Physics
and future

This summary of the APS Physics Manpower Panel’s report

BROOKHAVEN NATIONAL | ABCRATORY

manpower:

present

explores the employment paths of recent PhD'’s, looks at attitudes and
expectations, and makes projections for future supply and demand.

Ralph A. Alpher, Milan D. Fiske and Beverly Fearn Porter

The decade of the 1970’s has been a time
of turmoil and transition for the support
of physics and physicists, especially of
voung physicists just completing their
gracluate years. Science, the Endless
Frontier, had come to have linancial ho-
rizons quite close in during the late 1960's
and early 1970's. A whole generation of
physicists had become accustomed to
automatic careers, in which demand so far
exceeded supply that the greatest prob-
lem was to choose among desirable alter-
natives. The great expansion of higher
education had created limitless opportu-
nities in the mode most familiar to the
graduate student, and academic re-
search—perforce with some teaching
became the normal career goal.

There were warnings in the 1960°s and
plenty of signs (especially to the retro-
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spective eve) that the days of glory were
limited, but demography and the federal
budget finally broke the spell. It sud-
denly appeared that there weren't enough
babies to fill, some years ahead, class-
rooms already built; and since science
hadn't done anything for the country
lately, wise heads in Washington decided
federal largesse should be diverted to
more pressing demands. The cutback in
federal funding of research had really
started in 1967 or so, but its impact was
clear and present by 1970.

The Council of The American Physical
Society in 1969 established the ad hoe
Economics Concerns Committee, chaired
by Lee Grodzins of MIT, to gather the
facts on the employment situation in
physics, particularly of new PhD's, and to
make projections of future employment.

A series of reports by the Committee and
by Grodzins documented the seriousness
of the situation and forecast the lean
times ahead that the physics community
has experienced through the 1970%,
There followed an increasing involvement
of APS in matters much more concerned
with professional aspects, public poliey,
and employment of physicists than had
traditionally been the case. New instru-
ments were created: the standing Com-
mittee on Professional Concerns, the
Panel on Public Affairs, the Committee
on the Application of Physics; recently;
the Congressional Fellowships and the
Industrial Fellowships, and, in 1976, the
Physics Manpower Panel.

By the mid-1970%s the initial trauma
had passed, and it had become clear that

a4 permanent or at least ]nng-klstlﬂ{:
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Views of industrial respondents on the need for
some aspects of graduate physics (colored bars)
and the adequacy of training in those aspects
(gray bars). The length of the tinted bar to the
left of each white gap denotes the percentage
of respondents rating the need or adequacy as
“'essential' or “excellent’ (1 or 2 on a scale of
1 to 5); the tinted bar to the right denotes the
percentage ranking the need or adequacy as
“irrelevant” or “poor" (4 or 5 on the 1-5 scale).
The white gaps reflect "'neutral’ responses.
Each question was answered by around 1500
respondents. The views of current graduate
students on the adequacy of their training did not
ditfer significantly. (See page 49)

change had oceurred. Future growth in
physics employment would lie mostly
outside academe, in directions not too well
seen, in activities not currently among the
central aspirations of embryonic physi-
cists. What these new opportunities
would be, and how many of them there
might be, and indeed a reliable figure for
traditional employment prospects—these
were largely unknown. Furthermore,
there was a strong feeling that the physics
community should know what had hap-
pened to it and especially to its young,
growing edge through the years of change.
Especially there was a demand for fore-
casts, for an early-warning svstem fore-
telling and giving wide cognizance to such
changed circumstances as had shattered
the hopes and plans for so many during
the previous decade.

The APS Council established the
Physics Manpower Panel in February,
1976, with one central task: *‘toidentify
and to quantify long-term trends in the
supply and demand for physicists” (Task
[). Auxiliary to this was the charge “to
discern those changes which may he
needed in the training of physicists to
prepare them better for future occupa-
tional demands™ (Task I1). In response,
the Panel proposed (and Council funded)
a series of studies for Task I; specifically
they proposed searching out the employ-
ment paths of recent physics PhD's and
identifying the attitudes and expectations
associated with these paths, and then
projecting supply and demand for PhD
physicists into the foreseeable future.
The Panel was unable to devise and im-
plement any comprehengive approach to
the second charge (Task I1), but it did
explore three new and different programs
related to graduate physics training.
Limitations of space in this present article
preclude discussion of these programs of
Task I1, for which the interested reader is
directed to the full repori of the Man-
power Panel.

