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ABSTRACT

I£ i3 .generally agrecd that the effort to create thermonuclear fusion
’pcwe'r reactors which will produce more elcctric power than they consume via
conventional appxméhe's will probably succeed sometime around 1980. In this
paper, vwe briefly examine the possibility that less conventional approaches,
exploiting receat technological advances, may attain this goal more rapidly.
“Four exemples of such approaches are presented, ranging in degrees of
unconventionzlity from magnetically confined, laser-heated plasmas to laser-
initiated fusion wmicroexplosions.

-~ I% is noted that the intense Soviet-American competition in the fusion
microexplosion field may be expected to produce s breskeven-level experiment »
in the next 2l months, and that net energy-producing systems may be confidently
i‘oreseen. . :

: Some of the implications of cheap, clean, inexhaustable electrical
energy from fusion for various sectors of husan endcavor are briefly surveyed,
and the cost-benefit ratio of CTR research noted.



PROSPHCTS FOR UNCONVENTIONAL APPROACHES TO CONTROLLED Fi3ION®

Lovell Hood* and John Nuckolls
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Very soon after it .wls realized, in the 19308, that thermonuclear
fusion of the light elements vas the dominant mode of energy generation
in stars, scientists b»egan to wonder if and how light element fusion
might be «mployed as & terrestrial energy source. Thinking along these
lines dim'nished as energy-generating, neutron-chaining fission of the
heavy elcnents was discovered and exploited in the late 30s and LOs.
Howcver, Lhe success of Teller and his collaborators in initiating.very
large relcases of fusion energy éxplosively generated extreme interest
and very great optimism in the eu'l'y S50z with respect to thermonuclear
pover plants--the light elements seewmed very combustible in a thermo-
nuclear scnse, burned to very clean "ash", relative to the products of ;
fission of the heavy elements, and vere cheaply and inexhaustibly avaihble. -,

Unlike fission fuel, however, fusion fuel burns well only at tempern- o
tures of the order of many 10's of millions of degrees Contigrsda, far highir'
temperaturcs than any material container can endure. Teller and his collab-
orators circumvented the container problem by using a fission explosion to ‘
fnitiate burn in fusion fuel confined by its own inertia. Even though the
pressures in such burning fusion fuel are cnormously high--many nLiliom
of times higher than atmospheric pressure-~-the fuel iz made to buz;h 80
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of the Lavrence Livermore Laboratory, the Univerait.y of California, or the
Atomic Energy Commission.

t Also vith the Dept. of Applied Science, University of Culiforn:ln, Davig-
Livermore anic the Institute of Geophysics and Planetary Physics, UCLA.
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rapidiy that it cannot fly apart before some reasonable fraction of it reacts
and releases fusion energy. _

Those who commenced the effort Lo harness the hydrogen bomb in power
plants were confronted with two basic problems, whose seriousness was
incorractly gauged: they could not use fission bombs to initiate the
thermonuclear energy release, for both scale and economic considerations,
and ihey could not contain their fusion fuel by its own inertia while it
burned, again for scale reasons.

They thereupon took note of the fact that fusion fuel at thermonuclear
bura temperatures was essentially a completély ionized gas—a fully ionized
plasma—and would therefore interact strongly with electric, magnetic, and
electromagnetic fields. The basic approach that then developed was to heat
fusion fuel with very strong magnetic fields; the currents used for heating
the plasma and for generating the confining magn:tic fields were to be
delivered by Enpacitor banks, which were then the highest power energy sources
known, other than chemical and nuhlgar explosives, After several years of
- classified research, in which it was discovered that fusion fuel plasmas became
very difficult to heat by passage of currents through them at temperatures
far below thermonuclear burn temperatures, and that they furthermore vere
very tricky to contain in magnetic bottles, the controlled fusion effort was
declassified in the late 1950s and becamc known in this country as Project
Shexrwood. Nearly a decade and a half of very clever and arduous effort has
followed, with steady success in learning how to heat and confine fusion plasmas-
at usefully high temperatures for interestingly long periods. The effort is
still a considerable distance from its goal of producing more fusion energy
than electrical energy consumed, -however. The history, current status and
prospects for the "conventional” controlled fusion effort are well-known,
though, and will not be discussed further here.
The Naturé of Unconventionality . .

