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On physics and
employment of physicists
in 1970 H. William Koch

Why did the current
job crisis come about so
abruptly? What can we
do to make sure it
never happens again?

The American Institute of Physics has
ended its fourth decade in a year of
economic turmoil for science—one ac-
companied by an abruptly dismal job
market for physics PhD's and by con-
cern about unemployment and under-
employment of physicists generally.
Let us here review the contributions,
education and employment of physi-
cists during AIP's 40 years, so as to place
the 1970 experiences in perspective and
so understand them better. This per-
spective will allow us to look at the
future of physics and physicists with the
insight we need if we are to avoid a
repetition of the current difficulties.

Contributions of physics

Physics is facing major changes, not
so much in its role but in the orientation
of its contributions to human welfare.
The changes in orientation from produc-
tion of knowledge to utilization of that
knowledge and to service' indicate a
maturing of physics that reflects the
social revolution in process in the rest
of society. The changes in physics are
occurring simultaneously with other
national changes; nearly all are having
unprecedented, and often disruptive,
effects throughout the physics com-
munity. Let us, therefore, examine the
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contributions of physics and consider
whether society will continue to depend
on them.

In the past, the study of physics has
contributed on two levels to the advance
of science and to the application of
science and engineering to our technol-
ogy. At one level, physics has contrib-
uted a wide array of scientific tools and
techniques on which our technological
society is based. On another, deeper,
level, it has led its sister fundamental
sciences and the observational sciences
in applying a balanced combination
of measurement and analysis to the
understanding and application of
science.

Distinguishing features of physics, in
comparison with its sister disciplines,
are the degree to which theory is capable
of experimental test; the degree to
which it is possible to give experimental
meaning and utility to mathematical
expressions, and the degree to which,
with its coupling to other sciences, those
other sciences can really be useful.

For more than 50 years, the physics
fraction of the doctoral degrees awarded
in the natural sciences and engineering-
has been more or less constant at 11%,
except for war years, as shown by the
five-year averages plotted in figure 1.
This unusual degree of constancy sug-
gests that the health and development
of each of the other fundamental and
observational sciences is coupled, in a
subtle way, to the health and develop-
ment of physics, especially to the extent
that they make use of the body of
physics tools and knowledge.

Attempting to predict what fraction
the physics doctorates will be in the
future is a difficult task. Nevertheless,
it is reasonable to state that a healthy
US economy in the decades ahead will
require a substantial contribution of
financial and manpower resources de-
voted to technology and its associated

professional and technical work force.
Of that work force, physicists in the
coming decade will undoubtedly com-
prise a fraction that is fairly close to the
fraction in this 4()th-anniversary year.
If this is so, physicists must continue
to be educated and employed, and at
rates consistent with national technol-
ogy and economy goals.

Why, then, did physicists experience
the short-range employment disruptions
of 1970? Are we training too many
physicists? Alternatively, are the
national funding investments in physics
research and development at their
present levels really warranted? In
order to attempt partial, and perhaps
inadequate, answers to these questions,
let us examine the education and em-
ployment of physicists over the last 40
years before interpreting the 1970 crisis.

Education and employment
For most of the 40-year history of AIP,

education and employment of physicists
have received generous public support
and encouragement. Education in
physics was supported financially by
increasing use of mechanisms such as
fellowships, teaching assistantships,
research assistantships and postdoctoral
appointments.

The result has been the number of
BS, MS and PhD degrees awarded per
year1 as shown in figure 2. Summing
these degrees and correcting approxi-
mately for deaths and retirements gives
the cumulated degrees shown in figure
3. These latter data show two impor-
tant features: First, the total number
of PhD physicists in the 1960's has been
increasing by about 8% per year; second,
the number of PhD physicists employed
in the US, as indicated by the National
Register, and the total number of mem-
bers of AIP societies increase from year
to year as expected. There are no sur-
prises in these data.
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The surprises occur in the relation-
ships of these supply data with the de-
mand (or employment) data. The
employment data contained in various
AIP reports' show that there was a con-
tinuing demand for physicists until
about 1967. Before 1967, the whole con-
cept of supply and demand for physi-
cists was poorly understood, and, fur-
thermore, felt to be relatively unim-
portant. After all, the number of physi-
cists produced per year at the PhD level
is relatively small compared to the total
technical work force, even at the all-
time high of approximately 1500. That
number should be easily absorbable in
a prospering economy with its as-
sociated technology. Indeed, the free-
enterprise system worked so well that
questions about the relative numbers
being educated and employed in the
several subfields, for example high-
energy physicists or solid-state physi-
cists, were felt to be unimportant. The
important factor was felt to be that of
providing sufficient challenge to bright
students so that they would be moti-
vated to choose physics—any kind of
physics.

