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I shall talk about physics in the 1.S. since my knowledge covers that country, but | assume there are
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many truths that equally describe industrialized countries.
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’ INTRODUCTION — US. ENVIRONMENT
i SCHOOL OW PNYSIC 1IN INDUSTRY
' vl In the U.S., we graduate slightly in excess of 1000 Ph.D.’s in Physics per year. There are approxi-
27 January - 14 February 1986 jaal ghtly per ye pp!
e ! ’ moately 35,000 physicists in the APS. There are 60,000 represented by the AIP and its member in-
slitutes. 1o 1983-84 there were > 1,067 Ph.D.’s granted snd >5,045 granted for the five year period,
i .t as shown in Tables A (1) and A (31).
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The Physics faculty members are close to 4,000, depending on degree granting status of the school,

as seen in Table S. o :
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Table D-Physice-Reiaied Research Qutside Depariment
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Allin all, you come to the conclusion that the pursvit of physics is a business of reasonahle size.

WHERE DO PHYSICISTS GO?

This is difficult to quantify. Here is Histed those sectors that do afford working careers for physicists.

1. UNIVERSITY COMMUNITY

A. Post Doctoral Appointments
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N

We shall assume steady-state conditions. There were 1581-1744 positions filled In the 1984-85 time
frame. This number (luctuates depending on the Muctvations jn scademic suppori programs, where
dollars come from the government and the private sectors. The former had been decreasing, but there
seents to have been a turn sround over the past couple of years. The latter has shown only negligible
increases and really contributes only a very smafl part of the total program. It should be noted that
the number of pust-docs exceeds the number of doctoral siudents produced, but as many people leave
this sector as go into it, and 50 the total nuniber of Phi.D. physicists looking for positions is approxi-

mately equal to the newly degreed candidates.

B. Facully Appointments

There are between 3900 and 4800 faculty appoiniments. This number has extreme temporal fluctu-
stions. As an example, it has been estimated thal 90%% of the physics faculty positions will have 10
be :etill;d in the 1990's. This temporal bunching will continue - there is no mechanism Lo even out
the fluctuation. When this demand occurs, the industria) pool will have to be utilized to fill the oeeds.
There is also a demand by non-sdvanced degree granting schools. This woukd represent a small in-

fluence on the tolal demand.

2. GOVERNMENT LABORATORIES

Over the past several years there has been, if anything, a shrinkage of demand here. A guess woul]
place the demand here at 10-20% of the supply. Thia category s divisible into subcategories.

A. Stand-alone Laboratories

These have been mission oriented and-Trequently the migsion has changes. As an example, Oak Ridge
National Lab used (o be an atomic energy research lab. Other laboratories include:



The National Bureau of Stundards, which was originuily founded Lo worry about standards and

metrology, but pow does much more.

Los Alanios grew out of the Manhattan Project, and is now a general laboratary covering
things in addition (o weapons research.
»

Lﬁ\mrmom is primarily a weapons lab, but it does many olber things.

Brookhaven National Laboralory is a general laboratory engaged in academic types of re-

search.

Argonne National Lab grew out of the Manhattan Project at the University of Chicago, and

is new a broadly based science lab.

The Fermi Lab is the Country’s leading high energy physics lab.

Sandia is a broadly based lab, aiso doing some weapons research.
B. University Associated Labs

A second category involves laboratories that are located at universities, but are government funded,

Examples are:

Bt M.LT.: the National Magnet Lab and Lincoln Labs. The foriner is known for its work in
pushing the state-of-the-art in high magnetic fields, and the latter is u browdly based lab con-

centrating mostly in solid state.

a Cal Tech: The Jet Propulsion Lab, concerned will aerospace miatlers.
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2t fowa Siate University: the Ames Lab, a broadly based lab originally centered on a neutron

source,
at UC-Berkeley: the Lawrence Berkeley Laboratory, a very broadly based lab.

o Stanford University: the Sianford Linear Accelerator, engaged in high energy physics.

