
Energy crises in perspective
Estimates of US energy resources and projections of future energy
consumption show that the country has enough fossil
fuel to last 500 years and enough nuclear fuel to last for a million years.

John C. Fisher

How real and long lasting is the cur-
rent energy crisis? There is reason to
believe that domestic fossil fuels will
continue to be available, at slowly de-
clining prices (in constant dollars), in
adequate amounts to support total an-
ticipated energy consumption of the
US and the world for many centuries.
There is also even- reason to believe
that domestic nuclear fuels will con-
tinue to be available, at slowly declin-
ing prices (in constant dollars), in ade-
quate amounts to support total antici-
pated energy consumption for many
millenia. If nuclear fuels or other
energy sources take an increased pro-
portion of the load, the fossil fuels will
last correspondingly longer. Thus, the
current energy crisis, although very
real, should be viewed as a transient
perturbation of the long-term trajecto-
ry of our energy economy.

Current energy crisis

The energy industries are managed
by men whose decisions are based on
anticipated future conditions; unex-
pected social or political upheavals can
confound their plans and a crisis can
ensue. The unanticipated closing of
the Suez Canal in 1967 precipitated a
crisis in Europe because a larger tanker
fleet was suddenly and unexpectedly
needed to carry oil around Africa to
Europe. Within a few years, the tank-
er fleet was built and the crisis was
over. The unanticipated environmen-
tal mass movement of the late 1960's
and the early 1970's precipitated a cri-
sis in the US because more petroleum
products and more refinery capacity
were suddenly and unexpectedly need-
ed as consumers shifted to oil from coal
and from planned uranium. Within a
few years, the refinery capacity will be
built and the petroleum products will
be flowing.

A large part of the US energy crunch
of the 1970's has been the result of
unanticipated social factors, in partic-
ular the environmental movement.
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The demand for distillate oil turned
out to be much higher than anticipated
as coal-burning powerplants shifted to
oil, as electric utilities substituted oil-
burning gas turbines for delayed nucle-
ar reactors, and as automobiles began
burning more gasoline because of newly
legislated safety and antipollution
equipment.

Natural-gas price regulation was an-
other contributing factor. In 1970 the
owner of a gas well got only about a
third the money from selling gas as did
the owner of an oil well from selling oil
with the same heating value. The mo-
tivation for developing new gas reserves
eroded and the supply began to de-
cline, while at the same time the in-
creasing desirability of gas, relative to
other fuels, caused demand to soar.
With supply and demand decoupled
from their customary meeting-ground
in the marketplace, they moved so far
out of balance that rationing, imports
and synthetic gas have become neces-
sary. But it appears that the underly-
ing cause of much of the imbalance—
the artificially low price set for inter-
state natural gas—is now more widely
understood and appreciated, and the
price of natural gas will be allowed
gradually to seek its competitive level.
With the price and market mechanism
back at work, we can expect supply to
increase and demand to decrease until
after several years of adjustment the
two again come into balance.

The uncertain viability of high-cost
US crude oil and refined products in
the face of a potential flood of low-cost
imported crude oil and refined prod-
ucts inhibited US petroleum develop-
ment and refinery construction, adding
to the current crisis. Such uncertainty
can only be dispelled, and action ini-
tiated, by a clear government policy for
protecting US energy industry invest-
ment and infrastructure.

The energy crunch of the 1970's was
caused by factors that are so clearly
identifiable, so clearly understood, and
so readily compensatable through the
ordinary response mechanisms of gov-
ernment, industry and technology that
there can be little doubt of its transito-
ry' nature. There are real shortages of

distillate fuel now that the crunch is
on, and there are sharp price rises as-
sociated with the shortages, but I ex-
pect that the crunch will be over in
two or three years and that prices will
drop back to lower levels. With this
comment I would like to set aside the
energy crunch, and consider some of
the longer-range aspects of energy re-
sources and consumption.

Projected energy consumption

In projecting energy consumption,
let us first consider just the US, which
consumes much of the world's energy
and is to some extent representative of
the industrialized regions of the world.
And before projecting into the future,
let us look at the past.

The pre-industrialized US appears
never to have passed through a period
of low per capita energy consumption
once the European settlers arrived.
The first settlers found a continent
completely covered with virgin forest. i
This standing timber was available as
fuel wood for the cutting, and the
small population began consuming
energy at a high per capita rate, far be-
yond the level of energy consumption
in traditional societies, as soon as they
stepped ashore. In 1850, for example,
per capita energy consumption was
nearly half as great as it is today. For-
tunately for us, coal, oil and gas were
discovered and put to use as the forests
were cut down and the population
grew, and the transition from fuel wood
to fossil fuels was smooth.

Growth in energy consumption still
continues. Five key factors affecting
the growth rate can be identified and
quantified; they are listed with their
current annual growth rates:
• Total population, 1.3%.
• Per capita residential energy, 2.8%.
• Energy content per unit goods and
services, 0.9% (for example, the energy
required to manufacture a modern au-
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tomobile compared to the energy re-
quired to manufacture its lighter, sim-
pler predecessor).
• New energy consumed by all sectors
of the economy, 8.5% (this includes the
energy needed for computers, air con-
ditioning, clothes drying; it reflects
new invention and growth of af-
fluence).
• Growth of non-farm working popula-
tion, 2.9% (This growth rate reflects
the fact that more energy is needed to
support people in the working force
than people who stay at home. This
extra energy provides for transporta-
tion and the maintenance of people at
their places of work).

Estimates of the evolution of these
growth rates allow one to project the fu-
ture consumption of energy in the US.
Implicit in any such projection must
be an assumption as to the future
availability and price of the basic ener-
gy sources. For many decades, with
occasional fluctuations one way or the
other, the prices of all basic energy
sources have been declining gradually
relative to the prices of other goods and
services. The past growth rates of
energy consumption must reflect this
fact to some degree. I assume that
this trend of the past will continue far
into the future: that energy prices will
continue their slow downward trend
relative to other prices, with occasional
fluctuations one way or the other.

