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Educating Physicists for Industry:
The Rest of the Story

Kenneth C. Hass

As more and more of their students
move into careers outside tradi-

tional research, physics educators have
been grappling with how best to provide
the necessary background, skills, and
experiences to promote lifelong career
success. The qualities needed to succeed
in industry are generally agreed on.
They include persistence, technical
breadth, flexibility, and strong problem-
solving skills. The abilities to communi-
cate effectively, meet deadlines, and
work in teams are also indispensable.

My own experiences support these
prerequisites, and I applaud the many
innovations that have been proposed
or implemented in physics depart-
ments to promote them. I’m particu-
larly sympathetic to the idea that
the traditional physics PhD pro-
gram takes too long to finish and
is too narrow in scope to prepare
students effectively for careers in
industry. And I’m glad to see that
professional master’s degree pro-
grams in physics are being devel-
oped and that many entrepre-
neurial physics students are
being encouraged to receive for-
mal business training.

Such efforts are clearly on the
right track. Nevertheless, I’ve
found that many discussions
about university–industry inter-
actions miss the forest for the
trees. The forest in this case is the
fundamentally different perspec-
tive required for success in industry as
opposed to academia. The prevailing
perspective in academia is often cari-
catured by the metaphor that “basic
research is like shooting an arrow into
the air and, where it lands, painting a
target.” Historically, university phys-
ics programs have done an outstanding
job of teaching physicists to shoot, but
not necessarily to aim.

Industry, on the other hand, is
replete with preexisting targets: a

company’s business plan, product per-
formance specifications, project cost
and timing goals, and so on. Few com-
panies today can afford to invest in sig-
nificant amounts of high-risk, unfo-
cused, exploratory research with the
goal of capitalizing on any break-
through wherever and whenever one
occurs. Instead, what companies need
most from their technical workforce is
the ability to direct arrows onto targets.

‘Alternative’ careers
Appreciating this difference in perspec-
tives is essential to educating physi-
cists for industry. I’ve always been
amused—and disturbed—by the aca-
demic physics community’s widespread

use of the term “alternative” career as
nearly synonymous with “nonacade-
mic” career. I had the same reaction
recently when I heard this backhanded
compliment to an industrial physicist
who had significantly advanced the
state of the art of several commercial
medical products: “He is sadly not a
professor in a university, but he should
have been.”

With attitudes like that, it’s no

wonder that many physics students
question the objectivity of the career
advice they receive from their profes-
sors. And it’s no wonder that many
industrial and political leaders ques-
tion the ability of physicists to assess
the relative value of different activi-
ties in a business and societal context.

The expectations placed on physi-
cists in industry are clearly different
from those on academic physicists. No
matter how big the company they
work for, no matter what their area of
responsibility—R&D, finance, com-
puter services, quality assurance,
management—industrial physicists
are much more likely to be focusing
their efforts and creative skills to sup-

port known needs and existing
commercialization plans than to
be generating new ideas and tar-
gets out of the blue.

The importance of following
through explains why the partic-
ular qualities listed in my open-
ing paragraph are critical to 
success in industry. Directing
arrows toward targets generally
requires much greater breadth,
persistence, and teamwork than
shooting a new arrow in what-
ever direction one chooses. Even
the development of a largely
physics-based technology will
almost certainly require some
level of understanding of the
associated materials science,

chemistry, and engineering—not to
mention customer usage require-
ments, market potential, manufac-
turability, and financial challenges.
Strong two-way communication with
highly diverse contacts—most of whom
are likely to be nonphysicists with dif-
ferent values, knowledge, work styles,
and agendas—is essential. Problems of
all kinds are sure to arise and need to
be overcome; most bear little resem-
blance to the types of problems one
encounters in a physics problem set. 

Does working in industry sound
daunting? It is. But students and edu-
cators shouldn’t be discouraged. A
physicist’s solid grounding in funda-
mental concepts, facility with quanti-
tative reasoning, and ability to
abstract and generalize provide a
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strong foundation for rapidly assimi-
lating new information, responding to
shifting priorities, and identifying
and maintaining a steady focus on the
most critical issues in a complex, mul-
tidisciplinary environment.

Although most physicists begin
their careers in narrow areas and typ-
ically aspire to shoot new arrows (that
is, generate breakthrough ideas),
those physicists who fully understand
the importance of the entire trajec-
tory—from scientific advance to suc-
cessful commercialization—usually
thrive in industry. There is still plenty
of room for invention and good science
in industry, but the more aligned
those are with the overriding targets,
the more value they generally return
to a company.