The flexibility in the meaning of sup-
ply and demand, particularly important
to physicists, was nicely explained by
Allan M. Cartter5:

" . . . I must stress a peculiarity of the
market for highly trained manpower.
Short of a national depression—which
is not a part of my picture of the
future—it is unlikely that any sub-
stantial number of persons with the
doctorate will be unemployed, despite
the surplus conditions I foresee. If
our universities turn out a sufficient
number of PhD's to supply a 9% an-
nual expansion in nonacademic em-
ployment of doctorates, then there
will indeed be a 9% growth (give or
take a small fraction). Doctorate
holders will tend to "bump" those
with lesser credentials in many types
of positions. However, an increasing
proportion of these specialists will
not be employed in jobs for which
they were trained, or to which they
aspired . . ."

Even at a time when there was not such
a focus on supply and demand, AIP
consistently collected quantitative man-
power data and reported it biennially
in detailed reports made available to
students and faculty.'1 Annual and
interim reports have been prepared and
sent directly to department chairmen,
who have been most cooperative in
supplying the raw data.

Basing his remarks on employment
surveys, Arnold Strassenburg, early in
1970, noted7 that "evidence has been
gathering since 1967" that jobs were
more difficult to obtain. Thus, while
the employment crisis appeared to
develop as far back as 1967, it was

necessary to analyze data for several
successive years before a trend could
be identified. Furthermore, the small-
ness of the numbers when dealing with
physicists made analysis even more
difficult. The data pointed to trends
that resulted in department chairmen,
during the last two or three years, insti-
tuting holding patterns at the graduate
level as well as at the postdoctorate
level to assist candidates while they
found suitable employment."

The severity of the employment prob-
lem in 1970 varied markedly from one
discipline to another and from one sub-
field to another within physics itself.
Even in the face of this complication,
the data have suggested how to interpret
the nature of the problem. Elemen-
tary-particle and nuclear physics were,
and are, having difficulties, while the
more applied subfields of acoustics and
optics apparently had no employment
problems in 1970. The latter situation
is probably temporary. Similarly,
some related disciplines, such as
mathematics9 and geophysics,1" were
without severe employment problems.

Once these data were available,
several group meetings of department
chairmen were held in 1970. Numerous
invited and contributed papers, based
largely on these AIP data, were pre-
sented at member-society meetings.
In addition, a special newsletter" and
a report'- on manpower were distributed
to all of the registrants at the spring
1970 meeting in Washington of The
American Physical Society and the
winter 1971 joint annual meeting in New
York of the APS and the American
Association of Physics Teachers.
Copies of the special 1971 report on
manpower were also mailed to most of
the society members.

In the light of the data in these re-
ports, how then do we interpret the
abruptness and worsening of the em-
ployment conditions for physicists?

Interpretation
In general, 1970 was a catastrophic

year in the employment history of
physicists.'1 Mechanisms that might

Physics PhD's
awarded in the US
have remained at
about 1 1 % of the
total doctorate de-
grees in the natural
sciences and engi-
neering. Data here
are five-year aver-
ages. Figure 1

b 0.14

have been self-correcting under any
normal course of events failed to func-
tion when forces converged to produce
the simultaneous disappearance of op-
portunities in the three traditional job
areas of teaching in academic institu-
tions, research and development in
federally-supported programs, and
research, development, and production
in industry. The result was a surplus
of physicists of all ages and many types.
Lee Grodzins11 emphasizes the difficul-
ties encountered by the older physicists
in the data he has collected; at AIP
the statistics are concerned mainly
with those entering the job market for
the first time.

