 
fluids). 

(3) The use of intermediate-weight 
elements to "filter" the X-ray radiation. 
Since the band of X-rays most favor­
able for efficient compression is known 
to be centered around 30 nanometers, 
the Japanese have proposed using the 
opacity of silicon and tantalum, which 
absorb on either side of 30 nanome­
ters, to filter the X-rays. Suitable mix­
tures of these two elements should, 
given the right pressure and tempera­
ture conditions, generate a cannon-
ball plasma that is transparent only to 
soft X-rays, suppressing the hard X-rays 
that preheat the fuel and the ultravi­
olet energy that is too soft to generate 
efficient compression. 

Shock Wave Physics 
The second component of Teller's 

original conception of a thermonu­
clear bomb depends on shock 
compression of the fusion fuel using a 
convergent spherical shock wave—a 
so-called Cuderley shock, after its dis­
coverer, Kurt Cuderley in 1942. This 
shock wave is configured so that its 
convergence at the center of the sphere 
of fuel generates the very large tem­
peratures and pressures required for 
fusion ignition. The exact amplifica­
tion of temperature and pressure de­
pends on the equation of state of the 
fuel as it is compressed, as explained 
below. This same principle is pro­
posed to be used in laser fusion re­
search, but because it overlaps the 
bomb-makers' classification of Cud-
erley's 1942 doctoral thesis, research 

High Energy Lasers at the 
Institute of Laser Engineering 

Name 

Gekko II 
Gekko IIM 
Gekko IV 
Gekko XII 
Lekko II 
Lekko VIII 

Type 

Glass 
Glass 
Glass 
Glass 
C02 

C02 

Wavelength 
(microns) 

0.355 
1.05 
0.526 
1.05 
10.6 
10.6 

No. of Beams 

2 
2 
4 

12 
2 
8 

Energy 
(kilojoules) 

0.3 
1.6 
0.6 

20 
1 

10 

All these lasers are in operation now. They are part of a project called 
Kongoh, which is scheduled to reach breakeven by 1987 with a 100 kj 
driver using whichever of these lasers is determined to be the best ex­
perimentally. 

on convergent spherical shocks in las­
er fusion is also classified. 

The Japanese program has pursued 
investigation of shock wave physics 
since its inception. A series of early 
papers was the first to publish results 
on the use of soft X-rays to drive a shock 
wave, describing in detail a conversion 
of laser light into shock wave kinetic 
energy of 50 percent when that con­
version was mediated by soft X-rays. 
The behavior of this shock wave as a 
function of ion mass and target thick­
ness was also investigated. These re­
sults have been used to select opti­
mum composition and dimensions for 
the outer shell of the cannonball tar­
get. 

New work has concentrated on con­
trol of this shock wave. One of the key 
variables is the reflection of the pres­
sure waves back and forth inside the 
target. (See the rippled contours in 
Figure 3 that are caused by this reflec­
tion.) By variation of the distance be­
tween the outer shell and the fuel as­
sembly, this pressure wave can be 
controlled. Detailed studies on the op­
timization of the target geometry are 
now being undertaken. The interac­
tion of this plasma pressure wave with 
the radiation-driven shock wave is a 
second variable that the Japanese are 
using to control the compression of 
the fusion fuel. Because these two 
shock waves arrive at different times 
(they travel at different speeds), the 
size ofthe pellet can be used to modify 
the impact of the two waves. In addi­
tion, the radiation interacts with the 
plasma depending on the wavelength 

of that radiation, so that the energy 
flux on the target is a complex function 
of the size of the target, the tempera-
tu re and opacity of the plasma, and the 
composition of the plasma created by 
the laser. 

Of course, all this basic physics is 
highly classified in the United States. 
That such classification protects the 
secret of the hydrogen bomb is unlike­
ly; what is certain is that it has impeded 
the search for fusion energy. 

Equation of State 
The successful implementation of 

either a hydrogen bomb or a laser fu­
sion target requires one additional 
component: an understanding of the 
behavior of the fuel itself as it is com­
pressed under pressures of many 
hundreds of millions times atmo­
spheric pressure and is heated to tem­
peratures of many hundreds of mil­
lions of degrees. This behavior is sum­
marized in the equation of state that 
expresses the relation between the 
pressure, temperature, and density of 
the fuel. This relation, in turn, deter­
mines: 

(a) the effect of a given compres­
sion wave on the fuel; that is, what 
volume change and temperature in­
crease will result from a given pressure 
wave. 

(b) the efficiency of conversion of 
the shock wave into hydrodynamic 
motion; that is, how much of the com-
pressional energy is lost in entropic 
heating and how much actually results 
in a volume change. 

(c) the tailoring of the pressure wave 
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to ensure that it converges at the cen­
ter of the target; that is, the speed and 
focusing of a Cuderley shock wave are 
conditioned by the equation of state 
of the medium that supports the shock 
wave. 

Data relating to the equation of state 
of highly compressed fusion fuel are 
classified since they are part of the de­
sign information for a hydrogen bomb. 
However, these data are also critical 
for the design of an efficient fusion tar­
get, and so the Japanese program has 
done extensive research on this equa­
tion of state. As was first pointed out 
by Bernhard Riemann in 1859 and doc­
umented 120 years later for laser fu­
sion by researchers at the Fusion En­
ergy Foundation, the most important 
aspect of the equation of state is the 
change that it undergoes when the 
shock wave compresses the fuel. The 
shock wave is a real singularity, not 
merely because there is a sharp change 
in pressure across the shock front, but 
more because the passage of that front 
changes the properties of the medium 
in a qualitative way. 

In the case of laser fusion, the ap­
pearance of very strong (many mega-
gauss) magnetic fields, spontaneously 
generated by the shock wave, is the 
key to understanding the change of 
state that the fusion fuel undergoes. 
These magnetic fields create a "fluid­
like" equation of state, in which the 
pressure is decoupled from the tem­
perature and so allows extremely effi­
cient compression of the fuel. Consid­
erations like this have led the Japanese 
research group to pursue extensive 
studies of these magnetic fields. They 
have predicted the appearance of 
magnetic fields of more than 100 me-
gagauss and are beginning an ambi­
tious program for the measurement of 
these fields. 

The End of Classification? 
With the publication of these Japa­

nese results over the next year, the ma­
jor scientific "secrets" of the U.S. laser 
fusion program will be publicly avail­
able, at least to readers in Japan, Eu­
rope, and the Soviet Union. Whether 
the United States takes advantage of 
this and finally opens its own program 
to the benefits of free discussion and 
inquiry will to a large extent determine 
whether or not the U.S. program can 
maintain its lead in the world fusion 

effort. And if the United States does 
not maintain the lead in fusion, the 
Japanese certainly will be number 1. 

Dr. Steven Bardwell, a plasma phy­
sicist, is editor-in-chief of Fusion. He 
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Japan, "Deflagration Waves in Laser Compres­
sion," 45:2,001 (1978). 

K.Nozaki, K. Nishihara, "Deflagration Waves Sup­
ported by Thermal Radiation," J. Physical Soc. 
Japan, 48:993 (1980). 

The coverage of this last paper in Fu­
sion magazine sparked interest in the 
subject outside of classified circles, and 
led to a series of papers that were sub­
sequently refused publication in the 
U.S. journals: 
F. Winterberg, "Blackbody Radiation As an Inertial 

Confinement Fusion Driver," Nature, 286: 364 
(1980), and "Magnetic Booster Target Inertial 
Confinement Fusion Driver," Atomkemenergiel 
Kemtechnik.W.M (1981). 

Since then, the Japanese have pub­
lished the only experimental work,' as 
follows: 
J. Mizui, N, Yamaguchi, T. Yamanaka, C. Yaman­

aka, "Energy Transport through High-Z Metal Foil 
in a Laser-Produced Plasma," Phys. Rev. Lett. 
39:619(1977) 

J. Mizui, N. Yamaguchi, S Takagi, K. Nishihara, 
"Extreme Ultraviolet Radiation Transport in Las­
er-Irradiated High-Z Metal Foils," Phys. Rev. Lett. 
47:1,000(1981). 

T. Mochizuki, S. Sakabe, K. Okade, H. Shigura, T. 
Yabe, C. Yamanaka, "Ablative Accelertion of Pel­
let Shells Irradiated by External Soft X-ray Sources, 
Japanese J. of Applied Physics, 22: L133 (March 
1983). 

T. Yabe, S. Kiyokawa, T. Mochizuki, S. Sakabe, C. 
Yamanaka, "Soft X-ray Driven Ablation and Its 
Positive Use for a New Efficient Acceleration," 
Japanese J. of Applied Physics, 22: L88 (Feb. 
1983). 

The Japanese have also pioneered 
theoretical work: 
T. Yabe, "Soft X-ray Drive Ablation and Its Scaling," 

Osaka Institute for Laser Engineering, ILE-QPR-
82-1, May 1982. 

K. Nishihara, "Scaling Laws of Plasma Ablation by 
Thermal Radiation, Japanese J. of Applied Phys­
ics, 31: L571 (1982). 

T. Yabe, T. Mochizuki, "Impact Radiative Fusion 
Concept," Japanese J. of Applied Physics, 22: 
261 (April 1983). 

T. Mochizuki, S. Sagabe, C. Yamanaka, "X-ray 
Geometrical Smoothing Effect in Indirect X-ray-
Drive Implosion," Japanese J. of Applied Phys-
ics, 22: L124 (Feb. 1983). 

Nonablative Compression 
The Japanese group has the first 

spent two weeks in Japan in May 1983, 
touring the fusion laboratories and at­
tending seminars with Japanese fusion 
scientists. Bardwell was accompanied 
by fusion scientist Dr. Friedwardt Win­
terberg. 

published description of a nonablative 
target: 

T. Yabe, K. Nishihara, J. Mizui, "Research Report of 
Institute of Plasma Physics," Nagoya University, 
No. IPPJ-235(1975). 

Similar independent concepts were 
published shortly afterward: 
F. Winterberg, "Recoil Free Implosion of Large-As­

pect Ratio Thermonuclear Microexplosion Tar­
gets" Lettere al Nuovo Cimento, 16: 216 (1976), 
and "Ignition of Thermonuclear Microexplosions 
Inside an Egg-shaped Cavity," J. Phys. & Appl 
Phys, 9: L105, (1976). 

B. Allboin, J. Phys. Soc Japan, 50:3,762 (1981). 

The current Japanese design has 
been evolving since the early 1980s: 
H. Azechi, N. Miyznaga, S. Sakabe, T. Yamanaka, 

C. Yamanaka, "Model for Cannonball-Like Accel­
eration of Laser-Irradiated Targets," Japanese J. 
of Applied Physics, 20: L477 (1981). 

The experimental results of their 
program have been widely reported 
except in U.S. journals: 
K. Yamada, M. Yagi, H. Nishimura, F. Matsuoka, H. 

Azechi, T. Yamanaka, C. Yamanaka, "Improve­
ment of Absorption and Hydrodynamic Efficiency 
by Using a Double-Foil Target with a Pinhole," J. 
Phys. Soc. of Japan, 51:280 (1982). 

The results also have been pre­
sented in international meetings: 
C. Yamanaka, et al., Proc. 9th International Confer­

ence on Plasma Physics and Controlled Nuclear 
Fusion Research, Baltimore (1982). IAEA-CN-41/ 
F-1. 

T h e i r la test e x p e r i m e n t a l w o r k is 

c o n t a i n e d in a p a p e r t o b e p r i n t e d in a 

f u t u r e issue o f the Japanese Journal of 

Applied Physics: 

N. Miyanaga, Y. Kato, Y. Kitagawa, T. Kouketsu, M. 
Yoshida, M. Nakatsuka, T. Yabe, C. Yamanaka, 
"Efficient Spherical Compression of Cannonball 
Targets with 1.052 urn Laser Beams," ILE 8305P, 
May 7,1983. 

Other Effects in Plasma-Radiation 

Physics 
The literature here is huge, but the 

depth of Japanese effort can be gauged 
from their involvement at the fore­
front of this work. Some representa­
tive references are: 
T.Yabe, K. Niu, "Induced Magnetic Fields in Pellet 

Plasma Accompanied by Strongly Accelerated 
Motion," J. Phys. Soc. Japan, 40:1,221 (1976). 

T. Mochizuki, T. Yabe, K. Mima, K. Yoshikawa, H. 
Azechi, A. Kikuchi, C. Yamanaka, Japanese J. of 
Appl. Physics, 19: L645 (1980). 

M. Hamano, "Anomalous Effects on Hot-Electron 
Transport and Ablation Structure," Nuclear Fu­
sion, 21:803 (1981). 

T. Yabe, K. Mima, T. Sugiyama, K. Yoshikawa, "Hot-
Electron Filamentation Due to Self-Induced Mag­
netic Fields," Phys. Rev. Lett., 48:242 (1982). 
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Tft/s is the suppressed history of Thomas Alva Edison, who waged a 
successfui 10-year battie to buiid efficient centralized electric power 

stations to light the world and power its industries. 

Thomas Alva EDISON 
The Scientist Who Created 

The Electric Light and Power Industry 
by Michael Tobin 

THE GROWING WORLDWIDE industrialization main­
tained its pace as Abraham Lincoln was laid to rest in 
Springfield, Illinois. Railroads were prol i ferating in France, 
Germany, Russia, and elsewhere but especially in the 
United States where the momentum of Lincoln's dirigist 
policy still prevailed. Many a young man of that period 
hitched a ride into the industrial future to which the 
railroads were leading. Thus, Thomas Alva Edison and 
Andrew Carnegie, among others, became telegraphers, 
out running the trains to their destinations with news and 
ideas along the easy rights of way that had been created 
by the roads of steel. 

But the owners of obsolete technologies and manufac­
turing plants, especially in England, viewed the new ideas 
and their implementat ion with alarm, since this threatened 
to undermine their monetary hegemony in the wor ld 
market place. To protect themselves f rom such an even­
tuality, they attempted to modulate the pace of techno­
logical growth. Gifted individuals, such as Edison, were 
encouraged by financiers like J. Pierpont Morgan to de­
velop their ideas and were paid small sums for research in 
exchange for the patent rights to the resultant inventions. 
By "sitting" on such patents, this London-centered anti-
industrial faction had many times succeeded in stifling 
further industrial development. 

Despite the go-slow financiers who did not want it to 
happen, and despite the scientists who said it couldn' t be 
done, industry used the American System method—mov­
ing as fast as possible to ensure that the most advanced 
technologies set the pace for economic growth. Relying 
on his more informed understanding of the actual relation 
of power transfer, efficiency, and electrical design, Edison 
proposed and built a generator wi th low impedance by 
feeding a relatively high impedance load through a low 

impedance transmission line. He overcame all the scien­
tific and engineering barriers to an efficient and practical 
electrical power and light system. Then he designed and 
manufactured the necessary equipment—lamps, genera­
tors, and accessories; organized the capital to finance the 
new technology; and built the power stations to supply 
electricity. 

The antiindustrialist faction, especially the London-cen­
tered Morgan interests, tr ied to stop Edison from creating 
an industrial base for the manufacture of his electric 
power and light system. The Morgan interests were the 
embodiment of the British System of trusti f ication—buying 
out new industries to keep them under control and 
stagnant and purchasing patent rights simply to "sit on 
them, " in order to protect their financial assets. Under­
standing that an independent electric power industry 
would be the basis for an uncontrol lable takeoff in Amer­
ican economic growth, the Morgan group threw one 
obstacle after another in Edison's way, even infi l trating his 
staff. 

Edison's successful counterattacks in this war were 
mounted f rom his growing industrial base. To all provo­
cations, Edison's response was the same: He improved 
and cheapened the technology he had created and he 
accelerated the expansion of his manufacturing capacity. 
In three years, 1885-1888, Edison installed 200 central 
stations and 1,500 isolated l ighting plants throughout the 
United States. 

Edison's aggressive dirigist policy kept his enemies at 
bay unti l the wor ldwide industrial explosion was safely 
launched. The defeated Morgan was finally able to re­
move Edison f rom leadership in 1889, by a financial 
swindle in which his best fr iend and his personal attorney 
betrayed him (and which, in his mind, implicated his 
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The young Edison with his early phonograph, June 1878, 
photographed by Mathew Brady. 

young bride), Edison yielded control over his manu­
facturing plants to the Morgan interests at a fraction of 
their true value. He then retreated to the Musconetcong 
Mounta in in the northwest corner of New Jersey, where 
he exiled himself for a good part of the next decade. 

Edison came down from the mountain a much d imin­
ished man, although by ordinary standards he lived a 
useful and frui t fu l 32 more years. This later Edison is the 
one known to most people as "America's greatest inven­
tor , " the persevering tinkerer, a benign old man much 
given to mainly foolish pronouncements in the Sunday 
newspaper supplements. 

This is the story of the real Edison, whose successful war 
on behalf of the American System has been buried for 100 
years. 

Invention 
By the early 1870s, Edison's outstanding telegraphy de­

velopments brought the representatives of Jay Gould's 
Atlantic and Pacific Telegraph Company and of Cornelius 
Vanderbilt 's Western Union to Edison's small, Newark, 
New Jersey, machine shop. The two railroad right-of-way 

telegraph companies, then in mortal combat, vied for 
Edison's services as inventor and contractual manufacturer 
of sample telegraphs. But both companies resisted larger 
capital expenditures for the mass product ion of Edison's 
telegraphs. 

Edison planned to break free f rom the close embrace of 
his financiers as soon as he could accumulate sufficient 
escape capital. Meanwhi le , for lack of any other opt ion 
and despite swindles by Could and Western Union, Edison 
maintained a work ing relationship with both financial 
camps. 

By 1875, at age 28, Edison had to his credit the phono­
graph, the carbon microphone, the "Etheric Force" ex­
periments ( inducing sparking in a remotely located cir­
cuit), and the mimeograph machine, as well as the 
automatic telegraph system. He had developed a cadre of 
skilled assistants—chief among them Charles Batchelor, 
John Kruesi, and Sigmund Bergman—and he had accu­
mulated a shop ful l of precision machine tools and elec­
trical instruments. Wi th independent capital in hand f rom 
some of his inventions, Edison not i f ied the press that he 
was closing his Newark, New Jersey shop and retir ing f rom 
contractual manufacture. In the future he would devote 
his ful l t ime to " I n v e n t i o n ! " To that purpose he an­
nounced that he was bui ld ing a 100 by 30 foot two-story 
wooden structure in Men lo Park, a small community 15 
miles south of Newark. 

By June 1876, Edison and his family and his assistants 
and their families moved into the few farmhouses near 
the Men lo Park Laboratory and began a series of labors 
that literally changed the face of the earth and man's 
existence. Almost all who worked in that laboratory sensed 
that they were participants in a great enterprise. As John 
Ott , Edison's machinist and draftsman, commented later 
in l ife: " M y chi ldren grew up wi thout knowing their 
father. When I got home at night, which was seldom, they 
were in bed . " "Then why did you do i t?" he was asked. 
"Because . . . he made me feel that I was making some­
thing with him. I wasn't just a workman. " 1 

The pace of research and development activity at Men lo 
Park quickly made up for lost t ime in the move f rom the 
Newark shop. The first 18 months' work, ending in Feb­
ruary 1878, yielded approximately 30 patent applications. 
Al though many of these were improvements on tele­
graphic devices, they also included Edison's phonograph, 
his telephone carbon transmitter, and his telephone am­
plifying transformer. The two Edison telephone inventions 
plus Alexander Graham Bell's electromagnetic earpiece 
are the three essential components of the modern tele­
phone. 

From the end of February 1878 to the beginning of 
October, however, Edison submitted only one minor pat­
ent appl icat ion, an unusual hiatus of seven months. Edi­
son's laboratory notebooks of that period strongly suggest 
that he used the first five of these months to prepare for 
his planned entry into the field of electrical power. Among 
the entries are numerous descriptions of prevailing elec­
trical practices including a June 1, 1878 Telegraph Journal 
(London) report on the most advanced electric arc lamp 
lighting system on display along the Avenue de I'Opera of 
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Edison (center, with hat and scarf) and his laboratory staff in the Menlo Park laboratory, shortly after the installation of 
Edison's second lamp in February 1880. 

Paris, a string of bri l l iant "electr ic candles" created by the 
Russian Jablochkoff. These notebooks also reflect Edison's 
studies of the technology and economics of the gas 
industry, which in 1878 had a wor ldwide $1.5 bi l l ion 
investment. By comparison, the net capital wor th of the 
electric industry then was perhaps a small fraction of 1 
percent of this. Edison understood that his proposed 
electrical system would have to be competit ive both in 
price and convenience wi th the older well-established gas 
technology. 

Electrical Power 
In Edison's Laboratory Notebook No. 184, to which he 

gave the special tit le "Prospectus Book," are some of his 
detailed notes. Speaking of himself in the th i rd person, he 
begins: 

Object, Edison to effect exact imitation of all done 
by gas, so as to replace l ighting by gas by l ighting by 
electricity. To improve the i l luminat ion to such an 
extent as to meet all requirements of natural, artif icial, 
and commercial condit ions. 

Then, in embryonic fo rm, the future Edison electrical 
system began to take shape. He discussed dynamo eff i ­
ciencies, motors, metering, and other components of his 
proposed system. He also discussed the greater efficiency 
and economy of a central power system compared to 
isolated factory l ighting systems, because "a general sys­
tem of distr ibution is the only means of economical 
i l luminat ion." 

Edison set himself the goal of creating an incandescent 
lamp whose " l ight [has] the mildness of gas." Based on his 
studies of raw material costs, including the calculated cost 
of the necessary copper for distr ibut ion, he set a goal for 
a "100 ohm lamp [of] 16 candles." (The light emit ted by a 
gas jet was approximately 8 candle power.) 

By mid-July 1878, Edison had concluded his preliminary 
studies and sketched in some of the details of his proposed 
electrical system. He needed t ime away f rom his laboratory 
and library to think through some other details of his 
system and how best to bring his ideas into the realm of 
practice. It was for this reason that he readily accepted an 
invitation to jo in a group of astronomers and other sci­
entists who were taking a special Union Pacific train to 
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the Rockies to view the July 29 eclipse of the sun. The tr ip 
to the Wyoming eclipse viewing site, and the cont inuat ion 
of the tr ip to the West Coast and the leisurely return, 
served Edison's purpose wel l . The issues were fully de­
cided in Edison's mind before the train's return to New 
York at the end of August 1878. 