Thete are a number of laboratories being set up at universities with government and private funding,
such as the Microwave Electronics Labs at North Carolina State University and one at the University
of Texas in Austin, a Magnetics Research Institute at UC-San Diego, and the Center for Inlegrated

Systems at Stanford.

There Is still another class of lab falling owtside of the above categories. These are privately run labs

that exist entirely on contract support. Examples are SR1 and Batelle. These are only few in number,

and will get no further mention here.
3. INDUSTRY (Utilization of Physiists for Their Training)

T cannot quantily the number of physicists that go inoto industrial jobs that would utilize their talents
and training. I would guess this would be somewhat n excess of 50% of the supply. These jobs can

be further categorized as follows:
A. Indusirial Research Labs

The nature of the work will vary with the place. Some labs (e.g., IBM, Bel Labs,) will do a broad
spectrum of research from very fundamental to very applied. At the end of this paragraph [ will give
a brief descriplion of the IBM Research Lab. [ select this because of my familiarity. Other labs will

have somewhat different mixes, and sonie will essentially do only applied research, Examples of ihe



various types can be drawn from such labs as Boeing, Burroughs, DuPonl, Exxon, Ford, Genersal
Atomics, General Electric, Generat Motors, Hewlett Packard, Huphes, Kodak, Polarokl, RCA, Shell,

Texas Instruments, Uniled Technologies, Westinghouse, and Xerox.

In any one of these labs there will be a broad spectrum of physics activities (broader in some than in
others), spanning work from fundamental physics to very applied physics. In fact, some labs have
gone through cycles. At one time Westinghouse was a very broadly based lab, today it is not so.
General Electric used to iuve & wiler scope of activitics, but then it cul back, Today it may be wid-

" ening its scope ance more,

In order to give you examples of the various types of research being carried out in the various labs, 1
shall describe the work going on in the Research Division of IBM. It should be poted that certain labs
do only very applied physics and some do both applied and fundamental. At IBM we do both, and
it should be remembered that & subset of the work I describe may be exemplary of all of the work

going on in a particular lab.

In the IBM Research Division there are a listle over 3,000 people; 1012 of whom have Ph.D.'s, of
which there are 266 Ph.D. physicists. Rowghly 25% of our budget is in sclence and 75% i in ap-
plications. Physicists are hired in both calegories, of course.

In science, most of the activitles involve work in areas that are important to IBM and tha serve as the
underpinnings of IBM (echnologies.  Examples are work in semiconduciors, magnetics,
superconductivity, surfaces, interfaces, polymers, ceramics, elc. The people in these activities strive
to publish, give invited and contributed talks, go to meetings and in general, interact with the owtside
world. Hence, one of the prime consemers of theic work is the outside community -- acadenila,
government labs, and other industrial labs, 1BM is also a prime consumer in that it is important for

the Corporation to have a well founded base for their technological activities, to understand the limits

sfforded by current phenomena and materials, to be able Lo evatuate new or aliernate directions and

technologics, and in general, to be able (o predict and mold future developments.

There is & part of our science, about one quarter, thal is somewhat dilferent. This Is science that is

not so well related to IBM's needs, science that does not have a prediciable of immediate payoff to

. the Corporation. Examples of this are: laser physics, asirophysics, biophysics, search for the mag-

netic monopole, meusurement of the mass of the neulrino, neurvlogical science, superfluid hefium,
eic. These activilies do not have a direct impact on IBM, but we expect them to impact their fields,
There in no point in our doing mediocre astrophysics, the work we do has to be significant and re-
cogriized as such in its field. So, it is true for sl such "science for science sake” projects.

