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all. We must find ways to profit from
the former effect and eliminate the lat-
ter.

I don't disagree with Wigner about
the importance of other disciplines,
such as economics, the arts, languages,
music and so on. I just think this is
not the time to slow down on the pro-
duction of physicists or the develop-
ment of physics.

STEPHEN M. SHAFROTH
The University of North Carolina

Chapel Hill, North Carolina

Bootleg bombs
Richard Wilson's review of Nuclear
Energy: Its Physics and Social Chal-
lenge (by D. R. Inglis) in the Novem-
ber issue (page 47) contains an impor-
tant error. Specifically, Wilson con-
tends that Inglis has overstated the
problem of diversion of nuclear fuels by
failing to point out that "Plutonium
has to be a pure isotope (Pu239) to
make a bomb and that plutonium pro-
duced in most power reactors will be
diluted with other isotopes and must
be isotopically separated to make a
bomb."

Unfortunately, this is not the case.
It is true that plutonium produced in
today's light-water reactors contains as
much as 20-30% Pu240, but this "reac-
tor-grade" plutonium can nevertheless
be fashioned into formidable bombs
without isotopic separation. The pres-
ence of the prolific neutron emitter
Pu240 renders the bomb maker's task
more difficult and the explosive yield
less predictable than is the case with
pure Pu239, but the resulting weapon is
likely to be more than adequate for the
purposes of terrorists, blackmailers,
and even for some military applica-
tions. This conclusion has been stated
emphatically in the unclassified litera-
ture by authorities in the weapons
field.1-2 One need not even transform
the plutonium oxide found in most re-
actor fuels to plutonium metal—the
oxide will do as it is.1

Many people may also be unaware of
how large the quantity of material to
be safegaurded will be in an expanded
nuclear-power program, even if breeder
reactors are not deployed at all. A
large (1000 MWe) contemporary burner
reactor of the light-water variety has
an output of 220 to 285 kg of plutoni-
um per year, versus 250 to 500 kg per
year for a liquid-metal-cooled fast
breeder reactor of the same capacity.3

The breeder's plutonium is "better"
bomb material than that from the
LWR—it contains less Pu240—but the
difference is only one of degree, as
noted above.

Wilson suggests, rightly, that an at-
tempt be made to compare the hazards

of energy alternatives—to weigh the
potential consequences of dam failures,
LNG explosions, and so on against the
potential consequences of missteps
with nuclear fission. Although large
numbers of immediate deaths could in-
deed result from accidents with a vari-
ety of energy technologists, a liability
that may be unique to fission is the po-
tential for a legacy of environmental
contamination and genetic damage far
outliving the generation that makes
the mistakes.

JOHN P. HOLDREN
University of California

Berkeley
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CORRECTION: The sense of Wilson's re-
view was altered by omission of the ad-
jective "efficient" applied to "bomb."
Thus the next-to-last sentence of the
third paragraph should read: "Nor is
it clear that plutonium has to be a
pure isotope (Pu239) to make an effi-
cient bomb and that plutonium pro-
duced in most power reactors will be
diluted with other isotopes and must
be isotopically separated to make an
efficient bomb."

EDITOR

New math critic
As an answer to J. S. Huebner's obser-
vation that the decline in physics en-
rollment has occurred at a time that
suggests it might be related to the in-
troduction of the "new math" into the
public schools, I wish to suggest the
following:

The introduction of set theory as a
frame of reference for the teaching of
all math courses, from kindergarten on,
means that a student learns set theory
every semester—with applications to
the various subjects such as addition,
multiplication, algebra, geometry, and
so on. The students are therefore bur-
dened with carrying along throughout
their entire school career a subject eas-
ily mastered in one semester at the col-
lege level and of interest mainly to the
theoretical mathematician and not to
the physicist or engineer. This burden
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Checking lenses. . .
straight line
set-ups. . .
aligning electronic
parts. . . or ?
Lathe bed optical/
instrument benches.