O n Sept. 8, 1878, Edison used the occasion of a visit to 
the Wallace Manufactur ing Shops in Ansonia, Connect i ­
cut, where a string of eight 500 candle power arc lamps 
powered by a Wallace-Farmer dynamo was on display, to 
issue a fr iendly challenge to his host: " I believe I can beat 
you in making the electric light. I do not th ink you're 
work ing in the right d i rec t ion. " Since the challenge was 
issued in the presence of an accompanying reporter, 
Edison's statement and subsequent descriptions of his 
proposed electrical system quickly became wor ld news. 

In part, Edison's announcement was meant for Western 
Union's general counsel, Grosvenor P. Lowrey. Edison was 
warning him that he did not intend to be boxed into the 
obsolete technology of arc l ighting, as Lowrey had sug­
gested via an intermediary who had attached himself to 
Edison dur ing the tr ip to Wyoming. He wou ld choose his 
own path in electrical l ight ing, bypassing arc lamp l ighting 
at the t ime of its greatest success, because he correctly 
saw that the technology had no future. In the first place, 
the lamp's glaring arc (500 to 3,000 candle power), formed 
by the passage of l ightning-l ike currents across the air gap 
between two carbon rods, was unsuitable for indoor 
l ighting. Second, the large currents through the arc lamps 
required stringing the lamps like beads in series so as to 
minimize the cost of copper transmission lines. Finally, 
this series arrangement decreed a dynamo design wi th an 
armature resistance at least equal to the total series string 
resistance of the lamps, so as to obtain a more constant 
current and hence a more constant light per lamp. This 
set the upper l imit for the generator efficiency at 50 
percent, because at least half of the generated power 
would be dissipated in the dynamo's internal resistance. 

Edison conceived his electrical system as the equivalent 
(dual) of the gas jet l ight ing system then in use. The gas 
pipes entering public or private buildings supplied gas at 
almost a constant pressure, and the individual jets obtained 
gas through small pinholes in the pipes. Hence, individual 
jets wou ld be turned on or off w i thout affecting the gas 
pressure in the pipe or the light intensity emitted by the 
other jets. 

The electrical equivalent of a gas jet fed through a 
pinhole is a lamp whose resistance to the f low of current 
is relatively high. The electrical equivalent of the pipe 
with the gas at a constant pressure is an electrical gener­
ator with a constant voltage across its two output terminals. 
Each individual high resistance lamp is connected across 
two wires attached to these terminals, and since each 
lamp uses only a small quantity of current, it can be turned 
on or off w i thout noticeably affecting the light intensity 
of the other lamps. Finally, if the generator's armature 
resistance could be kept much smaller than the expected 
load, the constant voltage generator theoretically could 
attain efficiencies approaching 100 percent. 

Edison's three important design hypotheses of 1878 were 
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Figure 1 
EDISON'S SINGLE COIL DIRECT 

CURRENT GENERATOR 
This single coil schematic represen­
tation of a direct current generator 
shows the rotating segmented 
commutators, which reverse the in­
duced current at the proper time, 
mounted at one end of the armature 
shaft. Edison's major innovation was 
to use a small number of windings 
of large-diameter wire so as to yield 
the smallest resistance possible and 
thus the largest possible efficiency. 

U.S. Department of the Interior, National Park Service, Edison National Historic Site 

Unfortunately for their vanity, this was indeed the case. 
The designers of electrical generators had primarily over­
looked the fact that the source of energy for electrical 
generation was not wi th in the generators themselves, but 
wi th in their drivers, such as steam engines. Because of this 
important fact, it was no longer necessary, as it was for 
batteries, to squeeze the maximum power out of these 

"Long waisted Mary Ann," Edison's 1879 dynamo, which 
yielded a measured efficiency of 90 percent—40 percent 
more than scientists at the time thought possible. Edison's 
innovation was a low armature resistance, obtained by 
winding the armature coil with large-diameter wire. 

energy sources to attain a paltry 40 percent to 50 percent 
efficiency. 

Scientists were bl inded f rom seeing this new f reedom, 
however, because of the similar constraints imposed by 
electrical generators for arc lamp l ighting. Edison, who 
rejected arc lamp l ighting as an obsolete technology, was 
the first to discover and seize the new freedom that was 
inherent wi th in electrical generators, and he pushed the 
efficiency of electrical power generation to 90 percent for 
the first unit he built. This low impedance-high efficiency 
generator was the primary prerequisite for the entire 
electrical system that fo l lowed its complet ion. 

Morgan: Surveillance and Investment 
Edison's move to Men lo Park in 1876 was understood as 

a bold declaration of independence f rom his former 
backers at Western Union. But Edison had been wise 
enough not to sever all his previous ties into the council 
rooms of his chief financiers. He had retained Col. George 
Gourand, Jay Gould's man in London, as his own London 
representative, and he cont inued his direct work ing rela­
tionship with the leadership of Western Union, especially 
its general counsel, Grosvenor P. Lowrey. Later he ac­
cepted Lowrey's suggestion that he hire as his private 
secretary Stockton L. Gr i f f in, a junior executive at Western 
Union. 
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Edison depended on the reports f rom these observers 
of his Men lo Park work to help shake loose necessary 
capital investments. Hubristically, Edison even supple­
mented such reportage wi th frequent press interviews in 
which he not only described ongoing work but also 
announced contemplated research directions. In most 
instances, Edison's openness had the desired financial 
effect. 

Edison's activities were moni tored closely in England 
and New York. In 1876, on the advice of Britain's most 
eminent scientist, Lord Kelvin, Parliament had appointed 
a commission chaired by Professor John Tyndail to eval­
uate Britain's position in the f ield of generators and arc 
lamp l ighting systems, which Kelvin knew to be the direc­
t ion in which Edison was headed. The commission's report 
in 1877 was no surprise; it showed that England trailed 
Europe and America by a wide margin. The 1877 report 
should have resulted in actions to encourage investment 
in scientific research and industrial development, partic­
ularly in the f ield of electrical generation. But England's 
immediate post-1877 policy was instead to intensify sur­
veillance of Edison, this t ime via the London banking 
house of J. S. Morgan & Co. and its New York affiliate, 
Drexel Morgan & Co. 

The London Morgan f i rm handled most of the British 
funds invested in the United States, and therefore the 
head of the London off ice, Junius Spencer Morgan, was 
already in frequent telegraphic communicat ion wi th his 
son, John Pierpont Morgan, the head of the New York 
office. J. P.Morgan, the silent partner of Western Un ion, 
gradually assumed control over Edison. 

Of course, Edison's Sept. 8, 1878 announcement caused 
great concern wi th in the Drexel Morgan boardrooms. 
Was Edison bluffing? Was it pure bombast, as most of 
Morgan's advisers suggested? If they f inanced Edison, this 
mark of confidence in his yet nonexistent electrical system 
might induce a further drop in gas investments. 

Yet, despite the universal verdict of " impossib le" given 
by their scientific advisers, if Edison succeeded in bui ld ing 
his electrical system wi thout their financial support, then 
the gas stocks would fall even more.2 When the Men lo 
Park reports reaching J. S. Morgan in London made this 
seem likely, the New York office was instructed to strike 
a deal wi th Edison as soon as possible. Since Edison was 
too busy to come to New York, J. P. Morgan forgot his 
dignity and made the tr ip to Men lo Park himself to secure 
the rights to Edison's electrical patents for the Morgans.3 

With in a month , a Morgan partner, Eggisto Fabbri, 
became treasurer of the newly formed Edison Electric 
Light Company (EELC), the holders of Edison's l ighting 
patents, and subsequent board meetings were held in 
Morgan's office. The U.S. rights to Edison's electrical 
patents for the fo l lowing five years were vested in this 
Morgan-dominated consort ium, and its Nov. 15, 1878 
incorporat ion provided Edison wi th $30,000 immediately, 
plus $20,000 in installments later. The board of directors 
included Edison, Lowrey, Fabbri, and others well disposed 
toward Morgan. 

Edison accepted Lowrey's recommendat ion that he hire 
two new assistants for his Men lo Park laboratory, Francis 

Drawing by Edison and brands Jehl that was used to create 
the first successful incandescent lamp experiment in Oc­
tober 1879. 

Jehl, a young apprentice in Lowrey's off ice, and Francis R. 
Upton, a mathematical physicist wi th a master's degree 
f rom Princeton University and a year of postgraduate 
study at the University of Berlin under Dr. Hermann 
Helmholtz. 

The $50,000 was grossly inadequate for the necessary 
research and development. Edison was trying out plat inum 
lamp filaments and other expensive metals, and he was 
purchasing high vacuum pumps and arc lamp generators 
as a temporary power supply unti l his own generator 
wou ld be built. His staff wou ld have to be increased 
considerably, and he wou ld need an addit ional bui ld ing. 
But Edison hoped that Morgan's pockets wou ld open 
wider on receiving direct progress reports f rom Edison's 
two new staff members and others at Men lo Park. 

The Edisoh-Upton Generator 
When Jehl and Upton arrived at Men lo Park, work on 

all parts of Edison's electrical system was in full swing, and 
they were both quickly pul led into the whi r lw ind of 
activity. Upton, especial y, sensed the enthusiasm and the 
competence of the laboratory staff and the respect they 
accorded Edison. He soon discovered that despite his 
professional training, Edison's understanding of electrical 
generation and l ighting were more advanced than his 
own. It d idn ' t take Upton much longer to recognize the 
preeminence of Edison'; conceptions in other areas. 

Though he had great diff iculty in understanding the full 
sweep of Edison's electr cal system unti l much later, Upton 
avoided the pitfalls of petty professionalism, and accepted 



Edison's leadership in all areas of research and develop­
ment, placing the formal "tools of his trade," mathematics, 
into the common pool of the laboratory's instruments. 
And Edison, in his own way, showed his appreciation of 
Upton's contributions. A rare, most exceptional relation­
ship developed between these two men. Upton, the 
trained physicist, became the willing pupil of Edison, and 
thereby made unique contributions in collaboration with 
Edison to science and engineering. 

The first result of this collaboration was the Edison-
Upton generator, whose most important innovation was 
a low armature resistance obtained by winding the arma­
ture coils with large-diameter wire. The generator was 
completed in July 1879 and yielded a measured efficiency 
of 90 percent. 

This result and a detailed description by Upton of the 
new generator that would become a model for all future 
electrical generators were published as an unsigned article 
in the Scientific American Oct. 18, 1879. But the scientists 
and engineers on both sides of the Atlantic would not 
believe a word of it. The incautious among them shouted 
"fraud" and other hysterics—outbursts reflecting the te­
nacious hold of the 50 percent maximum efficiency law 
on the world scientific community. Even Francis Upton 
lapsed back to embrace this law almost one year after his 
article had appeared in the Scientific American. Much 
later, Upton acknowledged his confusion: 

I cannot imagine why I did not see the elementary 
facts in 1878 and 1879 more clearly than I did. I came 
to Mr. Edison a trained man with a year's experience 
at Helmholtz's laboratory . . . a working knowledge 
of calculus and a mathematical turn of the mind. Yet 
my eyes were blind in comparison with the eyes of 
today; and . . . I want to say that I had COMPANY!4 

The Incandescent Lamp 
At about the time the major work on the generator was 

nearing completion, Edison directed his efforts toward 
building the high resistance incandescent lamp. But this 
time he returned to his earlier choice of carbon as a 
filament, rejecting the platinum lamp as impractical. The 
previous lamp experiments using platinum and other 
esoteric filaments, however, had yielded the vital clues 
toward building the successful carbon filament lamp. In 
the meantime, he had pushed the lamp design toward an 
ever greater vacuum, improving the state of the art by 
almost two orders of magnitude. Ludwig Boehm, a gifted 
glassblower, had executed Edison's one-piece glass globe 
design, and Edison had learned the all-important tech­
nique of removing occluded gases from filaments by 

To speed the development of centralized power stations, 
Edison went into the manufacturing business, producing 
his own generators and motors, as well as all the fixtures 
and appliances for electrical power generation. Shown here 
is the armature winding department at the Edison Machine 
Works in Schenectady, N.Y., as it appeared in Electrical 
World magazine, Aug. 25, 1888. 

passing a current through them just before sealing off the 
interconnecting wires extruding from the sealed glass 
globe. This not only removed the gases trapped within the 
filaments, but gave them a hardness that extended their 
life. 

Edison applied these vital techniques and others to the 
horseshoe-shaped filament made out of carbonized cot­
ton sewing thread on Oct. 21,1879. The lamp glowed with 
a brilliance of 16 candle power for 40 hours! Soon many 
more carbonized cotton filament lamps were carefully 
produced in the laboratory and the resistances of the 
filaments were tabulated. They were all approximately 120 
ohms when red hot—a perfect match for the already 
completed low resistance generator. 

Within the next year or so Edison would demonstrate 
that his technology was equally successful with thin fila­
ments made of carbonized cardboard, bamboo, and other 
fibrous materials, but now it was time to put on a small 
demonstration for the world, as he had promised in 
September 1878. 

©1888 Electrical World, courtesy ol McGraw Hill, Inc. 

July-August 1983 FUSION 23 



The news of Edison's success, however, leaked out too 
soon, so that by Dec. 21, 1879, the wor ld knew of his 
planned New Year's Eve gala display of his lamps, wired 
on posts outside and f rom chandeliers and wall fixtures 
wi th in the Men lo Park laboratory. Thousands of people 
f rom all walks of life invaded Men lo Park for the 10 nights 
preceding and including New Year's Eve. All those who 
came wou ld agree with the otherwise cynical magazine 
Puck, that Edison had fashioned and brought "a New Light 
to the W o r l d . " 

The Manufacturing Question 
Edison judged this to be an oppor tune t ime to request 

EELC funding for the large-scale manufacture of lamps, 
electrical fixtures, and generators. He was politely but 
f irmly told by the board of directors, however, that they 
would not invest in manufacturing and were quite content 
to remain a patent-holding corporat ion. As Edison testified 
later: 

We were confronted with a stupendous obstacle. 
Nowhere in the wor ld could we obtain any of the 
items or devices necessary for the exploitat ion of the 
system. The directors of the Edison Electric Light 
Company would not go into manufacturing. Thus 
. . . I was forced to go into the manufacturing business 
myself.5 

The majority of the capital for the manufacturing plants 
that Edison organized came f rom the sale of some of his 
stock in the EELC, and most of the remainder came f rom 
his collaborators at Men lo Park. In Apr i l 1880, Edison 
formed the Edison Lamp Company in partnership with 
Upton and Batchelor. In early 1881, he went into partner­
ship with Sigmund Bergmann, a colleague f rom his New­

ts 1888 Electrical World, 
courtesy of McGraw Hill, Inc. 

By 1888, Edison had in­
stalled 200 central lighting 
stations and 1,500 isolated 
power plants. Edison's 
Central Station in New York 
City (above), as depicted in 
Electrical Wor ld magazine 
and (below) in a cutaway 
illustration showing the 
dynamos (top level) and 
boilers. 
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ark manufacturing days, for the manufacture of electrical tractual agreements wi th the EELC, since the parent 
fixtures, sockets, fuses, and other appliances. Finally, in company held all the patent rights and obtained royalties 

on all products sold. Of course, Morgan made sure that 
these agreements were on terms favorable to the parent 
company. As an example, the EELC insisted that the lamps 
manufactured by the Edison Electric Lamp Company be 

Figure 2 
EDISON'S FEEDER AND MAIN ELECTRICAL DISTRIBUTION SYSTEM 

Edison's innovative distribution system reduced the amount of copper necessary by a factor of 8 and delivered 
almost equal voltages to all peripheral locations. Instead of the conventional "tree trunk" design, Edison fed all 
locations with equal diameter cables called feeders, each connected to a main cable. 
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a Standard 120 volt generator delivering current to eight 120 ohm lamps 
connected in parallel 

Figure 3 
EDISON'S THREE WIRE SYSTEM 

Edison further reduced the amount of 
necessary copper to feed a given num­
ber of lamps by his three wire system, 
shown in c. Notice that the middle wire 
(neutral) can actually be smaller than 
the upper and lower feeder wires since 
it need carry currents only when the 
number of lamps in the upper and low­
er branches are different. In addition, 
Edison's three wire system enables in­
dividual lamps to be turned on and off 
without appreciably affecting any of the 
other lamps' light in intensity. The ad­
ditional copper savings of the three wire 
system are minimally 25 percent, and 
in practice actually 30 to 40 percent. 

sold to the parent company at a fixed price of 80<t each, 
even though the unit cost of product ion was then $1.21. 
In this way, the EELC royalty charge could be made larger 
whi le Edison was squeezed. A more serious threat to 
Edison's future was the EELC's refusal to grant his company 
exclusive manufacturing rights. 

These beginning acts of the EELC were discounted by 
Edison as the typical "greediness" and animosity to man­
ufacturing he had experienced before f rom Jay Gould and 
f rom other "Wal l Street types." But this t ime he was better 
prepared. He planned to overcome the loss on lamps by 
opt imiz ing the design to permit replacement of manual 
labor by mechanization; and wi th in a short t ime the unit 
lamp cost was reduced to 50<t. As to the second threat, if 
it ever came to that, he wou ld jo in the pirateers of his 
own patents and cont inue his manufacturing, using these 
and other patents he wou ld devise before the EELC could 
stop him in court. 

Edison hoped that this latter eventuality wou ld never 
come to pass. He reasoned that the efficiency of his plants 
would be so great that other manufacturers wou ld never 
have an opportuni ty to start. As to royalties, Edison foresaw 
such great profits f rom the central power stations that he 
wou ld bui ld throughout the country—and eventually the 
world—after the preliminary tests of a pi lot system were 
completed, that there would be enough profits to satisfy 
even Morgan. 

The Morgans, father and son, saw things differently. 
They wanted to keep Edison's manufacturing plants small 
and strapped for capital. They saw the central electric 
power stations as a dangerous threat to their gas industry 
investments, as well as dangerous encouragement for 
large industrial growth. They preferred electric l ighting to 
be l imited to the isolated plants that Edison had already 
begun to assemble in communit ies that were remote f rom 
gas mains, as well as in some factories and offices. 

The successful Jan. 28, 1881 pilot tests indicated that 
electrical l ighting was competi t ive wi th gas and that a 
central large-scale power and l ighting system was the next 
order of business. Al though the report had been kept 
secret, it was very much under discussion in the Morgan 
boardrooms in New York as well as in London. It was 
foreseen that the electrical uti l i ty wou ld eventually replace 
gas l ighting. The question that had to be decided was how 
it was to be financed and how soon. 

From all indications available to the Morgans, Edison, if 
need be, wou ld finance such a central light and power 
system himself by selling every one of his holdings in the 
parent EELC, and Upton and others would f ind the re­
mainder of funds necessary. The Morgans' experience 
wi th the Edison Lamp Company had shown them that 
Edison would more than likely create a successful and 
profitable new enterprise, so that the profits f rom this 
uti l i ty and from those companies already organized by 
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Edison would eventually dwarf those of the patent holding 
company. 

It was at this point that the Morgans sent Edison a new 
private secretary, Samuel Insuil, recommended by Edison's 
London representative Colonel Gourand. The personable 
young Insuil, formerly the private secretary to Gourand, 
arrived at Edison's New York office March 1, 1881, and 
was almost always at his side for the next decade. In 
addit ion to being Edison's private secretary, he had his 
power of attorney and was his financial consultant and 
general factotum to the various Edison organizations. It 
was through Insuil that the Morgans expected to gain 
future control over Edison's manufacturing facilities. 

The Pearl Street Station 
Shortly after Insull's arrival, Edison was pleasantly sur­

prised to receive the news that the directors of the parent 
EELC were commit ted to creating a util ity company to 
generate and distribute power in New York City. Wi th 
Morgan commit ted, Edison reasoned, there wou ld be no 
problem with either money or city approval for laying 
cables in lower Manhattan, where Edison had already 
made a preliminary mapping for what he hoped would be 
the world's first central electrical power and l ighting 
system, the Pearl Street Station. 

Edison readily agreed to the terms that his attorney, the 
Morgan ally Lowrey, placed before him. The new com­
pany, the Edison Electric I l luminating Company, was 
funded in Apr i l 1881 by increasing the stock certificates of 
the parent company, and Edison was permit ted to obtain 
addit ional certificates in the parent company by rel in­
quishing 52 percent of the outstanding stock of the Edison 
Electric Railway Company, which he had recently organ­
ized. Edison was quite pleased with the exchange, since 
he had done litt le work with his electric railway. What he 
over looked, however, was that the new stock reorgani­
zation di luted his percentage holdings in the parent com­
pany by approximately 21 percent, in favor of the Morgan 
interests. 

Edison then expedited work on the larger dynamos, the 
Jumbos, that wou ld be installed at the Pearl Street Station, 
and he made a formal application to the city for laying 
the distr ibution cables in the Wall Street area. The New 
York City aldermen were incredibly obstructionist. They 
demanded $1,000 per mile of cabling and 3 percent of all 
gross receipts by the l ighting company. (The gas company 
paid only the normal city property taxes.) Edison's appeal 
to Lowrey and Morgan met wi th assurances that these 
"pol i t ical matters" take t ime. As to funding for the new 
i l luminating company, they indicated that money would 
not be available for months. 

Meanwhi le , Gourand telegraphed Edison that in London 
sources could immediately fund a central power and light 
util ity in England. By happy chance, Sir Wil l iam Preece, 
chief scientist of the British Post and Telegraph Service, 
had found an ideal location for the central station at 
Holborn Viaduct, which was with in central London and 
yet could not be interfered with by pesky aldermen since 
it was on Crown land. Preece said that he would imme­
diately approve connect ion of the Holborn Post Off ice to 

the central util ity and purchase a few hundred Edison 
lamps. Reluctantly, Edison shipped to London the two 
Jumbo generators intended for the Pearl Street Station, 
along with lamps and other accessories, in the care of one 
of his most competent lieutenants, Wil l iam J. Hammer. 