Of the employment paths taken by
physicists, those in academe were most

The authors are all members of the APS Physics
Manpower Panel. Alpher is a staff member of
the General Electric Corporate R&D Center in
Schenectady, N.Y ., Fiske recently retired from
a similar position with GE. Porter is director of
the Manpower Statistics Division of AIP
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familiar, at least in a general sense. Yet

what had happened to the thousands of

voung physics faculty and postdoctorals
who had left universities and colleges in
the 1960°s and 1970's without receiving
tenured appointments? A decade pre-
viously they would have been secure in a
position of their own choice, typically in
academe. Where were they now and how
had they got there, how did they regard
their investment in physics, what measure
of fulfillment did they achieve—these are
important questions, particularly for
voung people now considering career al-
ternatives, physics among them,

Of the major non-academic employ-
ment centers, faculty and students were
most familiar with national laboratories,
such as Brookhaven or Oak Ridge, less so
with government laboratories such as the
National Bureau of Standards and Naval
Research Lahoratory, and even less with
industrial laboratories, especially the
smaller ones.  Of the lives of the consul-
tant, the small entrepreneur, the gov-
ernment adviser, essentially nothing was
known. There was clearly a need here for
greatly improved understanding of what
physicists did and what they thought
about it in these strange lands.

Three studies were carried out in pur-
suit of these questions, two following the
careers of voung laculty and postdocs,
one focussed on the industrial physicist
We will discuss these studies in the [ol-
lowing three sections.

“Supply” and “demand,” poorly de-
fined terms when applied fo employvment

of PhD physicists, become exponentially
murky when projected even as much as a
decade into the future, and this is espe-
cially true of demand. Nevertheless, a
careful analysis of the elements of each
‘an be enlightening. The final study re-
ported here looks into the next decade
with some optimism for the future of
physics employment.

Mobile young faculty

During the 1960 and 1970's thousands
of young faculty left the universities and
colleges where they taught and conducted
research in physics, without receiving
tenured appointments. With tenured
positions becoming increasingly scarce,
this pattern is expected to continue dur-
ing the coming decade.

In the fall of 1976 a survey was con-
ducted of nearly 400 junior faculty who
left seventeen major physics departments
between 1962 and 1975. The primary
purpose of this study was to explore what
happened to junior faculty who did not
receive tenure at selected major physics
departments. The major concern cen-
tered around the guestion of whether
physics, particularly physics research, was
increasingly losing many of its best and
hrightest prospects because no room
could be found for them at the top uni-
versities, The spectre of the cartoon
physicist forced to drive a taxi cab
haunted many in the physics community.
We sought then to determine where these
physicists had gone, the wavs they used to
gel there, what they were now doing, and

PHYSICS TODAY / JANUARY 1080 45



how they felt about their past experiences
and current pusitions,

The mobile faculty were sent a nine-
page questionnaire including demao-
graphic, employment, work history, and
attitudinal items. A T3% response rate
brought replies from 273 individuals,

The study population. The assistant
professors who left seventeen top uni-
versities without receiving Lenure were
predominantly young, male, US citizens
who had received their PhI)'s at the top
US and foreign physics departments
during the early and mid-1960's. Their
dissertation subfields were concentrated;
over B0% came from the four major
physics subfields of elementary particles,
nuclear physies, solid-state physics, and
atomic and molecular physics. Elemen-
tary-particle physicists represented an
unusually high proportion, over one-third
of the total group. When these assistant
professors began their junior faculty po-
sitions, their career goals were clear.
They wanted university careers in basic
research and teaching, although not nec-
essarily in their dissertation area. They
did not want straight teaching careers;
they did not want to become involved in
industry, government, or administra-
tion.

Departure. The junior faculty positions
that these assistant professors left were
heavily research based. During this pe-
riod the group published heavily, gave
invited papers, and received awards and
grants.

However, they left—with actual or an-
ticipated tenure denial being the primary
factor influencing their departure. As

indicated in the table on page 49, while
those who left in the early 1960°s faced a
quite good job market, there were clear
signs ol change even by 1966, By the late
1960's the scene had sharply changed with
well over half of the respondents finding
a tight physics job market; and by the
1970s the picture was very serious with all
but a few realizing they were lacing a dif-
ficult situation. More than two-thirds of
the respondents left their assistant pro-
fessorships during these later difficult
periods.

Despite the tightness of the academic
job market most of the respondents
sought tenure-line university positions.
Some explored research positions in
Federally Funded Research and Devel-
opment Centers, industry, four-year col-
leges, and abroad. Very few considered
employment in government, any non-
academic development or administration,
junior colleges or high schools or in areas
outside of physics.

Although several respondents noted
that they had to search extensively,
three-quarters of them had found a new
position within six months. Few experi-
enced any periods of unemployment. In
looking for new emplovment, the major
means used and the most successful at all
periods of time remained personal con-
tacts made by former professors and col-
leagues; few made successful use of such
formal means as journal and newspaper
ads, placement services or employment
agencies.

