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PREFACE

The Physics Survey Committee was appointed by the President of the
National Academy of Sciences in mid-1969 to survey the status, op-
portunities, and problems of physics in the United States. Volume
I of Payeices in Perspective constitutes the full report of the
Committee. This and the companion parts of Volume II, complete the
report of the survey.

The Survey Committee early concluded tnat it was essential that
it obtain detailed information from experts in each of a number of
physics subfields and interface areas. For each of these subfields
and interface areas a chairman was appointed by the Chairman of the
Survey Committee, and groups of recognized experts were brought
together to survey and report on their respective subject areas.

Several of the subfields have relatively well-defined and
traditional boundaries in physics. Included are the core subfields
of acoustics, optics, condensed matter, plasmas and fluids, atomic,
molecular, and electron physics, nuclear physics and elementary-
particle physics. The reports of these panels constitute Part A of
Volume I[I. In addition, there are several important interface
areas between physics and other sciences. These are examined in
Part B of Volume II. In the case of astronomy, where activity is
particularly vigorous at the interface and is overlapping, the
Physics and Astronomy Survey Committees agreed to form a joint
panel that would report on astrophysics and relativity, an area of
special interest to both. The broad area in which physics overlaps
geology, oceanography, terrestrial and planetary atmospheric studies,
and other cnvironmental sciences was defined as earth and planetary
physics, and a panel was established to survey it. [n covering
the physics-chemistry and physics-biology interfaces, the broader
designations '"physics in chemistry" and 'physics in biology" were

9
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chiosen to avebd rentefetime the work of the panels to the already
traditlonal howdarfes ot these iaterdisoiplinary tields,

Althouph coavh paneb==and partiealarly thowe respongible Yor the
vore suabfields: swas anked to connbder the interaction of fts sob-
tlesd with technolopy, the Committee antloelpated that the empliasis
would be on recent developments that advanced the state of the art
ared on what Is penerally desertbed as G000 rosion ! oy Theretore,
to {nelude more spesifteatty the active instroamentation intertace
between physics and the more traditional manufacturing sectors of
the cconomy==stect, draps, chemicals and consumer goods, to name
only a tew, i which manv old parameters are belng measured aud
controtled fn new and inpenfous ways--a separate panel was
vatabbshed.

Panels were also appolnted to centralize the statistical data-
colluction activities of the survey and to address the questtons of
phvsics in education and education in physics. In addition, an
extendad report on the dissemination and use of the information of .
phvstes was prepared by a member of the Committee. With the excep-
tion of the oune on statistical data, all these reports are included
tn Pare B of Volume I{; the Statistieal Data report constitutes
Part ¢ of Volume IT. The Survey Committee is deeply grateful to
Convers Herving, Chafrman of the Statisttieal Data Panel, who saw
this ¢{fort through to completion and to others who assisted in
the gathering and analvsis of th: statistical material that forms
the basts for this report.

Support for the survey activity has been provided equally by the
Atomie Energy tommission, the Department of Defense, the National
Aeronautics and Space Administration, and the National Science
Foundation. Additional assistance has been provided through grants
from the Ameriecan Physical Societv and from the American Institute
of Phvsics.

To these ageneles and to other organizations and individuals who
helped to make this survey possible through their contributions, I
express both my personal thanks and that of the Committee and its
panels.

D. ALLAN BROMLEY, Chairman
Physics Survey Committee

10
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I
INTRODUCTION

I.1 Nature of This Report

When the Physics Survey Committee was established by the National
Academy of Sciences in 1969, it was decided that among its numer-
ous panels there should be one charged with coordinating the col-
lection and analysis of statistical data relating to the sociology
and economics of the physics enterprise. The reasons for setting
up such a panel were of two sorts, which may be categorized as
"internal" and "external." To make the work of the Survey Com-
mittee internally consistent, the various subfield panels obviously
needed to adopt uniform definitions and, whenever possible, to ob-
tain data from comparable sources. Moreover, the gathering of data
from external organizations, such as government agencies, indus-
tries, and universities, obviously could be carried out more ef-
ficiently and with less inconvenience to these organizations by a
single Data Panel than by many independent subfield panels. There-
fore, as much of the gathering of socioeconomic data as possible
was to be channeled through the Data Panel.

In addition to its primary function of serving the Survey Com-
mittee and the subfield panels in the manner just described, it
was also thought that, after the data needed by these groups had
been collected and turned over to them, the Data Panel might pre-
pare an exhaustive and systematic compendium of data relevant to
the functioning of the physics community. If such a compendium
could be prepared, and periodically updated, it would be tremen-
dously useful to physicists, research and educational organiza-
tions, government agencies, and the like. Unfortunately, this
report is not the compendium that was envisaged. The demands on

-the time of the Data Panel and its staff proved of longer duration

than had been anticipated, and almost no time was left for a

1467
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1468 PHYSICS IN PERSPECTIVE

leisurely assembling of data on a large scale. Moreover, funds
available to the Survey were limited, and it seemed wasteful to re-
publish data already presented elsewhere, especially in the earlier
velumes of Physics in Perspective, merely to have all the data pre-
sented together.

The philosophy adopted for this report is, therefore, not en-
cyclopedic but rather a philosophy of making publicly available,
in as orderly a manner as possible, those 'rems of data in our pos-
session that®may be of interest to the phy...8 community and others
and that have not been presented elsewhere. Because of the latter
condition, the resulting collection is something of a hodgepodge.
We have tried to ameliorate this situation to some extent, however,
by occasional cross-references to data presented in other volumes
of Physice in Perspeetive, and by including, in Chapter V, a con-
densed but we hope usable index to data presented in the figures
and tables of this and the other volumes.

I.2 Sources of Data

I.2.1 TYPES OF DATA AND SOURCES

Most, though not quite all, of the data of interest to us are
represented by numerical values of some dependent variable y,
shown in their dependence on one or several independent variables
z, which may or may not be identified by numbers., One encounters
the following types of dependent variables y:

1. People: i.e., numbers of persons or fractions of some popu-
lation. Thus, the entry in a table or the ordinate of a figure
may be 'number of physicists,” "number of students," "fraction of
respondents, " etc.

2. Money: Typical quantities tabulated or graphed are dollar
amounts of support, salaries, costs, etc.

3. Publications: i.e., such things as number of papers, frac-
tion of papers, number of books or reports, etc.

4, Miscellaneous: The number of quantities other than the
three types mentioned above, for which numerical data can be given,
is of course large. They can be as diverse as "average age,"
"maximum voltage of accelerators," "time lag between submission
and publication,” etc. However, it is not unreasonable to group
all these together in a miscellaneous category, as all such items
together seem to constitute a rather less bulky fraction of the
material of interest to a study such as ours than do the three
preceding categories.

We shall use these four categories as the basis for the organi-
zation of our index in Chapter V. Table I.1l gives some crude in-
dicators of the relative bulk of material one is likely to en-
counter in each of these categories. The top row of figures re-
fers to an extensive bibliography of sources of data about physics
and physicists compiled a few years ago for .the American Institute

14
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of Physics (AIP) by Professor A. L. Harvey.* Here, the numbers
represent the number of documents the principal emphasis of which
is on data of each of the four types. In the other rows of

Table I.1 the entries reprezsent numbers of figures and tables, the
ordinates or entries of which represent data of each of these types.
In sheer bulk, it appears that in all cases data on people are the
most voluminous.

TABLE I.1 Distribution of Data in Various Collections over Four
Major Categories

Number of Items
Presenting (or

Emphasizing) Data Category

of Each Category People Money Publications Misc.
Ibcuments referred to 334 73 x5 ) 174
in the Harvey Report

Figures and tables in 184 184 40 122

Physies in Perspective
Vols. I, IIA, 1IB

This volume, excluding 168 21 29 18
Appendix

“prom its "Index by Data Category." The numbers add to consider-
ably mure than the 220 documents indexed, because many documents
contain important data of more than one type, The entry 5 in the
publications column is a guess based on scanning titles of docu-

ments.

Usually the interest of data of any of these types lies in its
dependence on various auxiliary variables. The important cate-
gories of such variables are the following:

1. Time. It 1s nearly always of interest to know how any given
quantity has been changing over the years.
2. Discipline or type of activity, One may compare physics
with other sciences and subdisciplines of physics with one another
-.or contrast basic research with applied research, with teaching,
etc.

*Harvey, A. L. Statistical Data Resources of Physics and Physi-
cistss An Index. New York, N. Y. :Education and Manpower Divi-
sion, American Institute of Physizs (Pub. R-228), 1970.
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1470 PHYSICS IN PERSPECTIVE

3. Geographical or institutional entities. For example, one
may compare different countries with each other, universities with
industrial or government laboratories, research funded by differ~
ent agencies, etc.

4. Characteristics of persons. When the dependent variable y
is a number of people or a fraction of a population, it can be

‘presented as a function of various other characteristics or quanti-

ties besides the ones just named. Examples are age, sex, posses—
sion of certain degrees, academic rank, etc. Table I.2 shows the
extent to which each of these various types of independent variable
has been used in the figures and tables of this report and in those
of the earlier parts of Physics in Perspective.

TABLE I.2 Frequency of the most Important Types of Independent
Variables in the Figurcs and Tables of this Report and of the
Earlier Volumes of Physics in Perspective

Type of Independent Physics in This Volume (Exclud-
Varlable : Perspective ing Appendix)
Vols. I, IIA, IIB

Time 515 235
Discipline or activity: )
Field of science 449 232
Type of activity 24 23
Geographic or organi-
zational:
Geographic region 462 228
Working institution 107 111
Source of support . 64 50
Personal characteris®ies:
Age 1% 23
Degree or rank 11z 148

%vumber of figures or tables in which entries for two or more val-
ues of the independent variable are compared.

Data of any of these types can be obtained from a variety of
sources. Many of the data of interest for a study such as-ours
can be acquired by consulting tabulations that have been prepared
by various other organizations, especially those of government
agencies. We shall discuss some of these sources briefly in Sec-
tion I.2.2. Here, we wish only to classify the means by which the
original gathering of a mass of data can be performed. Among the
many possible sources of data, three are of particular importance
for the type of material of interest to us:
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1. 1Individuals. Questionnaires filled out by individuals con-
stitute an e:pecially important source; we shall discuss their
utility and limitations presently. Alternatively, one can gather
information from individuals by interviewing them in person or by
impersonal observation. )

2. Organizations. Organizations, private or governmental,
have statistics and records that can be used as data sources either
by examining them directly or by asking officials of the organiza-
tions to f£ill out questionnaires. ‘

3. The scientific literature. Unlike many other objects of
‘'sociceconomic._study, a scientific discipline like physics leaves
a record of muéh of its most important activity in the form of
journal articles and other publications. These are, in turn, col-
lected and indexed in the secondary literature. Thus research
journals, abstract journals, and the like provide an extraordin-
arily rich mine from which to extract information on many subjects:
for example, who is doing physics where; how different subfields
and disciplines interrelate; or how much impact certain types of
physics work have and where it is felt.