At Preece's suggestion, Dr. John Hopkinson and J. 
Ambrose Fleming were hired as scientific consultants. 
"On- the - job trainees" wou ld have been a better descrip­
t ion. These two did a thorough study of Edison's system, 
including the fine segmentation of the armature to reduce 
eddy currents, the operation of two generators sharing an 
external load, and Edison's magnetic saturation of the f ield 
pole pieces. Soon afterwards, Hopkinson claimed the 
discovery of Edison's " three-wi re system" and actually 
f i led a British patent for what he called his invent ion! He 
also wrote scholarly works on armature segmentation to 
avoid eddy currents and claimed as his discovery the 
magnetic saturation of i ron. 

A l though the British studied Edison's system dil igently 
and fought for each scrap of patent priori ty that was not 
f irmly nailed down, Parliament squelched any further 
growth in Britain's electrif ication. As Edison put it: 

This historic plant [Holborn Viaduct] was hurriedly 
thrown together on Crown land, and would doubtless 
have been the nucleus of a great system but for the 
passage of the English Electric Lighting Act of 1882, 
which at once throt t led the industry by its absurd 
restrictive provisions, and which, though greatly mod­
if ied, has left England ever since in a condi t ion of 
serious inferiority as to development in electric light 
and power.6 

A Policy of Delay 
The polit ical and financial climate for the planned Pearl 

Street Central Station improved considerably soon after 
Edison had commit ted the two Jumbo generators to the 
Holborn Viaduct plant in London. The New York City 
aldermen reduced their digging charges to $58.20 per 
mile, dropping all question of an income tax for the 
proposed uti l i ty, and Morgan discovered the necessary 
financial resources. Work on the Pearl Street Light and 
Power Station began in earnest. Despite Edison's commit­
ment of maximum manpower and manufacturing re­
sources, however, the Pearl Street Station did not become 
operational unti l September 1882, eight months after the 
Holborn Viaduct installation and a month or so after the 
first continental central electrical station in Mi lan , Italy. 

The directors of the EELC were not distressed at this 
delayed development. As a matter of fact, their report of 
the Fourth Annual Meet ing of the EELC acknowledged 
the past two months' successful operat ion of the Pearl 
Street Station serving 226 buildings and wired for 5,013 
lamps, but showed much more concern wi th Edison's 
complaint " that the installation wil l be found to be too 
small . . . to enable us to furnish all those who wish to 
become our customers."7 In response, the directors stated 
that "the policy of the board is to defer beginning work 
on the second bui lding unti l the plant in the first bui ld ing 
shall have been run and taxed up to its maximum." 8 They 
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also expressed their peevishness at being pushed into the 
central l ighting business: 

There was a strong object ion on the part of some 
of your board against changing the policy of our 
company f rom what it has always been, namely, that 
of merely paying the expenses of experiment and 
taking out and holding patents and not of investing 
capital in the actual business of l ighting.9 

At the same t ime, the Morgan faction effusively praised 
Edison and made an offer to buy 40 percent of the stock 
of his manufacturing plants. This proposal, del ivered to 
Edison by Morgan's partner, suggested that the EELC be 
given "a suitable interest in and large influence over the 
manufacturing business."10 Edison's answer was " n o . " He 
understood f rom experience that by " large in f luence" the 
Morgan forces meant that they wou ld slow to a snail's 
pace Edison's plans for the expansion of his manufacturing 
plants. 

In the next two years, the major battle took shape 
between Edison and the Morgan faction on the EELC 
board. The board dragged its feet on expansion, whi le 
Edison pushed hard to move ahead. To goad Edison, the 
board complained that Edison's manufacturing plants were 
making large profits at the expense of the EELC, and they 
hinted that they were free to purchase lamps and other 
electrical parts f rom any manufacturers they chose. But 
wiser counsel wi th in the Morgan boardroom suggested 
that the threatening tactics were counterproduct ive, sim­
ply goading Edison to more aggressive behavior. It was 
clear that Morgan needed Edison more than Edison 
needed him. 

Looking ahead to fall 1884, when the EELC's five year 
contract for Edison's new electrical patents wou ld termi­
nate, Morgan saw that if he pushed Edison too hard, 
Edison wou ld f ind independent capital support and would 
develop more advanced electrical patents than those held 
by the EELC. Edison wou ld be able, therefore, to bui ld 
central power plants throughout the wor ld , free and clear 
of Morgan. Al though anger was bui ld ing wi th in the Mor ­
gan boardroom, wiser counsel again prevailed. The EELC 
board staged a proxy f ight and arranged it so that the 
independent proxy holders supported Edison. Morgan 
sent Insull to Edison with the good news that he had won 
a majority and that, therefore, Morgan supported Edison. 

By this maneuver Morgan gained t ime and yielded 
noth ing substantial. Lowrey was removed as the EELC 
counsel general for his role in leading the anti-Edison 
fact ion, replaced by S. B. Eaton, who was demoted from 
the EELC presidency. Two new Edison men, Upton and 
Batchelor, were added to the board; count ing Edison, 
there were now four Edison men on a board of 13. 

The Battle Continues 
Morgan also agreed to desist f rom the more open 

sabotage of Edison's manufacturing plants and of the 
i l luminat ing and isolated l ighting companies—such as out­
rageous licensing fees, w i thho ld ing payments for Edison's 
expenditures, and nonpayment of rent, thereby shifting 

the burden onto Edison and his individual companies. But 
Morgan would not extend credit to the manufacturing 
companies or to the l ighting companies. 

As long as Edison was effectively the only major manu­
facturer of this system, this posed no insurmountable 
difficulties. There were enough municipalit ies and towns 
that were prepared to raise the necessary capital for the 
installation and manufacturing costs of either central sta­
tions or isolated plants, and before 1885, the pirateering 
of Edison's patents was comparatively small, consisting 
mainly in the manufacture of Edison lamps behind the 
f ict ion that a prior patent of either the British Swan lamp 
or the American Sawyer lamp was being used.11 For 
instance, the biographer of Elihu Thomson states that the 
Thomson-Houston lamps "were to all intents and purposes 
identical wi th Edison's except that they were protected by 
the patents of Sawyer."12 

In 1885, however, after receiving an influx of money 
f rom Morgan-al l ied Boston banks, Charles A. Coff in, a 
shoe manufacturer, purchased the Thomson-Houston 
company and entered into open aggressive compet i t ion 
wi th complete electrical systems." In many cases, Coff in 
overcame the advantage of Edison's name by offering 
copies of the Edison system in exchange for uti l i ty bonds 
that his customers, the municipalit ies and villages, would 
issue. Since Morgan refused to extend similar credit, 
Edison had to meet this compet i t ion by also accepting 
bonds in payment for his manufactures and installations. 

In 1886, George Westinghouse, a successful inventor 
and manufacturer of railroad air brakes, obtained control 
of Sawyer's patent by purchasing the bankrupt U.S.-Electric 
Light Company, and he entered the incandescent l ighting 
field with this bald advertisement: 

We regard it as fortunate that we have deferred 
entering the electrical f ield unti l the present moment. 
Having thus prof i ted by the publ ic experience of 
others, we enter ourselves for compet i t ion, hampered 
by a min imum of expense for experimental outlay. . . . 
In short, our organization is free, in large measure, of 
the load with which [other] electrical enterprises seem 
to be encumbered. The fruit of this . . . we propose 
to share with the customer.14 

Edison met these challenges by shaving prices and by 
improving manufacturing and operating efficiency. But 
Morgan's heavy hand still sabotaged Edison's efforts, wi th 
the EELC's 20 percent royalty tax on Edison's l ighting 
companies. Edison met this handicap by increasing the 
scale of his operat ion, thereby further cheapening the 
price of manufacture and installation. This, in turn, forced 
a quickening of the pace of his rivals, so that in the brief 
period between 1885 and 1888, electrical light and power 
development took off at an exponential rate. At the end 
of 1888, Edison had installed 200 central l ighting stations 
and 1,500 isolated plants, and Westinghouse and Coff in 
were not far behind. 

Edison financed his expanded product ion and other 
activities primarily by selling more of his stock in the EELC 
and by taxing his manufacturing plants, which by 1888 
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Edison's 1887 laboratory, which he visualized as the center of "a great Industrial Works in Orange Valley," New Jersey. This 
main building, which housed the 10,000 volume library and machine shops, is now part of the Edison National Historic 
Site in West Orange. 

were loaded down wi th almost $4 mil l ion in bonds that 
he had accepted in lieu of cash f rom purchasers of Edison 
electric l ighting systems. In other words, Edison was f i ­
nancing the whole show. Obviously, this could not go on 
much longer. 

A little later, Henry Vi l lard, an associate of Morgan wi th 
German banking connections (and the likely source for 
Westinghouse's "p i ra teer ing" money), approached Edison 
with Morgan's suggestion that he compromise wi th Thom­
son-Houston so as to end the " f ierce compet i t ion and low 
prices." Edison answered Villard with heat: 

The Thomson-Houston and the Edison Company 
can no more control the price than the tides. The 
Company with the best and cheapest machinery wil l 
do the business, patents or no patents. Fact is, Mr . 
Vi l lard, that all electric machinery is entirely too high 
now. These high prices hurt the business. With the 
leaden collar of the Edison Electric Light Co. around 
me, I have never been able to show what can be 
done. The ground of cheapening has scarcely been 
scratched. Let us break the leaden collar and you wil l 
see a brainy compet i t ion that wi l l show them what 
real compet i t ion is. . . . [Prices] must go down 50 to 75 
percent lower than now . . . and we wil l make a great 
profit "15 

Part of Edison's frustration came from Morgan's waffl ing 

on the question of patent priority. The EELC had officially 
decided to prosecute pirateers, but did noth ing, thus 
encouraging Coff in, Westinghouse, and others to enter 
the industry as pirateers of Edison's patents. 

Another source of tremendous frustration was the con­
tinuous campaign in the press on the dangers of electrical 
current.16 This campaign was launched in 1888 wi th a letter 
to the editor of the New York Post by an electrician, 
Harold P. Brown, demanding that New York City outlaw 
the use of alternating current (AC) as hazardous to human 
life. The heated debate that fo l lowed pit ted AC against 
direct current (DC) and included experiments subjecting 
animals to high voltages of both currents to test which 
current was more lethal. The culminat ion of this cont in­
uing front-page horror story was the mult i lat ion of a 
convicted murderer in an electric chair powered by a high 
voltage AC current. It was later learned that Brown and 
his campaign, which smeared the name of Edison as well 
as the new technology of electricity, were financed by 
Morgan and Coff in. 

Edison's Achilles' Heel 
By the t ime the grisly AC-DC debate came to its climax, 

however, Edison had retreated. To understand how Mor ­
gan was at last able to remove Edison f rom the scene, it 
is necessary to go back to the year 1884. 

The period leading up to the October 1884 board 
meeting of the EELC and the negotiations wi th Morgan 
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was one of great stress for Edison. In addit ion to his 
preparations to secure a large block of capital for ex­
panded manufacturing as well as for the eventuality that 
Morgan wou ld break his contract w i th Edison as the sole 
manufacturer of l ighting products, Edison's wife, Mary, 
became seriously i l l . Edison had to run f rom his many 
activities in New York to his Men lo Park summer home 
where the family had gone to be near Mary's sister. 

O n Aug. 9,1884, Mary Edison died at the age of 29 f rom 
an unexplained illness. The distraught Edison made ar­
rangements for his three chi ldren, sending his two sons to 
live with Mary's sister, who had married a foreman at the 
nearby Edison lamp factory, and sending his 12-year-old 
daughter, Mar ion, to a boarding school near his office in 
New York. Mar ion was a great comfort to him dur ing 
these trying months. He wou ld f ind excuses for taking her 
out of school to br ing her along wi th h im to his factories 
and even to meetings of the EELC board. At night he 
would take her as a dining companion and to the theater 
and opera. 

Dur ing that turbulent fall, an old colleague, Ezra T. 
Gil l i land, helped Edison fil l some of the void in his life. 
Edison had met the fel low-telegrapher 20 years before in 
Oh io , and occasionally since then in chance encounters. 
When the annual EELC meeting in fall 1884 had finally 
formalized Edison's "v i c to ry " and he could draw a free 
breath for the first t ime in almost a year, he gladly 
accepted Gilli land's suggestion that he jo in him and his 
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Mina Miller Edison, his second wife, who in Edison's mind, 
was implicated in his betrayal by his dearest friend, Ezra 
Gilliland. 

wife in their for thcoming March 1885 hunt ing vacation in 
Florida. Also on Gill i land's suggestion, they detoured first 
to New Orleans, where there was a Wor ld Industrial and 
Cotton Centennial Exposition. 

It was there that Edison met Lewis Mi l ler , a retired 
manufacturer of farm machinery, and his 19-year-old 
daughter, Mina. The lonely Edison was immediately smit­
ten. This chance encounter was, of course, nothing of the 
sort. Mrs. Gil l i land had known the Mil lers in Oh io for 
many years before her marriage to Ezra,, and she and Ezra 
had "careful ly p lanned" the meeting between Mina and 
Edison. 

Edison asked Mina's father for her hand in marriage at 
the end of 1885, and they were married in February 1886. 
Edison then entered on one of his happiest periods. The 
Edisons spent their honeymoon in one of two houses he 
had built in Fort Meyers, Florida the year before (the 
other house was for his dear friends the Gillilands). He 
returned to New Jersey invigorated, and reestablished his 
entire family in West Orange, New Jersey. Then he threw 
himself into the midst of the activities of his manufacturing 
companies and other enterprises, including Ezra Gill i land's 
phonograph development, for which Edison had hired 
him. At that point, Edison so valued his close friendship 
with Gil l i land that he referred to himself and Ezra as 
"Damon and Pythias." 

Wi th in a few months, Edison added to his friend's 
prospects by giving him the exclusive North American 
agency rights for phonograph sales at a 15 percent com­
mission. 

Edison's main thoughts then turned toward a vast new 
undertaking, the bui ld ing of a research and industrial 
development laboratory in West Orange. This was to be 
a laboratory of grand design, dwarf ing the Men lo Park 
Laboratory that had been abandoned a few years back. 
The new laboratory wou ld have more than 60,000 square 
feet of f loor space, with special conjoined buildings de­
voted to metallurgy, chemistry, and physics; a 10,000 
volume library; a photography section; machine shops 
and fabrication equipment of every descript ion; and 
stocks of every known material. Edison gave the laboratory 
his highest priority, and on its complet ion in summer 1887, 
he had spent more than $150,000 obtained from his shrink­
ing EELC stock. He visualized it as the center " o f a great 
Industrial Works in Orange Valley," not ing that " the 
beauty of Orange Valley would be enhanced . . . by 
dot[t ing] it with factories." 

The payroll and other expenses for the new laboratory 
were a great financial burden on Edison, and he took 
personal charge of the phonograph redesign work as a 
potential source of quick capital for the West Orange 
Laboratory. Gil l i land and his associate, Tomlinson, who 
had by then become Edison's attorney, as well as counsel 
to the EELC, were in negotiations with Jesse W. Lippincott 
for the sale of all U.S. rights to the phonograph, for which 
Edison hoped to obtain close to $1 mi l l ion. Unknown to 
Edison, however, Gil l i land and Tomlinson had made a 
deal to sell these rights for $500,000, whi le they took 
$250,000 under the table. Lippincott, who had obtained a 
bargain, was sworn to secrecy. 
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Edison was disappointed at the low figure, but since his 
dear friend and his personal attorney thought it was the 
best obtainable, he signed the agreement with Lippincott, 
just before Gilliland and Tomlinson left for England on an 
extended vacation. 

On Sept. 10,1888, a financially strapped Lippincott came 
to Edison and spilled the whole story. Initially, he said 
simply that he was strapped for cash and could not 
immediately fulfill his contract. But when pressed by 
Edison, the whole story burst out like a flood. Lippincott's 
agreement with Gilliland and Tomlinson was to pay them 
out the $250,000 in $50,000 installments. But their insist­
ence on more and more installments over the past few 
weeks left him short of cash. Lippincott affirmed his 
obligation to Edison, but it would take time. As Edison 
listened to the bumbling Lippincott, his own world fell 
apart. He was betrayed by his dearest friend, a betrayal 
which, in his own mind, also implicated his young bride. 

Morgan was waiting. Edison sold his manufacturing 
plants at a fraction of their true value and received nothing 
for the $4 million in bonds on installed central and isolated 
power systems.17 Then he retreated to the refuge of the 
Musconetcong Mountain, where he spent a good part of 
the next decade attempting to extract iron ore by rock 
crushing and magnetic separation. He worked through all 
weather conditions and many times did not come down 
from the mountain for weeks at a time, even though his 
home and his laboratory in West Orange were less than 
four hours away. Edison told a reporter who had come up 
the mountain to inverview him: " I never felt better in my 
life than during the five years I worked here. Hard work, 
nothing to divert my thoughts. . . ." 

But Morgan's victory in this final battle with Edison gave 
him no great joy, for he had lost the war. Despite Edison's 
removal from effective leadership, his strategic policy had 
by then catalyzed a worldwide industry, including General 
Electric and Westinghouse, that moved with an increasing 
momentum of its own. Edison's forced march of the 
electrical industry had also developed a generation of 
leading scientists and engineers, many of whom had 
begun their work under him, and had introduced whole 
new technologies, including alternating current transmis­
sion, radio communication, and electronics. 

Epilogue 
As the 50th anniversary of Edison's electric system ap­

proached in 1929, honors for him were initiated by many 
of the world's nations, including the Soviet Union and 
Japan, until finally the U.S. Congress was shamed into 
belatedly awarding him the Congressional Medal of 
Honor. 

When it became known that some anniversary festivities 
were planned, the General Electric Company pushed itself 
into center stage with its program for the "Light's Golden 
Jubilee," against the wishes of Edison and Henry Ford. 
Ford was just completing the reconstruction of Edison's 
Menlo Park Laboratory at Greenfield Village in Dearborn, 
Michigan, as a gift of affection and respect for his friend. 
A compromise was struck in which General Electric's 
"Light's Golden Jubilee" program would be presented at 

U.S. Department of the Interior. National Park Service, Edison National Historic Site 

Edison in 1895 during his 10-year retreat to Musconetcong 
Mountain, where he worked on ore extraction and milling. 

Greenfield Village, rather than at General Electric's head­
quarters in Schenectady, New York. 

Many world political and scientific leaders, including 
President Hoover and Madame Curie, attended the jubilee 
to give homage to the lamp's creator. On the evening of 
Oct. 21, 1929, Edison went through the process of "re­
creating the lamp" in an emotional historic event that 
was broadcast and heard around the world: 

The lamp is now ready, as it was a half century ago! 
Will it light? Will it burn? Edison touches the wire. 

Ladies and gentlemen, it lights! Light's Golden Ju­
bilee has come to a triumphant climax! 

General Electric's public relations spectacular was so 
successful that hardly anyone noticed that Edison's gener­
ator and distribution system was not mentioned. 

This blackout on discussing Edison's scientific break­
throughs that led to large industrial developments goes 
back to the 1880s, when the Morgan-dominated American 
Institute of Electrical Engineers (AIEE) was formed in 1884. 
Some of the early AIEE presidents included Norvin Green, 
a former president of Western Union; Elihu Thomson, 
one of the Coffin pirateers; Edward Weston, who char­
acterized Edison's generator claim as something of a 
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American Electric Power Company 

Edison's indispensable role in creating and organizing cen­
tral light and power systems has continued to be blacked 
out of the scientific literature, and was even blacked out of 
the celebration of the light bulb's centennial in 1979. Edi­
son's recent biographers have taken delight in demeaning 
him as a scientist and inventor. 

"perpetual mot ion machine" ; and Franklin L. Pope, who 
published attacks on Edison's entire system at every op­
portunity. A l though Edison, one of the 25 founders of the 
AIEE, served as a vice president dur ing its first year, he 
was dismissed from office whi le Pope was president in 
1885 for "nonattendance of meetings." 

The influence of this anti-Edison grouping was so per­
vasive that by 1910 no textbook in electric power engi­
neering referenced any one of Edison's 85 generator 
patents. Today, the blackout is rationalized by many 
would-be honest scientists and historians wi th statements 
such as: "Edison did not really invent the generator or 
distr ibution system. It existed long before he entered the 
f ie ld . " This argument is tenable, however, only if one 
ignores Edison's new conceptions of a min imum imped­
ance generator feeding a relatively high impedance load 
through an efficient distr ibution system. 

Edison died on Oct. 18, 1931. Again, he was honored 
wi th testimonials f rom many nations, including one f rom 
the Czechoslovakian National Commit tee of the Interna­
tional Electrotechnical Commission that proposed Edison's 
name be assigned to an electrotechnical unit. Whether 
the U.S. National Commission responded to the Czecho­
slovak initiative is not known, nor are the responses of 
other U.S. scientific and technical bodies known. 

The Centennial of Light 
The 100th anniversary of Edison's electric power system 

was again h idden, this t ime under the banner of "The 
Centennial of Light." A centennial news release in Feb­
ruary 1979, for example, lists "Edison's most significant 
inventions," but none of Edison's 86 electrical generator 
inventions or his 40-odd electrical distr ibution system 
inventions made the list. Even worse, the 1979 centennial 
superseded the maudlin hypocrisy of the jubi lee wi th 
outr ight attacks on Edison and science in general. 

For example, the research arm of the electrical power 
industry, the Electrical Power Research Institute (EPRI), 
the inheritors of Edison's largesse, al lowed the question 
"Science and Technology—Gone Far Enough?" to domi ­
nate its centennial symposium in San Francisco, and most 
of the invited participants answered this question with a 
resounding "yes . " 

The Institute of Electrical and Electronic Engineers (IEEE), 
the successor organization to the AIEE, celebrated the cen­
tennial in similar spirit. The February issue of the IEEE mag­
azine, Spectrum, featured an article on Edison by Christo­
pher S. Derganc, whose major conclusion was that "Edison 
as a systems engineer. . . located, assimilated, and synthe­
sized mainly other people's state-of-the-art scientific inven­
tions and then manipulated experts Lowrey and Upton to 
bring his system into being." 

The Power Engineering Society of the IEEE also spon­
sored a symposium tit led "Thomas Alva Edison: Magician, 
Electrician, or Engineer?"18 This event had as its featured 
speaker Robert Conot, author of a scurrilous and dishonest 
biography of Edison, A Streak of Luck.™ 

Similarly, the annual meeting of the American Associa­
t ion for the Advancement of Science in January 1979 
included an Edison syrpoosium panel featuring Conot and 
Derganc. The AAAS magazine, Science, celebrated the 
centennial by publishing a featured article whose subtitle 
was " I t Is the One Hundredth Birthday of the Light Bulb, 
and Some Britains Say That Edison Did Not Invent I t ." Just 
as egregious, Science editor, Philip H. Abelson, noted that 
Science's "Principal financial backer was the controversial 
Thomas A. Edison . . . a successful inventor whose f lam­
boyance was offensive to some scientists." 

