
Thermionics
presents

a 2" evaporator
with 15 years'experience

Over 1000 of these versatile,
portable, easy to use TLI-10 sys-
tems are now at work in electron
microscopy, vacuum evaporation
research, thin film testing, semi-
conductor production and many
more applications requiring a lim-
ited scale, high quality vacuum
system.
• 3 models: automatic valving or

switch operated
• Direct equivalent to VarianVE-10
• Exclusive TLI maximum conduc-

tance, electrically driven valves
• 3 minute pumpdown to 1 x 10-"

torr (10" jar or equal)
• Low, 10-* torr range
• Air cooled diffusion pump
• Mechanical pump and motor vi-

bration protected
• Needs only 16"x27" floor space,

uses 110 V outlet
• Rubber casters for portability.

For ease of operation and versa-
tility, there's nothing else like the
TLI-10 anywhere near its price
range. For full details, call or write.

thermionics
labor Qtor y, inc.
22815 Sutro Street,
P.O. Box 3711
Hayward, CA 94544
(415)538-3304
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several questions about what subject
matter should be included in an under-
graduate course on optics. We think that
these questions have a broad meaning for
the physics community that transcends
interest in a book review and would like to
comment on them.

Numerous surveys conducted by the
AIP and others in recent years have
shown that there are fewer opportunities
along traditional career paths today than
in the past. It follows that if the present
generation of physicists continues to be
trained according to traditional proce-
dures, it will be trained for increasingly
non-existent careers.

A realization of this problem has
prompted a great deal of discussion of
alternate careers in applied areas. We
submit that if physicists are to pursue
alternate careers the nature of their edu-
cation and training must be changed so as
to enhance the prospects of their suc-
cessful pursuit of these alternate paths.
This cannot be done as an afterthought
while keeping the structure and content
of our courses unchanged.

There is an adage to the effect that
"Generals spend time between wars
learning to fight the past war better."
What we must avoid is physicists spend-
ing time between technological cycles
learning to contribute better to the past
cycle.

The reviewer concluded that our book
would make a fine text in an applied-
optics course, but that a number of topics

found in a traditional optics course were
not covered. That is precisely the point!
A book or course cannot include all of the
traditional material and have room for
modern applications other than by adding
a few footnotes here and there or a brief
section at the end. To meet today's needs
there should be an emphasis on newer
topics.

In addition to the proper selection and
emphasis of topics the manner of pre-
senting the material is important. We
think that optics should not be taught by
the deductive method—writing down
Maxwell's equations and deriving ex-
pressions from them. Students tend to
become immersed in vector algebra and
do not learn how to apply their knowl-
edge. The subject should be taught by
the inductive method—the key experi-
ments that form the basis of what we
know should be reviewed. The funda-
mental properties of light waves and their
interaction with matter should be built up
one by one by reference to phenomena.
This approach, particularly when associ-
ated with a laboratory, helps students
develop an intuition for phenomena and
this makes it easier for them to apply their
knowledge to real-world problems.

In today's world, not only courses in
applied optics, but also the standard un-
dergraduate course in optics should be
taught along the lines outlined above.

RICHARD A. PHILLIPS
Foster Grant Co., Inc.

Leominster, Massachusetts
ALLEN NUSSBAUM

University of Minnesota
7/25/77 Minneapolis, Minnesota

Commodity reserves

Recent letters have discussed known
world reserves of several important en-
ergy-related commodities such as coal and
uranium. The discussions often center
on how long it will take for such reserves
to be "used up," given various sets of as-
sumptions. In this respect I thought your
readers might be interested in the fol-
lowing table taken from the May 1977

issue of the Morgan Guaranty Survey.
This table shows that the known re-

serves of all but one of the eleven com-
modities listed actually increased in the
period from 1950 to 1970, some by ex-
traordinary amounts. Unfortunately coal
and uranium are not listed. While it
would be rash to conclude from this table
that the more such commodities are used
up, the more we still have, I think it is fair
to say that predicting the "life expec-

Known world reserves—1950-1970

Iron
Manganese
Chromite
Tungsten
Copper
Lead
Zinc
Tin
Bauxite
Potash
Phosphates

1950 1970

Thousands of metric tons
19 000 000 251000 000

500 000 635 000

100 000 755 000

1 903 1 328

100 000 279 000

40 000 86 000

70 000 113 000

6 000 6 600

1 400 000 5 300 000

5 000 000 118 000 000

26 000 000 1 178 000 000

Percent
change

1221

27

675

-30

179

115

61

10

279

2 360

4 430
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A COURSE ON THE
APPLICATION OF

GROUP THEORY TO
QUANTUM MECHANICS

by Irene V. Schensted
340 pp. paper $5.00 cloth $10.00

NEO Press
Peaks Island, Maine 04108

Part I (pp 1-69), the original and very popular
"Short Course," introduces the student to group
theory and how it is applied in quantum me-
chanics. Part II (pp 70-340) emphasizes use
of Young tableaux and idempotents to study the
symmetric and unitary groups. Numerous ap-
plications in molecular, atomic, nuclear and el-
ementary particle physics.