Quantitative data on the number and
employment of physicists with BS and
PhD degrees awarded in the summer
of 1970 are given in figures 4 and 5.
From them one realizes how dependent
the statistics are on the point in time
one uses for a base. Clearly, percent-
ages for June 1970 graduates unem-
ployed were greater in September 1970
than in February 1971. Clearly, too,
the percentages have been intolerably
large this past year. These figures ap-
pear in special annual reports prepared
by Susanne Ellis, supervisor of the AIP
manpower-statistics section.u

Grodzins estimated the unemploy-
ment figure for new PhD's to be 4%
in January 1971. In his view, this large
percentage represents a "disaster;" the
prospective graduate has already been
looking for a job for six months before
receiving his degree.'1

Some observers have oversimplified
the causes of the problems for physicists
and have overemphasized the applica-
bility to physics of Cartter's predictions
regarding faculty needs. As far back as
1964, Cartter pointed out15'16 that the
teacher shortage in colleges and univer-
sities would be ended in 1969. His early
predictions and his recent suggestions"
to cut back PhD production by 50% in
the 1970's are being used by some as a
generalized guide for all of the humani-
ties, arts and sciences. However, the
guide is not appropriate for a discipline
such as physics.
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Physics BS, MS and PhD degrees awarded in the US since
1912 show a steady growth, except for the war years, reflect-
ing a continual increase in public support. Figure 2

Cumulated degrees. Solid black—PhD's; dashed black—
BS's; solid gray—membership in AlP societies (duplicated);
dashed gray—PhD's in National Register. Figure 3

The support and employment of
PhD's vary markedly among the disci-
plines. The differences are illustrated
by means of the data17 in Table 1, in
which are grouped three sets of disci-
plines. Group A disciplines are those
in which 85-91% of the new PhD's ac-
cepted employment in 1961 in colleges
and universities; 84-94% had teaching
as their primary work activity. It
would, therefore, appear that the major
factor controlling PhD demand is stu-
dent enrollments. The corresponding
percentages and major factor for Group
B disciplines are 51-60%, 15-17%, and
Federal R and D funding. For Group
C disciplines, the percentages and fac-
tors are 20-38%, 14-17%, and industrial
funding.

These data strongly suggest that
PhD's in the Group A disciplines of
history, English, and fine arts are very
little affected by the state of the na-
tional economy, by industrial funding,
or by Federal R and D funding. At the
other end of the spectrum are the Group
C disciplines of chemistry and chemical
engineering in which the reverse is true:
Employment demands are very depen-
dent on industrial funding and very lit-
tle affected by student enrollments.
Accordingly one concludes that Cart-
ter's predictions, based as they are on
student enrollments and academic
openings, are of some interest to chem-

ists, but are not of the same importance
to them as is the state of the economy.

The in-between disciplines of Group
B (physics and astronomy, biophysics
and biochemistry) are influenced by
student enrollments and industrial
funding, but, more importantly, by
Federal R and D funding. Student en-
rollments and industrial funding are
important to physicists, because jobs in
teaching institutions and in industry

have permitted substantial lateral
motion into other disciplines for em-
ployment. However, the factor of over-
riding importance to physicists is
Federal R and D funding.

The influence of student enrollments
on employment opportunities in aca-
demic institutions can be anticipated
from the numbers of age-22 people in
our population.1" The population wave
has a small peak and a flattening in

Table 1. Short-term Factors Controlling Demand For New PhD's

Postdoctoral employer— Postdoctoral work
colleges and universities activity in teaching Major factor

Discipline (1961-63 data)

History ")
English >A
Fine Arts

Physics & \
Astronomy („
Biochemistry I
Biophysics '

Chemistry )„
Chem. Eng. \

85-91%

51-60%

20-38%

(1962-63 data) controlling demand

84-94% Student enrollment

15-17%

14-17%

Federal R and D funding

Industrial funding

Source: National Academy of Sciences publication no. 1489 (1967).
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1969. This is not surprising, because
1969 is 1947 (the start of high birth
rates) plus 18 years (the start of col-
lege) plus 4 more years (the end of col-
lege). As of 1969, the teaching profes-
sion has successfully mastered the
handling of large student populations.
Therefore, if Cartter's predictions are
correct—and they would appear to be
correct—the professions now must re-
duce teacher-production rates in Group
A disciplines.