The pervasive demeaning of America's greatest indus­
trial scientist has even penetrated the Edison National 
Historic Site in West Orange, New Jersey. Among the 
Edison memorabi l ia, there are eight films of fered. The first 
f i lm in the brochure is advertised as fol lows: 

The Wizard Who Spat on the Floor 
Presented by the British Broadcasting C o . . . . 
The f i lm reviews Edison's life, successes and failures, 
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and portrays h im as an i nd i v i dua lwho chewed to­

bacco, spat on the f loor, and made use of the knowl ­

edge of others to make his inventions practical. 

There has been just one centennial tr ibute to come to 

my attention that gave Edison some measure of his due. 

This is the warm tr ibute in the February 1979 journal of 

the International Brotherhood of Electrical Workers 

(IBEW). Charles H. Pillard, IBEW president and a member 

of the International Committee of the Centennial of Light, 

wro te : 

The IBEW can directly attribute its existence to 

Thomas Edison's inventions. The Centennial Year of­

fers all of us an opportuni ty to proclaim the benefits 

of technology and to emphasize the fact that the 

world's problems wil l cont inue to require technolog­

ical solutions. 

What are we to make of the frenzied, almost hysterical, 

attacks on Edison dur ing the centennial of his electrical 

system? Is it not the fear of the modern Morgans that de­

spite their 100-year efforts, Edison is still respected and 

loved by the majority of the American people and people 

throughout the world? Is it not the fear that the engineers, 

the scientists, the industrialists, the machinists, and the 

other skil led work ing populat ion wil l choose Edison as a 

model , and, to use Edison's words, "break the leaden col­

lar" of today's anti-industrialists and so bring a truly human 

existence to mankind? 

Michael Tobin is an electrical engineer with 30 years' 

experience, specializing in electronics instrumentation and 

communications technology. This article is adapted from 

a longer biographical paper on Edison. 

Notes _ 

1. Mary Nerney, Edison: Modern Olympian p. 64. 
2. As Edison knew at that time, their fears regarding the future of the gas 

industry were groundless, but he kept this to himself since he did not 
want to slow down the agitated motion within the financial community. 
Edison's Laboratory Notebook No. 184 contains his insight that the 
gas industry, upon being driven from indoor lighting by the more 
efficient electric lamp, would find a more suitable and profitable field 
in gas range cooking and indoor heating. 

3. Morgan's action was undoubtedly influenced by an Oct. 25 cable from 
Baron S. M. Rothschild of Vienna to his New York representative, 
August Belmont, that "It would greatly interest me to learn whether 
really there is something serious and practical in the new idea of Mr. 
Edison. . . ." 

4. Francis R. Upton, Memorandum, 1909, pp. 2-3, (Edison Historic Site, 
West Orange, N.J.). 

5. Testimony of Thomas A. Edison. U.S. Circuit Court of the Southern 
District of New York, Vol. IV, p. 2,570 ("The Edison Filament Case"). 

6. Frank L. Dyer, Thomas C. Martin, and William H. Meadowcroft. Edison: 
His Lite and Inventions, (New York: Harper & Brothers, 1910), p. 336. 

7. The Bulletin of the Edison Electric Lighting Company, Fourth Annual 
Report, Oct. 24, 1882, p. 240 (Edison Historic Site, West Orange, N.J.). 

8. Jbid. 
9. Ibid., p. 235 

10. Edison Electric Lighting Company Report of the Committee of Three 
(to negotiate with Edison), June 18, 1884 (Edison Historic Site, West 
Orange, N.J.). 

11. William E. Sawyer had built a carbon incandescent lamp before 
Edison, but the characteristics of Sawyer's lamp—a low impedance 
filament within a nitrogen environment—accounted for its impractical-
ity. 

12. D. D. Woodbury, Beloved Scientist Elihu Thomson, p. 157. 

13. Elihu Thomson and Edwin J. Houston were Philadelphia scientists 
who had been critical of Edison's work beginning with his "Etheric 
Force" thesis that the sparking he had observed (in 1875) was 
something "more than induction." In 1880, they called his generator 
lamp system claims fraudulent. 

14. "A Warning," a pamphlet prepared by the Edison Electric Lighting 
Company documenting the piracy, 1887 (Edison Historic Site, West 
Orange, N.J.). 

15. Matthew Josephson, Edison, A Biography, (New York: McGraw Hill 
Book Company, Inc., 1959), p. 360. 

16. Even today it is alleged that Edison rejected AC current because it 
was beyond his comprehension. An examination of Edison's work in 
telegraphy and telephony, his work with electrical generators, and his 
correspondence on AC more than adequately refutes this fabrication. 

Long before the AC transformer had been thought of, Edison had 
considered the desirability of high voltage transmission as a means 
of delivering low cost electricity to remote locations. Edison did not 
introduce AC in 1886 because it would have placed the existing central 
stations, in particular, in great jeopardy. The standards for conductor 
insulation were adequate for 110 volts DC, but inadequate for 110 
volts AC. The peak to peak voltage of a 110 volt AC system is actually 
311 volts, which, for the already installed street cabling and house 
wiring, posed serious fire hazards. Also, in 1886, an AC motor had not 
yet been developed. Edison's electrical system had been conceived 
from the very first as an integrated lighting and power system. To use 
AC in 1886, Edison would have had to forget the power part of his 
system, the DC motors, which were already installed in elevators, 
factories, and electrical railroad engines. 

Edison lost control of his manufacturing plants before he could 
implement his all-DC transmission design. However, modern practice 
has confirmed Edison's judgment that high tension DC transmission 
was a viable, efficient solution to the problem of moving larger 
quantities of electrical power. 

17. When Edison made a gift of these bonds to Morgan, his financial 
adviser Samuel Insull did nothing. Why? My working hypothesis in 
this brief history of Edison was that those who became his associates 
by way of Morgan should be tentatively considered as spies. Of 
course, there was the additional caution that their activity against 
Edison's interests must be demonstrably shown. Within this disci­
pline, agents such as Griffin, Gourand, Johnson, and others were 
easily identified. Upton was an exception who broke with Lowrey and 
Morgan and loyally supported Edison in all his activities. Insull posed 
a great difficulty: there was nothing that he did as secretary or as 
financial adviser to Edison that identified him as an agent working 
against Edison. It was only when I began examining how the pirateers 
financed their activities that Insult's treachery became clear. His crime 
was that he did nothing, absolutely nothing to sell the $4 million worth 
of bonds that Edison held in 1888 on already installed electrical 
systems. 

There are some readers who may not know that Samuel Insull went 
on to develop a large electrical complex in Chicago and created the 
billion-dollar holding company that crashed in 1929. In 1888, it would 
have been a simple matter for this financial wizard to float debentures 
on these "good-as-gold" utility bonds with the additional aura of 
"installed by Edison." This is what the pirateers did without the Edison 
name. Because Insull did nothing, Morgan was able to buy out Edison 
at a fraction of value and throw him out of the industry. 

18. When I learned of this proposed symposium and its participants, I 
wrote to the chairman of the Power Engineering Society history 
committee, the organizer for this meeting, stating that the choice of 
speakers was unbalanced and I suggested that he fit me in as a 
panelist. I was assured that the panel was "well-balanced," and that 
the program was already too long. 

When I rose from the audience to comment at the end of the 
presentations, the chairman officially closed the meeting. Neverthe­
less, I spoke briefly but with heat, while the panelists and audience 
remained seated. 

There seem to be other serious lapses of judgment within the 
Power Engineering Society. When the Centennial Commemoration of 
the Pearl Street Station in 1982 awarded a medal for outstanding work 
in power engineering, the medal given was called the Tesla medal, not 
the Edison medal! 

It should be noted that the IEEE magazine Spectrum published my 
extensive critique of Derganc's work. 

19. My review of Conot's book appeared in the May 1979 issue of Fusion. 
This nasty book merited two reviews in the New York Times, both 
laudatory. Reviewer John Leonard wrote on Feb. 17, 1979 that Edison 
was "a louse" and Conot "is in no way trying to cut Edison down." 
John Brooks wrote on Feb. 25, 1979 that "Thomas Alva Edison's 
beliefs and habits were those of a crackpot and a bum. . . . He was the 
quintessential predatory man. . . . Mr, Conot is right to credit him with 
a Faustian soul." 
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The X-Ray Laser 
President Reagan, in an historic March 23 speech, pro­

posed to use a layered defense system to render intercon­
tinental ballistic missiles "impotent and obsolete." Most 
strikingly, his proposal referred to a completely new tech­
nology—the X-ray laser—to solve the hardest problem of 
defense against intercontinental ballistic missiles (ICBMs). 

In motivating his speech, Reagan summarized the most 
striking feature of the past decade's military balance: the 
development by the Soviet Union of a preemptive strike 
capability and the unilateral renunciation of defensive ca­
pabilities by the United States with a strategic military pre­
dicament in which its nuclear arsenal is irrelevant to inter­
national political power: too small to destroy Soviet silos, 
too vulnerable to be a deterrent; and too unreliable to be 
launched on warning. 

As many of the President's advisors point out, a new 
generation of offensive weapons does not redress this vul­
nerability; it only intensifies the push toward a first-use, 
"use them or lose them" dilemma. 

The only way out of this dilemma is a defensive capability 
that neutralizes these offensive weapons. 

As it has been elaborated since the President's address to 
the nation, the Reagan proposal in its final deployment 
would consist of: 

(1) a boost phase intercept capability using space-based 
lasers of short wavelength and very high power, such as the 
X-ray laser; 

(2) a boost-phase or bus-phase intercept capability using 
space-based or hybrid (either space-based mirrors and land-
based lasers, or space-based free-electron lasers) systems; 

(3) a terminal system using particle or projectile beams. 
Figure 1 shows this three-phase layered defense system 

and the table (page 36) summarizes the properties of these 
three layers. 

The criteria that any such defense system must achieve 
are simultaneously ones of damage-limitation, offense-de­
nial, and a psychological goal requiring the generation of 
sufficient uncertainty in the military calculation of one's 
adversary to prevent its deliberate offensive use of ICBMs. 
Together these criteria require a cumulative capability of 
destroying more than 99 percent of the adversary's war­
heads in an attack. This percentage would ensure protec­
tion of the vast majority of targets, as well as the creation of 
the objective result that a first-strike would be equivalent 
to self-disarmament. 

It is unlikely that any single technology could be counted 
on to assure that defense. However, a set of complemen­
tary, qualitatively different systems can achieve that rate of 



by 1986! 
destruction of nuclear weapons wi th maximum assurance, 
if each layer has a unique technology, deployment mode, 
and engagement strategy. 

Boost-Phase Intercept 
It is clear f rom the table that the objectively new ingre­

dient in the problem of ballistic missile defense is the tech­
nology that makes boost-phase intercept possible—the 
ability to destroy a large fraction of the incoming missiles 
whi le they are still in the "boost" or powered fl ight stage of 
their trajectory. This phase, taking up about 5 minutes of 
the 30-minute f lying t ime for an ICBM, is the missile's most 
vulnerable stage: It is slow moving, under great mechanical 
stress, and contains all its nuclear warheads. 

An adequate defense against nuclear weapons is possible 
only when this boost phase intercept problem is solved. 
Thus, unti l the development of the beam weapon concept, 
there was no viable proposal for boost phase intercept of 
ICBMs: The beam weapon is designed to destroy ballistic 
missiles using a ray of energy generated on a space-based 
platform many thousands of miles f rom the missile's launch 
site and traveling at the speed of l ight, to incinerate the 
missile as it is launched. As little as three years ago, even 
the phrase "directed energy beam weapon" was classified 

Figure 1 
TOTAL DEFENSE IN THREE STAGES 

Experts agree that no single antimissile system can be WO 
percent effective against ballistic missile bombardment. 
But, by combining three different systems, each with 90 
or 95 percent effectiveness, a total system can be built 
that provides almost complete protection against ballis­
tic missiles. The first layer must destroy 90 percent of the 
missiles as they are launched. This space-based system 
might be launched as soon as the missiles are detected 
(as shown in the figure) or might be permanently based 
in space. An X-ray laser station is shown here. The second 
stage has only to deal with the 10 percent of the remain­
ing missiles, a more modest role of which a space-based 
mirror and ground-based optical laser would probably 
be capable. The third, terminal, stage of the system would 
be a ground-based particle or laser beam designed to 
intercept the warheads themselves, after they had been 
released from the ICBM. Because only 1 percent of the 
original targets would be left after the protection of the 
first two layers, the last stage can be more expensive and 
complex, as a particle beam would be. 

Christopher Sloan 

by Dr. Steven Bardwell 

by the U. S. government; today these technologies are 
widely recognized to be the centerpiece of ballistic missile 
defense. 

As long as the defense can only intercept reentry vehi­
cles, only a very l imited point defense is possible (of the 
sort contemplated in the original U.S. plans for the Safe­
guard antiballistic missile program, for example), and the 
arithmetic of one or two defending warheads for each of­
fensive warhead is very disadvantageous to the defense. 
However, wi th the ability to destroy many (10 to 50) ICBMs 
with a single warhead (a nuclear-pumped X-ray laser satel­
l ite, for example), the arithmetic changes from 2 to 1 against 
the defense to 300 to 1 in favor of the defense. Ironically, 
wi th the development of beam weapons, the MIRV (mult i­
ple independently targetable reentry vehicle) tactic of put­
t ing many warheads on a single booster, which so effective­
ly saturates terminal defense systems, now works against 
the offense, since the destruction of a single ICBM disables 
many warheads. The X-ray laser concept and its scientific 
proof-of-pr inciple demonstrat ion over the past two years is 
the central new feature of a ballistic missile defense system. 

This X-ray laser technology combines small size and weight 
(a result of the inherent efficiency of nuclear pumping), 
wi th relatively low cost and a wide range of deployment 
modes. Current th inking is that the X-ray laser layer of the 
system would consist of one component (with perhaps 300 
satellites) permanently based in low-Earth orbit . These sat­
ellites wou ld be vulnerable to antisatellite destruction (al­
though this danger is minimized by the small size and large 
number of the satellites). 

This component wou ld be complemented by a "pop-up" 
capability of another several hundred satellites, which would 
be based on submarines, on land near the Soviet Un ion , or 
in the continental United States, and would be launched 
into low-Earth orbit on warning. 

How Soon? 
In an interview in the Washington Times on June 14, Pres­

idential science advisor George Keyworth commented on 
the ballistic missile defense system proposed by President 
Reagan: "These programs are a lot closer than people 
th ink. . . . All the components already exist—we simply 
have to assemble them." 

This striking assessment is conf i rmed by a new analysis 
of X-ray laser technologies recently completed by the Fu­
sion Energy Foundation. Based on extensive discussions 
wi th leaders in the American physics communi ty and ex­
perimentalists in several foreign countries, FEF researchers 
have concluded that the "state of the art" in X-ray lasers is 
very far advanced, not only justifying Keyworth's state­
ment, but making development and initial deployment of 
X-ray lasers possible wi th in the next three years. 

There are three independent indications point ing to the 
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near-term feasibility of an X-ray laser antiballistic missile 
(ABM) system. 

First, scientists at Lawrence Livermore National Labora­
tory in charge of the X-ray laser system have repeatedly 
hinted that the scientific and engineering progress has been 
so rapid that they expected to "present the next President" 
w i th a work ing system for ABM defense. In several conver­
sations they have emphasized that chemical laser-mirror 
systems are irrelevant because the X-ray laser wi l l be de-
ployable sooner than a chemical laser system. Apparently, 
this confidence has been conveyed to Congress as wel l , 
because for the past two years, Congress has redirected the 
U.S. beam technologies research program increasingly to­
ward "short wavelength" lasers—a code phrase for X-ray 
laser systems. 

Second, three independent reports have circulated of 
very successful tests of different components of the X-ray 
laser. The first of these appeared in a February 1981 article 
in Aviation Week & Space Technology and was corrobo­
rated by a Soviet analysis of this material published in Eng­
lish.1 This report is not a " leak" in the usual sense. It is 
known to have been based on detailed wri t ten experimen­
tal data f rom the U.S. Dauphin test, which demonstrated 
the scientific proof of principle of the X-ray laser. Report­
edly, this test was so much more successful at producing a 
monochromatic, coll imated beam of X-rays that the diag­
nostic equipment installed for the experiment was vapor-

Zn plasma, 10" degrees, 10* A/cm2 photo current along axis of rod 

Figure 2 
CONVENTIONAL X-RAY LASER DESIGN 

In the public literature, an X-ray laser is envisioned to 
use an exploding atomic or uranium bomb to gener­
ate broad spectrum of high energy X-rays. This bomb, 
exploded in a spherical cavity, irradiates the ends of 
the lasing rods surrounding that cavity. When the X-
rays from the bomb ionize the solid-state lasing me­
dium, they produce a pulse of collimated, monochro­
matic X-rays that travels down the rod. 

There are two obvious and well-known difficulties 
with this design. First, it is inherently inefficient be­
cause only a small part of the X-rays from the bomb 
actually intercepts the end of the rod. Second, the 
rods provide only geometrical focusing for the beam 
and so produce an X-ray pulse of large diversion. 

ized by the pulse of X-rays. There have been two subse­
quent reports of tests, one of the sensing and point ing 
system for an X-ray laser, and the second for other compo­
nents of the system. One of the great virtues of the X-ray 
laser is that its small size makes possible separate testing of 
the sensing and power technologies. 

Thi rd, the significance of these tests has been misesti­
mated by the scientific communi ty not privy to classified 
data because of the obvious engineering problems of the 
published designs of a nuclear-pumped X-ray laser. These 
problems, noted by critics of the X-ray laser, are as fol lows: 

Energy output efficiency. The reported pulse energy of 
the first experiment was 1 megajoule. For a workable near-
term system, an increase in energy of two or three orders 
of magnitude would be necessary. The problem concerns 
the inherent inefficiency of the designs described in spec­
ulative reports on the device. These designs all showed that 
only a very small amount of the pumping energy released 
by the bomb energy could be used, which provided a geo­
metrical l imitation on the efficiency of the device that is the 
result of the small area that the lasing medium subtended 
at the active surface of the device. (See Figure 2.) 

Seam divergence. Since the only known focusing mech­
anism for col l imating the beam was the geometric one of 
having a very small diameter rod (really a wire) of several 
meters in length, increasing the area irradiation of the rod 
meant increasing the beam spread. There is a fatal tradeoff 
between these two requirements: A brightly focused beam 
would be of low power and a high power one wou ld be 
spread over a large area. 

Pointing. The point ing diff iculty of the X-ray laser of pulse 
energy in the range of the first test is roughly the same as 
wi th a chemical laser system, a challenging task that itself 
wou ld require about several years. However, if the power 
could be increased by 100 to 1,000 times, the point ing ac­
curacies would be relaxed sufficiently that the point ing 
would become wi th in present technological capabilities. 
That is, there is a similar tradeoff between point ing dif f icul­
ty and energy. Low energy systems conceivable now re­
quire very severe point ing accuracies, but the high energies 
necessary to relax this accuracy seem unattainable wi th the 
design in Figure 2. 

A Hypothetical Design 
Based on discussions wi th a large number of physicists 

involved in weapons and inertial conf inement fusion re­
search work , the FEF has proposed a design for the X-ray 
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laser that shows that each of the problems listed above can 
be solved wi th technologies well known in the weapons 
f ie ld. In fact, these technologies already form the basis for 
the current generation of "advanced" nuclear weapons. 

Figure 3 shows a geometric configuration for the X-ray 
laser that uses present bomb technology to completely solve 
the inefficiency inherent in Figure2. By usingX-ray focusing 
mirrors as shown, the whole pump energy is focused on 
the lasing medium. These ell ipsoidal cavities are a standard 
component of small, efficient nuclear weapons. This design 
also removes the tradeoff between accuracy and efficiency, 
using two physical principles to focus the beam, wi th rea­
sonable rod dimensions. The result is a beam 20 micro-
radians in divergence, giving dramatically lower require­
ments for point ing accuracies. 

The configurat ion of lasing medium shown uses a hyper­

bolic horn at the inside surface of the rod, which focuses 
the X-rays reaching the rod into a one-dimensional flux of 
radiation. This radiation in turn produces azinc plasmaand 
an intense photocurrent. The combinat ion of the photo-
current, its rrtagnetic f ie ld, and the inertial effects of the 
heavy metal tamp, produce focusing beyond that provided 
by the geometric focusing of the lasing medium itself. Thus, 
a rod wi th larger diameter (hence more stable and able to 
contain more energy) can be used. The technologies in­
volved in the construction of these focusing horns, the 
tai loring (or fi ltering) of X-radiation, and the use of intense 
photocurrents are all standard components of recent gen­
erations of nuclear weapons. 

This design shows that once the scientific principle of the 
lasing has been demonstrated (which it was two and a half 
years ago), it is only a question of known bomb technolo­
gies combined wi th communications and control capabili­
ties that remains to be answered. 

Two conclusions fol low from these facts: 
First, the United States is very close to the deployment of 

an X-ray laser. This is the significance of Keyworth's June 15 
interview. The first deployment wou ld seem to be possible 
wi th in the next two to three years. 

Second, the technologies required for this deployment 
are those in which the United States is well known to be 
ahead of the Soviet Union. This is t rue, for example, con­
cerning the construction of small efficient nuclear weap­
ons. In an ironic tu rn , the large heavy hydrogen weapons 
of the Soviet Union are inappropriate for generalization to 
X-ray laser pumping. The small efficient bombs that are the 
focus of U.S. R&D use precisely the focusing, f i l ter ing, and 
materials technologies required for X-ray lasers. 

This is also true for the command and control demands 
on the X-ray laser, which require computer and communi­
cation capabilities in which the United States has excelled. 
The industrial base for the software and hardware required 
for these lasers is in advance here of that in the Soviet 
Union. 