Table I gives the projected energy
consumption for the US as 300 C for
the period 1970-2000 (C = 1016 Btu).
The projection for the world energy
consumption, although not quite as re-
liable, is 1300 C for this period. Ex-

The Waterside Station in mid-Manhattan supplies 900 000 kW of electricity as well as
4.2 x io b lbs steam per hour to the Consolidated Electric Company's system The plant's
ten boilers burn natural gas and oil but not coal. (Photo: Edison Electric Institute)

tending the projection for the next one
hundred years, I find that the US con-
sumption will be 1600 C and the world
consumption will be 5000 C. In the re-
mainder of this article, I will show that
current reserves and estimated re-
sources of fuel are not only adequate
for this period but for many hundreds
of years beyond the year 2000.

Energy sources

A number of different sources have
provided significant energy inputs at

Sources of Energy for the US 1970

Energy Source

Fossil fuel
Coal
Petroleum
Natural gas

Solar energy
Hydroelectricity

Other
Miscellaneous

Conventional Quantity

525 million tons
5.36 billion barrels

21.4 trillion cubic feet

253 billion kilowatt-hours

Energy content
(C =

Units of C
1.28
2.65
2.13

0.26

0.13

1016 Btu)

Percent
20
41
33

4

2

6.45 100

The United States consumes so much energy that the annual number of Btu's is
very large In order to bring such large numbers down to size, I define a C-unit as

1C = in 1 Btu
One C of heat is approximately the heat that would be generated by burning 400
million tons of coal, the approximate amount of coal consumed in the United States
each year for the past half century. (Hence the use of the letter C for the unit.) It
is also approximately the heat required to warm up lake Michigan one degree Fahr-
enheit, for there are just about 1016 pints of water in the lake.

one time or another. In approximate
order of their historic development,
they can be classified as:
Solar energy. Conversion via fuel

wood, work-animal feed, direct wind-
power, direct waterpower and hydro-
electricity

Fossil fuels. Combustion of coal, pe-
troleum and natural gas

Nuclear fuels. Fission of U and Th.
Solar energy is dilute, but large in
magnitude and unlimited in time.
Fossil fuels are concentrated and
cheap, but are exhaustible and can be-
come exhausted after several centuries.
Nuclear fuels are practically inexhaus-
tible, particularly if breeder reactors
are able to utilize the common isotopes
of uranium and thorium.

In attempting to determine the ade-
quacy or inadequacy of the world's
energy resources, the first step is to
make as good an estimate as possible
of the available flux of solar energy,
and of the fossil fuels, nuclear fuels,
and geothermal heat reservoirs in the
ground. The flux of solar energy is
easiest to estimate, as it comes down
from the sky and has been fairly well
measured. Hydropower, as a special
aspect of solar energy, is equally easy
to estimate. The subterranean energy
resources present more difficult prob-
lems, as they are usually hidden from
direct view until reached by drilling,
and many of the promising areas of the
earth have not yet been drilled.

The quantity of solar energy reach-
ing the earth at the upper boundary of
the atmosphere is well known,
amounting to 530 000 C per year. Of
this, on average about half reaches
ground level: As rough rules of
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The coal-burning Conemaugh Generation Station in western Pennsylvania consists of two
850 000 kW units. It is jointly owned by nine utility companies that supply power
throughout the mid-Atlantic states. (Photo: Edison Electric Institute)

thumb, the highest solar energy flux at
ground level, found in desert lands
near the equator, can be taken as
about a million Btu per square foot
each year. The average flux over the
lower 48 United States can be taken as
about \ million Btu per square foot
each year. If the total energy supply
of the US in 1970, amounting to 6.45
C, were to be obtained from solar ener-
gy with an overall conversion efficiency
of 10 percent, an area of about 50 000
square miles would be required. This
area seems large, but it is only about 3
percent of the land now devoted to
farms. It is clear that solar-energy re-
sources are far more than adequate for
supplying the world with energy, al-
though of course they may not be the
least expensive.

Hydropower resources are limited to
rivers and streams wherever they hap-
pen to be or wherever they can be di-
verted to. The total resource base—if
all potentially developable falling
water were turned to hydroelectricity—
amounts to about 1 C annually in
North America and 9 C annually in the
world. This is not enough to make up
the US or world totals for energy, but
is enough to allow hydroelectricity to
grow for some time at its historic rate,
amounting to four percent of US ener-
gy input and six percent of world ener-
gy input (on a fuel-equivalent basis).

Next consider the various mineral
fuels of current significance: coal, pe-
troleum, natural gas. uranium and tho-
rium; and the mineral fuels of poten-
tial future significance: oil shale and
tar sand. These minerals are not dis-
tributed uniformly throughout the
earth, but are concentrated to varying

degrees, in deposits of varying size, at
different depths, in different regions of
the world.
Resources and reserves

We must distinguish between total
resources and reserves. A lack of clear
thinking in this regard has led to much
misunderstanding of the current energy
crisis. At any given time, some of the
known mineral deposits have been well
mapped and have been developed for
production, while others remain unde-

veloped. A deposit is developed when
the necessary investment has been
made in whatever capital equipment is
required to produce the mineral from
the deposit and to move it to market.
For example in the coal industry this
means acquisition of mining rights, in-
vestment in mining equipment, and in-
stallation of transportation equipment
to move the coal to the nearest existing
railroad or waterway. Investments of
this nature are made in anticipation
and expectation of profitable produc-
tion. The minerals that have been de-
veloped for profitable production are
called "reserves." This definition of
reserves is followed most closely in the
oil, gas and uranium industries, and
perhaps less closely in the coal indus-
try where well-known easily develop-
able deposits may be counted as re-
serves.