Questionnaires deserve a special comment. Those mailed to
~——thousands—of—individuals—can-provide-copious-statistics-in-which-———
random fluctuations are minimized. But, unless they are intelli-
gently managed and carry high prestige, the percentage of nonre-
spondents is apt to be high, and one must then worry about whether
the nonresponding population has the same statistical character-
istics as the responding population. One should also think of the
cost to the nation represented by the expenditure of time required
from those who f£fill out the questionnaires. For example, it has
been estimated that the time invested by respondents in filling
out the forms for the 1970 National Register of Scientific and
Technical Personnel could well have been of the order of $2 mil-
lion.* Thus a sensible policy is to use large-scale question-
naires sparingly, restricting them to cases like the National
Register (unfortunately now discontinued) in which comprehensive
data are of vital importance and in which the prestige, regularity,
and good management of the enterprise combine to ensure a high
level of response. Similar considerations apply, though slightly
less strongly, to comprehensive questionnaires circulated to all
organizations of a given type, for example, to all university
physics departments. Such questionnaires tend to be more compli-
cated than those circulated to individuals, and although the num-
ber of recipients is smaller, they are apt to be very busy people.

*Testimony of C. Herring before the Subcommittee on Science, Re-
search, and Development, Committee on Science and Astronautics,
U.S. House of Representatives, February 29, 1972.
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1472 PHYSICS IN PERSPECTIVE

The loss if they fill out the questionnaire sloppily can be great.

Many types of data can be collected more quickiy and efficiently
by sampling techniques. The success of public opiuion pollg in
this country attests to the effectiveness of such wethods for even
quite large-scale surveys.

In our work we have made use of existing data gpy¥rfces Wheneéver
possible. The following section is devoted to a byilef discussion
of some of the more important of these. However, wé found it neces-
sary to collect a considerable amount of new data. Our philosophy
in doing this, and a list of the major data-gathexin8 projects we
undertook, will be given in Section I1.2.3.

I,2.2 PRINCIPAL OLDER SOURCES

We have mentioned briefly the Harvey Report,* a rgyher comprehen-
sive and quite useful bibliography of sources of dgfa about physics.
This report, prepared at the AIP during 1969, with the support of
the National Science Foundation (NSF), describes gg™e 220 documents,
issued by government agenciles, learned societies, and other groups
in the United States since 1960, plus a few foreign items or items
of earlier date that are of particular value. The ¢overage is in-

.tended to be fairly exhaustive for manpower, educayional, and fund-

ing data assembled in this country in the 1960's. As we have seen
in Table I.1, however, coverage of data on publicagions was appar-
ently not attempted. Practically all the documentg Feferenced are
available in the files of the AIP. The report algg lists a number
of earlier indexes and bibliographies.

Having directed the reader to a fairly complete S0urce of infor-
mation about earlier collections of data, we may no¥ limit our men-
tion of particular collections of data to a few thgt have proven
especlally useful for the work of the Physics Survey Committee.

We shall group these according to type of source oy8anization.

Coverwment Documents. Since the early 1950's, ¢hie NSF has is-
sued annually Federal Funds for Research, Developmgnt, and Other
Seientific Activities., Obligations incurred by the various federal
agencies for the support of basic research, applied Fesearch, and
development in the various fields of science and epslneering are
listed for each of three consecutive fiscal years, the latest of
these being represented by the budget submitted tg Congress but not .
yet passed. The degree of detail provided can be 4ndicated by the
following remarks: Some data are given only for "thsical sclenc:s,"
others for a finer subdivision, in which physics ig broken down into
four subfields; performers of the work are separated into intramural

- government organizations, industrial organizations, federally funded

research and development centers, colleges and universities, non-
profit organizations, and foreign organizations; ag for the funding
entities, several subagencles are listed for the Departments of
Defense and Health, Education, and Welfare and other large depart-—
ments, although the Atomic Energy Commission (AEC), the NSF, and
others are not subdivided. Although valuable as a general guide

*
Harvey, A. L., op. ctt.
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to the pattern of government supporf, this publication has a number
of limitations that should be borne in mind. The separation into
basic research, applied research, and development is based on the
motivation for the work being pursued; the distinctions are neces-
sarily somewhat ambiguous and may be interpreted differently by
different agencies when they report their figures to the NSF. (In
Section III.1.1 we shall present our philosophy on the separation

of "research" from "nonresearch.') The subdivision of physics is
not as detailed as was needed for the work of the Physics Survey
Committee. Most serious of all is that there is no effective super-
vision of the judgments made by the different agencies in reporting
their figures. We shall see in Section III.2.,2 that a quite unrea-
sonable picture can sometimes result from taking the figures at
their face value.

Another important publication of the NSF, biennial until 1971,
has been American Science Manpower. This was a tabulation of data
collected by the National Register of Scientific and Technical Per-
sonnel. In its detailed tables, sclentists are divided by disci-
pline (physics, chemistry, etc.), and occasionally by subdiscipline
(acoustics, nuclear physics, etc.). For each discipline, scien-
tists are further subdivided according to the most important pairs
of the variables age, highest degree, employment status, type of
employer, primary work activity, years of professional experience,
major subject of highest degree. Extensive data are also given on
median salaries, reographical distribution, number receiving feder-
al support, and ‘ew other characteristics. The only shortcomings
of this compilatiun for our purposes are that since it covers so
many disciplines it cannot give as much information about physics
as was needed for the work of the Physics Survey Committee. More-
over, the subfields used although comparable in size with those of
the Physics Survey Panels are not identical with them.

A third publication of the NSF is the annual National Science
Foundation Grants and Awards, which lists, by field of science,
state, institution, and principal investigator, the titles, dura-
tions, and dollar amounts of all grants and awards for research
and other science-related activities. Some totals appear in the
NSF's internal Databook.

Similar to this publication is the quarterly one, NASA's Univer-
sity Program, issued by the Office of University Affairs of the
National Aercnautics and Space Administration (NASA). Here again,
titles, institutions, principal investigators, durations, and a-
mounts are given for all grants or contracts supported by NASA in
universities. The different disciplines are separated, as are the
different NASA subagencies responsible for funding.

The AEC issues annually A Staiistical Summary of the Phystcal
Research Program, which gives data on manpower, publications, and
funding for work in federally funded research and development cen-
ters, educational institutions, research institutes, and industrial
laboratories. The data are subdivided according to eight AEC dis-
cipline categories, and various other statistics are given.

Although their data are rarely broken down to as fine a special~-
ty as physics, the compilations of the Bureau of Labor Statistics .
are of especial ihtgfest in that they are obtained by intensive

i9
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1474 PHYSICS IN PERSPECTTVE "

surveys of the civilian economy and are independent of such common-
ly used other sources as the National Register. Of particular in-
terest in connection with demand extrapolations is their bulletin
1648, PhD Scientists and Engineers in Private Industry 1968-80,
Publications of the American Institute of Physics. The Physics
Manpower series, published every few years by the AIP, provides a
convenient assemblage of statistics from the National Register,
U.S. Office of Education, National Education Association, and other
sources, most notably the data collected by AIP from physics depart-

_ ments throughout the country. Over half is devoted to physics edu-

cation. Data on employment of physicists are broken down by salary,
work activity, type of employer, highest degree, age, and subfields,
much as in American Seience Manpower. However, the data on paysics
are much more accessible and are often presented in graphical form.

The annual Directory of Physics and Astronomy Faculties lists
all North American colleges and universitiés, with the names and
ranks of all faculty members in physics, applied physics, and astron-
omy departments. This infcrmation is obtained by direct contact
with the departments involved.

The AIP has alsoc issued some useful studies of the literature of
physics, most of which are not indexed in the Harvey Report. Two
studies of particular value are Journal Literature Covered by
Physics Abstracts in 1965, by S. Keenan and F. G. Brickwedde (Re-
port ID 68-1, 1968) and Institutional Producers of Physics Research,
by M. Cooper and H. M. Watterson (Report ID 69-3, 1969).

Publications of the National Academy of Sciences-National Re-
search Council. The Office of Scientific Personnel of the National
Research Council maintains a Doctorate Records File containing de-
tailed information gathered, with the cooperation of graduate
schools throughout the country, from essentially all recipients of
doctorates in the United States. Extensive data from this file
have been presented in Doctorate Recipients from United States Uni-
versities 1958-1966 (NAS publication 1489, 1967) and in supple-
mental yearly summaries issued since. Geographic and institutional
distributions are given in considerable detail. Although most o¥
the data are broken down only into major disciplines (i.e., physics,
chemistry, earth sciences), some 14 subfields of physics, unfortu-
nately not identical with those of the panels of the Physics Sur-
vey Committee, are separated in the totals. Of particular interest
is the inclusion of information on initial postdoctoral employment.
A study directed especially to this subject is Employment of New
PhD's and Post-Doctorals in 1971 (Report OSP-MS-5, 1971). This
study was based on rather detailed special questionnaires sent to
academic departments.

A number of extensive studies have been made by the Office of
Scientific Personnel based on questionnaires to samples drawn from
known doctorate recipients of past years and designed to explore
the subsequent development of their careers. These studies report
extensive data on geographical migration, salaries, types of em-
ployment, and the like. However, discipline specialization of the

data is usually not on a fine scale, and many figures are reported

only for "physical sciences.”
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Two studies, similar in nature to that of the Physics Survey
Committee and in closely related fields, have been in progress al-
most simultaneously with ours, and each has also made use of a data
panel. One is that of the Astronomy Survey Committee, whose data
gathering is described in Astronomy and Astrophysics for the 1970's:
Volume 2, Reports of the Panels, Chapter 9 (NAS, 1973). The other
ig that of the Committee on the Survey of Materials Science and En-
gineering, whose Summary Report is to be published shortly by NAS,
and whose subsequent detailed report is expected to contain an ex-
tensive section on manpower, funding, and literature data for the
materials field.

Miscellaneous Sources. The Organization for Economic Coopera-
tion and Development (OECD), whose membership consists of most of
the nations of Western Europe plus Japan, Canada, and the United
States, has prepared a series of Reviews of National Seience Policy,
which surveys science and technology in various leading member and
nonmember countries. Although the data are nearly all {rom offi-
cial or other public sources, and are rarely specialized to as fine
a scale as physics, they are sometimes discussed with useful criti-
cal insight. The studies are also of value simply because they try
to discuss many countries from a unified point of view. The OECD
has also issued a series of Statistical Tables and Notes on re-
search and development in member countries that contains much in-
formation on manpower, funding, and organizations in the govern-
mental, industrial, educational, and nonprofit sectors of the var-
fous countries. Further valuable studies on international migra-
tion of scientists and engineers have been conducted.

