
letters
How to succeed in industrial research
During 41 years of working in five dif-
ferent laboratories, mainly concerned
with applied research in electronics, I
became increasingly interested in ob-
serving the careers of fellow workers. I
was surprised by the number of brilliant
young men whose careers petered out as
they grew older and, conversely, by the
number of mediocre young men who"
seemed to grow steadily in stature and
achievement.

In trying to analyze the reasons for
this, I gradually arrived at a set of
guidelines for the industrial researcher.
These guidelines are so obvious that I
would not submit them for publication
were it not for the fact that they appear
to be ignored by a great number of re-
searchers. I will begin with one major
rule, which has some complex aspects,
followed by some simple do's and don'ts
for experimental work.

Ma|or rule. Pick the right project!
No project is 100% promising—those
have been completed a long time ago!
The real problem is to distinguish be-
tween the project with 10% promise of
success and the one with 1% promise.
There are some questions you should
ask yourself before making a decision; I
name just a few.
• Has there been a recent invention or
theory or a new experimental tool that
makes the solution of the problem more
probable than in the past?
• If you should be successful, will any-
one be interested in using your result?
This problem does not exist in basic re-
search when you can at least have the
satisfaction of publishing your result.
• Have you discussed the project with
those whose judgment you trust and
who have had experience in the field?
This is usually easier in a large labora-
tory.

A frequent problem is that your su-
pervisor wants you to work on a project
that you don't believe in or, conversely,
does not want you to pursue one that
you think has potential. There is no
simple solution to these problems, but I
can make some useful suggestions. In
the first case, if you have several
projects going, it is often effective to ask
the supervisor which of your present
projects should be dropped to make
time for the new one. In the second
case it sometimes pays to work on your
project during evenings and weekends
or when your supervisor is on vacation
or in the hospital. However, I should add
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a warning: Sometimes the supervisor is
right and you are wrong! Again, don't
hesitate to discuss your problem with
knowledgable colleagues.

Once you have embarked on a project
you must be honest with yourself and
drop it if you come to a dead end. This
is one of the most difficult rules to fol-
low because it is very hard to be objec-
tive in your judgment. You are faced
with two dangers: You may stop pre-
maturely because you are too impatient,
or you may continue beyond the point
of diminishing returns because you are
too proud to admit defeat. Cases of the
second category are more serious. I
have seen the best years of a man's ac-
tive life wasted for this reason.

Special mention should be made of
the dangers involved in research on a
government contract. The procedure
usually starts with a "proposal" that is
phrased too optimistically in order to
get the necessary funds and/or to beat
the competitive bidder. Once you work
on the contract you have to write quar-
terly reports that again have to be over-
optimistic to make sure that the con-
tract will be renewed for the next fiscal
year. After having written a number of
these reports you have brainwashed
yourself into having much greater confi-
dence in the project than it deserves. If
you are able to remain objective and
conclude that the project is not worth
pursuing you must be ruthless in trying

to get out of it. The government will
not usually discontinue the contract be-
cause the originator does not like to
admit faulty judgment. Your company
is not likely to stop the research be-
cause contracts are usually for "best ef-
fort" on a "cost plus" basis. In other
words, the company can never lose
money on the contract and has there-
fore no incentive to discontinue the
work. I have seen hopeless projects of
this sort drag on ten or more years, ru-
ining the promising career of a good re-
searcher.

A final ingredient for success in pick-
ing a good project is of such a vague na-
ture that it is difficult to put into well-
defined terms. The best words are
probably "luck" and "intuition," or a
happy mixture of the two. Unfortu-
nately, there are no rules how to acquire
these!

