
Preparing students for physics
related jobs
To keep pace with the changing times, physics departments
should offer courses and major curricula in interdisciplinary
fields as well as encourage more applied research.

Arnold A. Strassenburg

Physicists are now searching for new
and alternative paths for the progress
of their profession through the many
problems surfacing in the 1970's. Dur-
ing the golden years of the last decade,
we in the academic world felt secure
and self-contained; we did physics and
we taught physics. But the growing
cutbacks in funds and in job opportu-
nities have caused us to re-evaluate our
personal goals, our responsibility to the
larger society and our interactions with
governmental, industrial and educa-
tional institutions. The business of
training physicists is no longer a viable
support for the avocation of doing
physics. An obvious solution to these
problems is for the academic physicist
to offer his talent to a wider market, to
move into physics-related fields, to en-
gage in interdisciplinary efforts to solve
current social, economic and scientific
problems and to offer training that will
prepare students for physics-related
jobs.

In this article, I will point out the
obstacles that exist to extending the
scope of physics training in our school
systems, undergraduate programs and
graduate programs. I will also offer
suggestions that might help to over-
come these obstacles; principally. I will
discuss participation in interdisciplin-
ary programs particularly at the under-
graduate level. I will present data
from various studies, give some con-
crete examples of programs that are
currently being carried out and propose
organizational structures that might be
used to implement new programs.

Problems in undergraduate education

About half of the students who re-
ceive bachelors' degrees in physics earn
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them at institutions that offer the PhD
as well as lower degrees in physics (see
Table 1). Obviously all of the MS and
PhD degrees in physics are awarded at
the 300 or so universities that have
graduate-physics programs. Nearly all
of these institutions are organized
along departmental lines. The science
disciplines represented usually include
physics, chemistry, biology and geolo-
gy; a number of universities divide
biology, and sometimes the physical-
science disciplines, into smaller subdi-
visions.

Tendencies in other directions
toward interdisciplinary organization
exist but are confined to a relatively
small number of institutions. Depart-
ments of "earth sciences" and "space
sciences" are fairly common, but phys-
icists have played almost no role in
such mergers. At my own university,
SUNY-Stony Brook, there is an Earth
and Space-Sciences Department; the
interaction between this department
and the Physics Department is small.
Despite increasing student interest in
and research support for interdisciplin-
ary areas that include physics (for ex-
ample, the NSF "Research Applied to
National Needs" program), undergrad-
uate students committed to a physics
department realize little benefit from
these new opportunities. Biophysics is
often, though not invariably, associated
with a biology department, and when
it is part of a physics department it is
almost always confined to the graduate
level. Geophysics generally resides in
geology departments; those topics clas-
sified as chemical physics or physical
chemistry are generally taught by
chemists as part of chemistry courses.
Oceanography and meteorology, though
they rely heavily on physics principles,
are taught by earth- and space-science
departments. Materials sciences and
urban science, though classified as
science and concerned with data col-

lection, the establishment of quantita-
tive relationships among variables, and
model building, are more likely to be
part of engineering than physics de-
partments.

Of course, many special institutes
and research groups have been estab-
lished on campuses and at government
laboratories for the study of problems
that require input from natural scien-
tists and social scientists representing
various traditional disciplines. Exam-
ples are the program in Urban and Pol-
icy Science at Stony Brook and the
NASA Lunar Science Institute. These
offer research opportunities in interdis-
ciplinary fields to post graduates and
graduates, but they seldom have any
impact on undergraduate students.

Some efforts to broaden physics edu-
cation have begun in physics depart-
ments at the graduate level. Virgil El-
ings and David Phillips of the physics
departments at the University of Cali-
fornia Santa Barbara have described
an interdisciplinary graduate curricu-
lum in scientific instrumentation.1 In
this program, which awards a master's
degree, students participate in the
work of a variety of laboratories doing
research in biology, chemistry, engi-
neering, physiology and physics. Fig-
ure 1 shows a picture of Michael Bu-
chin, a student in the program who did
his undergraduate work in physics,
watching a deaf child use a speech dis-
play that he designed and constructed.