In the discussion of material from the AIP we mentioned that
statistics on publications in physics provide valuable indicators
of the scale and distribution of research and the interrelationship
of different geographic and intellectual areas. Without naming
further data sources specifically, we would like to stress here
the utility of many data that can be found in the documentation
literature. Among the organizations that have sponsored useful
collections of such data special mention should be made of the Ab-
stracting Board of the International Council of Scientific Unions.

I.2.3 NEW DATA GATHERING PROJECTS

The sources of data discussed in the preceding section, though
extensive and useful, failed to answer many questions that were of
interest to the Physics Survey Committee. Manpower and funding
data, even when broken down according to subfields of physics, have
not been available for subfields as finely subdivided and as clear-
ly defined as was needed. As we noted in Section I.2.2, funding
data from government agencies have been particularly ambiguous;
this ambiguity is clearly apparent, for example, in the Pake Re-
port.* There have been almost no quantitative data on the support

»
Phyeics: Survey and Outlook (NAS-NRC, 1966).
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of physics research in industrial laboratories or on the output of
these laboratories to the physics literature, The resources in-
vested by universities from their own funds in the physics research
enterprise have also been inadequately investigated. And one can
think of a host of small but intriguing questions on the sociology
of physics to which none of the previously available sources sup-
plies answers. Although the resources and abilities of the Data
Panel were far too limited for it to attempt to fill all these gaps,
there obviously were many useful things that it could do.

In Section I.2.1 we mentioned some of the disadvantages of large-
scale questionnaires, We decided not to attempt to gather informa-
tion from the physics community in this way. It was clear, however,
that a rich mine of potential data existed in the tapes on which
the complete store of replies to the National Register question-
naires were recorded. In addition to the obvious possibility of
obtaining more detailed tabulations and cross-correlations of data
pertaining to physicists than had previously been published, the
tapes offered possibilities for obtainiag entirely new types of
information. As described in more detail in Section II.1l.1, the
replies on specialty of present employment and on additional spe-
cialties of competence afford a wealth of information on the close-
ness of different specialties to one another, or their remoteness,
and provide a tool for fairly objective separation of physicists
and their specialties into groupings corresponding to major sub-
fields of physics, for example, the subfields to which the various
panels of the Physics Survey Committee were assigned. In addition,
the tapes for different years have been used to generate longitu-
dinal files in which data from the same respondent, if he has an-
swered questionnaires in a succession of years, are collected,
and changes in employment, specialty, salary. and the like can be
studied statistically. (Respondents, of course, remain individual-
ly anonymous.) It was decided, therefore, to examine the Register
tapes in considerable detail and toc make a small-scale study of
the available longitudinal files.

Only one other data-gathering project of a comprehensive nature
was undertaken. This was a survey of the records of the principal
agencies of the federal government responsible for the support of
physics research, to isolate the amounts of such support and allo-
cate it to the various subfields of phvsics, as defined by the do-
mains of the various panels of the Physics Survey. This study was
done through the courtesy of officials in the agencies involved,
who worked in close collaboration with the Staff Scientist of the
Data Panel, to ensure uniformity of definitions from one agency to
another, However, not all agencies could be studied adequately,
and, as we shall see in Section IIIL.2, a great deal of intelligent
guesswork fortified by a variety of auxiliary studies was required
to round out the funding picture.

The most important of the remaining projects undertaken by the
Data Panel were sampling studies of one kind or anothev. Most of
the questions encountered were of such nature that an approximate
answer would be enormously better than no answer at all and- that a
highly exact answer was almost impossible to define. The speed and
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convenience of sampling studies therefore make them especially at-
tractive, the more so since with this approach it is often possible
to reformulate a question after the study has begun.

The most extensive sampling study undertaken was an articie-
by-article survey of about 4500 articles randomly selected from
entries in Physics Abstracts. This survey was designed to reveal
the distribution of physics research activity, as it is manifested
in publication, among differeut countries, different types of in-
stitutions, and the different subfields of physics. As the Survey
progressed, we became increasingly convinced that the literature
of a science like physics is the best possible indicator of what
can be called research activity. The British physiest, J. M,
Ziman, has pointed out in a perspicacious little book* that what
gives science its power and distinguishes it from many other worth-
while human activities is the wide dissemination of new results
throughout the scientific community, followed by extensive criti-
cism, leading to ultimate consensus. Thus, as we describe at
greater length in Section III.1l.1l, we believe that it is possible
to make a fairly clear distinction between "research" and "non-
research'" but that the distinction between basic and applied re-
search is necessarily exceedingly fuzzy. In the studies of feder-
al funding mentioned previously, and the studies of other types of
funding to be discussed in subsequent sections, we therefore en-
deavored to isolate the funding of activities leading to publish-
able results. As we shall gee in Chapter III it is useful to have
the opportunity to check the general consistency of the findings
of investigations of funding with those of studies of the literature.

Studies of industrial and university funding of research and
other characteristics of physics research in these two environ-
ments necessitated obtaining data from some of the organizations
involved. The data needed were not always easy for these organi-
zations to supply, and we were conscious of how painful would be
the demands on the time of anyone to whom we addressed inquiries.
Fortunately, we were able to select small samples of imstitutions
of both types, which at the same time were adequately representa-
tive of the diversity of the national populations, yet were repre-
sented by persons to whom we could appeal for help by use of close
personal contacts. This procedure ensured a high percentage of
conscientious responses. We wish to express our profound grati-
tude to the representatives of these organizations who were willing
to devote so much time to make our projects successful.

A number of smaller studies of samples of people, documents,
or merely data from government publications were made. These,
some of which will be discussed at appropriate places throughout
the report, often proved helpful in filling in our picture of the
functioning of some part of the physics community.

* . . . .
Ziman, J. M. Public Knowledge: The Social Dimension of Seience.
Cambridge University Press, 1968.
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MANPOWER
DATA

II.1 Studies Based on the National Register and Other Nationwide
Sources

II.1.1 INTRODUCTION TO THE NATIONAL REGISTER OF SCIENTIFIC AND
TECHNICAL PERSONNEL

Much of the information on manpower in Physics in Perspective, and
particularly in Parts II.1.2 and II.1.3 below, was based on data
from the NSF National Register of Scientific and Technical Person-
nel. Therefore, a detailed discussion and evaluation of this ma-
jor data source seems in order.

From the mid-1950's until 1970, the NSF conducted a series of
bicnnial questionnaire surveys called the National Register of
Scientific and Technical Personnel. The various scientific soci-
eties—in physics, the AIP—were responsible for identifying the spe-
cialties that comprised their fields, setting criteria for inclu-
sion, and collecting the data. Statistical tables of data from
these surveys, for a wide variety of sciences, were then regularly
published in the NSF's American Science Manpower series.

The Register was in two respects unique. First, it was designed
to be a complete survey of manpower in various sciences rather than
a sampling operation. Second, unlike the surveys of the Bureau of
Labor Statistics and other NSF surveys, it was directed to the in-
dividual scientist rather than to his employing institution. The
uniqueness of this data source increases the difficulty of measur-
ing its reliability.

The Physics Survey depended heavily on National Register data
for several reasons. Most sources presented data on physical sci-
ences, sometimes with a further breakdown for physics as a whole;
the National Register was one of the few sources in which physics

1478
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was subdivided into specialties. Since the Physics Survey was as
concerned with the subfields of physics as with the overall field,
this feature was most useful. Second, because the Register had
been a continuous operation throughout the 1960's, comparative da-
ta over time could be derived. Finally, both current (1970) and
past comparative data from the Register were available on computer
tape. This availability on tape was particularly valuable, because,
as a result, data analysis was not limited to published definitions,
categories, and table layouts. Register subfields could be rede~
fined to fit more closely the scope of the subfield panels of the
Physics Survey. Categories such as employer type could be revised
to show separately the federally funded research and development
centers, Rajor employers of physicists. Work activity groupings
could be redefined so that categories of no relevance to physics
were eliminated. Data could also be made more nearly comparable
over time. Working directly with the Register computer tapes per-
mitted a flexibility seldom possible with other data sources.

Although Register data have many advantages, problems occur in
their interpretation. To deal with the numbers presented, the user
needs to know how representative they are and the nature of any
biases. In the following subsections we shall consider several
points relating to the opportunities and limitations presented by
the Register and our use of it.

I1I.1.1.1 Adequacy of Coverage

A basic question one should ask about the Register data is: How
completely do they cover. physicists? Professional societies iden-
tify the groups of scientists who are to receive their question-
naires. Thus scientists who are not known to a society are not in-
cluded. 1In the case of physics, this source of error is probably
relatively small, for the AIP attempts to identify and include in
the survey physicists who are known from a variety of sources

even though they are not members of one of the AIP societies. Cov-
erage also is incomplete to the extent that persons receiving the
questionnaire fail to fill it out and return it.

Completeness of coverage is probably most useful in the case of
doctoral scientists. They are almost automatically included in any
count of scientific personnel. At lower educational levels the
definition of a scientist is less clearcut and variles widely among
societies and sources. The AIP's criterion for inclusion as a '
physicist was anyone with an advanced degree in physics or a bac-
calaureate in physics plus two years of professional experience in
physics or an equivalent background. It is difficult to estimate
the size of such a population.

Perhaps the most exhaustive attempt to assess Reglster coverage
of doctorates was that of the Commission on Human Resources and
Higher Education.* The Commission based its study on a comparison
of the Doctorate Records File (maintained by the National Academy

*Folger, J.K., H.S. Astin, and A.E. Bayer. Human Resources and
Higher Education. New York, N.Y.: Russell Sage Foundation, 1970.
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of Sciences Office of Scientific Personnel) and the National Reg-
ister. Information for the Doctorate Records File is obtained di-
rectly from universities and supplemented by a questionnaire to be
filled out by the graduate. The File is believed to include 99
percent of all the doctorates awarded in the United States. The
Commission attempted to identify by name in the 1964 National Reg-
ister all persons who received a science doctorate in the United
States between 1957 and 1962. A number of auxiliary studies were
conducted to correct for deaths and immigration and emigration.

The basic datum sought was the number recorded in the Doctorate
Record File as having a U.S. baccalaureate and doctoral degree who
appeared also in the National Resister. Possession of a U.S. bacca-
laureate degree was interpreted as” evidence that the individual

was a permanent resident of the United States and would seek em-
ployment in this country. The Commission found that 78 percent of
the physics doctorate recipients appeared in the 1964 National
Register; therefore, this number could be used as an estimate of
coverage of the Register in physics. A lower coverage was estimated
for most other scientific disciplines.

How important is completeness of coverage? If no bias in cover-
age exists, that is to say, if nonrespondents are similar to re-
spondents, figures can be inflated to the proper expected total by
using the inverse of the rate of no response. In the mid-1960's
the NSF conducted a special Survey of nonrespondents and found few
differences from respondents on major variables such as level of
degree and type of employer.