The di lemma facing the Soviet Union is not, of course, 
that it is impossible for them to develop an X-ray laser in 
space; wi th diversion of enough manpower, money, and 
capital goods, they might succeed on approximately the 
same time-scale as the United States. However, it is the case 
that U. S. development of the X-ray laser definit ively re­
verses the present vulnerabil ity and puts the initiative on 
the American side. The X-ray laser is American technologi­
cal genius applied to America's greatest strategic asset: its 
ability to make dramatic, qualitative technological leaps. 
This is the basis for real national security. 

Steven Bardwell, a plasma physicist, is editor-in-chief of 
Fusion. 

Notes 

1. Clarence A. Robinson, Jr., "Advance Made on High-Energy Laser," Aviation 
Weeks. Space Technology. Feb 23,1981, p. 25. The Soviet report appeared 
in July 1981: F.V. Bunkin, et al„ "Specifications for Pumping X-ray Lasers 
with Ionizing Radiation," Soviet Journal of Quantum Electronics, 11:7, p. 
971. 

2. The author gratefully acknowledges many valuable discussions with F. Win-
terberg, as well as his book, The Physical Principles of Thermonuclear De­
vices (New York: Fusion Energy Foundation, 1981). 
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Figure 3 
HYPOTHETICAL X-RAY LASER DESIGN 

By combining several techniques well known in the 
construction of advanced nuclear weapons, it is pos­
sible to solve the problems of the inefficiency and 
large divergence of conventional X-ray laser designs. 
First, the X-rays from the bomb blast can be focused 
using a set of ellipsoidal cavities. These cavities, using 
multilayered K-alpha dielectric mirrors, focus all the 
X-rays from the spherically symmetric explosion on to 
the ends of the rod. These rods use a conical assembly 
of lasing material to further focus the plasma pro­
duced by the X-rays along the axis of the rod. 

The lasing medium itself is embedded in a heavy 
metal tamper. This tamper provides mechanical sta­
bility as well as an inertial focusing of the lasing me­
dium. In addition, a very intense photoelectric cur­
rent generated by the X-rays in the lasing material 
confines and focuses the X-ray producing plasma. 
These techniques increase the efficiency of the con­
ventional design by 2 to 3 orders of magnitude and 
decrease the divergence of the beam by perhaps a 
factor of 10. 
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New Los Alamos 
Breakthroughs Point to 
Compact, High Density 
Magnetic Fusion 
by Charles B. Stevens 

Los Alamos National Laboratory scientists have achieved 
a series of experimental breakthroughs wi th their compact 
toro id and reversed f ield types of magnetic fusion systems, 
including the zeta p inch. Taken together wi th similar types 
of magnetic fusion research going on in plasma laboratories 
throughout the wor ld and, in particular, in Japan, these 
results constitute the most significant advance yet achieved 
in fusion technology and science. 

The experiments indicate that magnetic fusion devices 
such as the spheromak can become self-sustaining at high 
densities, thus making possible an ideal fusion reactor that 
burns advanced fusion fuels efficiently at an extremely low 
capital cost.The impact of the Los Alamos breakthroughs 
are threefo ld: 

First, the Los Alamos developments have immediate the­
oretical and practical implications for all the various ap­
proaches to harnessing magnetic fusion energy, for the 
development of directed energy (laser, particle, plasma, 
and hypervelocity projectile) beams, and for the technolo­
gy of pulsed power, which is essential to both fusion and 
directed energy systems. 

Second, the Los Alamos experiments demonstrate how 
an almost ideal magnetic fusion energy system can be 
achieved. This ideal system wou ld be based on self-orga­
nized magnetic plasmas that are capable of continuously 
and efficiently generating fusion energy outputs wi th a min­
imum external support ing technology. In other words, this 
system would be a fusion reactor wi th a min imum capital 
cost. Such a fusion system would generate electricity and 
other forms of industrially needed energy at costs far below 
those of existing technologies and below those projected 
for the existing mainline fusion approaches now being re­
searched. 

Third, and most significant, these fusion experiments are 
transversing the frontiers of science as defined by Rieman-
nian relativistic physics. For example, the Los Alamos re­
sults have immediate theoretical implications for electro­
dynamics and the def ini t ion and evolut ion of self-orga­
nized structures such as solitons and shock waves. This 
advance opens up an extremely frui t ful path for the exper­
imental reformulation of quantum electrodynamics as re­
cently specified by Lyndon H. LaRouche.' The recent theo­
retical applications of self-ordered soliton-type plasma 
structures to biology demonstrate that the potential impact 
of these Los Alamos results is not l imited to physical sci­
ence.2 

Fusion and Plasma Science 
From an economic standpoint fusion cannot be defined 

as just another potential energy resource, and plasma phys­
ics is not just the science upon which the technology for 
harnessing fusion is based. The fusion process provides the 
basis for def in ing and developing entirely new families of 
resources. For example, fusion transforms simple water 
and earth and existing forms of industrial waste into valu­
able resources. And plasma physics, particularly as dem­
onstrated in the fusion torch concept, defines an entirely 
new industrial technology that has a potential of infinitely 
higher efficiencies and densities of throughput compared 
to existing types and has no moving parts.3 

This economic potential of fusion, def ining the parame­
ters for a new industrial revolut ion, is foreshadowed by the 
role of nuclear fusion and plasma processes in the evolu­
t ion of the universe. Fusion is the source for the most active 
forms of energy observed in dynamics of the universe. It is 
nuclear fusion energy that makes the stars shine, and it was 
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the fusion process that generated the spectrum of chemical 
elements (matter), out of which the solar system was formed. 

The easiest elements to fuse are the heavy isotopes of 
hydrogen, deuter ium (D), whose nucleus has one proton 
and one neutron, and t r i t ium (T), whose nucleus has one 
proton and two neutrons. It has been experimentally de­
termined that when the average energy of the electrons 
and heavy hydrogen (with equal quantities of deuter ium 
and tr i t ium) is the same, the condit ions for net-energy-
producing thermonuclear fusion can be stated as an igni­
t ion temperature (temperature is a measure of the average 
energy, and therefore the velocity, of an ensemble) and a 
specific density of reacting nuclei that must be maintained 
over a specific period of t ime. For D-T fusion, the min imum 
ignit ion temperature is 44 mil l ion degrees Celsius or 4,000 
electron volts (1 electron volt is equivalent to about 11,000 
degrees Celsius or 1.6 x 10 " joules). And the density in 
nuclei per cubic centimeter times the t ime dur ing which 
this temperature and density are maintained must be equal 
to 30 tr i l l ion seconds-nuclei per cubic centimeter. This en­
ergy conf inement time/density product is termed the Law-
son condition for net fusion energy generation. 

There are two general approaches to thermonuclear fu­
sion: inertial conf inement and magnetic conf inement fu­
sion. 

In inertial conf inement, extremely high power densities 
are applied to an ensemble of deuter ium-tr i t ium fuel , and 
the fuel burns up before it blows up. That is, only the inertia 
of the fuel is uti l ized to conf ine it to a specific density whi le 
it is heated to fusion ignit ion temperatures. 

Magnetic fields are generated by electric currents—a di­
rected relative mot ion of electrons and ions. For magnetic 
conf inement fusion, these fields can be generated by either 

Inside view of the vacuum chamber of the Los Alamos Na­
tional Laboratory CTX fusion experiment in which the 
spheromak is formed. 

external electric circuits such as sets of copper coil magnets 
or by electrical currents induced wi th in the conf ined plas­
ma itself. In general terms, the applied magnetic f ie ld, 
whether f rom an internal or external source, acts as a coun­
tervail ing force to the gas pressure of expansion exerted by 
a hot plasma. 

From electrodynamics it has been shown that magnetic 
field lines must form closed circuits. Two important fea­
tures of plasma magnetic conf inement fo l low f rom this ob­
servation: (1) internally generated magnetic fields wi l l be 
util ized more efficiently than externally generated ones, 
and (2) the ideal geometry for magnetic conf inement is that 
of a torus formed out of closed magnetic f ield lines. 

The mainline magnetic fusion approach, the tokamak, is 
indeed a torus, which derives a significant port ion of its 
conf ining magnetic field f rom a toroidally directed plasma 
electric current. In the tokamak, most of the conf in ing mag­
netic field is generated by external copper f ield coils. As 
noted above, however, the ideal situation would be to ob­
tain the entire conf in ing magnetic f ield f rom internal plas­
ma currents. And , indeed, this is the primary characteristic 
of the Los Alamos compact to r i : the CTX spheromak and 
the FRX-C reversed field theta p inch. Both these devices 
form closed tori of magnetically confined plasma in which 
the conf in ing magnetic fields are generated by closed loops 
of plasma electric current. 

The geometry of these magnetic conf inement devices is 
shown in Figure 1 . In 1 a, a column of plasma is trapped in 
an axial magnetic f ie ld, where the field lines fo l low the axis 
of the cylinder. When this axial magnetic field is generated 
by a plasma current, this configuration is called a theta 
pinch. The plasma electrical current flows in an azimuthal 
d i rect ion, circl ing around the plasma column as shown. 
The name theta refers to the angular coordinate of this 
circular path. 

In 1 b, the geometry of the magnetic field and plasma 
electric current have been reversed. The f ield lines are cir­
cular—that is, in the theta direct ion—while the plasma elec­
tric current f lows along the axial d i rect ion, which is gener­
ally given the coordinate designation of zeta. This configu­
ration is termed a zeta pinch. 

The reason for the name pinch is that these magnetic 
conf inement configurations are dynamic. The inward pres­
sure exerted by the magnetic f ield is greater than the plasma 
gas pressure of expansion. As a result, the column is 
"p inched" to a smaller radius. Since this by def ini t ion in­
creases the plasma current density in both the theta and 
zeta pinches, the magnetic field intensity increases and 
therefore the inward magnetic pressure increases. 

Both pinches can be made into closed tori (1c) simply by 
taking the ends of the columns and connecting them. In 
this case, the axial or zeta direct ion becomes the toroidal 
direct ion—the long way around the torus, whi le the azi­
muthal or theta direction becomes the poloidal d i rect ion— 
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the short way around the torus. The Los Alamos FRX-C is a 
closed toroidal theta pinch, while the CTX spheromak is 
more like a toroidal belt pinch, where the magnetic field 
and electric current follow the same spiral paths. The Los 
Alamos reversed field ZT-40 zeta pinch is a much more 
complex system, which is described below. 

The rate at which fusion reactions take place increases 
with the fuel density, and therefore the power density of 
the fusion energy output also increases with the fuel den­
sity. However, since the plasma gas pressure increases with 
increasing density, the confining magnetic fields must be 
made more intense. 

This brings us to the most crucial observations concern­
ing magnetic plasma structures. Matter that is held together 

by ordinary chemical bonds, such as copper wire, is limited 
to the energy flux densities—magnetic and electric fields— 
that it can withstand given the strength of these chemical 
bonds, which are less than a few electron volts per atom. 
Self-organized magnetic plasmas—that is, plasmas in which 
the primary confining magnetic fields are generated by in­
ternal plasma electric currents—have no energy flux den­
sity limitations. Therefore, self-organized magnetic plas­
mas offer a unique path to both the most efficient and 
highest energy flux density fusion plasma configurations. 

Theoretical Origins of Self-Organized Magnetic Plasmas 
In January 1980, in an article titled "The Zeta Moves into 

First Place," Fusion made a projection for the experimental 

Figure 1 
MAGNETIC CONFINEMENT CONFIGURATIONS 

The configuration for a theta pinch is shown in a. An axial magnetic field traps plasma ions and electrons into spiral 
orbits along the field lines. A plasma current is induced to flow in a circular fashion, the short way around the 
cylinder, known as the theta direction. This generates a magnetic field parallel to the axis of the plasma cylinder. If 
the induced plasma current is made to increase rapidly, then the intensity of the magnetic field will increase. This 
compresses and heats the plasma, which, in turn, leads to an intensification of the magnetic field. This process of a 
plasma current generating self-compression is called the plasma pinch. 

The configuration for a zeta or z-pinch is shown in b. A circular magnetic field—the poloidal field—traps plasma 
particles in "closed" spiral paths along "closed" magnetic field lines. The induced plasma current flows in a direction 
parallel to the central axis of the plasma—the long way down the cylinder, termed the zeta direction. 

A combination of the theta and zeta pinch configurations will generate spiral-shaped magnetic field lines and 
electrical current paths. 

The magnetic field configuration shown in c has been closed by bringing the ends of the cylinder together to form 
a toroidal shape—a donut. The field lines now are closed. Also shown is an external coil that generates the magnetic 
field within the plasma. 
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development of self-organized magnetic fusion systems." 
The recent Los Alamos successes conf i rm the projections 
made in that article as well as the essential aspects of the 
ear l ie rworkof Drs. Harold Grad of the New York University 
Courant Institute for Mathematical Studies, Dan Wells of 
the University of Miami at Coral Cables, and Winston Bos-
tick of the Stevens Institute of Technology and the Kirtland 
Air Force Weapons Laboratory. 

To briefly summarize this history: During the 1930s, Dr. 
Adolf Busemann applied the concept of Riemannian shock 
waves to aerodynamics and derived the essential features 
of isentropic f low, which made the development of rocket 
and jet aircraft possible.5 He also applied this concept to 
fusion and derived the fundamental features of inertial con­
f inement. Later, whi le work ing for NASA in the 1950s, Bu­
semann developed the essential features of self-organized 
magnetic plasmas.6 

The essential point is that the evolut ion of magnetic plas­
mas is dominated by cont inuum hydrodynamical processes 
and their singularities—vortices. The plasma domain is rep­
resented by a higher-ordered hydrodynamical cont inuum, 
which is called magnetohydrodynamics or M H D . In this 
domain, magnetic fields represent a sort of higher-order 
f luid superimposed and strongly interacting wi th the plas­
ma f lu id (see Figure 2). These M H D vortices exist in two 
distinct families, and Dr. Fred Tappert of the University of 
Miami at Coral Gables has shown that given a magnetic 
plasma, such M H D vortices wil l naturally appear. Further­
more, Dr. Harold Grad has shown that given the proper 
global boundary condit ions, these M H D structures wil l 
evolve to more complex topologies—defined by growing 
numbers of f ield geometry singularit ies—without dissipa­
t ion.7 

In the 1960s, Dan Wells applied the experimental obser-

Figure 2 
MAGNETOHYDRODYNAMIC 

(MHD) PLASMA 
INSTABILITIES 

A plasma column in a magnetic field 
can become hydrodynamically un­
stable as a result of the interactions 
between the plasma, which is mov­
ing like a fluid, and the confining 
magnetic field. These motions, or 
MHD instabilities, as they are 
termed, evolve according to specif­
ic harmonic geometries. The set of 
diagrams here shows how these 
harmonic motions can be character­
ized. 

In the terms used to identify the 
various instabilities, m is an integer 
in a mathematical function of the 
form sin (m0) that determines the 
geometry of the MHD motion. For 
example, m = 0 means that the plas-
manolumn will move only in a radial 
direction (that is, with differing 
thicknesses). / n m = 1 , the plasma 
column motion takes the form of a 
spiral or simple coil—a kink—and if 
this continues to grow, the plasma 
will hit the wall of the vacuum 
chamber. In m = 2, the column spi­
rals and is squeezed at the same 
time. 
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vations of Winston Bostick and extended the theoretical 
insights of Busemann to the dynamics of these self-orga­
nized structures.6 Wells showed that these M H D structures 
represented metastable min imum energy states. 

An important point here is that if the global boundary 
condit ions of the system—the placement of the vacuum 
chamber wall in which the magnetic plasma is being formed, 
the geometry of the externally induced plasma electric cur­
rents, and so on—are not properly chosen, the evolut ion 
of these M H D structures wil l appear as instabilities leading 
to the destruction of the magnetic plasma. For example, as 
shown in Figure 2, M H D motions can cause the plasma to 
come in contact w i th the vacuum chamber wal l . As a result, 
the plasma wou ld rapidly lose its thermal energy to this wall 
and recombine to form an ordinary, un-ionized gas that has 
no free electrons. 

However, if the boundary condit ions provide sufficient 
freedom for the plasma to progress to a new, higher-or­
dered min imum energy state, then this apparent M H D in-

Transformer 
Figure 3 

CUTAWAY VIEW OF A SIMPLE TOROIDAL Z-PINCH 
In experimental runs, hydrogen gas is pumped into 
the vacuum chamber to fill up the donut at a low 
density. Then an electric current is passed through 
the transformer. This generates an electrical current 
field that ionizes the hydrogen gas in the vacuum 
chamber. As the current rises in the transformer, a 
plasma electrical current is induced to travel around 
the donut. This generates the circular (poloidal) mag­
netic field that pinches and initially heats the plasma. 
As the current continues to rise, it too heats the plas­
ma. 

In the later, more sophisticated versions of the to­
roidal z-pinch, toroidal field coils were placed around 
the vacuum chamber. These generated an axial (to­
roidal) magnetic field that helped to stabilize the 
simple z-pinch against MHD instabilities. Also, "ver­
tical" field coils were added that prevented the plas­
ma donut from simply expanding and hitting the vac­
uum wall. The vertical field coils generate a magnetic 
field on the outside of the plasma donut in a direction 
perpendicular to the plasma column. When the plas­
ma expands outward, it interacts with this vertical field 
and is forced inward as a result. 

stability wi l l dissipate once such a higher state is achieved. 
In 1974, J.B. Taylor of the Culham Fusion Laboratory in 
England uti l ized Dan Wells's concepts (without acknowl­
edging h im, in fact) to demonstrate that this is precisely 
what happened in the case of the British toroidal pinch 
experiment called the Zeta.9 

The Zeta experiment was basically a toroidal zeta p inch, 
as shown in Figure 3, wi th some toroidal axial magnetic field 
added in order to stabilize the z-pinch against the m = 0 
MHD mode in Figure 2. Originally, it appeared that the 
system became completely unstable. Closer examination 
of the experimental data after the Zeta was shut down, 
however, showed that the system entered a phase of dy­
namic M H D motions but then settled down into a quiescent 
stable phase. To the surprise of the fusion researchers in­
volved, this quiescent phase had an entirely new magnetic 
geometry that had been created dur ing the dynamic phase. 

What apparently happened in the Zeta is that an m = 1 
M H D mode developed and moved around the plasma col­
umn. Intheprocess, it disrupted the toroidal magneticf ield 
lying outside the plasma column and then reconnected the 
magnetic field such that the field was now directed in an 
opposite di rect ion. That is, the toroidal magnetic field out­
side the plasma column was reversed wi th respect to the 
direction of the toroidal magnetic field originally imposed 
on the plasma and the toroidal f ield remaining wi th in the 
plasma co lumn. This phenomenon was termed self-rever­
sal, and the Los Alamos ZT-40 is based on this reversed field 
conf igurat ion. 

The essential point to conclude from this example of the 
Zeta device is that if self-organized magnetic plasmas are 
given sufficient freedom in terms of their boundary condi­
t ions, they wi l l "naturally" proceed in a dynamic fashion to 
higher-ordered configurations. It is the exploration of these 
boundary condit ions, correlated with the dynamic evolu­
t ion of these higher-ordered structures, that defines the 
most crucial characteristics and limits of magnetic confine­
ment in general. 

The unprecedented success of the Los Alamos ZT-40, and 
in particular the emergence of the dynamo effect, which is 
also now being observed in the CTX-spheromak, categori­
cally demonstrates that this is the case. 

A final general point is that both the plasma and its 
boundary condit ions are dynamic and experimentally ex­
hibit distinct harmonic—resonant—structures in terms of 
their interconnect ion. 

TheCTXSpheroi. 
The spheromak configuration is an almost ideal projec­

t ion of the fundamental concepts that Wells first init iated. 
In the spheromak, all the conf ining magnetic field is gen­
erated by plasma currents, creating an axisymmetric toro­
idal pinch configurat ion. 

The Los Alamos CTX spheromak is shown in Figure4, and 
Figure 5 shows how the CTX spheromak is dynamically gen­
erated wi th a coaxial plasma source called a Marshall gun 
(only the plasma gun is shown for simplicity). The plasma 
gun consists of two cylindrical electrodes that are con­
tained in a vacuum chamber. A low density hydrogen gas 
fil l is introduced into the chamber and a large voltage drop 
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Figure 4 
CROSS-SECTIONAL SCHEMATIC VIEW 

OF THE CTX SPHEROMAK 
The diagram shows the Los Alamos CTX spheromak experiment and its electrical circuit. The gas puff valves provide 
an intake of hydrogen gas. Then the two cyindrical source electrodes, which form the coaxial Marshall gun, are 
switched on. This then generates a plasma sheath on the left side of the Marshall gun near the insulators. The plasma 
sheath moves to the right down the gun. When it emerges from the left end of the coaxial gun, the plasma sheath is 
transformed into a spheromak and interacts with the poloidal magnetic field generated by the poloidal field coil. 
The completely formed spheromak continues to move to the right until it is trapped within the copper shell flux 
conserver. 

is applied to the two electrodes. The resulting electric field 
between the electrodes causes the hydrogen gas to break 
down (ionize) near the left side of the electrode cylinders. 
Once a plasma sheath is formed between the electrodes, 
electrical current begins to f low through it f rom one elec­
trode to the other. The f low of current along the surface of 
the electrodes—in the axial direction—generates a toroidal 
magnetic f ield. 

The current f lowing through the plasma sheath interacts 
wi th this toroidal f ield to generate a force that propels the 
plasma sheath toward the right side of the cylinder. When 
the sheath reaches the end of the coaxial gun, it encounters 
radial magnetic flux generated wi th in the inner cyl inder of 
the gun. Because of the momentum of the plasma sheath, 
the interaction between the plasma sheath and this radial 
f lux generates a snipping effect that causes the radial lines 
to reconnect around the plasma sheath as it emerges f rom 
the gun. As a result, the flat sheath is rol led up into a torus 
wi th both toroidal and poloidal magnetic field compo­
nents. This process is shown schematically in Figure 5. 

The plasma continues on its trajectory toward the right 
unti l it enters a f lux-conserving cage made out of copper. 
The copper cage serves as an external boundary force, which 
is needed to maintain stability even though force-free self-
organized plasma structures are primarily conf ined by their 

own magnetic fields. This external force is marginal, how­
ever, compared to the forces exerted by the internal mag­
netic fields. 