Reserves amount to current invento-
ry of minerals in the ground. As min-
eral production proceeds, material is
withdrawn from inventory and reserves
are diminished. At the same time, as
investments are made in developing
additional deposits, new inventory is
created and reserves are increased.
Current reserves at any given time re-
flect the interplay of these opposing
tendencies. Reserves can be measured
in terms of the reserve-to-annual-pro-
duction ratio, which equals the number
of years that the inventory would last if
production continued at its present
rate (and if no new inventory were de-
veloped). Economic forces keep the
reserve-to-production ratio for many
minerals at 10 to 20 years.

Should the reserve-to-production

Table 1. Projected Energy Consumption

Region

United States
Other industrial ized
Non-industr ial ized
World total

30-year total*
(1970-2000)

300
800
200

1300

100-year total*
(1970-2070)

1600
2800
800

5000

Quality of
projection

Highest
Lower
Poor
Intermediate

* Units of C = 7O16 Btu

Table 2. US fossil-fuel and nuclear-fuel reserves and resources

US additional resources*

6 600
1640

640
15 000
24 000

22 000 000
34 ono oon
56 000 000

Energy source

Fossil fuels
Coal
Petrcleum
Natural gas
Shale oil

Total
Nuclear fuels

Uranium
Thor ium

Total

US reserves'

900
30
30
—

960

22
—
22

* Units of C= 7016 Btu
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ratio for some mineral drop from 12
years supply to 10 years supply over
some period of time, we need not nec-
essarily assume that ultimate mineral
depletion is approaching. It may re-
flect only prudent trimming of invento-
ry at a time of rising interest rates, or
perhaps it may reflect growing uncer-
tainty about a potential flood of low-
cost imports.

Known undeveloped deposits are
often called "submarginal," because
they cannot be developed to produce
minerals at a profit with today's tech-
nology, today's costs, and today's
prices. Yet as the economy of scale re-
duces costs, and as new technology re-
duces costs, submarginal deposits tend
progressively to be developed and are
transformed into reserves. As an ex-
ample, when oil is withdrawn from an
oilfield, it flows easily at first, then less
easily, then must be pumped, and fi-
nally, with whatever state of technolo-
gy exists at the time, the cost of get-
ting it out exceeds the price that it will
bring. The inventory of recoverable oil
has been exhausted. The reserves are
gone. Yet 70 percent or so of the origi-
nal oil in place in the field still re-
mains there as a submarginal resource.
As new recovery technology is devel-
oped, a time usually comes when it
pays to redevelop the same field for ad-
ditional production by waterflood, fire-
sweep or some other technology.

New reserves are created whenever
an old oil field or coal mine is redevel-
oped, and in principle, the process can
be continued time after time until the
oil and coal are completely developed.

In addition to reserves and known
submarginal deposits, there are addi-
tional deposits not yet discovered.
And (particularly for oil and gas)
there is substantial worldwide activity
devoted to discovering them. Once
discovered, some will prove to be easily
developable for low-cost production,
and these may be classified as un-
known deposits of economically recov-
erable minerals. Others will prove not
to be profitably developable, and these
may be classified as unknown submar-
ginal deposits. The quantities of
undiscovered resources clearly are the
most difficult to determine, but geolog-
ical and geophysical experts have
learned to make respectable estimates.

Resource and reserve estimates

US Geological Survey specialists
have compiled1 estimates of US fossil-
fuel resources including coal, petrole-
um liquids, natural gas, and oil from
shale. Their estimates are generally
made on geological projections of fa-
vorable rocks and on anticipated fre-
quency of the energy resource in the fa-
vorable rocks. The estimates of sub-
marginal resources of oil from shale in-
clude only relatively rich deposits that

£

Big Rock Point Nuclear Power Plant is one of 15 boiling-water reactors currently in
use. It has been producing 75 000 kW since December 1962 and recently set a record
by giving 198 consecutive days of service. (Photo: Edison Electric Institute)

might be recoverable with today's
technology' at less than two or three
times today's oil prices, and exclude
much larger quantities of lower-grade
shale. I believe these Geological Sur-
vey estimates are the best objective es-
timates available for the U.S.

Total cumulative US consumption of
fossil fuels has amounted to about 200
C through 1970, and 1970 consumption
amounted to about 6.5 C. The data in
table 2 show that the US has abundant
fossil fuel reserves and resources.
Present fossil-fuel reserves are more
than adequate to supply the 300 C of
energy required for the balance of this
century. If we accept the projections
that annual per capita energy con-
sumption will level off at 450 million
Btu per capita and that annual per
capita fossil-fuel consumption for non-
energy purposes such as asphalt tiles,
road oil and petrochemical feed-stocks
will level off at 50 million Btu per year;
then, in an economy totally energized
by fossil fuel, the annual per capita
fossil-fuel consumption would level off
at 500 million Btu. If we assume in
addition that the US population will
stabilize at about a billion people with-
in the next few centuries, it follows
that annual fossil-fuel consumption
(energy uses plus non-energy uses) will
level off at about 50 C per year. Under
these conditions, in an economy where
all energy was derived from fossil fuels,
US fossil-fuel reserves and resources
would be enough to last about 500
vears

25 000 C reserves-resources

50 C per year
s 500 yrs

Uranium and thorium contain so

much energy' per pound that it makes
good sense to consider very low-grade
ores in estimating resources. The
most comprehensive estimates have
been made by an Interdepartmental
Study2 with participation by nine Fed-
eral departments and agencies. The
uranium reserves shown in table 2 cor-
respond to utilization of 1.5 percent of
the potential energy of the uranium, as
is appropriate for today's light-water
reactors. The nuclear resources corre-
spond to utilization of 80 percent of the
potential energy of uranium and thori-
um as may become possible with the
new technologies of breeder reactors.
Although nuclear fuel reserves avail-
able with current technology are not
particularly large in relationship to
projected energy- consumption, nuclear
fuel resources are adequate for millions
of years.