Current employment. In the fall of 1976
only slightly over one-half of the original
group of 273 assistant professors were
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employed at colleges and universities in
the United States, One-third were em-
ployed in FFRDC’s, industry and other
non-academic areas while over 10% were
employed abroad, most returning to their
home countries. Those who left their
positions in the 1970's and late 1960's
were less likely to have found academic
employment and more likely to have
turned to non-academic employment
than those who had left in the early and
mid 1960's.

Changes also occurred in subfield con-
centration, Since writing their disserta-
tions one quarter had changed to another
physics subfield while 12% had left
physics altogether. Those no longer in
physics, dominated by the group that left
faculty positions during 1971-76, went
heavily into non-academic employment,
in such areas as mathematics, computer
science, engineering, geology, environ-
mental science, medicine, political
science, business and general adminis-
tration.

Job salistaction. Despite the different
changes noted above, over 80% of the re-
spondents felt satisfied with the profes-
sional challenge, autonomy and inde-
pendence and opportunity to utilize their
physics training that their current posi-
tions offered them. The first two of these
dimensions they considered of major im-
portance in a job. They were much less
satisfied with several organizational di-
mensions: teaching load, internal poli-
tics, administrative responsibilities,
number of assistants, and student quality,
although they ranked none of these as
important aspects of a job. Those work-
ing at the top-rated university depart-
ments and those in non-academic physics
positions tended to be more satisfied with
their current jobs than those in lower-
rated university departments. (We used
the so-called “Roose-Andersen” ratings;
K. D. Roose, C. J. Andersen, A Rating of
Graduate Programs, American Council
of Education, 1970.)

Faculty in the lower-rated graduate
departments and in colleges, together
with those respondents who had left
physics, were (for quite different reasons)
the ones least satisfied with their em-
ployment. The former group was par-
ticularly dissatisfied with the strength of
their departments, and the research
funding, time and assistance available to
them. Those who had left physics were
mainly dissatisfied with the lack of op-
portunity to use their physics training and
their job security. Yet, even these groups
were highly satisfied with the professional
challenge their jobs provided, the one
ahplec-l all groups considered most cen-
tral.

While a few respondents had become
alienated, for most the transition from the
junior faculty position at top physics de-
partments, although not always easy, was
accomplished quite well.

Looking back. One quarter of the group




saw some weaknesses in their graduate
training, mainly in the areas of experi-
mental and applied preparation. There
were fewer negative reactions from the
group when their theoretical background
and their general physics training were
considered, and only a very few would
have changed their area of specialization
within physics.

While a minority indicated any training
deficiencies, nearly half outlined areas of
information that would have been of aid
to them in graduate school: projections
of supply and demand, a fuller explana-
tion of what non-academic positions en-
tailed, a broader knowledge of fields
within and closely allied to physics, some
knowledge of the “real” academic world
of grant applications and tenure decisions,
and better counseling and faculty trans-
mission of job market information.

The future. Many in this group had
faced hardships and difficult changes.
However, most had landed in relatively
satisfactory positions and few were plan-
ning any further career changes. Would
they recommend physics as a field of
study for others in the future? 18% said
they would not recommend it, 60% said
they would, and 22% were more ambiv-
alent, frequently giving qualifications—
for example: “if the student were very
bright, if he was dedicated to the field and
il he understood the limited opportunities
which lay ahead particularly in academe
and was still determined, then | would
recommend physics.”

With qualifications, then, the majority
would continue to recommend physics.
And this trend held true both among
earlier and more recent degree holders,
among those still employed in their orig-
inal subfield and those who had changed,
among those still working in academe and
those now emploved in non-academic
sectors and even among those who had
left physics.

Postdoctoral follow-up study

The postdoctoral position is a familiar
and traditional one in the field of physics,
In the past decade between 25 and 40
percent of each new crop of physics PhD)'s
have held temporary postdoctoral posi-
tions. These positions have provided the
new PhD with an opportunity to further
his research experience and to delve more
deeply into complex problems, tempo-
rarily freed from teaching and adminis-
trative responsibilities. For a physicist
aiming at a faculty or staff position in the
top research-oriented universities and
federal labs the postdoctoral position has
clearly been a traditional, frequently
necessary, stage in the development of his
career,

In the changed joh market of the 1970’
these traditional areas for postdocs’ later
employment were—and promised to re-
main—very tight. Yet in 1973 an esti-
mated 2000 physicists and astronomers,
including over 40% of the class of 1972,
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were holding postdoctoral positions. 1t
was suspected that many of these post-
docs took these positions because they
could not find other suitable emplovment,
and had settled into a temporary holding
paltern.

The role of the postdoc in the early
1970°s had probably changed in unknown
ways; the future of these postdoes posed
even more challenging questions. How
did these physicists caught in the stream
ol change proceed with their careers, ei-
ther within or outside of physics?  And
how have they been affected”

Such questions led to a follow-up study
four years later of the group of physicists
who had held postdoctoral positions in
1973. In 1977, a seven-page question-
naire was sent out to over 1400 of these

(See page 52.)