Successful industrial innovation
also entails combining arrows that
were initially launched in many dif-
ferent directions or detecting the most
significant ones early and directing
them to a company’s own needs—or
both. Physicists tend to be very good
at such tasks and at recognizing the
importance of, and the diverse possi-
bilities for, innovation in any activity
within a company. And as many well-
known examples attest—such as the
Manhattan Project or the develop-
ment of radar—physicists are indeed
capable of meeting highly focused and
challenging targets and of enjoying
the intellectual stimulation, cama-
raderie, and excitement that result
from working in a team to pursue a
common goal.

Constructive improvements
All this is good news for physics edu-
cators. The types of changes required
to improve the preparation of stu-
dents for industrial employment need
not amount to a major perturbation.
The last thing anyone wants is to
modify courses and programs so radi-
cally that they no longer instill the
traditional strengths of physicists.
Many constructive improvements
based on the preceding insights can be
easily implemented.

For example, physics students
could be introduced to industrial
physicists and to students, faculty,
and professionals in other fields. Edu-
cators could put more emphasis on
written and oral communication. And
more opportunities could be provided
for students to work in multidiscipli-
nary teams toward specific goals. But
to be effective, any modification must
be embraced without self-defeating
behaviors such as steering the best
students away from any program or
activity that appears “too industrial.”

I contend that all these measures

will benefit even those students who
remain in academia and will help to
move the entire physics community
more rapidly into the 21st century.
But for more ambitious educators, I
have additional suggestions.

A widespread belief exists that the
greatest scientific and societal chal-
lenges ahead revolve around the sub-
ject of complexity: assembling materi-
als atom by atom; understanding how
genomes give rise to living organisms
and how neural networks produce con-
sciousness; assessing and coping with
global economic, terrorist, and envi-
ronmental threats; and, of course, rec-
onciling the emergence of higher-level

laws and phenomena with the most
fundamental theory of everything.

In meeting these challenges, physi-
cists are in the vanguard. Unfortu-
nately, the traditional physics cur-
riculum tends to promote a primarily
linear, reductionist, and equilibrium
worldview. It doesn’t expose students
sufficiently to nonlinear, holistic, and
nonequilibrium concepts. The reduc-
tionist worldview is certainly not
wrong. On the contrary, it has domi-
nated Western society since the time
of Isaac Newton and has contributed
to most scientific, technological, and
industrial progress to date. However,
I believe that worldview holds too
much sway over traditionally trained
physicists and impedes their ability to
appreciate the needs of a complex
industrial environment.

As an example, consider how much
confusion persists in the physics com-
munity around the “linear” distinc-
tion between basic and applied
research. By contrast, other sciences,
especially biomedicine, seem to accept

more readily the inherent multifac-
eted nature of research and see little
conflict between the quest for funda-
mental understanding and the con-
sideration of its use. The real world of
business and technology development
is rarely simple and not always
rational. Physicists would benefit by
recognizing early on that many impor-
tant phenomena and human activities
lie beyond the prevailing worldview
they encounter in course work.

One way to ensure more balance in
the classroom would be to introduce
more complex systems concepts into
traditional courses. At least, one
should avoid consistent oversimplifi-
cation. For example, courses in con-
densed matter physics often give
short shrift to the defects, microstruc-
ture, and transformations that domi-
nate most practical considerations of
materials. Another suggestion is to
present more examples of the real his-
tory of how advances in physics have,
or have not, had an impact on com-
mercial products.

Technology, markets, and compa-
nies evolve. They rarely follow a pre-
dictable linear trajectory. Although
most physicists believe in Darwinian
evolution, relatively few of them have
thought seriously about how biologi-
cal analogies apply in such issues as
technology transfer, career develop-
ment, and interactions within and
between organizations.

The business world has rapidly
embraced the subject of complexity
but needs a great deal of guidance in
understanding its practical implica-
tions. Teaching physics students
about complex systems would not only
provide a competitive advantage in
this area to those headed for industry,
but might help the entire physics com-
munity deal more effectively with
such complex issues as research fund-
ing and prioritization, public policy,
and university-industry-government
interactions. 

Here’s the bottom line (always
important in industry!): One of the most
important things physics educators can
do to ensure the broad marketability of
their students is to convey objectively
the value of different perspectives and
the benefits of aligning one’s priorities
with the demands of whatever problem
or career one pursues.
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many of the ideas expressed here. �
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