So far our consideration of fossil and
nuclear fuels has focussed on the Unit-
ed States. The Interdepartmental
Study2 considered world resources as
well as US resources, and using data
available in 1962. they estimated that
in terms of total resources "the United
States is endowed with approximately
one-fourth of the coal, one-seventh of
the oil, possibly one-tenth of the natu-
ral gas, one-twelfth of shale oil, and
one seventeenth of uranium and thori-
um." Since the United States has
about one seventeenth of the world's
land area, it appears that it may have
somewhat more than its share of fossil
fuels, particularly coal. I expect that
as better data become available, the
overall energy resources of the
world will prove to be more or less uni-
formly distributed. Most major
countries should have their proportion-
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please stand by.
Unlike your television set, nobody's going to
fix the world for you. That job you do your-
self. As scientists and teachers, you can do
more than most people and make your bit
last longer too.
But first you need the right tools. That's our

For openers, we have Joseph Priest's book,
PROBLEMS OF OUR PHYSICAL ENVIRON-
MENT: ENERGY—TRANSPORTATION-
POLLUTION. It's a text for non-science
majors that presents strong coverage of
physics principles interwoven with a full
range of environmental topics. In a flexible
format emphasizing applications, Priest
leads students to an analysis of the problems
and an understanding of each one's magni-
tude.
ENVIRONMENTAL APPLICATIONS OF
GENERAL PHYSICS, by John Shonle, is a
supplement to calculus-based general
physics. Again, practical applications are
stressed. Shonle's treatment parallels the
order followed in most physics texts and also
provides for a separate, non-calculus en-
vironmental course to follow an introductory
physics, course.

David Rittenhouse Inglis examines both
scientific and humanistic aspects of nuclear
energy in NUCLEAR ENERGY—ITS
PHYSICS AND ITS SOCIAL CHALLENGE,
a course supplement class-tested for science
and non-science majors. His presentation of
physical principles is as elementary and brief
as possible. But Inglis supplies a wealth of
additional information in 18 appendices
following the textual material.
FUNDAMENTALS OF AIR POLLUTION
is an interdisciplinary text written by Samuel
Williamson to relate the causes, evolution
and effects of air pollution. Despite its title,
the book is designed for advanced under-
graduates and graduates who have already
taken full-year courses in physics and
chemistry. To conclude his balanced exam-
ination of pertinent principles, the author
takes up the sociopolitical aspects of pollution
in the final chapter.

With these books, we're doing our part for
good ole earth. We'll be doing even more.
Now, what are you doing?

•
• T

College Division
ADDISON-WESLEY PUBLISHING COMPANY, INC.

154 Jacob Way
Reading, Massachusetts 01867
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MURRAY SARGENT ITT, MARLAN O. SCULLY, WILLIS E. LAMB, JR.
Laser Physics
This volume treats the interaction of radiation with matter paying
particular attention to the laser. Because existing laser media are
intrinsically quantum mechanical and are most easily studied with
the quantum theory, this book not only uses quantum mechanics
but enlivens the reader's understanding of the subject as well.
As a result the material constitutes a viable, applied alternative
for the usual second and third semesters of quantum mechanics.
The reader will obtain from this presentation not only an
increased understanding of the laser, but a more profound com-
prehension of many-system physical phenomena as well.
Ready late Spring 1974, about 400 pp.,

hardbd., c. $19.50, ISBN: 0-201-06718-8;
paperbd., c. $12.50, ISBN: 0-201-06719-6

JULIAN SCHWINGER
Particles, Sources, and Fields [In 3 volumes]
Volume I
Jeremy Bernstein in Physics Today:
—"Any book by Julian Schwinger must be regarded as something
of an event. No active physicist has contributed more to a larger
variety of fields of theoretical physics than he has . . . Whether
source theory will lead to profound new discoveries of the type
that Schwinger, and others, have made using conventional field
theory remains, I think, to be seen. Perhaps Schwinger has some
surprises up his sleeve for the next volume that will settle the
matter." 1970, vi, 425 pp. , hardbd., $14.95, ISBN: 0-201-06782-X

Volume II is devoted to Electrodynamics.
December 1973, 480 pp. , hardbd., $18.50, ISBN: 0-201-06783-8

Modern Physics Monograph Series5

Edited by Felix M. H. VILLARS
Selected Volumes

". . . (The MODERN PHYSICS MONOGRAPH SERIES) pre-
sents material for the upper level undergraduate and introductory
graduate courses. At this level, there will be, on the one hand,
courses of a specialized nature, with the purpose of giving the
student an introduction to the great diversity of topics of physical
science, from particle physics to nuclear, atomic, solid state,
plasma and astrophysics; while, on the other hand, the traditional
topics of the undergraduate sequences will be deepened and

extended, and their interrelations more clearly established. We
hope that the MODERN PHYSICS MONOGRAPH SERIES will a
help to give the lecturer in the field additional flexibility in choos-
ing his course material and, if he is inclined to experiment, allow -
him to introduce, into his course, topics not generally covered
in standard textbooks. In addition, the student will have access
to a variety of collateral reading material. . . ."
From the Editor's Foreword

ROBERT J. FINKELSTEIN, Nonrelativistic Mechanics
". . . Offers a compact and lucid exposition of the basic structure
of both classical and quantum mechanics in their nonrelativistic
version." Science News

1973, xvi, 394 pp., hardbd., $17.50, ISBN: 0-805-32551-9;
paperbd., $9.50, ISBN: 0-805-32552-7

In Preparation: HELLMUT J. JURETSCHKE
Crystal Physics: Macroscopic Physics of Anisotropic Solids