If the plasma begins to move—for example begins to 
ti lt—electrical currents are induced in the copper cage by 
the moving magnetic fields in the plasma. This current gen­
erates a magnetic field that acts on the CTX torus in a direc­
t ion opposite to its mot ion. This effect is used both to halt 
the plasma mot ion to the right and to stabilize the config­
urat ion. 

Spheromak experiments are being carried out in fusion 
labs throughout the United States and Japan. Al though oth­
er spheromaks have been dynamically generated wi th al­
ternative startup systems, the CTX is the first spheromak to 
burn through the impuri ty radiation barrier. 

During the startup phase of magnetic fusion experi­
ments, plasma energy flows are dominated by atomic radia­
t ion generated by heavy element impurit ies. All magnetic 
plasma systems begin operation wi th significant quantities 
of nonhydrogen elements in them. The source of these 
impurit ies derives f rom the metal electrodes, the vacuum 
chamber walls, and the vacuum system itself. Because of 
the higher energy electron orbit structure associated wi th 
these heavy elements, in a plasma these nonhydrogen im­
purities wil l radiate energy out of the plasma at a very rapid 
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Figure 5 
MAGNETIC FIELD GEOMETRIES 

IN THE STARTUP OF THE CTX SPHEROMAK 
These three diagrams show how the CTX spheromak 
is formed. In the first stage, a, the coaxial Marshall 
gun (represented by the two cylinders) generates a 
plasma sheath that carries a large, radially directed 
electrical current between the two cylindrical elec­
trodes of the Marshall gun. At the same time, the 
current flowing along the cylindrical electrodes gen­
erates a toroidally directed magnetic field. 

The interaction between this toroidal magnetic field 
and the radial plasma current results in a force on the 
plasma directed toward the right, down the cylinder. 
The plasma, therefore, accelerates down and out of 
the coaxial gun (b). Because of the momentum of the 
plasma sheath, the interaction between the plasma 
sheath and the radial flux creates a snipping effect 
that causes the radial lines to reconnect around the 
sheath as it emerges from the gun. 

At this point, the flat plasma sheath is rolled up and 
becomes a plasma ring or torus. This ring then inter­
acts with the radial magnetic field generated by the 
poloidal field coils within the inner cylindrical elec­
trode (shown in Figure 4). This interaction leads to the 
formation of a self-contained spheromak configura­
tion (c) whose magnetic field consists of both poloi­
dal and toroidal components. The completely formed 
spheromak continues to move to the right until it is 
trapped inside the flux conserver (shown in Figure 4). 

rate. If the magnetic plasma can be maintained for a suffi­
cient period of time, these impurities will generally diffuse 
out of the plasma in a process termed "burning through the 
impurity radiation barrier." 

The CTX achieved success in overcoming this impurity 
stage by implementing cleanup routines that removed most 
of the impurity sources before the CTX operation and then 
by using a porous copper flux conserving cage instead of 
the solid one that had been used previously. The porous 
nature of the copper wire cage apparently enhances the 
migration of impurities out of the CTX plasma region, and 
the geometry of the wire permits the development of plas­
ma sheaths around the copper, which, in turn, prevent the 
migration of impurities from the copper wire itself. 

The key observation demonstrating that the impurity ra­
diation barrier has been superseded is that the CTX plasma 
begins to heat up because of the electric currents flowing 
in it. This form of plasma heating is called ohmic heating. 
Peak electron temperatures of several hundred electron 
volts have been measured. 

When Los Alamos initiated its compact tori and zeta pinch 
reversed field programs in the mid-1970s, it was believed 
that extremely high power pulsed electric systems would 
be crucial. This proved not to be the case with the ZT-40, 
and it is again being shown to not be true in the case of the 
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Figure 6 
SCHEMATIC OF 

STEADY-STATE SPHEROMAK 
The diagram shows a cross-section 
of the CTX spheromak and its mag­
netic field components. The lines in 
the plane of the schematic repre­
sent poloidal magnetic field lines. 
The circular lines coming out of the 
diagram represent the toroidal mag­
netic field lines. The closed spher­
omak structure contains both toro­
idal and poloidal magnetic fields. If 
the coaxial gun is kept on it will di­
rectly regenerate the toroidal field 
within the closed CTX. However, the 
spheromak structure itself acts on 
incident toroidal field to transform 
a part of it into poloidal field within 
the CTX. 

CTX. The original CTX experiments util ized a fast genera­
t ion mode wi th input powers of 10 to 15 gigawatts. Now 
much better results are being obtained wi th much longer 
plasma sustainment times at power inputs of 100 to 800 
megawatts. 

In the fast mode, spheromaks were formed wi th in 3 to 6 
microseconds. In a slower startup mode, wi th 200 to 800 
megawatt electrical current power levels, formation of the 
CTX took about 60 microseconds. Both the slow and fast 
modes decay in the same manner over 950 microseconds. 

The Dynamo Effect 
Los Alamos researchers have seen indications of a third 

experimental mode for the CTX. If the coaxial gun is left on 
at a low power level, it appears that the formed CTX spher­
omak is absorbing the magnetic flux and plasma coming 
out of the gun, and some of this incident toroidal flux is 
transformed into poloidal flux w i th in the CTX spheromak 
(Figure 6). This opens up the prospect of a steady-state 
spheromak. The key point here is that whi le toroidal flux 
wi th in the spheromak can be directly regenerated by the 
gun, only the apparent action of the plasma dynamo can 
provide a source for the essential poloidal flux. 

Al though the question of how and why the ZT-40 and CTX 
plasma dynamo action develops is for the most part still 
unanswered, it appears that this self-organized phenome­
non is closely related to the Wells concept mentioned above 
of metastable min imum energy states. One crucial aspect 
of the Wells theory is that magnetic plasmas wil l tend to 
form into force-free vortex configurations. Taylor showed 
that this tendency is probably the cause for the dynamic 
progression of the toroidal z-pinch to a reversed field con­
f igurat ion. The trajectory toward this more stable state can 
be shown in a F-theta diagram (Figure 7), where Fand theta 
are ratio measures of the geometry of the magnetic f ield 
structure: F is the ratio of the toroidal magnetic field mea-

Figure 7 
GEOMETRIC RELATIONS OF 

MAGNETIC FIELD STRENGTHS IN 
MAGNETIC CONFINEMENT 

The graph shows the geometric relations of the mag­
netic field strengths for magnetic confinement. F, the 
y axis, is the ratio of the toroidal magnetic field found 
near the wall of the vacuum chamber, fij, to the aver­
age toroidal magnetic field found throughout the 
plasma. Theta here is the ratio of the poloidal field Be 

found at the wall to the average toroidal field through­
out the plasma. 

Tokamaks are located in the upper left region of the 
graph, while the reversed field pinches are the points 
plotted within the shaded area. 

July-August 1983 FUSION 45 



Figure 8 
SCHEMATIC OF THE FRX-C REVERSED FIELD THETA PINCH 

In this general configuration of the fully formed FRX-C reversed field theta pinch, the arrows show the direction of 
the magnetic fields generated by the electrical current in the implosion coil and the FRX plasma ring. The general 
plasma background is separated from the coil by a quartz tube vacuum chamber. 

sured at the vacuum chamber wall to the average toroidal 
magnetic field throughout the plasma column. Theta is the 
ratio of the poloidal magnetic field at the wall to the average 
toroidal magnetic field throughout the plasma column. 

The fundamental criterion of minimum energy states de­
mands that all self-organized magnetic plasma structures 
conserve their force-free vortical (or helical) geometry. Also 
it requires that the dynamic evolution of these minimum 
energy states follows a specified trajectory in the phase 
space defined by the F-theta diagram since these parame­
ters are a direct measure of the force-free nature of the 
geometric structure of the combined magnetic fields. The 
most straightforward explanation for this is that the plasma 
is generating this dynamo in order to maintain its minimum 
energy geometry.10 

In fact, ongoing experiments indicate that the CTX could 
be sustained by a steady-state gun at power levels suffi­
ciently low to use existing electrical technology. Dr. Thom­
as Jarboe projected such steady-state spheromak operation 
based on both the ZT-40 experimental results and the the­
oretical prediction that the spheromak minimum energy 
configuration will act to conserve magnetic helicity—that is, 

act as a dynamo to maintain the magnetic field geometry.11 

The densities achieved in the CTX are several hundred 
trillion nuclei per cubic centimeter, comparable to those 
found in tokamaks but at much higher plasma betas. Once 
these initial results have been corroborated and the plasma 
dynamo sustainment mechanism definitively demonstrat­
ed, plasma heating experiments must be carried out to 
demonstrate that the CTX can be stably brought to the 100 
million degree temperatures required for fusion. 

If funds are available, heating experiments are planned 
within the next year or two at Los Alamos. The first heating 
method being planned is that of Alfven wave heating, where 
microwave generators are utilized to initiate Alfven waves 
external to the CTX. These Alfven waves form between the 
plasma and the magnetic field, and once within the CTX 
spheromak they would rapidly be damped and their energy 
would be transformed into thermal motion of the plasma 
electrons and ions. 

The FRX-C Reversed Field Theta Pinch 
While at first glance the FRX-C appears to be of an entirely 

different species from the CTX and ZT-40, its development 
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has depended on the same general M H D theoretical devel­
opments that are exhibited in the CTX and ZT-40. At the 
same t ime, the FRX-C is sufficiently different f rom the CTX 
and ZT-40 to offer unique insights into that general theory. 

The FRX-C is a reversed field toroidal theta pinch formed 
in a open-ended linear theta pinch system (Figure 9). This 
is accomplished by programing the currents in the theta 
pinch coi l , as shown in Figure 10. As a result, the theta pinch 
plasma bunches up into the center of the cylinder defined 
by the coi l . In this process, magnetic field lines are broken 
and reconnected to form an elongated, closed torus of 
poloidal magnetic field and plasma. This field is sustained 
by the toroidal plasma current induced by the external theta 
pinch coi l . 

The FRX-C is unstable to t hem = 1 M H D m o d e . However, 
aware of the nature of this instability, researchers added 
additional magnetic field coils to the experiment to coun­
teract the instability. As a result, stable operation has been 
achieved. Experiments indicate that energy conf inement 
times between 70 to 190 microseconds are being reached 
at densities of several thousand tr i l l ion nuclei per cubic 
centimeter and temperatures of several hundred electron 
volts. 

These results are extremely significant since the density-
conf inement t ime products attained on the FRX-C are com­
parable to those achieved on the early tokamaks, except 
that the FRX-C is operating at high plasma betas. The exper­
iments also indicate that the energy confinement t ime scales 
as theory predicts. That is, the energy conf inement t ime is 
a linear funct ion of the radius squared of the overall torus, 
divided by the ion gyroradius. The ion gyroradius is pro­
portional to the ratio of the square root of the ion temper­
ature to the strength of the magnetic f ie ld. Furthermore, 
there are indications that better energy conf inement time 
scaling can be attained by moving the plasma torus closer 
to the external f ield coi l . From a practical standpoint, this 
wou ld be best achieved by moving the FRX-C plasma torus 
into a new chamber in which a special coil system—not as 
complex as the startup coi l—could be util ized to achieve 
this closer f i t . 

Construction of such a experiment is currently under way 
at Los Alamos. 

Near Term Implications 
The most dramatic immediate practical implications of 

these Los Alamos advances are in the areas defined by pulsed 
power technology and directed energy beam generation. 
Accord ingto the projections by Drs. J.H. HammerandC.W. 
Hartman of Lawrence Livermore National Laboratory, the 
CTX has already entered the regime of interest for plasmoid 
acceleration.12 

To be more specific, self-organized magnetic plasmas are 
inherently quite mobi le. Once formed, they need only a 
minimal boundary force to keep them stable. This can be 
supplied by the pressure of the Earth's atmosphere or a 
simple flux conserving cage, as in the CTX case. (Without 
an external boundary force the force-free structure wi l l rap­
idly disinegrate.) 

Compact tori are also intrinsically easy to accelerate to 
high velocities because the ratio of the plasma ring's mag-

Figure 9 
STARTUP OF THE FRX-C 

REVERSED FIELD THETA PINCH 
In the first of the five stages shown here, a cold plasma 
is formed by the current in the theta pinch coil. This 
magnetic plasma constitutes an open ended, simple 
theta pinch: The plasma is free to simply diffuse out 
the two ends of the theta pinch cylinder. (See Figure 
8.) By rapidly increasing the current in the theta pinch 
coil the plasma column is imploded. And by program­
ming this implosion current, the compression of the 
plasma is made asymmetrical. The result is that axial 
magnetic field lines are broken and reconnect to form 
a closed ring of magnetic plasma—the FRX-C. 
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netic field energy to its plasma mass is quite large, and 
potential acceleration of an magnetic dipole, such as a com­
pact toroid, is a direct function of this ratio. It is the inter­
action between the magnetic field and an external electro­
magnetic force that can be utilized to accelerate the com­
pact toroid. 

In a 1980 Livermore Laboratory report, Dr. Hartman shows 
that substantial ring velocities and kinetic energies (the en­
ergy represented by the ring's motion) can be achieved in 
a magnetic rail gun, similar to that which generates the 
spheromak and of a quite reasonable length—several me­
ters. This is particularly true in the case where the ring 
plasma is made up of heavy nuclei. 

In a more recent series of papers given at the Fifth Sym­
posium on the Physics and Technology of Compact To-
roids, Dr. Hartman and his collaborators propose a two 
phase acceleration of plasma rings." First, the ring is accel­
erated toward the apex of a conical magnetic rail gun. As a 
result, the ring undergoes a self-similar compression (fo­
cusing) during acceleration. And because the allowable ac­
celeration force on the plasma ring is inversely proportional 
to the square of its linear size, the accelerating distance for 
conical electrodes is considerably shortened over that re­
quired for cylindrical coaxial electrodes. Furthermore, 
Hartman et al. note that in either case, "since the acceler­
ating flux can expand as the ring moves, most of the accel­
erating field energy can be converted into kinetic energy of 
the ring leading to high efficiency." 

During the second phase, the compressed plasma ring is 
accelerated again in a conical-shaped rail gun, but this time 
the plasma ring is allowed to expand. As a result, some of 
the energy contained in the magnetic field is converted into 
kinetic energy—that is, motion of the ring. In their calcu­
lation, the plasma ring attains velocities of 9,300 kilometers 
per second with about 50 percent of the input energy to the 
rail guns being transformed into the kinetic motion of the 
ring. It is quite probable that the atmosphere would provide 

the essential boundary force to keep the ring together dur­
ing the time it traveled several hundred kilometers. Hart­
man et al. note: "If the ring at the maximum kinetic energy 
(4.4 MJ) were allowed to strike a target, the deposition pow­
er would be roughly 1.2 x 1016 watts (deposition time of 
about .3 nanoseconds) with a power density of 5.3 x 10" 
watts/sq. cm." This would kill almost any target. 

Hartman et al. note a range of other applications of ac­
celerated plasma rings going from those where the input 
energy is comparable to the magnetic energy of the ring, to 
those where the input energy is larger than the magnetic 
energy, and, finally, to where the input energy is substan­
tially larger. For example, at low energies accelerated plas­
ma rings can be used for plasma current drive and plasma 
fueling. 

At medium energies, accelerated rings can be focused 
radially by conducting cones that cause an increase in the 
field intensity and adiabatic heating. If the rings are de­
signed to reach fusion temperatures, they can provide a 
high flux pulsed neutron source for simulating fusion re­
actor conditions and simulating nuclear weapons effects. 
Along these same lines, utilizing heavier elements in the 
plasma ring will cause the compressed rings to become 
copious generators of X-rays. By varying the elemental 
composition and plasma parameters of the ring, the spec-
trums of the X-ray radiation can be made to range over a 
myriad specified values. This is particularly useful in regard 
to pumping X-ray lasers and simulating nuclear weapons X-
ray radiation effects. Another medium energy application 
is the development of high field moving ring reactors. At 
high energies, Hartman et al. point out, accelerated rings 
would have applications for fast switching/power amplifi­
cation, as well as an inertial confinement fusion driver. As 
Hartman et al. describe, rings moving at about 1,000 kilo­
meters per second with dimensions of less than 1 centi­
meter and kinetic energies of about 10 megajoules would 
match the power requirements for inertial fusion. In addi-

Looking down on the Los Alamos ZT-
40 reversed field toroidal z-pinch de­
vice. Technicians are shown making 
adjustments to the scientific diagnos­
tics used on the ZT-40 experiments. 
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tion to the efficiency, the compactness of the accelerator 
(lengths of about 10 meters), they point out, is an advantage 
that makes this a reasonable candidate for fusion powered 
rocket propulsion. 

Still another application is the synthesis of transuranic 
elements and the use of accelerated rings as a high flux ion 
source. Finally, two additional applications are noted, the 
attainment of super high magnetic fields and inertial fusion 
by sudden ring deceleration. 

A second line of fusion application not mentioned by 
Hartman is that of utilizing the spheromak as the input for 
metal liner compression systems. A compressed sphero­
mak is almost the ideal magnetic plasma input for such liner 
systems. The liner is quite similar in effect to the conical 
compression scheme outlined by Hartman, except that the 
metal electrodes consist of a cylindrical metal liner that is 
either explosively or electromagnetically collapsed. This 
causes a "stationary" compression of the spheromak plas­
ma. 

Magnetic Fusion Reactors 
Because of the flat budget levels of the U.S. fusion re­

search program maintained throughout the Carter admin­
istration and continued by the Reagan administration, re­

search on alternatives to the mainline tokamak and tandem 
mirror magnetic confinement systems has been starved for 
funds. Hopefully, this situation will be changed in the near 
future, particularly given the directed energy implications 
of the developments described below. 

From a theoretical and technological standpoint, there 
appear to be no significant barriers to the rapid develop­
ment of the spheromak as a fusion energy system. All exist­
ing magnetic fusion experimental and theoretical knowl­
edge strongly indicates that the spheromak should become 
more stable as it is heated to higher temperatures. 

The CTX spheromak opens up the prospects for the de­
velopment of an almost ideal magnetic fusion energy sys­
tem that consists of several stages. In the first stage, the 
spheromak would be generated. The plasma ring would 
then be moved to another location and heated to fusion 
ignition temperatures. It would then be moved to a third 
location containing a simple, low power coaxial coil gun 
and flux conserving chamber needed for maintaining and 
fueling the spheromak. Fusion energy would provide the 
spheromak with an internal heat source sufficient to sustain 
fusion temperatures. 

More so than any other type of magnetic confinement 
system, compact tori do not appear to be limited to the 

Los Alamos National Laboratory 

Vacuum chamber tank in which the Los Alamos CTX spheromak is formed. The tank is surrounded by external magnetic 
field coils. Originally it was thought that external magnetic fields would have to be used to stabilize the self-organized 
CTX magnetic bottle. However, experiments have demonstrated that external magnetic fields are not needed. 
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ult imate, stable operating temperatures that they can at­
tain. This makes possible the burning of advanced fusion 
fuels—elements heavier than hydrogen. Wi th these ad­
vanced fuels, significantly fewer neutrons are generated as 
fusion reaction products, thus lessening one of the chief 
engineering problems in fusion reactor systems: neutron-
induced materials damage, a primary source for power den­
sity l imitations in fusion reactors. 

Developments along these lines are particularly bright if 
spin polarized fusion is successfully demonstrated and 
shown to be practical in the spheromak.14 A neutron-free 
fusion plasma is particularly amenable to various M H D and 
direct particle methods of convert ing plasma energy into 
electricity. On the speculative side, directed fusion product 
effects, which derive f rom spin polarized fusion, could be 
combined wi th self-organized plasma effects to give the 
spheromak system a wide variety of energy output capabil­
ities ranging f rom X-ray laser beam to microwave, through 
to electric and charged particle beam generation. 

The economic prospects of compact tor i fusion electric 
reactor systems can be judged by the above ideal possibil­
ities, which are by no means necessarily remote at this t ime. 
The capital cost of such a system wou ld basically consist of 
the cost for the flux conserving chamber, the low power 
gun, a control system, the vacuum chamber and pump, and 
an M H D coil or a direct particle conversion system. In the 
more versatile advanced case noted above, the plasma 
would directly generate the desired energy output . Fur­
thermore, the gun could be replaced by a second sphero­
mak. If located in space, of course, there wou ld be no need 
for a vacuum chamber and pump. (The initiating system is 
an extremely small port ion of the cost for an individual 
spheromak since it wou ld be capable of generating thou­
sands of such fusion plasmas per second.) 

At this point in the description of such a system, it can be 
seen that the projected capital costs are being reduced to 
basically the control system and fue l . But since only ex­
tremely weak boundary forces are needed to control an 
individual spheromak, this means that the capital costs have 
been reduced to operating costs. In the case of fusion re­
actors in general, the operating costs, which include fuel­
ing, have already been shown in reactor designs based on 
more conventional type power plant designs to be only a 
small fraction of those found for all other types of power 
plants. 

The result is the increasing prospect of perfecting fusion 
energy systems that have infinitesimal capital costs com­
pared to existing types of systems. If viewed f rom the stand­
point of energy payback t ime—that is, the t ime it takes the 
fusion reactor to generate the equivalent energy uti l ized in 
its construct ion—the energy payback t ime decreases f rom 
the several years of operation needed in the case of nuclear 
fission and more conventional fusion reactor designs to a 
few mill iseconds in the case of the spheromak. 

Viewed f rom the standpoint of versatile energy genera­
t ion systems, these spheromaks could provide a universal 
modular unit for all industrial processes—both materials 
processing and forming. And as Hartman notes, the spher­
omak could be uti l ized as the most efficient form of rocket 
propuls ion. 

Theoretical Implications 
The Los Alamos developments represent a tremendous 

advance for magnetic plasma conf inement theory in gen­
eral. Many of the immediate consequences of self-orga­
nized plasma theory experimentally realized at Los Alamos 
can be immediately applied to all other magnetic confine­
ment schemes to generate significant improvements in their 
performance. This in particular applies to achieving higher 
beta operation in tokamaks. 

At a higher level, these results have immediate implica­
tions for astrophysics, geophysics, and ionosphere physics. 
Fundamental questions concerning star structure, the na­
ture of the magnetic dynamo of the Sun and the Earth, solar 
system format ion, magnetic f ield line reconnect ion, and 
the dynamics of the ionosphere geomagnetic x point are 
just a few of the most obvious examples. 