° Rather, we discuss some of the lesscr known, unconventional approaches
to the controlled fusion problem. Such approaches tend to be unconventional
in several respects: their histories are short, their origins are from outside
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the Sherwood community, their sources of finapcial support, while oftnn "
substantial, are usually not from the AEC CTR program, and indeed are often
private in nature, their thermonuclear plasmas are usually not magnetically
confined, and they rely heavily on technology of relatively very recent advent. :‘
Incidentally, that private capital is currently pouring into the unconventional f“
CTR field on the multi-million dollar scale can presumably be taken to‘ihdiratcly
eitner that fools and their money may be parted much more readily tédny rhnq -
in the recent past, or that the light of prbmise is burning relatively itrdng

in these areas. Either conclusion is remarkable, but the latier seems more :
likely, a priori. .

A caveat implicit in unconventionality should be raised rery clenrly. .
short history necessarily implies relatively little experimental evaluation"
of the concepts and schemes involved., The richness and complexity of nlturll
phenomena are such that a priori projections based on careful Analytic calcull-'
tions and even very nophisticated computer experiments are far from 1nia111b1e,
a lesson that experience has driven home particularly hard in recent p]asnn
physics research.

The recently flowered technologies which unconventional approaches are
attempting to exploit are ones such as digital computing systams and those
dealing with coherent slectromagnetic phenomena. Digital computers, for
instance, have increased in calculating speed by roughly a thouaand-fold over

the past decade, and even wmore striking gains seem probable in the near future.:y #

At the present time, for example, one of the most powerful computers at our 
Laboratory is capable of computing about as fast as could the entire adult -

population of our planet, if equippad with desk calculators; a computer with
ten tiwes greater calculating speed will he installed shortly. Such encrmous
computing capacity has enabled us, and otlers elsewhere, to conduct rather

new types of plasma physics experiments o1 such digital computers, in vhich the
behavior of interacting mass and energy is sinulated in extreme detail and
great complexity, by generating very accurare solutions of the governing ‘
squations of physics. With such extraordinarily powerful tools, we caa conduct-;
in an evening "experiments” which, if 'actually executed in the Laboratory, might
take years and millions of dollars. The trick, of course, is to make certain

.
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fha:fthé'?éiberiment" as done on the compu:ér gives essentially the same
‘:resnlts;aﬁgﬁpuld the acrual experiment if done in the laboratory. In the case
of tﬁosédéteés of plasma ph&sics dealing with nuclear explosives, our Laboratory
 ihas had a. great deal of a2xperience in dealing with this crucial problem. Plasma
_-physicists everywhere are turning to digital computer simulation to rapidly
‘1zincreasing extents for guidance in performing and understandlng laboratory -

\_;éxperinents. This has been the case to an especially great extent with the
'unconventional fusion approaches.

Coherent electromagnetic phenomena, particularly as exemplified in lasers
_and superconductors, have become of very considerable technological significance
"in the‘lastyﬁalf-decade or so. Pulsed 1asers have increased over a million—fold
in ehergy output and over a trillion-fold in peak power since their advent
about a decade ago, and can now create in the laboratory energy densities and
renpérntures-roughly comparable to those found in the centers of stars and nuclear
quplorivés, and far greater than could formerly be realized on earth without
-the ﬁsq of nuclear explosives. Tﬁe_magﬁetic fieid energy densities which could .
be -renteﬁ,énd sustained by superconduétors-havé increased about a hundred-fold
in the last decade. In another particularly notable development, superconducting
walled containers have recently been made t6 store microwaves—long wavelength
"analogs of visible light—for times greater than a minute, with intensities a
billion-fold greater than that of sunlight. Such systems are essentially
perfect containers for bottled light, but light with an intensity so great
that it woulJ almost instantly eéxplode any ordinary matter on which it was
incident.; The last few years have also seen the advent of enormous relativistic
electron beam generators, which project relatively dense columns of electrons
'at'ﬁgariy the speed of light, using peak powers of the order of that of a
hundred rhunderbolts--more than 10 times gréater than the total steady-state
power-;enerating capacity of all human machinery taken together., Using
focussed bean- of high frequency electromagnetic radiation so intense that a
pertect vscuuu is barely a sufficiently good insulator with which to manipulate
thtqf these generators may be used to hurl javelins of electron gas (typically |
30 feet long and varying from an inch'to a foot in diameter) into matter,
proﬁﬁéing conditions found alwost uniquely in nuclear explosions.