If your work invokes
checking the parameters of
lenses and lens systems, or
the manipulation and
alignment of experimental
systems using lasers,
optical, and electronic
parts and similar devices,
consider a Gaertner optical
bench. It will provide the
stability and precision you
need—with a choice of
options to meet your
specific requirements.

Rugged. These benches
are made of a special,
massive casting with
ribbed design for stabi l i ty-
treated and precision ground
to assure permanent straight-
ness of the guide ways.

Two basic lengths, 160cm
and 120cm are offered. We
can furnish any combination
of these lengths, joined to
provide extra long benches
as needed.

Optical testing. For
accurate testing of lenses,
mirrors, and optical systems
our Model L36ON precision
optical bench assembly is
ideally suited for measuring
focal length, resolving
power, distortion, astig-
matism, curvature of field,
coma, spherical aberration
and lateral and axial
chromatic aberrations.

Alignment. If your
laboratory experiments
involve precise, dependable
and stable alignment of
components, as for instance,
laser or photometric systems,
electron guns, breadboarding
or prototype setups, you'll
find a lathe bed bench
indispensable. Or you can
use the bench as a base for
a scale comparator, a flame
photometer, spectro-
photometer, or similar
instrumentation. Ask for
Bulletin 156-73.B

Rectangular flat bed optical/instrument benches.
You can select these

Caertner benches in three
basic sizes, all with or
without vibration isolation
air-suspension systems:
2 meters x 57cm; 3'x4' or
4'x6'. They provide a
large stable magnetic
surface, yet are reasonably
portable. With a variety of
magnetic carriages and
other accessories, these
benches give you great
flexibility for positioning,
breadboarding and prototype
set-ups —for holographic
work, instrument experiment
and design arrangements
using folded optical paths,
and more . . .

Vibration isolation. With
the vibration isolation
system you can support
sensitive instruments such
as spectroscopic systems,
interferometers, a micro
balance, etc. Also useful
in photography and
photogrammetry. The
benches are used for many
industrial applications as
well as research. Example:
in a steel mill to isolate
delicate equipment for
monitoring the chemical
composition of the melt
inside a blast furnace.

Unlimited holographic
applications. Caertner
rectangular optical/
instrument benches can
be furnished with holo-
graphic components for use
in information storage and
retrieval, material studies,
and other work in a broad
range of fields where
holography is being
applied. Examples: (1) the
study of internal stress in
medicinal tablets to
eliminate a problem with
crumbling, (2) micro-
holographic study of tissues
from rats; (3) refractometer
experimentation, (4) the
investigation of the second
harmonic generation of a
laser, and many many
more. . .

Accessories. . . plus an
inexpensive liquid plate-
holder. Gaertner offers
a complete selection of
optical bench accessories
and component assemblies,
including magnetic holders.
The low-cost liquid plate-
holder for real-time
holography permits
processing a plate without
removing from the holder,
eliminating repositioning
problems Ask for Bulletin
156-72L.B

Double rod benches: inexpensive and versatile.
For less critical applica-

tions, you'll find a double
rod optical instrument bench
excellent. It is a relatively
inexpensive yet sturdy and
straight base for a variety
of carriages and component
assemblies. Available in 1,
2, and 3 meter lengths, with
or without a linear scale.

These benches may be used
for lens testing, determina-
tion of conjugate focii of
lenses, or with microscopes
for the measurement of
dimensional changes of
materials such as floor
tile, paper, etc., in various
environments. Medical
researchers have used a
double rod bench in
developing special trans-
ducers for use in open
heart surgery. With the
bench supported over an

aquarium, they were able
to precisely position
samples and transducers
within the tank.

Accessories. There's a
complete selection of
Gaertner optical/instrument
bench accessories for all
kinds of set-ups requiring
alignment, positioning,
linear and rotational
movement of test pieces
or components. Included
are calibrated fine x-y
and x-y-z motion stages,
lift-off carriages, micro-
scopes, light sources,
holders, slits, collimators,
and others.

For information on
Gaertner lathe bed and
double rod optical/
instrument benches, ask
for Bulletin 156-73. •

Information.
Please request literature

on any Gaertner instruments
of interest to you Or ask
our recommendation for an
instrument designed to meet
your particular requirement.
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is repetitious and confusing, and it in-
terferes with the students' under-
standing of and interest and proficien-
cy in the separate fields of mathemat-
ics and their applications.