Opportunities exist for persons with
physics training to move into new
areas—even when their training was
not designed to facilitate such shifts.
Ronald Lee conducted a survey of op-
portunities open to undergraduate
physics majors tor graduate study in
other fields.2 The results, shown in
figure 2, support the conclusion that
graduate study in another field is an
attractive direction to be considered by
physics undergraduates and that under-
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A deaf child using a speech display and Michael Buchin, a student in the interdisciplinary
master's degree program at the University of California at Santa Barbara. Buchin, who
did his undergraduate work in physics, designed and constructed the display, which
moves a black spot on the TV screen to a position corresponding to the sound made by
the child. The development of this program was supported by an NSF grant. Figure 1

graduate study of physics can be a fruit-
ful beginning to a career involved with
multidisciplinary solutions to many of
the current social, economic and envi-
ronmental problems. Undoubtedly,
this flow of students from undergrad-
uate physics to careers in other fields
could be increased if physics depart-
ments took a broader and more imagi-
native view of their mission.

Our traditional physics departments
are lagging behind. Interdisciplinary
programs do increase the range of op-
portunities available to physics stu-
dents, but to take advantage of them,
a student must transfer out of the
physics department, wait until he or
she becomes a graduate student, or
both.

Present undergraduate situation

Many physicists will find nothing
alarming about the situation described
so far. They would argue that inter-
disciplinary science areas cannot be

understood until a firm background in
the basic principles of traditional disci-
plines is attained. I agree that every
serious science student should begin
with courses—including physics—that
stress basic principles in a quantitative
manner. Elementary courses with
such titles as "environmental science"
that precede basic physics and biology
make no sense as part of the prepara-
tion of future scientists. However, I
see no good reason why a student who
has diligently studied college physics,
chemistry and biology for two years
could not then profit from junior and
senior courses in biophysics, atmo-
spheric science, materials science or
any one of several other interdisciplin-
ary specialties that he or she wishes to
pursue. It is certainly not necessary
for a student with an interest in ocean-
ography to take entire courses in me-
chanics, thermodynamics, botany and
organic chemistry to learn the parts of
these specialized subjects that apply to

his own particular career interests.
Not all the departments related to

interdisciplinary sciences have vested
interests in promoting majors in these
fields; this means that the essential in-
gredients of a good major program—or
even a collection of suitable courses-
will not become available at most uni-
versities. In addition, the preoccupa-
tion of departments with their own dis-
ciplines has effects beyond the lost ca-
reer opportunities in interdisciplinary
fields. Most scientists are capable of
identifying how their specialities con-
tribute to such career activities as
teaching, writing, medicine, law and
business administration, but they show
little motivation to design courses that
contribute to career opportunities so
far removed from their own career.
The strong cohesiveness of physics de-
partments encourage attitudes that
make it unattractive—or even profes-
sionally disastrous—for a faculty mem-
ber, particularly one without tenure, to
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devote time to the education of non-
physics science majors. While the
need for students has neutralized these
attitudes somewhat in recent years, the
curricular inventiveness of most phys-
ics departments has been directed at
nonscience majors, not at the career
interests of students who could profit
from more physics-related instruction
than an introductory course but less
than a physics major. No matter how
we may view the value of a strong de-
partmental structure, the fact is the
number of jobs available in the re-
search-intensive disciplines is declin-
ing. Unless departments identify how
they can contribute to the preparation
of students for the increasing number
of jobs that involve the delivery of ser-
vices rather than the production of
goods, they will become less and less
viable as organizational units on the
campus. Table 2 provides data on en-
rollments in physics-related courses
given by physics departments in 850
sampled institutions. Of these, only
218 institutions reported enrollment in
physics-related courses.

Possible solution

By now it must be clear that I view
problems in preparing students at the
undergraduate level for physics-related
jobs as being primarily political in na-
ture. There is no doubt in my mind
that the faculties of our universities
could design excellent courses and cur-
ricula for almost any physics-related
career if they took the time to identify
the requirements of the career and if
individuals representing the relevant
disciplines would cooperate in the ef-
fort. To cite a few examples: Preston
Forbes has described3 an interdiscipli-
nary nuclear-science course, suitable
for a liberal-arts college, that was given
at Heidelberg College; David Onn, of
the University of Delaware, reported4

on a medical-physics course based
upon hospital field experience; Priscilla
Laws, from the physics department at
Dickenson College, has made an at-
tempt5 to define the ways in which a
physical scientist can contribute to an
interdisciplinary course. In addition
to these courses reported in the litera-
ture, the following interdisciplinary
courses can be found under "physics" in
undergraduate college catalogues:

Principles of Geophysics: University
of Arizona

Planetary Physics: University of
Hawaii

Atmospheric Physics: Oregon State
University

Introduction to Materials Science:
University of Pennsylvania

Introduction to Astrophysics: Texas
A. and M. University

Medical Physics: University of Wis-
consin.

