
DYCOR QUADRUPOLE GAS
ANALYZERS
Available with Electron Multiplier
New Rack Mount or Bench Models

COMPLETE INSTRUMENT

$5595.00
IMAGE IN U.S.A.)

STANDARD FEATURES
• 1-100 AMU • Dual Filaments
• Faraday Cup Detector
• 100% Front Panel Control
• 9" High-Resolution Display
• Graph or Tabular Data Display
• RS232 Computer Interface
• 10"4to5x 10~'!Torr Pressure Range
• Background Subtraction

OPTIONAL FEATURES
• Pressure vs.Time Display • 1-200 AMU
• Graphics Printer For Hard Copy
• Sample System For Higher Pressures
• 12" High-Resolution Display
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The DYCOR Quadrupole
Gas Analyzer tells you ex-

actly what's in yourvacuum
system with a glance at the

high resolution display. Whether your
application is gas analysis, process
monitoring, leak detection, or vacuum
evaluation, the microprocessor-based
models provide you with the ultimate in
performance.

Our engineers would be pleased to
discuss your appl icat ion. For
literature, contact AMETEK, Thermox
Instruments Division, 150 Freeport
Road, Pittsburgh, PA 15238. Tel: (412)
828-9040.

AMETEK
THERMOX INSTRUMENTS DIVISION

The

LightWriter
Laser Printer

• HP Plotter,
HP Laser Jet,
Tektronix &
Daisy Wheel Emulation

Full Bit Mapped Graphics

• PS Technical Word Processor . . . J ^ S - ^
Full Equation Formatting ^^^^ ^-sv'^'V—J^ „»•

S2995 Complete Package
30 Day Money Back Guarantee The Lighi Writer laser printer system operates

with the IBM PC family offering full page graphics
capability at the affordable price of $2995. The PS
Technical Word Processor combines text and
graphics with mathematical equation typesetting
previewed while you edit. A complete set of 28
fonts and support for a wide variety of software
lor technical and scientific applications allows you
to easily format your technical papers, manuals,
and reports with typeset quality.

2601 North Campbell Tucson, Arizona 85719 (602)795-5530
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Engineers in the United States: 1983, pub-
lication NSF 85-303, National Science
Foundation 119851.

MARK N. MCDERMOTT
University of Washington

Seattle. Washington
EDWARD W. THOMAS

Georgia Institute of Technology
4/87 Atlanta, Georgia

CLARK REPLIES: Joseph Lang and his
coauthors raise a valid question regard-
ing the constancy of the value that our
society places on professional physi-
cists. That value can and does vary
sharply with time, as most of us who
received our degrees in the late 1960s
and early 1970s can testify. Just as the
price of gold or West Texas crude is
influenced by factors such as supply
and demand, so also does the value of
the particular talents or skills that an
individual has to offer to society rise
and fall with time. Professional physi-
cists are not immune to these economic
influences. As we plan for the educa-
tion of professional physicists, we
should earnestly endeavor to provide
those opportunities that will best devel-
op their talents and skills.

The point that I tried to make in the
editorial is that the opportunity for
participation in research by undergrad-
uates provides an exceptional means to
accomplish this end.

ROBERT BECK CLARK
Texas A&M University

4/87 College Station, Texas

Value of undergrad research
I would like to comment on the article
"Physics in the colleges," by Jerry P.
Gollub and Neal B. Abraham (June,
page 28). I was a physics major at
Amherst College, 1966-70, and I am
currently a research physicist at
UCLA. It is my opinion that the
faculty's research interests are of little,
if any, concern to undergraduate phys-
ics majors. The level of skill and
understanding required to contribute
meaningfully to a worthwhile research
project is considerably above that of an
undergraduate major. How many of us
as undergraduates could understand
even a single (then) currently pub-
lished journal article?

It is better to master the well-known
before venturing into the unknown,
and there certainly is plenty of the
well-known to master. The companion
article by Malcolm R. Beasley and
Lawrence W. Jones, "Education for
research" (page 36), argues that it is
best to resist the pressure to get into



COOL UNDER PRESSURE
Another breakthrough from MMR Technologies . . .

•"Technologies proudly introduces the
SEM Cold Stage System, a unique, SEM-
attachable cold stage that allows you to
study mounted samples at precisely
controlled temperatures — without
the use of liquid nitrogen. ,. ^ ^.
The system includes MMti 's K-20
Temperature Controller with IEEE-488 (CPIA)

d RS-232 computer interfaces. Other
include:

• Built-in microminiature joule-Thomson refrigerator (80K - 400K).,
• Radiation shielded Cold Stage with 1cm2 grounded cold pad.
• Couples with standard SEM specimen mount;

offers full rotation and tilt of stage.
• 3 minute cooldown/2 watt capacity riow"available on

ALL MMR refrigerators. ^ - " ' \ .

K-20

©'.

Ask about our Hall System, Low Temperature Micro Probe
Mor DLTS an&X-kay Dillractometer.

MMR Technologies; Inc * \ _

1400 Stierlin Road, #A-5
Mountain View, California 94043-1312, U.S.A.

Telephone (415) 962-9620 Telex 184817
Europe: AC Electro-Optics, Tarporley, England • Cryophysics

GmbH, Darmstadt, W. Germany • Cryophysics SA,
" ^ ^ , )ouy en Josas, France

"">.'' Japan: ABE Trading Company, Ltd., Osaka ,,
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The only RGA with E-STORE
Electronic Spectra Storage

I=i3*l

With its unique Electronic Spectra Storage facility, Hiden Analytical^
new residual gas analyser provides major operational benefits over
contemporary units.

The electronic E-STORE allows hundreds of spectra to be stored,
either singly or in a scan sequence, with fast access guaranteed.