A second consideration is that the
"new math" books have been designed
for the purpose of educating the aver-
age student who would not have been
able to grasp the subject as the "old
math" was taught. The material has
been simplified, spelled out and made
repetitious to^uch an extent that the
naturally talented student must lose
interest. Thus these students are not
recognized by their teachers, and many
high IQ (160 to 170) are lost in the so-
called "slow" classes.

An additional factor, and perhaps
the most important (in California, at
least), is the practice of sorting out the
students according to their supposed
intellectual capabilities when they are
in the third grade. The students are
separated into several categories,
which are then labeled ranging from
"bright" to "slow." The students la-
beled "bright" in this way are given
the most talented teachers, most ad-
vanced curriculum and the most out-
side enrichment for the rest of their
school careers. The students labeled
"slow" receive the leftovers. These
decisions are made at a time when
mathematical ability cannot yet be
recognized and are made primarily on
the basis of reading ability by teachers
who are not qualified to make decisions
so critical to the students' future.
Through misjudgements of these
third-grade teachers, many potential
physicists, engineers and mathemati-
cians are undoubtedly lost to the high-
er education system, while those who
do arrive show no interest in these
fields.

P. K. KlRKWOOD
Pacific Palisades, California

Material shortage
In your April issue, which I have only
just seen, there is a dispute about the
situation in developing countries
(pages 15, 77, and 79). It seems to me
that both Michael Green ("material re-
sources tend . . . to be woefully inade-
quate") and Michael Moravcsik ("the
surfeit of equipment there that stands
idle") are right. In our own case, for
example, we are well equipped (though
not, we feel, a surfeit) with an ultra-
high vacuum plant, high and low-ener-
gy electron diffraction, an Auger spec-
trometer, a quadrupole mass analyser,
an electron microscope with television
chain and other major accessories and
so on, but we were so desperately short
of material resources, such as pure ma-

terials, chemical reagents, spare parts,
photographic materials and electronic
components, that there is a real danger
that our experimental work will soon
grind to a halt. And this is not the
fault of bad planning on our part, so
much as the result of a policy on the
part of most funding agencies that pre-
fer non-consumable over consumable
purchases and the setting up of new
projects over the maintenance of estab-
lished groups.

J. A. EADES
University of Chile

Santiago, Chile

Sakharov's accusers
Your recent news story (November,
page 69) reported that letters ap-
pearing in the Soviet press denouncing
Sakharov's position were signed by sci-
entists in great number (names
added). Let me point out a fact that
is probably unknown to your readers.

Let me assure you that I can tell
from first-hand experience that those
scientists had to sign these letters.
They had no other choice unless they
were willing to lose their jobs and be
"separated" from their families.

I lived 15 years in the "Communist
Paradise" and I had to sign things 180
degrees against my will and con-
science.

NAME ON FILE

Physicist for Congress
In your editorial in November (page
88) you deplored the fact that there are
no proper physicists in the Congress,
and for that matter few in Congressio-
nal circles of any sort.

I thought that your readers would be
interested to learn that a former stu-
dent of ours, George Wayne Brown, is
likely to run for Congress in the 7th
Congressional District of Tennessee
next year. His present occupation is
Vice President for Academic Affairs at
Union University, Jackson, Tennessee,
and he teaches physics and astronomy
part-time. His birthplace was also in
the 7th District, which sounds helpful.
My knowledge of Tennessee politics is
slight, but I know that Brown would
not go into a time-consuming and labo-
rious campaign unless he felt there was
some possibility of success. Brown
finished his PhD in astronomy in Au-
gust 1970. His research and publica-
tions are in radio astronomy; he is well
grounded in physics.

I surely agree with the sentiments
expressed in your editorial, and I hope
we can find ways to assist well trained
physical scientists like Wayne Brown
in the commendable effort of trying for
a seat in the House of Representatives.

STANLEY S. BALLARD
Um uersity of Florida D
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