".. reflects a great deal of knowledge, enthu-
siasm, and dedication . . "

U. Fano, U. of Chicago

". . excellent use of Young tableaux and oper-
ators . . . I plan to recommend it strongly to my
class.."

K. T. Hecht, U. of Michigan

".. a remarkable book at a remarkable price

The Publishers

Send Orders and Inquiries to

NEO Press, Box 32A
Peaks Island, Maine 04108
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THE SWISS FEDERAL INSTITUTE
OF TECHNOLOGY. LAUSANNE
Microelectronics Laboratory

Applications are invited for positions of

SCIENTIFIC COLLABORATOR
in this newly established laboratory for
the following areas:
1) Silicon integrated device technol-

ogy
2) Physics and technology of Ill-V

compound materials and devices
A Ph.D. degree or equivalent and ex-
perience in one of the above areas are
required. The Laboratory's activities
will, in part, be pursued in collaboration
with outside research centers in the
form of joint projects, and prior expe-
rience in industry will be an asset.
Knowledge of French is desired after
an initial adaptation period.
For further information please write,
including a resume, list of publications,
description of research experience
and interests, and the names of 2 ref-
erees, to: Service du Personnel de
I'Ecole Polylechnique Federate, av-
enue de Cour 33, 1007 Lausanne/
Suisse.

tancies" of any commodity is probably
very difficult, to say the least. Perhaps
it isn't even worth the effort. The basic
problem in such predictions, I believe, lies
in understanding what proven reserves
actually are, namely "resources that can
be economically mined at current prices
and with current technology." Who
among us would be willing to predict fu-
ture prices and future technology with
confidence?

RICHARD W. VOOK
Syracuse University

6/2/77 Syracuse, New York

Electron microscopes

Sidney Abrahams and Jerome Cohen
(November, page 34) urge the develop-
ment of high-voltage scanning instru-
ments as beneficial for materials research.
They suggest the need for a national fa-
cility, or funding for developing tech-
niques, theory and equipment.

It would appear that the National In-
stitutes of Health, at least, agrees with
Abrahams and Cohen, for we have been
supporting, for the past five years, Elmar
Zeitler's construction of a one-angstrom,
one-million-volt instrument at the Uni-
versity of Chicago. In view of Abrahams's
and Cohen's concern, I am surprised they
are not aware of this (or, for that matter,
of the fact that the Arizona State micro-
scope is the work of Alex Strojnik and not
Marija Strojnik).

ERIC GLASS
National Institutes of Health

3/21/77 Bethesda, Maryland

THE AUTHORS COMMENT: In reply to
Eric Glass, we are aware of the develop-
ments in high-voltage electron microscopy
at Arizona State University and the Uni-
versity of Chicago (see pages 41-42 of our
article). We would like to correct our
previous statement that the 500 kV elec-
tron microscope at Arizona State was
built by Marija Strojnik: it was in fact
designed and built by her father, Alex
Strojnik. Our concern for funding a na-
tional high-voltage electron microscope
facility is to make available user-oriented
instrumentation with adequate services
that many US scientists can exploit,
rather than individual laboratory instru-
ments. In addition, such a facility should
include among its purposes development
of the theory, techniques and design
necessary for advancing the field. Fur-
ther comments on the need for a national
facility may be found in the article by J.
M. Cowley and S. Iijima in the March
issue (page 32).

S. C. ABRAHAMS
Bell Laboratories
Murray Hill, N.J.

J. B. COHEN
Northwestern University

3/25/77 Evanston, Illinois •

PR-1400 RF

TESTED WITH BROADBAND,
HIGH GAIN PHOTON COUNTING
SYSTEMS, these high performance
PMT housings provide — Electro-
static Shielding at cathode poten-
tial, Magnetic Shielding (.040"
thick high permeability material)
extending Vi cathode diameter in
front of photo cathode. Removable
Universal Front Mounting Flange
allows interchange with most com-
mercial housings.
PR-1400RF fits 2" & IV2" diam.
PMTs. PR-1401RF fits 1'/e" and
smaller tubes. Also, PR-1402RFfor
side window tubes (not shown).
Call (617) 774-3250 or write:

Products for Research, Inc.
78 Hollen Street • Danvers, Mass. 01923
CABLE: PHOTOCOOL TELEX: 94-0287
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HIGH SPEED PHOTOVOLTAIC

HgCdTe
INFRARED DETECTORS

Gigahertz cut-off frequency capability
4-element quadrantal arrays

Linear arrays up to 50 elements
Choice of cut-off frequencies

Quantum efficiency greater than 30%
Temperature- cycling to 80 C

Now...High Speed Photovoltaic InSb Infrared
Detectors Peaked at 4.9 Microns!

ELTEK
CORPORATION

7 Woodland Ave . LarchmonI, N Y 10536 [914) 834-8865
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