Ideal for both fast and long-term process monitoring - from seconds to
days - the new RGA with electronic E-STORE combines ease of
control with flexibility-features which are reflected throughout the
entire Hiden range
Providing the widest performance available today, Hiden Analytical^
residual gas analysers and systems offer mass ranges from 100 to 600 amu
Designed with the user in mind, all units combine simple, soft-key operation

with powerful software packages and are suitable for research and process
applications in MBE, MOCVD, ION MILLING, SPUTTERING, ETCHING
AND EVAPORATION.

SYSTEMS AVAILABLE FOR:
• SIMS * GAS ANALYSIS • PLASMA DIAGNOSTICS

SSOCIATES, INC.
110 Shawmut Road. Canton, MA 02021 -9990.
Telephone: (617) 821 0690. TWX: 7103257892

Manufactured by Hiden Analytical Limited, 10 Greys Court, Kingsland Grange, Warrington WA1 4RW, England.
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HIGH
VOLTAGE
OPERATIONAL
AMPLIFIERS

• Up to ± 20,000V
• Up to 200V//U sec.
• Up to 200W output power

letters

Model 620A:
• 0to±20KV@1 mA
• Gain: 2000V/V or
• Slew: 12V//nsec.

| Model 664:
= • 0 to 10KV
= • 20 mA rms
= • 180 V/fJ sec.

Model 604A:
>0to± 1 KV @20mA
1 35 V//j sec.
1 Discrete amplifier and power
supply mounted on separate
P.C. boards

• Many other standard
models available.

• Special design require-
ments considered.

Write or call
for more information.

= PO Box 231 3932 Salt Works Road. =
= Medina N Y 14103 =
= Phone (716) 798-3140 Telex 752278 =
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specialized research too early at the
graduate level. How much more is this
true at the undergraduate level?

I did a senior honors thesis at Am-
herst (the equivalent of a three-semes-
ter course), and I must admit that the
gain was small for the time invested. It
was too specialized and I didn't have
the knowledge to do anything really
meaningful. The time would have been
better spent studying something more
basic (such as mathematical physics,
which, unfortunately, wasn't offered—
we were supposed to pick that up on our
own, much as today's students are
expected to pick up computer skills).

I am not against research at an
undergraduate institution. It is fine
for those who want to do it. But one
shouldn't be deluded into thinking that
it has great pedagogical value. Those
who argue that they need to do re-
search to avoid getting stale in the
classroom should continue to do so.
And it is fine to involve the students in
"research," but it is basically for the
cultural experience, a nice thing to do
during the summer or as a part-time
campus job.

But I also see a more ominous trend
in the undergraduate and state col-
leges. And that is that the ability to do
research in such institutions becomes a
requirement to do it. When I was an
undergraduate, I much preferred to
have teachers who passionately cared
about teaching, and devoted their time
and energy to it. Who wouldn't? Un-
fortunately, such people are being
squeezed out of these institutions.
What prospective physicist would now
dare admit to a hiring committee that
what he really loved was teaching and
not research? He would never be hired
if he did. Yet if colleges such as
Amherst and Oberlin looked at their
past, they would find they had many
such people, and they are proud of
them. There exist physicists whose
first love is teaching, who don't get
stale by interacting with undergradu-
ates and who are not so interested in
research. I believe those are the ones
the small colleges need the most, and
they are now the least likely to be
hired.

VIKTOR K. DECYK
University of California,

11/86 Los Angeles

GOLLUB AND ABRAHAM REPLY: Viktor
Decyk's concerns are reasonable. How-
ever, at the colleges we know, there is
no evidence that the level of commit-
ment to teaching has declined as re-
search opportunities have increased.
Indeed, we suggest that the opportuni-
ties available to students have been

considerably enhanced.
As with any educational experience,

research participation by undergradu-
ates will have varying degrees of suc-
cess. Perhaps the best way to respond
to Decyk's negative experience is sim-
ply to quote from written descriptions
of the research experiences of several
students we know.

Peter Kaplan (Haverford College
class of 1986) writes: "The process of
learning physics in a classroom is
clearly different from that of learning
in a [research] laboratory. Without two
summers and three semesters doing
research I would have become a stale
student whom devoted teachers would
have been unable to motivate
Time spent doing research has allowed
me to place the 'well-known' into a
more contemporary context. A result
is that I can learn quite a bit from
currently published journal arti-
cles. . .. Some of my classmates were
not interested in doing research, and
they have had the benefit of fine
teaching.

"The question of how highly to value
teaching ability when appointing
professors is a difficult one. The an-
swer surely depends on the educational
goals of each institution.... In the
large and confusing world of physics, it
does help to have some access to ongo-
ing and active research."

Mari Maeda (Bryn Mawr College
class of 1981; MIT PhD, 1986) writes:
"I have found that any knowledge
acquired during research has stuck
with me much longer than material
learned during course work. I also feel
that undergraduate research is essen-
tial for preparing a student for gradu-
ate work, for it builds confidence and
dispels any fear of working indepen-
dently."

Lois Hoffer (Bryn Mawr class of 1982;
University of Arizona MS, 1985; cur-
rently a PhD candidate at Bryn Mawr)
writes: "Undergraduate research may
take time from courses . .. and it can be
frustrating and useless. But with the
right professor at the right time it can
be not only enjoyable, but also a source
of self-confidence, and you may just fall
in love with the subject. In that case it
may shape the rest of your career in
physics."

JERRY P. GOLLUB
Haverford College

Haverford, Pennsylvania
NEAL B. ABRAHAM

Bryn Mawr College
4/87 Bryn Mawr, Pennsylvania

Learning to 'think physics'
I have read the June 1986 PHYSICS
TODAY—the special issue on the educa-


