
etters
inappropriately low level.
Reasonable men can, of course, differ
to what level of power consumption

wuld be sought to optimize the quali-
of life in the US. My point here is

mply that the level is in no sense pre-
rdained; rather, it is something we
an, and should, control by public poli-
y decisions involving pricing and tax-
ng power production.

HERBERT B. ROSENSTOCK
Naval Research Laboratory

Washington, D. C.

'erhaps it is to justify the AEC's costly
iquid-metal fast-breeder reactor project
that the article by Culler and Harms
contains a number of highly debatable
assumptions. The rapid price increase
or uranium with increased use, and the
ow projected capital cost of an unproven
design as well as the low operating
costs for processing and disposing of
ever larger stocks of highly radioactive
materials, are among these [A. L. Ham-
mond, Science 176, 391 (1972)]. Even
with such assumptions, the ore needs
and the projected generating capacity
curves shown do not indicate a real need
for LMFBR's until the year 2000, by
which time many of the extrapolations
made are almost bound to be out of
date.

However, the most disturbing under-
lying assumption is the projected elec-
trical energy generation curve. Do we
really need five times as much energy
per person in the year 2000? Should we
not think of how to improve the quality
of life by using energy more efficiently?
As physicists we pride ourselves on ask-
ing fundamental questions. The whole
thesis of Culler and Harms falls flat on
its face if the answer to the US energy
requirements is that its growth rate will
shortly begin to decrease.
The physics establishment may well

lie successful in getting billions of
dollars for the LMFBR; but if the re-
sulting reactors cannot be sold to the
utility industry on a cost basis, the
whole physics community will suffer the
backlash.

PETER W. NEURATH
Tufts University School of Medicine

Boston, Massachusetts

THE AUTHORS COMMENT: Our projection
°f probable future electrical capacity
"as taken from AEC analyses as noted
in the article. Similar estimates of
growth in electrical energy have re-
cently been made by such diverse
sources as the Federal Power Commis-
sion,1 the National Petroleum Council,2

fte Cornell-NSF Workshop,3 and the
Chase Manhattan Bank.4 All of these
estimates are based largely on extrapo-
lations of past experience, and Rosen-

stock observes correctly that future con-
sumption patterns may be altered sig-
nificantly by economic and political
policies.

However, the suggestion that we pick
a maximum power level for the country
and use pricing policy to prevent fur-
ther growth seems presumptuous. It is
far from clear that the price elasticity
of domestically used electric power is
such that a "small increase in the cost
of power" would significantly affect
consumer use of power for "gadgets."
The "Quality of life" is an elusive
concept, and it has not been demon-
strated, to our knowledge, that an im-
provement would be obtained by shift-
ing consumption from electricity to
other goods. A more rational approach
might be to reduce environmental im-
pacts where possible and to price elec-
tricity at its full social cost (including
an allowance for any remaining envi-
ronmental impacts). All indications
are that electrical demand would then
continue to rise sharply for a number
of years. Meeting such power de-
mands is likely to require both in-
creased emphasis on efficiency of use
and the development of new energy
sources such as breeders.

Studies are in progress on the factors
influencing our national demand (or
requirements, which is by no means
the same thing) for electric power, in-
cluding one here at ORNL under NSF
support. Hopefully, such studies will
provide the basis for public debate of
these issues.
References
1. US Federal Power Commission, The 1970

National Power Survey, Dec. 1971, Part
1, page 1-3-15.

2. National Petroleum Council Committee,
US Energy Outlook, Chapter 1, pages 7,
10,11.

3. Summary Report of the Cornell Work-
shop on Energy and the Environment,
Print, 92nd Congress, 2nd Session, 1972.

4. The Chase Manhattan Bank, Outlook for
Energy *m the United States to 1988,
June 1972.

F. L. CULLER, JR
W. O. HARMS

Oak Ridge National Laboratory

Blackbody fluctuations
In their comments on my letter (Au-
gust, page 9) concerning their article
"The Concept of the Photon," (March,
page 38), Marian Scully and Murray
Sargent have stated that I was incor-
rect in claiming that the Einstein
equation for fluctuations in the black-
body spectrum could be derived by
semiclassical means, without reference
to particle properties or a quantum
character of the radiation field. In
view of published work that demon-
strates what I intended to claim, I as-

continued on page 79

Q. What do they
have in
common?

A. The Ithaco 353
lock-in
amplifier.

ONLY THE 353 PROVIDES:

• Automatic phasing.
Measure signals with chang-
ing phase, without touching
the phase controls. Vector
amplitude and phase outputs.

• Log, ratio or log-ratio.
Make absorbance and dual
beam ratio measurements
simply and economically.

• In-phase and quadrature.
Simultaneously measure two
quadrature signals—or their
ratio.

• Signal and derivative.
Is the 2nd harmonic of your
output signal a derivative?
The 353 measures both simul-
taneously—or their ratio.