Ready April 1974, hardbd., ISBN: 0-805-35102-7;
paperbd., ISBN: 0-805-35103-5

ROBERT T. SCHUMACHER
Introduction to Magnetic Resonance: Principles and Applications
"A textbook designed for use in either a senior-level course
devoted to magnetic resonance or as an auxiliary text in a more
conventional senior course in modern or solid state physics. . . •
This is both modern and well done clearly belonging in both col-
lege and university libraries."—Choice 1970, xii, 220 pp.,

hardbd., $12.50, ISBN: 0-805-38504-5;
paperbd., $4.95, ISBN: O-8O5-38505-3

Mathematical Physics Monograph Series'
Edited by A. S. W1GHTMAN

N. BOGOLUBOV, A.A. LOGUNOV, I. T. TODOROV
Introduction to Axiomatic Quantum Field Theory
(Authorized translation from the Russian manus-
cript by Stephen A. Fulling and Ludmila G.
Popova)
The book provides a systematic, self-contained,
and modern exposition of axiomatic quantum
field theory. It does not require much prelimi-
nary knowledge of either mathematics or quan-
tum field theory and leads the reader to the
present-day frontiers of the subject.
It includes some original methods and recent
results to which the authors have made substan-
tial contributions. The study of infinite-
component fields and the S-matrix formulation of
the general principles of quantum held theory;
the algebraic formulation; the constructive work
of Glimm and Jaffe; and Jaffe's work on
generalized classes of test functions are included.
A significant amount of this material has been
specially written for the English edition.
Early 1974, About 800 pp.,

hardbound, 0-805-30982-9

Selected Volumes

BERNARD D'ESPAGNAT
Conceptual Foundations of Quantum Mechanics
"Ever since the advent of quantum mechanics,
the attempt to provide a clear and comprehensive
account of the fundamental physical implications
of the quantum formalism has been fraught with
conceptual problems. . . This book provides a
clear and readable introduction to this conten-
tious, but intriguing, range of problems. Par-
ticularly impressive is the care and objectivity
with which each of the competing theories is pre-
sented. Thus the shortcomings of each theory in
turn emerge convincingly, following a sympathe-
tic appraisal of the corresponding merits. . . . a
valuable contribution to the literature of quantum
mechanics. . ." New Scientist.
1971, xviii, 493 pp.

hardbd., $12.50, ISBN: 0-805-32348-1;
paperbd., $6.95, ISBN: 0-805-32349-X

ROBERT HERMANN
Vector Bundles in Mathematical Physics
This treatise is one of the first attempts to inter-
relate and unify various disciplines in mathemat- >.
ics and physics.
Volume I presents the basic geometric formal-
ism, including a treatment of that part of the
Ehresmann theory of jets and jet bundles that is
most helpful in physics, together with certain
illustrative applications. 1970, xiv, 441 pp.,

hardbd., $17.50, ISBN: 0-805-33944-5;
paperbd., $7.95, ISBN: O-8O5-33945-3

Volume II begins with certain expository materi-
al in infinite dimensional manifolds, Lie algebra.
theory, and algebraic topology, and proceeds to
describe how the basic formalism of vector bun-
dles and differential operators on manifolds M
be used in quantum mechanics, quantum field
theory, group representation, and Lie algebra
theory. 1970, x, 400 pp.,

hardbd., $17.50, ISBN: O-805-3394&-5;
paperbd., $7.95, ISBN: O-805-3394W
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Frontiers in Physics Series'
Edited by DAVID PINES

Selected Volumes

"The problem of communicating in a coherent fashion the recent
developments in the most exciting and active fields of physics
seems particularly pressing today. Formal monographs cannot
meet such a need in a rapidly developing field, and, perhaps
more important, the review article seems to have fallen into dis-
favor. FRONTIERS IN PHYSICS has been conceived in an effort
:o improve the situation in several ways. . . . One of the princi-
pal purposes of this Series is to make lecture notes available to

a wider audience of physicists . . . to improve communication
in very active fields of physics by the publication of collections
of reprints of recent articles . . . to present informal monographs,
representing an intermediate step between lecture notes and for-
mal monographs . . . to bring forth contemporary classics
—papers or lectures which constitute a particularly valuable
approach to the teaching and learning of physics today. . . ."
excerpted from the Editor's Foreword

• 3AVID HORN and FREDRIK ZACHARIASEN
Hadron Physics at Very High Energies
fhis volume covers the rapidly developing field of very high
energy hadron physics. It reviews in detail the experimental
results on elementary particle scattering and production recently
obtained at the two new very high energy facilities, the Intersect-
jig Storage Rings at CERN, Geneva, Switzerland, and the
Mational Accelerator Laboratory in Batavia, Illinois, U.S.A.. as
A-eU as data from older accelerators such as that in Serpukhov,
J.S.S.R. 1973, xvi, 378 pp.,

hardbd., $17.50. ISBN: 0-805-34402-0;
paperbd., $9.50, ISBN: 0-805-34403-9

DONALD C. DAVIDSON
Theory of Son neutral Plasmas

- fhis volume is relevant to several diverse areas of physics that
leal with plasma systems with large self fields (collective-effect

-iccelerators; relativistic electron beams; magnetically-confined
• lonneutral plasmas; experiments for stripping of heavy ions).

ieginning 1974, about 250 pp.,
hardbd., c. $17.50, ISBN: 0-805-32345-7,
paperbd., c. $9.50, ISBN: 0-805-32346-5

UCHARD P. FEYNIMAN
Tioton-Hadron Interactions
'. . . tout est centre sur, d'une part les reactions photonucleaires,
I'autre part sur les hadrons. La discussion de la dominance du
'ecteur meson et de la diffusion profondement inelastique est