1973 postdoctorals,
was 61%,

This is a report of instability, transition,
and change. Four years is a short period
in a career and, particularly when it is at
the beginning, change is paramount.
However, physicists continue to hold
temporary postdoctoral positions in rel-
atively large numbers. This report may
provide the new generation with at least
an opportunity of examining the experi-
ences, hoth positive and negative, of their
peers who passed through but four vears
ago.

The postdocloral position. Following their
PhD's from top universities in the early
1970's a large proportion of these postdaocs
first sought other positions, mainly within
the academic structure. They chose to

The response rate
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take the temporary postdoctoral positions
both for the traditional reason (expanding
their research experience) and the more
economically based one of having some
physics-related employment until they
could secure more permanent positions
(what we call the “holding pattern™). A
smaller number used the postdoctoral
position to move into another research
area, occasionally out of physics alto-
gether.

Nearly three-quarters of them took
their postdocs in academic institutions,
the remainder in FFRDC's and govern-
ment labs.

For maost of these physicists, the post-
doctoral position provided research ex-
perience and, they felt, enhanced their
professional reputation. Those who had
taken postdoctoral positions in medical
physics and biophysics also found the
experience uselul in defining their career
objectives and changing fields.
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By the early 1980's the number
(See page 53.)

Most of the respondents, however, did
not consider their postdoctoral positions
an asset in obtaining job offers, defining
or achieving their career objectives or
competing with colleagues. Many felt the
postdoctoral position had simply been
irrelevant. This was particularly true for
those now employed in industry.

In terms of job security, most felt the
postdoctoral position had clearly proven
to be more of a liability than an asset.
The feeling of lack of security was a theme
permeating these responses. Postdoc-
toral positions in the past were sltepping
stones to secure academic positions; they
have not proven to be so for this group.

Careers afler the postdoc. For one-half
of these physicists, the postdoctoral po-
sition described was the only one they
took. One-third, however, had held two
postdoes; 13% had held three or more.
While a sizeable proportion (23%) stayed
with their postdoctoral employers, par-

ticularly in the FFRDC’s, the majority
contacted employers directly. Formal
mechanisms, such as job placement ser-
vices, advertisements and so on, were used
by only a minority. While tenure-line
university positions were of major interest
to this group, the search patterns in non-
academic areas were fairly broad.

In 1977 one-quarter of these physicists
were still in postdoctoral positions or
holding non-tenure-track academic po-
sitions. Another quarter had found ap-
parently tenure-track positions; the re-
maining half were in non-academic em-
ployment, primarily the FFRDC's and
industry., This distribution was a major
departure from the heavy academic
dominance of their postdoctoral posi-
tions.

In terms of subfield, elementary parti-
cles, solid-state physics and nuclear
physics experienced heavy declines be-
tween the postdoctoral position and cur-
rent employment. Astronomy appeared
rather stable, while employment in optics
and medical physies both approximately
doubled during the transition between
postdoctoral position and current em-
ployment.

It is estimated that between ten and
fifteen percent of this postdoctoral group
has left physics—four years after their
1973 postdoctoral position.

Job satisfaction. 'Three-quarters or more
of the respondents were satisfied on their
current jobs with their freedom to pub-
lish, the congeniality of work relations,
voice in selection of research problems
and professional challenge. Less than
half were satisfied with the internal poli-
tics, deadline pressures, and lack of job
security. The latter was of particular
concern to them. Overall the most sat-
isfied group appeared to be those working
in the FFRDC's, the least satisfied those
employed in industry.

However, job satisfaction was not a
simple single dimension. In areas related
to individual choice (freedom to publish,
voice in research-problem selection and
autonomy and independence) those em-
ploved in the colleges and lower-rated
universities appeared the most satisfied
with their employment; those employed
in industry the least. When it came to
research facilities, funding and time for
research, physicists working in both those
spheres appeared equally deprived, in
strong contrast to those working in the
FFRDC’s, government installations and
the upper-rated Roose-Andersen de-
partments.

Those working in industry were quite
satisfied with their salaries, fringe benefits
and job security. In contrast, less than
half of those employed in academe were
satisfied in these areas.

Despite such tradeoffs and the fact that
no matter where these postdocs were now
employed they were likely to encounter
professional challenge and to use their
physics training, it must be noted that




those now employed in industry and to
some extent those employed in colleges
and the lower-rated universities are not
finding as much satisfaction as their col-
leagues. Part of these groups' dissatis-
faction appears related to their lowered
research involvement. After spending
several vears beyond the PhD concen-
trating heavily on research, they have had
to make abrupt changes. Many are still
in the midst of transition and finding it
difficult.