But it is at the level of Riemannian relativistic physics that 
these developments have their most significant impact. The 
self-organized plasma experiments reviewed in this article 
intrinsically demonstrate precisely the same character of 
evolut ion that Riemann discovered in the case of acoustic 
shock waves. The projected natural path of evolut ion of 
these systems—if provided wi th the proper boundary con­
ditions—is that of negentropic action. Once this is recog­
nized these self-organized plasmas provide a unique ex­
perimental ground for further expanding empirical knowl­
edge of Riemannian relativistic physics. And it is this that 
wi l l accelerate the rate of development of self-organized 
fusion systems as well as humanity's real scientific knowl­
edge. 

Charles B. Stevens is director of fusion engineering for 
the Fusion Energy Foundation and well known for his pop­
ular articles on fusion technology and science. 
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With NASA's 
Space Telescope by Marsha Freeman 

Imagine being able to observe a 
distant planet as clearly as if you were 
orbiting it in a spacecraft, or to see 
back in time—to the period billions 
of years ago when the universe was 
just forming. 

When the Space Shuttle launches 
NASA's large Space Telescope into 
orbit around the Earth in 1986, as­
tronomers will routinely be able to 
see such things, and they won't have 
to wait for a clear night on Earth to 
see deep into the heavens. The Space 
Telescope will also enable astrono­
mers to see objects that have never 
been seen before. We may f ind, for 
example, that other stars besides the 
Sun have planets circling them. 

We will see the birth, growth, and 
death of stars, and we may see all the 
way to the edge of the universe. We 
will see 14 billion light years away— 
a distance of trillions of billions of 
miles. And we will see objects as they 

existed 14 billion years ago, when 
scientists think our universe was just 
forming. We will see the most dis­
tant and oldest things that man has 
ever seen. 

Viewing Space from Space 
When in 1610 the scientist Galileo 

turned the first telescope toward the 
heavens, he saw craters on the 
Moon, four moons around Jupiter, 
and that giant planet's red spot. He 
also identified projections coming 
out of the sides of Saturn, which were 
later observed to be rings. 

Since then, larger and more sen­
sitive telescopes have been built. 
However, not until the beginning of 
the space age in 1957 was man finally 
able to get beyond the distorting ef­
fects of the Earth's atmosphere to 
look into space. The layers of the at­
mosphere allow visible light, radio 
waves, and infrared radiation to pen­
etrate, whereas ultraviolet and high-

Artist's drawing of the Space Telescope 
in space. 

er frequency radiation are filtered 
out. But even the radiation that gets 
through is blurry. Looking out 
through the atmosphere is like look­
ing up under water from the bottom 
of a lake or pond. 

Getting even the first simple and 
small telescopes above the atmos­
phere allowed astronomers to see 
everything more clearly, and the ra­
diation from the high-frequency end 
of the spectrum became visible for 
the first time. 

The other serious obstacle with 
Earth-based astronomy is the weath­
er: The heavens can only be ob­
served on clear nights. Clouds, haze, 
and heat currents limit ground-based 
observation to about 2,000 hours a 
year. The Space Telescope will more 
than double the number of hours that 
can be productively used for astron­
omy. 

The Amazing Space Telescope 
The Space Telescope will be taken 

up into space inside the payload bay 
of the Space Shuttle. It will be lifted 
out by the 50-foot long Remote Ma­
nipulator System and deployed on 
an orbit about 373 miles above the 
Earth. 

Using a primary mirror that is 8 feet 
in diameter—less than half the size 
of the telescope on Mount Palo-
mar—the Space Telescope will be 
able to see things 50 times dimmer 
and 7 times farther away than any 
telescope on Earth. Weighing 25,000 
pounds and more than 43 feet long, 
the Space Telescope will have two 
sets of solar panels to generate elec­
tricity from sunlight during the day, 
and batteries to store electricity for 
the telescope when it is facing away 
from the Sun during its night. 

The unaided eye can see about 
600,000 light years away at night (a 
light year is the distance light travels 
in one year, or 5,878 billion miles). 
With a ground-based telescope, an 
astronomer can see objects about 2 
billion light years away. The Space 
Telescope will stretch that to 14 bil­
lion light years. What might we see 
with that amount of magnification? 
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W e wi l l be able to look at ne igh­
bor ing planets in the Solar System 
w i t h great c la r i ty—inc lud ing the 
c louds on Venus ; polar ice caps and 
deep valleys on Mars ; the atmo­
sphere and moons of Jupi ter; and 
the r ings, moons , and c louds of Sat­
u r n . W e w i l l receive pictures of the 
outer plants that w i l l be comparab le 
to those the Voyager spacecraft sent 
back w h e n it f lew by t h e m . But now 
w e w i l l be able to see these bodies 
regular ly, r ight f r o m Earth o rb i t . 

The Space Telescope w i l l give us 
more deta i led images of the farthest 
ou t p lanets—Uranus, Nep tune , and 
Pluto. At the present t ime , w i t h our 
ground-based telescopes, Pluto 
looks l ike just a do t of l ight. 

The Space Telescope w i l l be able 
to tel l us if there are o ther nearby 
stars that also have planetary sys­
tems. It w i l l not see these planets 
d i rect ly , bu t it w i l l observe pertur­
bat ions or i rregular mot ions in the 
movements of these stars. W i t h i n 10 
l ight years of Earth, there are 10 Sun­
l ike stars, wh i ch the Space Tele­
scope w i l l be po in ted at to invest i­
gate for planets. 

W e wi l l also be able to observe gal­
axies beyond the M i l ky Way galaxy— 
hundreds of galaxies that we can now 
only d im ly see. W i t h the Space Tel­
escope, we hope to see stars in these 

galaxies in var ious stages of fo rma­
t i o n : the condensat ion of gas in to 
stars, the ign i t ion of stars to p roduce 
thermonuc lear react ions, and the 
death of stars. 

The Space Telescope wi l l also see 
new galaxies, each w i t h b i l l ions of 
stars. By c o m p a r i n g t h e ra tea twh i ch 
faraway galaxies are mov ing toward 
us, scientists shou ld be able to de­
te rmine h o w the universe was ex­
pand ing as long ago as 15 b i l l ion 
years. 

How It Wil l See 
The Space Telescope is made up 

of three systems. The Support Sys­
tems Module prov ides the electrical 
power , commun ica t ions , and po in t ­
ing and con t ro l fo r the satell i te car­
ry ing the te lescope. The po in t ing ac­
curacy w i l l be greater than anyth ing 
ever orb i ted before—wi th in 0.007 arc 

The primary mirror of the 
Space Telescope is eight 
feet in diameter. It is made 
of titanium silicate glass 
with a reflective coating of 

i aluminum-magnesium 
i fluoride. Here it is shown 

in preparation by techni­
cians at the Perkin Elmer 
Corporation. 

seconds. This is like being able to 
point the telescope at a dime in Bos­
ton from Washington, D.C. The tele­
scope will lock onto an object and 
be able to point at it ior 10 hours, a 
time span that will be necessary when 
it is looking at a very faint object. 

The heart of the telescope is the 
Optical Telescope Assembly con­
sisting of the primary and smaller 
secondary mirrors, the opening or 
aperture through which the light 
strikes the mirrors, and the focusing 
lens that creates a focused image. 
The light will enter the aperture, 
strike the primary mirror, and then 
be reflected back to the secondary 
mirror. 

This smaller mirror will narrow the 
beam of light and intensify it. The 
beam will then go through a small 

Continued on page 62 
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OPTICAL TELESCOPE ASSEMBLY 
The Space Telescope contains two sets of mirrors to collect and focus the light that strikes it from distant celestial objects. 
First the light hits the primary mirror; then it is reflected to the secondary mirror, which narrows and intensifies the beam 
of light. The light is then sent through a small hole in the primary mirror, where the focused image appears on the focal 
plane. There the image is available to the scientific instruments that process the information and send it back to Earth. 

The Young Scientist July-August 1983 FUSION 



TALES OF SCIENCE" 

Marie Curie, 1867-1934 Pierre Curie, 1859-1906 

Marie and Pierre Curie 
And the Discovery of Radioactivity 
by Jon Gilbertson 

The discovery of radioactivity in 
1896 is one of the most important 
scientific discoveries of the past 100 
years. It led to the discovery of two 
new elements, polonium and rad­
ium, and opened up a whole new 
field of medicine, now called radia­
tion therapy. At the time it was called 
radium therapy, but in France it was 
known as Curietherapy after its 
French discoverers, Marie and Pierre 
Curie. 

The story of these two scientists 
and how their discoveries were made 
actually begins with another French 
scientist, Henri Becqueral, who was 
investigating X-rays. X-rays had been 
discovered a few years earlier by the 
German physicist Wilhelm Roent­
gen (pronounced "rent-gen"). In ex­
perimenting with an electron tube, 
the forerunner of the present-day 
television tube, Roentgen had artifi­
cially produced an unusual type of 
emission. These rays were similar to 
light but much more powerful. When 
he placed his hand in front of the 
glowing rays, they allowed him to see 
a shadowy picture of the bones in his 
hand and fingers. 

The French scientist Becqueral 

continued to investigate X-rays by 
looking at the "strange" element 
uranium. 

Uranium was known to exist in 
1896, but it was thought to be "a 
heavy, practically worthless metal." 
However, uranium salts were known 
to make some materials fluorescent 
when mixed with them—when stim­
ulated, the materials would emit 
light. To study this phenomenon, 
Becqueral would set a sample of the 
uranium salt mixture in the sun a 
while to generate the fluorescent 
glow. He would then set the glowing 
sample on a photographic plate, 
which was wrapped in thick, black 
paper. After developing the plates, 
Becqueral found what he expect­
ed—that the plates had been ex­
posed underneath the uranium and 
the image of the uranium appeared 
on the plates. He thought that the 
sun was somehow activating the 
fluorescence, which was then giving 
off something else that exposed the 
plates—perhaps X-rays! 

Then one day Becqueral did the 
same experiment, but without first 
putting the uranium salt sample in 
the sun. Much to his amazement, the 

same thing happened to the plates. 
Whatever was going on came from 
within the uranium itself. It was not 
dependent on the sun or the fluores­
cence. Although he didn't know it, 
Becqueral had discovered radioac­
tivity. 

Picking Up the Uranium Puzzle 
It wasn't until the famous scientif­

ic team of Marie and Pierre Curie 
picked up the trail of uranium that 
radioactivity really began to be 
understood. The Curies were famil­
iar with Becqueral's work and knew 
there was much more to be learned 
about the radiation from uranium. 

To do this, they began with pitch­
blende, a brownish black ore that was 
known to contain some uranium and 
other elements as well. Startingwith 
nearly a ton of ore, Marie Curie, who 
was a trained physical chemist, be­
gan to separate the various elements 
from the ore. After first eliminating 
the rock and then the minerals and 
lighter metals present in the ore, she 
focused on the uranium. Each time 
she concentrated the remaining ma­
terial, she would measure its radio­
activity, and it kept getting.higher and 
higher. 
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The uranium was then separated 
and removed, but the radioactivity 
of what remained of the sample still 
kept getting higher. Did this mean 
that the uranium was not the only 
thing that was radioactive? Marie 
Curie kept separating and analyzing, 
and she discovered a new element, 
naming it polonium after her native 
country, Poland. She then discov­
ered that the radioactivity of the 
sample increased even further after 
the polonium was removed. There 
must be yet another radioactive ele­
ment, one that was even more radio­
active—nearly two million times 
more so than the original ore. Marie 
called this element radium, meaning 
"the radiating one." 

In describing the excitement of 
their discovery many years later, 
Marie Curie wrote: 

One of our joys was to go into 
our workroom at night; we then 

perceived on all sides the feebly 
luminous silhouettes of the bot­
tles or capsules containing our 
products. It was a really lovely 
sight and one always new to us. 
The glowing tubes looked like 
faint, fairy lights. 

A Nobel Prize and Tragedy 
Over the next few years, the Cur­

ies worked on separating and puri­
fying the new elements they had dis­
covered in order to make a more ex­
act determination of their atomic 
weights. Then in 1903, the Curies and 
Becqueral were jointly awarded the 
Nobel Prize for physics for the dis­
covery of radioactivity and the new 
elements, polonium and radium. 

There was still a great deal more 
work to do, but the Curies' research 
was tragically delayed in 1906, when 
Pierre was killed in an accident with 
a horse and carriage. Marie Curie was 

forced to raise her family alone, as 
well as continue the scientific work 
she and Pierre had been doing—a 
responsibility she accepted. 

Throughout the next years—and 
in fact, even before Pierre died— 
Marie Curie recognized and pur­
sued the medical benefits of their 
new discoveries. When World War I 
broke out in 1914, she put her exper­
tise to work in the service of France. 
The X-ray tube, invented in 1890 by 
Roentgen, was beginning to be used 
in the larger civilian hospitals around 
Europe. The army, however, had 
used it very little and was not pre­
pared to use i tduringthewar. Know­
ing how important the X-ray tube 
would be in locating bullets, shrap­
nel, and broken bones in wounded 
soldiers, Marie Curie began to build 
the X-ray equipment. 

As the X-ray tubes were finished, 
she would take them to the field hos­
pitals at the battle front and train the 
medical personnel there to use them. 
Knowing that she couldn't build 
enough tubes to supply the entire 
front, she designed and built port­
able X-ray units, which were carried 
in trucks. She even drove the trucks 
herself, until personnel weretrained 
to operate the equipment. 

You can read more about Marie 
Curie's accomplishments in her bi­
ography of Pierre and in a biography 
written by her daughter Eve.* Marie 
describes very beautifully that what 
guided the work of the Curies was 
the sense that their scientific discov­
eries were producing enormous 
benefits for all mankind: 

It may be easily understood 
how deeply I appreciated the 
privilege of realizing that our 
discovery had become a benefit 
to mankind, not only through its 
great scientific importance, but 
also by its power of efficient ac­
tion against human suffering and 
terrible disease. This was in­
deed a splendid reward for our 
years of hard toi l . 

* Madame Curie: A Biography, by Eve Curie (New 
York: Poubleday, 1937) and Pierre Curie, by Mar­
ie Curie and Peter Smith (New York: MacMillan, 
1923 or Dover, 1963). 
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Biotechnology 

Stuart K. Lewis/NSIPS 

Putting Biological Breakthroughs 
To Work for World Development 

Biotechnology, the industrial appli­
cation of biological processes, has the 
potential for vastly transforming and 
upgrading the world's economy. By 
using the highly efficient principles of 
biological chemical reactions in large-
scale test-tube situations, large quan­
tities of vitually any animal or human 
substance—such as human insulin— 
can be easily and cheaply made. Also, 
large amounts of vaccines and anti­
bodies could be made cheaply, as well 
as possibly such anticancer agents as 
human interferon. 

Another area of biotechnology uses 
whole bacteria to perform useful func­
tions, such as chemically changing 
minerals for easy mining, or for pro­
ducing specific hydrocarbons for in­
dustrial use. In all these applications, 
the high specificity and efficiency of 
biological enzymes are used to cata­
lyze reactions and increase output by 
thousands of times or more. This is 
equivalent, quantitatively, to the rev­
olution in energy production by fu­
sion, or the revolution in manufactur­

ing by laser-based machine tools. 
Biotechnology, a term in use for 

about 15 years, has come under attack 
recently from zero-growth environ­
mentalists like Jeremy Rifkin (see 
Books, p. 58] who see such advances 
in man's control over nature as "tam­
pering" with human life and genetics. 
It is no coincidence that it is exactly the 
ongoing breakthroughs in biotechnol­
ogy that will enable us to "leapfrog" 
over the current biological and agri­
cultural devastation worsening under 
the world depression and to create 
global economic growth on a higher 
level than ever before possible. 

Consider the example of malaria. 
In the early 1960s, malaria was de­

clining worldwide, as a result of con­
certed efforts at mosquito eradication 
and the development of water supply 
and sanitation infrastructure. How­
ever, after the the United States banned 
the production of DDT in 1972 and the 
World Bank, the World Health Orga­
nization, and other such agencies cur­
tailed water development projects in 

A technician at the Alfacell biotech­
nology laboratory explains the labora­
tory production of biological products 
to FEF staff members John Grauerholz 
and Marcia Merry Pepper. 

the name of austerity, malaria has in­
creased to major proportions. In Afri­
ca today, 160 million people out of 480 
million are stricken with the debilitat­
ing disease. And leading entomologist 
Dr. J. Cordon Edwards has predicted 
that malaria may soon appear in Cali­
fornia, carried by mosquitoes that will 
acquire it from Pakistani farmworkers, 
in whose home country malaria is on 
the rise. 

Biotechnology could transform this 
disastrous situation. Researchers at 
New York University are developing 
an antimalaria vaccine, which they 
predict is just three years or less away 
from completion. Production meth­
ods based on biotechnology can then 
mass-produce the vaccine, providing 
the possibility of stopping the spread 
of the disease and perhaps eliminating 
it. 

Food Production 
Biotechnology can play a major role 

in world food production itself, if it is 
focused on increasing real food pro­
duction rather than developing so-
called hardy, low-yield plants and ani­
mals adaptable to subsistence farming 
on unimproved land, as is the current 
emphasis by the World Bank, etal. 

The current situation is alarming. In 
the last 10 years of economic depres­
sion, rates of food output in many na­
tions have declined, including major 
countries that were once food export­
ers like Mexico and Nigeria. In Africa 
in the last five years, food production 
has declined by a full 10 percent. Un­
der the current drought conditions 
now afflicting almost every region, 
500,000 people are expected to die from 
starvation this year. 

If the political decision were made 
to reverse the austerity policies creat­
ing these conditions—as called for by 
many wo rid leaders at the June confer­
ence in Belgrade of the United Nations 
Conference on Trade and Develop­
ment (UNCTAD)—the applications of 
biotechnology in farming and animal 
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husbandry wou ld enable fast strides in 
restoring and exceeding agricultural 
output around the globe. 

Much of the scientific work in bio­
technology takes place in private com­
panies and scientific laboratories, and 
close to 150 new companies have 
formed in the past two years. Perhaps 
the most well known is Genentech in 
California, which last fall began mar­
keting human insulin produced from 
bacteria. The distinguishing feature of 
these companies is not size or fame, 
but a certain f lexibil i ty, which enables 
them to concentrate on areas that are 
not easily accommodated in large ac­
ademic or industrial concerns. 

Profile of a Biotech Firm 
A new company in New Jersey, Al-

facell, is a good example of such flexi­
bil ity. The company grew out of a 13-
year effort of scientists to develop a 
substance that retards cancerous tu ­
mors. In order to fund their research, 
they pooled their talents and founded 
Alfacell in September 1981. In January 
1983 the company went public, and will 
offer 450 biological products, f rom di­
agnostics to custom-designed re­
search chemicals. The company stock 
is now traded on NASDAQ. 

Because of its small size, its high lev­
el of the scientific staff, and its ad­
vanced equipment, Alfacell has the 
flexibil i ty to provide most products on 
24-hour notice. Alfacell's special ad­
vantage is its proximity to supplies of 
fresh animal b lood , enabling it to pro­
vide research institutions and hospi­
tals wi th sera for special needs. 

Alfacell's research activity is cen­
tered on a nonspecific tumor toxic 
agent (NSTT). This material is derived 
f rom animal cells and has produced 
destruction of a number of benign and 
malignant tumors in animals. Present 
work in this area is directed to the pu­
rification and identif ication of the ac­
tive port ion of the substance. 

Dr. Emil Szebenyi, president of Al­
facell, began research on the anti­
tumor agent in 1971 wi th Ms. Kuslima 
Shogen, then a graduate student at 
Fairleigh Dickinson University and now 
vice president of Alfacell. Szebenyi was 
then chairman of the biology depart­
ment of Fairleigh Dickinson Universi­
ty, a posit ion he reached by a circui­
tous path f rom his native Hungary, 
where he had gained an international 

Biotechnology 

reputation in the fields of animal ge­
netics and embryology. In addit ion to 
Szebenyi and Shogen, a group of con­
sultants in pharmacology and medi­
cine works wi th the company. 

Exemplary of the advantages of a 
smaller biotechnological operation is 
the association of scientists, like Sze­
benyi and his network of collabora­
tors, in a setting that minimizes admin­
istrative and other distractions associ­
ated wi th large academic and commer-

Scanning electron micro­
graph of rat tumor cells being 
fused with normal mouse cells 
to form hybridomas (hybrid 
cells), which are used to pro­
duce monoclonal antibodies. 
The fused cell lives and repro­
duces indefinitely, like the 
original tumor cell; however, 
it also produces the specific 
antibodies characteristic of 
the original normal mouse 
cell. Therefore, this tech­
nique can provide large quan­
tities of specific antibodies 
cheaply in the laboratory. 

cial organizations. In this situation a 
greater amount of t ime is available for 
creative scientific work. The existence 
of such companies, however, is de­
pendent on the cont inued existence 
of a large industrial and research infra­
structure for them to service, as well 
as on the commitment to develop the 
Third Wor ld , to which the products of 
biotechnology can make a unique 
contr ibut ion. 

—John Grauerholz, M.D. 
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Books 

Return to the Caves: 
Jeremy Rifkin's Algeny 

Algeny 
by Jeremy Rifkin 
New York: The Viking Press 
1983, $14.75 

"Cosmologies are our way of con­
vincing ourselves that there is no vo id , 
no unimaginable, unthinkable abyss 
beyond our reach to which we wi l l 
never be privy and which can never be 
brought under our domestication. Our 
cosmologies relieve our great sense of 
apprehension about what truly lies out 
there. They assure us that the wor ld 
does indeed make sense and that it can 
be understood in the same terms that 
we understand i t . " 

ANFEFSUOESHOW 

DIRECTED 
ENERGY 
BEAMS 
A Weapon For Peace 
Recent scientific and engineering breakthroughs 
make possible the development of antiballistic 
missile directed energy beams—lasers, X-rays, 
and particle beams—capable of destroying ICBMs 
in flight. Defensive beam weapons can end the 
threat of nuclear holocaust. 

30 color slides from the U.S. Defense Depart­
ment, the Army Ballistic Missile Defense Com­
mand, NASA, Fusion, and more. Script included. 

Also available: 

The World Needs More People 
A set of 30 color slides of charts, graphs, bar diagrams 

and maps showing world and regional population densities 
ot today and past epochs. The material illustrates the concept 
of expanding energy as the necessary basis for growth in 
population potential. The slides are designed for teaching; 
notes and recommended sequences of presentation are in­
cluded. Each set is S50 postpaid ($40 for FEF members). 