) q



In the sequel, we will give 4 examples ‘of particularly promising(
unconventional approaches to controlled fusion, which exploit one or’ more

of these new technologies. o . PaRS

Microwave Confinement

Ensley and his collaborators at Power, Inc. are engaged in a, large

computational and experimental study of heating and containing thermonu ear

plasmas with resonantly applied, extremely high intensity microwave radiatio
In such an approach, a cylindrical (or toroidal) microwave cavity, eventually
with superconducting walls to contain the enormous microwave intensities which-
will be required in an efficient power plant, is partially filled with plasna;

which is held away from the cavity walls by a resonantly excited microwave _
field of the proper type. This radiation field is of such high intensity thatﬁ
it exerts a substantial pressure (perhaps a tenth of atmospheric pressure)
on the very tenuous but extremely hot plasma, assertedly confining the plasma ':
in bulk, as well as its constituent'charged particles individually; the.plasna :
essentially acts as the inner wall of a very'high Q; rentrant cylindrical‘
waveguide, ' Varying the cavity excitation siightly appirently permits very
rapid heating of the plasma to optimum thermonuclear burn temperatures. With )
sufficiently intense confining fields and proper choicns of thermonuclear
fuels, there is also a possibility of directly convert ng a large fraction of
the thermonuclear emergy produced into electricity. A power-producing config-my}f
uration of this type would seemingly be able to rum stcady state, since tne"
confinement is relatively absolute and the confining fi~lds may be maintained
indefinitely. A schematic drawing of such a: system is rhown in Figure 1. o
This scheme, which relies heavily on advanced digital cimputing techniques jh
and technology for design guidance, and which very ingeniously exploitl the
new superconducting microwave cavity tech..ology, is prerentl-: entering the
experimental evaluation phase, ano definite results rcgurdinu ultinntc' B
feasibility are expected on time scales of n'vury few yvarl. It also - ,
happens to be one of the largest completely privatnly f inded CTRporientcd cffortlv

s

in thil country, '



i]Hagnetical;y Confined Laser—ﬂeated Plaqmas

Onc of the more signlficant problems factng the conventional CIR worker

'oﬁoting that the filling problem never ‘has been completely satisfactorily

”.;“solved, and is usually approached by creating some plasma or protoplasma outside

" the, bottle and then stuffing it in some sub—opcimal fashion, Kidder, Dawson,
rHertzberg, and their collaborators recently suggested the creation of a very large
:5quantity of ralher dense (n v 10" em™?), hot plasma inside a long slender
fnagnetic mirror configuration, to be produced by heating a droplet or solid _
.pellet of hvdrogen with a rather energetic’ laser pulse, as had already been done_
‘"at much lowez field intensities and sizes. The pellet of very dense, hot '
: plasma createﬂ by the laser pulse would initially expand very rapidly {in all
3_directions, until its transverse motion was effectively halted by the very intense,
;superconductor—generated (100 ~ 500 kilogauss) magnetic field of the very long

- .stabilized nirror ‘configuration; it would then stream preferentially down the
vaxis,of the dcvicc, being heated as it did so by another, enormously more energeric
: lnoer'pulse. ' For sufficiently energetic lasers (multi—megajoule pulses).and
sufficiently long magnetic mirror configurations (in excess of a mile long),
calculations . of a rather simple, and therefore reliable nature indicate that such
devices might produce net electrical energy. A schematic drawing of surch a
ly:ttn is -shown in Figure 2.