In the above, physicists are hired to work individually or in teams depending on the nature of the
work. We might have an individual with a post-doc working in superfiuid helium, or on the shapes
of galaxies, or we might have a groep of physicists working on 2-d electron conductivity in s Si or
quantum hall effect in GaAtAs-GaAs layered materials. These physicists will generally belong to the
American Physical Society and will aiiend physics meetings sponsored by the APS, the Materials
Research Society, American Vacuum Society, Electrochemical Sociely, IEEE, eic. They interact with
their peers in the outside work and with their peers within IBM. The pressure on them to publish i
no less than it is in scademin. The environment in which they function i very much similar to

academia

These science areas are not the only ones to hire physicista. The applications areas also afford a
working environment for physicisis. In this side, which comprises some 75% of the budget, we work
on mainstream and on alternative technologies. As examples:

In logic and memories, the mainstresm technology Is silicon, and we have extensive programs
investigating processing. devices, circuits, packaging, design automation and layout, testing,

lithography, etc. As for alternatives, we vsed to think that Josephson Junction Technology

9



afforded an alternative to silicon, but after many years of pursuing this we concluded that there
was not lechnical viability and we dropped the program. Today we pursue GaAs Technology
in a depth comparsble to silicon. Whether GaAs will be an aliernative or a complement to

silicon remiains to be seen.

In storage the mainstream technology remains that of magnetic coatings on media — rigid discs,
floppy discs or tapes. Here we try 10 undersiand new magnetic materials, new ways of pre-
paring surfaces, greater planatity, new methods of storage and encoding, etc. We previously
thought that magnetic bubbles could be an aliemate 1o this magnetic storage lechnology, but
we concluded that it dicd not have the hecessary economic viability. Today we are pursuing
various schemies in optical storage and whether any one will turn out io be & successful alter-
nate or complement remains to be seen. Simitarly, in other areas we pursue alternatives. In
displays we look at the CRT and liquid crystal displays. In printers we investigaie impact and

non-impact printers. Similarly for the rest of the IBM product line.

In afl of the above we utilize physicists, engineers, ceramisis, chemists, metallurgists, computer
sclentists, psychologists, linguists, etc. The physicists have their training in divetse areas; solid
state, quanium optics, particle physics, low temperatures, plasmas, gaseous or electron physics
and even astrophysics. The brightness, the talents, the drive, and the disposition of the physi-

cisls are of greater importance than the training.

B. Development Lahs

In American industry Usere is more than just the research lab. There are product development areas
and manufacturing areas. Again, 1 wilf call upon my familiarity with 1BM 10 describe the involvement

of physicisis here,

The Research and Developrient budget of 1BM is somewhere between 2 and 3 billion dollars. To
covet the Development part of the RLD we have laboratories all over the world - U.S,, Germany,
France, England, Japan. In these jocations they pursue wlvanced technology ant development of
sdvances to the product line. Different kocations have different nissions determined by that product
for which a lab has resporsibility. Some labs will be largely hardware oricnied (E. Fishkill,
Burlington, San Jose); some will be systems oriented (Boca Raton, Austin, Ruchester); snd some will
be software oriented (Santa Theresa). Hence, some labs will hire more physicists than others. The
activities that will be pursued there will be similar in nature to the activities in the applications area
of Rescarch, except the emphasis will be on the near term and on product cycle timing. Again, dif-
ferent disciplines witl be utilized and the physics work going on will be practiced by Ph.D.’s with di-
verse backgrounds.

C. Manvfacturing Facilities

If we proceed to the Manufacturing areas, we will probably find far fewer Ph.D. physicists wtilized
here than in ihe developnient areas, but tiere will be some. And, there probably should be more. k
Is interesting to note the reversal of hierarchy in Japan compared to America. In the U.S. the research
lab is perceived 10 be the most prestigious and the development lab less, with the manufacturing ac-
Uvities the least. In Japan, it is exactly the reverse with the manufacturing function being deemed the
maost important. kn fact, with the exceptions of a few countries and labs (Philips in Eindhoven and
some Japanese facilities) it is maily in the U.S. that one can find large research activilies supported

by a peivate company.

At IBM we have started an operation catled the Manufacturing Research Laboratory. This started
out in our main Research lab and its intent was 1o be aware of the latest activities and advances in
Reszarch, and to try 10 apply them (o manufacturing problems, present and future. This activity has

recently been scaled up to ciose o 200 people ardt consists of such activities as robotics, non-

It



destructive lesting, packaging and processing. 1t has hired quile a few physicists, especially in the last
two areas. But, what is more important, & number of physicists have transferred into it from other
research activities which brings us to the important subject -- career paths and changes - but, before

that, we shoulf discuss anothet role of physicists.