I will not dwell any further on specif-

ic examples. Instead I will make some
suggestions concerning organizational
structures conducive to curricular in-
novation in nontraditional areas. In-
stitutions without graduate programs
should seriously consider eliminating
departments and replacing them with
groups of faculty members with com-
mon interests in specific undergraduate
programs. (Such a plan would not, of
course, preclude the existence of a
physics program.) This would not be
just a different way of sorting faculty
into static administrative units. The
primary goal of this plan would be to
focus attention on what educational
programs are to be offered undergradu-
ates, not to identify and isolate the re-
search specialities of the faculty. Indi-
vidual faculty members could belong to
one or more such units at any one time
depending on the current thrust of
their instructional efforts. These asso-
ciations could change from time to
time. Budgets would be made to sup-
port programs; salaries would be
charged to these budgets. The re-
search activities of faculty members
would continue in whatever fields in-
terest them. Support for this research
would be provided from funds budget-
ed for research and administered by a
dean in a central office. In this way
the impact of research on the entire
campus could be better evaluated and
more easily influenced by all con-
cerned. Structures of this type have
been tried by a few new colleges and
they do work. For example, the
School of Engineering at Rensselaer
Polytechnic Institute operates with a
"grid structure" that includes the fea-
tures described above.6

Grid structures can be constructed in
various ways, but always involve at
least a two-dimensional array designed
to provide a basis for grouping faculty
efforts and budgeting academic re-
sources more broadly than on purely
disciplinary lines. In one variation,
areas of research competence would be
listed along one axis and possible stu-
dent careers along the other. The ac-

tivities of traditional academic physi-
cists would fall on the intersection of
such research fields as "nuclear struc-
ture" with the career goal "academic
research." In the grid approach, a
cluster of points could be identified
where such research fields as "applied
physics," "applied mathematics," "en-
gineering processes," and "industrial
management" intersect career goals
such as "systems analysis," "computer
programming" and "industrial manage-
ment." Both research projects and
courses could be associated with faculty
assigned to this cluster, and budgets
would be developed to reflect the goals
of these programs for a number of
years commensurate with the vitality of
the programs and the cohesiveness of
the mutual interests that caused the
cluster to form initially.

For universities with large commit-
ments to graduate education and re-
search, a grid structure will probably
be unattractive and perhaps unsuit-
able. A less drastic maneuver would
be to encourage the development of in-
terdisciplinary courses and major cur-
ricula by adopting bookkeeping proce-
dures that would appropriately reward
those willing to participate. In my
opinion, many scientists would happily
involve themselves in innovative in-
structional ventures if there was en-
couragement and approval at the de-
partment level. With departmental
economics being what they are, the
promise of more students that would
justify more faculty without the risk of
losing support for cherished ongoing
activities would probably be sufficient
to stimulate considerable innovation.
This could be accomplished by fol-
lowing two procedures: First, credit
each cooperating department with a
fair share of the student enrollments in
the new program; second, invest from a
central budget for curricular innova-
tion those operating costs other than
salaries necessary to support a three-
year trial. If after three years the pro-
gram has attracted few students, it
should be dropped. If students are en-

Table 1. Number of BS Degrees Awarded Annually in Physics

Years

1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72

PhD-granting
Institutions

2482
2630
2816
2994
3036
2868
2502

MS-granting
Institutions

955
911

1016
1029
1022
1044
982

BS-granling
Institutions

1600
1695
1690
1952
1724
1843
1798

Data taken from "Physics and Astronomy Enrollments and Degrees in the US." AI P. March
1973.
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rolled, the departments will surely be
willing to absorb operational costs in
order to retain faculty credits for stu-
dent enrollments.

Graduate programs

What can be done at the graduate
level within the framework of existing
departmental structures to improve the
preparation of physics students for
physics-related jobs? In my view, the
most urgent need is for more opportu-
nities in applied research. The "Work
Complex Study," conducted by Sus-
anne Ellis of the AIP Manpower Divi-
sion,7 established that many industrial
laboratories prefer graduate engineers
to physicists largely because they are
more experienced in coping with prac-
tical problems and more willing to at-
tack them. Can a physics department
respond meaningfully to this chal-
lenge? I think they can. The main
problem is one of attitude. In the
golden years, applied research simply
did not have the same prestige as basic
research. This prevented many facul-
ty members who posses the necessary
talents and interests from studying ap-
plied problems. So the first need is to
recognize that any legitimate activity
pursued with energy and talent is re-
spectable, and if it contributes to the
welfare of society, it should be support-
ed and admired.