No dcfinite plans exist at the moment to construct such a system, but

rather extensin analytic and computational studies of its feasibility are
underway. This approach is presently awaiting the development of a long wave
length (30-300u), high efficiency, high energy pulsed laser, as well as further
‘dcvelopnentn in high field superconductors. Some serious theoretical qunstions .
_also remain to be resolved (e.g., the axial bcam propagation problem), It is ‘
- ttprclentative, &8 a scheme, of the contributions that high energy lasers and
raﬁidlj advancing supercondnctor technology‘can make to magnetic CTR systems
vhere the required quality of magnetic cnnfinement performance is lowered towaxd
.;ptllintly available technology.
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Implosions of Relativistic Beam-Prehested Fusion Fuel

Soviet workers are apparently making very substantial progress in pref‘
heating a cylindrical column of fusion fuel gas with a relativistic electron
beam, and then. convergently and adiabaticaliy compressing it to efficient .
burn conditions with a magnetically driven, molten metal wall. The preheating. -
electron beam is to be guided through the fuel gas by an axial magnetic - A
field, which also serves to keep the gas from cooling excessively by conduotion..d
to the surrounding, spinning molten lithium metal "wall"., The litnium Wall,‘ ’
centrifugally pressed against the inner surface of a long (approximately 300
feet in a power plant-sized system), large diameter (approximately 1 foot
for a power-producing system) theta pinch-like single turn coil, is suddenly
flung inward by a huge capacitor-driven current fired through the insuiated '
single turn ooil--the single turn coil-generated magnetic field acts to -
accelerate the lithium to inward-directed velocities of the order of ten miles
per second. Crushing down from all sides on the warm, magnetized fusion
fuel plasma, it compresses and thereby heatsiit to efficient burn temperatures
and densities; the relatively massive lithium shell acting to inertiaily.
confine the fusion fuel for awhile, despite the enormous pressures engendered
by the thermonuclear reactions. The system, as Presentlj designed, will be i
open at its two ends, s0 that it must have a certain minimum length té produce
a corresponding maximum confinement time similar to the last-mentioned
Dauson-Kidder-Hertzberg scheme. A schematic drawing of such a system is
shown in Figure 3. - ‘

Recent reports from the Soviet Union indicate that the molten 11thium )
wall has already been made to satisfacrorily implode about a factor of 30 _
in radius (or a thousand-fold in volume) in a scale model machine, which is
sufficient to drive a prehen*nd fusion plasma of approp...ie density to efficientl
burn conditions. Work remaining to be done’ to reach "breakeven with this f_
machine consists of demonstrating that the imploding wall gan actually. heat
and compress plasma at interesting densities, showing that a relativ1stic '
beam’ can fairly efficiently couple to and prerheat the cold fusion gas to
about 1 million degrees Centigrade, and increasing the machine size to useful
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di;cniions; vhich are rather large. Such progréss may apparently be expected

on\n time scale of less than 5 years. A simllar effort is underway in this

country at the Naval Research Laboratory. ' '
There may be substantial problems to be’ volved concerned with Taylor

"instnbility, the construction of a very large.electrical energy source, and

| switching of this electrical energy sufficichtly.rapidly. Alternative

relativistic electron beam-fusion schemes are under study at Livermore.

Laser Fusion .
We are particularly optimistic about the prospects for the Livermore

version of laser-fusion microexplosion CIR, invented by one of us (J.N.)

a decads ago. In this proposed scheme a tiny. spherical pellet of fusion fuel
(e.g. & droplet of liquid DT) is fabricated ultra~cheaply and dropped into a
vacuum chamber. A high power laser then combresses this pellet to fantasti=-
cally high densitiesQ—known to exist only in ﬁnusual stars—and to fusion
temperatures, producing an efficient thermonuclear microexﬁlosion. Cru-:ial
limitations involving entropy, stability, and'symmetry are overcome which

would otherwise make these nearly incredible compressions impossibla. Giga- _
watt-electric average power levels are achieved by burning about 100 pellets
per secord in as many as 10 explosion chambers. This scheme makes commercial’
fusion power plants feasible'with practical size lasers, such as probably will
be constructed within a few years. ‘ ' '