Looking back at their graduate
training, a majority felt their graduate
courses had prepared them well for their
future employment, although a substan-
tial proportion, particularly of those now
working in industry, wished they had de-
veloped a better grasp of the applied as-
pects of physics when they were in grad-
uate school.

Their reaction to counseling and faculty
attitudes was less positive. Nearly two-
thirds felt that their graduate schools had

not provided adequate counseling, half

lelt their advisers were not well-informed
on the physics job market and over 40%
felt their advisers had disparaged non-
academic employment.

I they had it to do over again most
would still go into physics; 30%, however,
would have chosen other areas, medicine
and engineering predominating. Looking
ahead, less than half would recommend
physics as a career to others, primarily
due to the insecurity they experienced
and the tight job market they foresaw.
These will he matters of continuing con-
cern to the physics community.,

The PhD physicis! in industry

The life of physicists emploved in in-
dustry is poorly known with any general-
ity, and certainly much less known than
that of their counterparts in academe, A
solid body of data concerning industrial
physicists has been needed, describing
what thev do, what their careers have
been and what they think of their lot.
This information is especially needed now
in graduate physics departments, since
the industrial sector offers probably the
largest potential for future employment
of new physics PhD's,

It was the purpose of this study to de-
velop a base of selected data concerning
the PhD physicist in industry, and to
present such insights from these data as
suggested themselves for consideration,
particularly by graduate students making
initial career decisions, and by phvsics
taculty who develop physics curricula and
provide career guidance for students.

We sent questionnaires to some 34(00)
PhD physicists in US industry; the 53%
overall response included 1642 usahle
returns.  The 25 gquestions sought out the
attitudes and events that led the respon-
dents to their present positions, asked
what their career histories have been and
what they now do, what ambience, re-
wards, constraints and so on they lind in

industry, and finally various demographic
data.

A supplementary graduate-student
questionnaire asking four of the same
attitudinal questions was sent to every
physics department in the AIP Graduate
Program Book listing more than 30 full-
time PhD graduate students in 1977-78.
It was important to do this in order to
sense the extent to which views had
changed, if at all, between the graduate
days of the industrial respondents—a
median of 15 years ago—and the present
day. There were 787 usable returns from
the 3000 questionnaires sent out.

Why and how to industry. The first eight
questions addressed the circumstances
surrounding the path to employment in
industry, including attitudes recollected
from student days (and in comparison.
those presently held), initial career ob-
jectives, options available, finding the first
job, and so on.

About two-thirds of the respondents
had had industry as a career goal. This
was not a career choice looked on with
great favor by faculty. In fact, 51% of the
faculty were remembered as considering
it undesirable, only 12% as desirable.
Muoreover, the faculty was of little help in
locating a job in industry. By far the
most successiul means were direct con-
tacts between the individual and his
prospective employers or their campus
recruiters,

As a fraction of jobs offered, industrial
offers have steadily risen, offers from
Government laboratories have steadily
fallen, and those from other types of in-
stitutions have remained about the
same,

Of the 1642 respondents, half were
employed in just three states—California
(22%), New York (15%) and New Jersey
(13%). Fifty were self-employed; the re-
mainder were distributed among 385
different employers. The seven com-
panies who employed 40 or more respon-
dents accounted for 32% of the total re-
sponses. At the other extreme was but a
single respondent from each of 252 dif-
ferent firms.

What do they do? This section ol six
yuestions sought data showing how
physicists perceive their activities,

Their activities can be sorted, alter a
fashion, by how they spend hall or more

of their time. In this sense, 12% ol re-
spondents are in basic research, 42% in
applied R&D and 29% in management.
Those in basic research average only 17%
of their time in applied R&D and trivial
amounts elsewhere; those in applied R&D
spend only 6% of their time in basic work,
and 10% in management. Those in
management do little else, applied R&D
heading their list at 15% of their time.
Fifty-one percent of respondents spent
maore than 40% of their time with one to
three colleagues, and 19% with a large
team. Basic research is almost entirely
an individual effort; very little such re-
search is done by a large team in in-
dustry.

Solid-state physics was the leading
subfield of primary use in present posi-
tions, and was also the leading disserta-
tion subfield, Optics, electronics and
electromagnetism, however, which rank
among the five most important subfields
in industry, together accounted for only
9% of thesis specialties.

Only 50% of all respondents considered
their physics background essential in their
daily activities, but virtually all the rest
found it useful. A surprising 38% of those
in management regarded their physics
experience as essential to what they do.

In general, the areas where training
appears weak, particularly in view of the
needs perceived on the job, include in-
terdisciplinary training, engineering,
writing and oral skills as indicated in the
figure on page 45.