$50 postpaid ($40 for FEF members) 
Order now from 

The Fusion Energy Foundation 
Send check or money order to FEF Slide Show, 
Box 1438, Radio City Station, N.Y., N.Y. 10101 
Or phone (212) 247-8439. 
Visa, MasterCard, and Diners accepted. 

This quote appears in the last chap­
ter of Jeremy Rifkin's latest attack on 
science and progress, Algeny. The tit le 
is a recently coined word that he de­
rives f rom "alchemy" by replacing the 
reference to chemistry w i th the wo rd 
"gene," and is in line wi th the central 
theme of Rifkin's book: Recent ad­
vances in biotechnology, Rifkin says, 
such as genetic recombinant tech­
niques, are leading us into the same 
mystical madness as the medieval 
alchemists who were preoccupied with 
transforming elements into gold. 

A Radical Malthusian 

Rifkin's latest attack on. technology 
should come as no surprise to those 
familiar w i th his career as a "radical." 
A f te r t ra in ingat theWhar ton School of 
Economics, Rifkin began work ing wi th 
the Institute for Policy Studies, the 
supporter of many prototerrorist en­
vironmentalist groups. He is now con­
sulting w i th the Club of Rome on re­
wr i t ing the Book of Genesis to con­
form to the Malthusian view of man. In 
addit ion to the book Entropy, Rifkin 
has authored The Emerging Order: God 
in an Age of Scarcity, both of which 
boldly put forward an extreme version 
of zero growth. Most recently, Rifkin 
drafted a national call to end genetic 
engineering applications to human 
beings, which was then endorsed by 
64 clergymen. 

It is amusing that in Algeny Rifkin 
comes to the conclusion that the cor­
rect scientific perspective is to ac­
knowledge that the great majority of 
physical reality is an "unknowable 
vo id , " a mystical agnostic posit ion if 

AUTHORS WANTED BY 
NEW YORK PUBLISHER 

Leading subsidy book publisher seeks manuscripts 
of all types: fiction, non-fiction, poetry, scholarly 
and juvenile works, etc. New authors welcomed. 
Send for free, illustrated 40-page brochure H-7H 
Vantage Press, 516 W. 34 St., New York, N.Y. 10001 

ALGENY 
will radically transform 
our conception of life 

ALGENY 
will sweep Darwinism aside and be used to 
legitimize the coming biological revolution 

ALGENY 
will utterly change the world 

our children inherit 

JEREMY RIFKIN 
Auihortf ENTROPY 

there ever was one ! From his own 
mystical perspective, Rifkin argues that 
we must put an immediate halt to the 
development of biotechnology be­
cause it wi l l destroy a nature which we 
can never really comprehend or im­
prove upon. 

Rifkin's long, w ind ing , and twisted 
argument begins by announcing that 
the first phase of human civilization is 
now ending, what he terms the Age of 
Pyrotechnology. This is the era starting 
wi th man's discovery of fire and char­
acterized by man using up the wor ld 's 
wood , coal, and now oi l . Man has been 
" the wily and ingenious scavenger of 
history," feeding on and now using up 
the stored energy of the past like par­
asites. "The end of the age of fossil 
fuels presages the end of the Industrial 
Age that had been molded f rom i t ." 
Rifkin conveniently ignores the cur­
rently available fission nuclear energy 
and the potential for near-term devel­
opment of fusion, a virtually unl imited 
source of " f i re" for "pyrotechnology"! 

Rifkin then moans that now that 
mankind has raped the earth of its 
stored energy, he wi l l turn his destruc­
tive forces toward the living species, 
attempting to exploit them to cont inue 
his satanic quest for immortal i ty and 
security. Rifkin's main blunder here is 
to assume that man's capacity for rad­
ically altering life forms is something 
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new. In fact, it was precisely man's 
ability to transform grasses into effi­
ciently grown edible grains that made 
farming possible in the first place, 
which was the backbone of the neo­
lithic revolut ion and the first major in­
crease in human populat ion density, 
the ultimate measure of the advance­
ment of civil izations. 

Thus the two major pillars of Rif kin's 
argument—that we are running out of 
energy for the Industrial Age, and that 
this wi l l be replaced by something new 
and foreign, the manipulation of spe­
cies—both crumble to dust. 

Rifkin then spends several hundred 
bor ing pages "prov ing" that Darwin 
was wrong because first, he was a re­
ductionist (what else is new), and sec­
o n d , because he was only expressing 
the colonialist mentality of the British 
Empire as "survival of the strongest" as 
a way of justifying economic exploita­
t ion (again, what else is new). 

However, Rifkin again blunders 
when he identifies reductionist biolo­
gy as a product of the Industrial Age 
itself. The line of scientific investiga­
t ion that gave rise to the industrial rev­
olut ion is precisely antireductionist, 
f rom Plato's Timaeus through Cusa, 
Kepler, Leibniz, and Riemann, all of 
w h o m w o u l d have laughed at Darwin's 
backward simplemindedness. Like­
wise, Rifkin characterizes the new re­

placement for Darwinism as the " f ie ld , 
rhythm, process" approach, a bowd­
lerization of the cont inuum physics of 
the Riemann tendency. However, he 
then goes beyond bowdlerization and 
identifies the cont inuum approach 
wi th cybernetics, information pro­
cessing, and computer programs, and 
takes as the cultural equivalent the 
playing of video games. 

Having equated the Riemann school 
wi th cybernetics, Rifkin then proceeds 
to attack the new tendency of cont in­
uing scientific advancement in bio­
technology as politically fascist, a con­
t inuation of the eugenics movement 
f rom earlier this century: "If diabetes, 
sickle cell anemia, and cancer are to 
be cured by altering the genetic make­
up of an individual, why not proceed 
to other 'disorders': myopia, color 
blindness, left-handedness? Indeed, 
what is to preclude society f rom decid­
ing that a certain skin color is a disor­
der? Is guaranteeing our health worth 
trading away our humanity?" Perhaps 
Rifkin intends, therefore, that we 
should pass laws forb idding surgeons 
f rom using scalpels, because they just 
might possibly decide to cut the pa­
tient's throat in the middle of an op­
erat ion. 

What kind of mentality produces this 
pessimistic and warped vision of hu­
manity? Listen to Rifkin: "Our monu-

SUPERGROWTH STOCKS FOR THE 1980s 

THE HIGH-TECH 
NEW ISSUES ADVISORY 

The high technology new issues market is teeming with 'ground floor' invest­
ment opportunities in high growth stocks for 1983-4 and beyond in such bur­
geoning fields as medical devices, genetically-engineered drugs, computers 
and computer peripherals, computer services & software, data- and telecom­
munications, robotics, laser technology, electronics, and aerospace. 

While every stock cannot be a superstar, the High-Tech New Issues Advisory 
can guide you to those companies showing great profit potential, many of 
which could achieve supergrowth during the 1980s. Each monthly issue offers 
clear profiles, financial information, and ongoing progress reports. 

The premier edition profiles 24 new public high-tech corporations. Annual 
subscription is $150.00, which includes special high-tech reports useful to all 
investors. A sample issue is available for $25.00. Money back if not satisfied. 

VISA/MASTERCARD ORDERS: Please call 215-732-5350. (9 AM-4 PM Eastern 
Time.) Or send checks payable to: 

AMERICAN INVESTOR INC. 
1627 Spruce Street, Philadelphia, PA 19103 

EIR 
was right 
about the 1980s 
depression. 

All the other 
forecasters 

were 
dead wrong. 

For thirteen quarters since 1979, Execu­
tive Intelligence Review has published 
summaries of the LaRouche-Riemann 
model's quarterly forecast of the U.S. 
economy. We warned that if Paul 
Volcker's high-interest rate policies 
continued, the U.S. economy would 
slide through two dips into the worst 
world depression in modern history. 
Every other econometric forecast, 
government and private, predicted an 
"upturn." 

EIR was consistently right; the Brand X 

forecasters were consistently absurd. 
That's the standpoint from which our 
independent worldwide intelligence 
gathering network works. And that's 
why we have been right about a lot of 
things where all the media have been 
wrong. 

EIR 
3 months $125 
6 months 225 
lyear 396 

• Please send me a brochure on EIR. 
• I would like to be contacted by a 

sales representative. 

Name 

Company 

Address 

State/Zip 

Telephone 
Executive Intelligence Review, 304 W. 58th 
St., 5th Floor, New York, N.Y. 10019. For more 
information call (212) 247-8820; in Washing­
ton, (202) 223-8300. 
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merits, our edifices, our inventions are 
things that have passed. Everything we 
leave can only be a corpse; some re­
mains of what was once a possibility 
and is now an aftermath, a finality. 
What is alive is in the next moment ; 
what is dead is the last moment. Im­
mortality can exist only in what is po­
tential, not in what has already been. 
What lives forever is the potential we 

left behind, the great possibilities we 
chose not to squander. For mil lennia 
we left a legacy of death, when in fact 
the only l iving legacy that we can ever 
leave is the endowment we never 
touched. Our presence in the future 
wi l l not be felt by what we spent but 
by what we left unspent." 

This is the statement of a poor soul 
who believes that everything he 
touches turns to excrement. Unfor tu­
nately, this kind of thing becomes a 
self-fulf i l l ing prophesy. Even more un­
fortunate, Rifkin appears to have con­
vinced a section of the U.S. fundamen­
talist Christians—specifically around 
the "Praise the Lord" television show, 
which has promoted him and his 
book—that this is a good th ing. 

—Ned Rosinsky, M.D. 

Contributions to the FEF 
are tax deductible! 

From Kitty Hawk to Cape Canaveral 
in just 80 years! 
In just an eighty-year span, humans have learned to 
fly, placed men on the Moon, built supersonic air­
craft, established satellite-based global weather and 
communications systems and successfully launched 
and returned an Earth-to-space transport. 

Encouraging and aiding this phenomenal prog­
ress over the past 53 years has been the American 
Institute of Aeronautics and Astronautics and its 
flagship publication, Astronautics & Aeronautics. 

Therefore, we're pleased and 
proud to announce that, effective 
with the January 1984 issue, Astro­
nautics & Aeronautics will become 
AEROSPACE AMERICA with a 
completely revised format and 
redesigned graphics and an ex­
panded and improved editorial 
coverage and content. 

An enlarged editorial staff will 
keep you informed about: 
• New d e v e l o p m e n t s a n d 
emerging technologies in aero­
space, here and worldwide. 

• The technical background to critical 
aerospace issues. 
• The trends in aerospace technology that 
point out where the field is headed. 
• Design, electronics and commercial and 
defense applications. 

What's more, articles will be easier to read but tell 
you more because they will be more concise and to 
the point and make greater use of charts, graphs, 

photographs, and illustrations. 
What this adds up to is a whole 

new approach to serving the 
aerospace field. 

So take this opportunity to 
become a Charter Subscriber 
to AEROSPACE AMERICA. We 
will reserve a subscription in 
your name at our low charter 
rate of $51 ($58 for International 
subscribers). Please write to 
AEROSPACE AMERICA, Attn. 
C. Ohrbach, Circulation, 1633 
Broadway, N.Y., N.Y. 10019. 
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Letters 
Continued from page 8 
Tannenbaum], there is an error in the 
Figure 10 on the distributive law, where 
the square labeled BC should be la­
beled AC. This mistake is due to the 
fact that the figures are too close to­
gether. 

Michael DiMarco 
Burl ington, N.J. 

The Editor Replies 

You are quite right. A corrected ver­
sion of the figure appears here. 
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NASA's Space Telescope 
Continued from page 52 
hole in the primary mirror to a focal 
plane, where the focused image will 
appear. Scientific instruments that 
are in the focal plane will then cap­
ture the light and process it to find 
out different kinds of information. 

The information processed by the 
five scientific instruments will be 
converted to electronic signals that 
will be sent back to the scientists 
waiting on Earth. A special institute 
has been established in Maryland at 
the j.ohns Hopkins University to give 
scientists from all over the world ac­
cess to the new data Space Tele­
scope will provide. One of the sci­
entific instruments was donated by 
the European Space Agency, and the 
other four were made in the United 
States. 

The wide-field planetary camera 
will produce images from the outer 

planets of comparable quality to 
those sent back by Voyager. Each im­
age is made up of 640,000 separate 
picture elements, which are trans­
mitted to Earth and are assembled 
into pictures. 

The faint object spectrograph will 
take the beam of light that has been 
collected and focused by the mirrors 
and break it down into the different 
colors of light and also ultraviolet 
light. From the amount of light in 
each wavelength or color, this in­
strument will tell scientists what 
chemicals make up the object, how 
hot or cold it is, whether it is dense 
or rarified, and how much energy is 
in the material. 

The high resolution spectrograph 
will look at the ultraviolet radiation 
from objects; this radiation other­
wise never reaches the Earth. This 
information will reveal the detailed 
chemical composition of heavenly 
bodies and detect objects 1,000 times 
dimmer than those observed by pre­
vious spacecraft. 

The high-speed photometer will 
measure the total light emitted from 
the object by recording the number 
of photons, or particles of light, that 
hit the telescope's mirror. This in­
strument will be able to measure very 
quick changes in brightness of ob­
jects and will look at pulsating ob­
jects. 

Finally, the faint object camera, 
built by the European Space Agency, 
will detect very faint stars. It will col­
lect data from a star that the Space 

Telescope might have to fix on for 
up to 10 hours in order to collect 
enough light so we can see it. We 
will discover many objects that may 
actually be quite bright, but look very 
faint to us on Earth because they are 
so far away. 

The Space Telescope will be ser­
viced in space by astronauts from the 
Space Shuttle, and it will be outfitted 
with the latest, improved scientific 
instruments when they are ready. 

It wil l orbit the Earth for at least the 
next 10 years, and then can be 
brought back to Earth and refitted 
with new optical and other systems. 
It is the first permanent space facility 
in Earth orbit, and it will be a great 
step toward in all astronomical sci­
ences. In fact, scientists are expect­
ing the Space Telescope to launch a 
revolution in astronomy even great-
er'than the changes in man's think­
ing about the universe brought about 
by Galileo's first telescope. 
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R.V.R. BONANZA 

We are now offering, in addition to our huge discounts, one of 
the largest and most diversified selections of Astronomical 
Telescopes, Binoculars, and Accessories to be found anywhere. 
Such items as: Newtonian Reflectors from 4" to 121/?", Schmidt 
Cassegrains from 5" to 14", Maksutov Cassegrains from 90mm 
to 12", Refracting Telescopes from 2" to 12", Solar Prominence 
Telescopes (80 mm), Coelostat Telescopes (80 mm) completely 
motorized with remote control (for indoor viewing comfort). 
Plus Binoculars Galore — every size and style, including special 
Giant 6" Models — the absolute ultimate for comets and spec 
tacular wide-field observation. All binoculars are now available 
for immediate delivery. And last but not least — our superb line 
of hand-built telescope imports (very expensive and available 
only by special order)! For complete information send for our 
large assortment of illustrated literature, $2.50 U. S., $5.00 
foreign. Write or call 7 days a week till 8:30 p.m. We gladly 
accept VISA and Master Card orders Foreign orders also our 
specialty. 

R.V.R. OPTICAL, P. O. Box 62 

Eastchester, NY 10709, (914) 337-4085 
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Viewpoint 
Continued from page 8 
the development of the country's in­
dustry and nuclear engineering capa­
bil ity. National participation in Em­
balse's construction was as fol lows: 33 
percent of the engineering, 100 per­
cent of the civil construct ion, 95 per­
cent of the assembly, and 33 percent 
of the electromechanical supplies— 
figures that surpass by a significant 
percentage national participation in the 
construction of Argentina's first nucle­
ar plant, Atucha I. 

From the standpoint of energy gen­
eration alone, Embalse's importance is 
obvious. The country's nuclear electri­
cal power wi l l be increased to 935 me­
gawatts, and the new plant has the most 
powerful turbo group in the country. 
Wi th Embalse's coming on l ine, the 
participation of the nuclear sector in 
the country's installed capacity in­
creases to 7 percent, increasing the 
overall percentage of energy supplied 
f rom this vital sector. 

What Lies Ahead? 
O n the eve of a profound institu­

tional change [Argentina wi l l hold 
elections for the first t ime in 10 years 

in October 1983—ed.], which wil l un­
doubtedly culminate in a return of the 
Peronist movement to power, it is 
wor th analyzing the opportunit ies that 
wi l l open up for the nuclear sector. 
There is no question that the next Pe­
ronist government wi l l back the prog­
ress achieved in this area, given that it 
was General Peron who first laid the 
basis for the development of nuclear 
energy dur ing his first and second gov­
ernments (between 1945 and 1955). 

But we can also expect a variety of 
pressures aimed at freezing Argen­
tina's nuclear development over the 
next months. In addit ion to British In­
tell igence's intr igue around our al­
leged development of nuclear weap­
ons, we should also anticipate, given 
the climate of electoral agitation, some 
future action by nascent antinuclear 
organizations. It is hoped that Peron-
ism wi l l oppose this pincers move­
ment wi th a wil l to make the nuclear 
sector the cornerstone of a true Argen­
t ine recovery, at the same t ime placing 
this achievement at the service of a 
cause in which it has been a pioneer: 
Latin American integration in the con­
text of a more just international order. 
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The Bowl of Night 
A HAND­

CRAFTED THREE 
DIMENSIONAL 

PLANISPHERE FOR 
VIEWING THE 

NIGHT SKY 

GREAT FOR 
GRADS & DADS 

The B O W L OF N I G H T " is a desk lop planisphere. I ha! solves the ancient problem of 
accurately representing the night sky The vault of the heavens is more obvious than 
on any flat sky map. Skywatching is fun when you can understand how celestial 
objects move By turning the opaque horizon hemisphere inside the blue bowl of 
stars, you can display the night sky for any hour of the night, any time of year. 
The B O W L O F N I G H T " comes with an instruction pamphlet and is 141?" in 
diameter, made by SPHERICAL C O N C E P T S , INC , the exclusive licensed 
manufacturer and distributor of the original B O W L OF N I G H T " "Patent 
pending 

Another Hand crafted Creat ion of S p h e r i c a l C o n c e p t s , I n c o r p o r a t e d 941 
Parkview Drive King of Prussia, PA 19406 Telephone: 215:783027? Makers of 

Spheres of Influence* 

Climb Aboard! 
Don't let the next Space Shuttle launch 

Without YOU. 
Tired of searching through newspapers and magazines for 

articles on the Space Shuttle? Disappointed wi th their shrinking 
coverage of each flight? 

An alternative now exists: COUNTDOWN, a month ly 8-page 
report devoted entirely to t imely coverage of Space Shuttle 
developments. COUNTDOWN takes you aboard for each mission 
wi th details of f l ight plans and 
schedules before launch and 
reviews and results after landing 

FREE trial issue wi th a paid 
subscription. If you are not 
completely satisfied after receiv­
ing the free issue, your money 
wi l l be refunded in fu l l . 

SAVE w i th this special offer 
of only $12 for 12 issues wi th a 
paid subscription—a savings of 
$3 over the regular subscription 
pr ice-p lus the addit ional free 
issue. 

COUNTDOWN is ready to 
take you aboard the next 
mission of the Space Shuttle— 
and every mission of the 
Shuttle! 

Subscription address: F 

COUNTDOWN 
Main Stage Publications Inc. 

P.O. Box 216 
Athens, Ohio 45701 

Enclosed is a check or money order for 
$12 for 12 monthly issues of COUNT­
DOWN, plus a free trial issue. 1 will 
receive a full refund if not completely 
satisfied with the trial issue! 
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In This Issue 
From the spheromak fusion device at Los Alamos National Laboratory to the Gekko XII laser at Osaka 
University's Institute of Laser Engineering in Japan, the impressive results of the latest fusion experiments 
demonstrate that the cheap, clean energy from fusion power is close at hand—if there is the political 
wi l l to get the job done. 
• This issue's cover story by Charles B. Stevens describes in detail the advances made by self-sustaining 
magnetic fusion devices at Los Alamos. The question is, wil l the U.S. fusion program be funded at a high 
enough level to continue the scientific and experimental achievements? 
• The Fusion Report is a first-hand account by editor-in-chief Steven Bardwell of how the Japanese laser 
fusion program is aggressively and successfully pursuing promising lines of research that are classified 
in the United States. As Bardwell notes, the United States no longer has a monopoly on laser fusion; the 
Japanese, with the largest research budget and the largest laser, are surging ahead. 
• In a related area, the development of the X-ray laser as a defensive weapon, the same situation exists. 
Our article on the X-ray laser shows that the science and technology are ready now to perfect this 
directed energy beam weapon. But to achieve a defensive system that can prevent nuclear missiles from 
exploding will require a national commitment similar to that of the Manhattan Project. 
• The development of both fusion and the X-ray laser wil l usher in a technological revolution greater 
than that caused by the introduction of electricity at the close of the 19th century. This issue features the 
little-known story of the man responsible for making that first revolution happen, Thomas Alva Edison. 
As told by Michael Tobin, Edison waged a 10-year battle against the technology doubters of his day to 
establish the centralized electric power stations that provided the power for industrial growth worldwide. 

Steven Bardwell 

(Right) Dr. Chiyoe Yamanaka, head of the 
Institute of Laser Engineering at Osaka Uni­
versity, briefs the Japanese press May 10, 
1983 at the dedication of the CEKKO XII glass 
laser, the most powerful laser in the world. 

(Below) Thomas Edison with his early phon­
ograph, June 1878, photographed by Ma-
thew Brady in Washington, D.C. where 
Edison demonstrated the new device to the 
White House. 

In this design by the Fusion Energy Foun­
dation, X-rays from a bomb blast are focused 
by a set of ellipsoidal cavities (a). Using 
multilayered K-alpha dielectric mirrors, these 
cavities focus all the X-rays from the spher­
ically symmetric explosion on to the ends 
of the lasing rods. These rods use a conical 
assembly of lasing material to further focus 
the plasma produced by the X-rays along the 
axis of the rod (b). The lasing medium is 
embedded in a heavy metal tamper, which 
provides mechanical stability as well as an 
inertial focusing of the lasing medium (c). 
In addition, a very intense photoelectric cur­
rent generated by the X-rays in the lasing 
material confines and focuses the X-ray pro­
ducing plasma. 