The National Register, therefore, appears to have been, for
phvsics, a relatively complete and unbiased source of information
on manpower. However, in attempting to compare data in a particu-
lar Register with another source or with Registers of earlier
vears, problems still exist. Such problems result principally
from variation in basic definitions. One cannot use Register or
other data without clearly understanding what they relate to. A
few examples illustrate problems related to coverage and defini-
tions and show the need for caution in the interpretation of data.

As a first example, we compare physics and astronomy faculty
members included in the National Register and in the AIP's annual
Directory of Physics and Astronomy Faculties. The Register reports
numbers of faculty members by self-reported faculty rank. The AIP
independently obtains actual name listings from the heads of col-
lege and university physics departments for inclusion in the Direc-
tory of Physics and Astronomy Faculties, which is probably a more
nearly complete and valid source, at least for regular faculty.
Table II.l1 presents the results of this comparison.

The second row in Table II.1 shows the number of faculty in
each academic rank reported by the AIP for the 1966-1967 academic
year. The first row shows the numbers reported in American Science
Manpower 1966. Since most physics departments were growing at this
time and AIP figures for 1966-1967 represent data for a later date
than those of American Science Manpower, data for 1968 from this
source are shown in the third row. In the three professorial ranks
the mean of the numbers reported in American Seience Manpower for
the two years is between 78 percent and 83 percent of the number
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TABLE II.1 Number of Faculty Members by Rank

Source Prof. Assoc. Prof. Asst. Prof. Instructor Other
ASMg 1966 1691 1322 1832 793 1056

AIP” 1966-1967 2449 1830 2686 1389 641

ASM™ 1968 2128 1713 2345 757 1057

a

bAmerican Seience Manpower.
Physics Manpower 1969 (American Institute of Physics, New York,

1969).

reported by AIP, or slightly higher than the 78 percent Register
coverage reported for physics PhD's by the Commission on Human
Resources and Higher Education.

In the two lower ranks, however, discrepancies appear. If the
[nstructor and Other categories are added, the National Register
coverage for them appears to be 90 percent of that of AIP. If
the figures are inflated by the factor used previously, the re-
sult suggests that the Register is including approximately 260
more faculty members in the lower ranks than the AIP, a 13 percent
overinclusion. The difference results primarily from a difference
in definition between the individual and department head. Appar-
ently some individuals in lower ranks considered themselves (or
were considered by the Register) faculty members, although depart-
ment heads did not define them as such. The breakdown at lower
faculty ranks varies even more. Individuals are more restrictive
in defining themselves as instructors than are department heads.
For the user of Register data, these findings suggest that lower
faculty ranks are probably overrepresented and that any break-
down of lower faculty ranks should be treated with extreme caution
as academic rank at these levels has not been standardized.

The attempt to examine the growth of a borderline subfield of
physics that includes many nonphysicists, such as acoustics, pro-
vides another example of the effect of varying definitions, as
Table II.2 shows.

According to the Register data, the population of acoustics,
with some peculiar fluctuarions, has been virtually stable. How~
ever, membership directories of the Acoustical Society of America
and publications in its journal show growth. Membership increased
by more than 50 percent in-the nine-year period, and publications
by almost 90 percent.

Has the Register missed physicists in acoustics? To answer this
question is difficult, because the Acoustical Society has not

" collected data on the educational and .employment background of

their members. A general feeling, substantiated by a more recent
survey, is that the Society's membership is exceedingly diverse,
consisting of physicists, engineers, psychologists, and a variety
of other scientists. Although complete figures on these groups are
not known for the years indicated in Table II.2, probably more
than half of those who are identified with acoustics are from
disciplines other than physics.
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TABLE I1II.2 Growth of Acoustics

Year Asm? asa” Membership Pages Published in J4s4°
1960 1260 2782 1781
1962 1454 3301 2079
1964 1381 3735 2525
1966 1261 4007 2979
1968 1296 4403 3369

%In American Science Manpower series, scientists indicating first
competence (1960-1966) or present work experience (1968) in acoustics.
iAcoustical Society of America.

Journal of the Acoustical Society of America.

Clearly, as Table II.2 shows, acoustics has been growing; how-
ever, growth rates by discipline may differ. The physics component
of acoustics has apparently remained approximately stable, whereas
the other components—engineering, psychology, and the like—have
increased.

As a third example, physicists employed in industry are shown
in Table II.3, which is based in part on figures collected by the
NSF and the Bureau of Labor Statistics.#®

TABLE II.3 Numbers of Physicists (Thousands) Employed in U.S.
Industrial Organizations

Year Ameriecan Science Manpower NSF-BLS Survey
1960 8.6 12.5
1962 9.8 14.0
1964 9.0 15.6
1966 8.3 16.2

According to the National Register, the number of physicists
in industry remained stable during the years indicated. However,
the figures in the third column of the table show fairly substan-
tial growth. The problem again stems from definitions. The Regis-
ter obtains information from individuals and sets clear criteria
for who is and is not a physicist; the NSF-BLS survey obtains in-
formation from employers and leaves the categorization of individu-
als to them. Anyone to whom an employer gives the title of physi-
cist is recorded as such, regardless of his background education

*Fmployment of Scientists and Engineers in the United States.
Washington, D.C.: National Science Foundation and Bureau of
Labor Statistics, 1968.
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and training. With so loose a definition, inflated figures might
be expected; but the problem is even greater, for there is no way
of knowing how such loose definitions change with time. During a
period of increasing demand, such as the early 1960's, there could
well be an increasing number of employer-defined physicist posi-
tions but little change in the number of AIP-defined physicists so
employed. The additional positions could have been filled by engi-
neers and technicians. It must be remembered that while industrial
demand was growing in the early 1960's so, too, was academic de-
mand, and academia usually has been the preferred home of physi-
cists.

These examples and comparisons indicate not that one source is
good, another bad, but rather that each is measuring somewhat dif-
ferent phenomena. If, for example, one wanted to examine the num-
ber of physics faculty members by the strict standard of the de-
partment chairman, one would use the faculty directory; if one
was studying the number of physicists employed by universities,
the National Register could be used, with the necessary inflation
factor. If one was interested in the growth of acoustics, broadly
defined, one would use the Acoustical Society membership or publi-
cation figures. If one needed information on the change in the
physics component of acoustics, the National Register would be the
appropriate source. And if one was concerned with the change in
physics positions in industry, as defined by employers, the NSF-
BLS statistics would suffice. Changing participation of physicists
in industry would be shown by Register data. Comparisons of data
sources can lead to useful hypotheses, for example, about the com-
ponents of growth in acoustics, but cannot be taken at face value
as indications of data source deficiencies, for the sources often
cannot be equated.

With this background on advantages and problems in the use of
Register data, we will look next at the way in which the Data Panel
used these data and at some additional problems related to their
interpretation.

IT1.1.1.2 C(ross-Sectional Studies

Most of the manpower data used in the Physics Survey came from the
1964, 1968, and 1970 Register computer tapes. The American Science
Manpower series provided data for other years, and AIP student
surveys were useful for obtaining data on physics baccalaureates,
graduate students, and new PhD's. The 1970 Register data were the
most current available at the time of the Physics Survey. Data
from 1964 and 1968 were used for comparative purposes to examine
changes during the late 1960's.

A layout of the major analyses needed for these years was de-

* veloped. The tabulations decided on will be described in Section

II.1.2; they are summarized there in Table II.4. The totality of
tabulations for the three years runs into the thousands. Many of
these tabulations were used by the Data Panel in developing specif-
ic analyses. A selection of tables considered of greatest interest
were reproduced from computer printouts and appear in Appendix A.
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Additional tables are available at the NAS or the AIP to qualified
persons for research purposes.

I1.1.1.3 Mapping tne Subfields of Physics

The collection of data on the physics population was the central
task of the Data Panel; however, the Panel recognized that data
on the various subfields would also be most useful. Such data
could provide information not previously available on the unity
and diversity of physics.

A major problem of the Data Panel was the allocation of the
many categories and specialties of the National Register among
the 11 subfields established for the Physics Survey. The Register
data contained 19 major physics categories and 236 detailed physics
specialties in addition to several specialties in other sciences
that could be defined as interdisciplinary areas or interfaces with
physics.

Using the 1968 Register data (available at the start of the Sur-
vey), two panelists assigned Register categories and specialties
to the various subfield panels. Many of the specialties were clear-
ly appropriate to particular panels. Others were less easily as-
signed. For exampie, where did electronics or health physics be-
long? A number of Register specialty groups appeared to be direct-
ly related to several subfields. How to allocate these in the most
meaningful way was a major question.

The initial step in the procedure finally adopted was to iden-
tify the.specialties that were clearly related to each of the
Physics Survey panels. These groups were later termed Panels Prop-
er. The next.step was to identify single or groups of specialties
that could be considered borderline cases. These specialties might
be related to several panels. Thirty-six of these borderline groups
were developed. Initially Herring and Keyes examined each of these
and made an educated guess as to what their allocation should be—
what proportion of the practitioners of a particular borderline
group, for example, should be assigned to condensed matter, optics,
and so on. However, when this task was completed there was a cer-
tain degree of dissatisfaction with this subjective allocation of
relatively unknown groups. At this point it was decided that ele-
ments .in-the Register questionnaire might be used to develop a
more objective and consistent method of allocation for these 36
borderline cases.

The Register questionnaire included both a question on special-
ty of present work activity and one on specialties of additional
competence. It was thought that individuals whose specialties of
present work activity were among the borderline groups would have
a majority of their specialties of competence either in the border-
line group or in the appropriate Panels Proper.

On the basis of this assumption all borderline groups (that is,
individuals indicating one of the borderline groups as specialty
of present work activity) were sorted in terms of specialties of
additional competence, including both Panels Proper and borderline
groups. For example, individuals currently working in electronics
were examined to determine the specialties of additional compe-
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tence; some indicated other electronics specialties, and others

one of the Panels Proper, such as condensed matter. (Initially dis-
tributions on first and additional specialties of competence were
examined separately; however, comparisons showed that second, third,
and fourth competences were merely reflections of the first. De~
terminations were then made on the basis of specialties of first
competence. )

Allocations were based on the percentage distributions of com-
petence responses. If examination showed that an overwhelming pro-
portion of competence responses were to a single Panel Proper,
then this specialty or group of specialties was assigned to that
Panel Proper. In most instances, a split allocation was indicated
—50 percent condensed matter, 50 percent nuclear physics, or 25
percent optics and 75 percent atomic, molecular, and electron
physics.

Whether this was the best way to deal with borderline cases is
open to question. Many of the borderline groups were eventually
assigned to the same panels as they had been with the earlier sub-
jective judgment procedure. Subjective re-examination showed dif~
ferences when they occurred to be consistent, if not expected.