Respondents rated a list of 18 present
job attributes. Their responses indicated
Jjob satisfaction overall to be high, with
60-80% “very satisfactory” or “satisfac-
tory™ contrasted with 10-20% “unsatis-
factory or very unsatisfactory™ on most of
the 18 items. Most cited of the desirable
aspects were “salary” and “professional
challenge,"” while the leading undesirable
aspects were “internal politics” and
“management.” The Table on page 52
gives more detail of these ratings.

Whal isit like? These final ten questions
touched on a potpourri of activities and
relationships involving industrial physi-
cists in ways perhaps different Irom those
alfecting their colleagues elsewhere;
namely, their rewards, constraints, pub-
lications, professional and academic in-
teractions,

Perceplions of the job market

Year left

Junior-facully position GOOD
1963-65 73%
1966-67 45%
1968-70 12%
1971-76 2%

TIGHT N
0% ar
21% 38
62 % 68
B5% 96

From a survey al physicists leaving junior laculty posilions

Column headed ‘N’ shows the number ol respondents in each calegory
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In order to provide answers one
must first understand the question.

Obvious? Reflect on your own experi-
ence and, perhaps, your frustrations
getting people to the core of a
problem. If it is true that PI's
technical know-how exceeds its
personnel count, the underlying
reason is that we encourage the
free exchange of individual ideas.
Call it what you will, but much of
our ability to help our customers stay
ahead has come from the curiosity of
our people, sometimes far beyond what
the job requires. That job is to create, con-
trol and understand intense energy
sources, taking us
into work involv-
ing high wvol-
tage systems,
radiation hard-
ening, fusion research, laser dev-
elopment, precision explosives
systems, and rapid response sen-
sors and actuators. To a scientist
every new answer simply dictates
new questions. If you are a physicist,
an electrical or mechanical engineer,
and you bring an intense personal in-
volvement to your work, you will find
our community stimulating. Write us.
Plusics luterational Company

Professional Personnel Section An Fqual Opportunity Emplover m/(/h
2700 Merced St . San Leandro, CA 94577, (415) 357-4610 A Subsidiary of ROCKCOR

We help you stay ahead
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In the familiar area of publications, i
was found that the average respondent
published slightly more than one publi-
cation per year in professional journals
and conference reports, nearly two com-
pany technical reports per year, and pro-
duced a patent every four years,

There is a strongly bimodal distribution
of interaction with the professional com-
munity, as measured by travel to profes-
sional society meetings and other labo-
ratories. Perhaps a third of the respon-
dents reported few if any such trips, while
a third averaged three or more trips per
year each to meetings and other labhora-
tories. Professional involvement appears
to be very much more a matter of personal
inclination than of institutional setting or
work activity, and is a common thing for
physicists in industrial life.

In contrast with a popular image, re-
spondents reported themselves as typi-
cally “very little” constrained in speaking
out, either within their company or pub-
licly, about a variety of issues, political,
social, economic and so on. In fact, they
saw themselves as little different from
their academic colleagues in this regard.

Comments were invited at a number of
places through the questionnaire, and the
concluding question was an open-ended
invitation for comments. All told, there
were nearly 3000 responses, some quite
lengthy. Here are two whose themes re-
curred often:

“Physics is a superb vehicle for

training people how to think. Unfor-

tunately, however, physicists are re-
garded as specialists, and many of

those specialties do not command a

high value in the market place. The

point must be made that physicists

(especially successfully trained ones)

are generalists who can move in effec-

tively to exploit new fields or to bring
new approaches to old ones.”

“It would be most helpful if emerg-
ing PhD's could have some apprecia-
tion of industry as a meaningful insti-
tution of society which provides a ve-
hicle for problem-solving, and also
have an equally important apprecia-
tion of their training as a tool rather
than an end in itself. The goal of
R&D in industry is to maintain the
long-term profitability of the compa-
ny. Physicists who wish to work in in-
dustry must appreciate this fact.”

Supply and demand 1960-1990

The manpower crisis in physics has
about run its course. The decade-long
decline in PhD production is nearly over,
and employment for physics PhD's is
picking up again in industry and to some
measure in academia as well.