.. joussee a fond, de meme que l'elaboration et les consequences
lu modele des partons. Au deTDut de l'ouvrage, un chapitTe est
onsacre a larriere-fond theorique general. . . ."
\mue des Questions Scientiftques

'• 972, xvi, 282 pp ,
hardbd., $16.00, ISBN: 0-805-32510-7;
paperbd., $7.95, ISBN: O-805-32511-5

GEORGE E PAKE AND THOMAS L. ESTLE
The Physical Principles of
Electron Paramagnetic Resonance
Second Edition, Revised, Reset, Enlarged
Designed for students and scientists whose background includes
a one-year graduate course in quantum mechanics, the authors
provide a coherent and comprehensive introduction to the funda-
mentals of paramagnetic resonance. Study of the book will enable
the reader to turn successfully to any paper on the subject in the
periodical literature December 1973, about 320 pp.,

hardbd., c. $17.50, ISBN: 0-805-37702-6;
paperbd., c. $9.50, ISBN: 0-805-37703-4

J. ROBERT SCHRIEFFER
Theory of Superconductivity
Written by one of the originators of the pairing theory of super-
conductivity, this monograph provides a concise account of the
microscopic theory of superconductivity and emphasizes the
physical concepts and mathematical methods involved in under-
standing the phenomenon.
1964 (Second printing, 1971), xiv, 282 pp..

hardbd., $10.00, ISBN: 0-805-38501-0

SETSUO 1CHIMARU
Basic Principles of Plasma Physics: A Statistical Approach
". . . (the author) presents a coherent and self-contained account
of plasma theory, an account in which plasma theory is viewed
not as an isolated sub|ect, but as an integral part of statistical
physics. In addition to providing the reader with an excellent
introduction to the fundamental concepts of plasma physics.
Professor Ichimaru takes him on a guided tour of a number of
the present day frontiers of the field, including some of the most
recent considerations on fluctuations, relaxation, and diffusion in
both weakly turbulent and strong turbulent plasma." David Pines
in the Editors Foreword
December 1973, xvm, 324 pp.,

hardbd., $19.50, ISBN: 0-805-38752-2;
paperbd., $12.50, ISBN: 0-805-38753-0

E.R. CAIANIELLO
Combinatorics and Renormalization
in Quantum Field Theory
This volume is based upon work done by the author and his col-
laborators over some 20 years. It is dedicated to some selected
topics of quantum field theory which have proved of increasing
importance with the passing of time: Combinatonc Methods,
Equations for Green's Functions and Perturbahve Expansions;
Regularization, Renormalization, and Mass Equations.
December 1973, about 150 pp.,

hardbd., $16.00, ISBN: 0-805-31646-9;
paperbd., $9.50, ISBN: 0-805-31645-0

S. DONIACH AND EH SONDHEIMER
Green's Functions for Solid State Physicists
Green's Function methods of quantum held theory have become
recognized as a powerful mathematical tool for studying the com-
plex interacting systems of solid state physics. This volume shows
the methods in action illustrating how mathematics—in the form
of the Green's function in the complex energy plane—accounts
for the physical effects (level shifts, damping, instabilities) charac-
teristic of interacting systems. Keeping the reader in contact with
the real problems, the book concentrates on general physical prin-
ciples and includes introductions to topics of current research
interest without detailed discussions of experiments. Spring 1974

hardbd., ISBN: 0-805-32394-5;
paperbd., ISBN: 0-805-32395-3

GEORGE B. FIELD, HALTON C. ARP, and JOHN N. BAHCALL
The Redshift Controversy

This volume grew out of a Symposium of the American Associa-
tion for the Advancement of Science. "Redshifts of Galaxies and
Quasars." It contains the material presented at the debate, as well
as reprints selected by Drs Arp and Bahcall to illustrate their
points.

January 1974, c. 375 pp., hardbd , ISBN: 0-805-32512-3;
paperbd., ISBN: 0-805-32513-1

Lecture Notes and Supplements in Physics Series'
Edited by ]. DAVID JACKSON and DAVID PINES

Selected Volumes

Our Series aims at filling a gap in the literature of physics by
resenting occasional volumes with a contemporary approach to
ie classical topics of physics at the advanced undergraduate and

graduate level. Clarity and soundness of treatment will, we hope,
mark these volumes, as well as the freshness of the approach.
. . ." from the Editors'Foreword

' DRDON BAYM
•clures on Quantum Mechanics

. Professor Baym has made a real attempt to break out of conventional patterns
.- presenting quantum mechanics. Those who have ever heard Baym lecture will

:: ijoy the book the more. The clarity and the enthusiasm come through in both
e spoken and the written word." N.H. March in journal of Physics, Section A:

•neral Physics

- «9 (second printing, with corrections, 1973), xii, 594 pp.,
<iv*! K 6 hardbd., $17.50, ISBN: 0-805-30665-1;
A -'; paperbd., $8.95, ISBN: 0-805-30665-X

VNS A. BETHE AND ROMAN JACKIW
termediate Quantum Mechanics, Second Edition

aduate students of both theoretical and experimental physics will find this volume
excellent supplementary text for a second course in quantum mechanics^ This

•: "ised edition gives more complete coverage to applications of quantum mechanics
in other one-volume works on the sub]ect. It incorporates a completely new sec-

:• ' n on atomic s c a t t e r s and includes problems at the end of each chapter. Four
••'• rts- Theory of Atomic Structure; Semiclassical Radiation Theory; Atomic Col-

ons; Relativistic I itions. 1968 (second printing, with corrections, December

!\ -'3), 393 pp., paperbd., $9.95, ISBN: 0-805-30755-9
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R. HAGEDORN
Relativistic Kinematics
A Guide to the Kinematic Problems of High-Energy Physic9

This volume is a revised version of lectures given at CERN, plus an additional chap-
ter (Chapter 7—phase-space considerations) which was written expressly for this
work. It is the result of an agreeable collaboration of many experimental physicists
and serves as a bridge between theory and actual laboratory experience.
1964 (third printing, with corrections, 1973), x, 166 pp.,

hardbd., $17.50, ISBN: 0-805-33600-1;
paperbd., $7.95, ISBN: 0-805-33601-X

ROBERT SARD
Relativisic Mechanics
Special Relativity and Classical Particle Dynamics

"This book is a welcome addition to the pedagogic literature on special relativity.
It has grown from the author's supplemental notes for a course on intermediate
mechanics and could probably be used that way . . . or as the basis for a semester
course on special relativity. It is aimed at the senior or beginning graduate student,
but most of the first three chapters could be handled by a bright sophomore with
some facility in vector analysis, while much of the material in the last three chapters
could be useful to a research student in nuclear or particle physics." A. Perlmutter
in American Journal of Physics.