But agreeing that applied research is
good will not suddenly produce oppor-
tunities within graduate physics pro-
grams. I can conceive of two mecha-
nisms that would expand the opportu-
nities of graduate students. First,
there do exist on many campuses ap-
plied-research opportunities that in-
volve physics strongly but do not in-
volve physicists. Materials-science re-
search, usually conducted by engineers,
provides an obvious example. I
suggest that we allow physics graduate
students, once they have satisfied
course requirements for PhD candida-
cy, to satisfy their thesis requirement
by working under the supervision of an
engineer, a chemist, a geologist or a
faculty member associated with one of
the special research institutes common
on college campuses today.

The second suggestion, if imple-
mented, would require greater coopera-
tion with industrial and government
laboratories than has been customary
heretofore. As long as the quality of
the research performed is monitored by
a faculty member from the degree-
granting institution, I see no reason
why a graduate student should not
conduct his thesis research in any
physics laboratory that has the facili-
ties and personnel to support the kind
of applied research he or she would like
to pursue. The benefits from such co-
operative activities would extend be-
yond the immediate values to the stu-
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The Lee survey of opportunities open to physics majors for graduate study in other fields.
In the survey, 317 department heads at 73 universities were asked about a typical (hypo-
thetical) physics major. The data is shown here for one of the questions: How desirable
would the hypothetical student be for their graduate program? The light bar gives the
percentage of departments that considered the typical student to be very desirable for
their program. The patterned bar gives the percentage of departments that considered
the typical student to be adequate for their program. The dark bar gives the percentage
of departments feeling that the typical student was marginal or unacceptable for their pro-
gram. This graph was taken from reference 2. Figure 2

dent involved in this type of program.
There are existence proofs that the

ivy-covered walls do not come tum-
bling down when a graduate student
performs thesis research off campus.
For many years physics graduate stu-
dents in the New York and Chicago
areas have had access to facilities at
Brookhaven and Argonne respectively,
and several national laboratories. Oak
Ridge for one, have organized groups of
university associates to encourage ex-
changes of faculty and to stimulate
other kinds of laboratory-university in-
teractions. These kinds of programs
take a step in the right direction, but
they do not accomplish all that I am
now recommending.

The need is not just to prove to
graduate students that legitimate re-
search is conducted in nonacademic
laboratories, but to provide opportuni-
ties for students to become involved in
applied research, and to convince them
that such work is worthy of their best
creative efforts. In my view, this can
only be accomplished with the full co-
operation of industry. I have a small
amount of privately collected evidence
that industry would be pleased to co-
operate. However, each physics de-
partment that wishes to provide indus-
trial research experience for their grad-
uate students must take the initiative
itself, and this step presents an unfor-
tunate barrier. One department with
which I consulted had committed itself
to a graduate-level program in techni-
cal physics, but was unable to take the
next step because they had no working
relationship with any industrial physi-
cists, even though the university was
located in a heavily industrialized

area! Perhaps the joint meeting of
AIP Corporate Associates and the
group of prospective academic asso-
ciates, held in September, will help to
initiate a new kind of relationship that
will make proposals like mine easier to
implement.

Beginning science education

In preparing students for physics-re-
lated jobs, as in so many areas, the
problems really begin at a very early
age. Science, both as a primary activ-
ity and in terms of its secondary role in
all sorts of individual careers and pub-
lic programs, is poorly presented by
pre-college teachers and badly under-
stood by young students and other citi-
zens. We should not be surprised that
troubles exist at the college level for all
but the few who are willing and able to
emulate their college professors.

In my opinion, there is no cure for
this ill other than to attract better stu-
dents to pre-college teaching and to
provide these students with a much
higher quality teacher-preparation pro-
gram. Fortunately teacher salaries
and working conditions have improved
significantly. This, plus the fact that
many young people are now interested
in social service, has resulted in a sit-
uation allowing careful selection of
teacher candidates from among many
who are apparently well qualified and
deeply committed. However, the col-
lege teacher-preparation programs still
need much improvement. I believe
adequate programs will become com-
mon only when the most able scientists
share with educators the responsibility
of designing and teaching better
subject-matter courses, and supervising
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a much larger spectrum of clinical
classroom observing and teaching op-
portunities.