Specific rules (Elementary, but often
ignored).
• Don't change more than one variable
in any experiment. This is so obvious
and yet is probably the most frequently
broken rule.
• Don't draw conclusions from an ex-
periment until you have reproduced the
results at least once or twice.
• Don't spend time and effort on mak-
ing any one measurement more accu-
rate than the nature of the experiment
justifies. If the error in one reading
cannot be reduced below ±10% it makes
no sense to measure other parameters
to within 0.1%.
• Make your preliminary experiments
with the simplest equipment ("string
and sealing wax" method) and gradual-
ly add to its complexity. I have seen
scientists spend a whole year, or more,
on building very elaborate equipment
before making any measurements only
to find out that a minor point had been
overlooked that made the whole appa-
ratus useless. My favorite quotation
rejated to this subject: "The best
equipment is one that falls apart after
the last experiment; any effort to make
it more durable is a waste of time and
effort."
• Work on your experiments yourself;
don't ask a semi-skilled technician to
take your measurements. Innumerable
inventions and discoveries were the re-
sult of an unexpected observation that a
less skilled worker would have over-
looked or not reported—penicillin, x
rays, uranium fission, and so on.
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Meet the solid generation.
Despite tumultuously high count rates, Canberra's new 2000 series NIM amplifiers maintain solid peak position and
excellent resolution. An entire family of amplifiers, each setting a new standard in high count rate performance.
At surprisingly modest prices.

Canberra's 2010 Spectroscopy
Amplifier maintains peak position to
within .024%. Resolution within 16%
(with 2kcps-100 kcps count rates).
The 2010 is designed for Ge or Si
detectors, offering a wide selection
of shaping time constants, broad
gain range and the most versatile
gated restorer you can buy. No other
manufacturer makes an amplifier
with these specifications at a com-
parable price.

Circle No. 10 on Reader Service Card

Canberra's 2011 Spectroscopy
Amplifier provides in a single width
module many of the advantages of the
2010—making it the best single-width
amplifier on the market. Its front
panel provides the most commonly-
used controls including the selection
of four different time constants. The
best value for many applications. The
practical solution.
Circle No. 11 on Reader Service Card

Canberra's 2015 introduces high
count rate performance never before
available in an AMP/SCA combination
(2kcps to 50kcps). This single-width
module is both a timing single-
channel analyzer and a research-
grade amplifier. Its low price makes
it ideal for applications ranging from
education to physics research.

Circle No. 12 on Reader Service Card

Every modern physics laboratory should include several of these new
instruments. Join the solid generation. Move up to 2000! Only from
Canberra. Write Canberra Industries, Inc., 45 Gracey Avenue, Meriden,
CT 06450. Or call (203) 238-2351, TWX: 710-461-0192.

CANBERRACABLE: CANBERRA. CANBERRA INSTRUMENTS S.A.R.L., FRANCE /
CANBERRA-STOLZ A.G., SWITZERLAND / CANBERRA INSTRUMENTS LTD.,
UNITED KINGDOM / CANBERRA ELEKTRONIK GMBH, GERMANY /
CANBERRA-POSITRONIKA B.V., NETHERLANDS. BELGIUM.
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• Keep up-to-date with relevant litera-
ture by regularly scanning journals such
as Current Contents, Chemical Ab-
stracts, and so on. Most of this reading
may appear wasted time. However, if
you find only one reference a year that
gives you a new idea, or shows you that
someone else has done work on your
project before, you may save years of ef-
fort.

One final rule: You must work hard!
Every famous scientist has achieved his
pre-eminence by the combination of a
brilliant mind and hard work. On the
other hand, many brilliant men have
never "made it" simply because they
were lazy.

ALFRED H. SOMMER
Wellesley, Mass.

New generation motivations
Michael Moravcsik has raised some in-
teresting points with his survey of the
motivation of physicists (October, page 9).
It is useful to know the extent that phys-
icists are motivated by "internal" criteria
such as "Release of innate curiosity," as
opposed to "external" criteria like "peer
recognition" and "financial advantage."
I would, however, wish to point out one
apparent defect in this particular survey.