Appendix B shows the allocation of 1968 Register specialties
among subfield panels. Those that were allocated by means of the
analysis of borderline groups are listed at the end of each sub-
field section. The -remaining specialties that did not clearly fit
into Survey Panels were combined into a miscellaneous category.
This category included a large number of people whose specialty
was physics teaching, others with specialties outside physics in
chemistry, engineering, or computer science, and a few that could
not be classified. The fractions following each overlap group in-
dicate the proportion allocated to a particular subfield.

The Data Panel believed that this method of specialty alloca-
tion, although not perfect, was the most objective and consistent
response then available to the problem of defining physicists and
their subfields, which has always presented difficulties. We shall
discuss the analogous problem of classifying the literature of
physics in Section IV.1l.1.

II.1.1.4 Other Problems of Definition

A few additional problems among the data for the 1964, 1968, and
1970 Registers can be briefly summarized.

1. Increased coverage between 1964 and 1970 could be expected,
although for physics this factor should have little effect as pro-
cedures did not undergo major change. In making comparisons, the
increased coverage would imply a slight exaggeration in figures on
growth. -

2. Questions dealing with competence varied slightly between
1964 and 1970; further, in data collected from the Register tapes
the Data Panel used specialty of present work activity, whereas
tables from American Science Manpower used data on specialty of
first competence.
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3. In the three years examined, the Data Panel treated .u.deral-
ly funded research and development centers as a special category;
published material from American Science Manpower distributed these
{nstitutions according to administrative groups, such as university
or industry, rather than presenting a separate tabulation.

1n comparing Register data with other sources it is often
necessary to examine the exact phrasing of the questions; therefore,
to ald in such comparisons Appendix A includes coples of the 1964,
1968, and 1970 Register questionnaires.

[1.1.1.5 Longitwlinal Studies

In addition to cross-sectional studies, several longitudinal
studies based on two longitudinal files were conducted. The first
of these flles, referred to as the 1960-1966 Longitudinal File,
was developed from Register tapes by Robert McGinnis of the De-
partment of Sociology, Cornell University, with the cooperation of
the NAS. The Data Panel used information from this file on all
PhD's who responded to all three Register surveys in this interval
and who were defined by ALP as physicists in 1964. The data ob-
tained showed mobility among subfields of physics, between physics
and other sciences, among types of employers, among work activities,
and among regions of the United States and other countries. (These
relatively complex tables are available at the AIP to qualified
researchers.)

In addition, the Data Panel worked with data on AIP-defined
physicists, both PhD and non-PhD, from a 1968-1970 longitudinal
file developed from Register surveys for these two years. The
groups considered were

1. Physicists responding to both surveys who were PhD's (or
non-PhD's) in both years

2. Physicists responding to both surveys who were non-PhD's
in 1968 but PhD's in 1970

3. Physicists responding only to the 1968 survey

4, Physicists responding only to the 1970 survey

Analyses of data on the first two groups showed pacterhs of
mobility among subfields, types of employers, work activities,
and geographic areas. Further analyses of the second group also
showed how new PhD's differed from other PhD respondents. The
third group was studied to determine the characteristics of indi-
viduals who responded in 1968 but not in 1970. This type of analy-
sis gives insight into the nature of the nonrespondent group.
Analyses of the fourth group yielded information on characteristics
of new respondents—whether they were older physicists who had
failed to respond in 1968 or new entrants to the field.

A few definitional problems occur when comparing longitudinal
with cross-sectional data. First, correlating 1964 specialties with
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those of 1968 and 1970 had presented some difficulties, which were
greatly increased by additionally correlating those of 1960, 1962,
and 1966. Neither specialty categories nor physics remained the
same during this interval. Further, between 1960 and 1970 the point
of reference of speclalties changed. From 1964 on, specialties of
present work experience were included on the questionnaire in addi-
tion to specialties of competence. As a result of these variations,
subfield mobility based on current work specialization can be dis-
cussed only for the 1964-1966 and 1968~1970 intervals. Care must
be exercised in the interpretation of data on mobility for the
other years, for change in specialty of competence is different
from change in specialty of employment. Changes in definitions of
types of employers also occurred over the years, especially in re-
gard to federally funded research and development centers. The
data for 1964-1966 and 1968-1970 again appear to be the most con-
sistent. Finally, none of the Register surveys made provision for
the heavily university-based postdoctoral group. Consequently,
when examining mobility from the university to other work environ-
ments, it is difficult to determine the number who are departing
postdoctorates and those who are leaving regular positions. The
postdoctoral group greatly proliferated in the late 1960's, which
increases the difficulty of interpreting and fully evaluating the
movement from the universities in the two time intervals.

Some of these problems were handled through age subclassifica-
tion. This technique does not completely solve the problem of dis-
crepancies but does throw light on major patterms.

As this and other portions of Physics In Perspective show, care-
ful understanding and manipulation of a data source can produce
useful analyses many steps beyond a simple tabular layout of raw
figures. It is hoped that this effort will stimulate and guide
further analyses of Register and other data.

II.1.2 TABULATIONS FROM THE PHYSICS PORTION OF THE NATIONAL
REGISTER '

Through the courtesy of the NSF, extensive analyses were made,
first, of the 1968 National Register computer tapes, then extended
to 1964, and, when the returns from the 1970 questionnaires be-
came available, to that year also. Studying but one field—physics
—vwe were able to make much more detailed tabulations and cross-
correlations than those published biennially for the totality of
science in American Science Manpower. Moreover, having grouped the
specialties into the various subfields corresponding to panels of
the Physics Survey Committee and the Astronomy Survey Committee,
we were able to break the tabulations down by subfield whenever
this seemed desirable. Such a breakdown is, of course, not avail-
able in American Science Manpower.

The wealth of possible subdivisions and correlations in the
data can be appreciated from an examination of the National Regis-
ter questionnaire, which is reproduced, in its 1964, 1968, and
1970 versions, in Appendix A. The 1964 and 1968 questionnaires
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were almost identical in regard to all the entries used for our
tabulations, but there were some minor differences:

1. The wording of the question on professional identification
(8 on the 1970 form) has varied slightly.

2. The questions on student and employment status (7 and 9 on
the 1970 form) were a single question on the 1964 form.

3. Although all three questionnaires had a question on the
specialty closest to present employment (13 on the 1970 form), the
wording of the question on additional competence (18 on the 1970
form) has varied. In 1964 and 1970, the four specialties of
greatest competence were requested; in 1968, four specialties
other than the one closest to present employment were requested.

4. The alternatives offered for present principal employer (11
on the 1970 form) have varied slightly, as have the alternatives
for first and second most important activity (12 on the 1970 form).

S. Academic rank (10 on the 1970 form) was not included on the
1964 form.

6. The 1970 questionnaire allowed responding physicists to iden-
tify themselves as theorists, experimentalists, or both.

With the possible exception of the slight difference in the
identification of areas of additional competence on the 1968 form,
these variations in the questionnaire were all sufficiently minor
that it was possible to prepare tabulations that would be compar-
able for different years. These were obtained in the form of ta-
bles, with rows corresponding to possible alternative answers to
some one question, columns to alternative answers to some other
question; a selection according to answers to a third question, a
fourth, and so on could be made simply by preparing many tables,
one for each combination of the latter answers. Except for some
tables that were prepared only from the 1970 tapes, the totality
of tables developed for the three years is described, in a con-
densed notatation, in Table II.4. Here the rows correspond to dif-
ferent categories of tables, in the order in which they appear in
Appendix A. Each such type of table has its rows and columns cor-
responding to the items in the black-bordered boxes. The number of
rows of columns is the number indicated in the black-bordered box,
augmented where so indicated by a total (t) or a grouping into
quartiles (Q's). There is one such table for every combination of
the variables indicated without a black-bordered box. Thus, for
example, there are 3 X 19 X 7 = 399 tables of type 1 for any given
Register year, one for each combination of a degree status (PhD or
non-PhD or total), an employment specialty (one of 18 physics and
astronomy subfields or total), and an employer type (one of five
categories, "no response," or total). Each such table has rows
corresponding to the seven possible types of primary work activity,
and "no response'" and total, and columns corresponding to the same
alternatives for secondary work activity. Where 12 subfields are

listed instead of 18, all subfields of astronomy except the border-
line field, astrophysics and relativity, have been grouped into one.

A few additional tabulations were made from the 1970 tape.
These were (a) subfield of employment by subfield of first compe-
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tence for theorists, experimentalists, those ldentifying them-
selves as both, and nonrespondents to this question (type 16); (b)
employment specialty by age and degree status for these four
groups (type 17); and (c) employment specilalty by professional
identification and degree status for the same groups (type 18).

Printouts of all these tables are available for study at the
NAS. We have made a selection of some of the most interesting omes,
which are reproduced in Appendix A. This selection consists of the
following :

1. Fourteen tables of type 2 (PhD or non~PhD; only t for sub-
field specialty; and 6+t possible answers to the employer type
questions)

2. Twenty-six tables of type 3 (PhD or non-PhD; five employer
types with t for work activity; seven types of work activity with
t for employer type; t for all types of work activity and employer)

3. Twelve tables of type 8 (PhD or non-PhD; 5+t employer types;
only 5 for subfield of employment)

4, Fourteen tables of type 8 (PhD only; 14 subfields of employ-
ment; only t for employer type)

5. Ten tables of type 9 (PhD or non~PhD; four combinations of
sex and student status plus t)

6. Fourteen tables of type 10(l4+t subfields of employment;
only t for employer type)

7. Two tables of type 11 (PhD or non-PhD; only t for subfield
of employment)

8. Eighteen tables of type 12 (PhD or non-PhD; 8+t answers to
question on employer type; only t for subfield of employment)

9. One table of type 13 (non-PhD only; only t for subfield of
employment)

10. Fifteen tables of type 13 (PhD only; l4+t subfields of
employment)

11. Two tables of type 15 (PhD or non-PhD; only t for subfield
of employment)

12. Six tables of type 16 (PhD only; 5+t employer types)
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II.1.3 DATA ON CHARACTERISTICS AND MOBILITY OF PHYSICISTS

Chapters 9 and 12 of Volume 1 of Physice in Perspective describe
the flow of phyaics manpower from initial training to employment
and present data on the employing institutions and work activities
of physicists in various subfields., The sections that follow sup-
plement these data with material on such characteristics as sex,
citizenship, employment status, income, and the like and examine

in greater depth the way in which physics as a discipline and phys-
icists as a community changed during the late 1960's.