1970, xxii, ?76 pp., hardbd., $17.50, ISBN: 0-805-38490-1;
paperbd., $8.95, ISBN: 0-805-38691-X
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Addison-Wesley

L.D. Landau and E.M. Lifshitz

Course of Theoretical Physics
Volume
1 MECHANICS

Second Edition
Translated by J.B. Sykes and J.S. Bell
1969, viii, 165 pp., hardbd., $10.00,
ISBN: 0-201-04146-4

2 THE CLASSICAL THEORY OF
FIELDS
Third Revised English Edition
Translated by Morton Hamermesh
1971, xii, 374 pp., hardbd., $16.00,
ISBN: 0-201-04133-2
"Excellent. The revised edition with
updated notation is just what the doc-
tor ordered." J.V. Noble, University of
Virginia

3 QUANTUM MECHANICS
Non-relativistic Theory
Second Edition, Revised and Enlarged
Translated by J.B. Sykes and J.S. Bell
1965, xiv, 616 pp., hardbd., $16.50,
ISBN: 0-201-04151-0
"This standard text is still the best
introductory text available for first-year
graduate students in physics." Brian de
Facio, University of Missouri, Colum-
bia

RELATIVISTIC QUANTUM THEORY
E.M. Lifshitz, V.B. Berestetskn, and
L.P. Pitaevski*
Part 1 - Translated by J.B. Sykes and
J.S. Bell
1971, xvi, 375 pp., hardbd., $16.00,
ISBN: 0-201-04134-0
"Excellent. It is a very lucid and com-
prehensive treatment of quantum elec-
trodynamics, exclusive of radiative cor-
rections. I particularly like Chapter V,
Radiation, and the discussion of posit-
ronium."
Marcelo Alonso, Georgetown Univer-
sity

E.M. Lifshitz and P.L. Pitaevski!
Part 2 - February 1974, about 250 pp.,
hardbd., ISBN: 0-201-04236-3

STATISTICAL PHYSICS
Second revised and enlarged edition
Translated by J.B. Sykes and
M.J. Kearsley
1969, xii, 484 pp., hardbd., $16.50,
ISBN: 0-201-04167-7
"This is an unusually complete and
unified book, useful not only in course
work but as a reference book in practi-
cal research." Dieter Forster, University
of Chicago

6 FLUID MECHANICS
Translated by J.B. Sykes and VVH
Reid
1959; xii, 536 pp., hardbd., $16.50,
ISBN: 0-201-04140-5
"Best book I know of at this level."
Kerris W. Thompson, Florida
Atlantic University .

7 THEORY OF ELASTICITY
Second English Edition, Revised and
Enlarged
Translated by J.B. Sykes and W.H.
Reid
1970, viii; 165 pp., hardbd., $9.00,
ISBN: 0-201-04168-5

8 ELECTRODYNAMICS OF
CONTINUOUS MEDIA
Translated by J. B. Sykes and J. S. Bell
1960 (2nd printing, 1966), x, 417 pp.,
hardbound, $15.50
ISBN: 0-201-04135-9

9 PHYSICAL KINETICS (In preparation)

A SHORTER COURSE OF
THEORETICAL PHYSICS

Details available upon request

Simulators—International Guide
RALPH COLLACOTT (ed.)

This is the first international guide to simulator equipment
providing essential information on all types—experimental,
training and test equipment. It is a standard reference
source for those operating or planning to utilize such
equipment. Detailed entries give the objective, special fea-
tures, and capabilities of each simulator, together with
practical information on facilities and availability for use.

1973, c. 600 pp., hardbd., $65.00, ISBN: 0-201-01152-2

*Continuarion orders for the Series are invited

Titles will be displayed at the American Physical Society meeting,
Palmer House, Chicago, Illinois, Booths 20-21, February 4-6, 1974
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A new type of cooling tower that removes heat from water before it is returned to a
lake. It is located at the Wilkes Power Plant near Jefferson, Texas. The plant pro-
duces 351 000 kW of power by burning natural gas. (Photo: Edison Electric Institute)

ate share, with a few exceptions such
as Japan having none, the Mideast
having more than its share of oil, and
the US having more than its share of
coal.

In summary, we find that fossil-fuel
reserves alone are adequate for 70
years. Fossil-fuel reserves and re-
sources alone are adequate for 500
years, and nuclear resources for a mil-
lion years; provided, of course, that
these reserves and resources can be uti-
lized within the bounds of environmen-
tal acceptability. Solar energy is even
more abundant: the energy reaching
ground level in the US amounts to
about 10 000 C annually and is assured
indefinitely. World energy resources
are substantially larger, in approxi-
mate ratio of the world's land area to
the US land area.

Although it is true that nuclear and
solar resources exceed fossil-fuel re-
sources by a wide margin, there is no
immediate treat of fossil-fuel depletion
to cause us to shift to nuclear fuel or
solar energy. The United States sup-
ply of coal and shale oil is sufficient to
last for many centuries if we choose to
use it, and the same is true for the rest
of the world. It is the overall socio-
economics of energy supply and utili-
zation that will determine which fuels
are actually used, and on what time-
table.