Historically, it was noted by several Livermore scientists shortly after

the invention of the laser that very short, focussed laser pulses potentially'
could produce space-time energy densities comparable to those known to be
necessary for fhe initiation of efficient thermonuclear explosions. In 1960-61
one of us (J.N.) carried out a compﬂter.simuiation study in which a laser
- compressed d drop of fusion fuel to super-high denéities and fusion temperatures _ 
for CTR application. At that time lasers Weré many orders of magnitude too -
small to make an experimental test of this idea, and it was then believed A
that conventional CTR schemes would succeed within a few years. About tl ree

years ggo, vheﬁ the requiréd lasers were appearing on the technological horizdn. ‘



we noted that conventional CTR schemes were still fatr from success and" th
thermonuclear explosions were the only successful means of prOdgefﬁét.rv
signific:nt amounts of fusion energy., We therefore decided thateth"
laser-initiated thermonuclear microexplosidn approach to'CTR nigh
most quickly and should be vigorously pursued. ' K

Detailed hand calculations and extensive computations on the world'
most powerful digital computing systems verified that such an approach was B
very promising, and that_thermonuclear microexplosions producing of the order‘
of ten pounds of high explosive-equivalent of energy (about 5 kilowatt—hours)
would be suitable for CTR purposes, An AFC-supported effort to experimentailyi
verify and exploit these predictions commenced rapidly, and has quadrupled in«
size to an annual funding level in excess of $10 million in the pant yoar._;_;
Cognizant members of Government are presently considering a further malor v
increase of effort for this coming year. _ ,

In order to make a commercial laser fusion power plant it 1is- neceqsary
to fabricate pellets costing less than a stick of bubble guni, and to compress :f

the pellets to densities greater than those in the solar «core,

Cheap pellets are essential because 10” joules of electrical energy are
worth roughly one cent, and most of this penny must be used to pay,the‘eapital
and operating costs of the power plant. In the Livermore scheme tne.pellet"‘
may be simply a droplet of DT (or DD) ejected from a sophisticated eye drOpper
and spherlzed by forces 1ntr1nsic to the droplet——sulface tension and :ﬁ

vxscosity--whlle freely falling 1n an evacuated shot tower. Flectrostati.

forces may also be utilized. The pellet may also be a hollow sphere of fus
fuel cheaply fabricated with sophisticated bubble pipes and shot towers.
Hellow pellets require lower peak, laser poweérs, and may Lf advantagequs“
for iong wavelength lasers (e.g. CO, C0z). .However, very thin- shellsﬁaf_‘
precluded by stability and symmetry requlrements ‘of the 1mplosion. Any
tritium burned in the pellets is regenerated by DD burn in the pellets and, ';
if necessary, in external lithium blankets, ‘as in conventional CTR._Hf §

. The erucial importance of compressing the fuel to very high den51t1es mav:

be readxly apprec1ated by noting that the length of time a burning spherical
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"‘bn fuel takes to fly apart and decompress several fold in volume

Erbgortional to its radius, but is independent of its density. " However,
thee time that'it’is required to burn soma specified fraction of the fusion

f' i sTinverseiy proportional to its’ densitx, or to the cube of the fuel

(for ‘a fixed fuel mass) The ratio of the fuel disassembly time to
the fuel burn time is clearly an index of the efficiency of fuel burn, nnd

H.thizyin turn is. seen to ‘be. proportional to the reciprocal of the gquared radius
“of. the given mass of fuel. Thus, reducing the radius of the fuel mass say,
"ften"fold by compression raises the efficiency of fuel burn by one~hundred
foldy- £
Ttmillion—fold smaller fuel mass than would be required for liquid demsity burn.
{ffObviously, if you only need to heat one-millionth the mass to ignition (since

for a constant, moderate burn efficiency it permits the use of a

. the .compression is almost "free", energetically speaking), you only need a ,
-,laser which is one-millionth as large for fuel burning of fixed efficiency,
\'an important practical consideration. Also, a CTR-directed explosion then
’~vproduces millitons of energy, rather than kilotons which 1s a considerable
’-convenience in a power plant, These relations and considerations are summarized
- dn Figure 4 and were developed by one of us (J.N.) ten years ago. Very
.A]substantial convergent compression of fusion fuel prior to ignition is thus

3»eseen to- be the key to the microexp1051on approach to CTR.