The figure on page 47 summarizes the
overall situation. The line in the figure
starting in 1952 shows the estimated
doctoral labor force in physies based on
the PhD output of physicists. The
number of doctorates actually employed
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Views of industrial work

Total
Frequency
of
Most Desirable Citation
@ Salary 419
@ Professional challenge 339
3 Opporiunity to see own
results used 321
@ Broad range of activities
and problems 250
& Relevan! research 244
&) Research facilities 241
@ High quality of associates 197
B Availability of research
funding 156
1@ Autonomy and Independence 123
@ Good advancement 105

Total
Frequency
: of
Most Undesirable Citation
) Internal politics 276
@ Management 185
@ No free choice of
problems 171
@ No job security 169
@ Little time for
research 119
@ No research funds
available 82
@ High-pressure
atmosphere 80
@ Publishing limited 76
@ Administrative routine 75
@ Short-term projects. 70

These are the 1en "mos! desirable” and the ten "most undesirable” aspects according 1o a survey

of 3400 PhD physicists in industry

as physicists, shown hy the colored line,
exceeded the UUS PhD output throughout
the 1960’s; there was a net flow of more
than 3000 PhDD’s into physies from other
fields and from abroad. The situation
changed dramatically around 1970 as the
number of long-term physics openings
vanished. The older physicists who were
looking for positions found few available,
and large numbers left the field: the
vounger physicists embarked on alterna-
tive careers rather than face uncertain
prospects following temporary appoint-
ments. For about ten years, graduate
schools produced too many physicists for
the available jobs: during the decade,
about 10 000 doctorates trained in physics
left the field to work mainly in allied areas
of science and engineering. In 1980, the
physics labor force will be about the same
size as it was in 1970. The industrial
physicist was especially hard hit, as many
research laboratories shrank or ¢losed, but
the recovery of that sector has been strong
in recent vears.

Every field in the physical sciences and
in engineering has had severe manpower
problems during the 1970's, but physics
has suffered more than any other. The
arowth of employment has been less, the
outward mobility has been greater, the
number of young people entering the
physics community has been compara-
tively smaller, and the physics community
has been aging more rapidly.

The PhD output has now diminished in
response to the marketplace factors, and
the support for physics research has
begun to increase. But the need for
physies faculties, determined primarily by
the need to teach physics, is not soon
again to have growth rates like those in
the decades past. For the foreseeable
future the demand for physicists will be
closely coupled to funding by government.
sources and by the needs of industrial
research and development laboratories.

Methodology. What then does the fu-
ture hold, quantitatively, for physics jobs
and job seekers? In this paper we fore-
cast into the 1980’s by simply extrapo-
lating separately identified components
of supply and demand. The supply
component consists of those new PhD's
who expect to enter the physics labor
force plus those who are attracted into
physics from other countries and from
other fields. The demand for physicists
is a sum of the replacement needs for
those who die, retire. move out of a field
or emigrate, the growth or reduction n
the size of the field itself, and the
upgrading components in which PhD’s
are utilized in physics positions hitherto
filled with non-PhD’s or with non-physi-
cists.

No leedback loops are included, for it
is our view that such models are now of
limited predictive value. One reason is
that the time delays in the feedback loops




primarily involve the supply side of the
equation and are considerably longer than
the time span between unpredictahle
changes in the funding of research and
development in the physical sciences.
Another reason is that the imbalances
hetween supply and demand not only in-
fluence future supply but also have a di-
rect influence on the mobility and
upgrading components of demand, nei-
ther of which are well enough understood
for such refinements as feedback loops.

Supply. The number of new entrants
into the physics labor force is determined
by the number of US PhD's awarded per
year corrected for the exodus out of the
country, out of physics, and by the mo-
bility into physies by foreign PhD's and
by those not trained in physics. Of these
the principal component is the PhD pro-
duction from US universities, which
reached its peak at about 1700 per year in
the early 1970's and is now down to 60% of
that value. Toextrapolate these trends,
use is made of the extensive data available
on enrollments and degrees. Several
different projection algorithms give sim-
ilar values. The upper bound in the fig-
ure on page 48, which assumes a five-
percent growth rate in baccalaureate
production and a six-percent per year
growth in the fraction of those bacealau-
reates who go on to take a PhD, is con-
sidered improbable.

Immigration and mohility data are
derived from National Research Council
data. We conclude that about 77% of the
PhD production of physicists from the
United States will enter the US physics
labor force.

Demand. There are three hasic com-
ponents to the demand for PhD physi-
cists: the replacement of those who die
or retire and those who move from per-
manent positions into non-physics em-
ployment, the upgrading components in
which non-PhD's who leave a position are
replaced by PhD’s, and the growth of the
field.

From the known age distributions and
mortality tables, it appears that combined
death and retirement, now about 1%, will
climb to about 1.6% hy 1985,
the mean retirement age beyond 65 will
delay that date correspondingly, NRC
data suggest that the number leaving
“permanent”™ positions to work in non-
physics activities is about 1-1.5% also.

Upgrading is one of the most important
demand components., From college
teacher to research-support personnel,
from salesmen of high-priced instru-
mentation to admimstrators of technol-
ogy, there is an ever-growing need for the
more intensively trained. In the early
1960's, two-thirds of the jobs in physics
were done hy non-PhD's; now, two-thirds
are done hy PhD's. To estimate the
upgrading component, we take the num-
ber of physics positions occupied by
non-PhD's, 5900, multiplied hy the job
turnover rate, estimated to be 8% per year,

Inerease of

and assume that 50% of these positions
are filled by PhD's. Further assuming
that there is no growth in the non-PhD
labor force, we conclude that the available
number of upgraded positions will di-
minish by about 4% per year.