11.1.3.1 Demographic Characteristics

11.1.3.1.1 Sex The population of physics is principally male.
Females represented approximately 2 percent of the PhD's and
slightly more than 5 percent of the non-PhD's in both 1968 and 1970,
Table II.5 shows differences in employment status of male and fe-
male physicists in 1968, The main difference relates to part—time
employment; 1 percent of the males and 12 percent of the females
are employed part time.

a,b
TABLE II.5 Employment Status by Sex, 1968 3
Employ- PhD Non-PhD
ment Male Female Male Female

Status Number % Number % Number % Number %

Full 13,389 97 219 78 10,713 97 428 68
time
Part 129 1 34 12 136 1 67 11
time
Unem— 42 6 2 75 1 22 3
ployed,
seeking
Unem—- 13 11 4 25 104 17
ployed,
not
seeking
other® 230 2 10 4 151 1 7 1

Total 13,803 100 280 100 11,100 100 628 100

2pata on nonstudents only.
b1968 data presented because of minor problems in the interpre-
tation of the 1970 data on non-PhD's.

cThcluden retired and no response to question on employment status,

A second difference pertains only to non-PhD's. Those who are
not employed and not seeking employment are regarded as outside
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the labor force, at least temporarily. As Table II.5 shows, 17
percent of the female, non-PhD physicists have dropped out of the
labor force, compared with less than 1 percent of the males., This
finding could result from a lower degree of commitment among non-
PhD women physicists, temporary family responsibilities, or lesser
job opportunities.

Register data on women physicists also show the following.

1. Women PhD's are more likely to be employed in universities
and colleges and less likely to be employed in industry than are

men,
2. Women non~PhD's are more likely than male PhD's to be em-

ployed in secondary schools and junior colleges.

3. Women physicists' salaries are lower than those of male
physicists, regardless of type of employer.

4, Women physicists less frequently receive government support
than do male physicists.

II.1.3.1.2 Age .The median age of PhD physicists in 1970 was 37.4
and that of non-PhD's, 32.9. Table II.6 shows the age distribution
of physicists. Approximately 50 percent of the PhD's are in the
30-39 age group, and about 50 percent of the non-PhD's are in the
25-34 age group.

TABLE I11.6 Age Distribution of PhD's and Non-PhD's, 1970

PhD's Non-PhD's
Age Number  Percent Number  Percent
24 and under 5 - 815 4.6
25-29 1808 11.1 5411 30.7
30-34 4467 27.5 3844 21.8
35-39 3188 19.6 2409 13.7
40-44 2494 15.4 1732 9.8
45-49 1953 12.0 1537 8.7
50-54 966 6.0 874 5.0
55~59 631 3.9 548 3.1
60~64 408 2.5 331 1.9
65-69 231 1.4 121 0.7
70 and over 78 0.5 21 0.1
toTAL? 16,229 17,643

Arotal refers to those whose employment was known. There were 19
PhD's and 36 non-PhD's who did not provide data on age.

Because of the heavy influx of new PhD's during the 1960's, the
median age of the PhD group dropped from 38,2 in 1964 to 37.4 in
1970. Table II.7 shows the change in median age by subfield and
convergence toward the overall median age in 1970. Such cluster-

38



O

ERIC

Aruitoxt provided by Eic:

Manpower Data 1493

ing about the median suggests helghtened competition wlthin age
groups.

TABLE I1.7 Median Ages of PhD's by Subfield in 1964 and 1970

Subfield 1964 1970 Change
Astrophysics and relativity 34,7 34.7 -
Atomic, molecular,and electron 36.5 35.3 -1.2
Elementary particle 34.1 34.2 +0.1
Nuclear 37.3 37.8 +0.5
Plasma physics and physlics 36.7 37.0 +0.3
of fluids
Condensed matter 36.7 36.4 -0.3
Earth and planetary 38.1 37.4 -0.7
. Physics in biology 40.6 37.2 -3.4
- Optics 40.3 38.7 -1.6
Acoustics 42.2 40.1 -2.1
Astronomy 37.4 35.0 -2.4
Miscellaneous 42.8 41.4 -1.4
All subfields 38.2 37.4 -0.8

in the 1970's the expected decline in new PhD's should result
in a slowly aging community. The now young, heavily academically
based populations in some subfields will show an increase in aver-
age age as academic positions decrease; the currently somewhat old-
er, nonacademically based populations might increase slightly in
number and decrease in average age.

11.1.3.1.3 Place of Birth and Citizenship 1In 1970, 75 percent of
the PhD physicists in the United States were U.S.-born citizens.
Approximately half (1700) nf those who were foreign born became
U.S. citizens; 1900 retained their foreign citizenship. The number
of PhD physicists who were U.S.-born citizens increased by 50 per-
cent between 1964 and 1970; however, the foreign-born PhD physicist
population in the United States nearly doubled. The noncitizen
group could be somewhat larger than the figures reported in the
National Register survey, for many who do not become citizens are

a transient group, often returning to the country of origin, and
such groups are unusually undercounted in surveys.

Characteristics of the U.S.-born citizen, foreign-born U.S. citi-
zen, and noncitizen groups vary. Table II.8 shows the distribution
of these groups by age in 1970. The foreign-born U.S. citizens
have a median age of 43.7 and constitute a relatively high propor-
tion of the older (>60) age cohorts. In sharp contrast, the non-
U.S. citizen group has a median age of 35, with four fifths of them
in the 25-39 age range. The decrease in the number of noncitizens
in the older age cohorts could result from return migration or nat-
uralization. 3 9 .
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Table II.9 shows the distribution of citizen and noncitizen

., groups by subfield of empleyment. The noncitizen group is somewhat
more heavily concentrated in the so-called intrinsic subfields than
in, the extrinsic ones such as optics, acoustics, physics in biology,
and earth and planetary physics. Some of this difference may re-
sult from age, for certain subfields tend to attract young people,
and the noncitizens are a comparatively young group. The variation
by subfield still occurs, however, if cne controls for age by con-
sidering a single age group, for example, the 35-39 year old group
in which the highest proportion of noncitizens (16.5 percent) is
found. Table II1.10 shows the proportion of noncitizen PhD's in
this age group in each subfield. More than one fifth of the 35-39-
year-old population in such major subfields as astrophysics and
relativity, elementary-particle physics, and plasma physics and
physics of fluids is noncitizen.

TABLE I11.10 Proportion of Noncitizen PhD's, 35-39 Years of Age,
in Each Subfield

Physics
Subfield Percent Foreign-Born Noncitizens
Astrophysics and 25.0
relativity
Elementary Particle 22.5
Plasmas 21.9
Physics of Fluids 20.2
Nuclear 18.7
.Atomic, molecular, and 18.6
electron
Condensed-matter 17.2
Earth and planetary 14.9
Optics 14.5
Astronomy 14.0
Miscellaneous 10.8
Acoustics 8.5
Physics in biology 7.1
All subfields 16.5

Only about 10 percent of the non-PhD physics population in 1970
was foreign born. The small number could result from the entry of
fewer non-Phh foreign physicists to the United States or to less
adequate figures on foreign pre-PhD students than on foreign PhD's.

The data on foreign-born physicists do not show how many came
to the United States for education or specific work experience and
returned to the country of origin or the number who remained. The
U.S. Department of Labor estimates indicate that some 4000 physi-
cists have immigrated to the United States since 1949. How many
had training at the time of immigration sufficient for them to be
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regarded as physicists, their age distribution, and the rate of
return migration are not known. According to the 1970 National
Register the number of foreign-born physicists is higher than the
Department of Labor's estimate-—about 6000. However, there are no
data on when these physicists immigrated--before or after 1949, be-
fore or after becoming a physicist.

The Doctorate Record File affords data on the postdoctoral des-
tination and activity of new PhD's in physics and astronomy from
1958 through 1970 (see Table II.11l). Of the 1918 noncitizen PhD
recipients, 53 percent remained in the United States and 40 per-
cent of these went into postdoctoral study. Twenty-~three percent
of the noncitizen group left the United States, and these went
more often into employment than postdoctoral study. The destina-
tions of 24 percent were unknown.

TABLE II.11 Location and Activity of New PhD Physicistsa

Postdoctoral Study Employment

Citizenship U.S. Foreign U.S. Foreign Unknown Total
United 1695 420 6024 152 1979 10,270
States
Foreign 392 139 626 301 460 1,918
12,188b

aData from the Doctorate Record File; U.S. Doctorates, Physics and
- Astronomy FY 58-70.

bThere were 303 PhD's on whom data were incomplete, bringing the
total to 12,491. .

II.1.3.1.4 BEmployment Before discussing the changing employment
and mobility patterns of physicists, some background information
on their employment is needed to place the analyses in context.
Table II.12, showing employment patterns of PhD physicists from
1964 through 1970, is repeated from Physics in Perspective, Vol-

'ume I, page 832, for it presents data on several topics that we
will discuss further--type of employer, subfield of employment,
and changes in these with time.

Much of the discussion that follows deals with comparisons of
those in academic and nonacademic employment. When relevant, the
nonacademic group is subdivided, as in Table II.13.

The distribution of academic and nonacademic physicists among
subfields shows many similarities (see Table II.1l4). Exceptions
are optics and condensed matter, which have somewhat higher per-
centages of nonacademic than academic physicists, and elementary-
particle physics, which is principally university-based. A sub-
stantial number (23 percent) of the nonacademically employed PhD's
work in general physics or other sciences.
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TABLE I1.13 Percentage Change in PhD Employment, 1964-1970

Percentage of

Employer 1964 1970 Yearly Change
College and university 4,478 8,223 ° 0.139
Industry 2,450 3,805 0.092
Government 917 1,468 0.100
Reseagch center 1,930 1,912 -0.001
Other 558 840 0.084

TOTAL 10,333 16,248 0.095

%1970-1964/1964/6.

bIncludes high school, junior college, hospital, and other non-
profit organizations.

TABLE II.14 Distribution among Subfields of Academically and
Monacademically Employed PhD's in 1970

Physics : Employment (%)
Subfield Academic Nonacademic
Condensed-matter 22 29
Optics 4 10
Atomic, molecular, and electron 7 6
Plasmas and fluids : 6 7
Nuclear . 11 11
Elementary-particle 13 4
Other 8 23
Earth, planetary, astrophysics 9 10
and relativity, and astronomy

Teaching of physics 20 ‘ 0

Figure II.1 depicts the distribution among subfields of PhD
physicists employed in industry, government, and research centers
in 1970. Major emphasis in industry is on optics and condensed
matter, and in research centers, on nuclear physics, elementary-
particle physics, and plasmas and fluids. Most nonacademically
employed physicists in earth and planetary physics, astronomy,
and astrophysics and relativity work for the government.

Regardless of where a physicist is employed, at least part of
his work generally is supported by the federal government. In
1970, 9491 PhD physicists who responded to the National Register
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(59.4 percent of the total respondents in physics) acknowledged
government support.* Twenty-one percent of these physicists were
employed by the govermment or by federally funded research and
development centers; however, 52 percent of those in nonfederal
employment received some government support, as Table II.15 indi-
cates.