• Modulated carrier signals.
Measure carrier amplitude
with linear or log response—
and simultaneously measure
the modulation signal ordepth
of modulation.

Arrange for a demonstration of
Ithaco's versatile 353 lock-in.
Write or call
Don Munroe, Ithaco, Inc.,
735 W. Clinton Street, Ithaca,
New York 14850. 607-272-7640
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)w noise, topnotch polarized output, and
Bsy mounting.

t has a completely sealed optical
avity, so there's no stray discharge tube
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saled laser head (no optics cleaning or
idjustments), one year warranty (typically
9,000 hours operating life), power at
32.8nm, TEMOo, l ° n 9 l i f e because it's
old cathode, rugged weatherproof
(instruction, linear polarization, and
omes with 115V unregulated power
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You can get a discount price if you
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letters
continued from page 15

sume that their statement was made
because I failed to mention that our
experimental knowledge of what is
termed "photon statistics" is repre-
sented by measurements of photoelec-
tron counting statistics. As is shown,
for example, in the review article by L.
Mandel,1 the latter can be derived
with no other use of quantum theory
than is required to show that the prob-
ability per second of photoelectron
emission is proportional to the average
square of the electric field. This is, of
course, the photoelectric effect, which
Scully and Sargent included among the
phenomena not requiring the use of
quantum electrodynamics for their ex-
planation. I agree that one does not
obtain the "particle" term from a cal-
culation of the energy-density fluctua-
tions of a classical field alone; the
presence of the added stochastic ele-
ment involved in electron emission is
essential. But if one chooses to say
that the counting of a photoelectron
implies the counting of a photon, one is
simply demanding the microscopic
conservation of energy, which I dis-
cussed in my letter, and which Scully
and Sargent regard as part of "a turbu-
lent sea of philosophical argument"
that is better avoided by concentrating
on the comparison of theory with expe-
riment. I agree with them, and it is
the experimental comparison of pho-
toelectron counting statistics with the
predictions of semiclassical theory that
shows that fluctuation in the black-
body spectrum is also not a phenome-
non requiring a quantum-electrody-
namical explanation.

Reference
1. L. Mandel, "Fluctuations of Light

Beams," in Progress in Optics, ed. E.
Wolf, Vol. II, North-Holland Publishing
Company (Amsterdam) 1963.

FORREST C. STROME, JR
Eastman Kodak Company

Rochester, New York

THE AUTHORS COMMENT: We appreciate
Forrest Strome's letter clarifying his
previous comments on fluctuations in
blackbody radiation. We objected to
the implication that the "intensity fluc-
tuations in a light beam" can be com-
pletely understood with a classical field.
In his present letter he pointed out that
in practice photoelectrons are what we
observe and the fluctuations associated
with the photoelectron distribution
have both wave and particle contribu-
tions, whether calculated by a semi-
classical or a fully quantized theory.
This point is well taken. [Note how-
ever that this is true even when the
quantum efficiency (probability of
photoemission) is unity (Scully and

" \

Lamb, Phys. Rev. 179, 368, 1969).] In
principle, however, we can measure the
total (macroscopic) energy in each
member of an ensemble of cavities pre-
pared in thermal equilibrium. (A dis-
cussion along these lines will be given
elsewhere by Chao and Scully.) We
could then reduce our data to find the
average energy, (E) a nT, and the fluc-
tuations AE. Semiclassical theory for
these measurements predicts AE =
MT2, while the fully quantized theory
predicts AE = n-i2 + n-r. It is this
difference that we regard as providing
another vote for a fully quantized over
a semiclassical radiation theory.

MARL AN 0. SCULLY
MURRAY SARGENT III

University of Arizona
Tucson

Journals needed
Our recently formed research institute
is in the need of journals (back numbers)
and books for its library. We are in-
terested in offers in the following fields:

General physics
Astrophysics
Optics
Electronics
Solid-state physics

Donations would be most welcome.
FERNANDO BRODERB.

Instituto Nacional de
Astrofisica Opticay Electronica

Apartados Postales 51 Y216
Puebla, Pue., Mexico

New Journal
We have just started a quarterly jour-
nal of opinion—Scientific Opinion—for
the scientific and technological com-
munity in India. The maiden issue
came out in August 1972.

We invite all India-lovers to partici-
pate actively in this excitingly unique
venture by contributing their opinions
(through letters, articles, essays and so
on) on problems facing our country in
these areas.

NARENDER K. SEHGAL
Scientific Opinion

465-R Model Town
Jullundur 144003

India

Correction
October, page 64—The most recent edi-
tion of Graduate Programs in Physics
and Astronomy and Related Fields is
that of October 1971. It is available for
$7.50 prepaid, $8.50 otherwise, as
described in the October 1972 issue.
Order from AIP, 335 East 45th St., New
York, N.Y: 10017. n
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