"'If Governmental support continues to increase strongly, we expect to be
able'to do "breakeven ~level fusion microexplosion experiments som:time
”;_during 1973 which will produce quantities of thermonuclear energy comparable
szto the inputted laser -energies. If these experiments are successful, and

VGovernment—supported high energy pulsed laser development continues to

3acce1erate at’ its present rate, a.laser fusion microexplosion system which would
produce net electrical energy could be operational sometime around 1975.

'The Soviet ‘Union also has a very large and V1gorous program in laser fusion,
1ed by Nobelist N. G. Basov, working along basxcally similar lines; some
reAnrning visitors suggest ‘that this effort may achieve "breakeven" during
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second (comparable to the rate in an automoﬁile internal comwbustion cngine);

and generate 100 - 1000 mepawatts of electricity. The simplest fqrn'of such

a plant would be one in which the thermonuciear microexplosion chawber and ’

its associated shielding merely functioned as a high temperature hent source

to energize the boiler of a conventional steam-thermal power plant. Such &
gystem is shown in Figure 5 and is cstimated to have a capital co-t comparable

to that of a fossil-fuel power plant ¢f similar capacity. A somewhat more - i,ﬁ

‘advanced system would take advantage of the possibility of directly convertin;

a substantial fraction of the explosion energy to electricity, by magnctohydro- :
dynamic procedures. One possible version of such a system is indicated in ’
Figure 6. Due to the eliminatfion of the steam plant gear, the Eapital cost of . -
such a direct conversion plant could be as low as one~third to sne-half that

of a conventional fossil-fuel plant of similar capacity, and might be
correspondingly more compact. In addition, its high grade waste héatvlighti
have considerable value. '

Somewhat larger versions of laser fusion power plants would also effectivnly
be able to burn pute deuterium fuel, using the small amount of tritium "ash"
produced in one microexplosion to catalyze the fuel burning in the next one,

50 to speak. Pure deuterium, extracted from the World Ocean as heavy wéter;
would be the only fuel input to such a plant. Such a plant operation would -
reduce the required power plant tritium inventory by more than 1000-fold
(relative to a comparably-sized DT-burning or nuclear fission plant),'woul&'
eliminate the need for lithium acquisition énd.handling except as possibiy
desirable for other purposes, and wouldpermit an arbitrafily rapid_startéups

of a CTR energy economy. Tritium inventoryirédnction to almost vaniéhingly'
small levels would presumably eliminate the last poss1b1e object:lon to urban
siting of such CIR power plants, which in turn would entail very subltantialf

further reductions in cost of electrlcity to the consumer, due to possible :

major simplications of the present cap1tal-1nten51ve electricity transmission

and distribution systems. '. Tyt

Exceedingly cheap, non-polluting and effectively inexhaustible elec icak

energy will find myriad applications, and may welllkindle_an Engrg“:‘
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innctiﬁ; human history comparably te the Industrial Revolution, for »ur
cleverness qé manipulating mass to our ends has increascd fsutaatically in the

last 200 years, and presently is suriousiy limited by the high cost of the

 required energy at most of the needed locations. One of the more immcdiate

and mundane of such applications will quite probably be the synthesis on a
huge scale of pipe gas and gasoline-surrogate to substitute for our rapidly

" dwindling supplies of natural gas and oil. Whether we go through a transition

phase in which synthetic "natural” gas and gasoline are formed from coal and
water, or go directly to water-derived hydrogen pipe gas and liquid hydrogen
fuel for portable prime wovers, e.g. car engines, very cheap, plentiful

_electricity will be the key. Any source of such electricity would suffice

' for such salvaging of tha large National investment in natural gas facilities
‘Jand petrochemically fueled portable prime movers, but direct conversion CTR
\1: the oaly visible candidate for such a role.

" Very high performance, high specific thrust rocket propulsion systems
B-sod on the use of fusion nicrocxp!osioné may some day carry men across the
Solar System in days, rather than the ycars which chemical or nuclear fission-

" heated propulsion systems would require. Expelling reaction wass at several

'percent of the speed of light itself with the same encrgies that make the stars
shine, such rockets may carry men in explorations of our cosmic neighborhood

- by the end of this century, and will rezpresenc the ultimate in such vehicles

at our present stage of scientific and technological development.