40%
B3] INDUSTRY
GOVERNMENT

RESEARCH CENTER

30%

20%

1%

DISTRIBUTION OF EFFORT IN SUBFIELDS
8Y TYPE OF EMPLOYING INSTITUTION

ATONIC,

ELENM. OTHER

'PLASNAS

CON~

OPTICS ASTRO - NUCLEAR
DENSED MOLEC,, PHYS,, AND PARTICLE
MATTER ELEC. EARTH AND FLUIDS
PLAN.,
ASTRON.

FIGURE II.1 The distribution of nonacademic PhD employment by
subfield.

The fraction of the physics population receiving federal support
decreased by 11.5 percent between 1968 and 1970, although the ab-
solute number receiving such support increased by 4 percent. The
federal programs in which physicists work appear in Table II.16.
Defense, atomic energy, and space programs account for three fourths
of the funds acknowledged by Register respondents. The DOD, AEC,
and NASA account for 91 percent of the federal expenditures in
basic and applied research in physics. The distribution of feder-
al obligations for basic and applied research in physics is shown
in Table II.17 for comparison with the distribution among federal
programs of support acknowledged by Register respondents shown in
Table 1I1.16. The acknowledgments of support suggest that physi-

*The 634 astronomers shown in Table II.12 are not included in the
analyses and comparisons of funding. Although some physicists
working in astrophysics and relativity and earth and planetary
physics may receive funds under federal astronomy programs, the
distortion in manpower figures is likely to be small in compari-
son with the distortion in support figures that would be introduced

by inclusion of federal obligations ‘in astronomy.
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TABLE II.15 Fraction of PhD Physicists Not Employed by the Federal
Government Who Acknowledged Some Federal Support

Employer Percent Indicating Federal Support
University 56
Industry 42
Other nongovernment 61
Total nongovernment 52

TABLE I1.16 Sources of Federal Support Acknowledged by PhD
Physicists in 1970%

Percentage of
Funds Supporting

Program Work in Physics (%) WNo. of PhD'sb

Defense 32 3,861

Atomic energy 27 3,228

Space 15 1,854
Subtotal, defense/space 74 8,943

Education 8 1,011

Health 4.5 541

Housing, public works, 2.5 307

transportation, and

urban development
Agriculture, natural re- 2 260
sources, and rural

development
Other 8 946

Subtotal, nondefense/ 25 3,065
space

TOTAL 12,008 12,008

a
Excludes astronomy.

bIncludes multiple responses. Of 15,987 PhD's, 9491 reported at
least one source of government support.

-4
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TABLE II.l& Federal Obligations for Basic and Applied Research
in Physics

Percentage Distributioﬁ of $613 Mil-

Agency lion Obligated, FY 1970 (%)
DOD 30 ¢
AEC 38
NASA 23
Subtotal, defense/space 91
NSF 5.5
Other 3.5
Subtotal, nondefense/space 9

%source of data: Federal Funds for Research, Development, and
Other Scientific Activities. National Science Foundation
(NSF-70-38) (Volume 19).

TABEE 11.18 Acknowledgments of Federal Support by Subfield

Physics Percentage of PhD's Acknowledging
Subfield Support from the Government (%)
Plasmas 86
Acoustics 78
Nuclear 74
Elementary-particle 69
Earth and planetary 81
Astrophysics and relativity 57
Physics of fluids 73
Optics 61
Atomic, molecular, and 61
electron physics
Condensed matter 55
Miscellaneous (including 46
teaching)
All subfields 61
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cists are finding work in fields other than the traditional ones
of defense and space. It is not clear in the Register data which
program, education or other, a respondent supported by the NSF
would indicate. The major finding from this comparison is that
support from agencies other than those concerned with defense and
space, although amounting to only 9 percent of the federal obli-
gations for physics research, affects one fourth of the physicists
supported, at least in part, by government programs.

. Physicists in some subfields receive more federal support than
those in others, as Table II.18 indicates.

Another source of information on the support of physics research
is acknowledgments of support in published journal articles. These
data are presented and discussed in Chapter III, especially in
Tables II1.2—II1I.6 and Figure III.l. This Chapter explores in
detail the support of physics in research by government, industry,
and universities. :

Multiple employment is a characteristic of professional life.
For the academically employed physicist its economic benefits can-
not be overlooked, and it generally offers a point of contact be-
tween academic and nonacademic institutions that is valuable.
Register data suggest that such interaction has been sharply re-
duced between 1968 and 1970, presumably as a consequence of in-
creasingly stringent economic conditions. 1In 1968, some 400 uni- -
versity-based PhD's reported additional employment outside the uni-
versity and 400 nonacademically employed PhD's reported a secondary
job, usually in a university. By 1970, these numbers had decreased
by about a factor of 2, Since the questicmnaire does not detine ad-
ditional employment, the data are likely to represent a lower bound
on personnel interchanges— those individuals for whom a second job
represents a substantial commitment of their total professional
obligations.

Funds generally regarded as discretionary have been severely
affected by the economic situation; consequently, there has been a
marked decrease in summer employment of faculty and exchanges of
personnel among academic and nonacademic institutions. Such ex-
changes, which are highly cost effective in terms of productivity,
are highly vulnerable to budget expediency.

Professional employment includes a number of specific work ac-
tivities— for the physicists, principally research, teaching, and
the management of research and development. Rarely does a single
activity adequately describe the work of a particular physicist.
The individual ordering of such activities varies with institution-
al setting and over time with the development of a professional
career. The following statistical analysis provides a description
of the major work activities of physicists in thg socioeconomic
clrcumstances that prevailed in the late 1960's. Taken together
with the preceding data on employment, this analysis provides a
quantified picture of the traditional employment of a physicist.

In interpreting this picture and assessing its relevance-to future
projections, one must take into consideration that what a physicist

*
We are indebted to Hugh Odishaw for a critical discussion of

this point.
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can do may be qualitatively different from a statistical picture of
what he currently does. Such differences could become significant
in the 1970's. Future changes, of course, cannot be quantified,

but one can get some insight into the modes of change by examining
patterns of mobility of physicists, discussed in detail in II.1.3.2.

Respondents to the National Register specify their primary and
secondary work activities, and the aggregation of these responses
provides a more detailed picture of the distribution of activity
characterizing the employment of a physicist. The pattern of ac-
tivity for all age groups taken together appears in Tables II.19
and I1.20. A single work activity adequately describes the pro-
fessional employment of but 13 percent of the physicists. In aca-
demia research generally is combined with teaching; in nonacademic
settings basic research typically is combined with applied research
or development, and both types of research are often combined with
the management of research and development.

A major difference between PhD's working in academic institutions
and those in other types of employing institutions is, of course,
involvement in teaching. More than four fifths (84 percent) of
the academically employed PhD's had teaching responsibilities, and
69 percent combined teaching and research. Research was a major
work activity in all employment settings. As adding the first two
columns in Table II.21 will show, approximately 85 percent of the
PhD's in industry, government, and universities reported some in-
volvement in research. An even higher percentage, 94 percent, of
those working in federally funded research and development centers
was engaged in research. Among the PhD's working in other types
of institutions (5 percent of all PhD's), 70 percent had research
responsibilities.

Figure II.2 presents a comparison of the research involvement
of physicists in various types of nonacademic employment.

Emphasis on basic research in the universities and research
centers has remained essentially constant since 1964; however,
basic research in industry and government, always a relatively small
fraction of the total activity of such institutions, has declined
further, as shown in Chapter 12 of Physies in Perspective, Vol-
ume 1, Figures 12.24 and 12.25. Thus basic research is becoming
increasingly isolated in the universities and research centers.

If the university population is subdivided into those who are
primarily research oriented and those who are primarily oriented
toward teaching, the pattern indicated in Table II.22 and Fig-
ure II.3 results. Although minor fluctuations in percentage must
be interpreted with care, the data suggest a shift toward more
research-oriented activities between 1964 and 1968 and' a reverse
shift back to teaching between 1968 and 1970. The university ad-
justed to the changing research climate by slightly altering its
work activities. It is doubtful that such flexibility will be pos-
sible in the future, with projected decreases in both university
teaching and research functions.

The priorities assigned to the various activities that comprise
a physicist's professional life change over time. The emphasis on
basic research that characterizes the early years gives way to
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TABLE II.21 Research? and Otherb Activities of PhD Physicists in
1970 by Employer

Research and
Research and Development

Emp loyer Development and Other Other Only Total

University 720 (0.09) 6008 (0.74) 1304 (0.13) 8,032
Industry 1789 (0.48) 1411 (0.37) 533 (0.15) 3,733
Government 573 (0.40) 658 (0.44) 201 (0.16) 1,432
Research 932 (0.50) 828 (0.45) 116 (0.05) 1,876
~enter .

Other 231 (0.28) 345 (0.44) 247 (0.28) 823
Total® 4245 (0.26) 9250 (0.58) 2401 (0.15) 15,896

9pesearch includes basic research, applied research, and develop-
ment.

bIn the university, other refers predominantly to teaching; in non-
academic employment, other refers predominantly to management.

cTotals may vary somewhat from earlier employer totals because a
small number of people did not respond to the work activity
question.

TABLE II.22 Research and Teaching Orientations in Universities,
1964-1970 (%)

Orientation 1964 1968 1970

Research oriented 40 47 44
Research and other 14 16 15
Research and teaching 26 31 28

(research primary) -

Teaching oriented 59 51 55
Teaching and research 38 37 40
(teaching primary)
Teaching and other 21 14 15

<t
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FIGURE II.2 The work activities of nonacademically employed PhD
physicists in 1970.

increasing management responsibilities. In universities the com-
bination of research and teaching shifts toward teaching and man-
agement, and in nonacademic institutions a career is likely to
move from basic research into applied research and development,
then into the management of research and development, as illus-
trated in Toble II.23. The data in the Table are based on respon-
dents to both the 1968 and 1970 Registers who remained in the same
type of employing institution, a sample of approximately 70 per-
cent of the total 1970 Register population. Comparison of the
1968 and 1970 combined work activity for this relatively stable
group shows that the changes in such activity follow the age gra-
dients implied by the data of Table II.23.

n
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FIGURE II.3 Variations in teaching and research orientation in
universities, 1964— 1970.

11.1.3.2 Subfield Mobility

The distribution of young PhD's among subfields closely resembles
that of graduate students and university-based physicists in gen-
eral, as Table IL.24 shows. This comparison reflects a pattern

of early choice that persists despite the change of status from
graduate student to PhD, By age 30, 44 percent of the physics
PhD's have left university study or employment and have adapted
their interests to new environments. Within this pattern of per-
sistent interests, however, substantial mobility among subfields
occurs. The subfield transition matrix in Table II.25 depicts
this mobility. The striking feature is that 25 percent of the 971
who remained in the eight major subfields changed from one of these
subfields to another.