If we had better-trained elementary-
school teachers, we could anticipate
significant improvement in the atti-
tudes of college students and citizens
toward science and in their abilities to
deal intelligently with more advanced
science concepts and with technology.
This optimism stems from my belief
that the quality of the elementary-
school science teaching materials that
have become available during the past
ten years is now far superior to the
ability of the teachers to use them ef-
fectively. The key to effective elemen-
tary-level science teaching, in my view,
is to stress observation, logical deduc-
tion from facts and premises to conclu-
sions, and model-making. Such pro-
cess-oriented courses have been con-
structed by many talented scientists
and await effective exploitation.

At the secondary-school level, the
situation is not as healthy. The same
disease of disciplinary isolation and ar-
rogance discussed above in connection
with colleges also infects secondary-
school science departments. One
symptom it creates is an excessive con-
cern for subject-matter content. It ap-
pears ludicrous to me that arguments
should rage concerning the order of
teaching physics, chemistry and biolo-
gy in high school when the general sci-
entific literacy of high-school students
is so low that many of them cannot
distinguish the principles and tech-
niques of one discipline from another.
After all. the really basic principles

are common to all the disciplines, and
study techniques differ significantly
only at higher levels than can be
achieved in high school. A devastating
side effect resulting from pretentious-
ness is that most students learn almost
no science when in high school because
the content and pace is beyond their
intellectual capabilities.

Some steps have been taken toward
the development of an interdisciplinary
high-school science course dealing with
problems of interest to teenagers at a
level that the majority of them could
comprehend. The name of one project
is "Individualized Science Instruction-
al Systems;" it is housed on the cam-
pus of Florida State University and is
directed by Ernest Burkman, whose
unpublished report contains valuable
information. Another project, headed
by Earl Zwicker of the physics depart-
ment at the Illinois Institute of Tech-
nology was designed for inner-city
school systems. Funded by a $37 000
NSF grant, the summer institute
sought to reach the teachers and stu-
dents and to stimulate their interest in
science and technology. During the
course of the institute, the teachers
constructed apparatus that they will be
using this school year in their classes.

This concern about pre-college
science is not irrelevant; I am persuad-
ed that better pre-college science expe-
riences would make science-related ca-
reers more attractive to college stu-
dents and would make suitable special-
ized college science programs easier to
design and implement. To support
this contention, I cite a studv by W. R.

Table 2. Enrollment in Physics-Related Courses
offered by Physics Departments

Courses

Astronomy
Astrophysics
Advanced engineering
Art technology
Biophysics
Computer science
Cybernetics
Development of physics
Electronics
Education
Environmental physics
Earth physics
Geology
Growth of science & its concepts
Issues of science & religion
Meteorology
Oceanography
Photography
Pre-med & biology
Philosophic physics

Enrollment

2 504
530

6
32

539
374

11
50

9 780
130
383
115
114

0
0

358
59

300
100
91

15476

Source: "Survey of Enrollments and Degrees in Physics" AIP Publication R 151.9

Snelling and #R. F. Boruch revealing
that commitments to careers in science
are made long before college for most
students.* I submit that it is essential
to convince students early that science
can contribute to the improvement of
the quality of life without creating new
social and technological problems if we
are to attract young people into para-
professional science-related careers.

What can be done?
Everyone agrees that we are in a pe-

riod of rapid change. It seems para-
doxical that the universities—bastions
of research and hence leaders in pro-
moting new ideas and advanced tech-
nology in previous decades—should
now be slower than industrial and gov-
ernmental organizations to recognize
the current needs of society for skilled
employees and to adopt effective train-
ing methods for meeting these needs.
Clearly the universities (and particu-
larly physics departments) must review
their goals and procedures. Change is
needed to guarantee self-preservation
and useful productivity.

As a beginning. I recommend the fol-
lowing steps:
• Improve the preparation of elemen-
tary-school teachers, so that proper use
can be made of already existing ele-
mentary-science materials. Scientists
should contribute to the design and
teaching of college science courses for
future teachers.
• Eliminate the disciplinary emphasis
in secondary-school science courses.
Offer science courses in high school at
a level appropriate to the majority of
students.
• Offer college courses and major cur-
ricula in interdisciplinary fields and
other physics-related areas. Rest-
ructure administrative or bookkeeping
systems to increase faculty motivation
for involving themselves in the instruc-
tion of nonphysics majors.
• Increase the number and variety of
opportunities for applied research at
the graduate level. To accomplish
this, make it possible for thesis re-
search to be performed in campus re-
search institutes or industrial laborato-
ries.
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