Future of fuels and technologies
Non-economic factors are of funda-

mental significance to the future of the
energy industries. Every forecast of
fuel availability, energy consumption,
conversion technologies and electrifica-
tion must be based implicitly or ex-
plicitly upon an assessment of political

and social forces that provide the over-
all environment—the basic ground
rules—within which economics and
technology operate. For example, un-
restricted international competition in
petroleum would drop the price of
crude oil five-fold or more in the Unit-
ed States, ruining the nation's oil and
coal industry infrastructures and ruin-
ing the world's nuclear and high-per-
formance steam-turbine infrastruc-
tures. In such a world, economics
and technology would lead to the sim-
ple gas turbine as prime mover for
electric power generation. Thus it is
political and social factors, in large
part, that determine the overall envi-
ronment in which the technological
and economic struggles for position
among fuels and energy conversion
technologies will be fought out in the
US.

Fuel price levels within the US are
projected to continue their historic de-
cline (in constant dollars). For elec-
tric utility generation (but not for
transportation or space heating, which
already use relatively expensive clean
fuel), the cost of all forms of fossil fuel
is likely to double. Natural gas price
at the wellhead—near where most gas-
burning utilities get it—may approxi-
mately double when natural gas finds
its competitive level. (Owing to rela-
tively large transportation and distri-
bution costs, doubling the wellhead
price in the Southwest increases the
price to a residential consumer in the
Northeast by only about 20 percent.)
The cost of utility coal may approxi-
mately double, because of increased
transportation required to bring low-
sulfur coal from long distances or be-
cause of the necessity for refining coal

to purify it. The cost of utility oil may
approximately double as utilities shift
from high-sulfur residual oil (the dregs
of refining) to the more expensive low-
sulfur oil used by others.

The approximate doubling of fossil-
fuel prices is a competitive boon to nu-
clear power, for it increases the cost of
electricity from fossil fuel relative to
electricity from nuclear fuel. There is
a tendency among nuclear-power advo-
cates to hope that one doubling will be
followed by others, and to project
much higher fossil fuel prices in the
future; but I believe this view mistak-
en. Social factors are requiring the
utility industry to join the rest of the
country in burning clean fuel pur-
chased at competitive prices. The
price of clean fuel itself is likely to
continue its historic downward trend.

When measured in constant dollars
per kilowatt of capacity, the cost of
constructing a nuclear power plant in-
creased by perhaps 50 percent between
1965 and 1975, during which time the
cost of a fossil steam plant increased
slightly and the cost of a gas turbine
power plant declined. The increase in
nuclear power-plant construction costs
has dealt a competitive blow to nuclear
power, in effect cancelling the compet-
itive advantage conferred by doubled
fossil-fuel prices.

Advocates of fossil fuel may tend to
hope that one 50-percent increase in
nuclear plant construction costs will be
followed by others, and to project
much higher nuclear-plant costs in the
future; but I believe this view mistak-
en. The field-construction cost lesson
appears to have been learned, and
there is an increasing trend toward
standardization and assembly-line con-
struction of major nuclear power-plant
components. The requirements of the
new licensing procedures are being bet-
ter anticipated now that they are more
familiar, and licensing delays may di-
minish. Overall, competition between
nuclear power and fossil-fuel power is
likely to remain vigorous.

We note that both fossil-fuel and nu-
clear-fuel conversion technologies are
under increased pressure to improve ef-
ficiency for generating electricity.
Fossil-fuel conversion efficiency is
more important than before because
the refined fuel required today is more
costly than the formerly acceptable un-
refined fuel. Nuclear-fuel conversion
efficiency is more important than be-
fore because construction costs are
higher, and cost per unit electrical out-
put can be decreased by raising the
output from a plant of a given size.
Both technologies are moving ahead
rapidly, and from the overall stand-
point of electrification, one or the other
or both in combination are expected to
enable electrification to progress for
decades. Interest is intense in the fut-
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ure market shares that will be achieved
by nuclear and fossil fuels and tech-
nologies, but prudence suggests that a
detailed forecast not be made. I am
content to forecast continued electrifi-
cation, and to watch with interest the
competitive battle among the various
fuels and technologies.

Long-range perspective
Although it is not possible from this

vantage point to determine what com-
bination of fuels and technologies will
be leaders in the next century, we are
as fortunate with technologies as with
fuels in having many viable alterna-
tives. We possess the technologies
that will enable the cost of electricity
to be reduced, the efficiency of genera-
tion to be increased, and electrification
to proceed.

Although crises may be expected
from time to time, the fundamentals of
the energy- industries are sound. Fossil
fuels, nuclear fuels and solar-energy re-
sources are abundant. Improved tech-
nologies for generating and utilizing
electricity can increase the extent of
electrification. The greatest impond-
erables may be the future acceptability
and price of the various forms of ener-
gy: acceptability as affected by
ecological and environmental pres-
sures, and price as affected by domes-
tic and international political pres-
sures.

Although no one can be sure what
the future will bring, I would suggest a
potential future for the United States
in which environmental pressures re-
quire that all fuels be refined, and that
all lands disturbed by mining be re-
claimed; and in which political pres-
sures require that oil imports be limit-
ed so that domestic production does
not shrink, with the consequence that
existing marginal producers continue
to determine domestic fuel prices.
Under these conditions the US energy-
economy, with its moderate fuel prices
and high technology content, might be
expected to continue its historic evolu-
tion. Through further progress of
technology and further economies of
scale, particularly with the advent of
synthetic oil from coal or shale, prices
of refined fuels (and of electricity after
adjusting for the shift to refined fuel)
might be expected to continue their
downward trends, when measured in
constant dollars to strip away the ef-
fects of inflation.
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