A set of figures more significant for
physicists relate to Federal R and D
funding patterns. As noted above,
physicists are more dependent on Fed-
eral R and D support than are any other
group of scientists. To be specific, the
percentages of physicists in major work
activities are: R and D, 55%; teaching,
22%; administration, 23%.

Not only are physicists more involved
in R and D, but equally important, the
funding for that R and D has come from
the Federal Government. This latter
is so for at least two reasons: The R
and D activity in physics has a longer
time to pay-off than in most other
fields, and R and D requires larger capi-
tal investment than is so in most other
fields. One result of the dependence of
this funding on the Federal Government
is the large effect that small budgetary
changes from year to year can have on
the availability of salary funds. Hence,
it has been statedla that the R and D
system has operating on it a high lever-
age; that is, a small funding percentage
change can mean a large percentage
change in the employability of new PhD
physicists.

A natural reaction to the surplus oc-
curred in educational institutions.
Reduced enrollments of new graduate
students of about 20% were the result.8

Reports from some schools suggest that
there may also be considerable attrition
of existing students. What is to be
hoped is that there will not be an over-
reaction in enrollments that would
produce even greater percentage reduc-
tions over the next few years. Such an
overreaction would adversely affect the
progress of physics and science for a
decade or more.

In summary, the supply of physicists
being educated will be more consistent
with the demand than it was in 1970 if
the economy recovers simultaneously
with a recovery of industrial and federal
R and D funding. If the economy and
funding do not recover, then there will,
of course, continue to be a serious over-
supply of physicists to be dealt with.
If, in addition, the production rates of
PhD's continue at the same levels as in
1970, and temporary support mecha-
nisms such as postdoctoral fellowships
are eliminated (as in the proposed NSF
budget for fiscal year 1972), then unem-
ployment problems for physicists will
continue for the next few years.

Lessons for the future

The severity and abruptness of the
1970 employment crisis could not be
anticipated because of the unusual
convergence and worsening in 1969
and 1970 of the three major factors
affecting physics employment. How
can one avoid crises in the future?
There would appear to be at least four
procedures:
• Collect, evaluate, and share signifi-

cant data on education and employ-
ment of physicists—for example, AIP
assisted in development of an unprece-
dented national employment survey of
over 300 000 scientists and engineers,
accomplished by a postcard mailing in
April 1971 by NSF under special ar-
rangements with the Office of Science
and Technology-0

^ Use the data to improve the training,
application, and use of physicists
*• Assist the Federal funding agencies

Doctorate-granting
institutions
3036 52.5%

Master's-granting
institutions
1022 17.7%

f

2892 nonrespondents

Bachelor's-granting
institutions
1724 29-8%

i

5782 Physics baccalaureates

\ /

2890 respondents

POSTBACCALAUREATE PLANS: SEPTEMBER 1970

Graduate school:
physics
1070 37%

Graduate school:
non physics
550 19%

Sources of support
42% Teaching assistantship
19 Fellowship
9 Family
8 Research assistantship
8 Employment
6 Savings
5 Traineeship
1 G l b i l l
2 Other

V
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Employment
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14%
6
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20

Engineering
Nucleareng.
Medicine
Bus. Admin.
Biophysics
Astronomy
Mathematics
Comp. science
Other science
Law
Other

Military service
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530 accepted employment
135 continued employment
260 uncommitted:

45 with job offers

215 without job
offers

EMPLOYMENT STATUS REEXAMINED: FEBRUARY 1971

I_\k
215 physics baccalaureates

_y
12 nonrespondents

V

203 respondents

128 gainfully employed* —
4 parttimework
4 military service

38 unemployed
7 unpaid work

22 returned to school after
unsuccessful job hunt

* 128 — Use of their physics training
18 extensive
16 little
45 background only
49 none

Baccalaureate flow diagram. 5782 holders of bachelor's degrees awarded in 1969-70
were surveyed in September 1970 with a followup in February 1971. Figure 4
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and policy makers to develop mecha-
nisms for better science planning
y Assist physicists in locating oppor-
tunities in existing and new employ-
ment areas.