Growth. There is a growing number of
non-faculty research positions in acade-
mia, as well as a continual influx of phys-
ics PhD's into faculty positions in other
sciences (especially the earth sciences)
and into engineering where they continue
toidentily themselves as physicists, The
non-faculty group has been growing by 50
to 76 positions per vear for the past four
vears; the non-physics faculty group in-
creased hy some 500 positions from 1973
to 1977, Industry has been expanding its
emplovment of physicists by several
percent per year in recent years, and a
recent survey of those industries that
employ most of the physicists found that
thev expect their growth to continue at 3%
per vear through 1985. In the present
projections a net growth of 200 positions
per vear (1%) has been assumed, which is
roughly half of the growth rate of recent
vears,

Projection. The various components of
the projections through 1986 are given in
the figure on page 48. We conclude that
the physics community, taken as a whole,
has passed through its gravest hour. The
job market is beginning to look healthier
fur new entrants into the field, primarily
because there are relatively fewer of them.
By the early 1980's the number of posi-
tions in traditional physics should be
about equal to the number of new en-
trants into the lield. But there will con-
tinue to be imbalances between many
components of supply and demand
throughout the 19580°s. For example,
theoretical physicists, who make up about
one-third of the graduating PhD's but
only about one-sixth of the non-academic
labor furce, will continue to find a very
tight joh market for their services, On
the other hand, the number of PhD's per
vear in nuclear physics has dropped so
precipitously (to 40% of its peak) that the
ratio of supply to demand for experi-
mentalists in this field 1s now about unity.
Considerable anecdotal evidence indi-
cates that there is at present a shortage ol
experimental nuclear physicists.

Throughout the 1980's the number of
openings per vear in academic institutions
will continue to be far below the number
seeking such positions. The probahility
that a PhD) in physics will find a career in
one of the doctoral-granting physics de-
partments in the country has dropped
from 30-40% in the early 1960's to around
10% now: the expectation is that this
probability will rise slowly but will remain
helow 15% throughout the 1980's

Promise for the fulure

Mure than by any other consideration
the work detailed in this report has been
motivated by concern lor the problems

laced by young and embryonic physicists,
What do they face in the decade ahead”
Can they count on a career in the profes-
sion they aspire to?  What will their lives
he like? The report can be reassuring to
them in its affirmation of the diversity of
oplions open to them, well bevond their
academic experience, but it can also be
unsettling in its statements ol uncer-
tainty.

It is well to remember that, except for
one brief glimpse of Camelot, physicists
have perennially faced uncertainty, even
il not penury. In the euphoria of the
1950's and 1960’ it seemed natural and
right that society should support physi-
cists in doing what they wanted to do;
society would be well repaid by good
things out of science, or at least by a sense
of having supported worthwhile activities,
like symphony orchestras or the arts.
However, young physicists—adults, not
children—came to believe that hecause
they were bright and had spent dedicated
vears seeking the Truth, society was
hound to continue supporting their quest.
The revelation that society was bound to
do no such thing came as shock and dis-
illusionment, and the past decade has
been a time of trauma for many of
them.

What should he encouraging to all, and
especially to the young generation now
just peering into physics, is that as a whole
these people didn't make out too poorly.
Many are not where they had wanted to
be, many are not doing at all what they
had hoped to do, but a preponderant
majority have found it not all that bad.
They have interesting lives doing inter-
esting things, perhaps not the physics
they had envisioned or not even physics
at all, but activities nevertheless intel-
lectually challenging and fulfilling well
bevond their fears during their days of
despair. It is that very diversity of ac-
tivities and of careers into which young
physicists have leaped or lallen or heen
pushed in the 1970% that offers the
hrightest promise [or the future, a prom-
ise innate in our profession.

What the new PhD's do depends, of
course, on the drums they hear and whao
is calling. For some vears ahead that call
will come only feebly from the academic
muodel they know hest, hut the experience
of recent vears (and we hope, this report)
attests to the demand for the versatility
of voung physicists able and willing to put
their hands and minds to whatever baf-
fling problems arise. 1 remains for the
physies community to demonstrate fo the
physies student that physicists outside
academic halls can have challenging and
fulfilling lives, and to convince vet mare
employers that a physicist can indeed do
anvthing.

{1 15 a pleasurn tu m.f.'nnu Ted oo e subs ol
oribeiidons tade by the Receen Comnditbo

Williiem €' Kelly, Eueon Merzbachoer and
Davrd Robieeson, to the waork tif the Panel
wnder Task £ that s reported hors ]
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