4. PHYSICISTS NOT ENGAGED IN PHYSICS

Many physicists have gone from practicing physics into non-physics related activities, As examples,
we st IBM have physicists in charge of a communications functions, in charge of general administra-
tive function, in charge of recruiting, elc. We have found that scientifically trained people bring to
bear in problems analytical ability and a facility for sorting through facts and reducing problems (o
the essential ingredients.  As a result, they [requently can handle non-technical issues with greater
facility, incisiveness and speed than non-technically trained people. We have many examples of

suceessfol conversions of acting physicists (0 managers of administtative functions.

There are cases where physicists have pone into market analysis, investment analysis, and In sales.

These numbers aren't great, but they aren't zero,

The physicists that have gone inwo these liclds have generally come from areas in which they wtilized

their training and, hence, once again the question of changing career paths comes up.

5. CAREER PATHS

There are many transitions physicists make: industry to university, university to industry, university
to university and industry 1o industry. 1o addition, and probably the most common one is where there
is a shift from fundamental 1o applied research. There are slso field changes such as physics to

biophysics, high energy 1o solid state, etc.

These shifts wili occur for & myriad of reasons, | believe the most common one Is what 1 call intel-
lectual menogause. When a scientist gets his Ph.D. he'll get a job doing research. Frequently the
chatlenge disappears from his enviconment and this couses an ennui. 1L occurs most generally 19 to
15 years from his degree grant. He takes stock of his technical ife. Without new chaflenge, be sees
himselt doing the same Lhing for the next 15 years.and becomes depressed by the prospect. He tries
to create his own chalienges and he'll make one of the teansitions allwded to eatlier - he'll change
jobs, fickls, or even wives. (Note that in an industrial environment Ji ks up to his management 1o as-

sure that his job environment maintains its challenge).

A very common trend in industry is for the physicist 1o want 1o switch from basic 1o applied work.
1t doesn’t happen to everyone, but it does happen to a sufficiently Jarge number that special mention
must be made of it. After a period of doing fundamental science, the physicist will frequently want
to work in sreas where he can see readity the utilization of his work. As a result, he will swich from
the basic science ares to the applications area described above. This switch will mostly be within
Research, but not entirely so. Frequently physiciats in applied programs want to get involved with
product development and transfers from Research (o various Product Developrient labs will ensue,
Sometimes there will be transfers into manufacturing facilives, although that is much more rare.
However, transfers from basic sciences to the Manulacturing Research Lab described above are

Special mention shoull be made about the transition of physicists from industry to universities. This
goes onall the time. There is 2 snobbism on the part of many in academia bn rating wniversity carcers
over industrial careers. You will hear more of this on Februsry 12 when Choyke and others will talk
sbout the Training of Physicists. However, this snobbism Is decremsing in time, in my perception.
There have beent waves of such transfers between industry and universities. In the early 60's we saw
many physicists go from Bell 1o various universities. In the 90's we will see another exodus when _
universities will have (o replace 909% of their staffs and there wilt be » limited supply from newly

trained Ph.D.’s. 1t has reached such a practice today that many fresh Ph.D.'s have plans (o work in-
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dustry for a 5 year period or so, and Lhen using that experience, 1o parlay it into an academic position.
Some carry through their intentions, but most find it too rewarding, financiolly and intellectually, 10

keave indusiry.

There is cven a small migration from Universities to Industry. We find that happening more and more

s the difficulty at obiaining government funding increases.

CONCLUSION

1 have tried to give you & flavor of Physics in an Industrialized country. In particular, it is Physics in
the U.S. and it emphasizes physics in the industrial community. It atiempis to portray the activitics

and the career paths opea to graduating Ph.D. Physicists.

During the remainder of the course we have selecied examples of specilic industries with tutorial

leclures dentonstrating the types of problems that physicists work on in that particular industry,

We will then discuss the \raining of physicists for industry, from the U.S. viewpoint and the view-

points of ather industrialized countries.

Lastly, we ope to give you some impressions of the industrial and academic physicists, their attitudes

arxl beliefs or misbeliefs.
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