AIP's role is an active one along
these lines. However, AIP cannot pur-
sue political lines because it is a mem-
bership organization dedicated to
scientific aims. This limitation does
not preclude political action by individ-
uals. Physicists have a role to play as

citizens through all appropriate chan-
nels available to them for the purpose.
Through efforts from all directions, we
hope that effective planning for science
at a national level can be encouraged
and developed. With such planning, we
are convinced, employment catas-
trophes of the type experienced by
physicists in 1970 can be avoided in
future years.

As AIP starts its fifth decade, it looks
forward to a challenging future for
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regular
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Use of their physics training:
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Doctorate flow diagram. 1545 holders of PhD's awarded in 1969-70 were surveyed
in September 1970 with a followup survey in February 1971. Figure 5

physicists if the economy recovers with-
in the next year and US science and
technology programs receive renewed
financial support. That future, as al-
ready indicated, appears to be taking
new directions as both faculties and
students turn more and more toward
direct application of their training in
physics for the betterment of mankind.
Such effort is all the more fitting, as
AIP's purpose is the "advancement
and diffusion of the knowledge of
physics and its application to human
welfare." The Institute stands ready
to serve toward that end.

References

1. H. W. Koch, physics today, Jan. 1970,
page 27.

2. "Doctorate Production in US Universi-
ties, 1920-1962, with Baccalaureate
Origins of Doctorates in Sciences, Arts
and Professions," NAS-NRC Pub. no.
1142 (1963).

3. M. W. White, physics today, Jan. 1956,
page 32; "Survey of Physics Enrollments
and Degrees," AIP Pub. no. R-151, is-
sued annually.

4. S. D. Ellis, "Work Complex Study,"
AIP Pub. no. R-224 (1969), and "Physics
Manpower Studies, 1969," AIP Pub. no.
R-233I197O).

5. A.M. Cartter, address presented at the
AAAS meeting, Chicago, Dec. 1970, pub-
lished in Science 172, 132(1971).

6. "Physics Manpower: 1969-Education
and Employment Statistics," AIP Pub.
no. R-220U969). Earlier editions: Pub.
nos. R-169, R-161,R-146.

7. A. A. Strassenburg, physics today, April
1970, page 23

8. See physics today, Jan. 1971, page 91;
March 1971, page 69.

9. Conference Board of the Mathematical
Sciences Newsletter 6, no. 1. page 5
(1971).

10. Editorial in Geotimes, Nov. 1970.
11. COMPAS Newsletter, Committee on

Physics and Society, AIP, 20 April 1970.
12. "Special Report on Physics Manpower,"

APS, Feb. 1971.
13. L. Grodzins, reported in physics today.

May 1971, page 61.
14. "1969-1970 Graduate Student Survey,"

AIP Pub. no. R-207.3 (1971) and "Re-
port on Survey of Physics Bachelor's
Degree Recipients, 1969-70," AIP Pub.
no. R-211.2(1971).

15. A. M. Cartter, Educational Record,
Summer 1965, page 267.

16. A. M. Cartter, Educational Record, Fall
1970, page 333.

17. "Doctorate Recipients from US Univer-
sities 1958-1966," NAS Pub. no. 1489
(1967).

18. W. Brode, Manpower Comments (pub-
lished by the Scientific Manpower Com-
mission) vol. 7, no. 4 (1970).

19. H. W. Koch, paper presented at the
APS meeting in New Orleans, December
1970, and summarized in physics today,
Jan. 1971, page91.

20. See physics today. May 1971, page 64. •

PHYSICS TODAY / J U N E 1971 27