Moravcsik describes the respondents as
"virtually all personally known to me."
These respondents were asked to describe
their attitudes "When you decided to
become a physicist, when you received
your PhD, 15 years ago, and now." This
would suggest that although no selection
by age was made deliberately, neverthe-
less most of the persons surveyed were of
Moravcsik's own generation, who entered
physics in the period from slightly before
to slightly after World War II, and that
the survey sample contained very few
people who have held their PhD's for less
than 15 years. This survey thus could not
detect any difference in motivation be-
tween younger and older physicists, a
difference that could have a profound
effect on the future of our profession.

As the social context in which physics
research is done has undergone a drastic
change in the last 30 years, there are
ample theoretical grounds for expecting
such a difference. The availability of
additional financial rewards in the form
of "summer salaries," consulting fees, and
so on, might have attracted externally
motivated persons to physics, in recent
years, who would have otherwise gone
elsewhere. On the other side of the coin,
many younger physicists may have been
forced to change their attitudes by the
recent dramatic downturn in research
funding. While older professors may
enjoy the luxury of being motivated by
"innate curiosity," their younger col-
leagues must concern themselves with the

immediate question of professional sur-
vival.

If younger physicists are indeed more
externally motivated than their prede-
cessors, this fact could go a long way
towards explaining both the increase in
quantity and the deline in quality of re-
search publications in recent years. It
could also explain the propensity of
younger physicists to hop aboard what-
ever bandwagon happens to be passing by,
be it "Polywater," A2 splitting, U(12),
dual-resonance models or charmed col-
ored quarks, as that is where they perceive
the "peer recognition" and consequent
"financial advantage" is to be found.
Since the great discoveries of the past
have been made by individuals who were
indisputably "internally motivated," this
kind of attitude on the part of younger
physicists, if it exists, would not justify
much optimism concerning the future of
physics.

ROBERT J. YAES
Memorial University of Newfoundland

Newfoundland, Canada

THE AUTHOR COMMENTS: Yaes is cor-
rect in assuming that in my sample the
youngest generation of physicists (around
30 years old) were underrepresented,
though they were not unrepresented.
The question of whether motivations
change from generation to generation is
in fact an interesting one, which my orig-
inal survey was not intended to shed light
on. This question, however, cannot be
decided by ex cathedra statements like
those contained in Yaes's letter. Instead,
they should be explored by surveys, sim-
ilar to mine, structured specifically to
yield information about this specific
problem. I would therefore like to urge
Yaes, or anybody else interested in this
subject, to participate in information
gathering instead of mere guessing.

MICHAEL J. MORAVCSIK
University of Oregon

Eugene, Oregon

Moravcsik's survey (October 1975, page
9) on the motivation of physicists is in-
teresting, but I wonder if his findings
are so readily interpreted. Consider, in
particular, the finding that most people
seem to be physicists for the personal
esthetic satisfaction, innate curiosity,
urge to convert talents into achieve-
ments, and satisfaction of making a dis-
covery. I certainly share such senti-
ments, and I am not surprised that a
majority of others do too. On the other
hand, it must also be realized that phys-
ics students are taught that these are
the respectable peer goals in physics.
It is difficult to imagine a colleague
gaining much approval by avowing that
he or she is really out for power and
money. The student almost never
learns anything of the financial or be-
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Programmable
Precision

Pulse Generator

Flat Top

Model 9010

Here's a programmable precision pulse
generatorwith unmatched performance
and versatility—the BNC Model 9010.
Two major features of the 9010 are: re-
mote programming of the pulse ampli-
tude from 0 to ±9.999 V with 1 mV reso-
lution, and a Pulse/DC Mode which
allows direct measurement of the pulse
top with a DVM. Application areas in-
clude: nuclear research, stimulus for
data acquisition systems and bench and
field calibration of NIM systems. The
price is $1520. For a brochure on this
and other BNC instruments, call (415)
527-1121 or write to:

BNC

Berkeley Nucleonics Corp.
1198 Tenth St.
Berkeley. Ca. 94710
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