Conclusion , . ,
The above examples are offered in general support of the assertion that
the oldest CTR approaches are not necessarily the omes which will most quickly

. 1lead to "breakeven" levels of fusion enerpgy production, or to the first CIR
power plentgx Newer approaches, exploiting some of the more recent fruits of

the scientific-technological revolution still underway, though rélatively
uatried; will apparently constitute justifiably strong competition with more

 venerable CTR schemes in the impending and highly appropriate expansion
. of the Goverumental CTR program. )
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kﬁ unergy is the lifeblood of modern civilization, and cheap, inexhauitib;q.
salubrious electrical energy is the cornerstone of a high material quality of
life, we view with deep concern the probahie effective exhaustion of petroleum-.
encrgy resources by the end of this century, and the damaging effects on the
physical environment of wasting to the utnoﬁphere nnd oceahs a billion ycars
accumulation of petrochemicals in a few decades. Enlightened self—;ntcrest.
let alonc concern for the wclfare and good opinion of posterity, demand a
continual, strong acceleration of Government support for the dcvnlop-ﬂnt of
indisputably clean, cheap and inexhaustible energy sources, of which CIR is
a pre-eminent example. Expenditures of the order of 1% of the Federal budget
could easily be argued to be in order, for the annual National energy buﬂ;ct
is several tens of billions of dollars. ' .

As might be expected, we differ profoundly from those who assert that the
growth of either per capita or global energy consumption must soon cease, and v§~l
are in sharp disapreement with those who argue for an actual reduction in energy. ;
consumption. While we recognize that global population must be limitec, pre- :
ferably sooner than later, and that U.S. energy generation and consumption k )
carnot exponcntiate at its current 4.2% rate for wmore than another century or sb;

we reject their positions as being both technically and wmorally untensble. Tech-
. nically, we note that human energy generation and consumption presently 1npqt only
about one ten-thousandth as much energy into the biosphere as does the Sun.
Ve clearly can sink more than 100 times as wuch enexgy into the atnosphere;fi”‘:
or the oceans than we do at present, before we warm the biosphere as luchf;i ';
the almost unnoticed long term climatological warming trend we are prcsenéij";%;
in has done over the last century. Morally, we are unwilling to condemn téns

of millions of our fellow Americans to spiruvally degrading and techhologiclliy
obsolete labor in factories just because some elitists believe that libgtatiﬁg
increases in per capita industrial energy coﬁsumption should be suppressed. on
esthetic grounds. Our sense of justice also cries out against damning our t
fellow men living in the underdeveloped 80X of the global population to : ‘
subsistence levels of existence, just because we in the West dQVl]Dpld our cnctgy-
intensive industrial culture first, and in the process plundered cur planet
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of‘it;.rcndily exploited energy resources hefore they got there=—{fairness
dtqlndl that tﬁey be provided with the encrgetic mcans of raising the quality
. of their material existence to a level comparable to ours, which will {n
B turh riquire more than an order of magnitude incrcase in global energy
production. Since we in the West, and particularly in the U.S., are taking
far -oit than cur share of the Earth's petrochemical encrgy endowment, it is
-entirely appropriate that we replace it in the common treasury of mankind
with a superior substitute.
Let. us in closing also look at matters with a more distent perspective,

The chemical firc, first exploited by cave men, is now energizing the initial
exploration of the Solar system, a feat that will cause the wemory of our
culture's scientific and technological magnificence and the glory of its
intellectual curiosity to shine dbrilliantly for centuries. The fusion fire-
which men have contemplated in awe since they first raiscd their eyes to the
stars—but first brought to Earth in our age, will clearly propel man beyond
his Solar ﬁursety, and forever foster and energize his terrestrial and
cosmic endecavors. We may speak today of fusion fire as Aeschylus, the ancient
Athenian poet, said of Promethus' gift to mortals of the chemical fires

It will prove the meanc to inconceivably mighty ends.
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