In addition to mobility among subfields, there also is a sub-
stantial flow into other areas, for example, teaching, computer
science, and other fields. Seventy percent of the 178 PhD's mov-
ing into other areas went into general physics and teaching; the
other 30 percent (4.3 percent of the degree mobile cohort) went
into other sciences. The imbalance between outward and internal
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TABLE 11.24 Subfield Distribution of Graduate Students, Young
PhD's and University-Based PhD's

Graduate PhD's University-

Physics Students? <30 Based PhD's
Subfield i = 9000 N = 1813 N = 8208
Condensed-matter 27.3% 27.0% 21.8%
Elementary-particle 15.7 13.8 13.0
Nuclear 14.8 11.4 11.3
Atomic, molecular, 7.4 8.0 7.0

and electron

Plasmas and fluids 3.4 6.4 6.4
Optics 2.6 4,8 3.4
Physics in biology 1.3 2.1 1.6
Acoustics 1.1 1.4 1.2
Astronomy. and 4.9 7.9 6.7
astrophysics
Other 21.5 17.0 26.4

“Source of these data is American Institute of Physics publication
No. R-207.2.

mobility could have been biased by the selection of a sample popu-
lation consisting only of physicists; however, a longitudinal anal-
ysis of the entire PhD population between 1960 and 1966 indicates
that this trend is not artificial.

New PhD's who leave the university are more likely to change
subfields than those who remain. In our sample which includes 44
percent of all physics and astronomy PhD's granted in 1968 and
1969, the 466 young people who left the university were 36 percent
more likely to change subfield than the 614 who remained. Of those
who remained, about 250 were probably postdoctorals, a status often
used for advanced specialization rather than diversification.

The pattern of youthful interest in physics subfields differs
significantly from that of the physics population as a whole.

These differences are reflected in a comparison of the age distri-
butions of the various subfields, a comparison that is facilitated
by constructing a set of appropriate cohort ratios. Table II.26
presents a comparison of the ratio of the under 30 cohort with the
40-45 cohort.* The variations from average among the subfields
illustrates a distinct pattern of youthful interests compared with
mature interests, which is depicted in Figure 11.4. The general
persistence of this pattern since 1964 also is indicated in Fig-
ure II.4, although some changes are evident. Interest in physics
in biology has increased, and that in elementary-particle physics,
which still attracts the young, clearly is decreasing. Interest

> .

The analysis is not sensitive to the particular choice of a mature
cohort. A rank ordering of the subfields by median age illustrates
the trend.

57



1512 PHYSICS [N PERSPECTIVE

TABLE 11.25 Subfield Transit&og Matrix for Physicists Receiving
the PhD between 1968 and 1970’

Subfield Subfield in 1970 Op& A&R, Total
in 1968 AME EP NP P&F CM PB Ac E&P Other 1968
AME 44 1 3 5 15 4 14 4 23 113
EP 0 109 10 2 7 0 3 10 26 167
NP 5 5 107 4 11 2 2 6 23 165
P&F 2 1 0 52 6 0 5 3 10 79
CcM 11 2 6 10 272 6 34 4 65 410
PB 1 0 3 0 1 1z2. 2 0 3 22
Opé&Ac 6 0 0 0 7 0 29 1 9 52
A&R,E&P 2 1 2 2 4 0 8 108 19 143
Other 1 4 2 1 10 2 8 4 70 102
Total 72 123 133 76 333 26 102 140 248 1251¢
1970

@subfield abbreviations used are the same as those identified in
Table 11.9, foctnote X.

bAge characteristics of the sample: lower quartile 28.6; median
30.2; upper quartile 32.9, Mobility with regard to type of employ-
ing institution: mobile 37 percent; static, academic 49 percent;
static, nonacademic 14 percent.

Crhere were 604 additional respondents whose responses on subfields
were incomplete.

in astronomy and earth and planetary physics has increased consid-
erably, and that in plasmas and fluids has diminished. The over-
all regularity and persistence of the interest profile suggests
that the emphases of the previous decade do not persist in the sub-
field age distribution; subfield mobility effectively dissipates
fluctuations in fashion.

The profile of youthful interest depicted in Figure II.4 is
similar to ‘the profile of foreign involvement in U.S. physics dis-
cussed in Chapter 8 of Physics in Perspective, Volume 1 and shown
there in Figures 8.9 and 8.10. The concentration of foreign-born
physicists varies with subfield in the same way as the concentra-
tion of young physicists and the median age of the foreign group
ig inversely correlated with concentration; that is to say, sub-
fields that attract many foreign physicists also attract principal-
ly young foreign physicists.

A significant feature of the data of Table I1.26 is that the
relative concentration of young PhD's is not correlated with dif-
ferential subfield growth. Although this finding may reflect to
some extent limitations on the available options in graduate edu-
cation, it is clear that the rapid growth of astrophysics and rela-
tivity, earth and planetary physics, and optics results from in-
tellectual mobility at all ages. Optics provides a representative

example.
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FIGURE 1I./ Comparison of youthful and mature interest in various
subfields of physics— the size of the 30 cohort compared with the
40-45~year-old cohort.
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Between 1964 and 1970 approximately 700 PhD's went into optics.
(The increase of 600 shown by Register data is about 85 percent of
the total.) 1In this same interval the Doctorate Records File shows
80 new PhD's in optics. To have met the actual growth rate with
physics graduate students (assuming 100 percent retention of new
doctorates in the subfield) would have required an 875 percent ex-—
pansion of university facilities as well as a promotional campaign
to reverse what 1is apparently a rather well-established motivational
pattern. There is no evidence to suggest that optics received any
special external stimulation, such as increased federal support
during this period of growth.

Table IT.27 shows changes in optics manpower between 1968 and
1970. The majJor interchanges with optics were with atomic, molec-
ular, and electron physics and condensed matter, subfields with
which considerable overlap might be expected. However, a nontriv-
ial interchange with all subfields is evident. Among established
PhD's only about 300 remained identified with optics in both years;
471 entered from other subfields and another 303 left., The static
component in the subfield is relatively small compared with the
mobile population and the net change in optics is the difference
between two large numbers. All ages participated; the median age
of inward mobile components correlates roughly with the median age
of the subfield of origin. An examination of simultaneous changes
in type of employing institution among optics PhD's between 1968
and 1970 provides no evidence that external circumstances had any
particular effect on manpower interchanges in the subfield. Of
the 289 established PhD's who worked continuously in optics, 10
percent changed type of employing institution; of the 471 PhD's who
entered the subfield, 13 percent changed type of employing insti-
tution. Taken together, 11.6 percent of the 1970 optics manpower
had made a change in type of employing institution since 1968, the
same percentage as for the overall physics population. The move-
ment into optics, then, is largely an in situ process.

The pattern of subfield interchanges for all PhD's in the 1970
Register for whom adequate responses were also available in 1968
appears in Table II.28. The sample amounts to 80 percent of the
PhD's in the 1970 Register, an estimated 65 percent of the total
U.S. physics PhD population. On the basis of this classification
scheme (an 11 by 11 matrix), some 34 percent of the physics PhD's
changed the subfield in which they were working between 1968 and
1970, Some subfields had a higher proportion of mobile PhD's than
others, as Table I1I1.29 shows. This Table ranks the subfields ac-
cording to the inward mobile fraction of the 1970 totals. In some
instances, the apparent variation results from the diversity of
specialties that comprise a given subfield. In condensed matter,
for example, a major change in scientific interest from supercon-
ductivity to high-pressure physics would not show in the matrix of
Table 11.28. In contrast, elementary-particle physics, another.
subfield of low mobility, is defined by only six specialties—
hadrons, leptons, photons, high-energy cosmic rays, quantum field
theory, and other. This brief list adequately describes the in-
terests of 84 percent of the 1970 elementary-particle phvsics pop-

ulation. The actual magnitude of the mobility inferred from such
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TABLE II.27 Changes in Optics Manpower® between 1968 and 1970

Subfield
in 1968b New PhD's Doctorates before 1968
or 1970 Entrants Leuavers Entrants Med. Age Leavers Med. Age
op 19 298 41.6
AME 14 6 92 38.7 60 43,0
EP 2 0 10 34.0 4 35.5
NP 2 0 26 45,2 5 51.5
P&F 4 0 27 37.5 5 36.2
(011 25 5 211 41.3 95 39.2
E&P 4 0 11 41,5 19 39.9
PB 1 0 8 47.5 6 48.5
Ac 0 0 7 41.5 2 36.5
Astron 0 1 11 33.5 4 41.5
Gen. phys. 7 4 47 41.0 65 47.5
& teach.
Other 1 1 21 44,0 38 47.3
sciences
1970 79 769 40.9
total )
Other
subfields:
Entrants 60 471
Leavers 17 303
1968 36 601 42,4
total

Qpased on respondents to both the 1968 and 1970 National Register
surveys. Such respondents amount to 64 percent of new PhD's and
about 65 percent of all established PhD's.

bSubfield abbreviations used are those indicated in Table 11.9,
footnote b.

a transition matrix depends, of course, on the dimensionality of
the matrix; the finer the distinctions, the greater the numerical
magnitude of the mobility.

Table 1I.30 presents a comparison of established PhD's with the
degree mobile cohort and shows that established PhD's are about as
likely to change subfields as are new PhD's. More scientists move
away from the discipline-intensive physics subfields than enter;
the flow to other sciences amounts to 3 percent for established
PhD's compared with 4 percent in the young cohort.* The higher

*A 10 percent flow of new physics and astronomy PhD's to other fields

is reported by the Office of Scientific Personnel in 1969 (OSP-MS-3,
April 1970). The difference results from different definitions.

We have included some chemistry, earth sciences, and biosciences

in physics subfields. : .
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TABLE I1.28 Transition Matrix between 1968 and 1970 by Subfield
of Employment for all 197¢ PLD's®

An- 1968
16y MROAME B NP ¥ » ME M P& IR up Ac tron Mlac  Total
. “eep L RTIEPRTTRRE e P, ; n T
ASR W 41.5 ¥hh L% 17,5 42,9 .0 12,0 362

2 4406 9 1 V7 m ul 107 14 ] 106 1 14 155 925
AME 1.5 36,9 1900 302 LA WS M6 3505 39,2 315 3 LS 3502 .3 7.0
1 15 a5 hs 7 1 o 25 24 2 12 4 3 140 1210
Ep 15,00 35,3 Y4 1509 34,0 33,9 33,8 31.0 33.0 36,5 33,5 32,5 29,5 4.0 34,3
o 8 54 156 12 H 0 RO 1) 16 28 5 4 235 1674
N 5.6 1B ALB 38T 17,5 3L 345 39,5 15.5 6.1 43,5 34,0 41.h 39.1 38,7
1 17 v 6 0713 FIL TN L S b ? n 4 1 52 167
4 95,9 41,00 318 3709 4009 1hs 4005 MBLT 345 3205 HA.S 0 WAL 29.5 41,2 19,3
1 12 5 6 26 B0 386 14 11 1 21 1 1 29 454
4 35,5 37.8 410 435 13,9 37,2 36,8 36.5 41,5 31,5 15.5 27.5 31.5 39,0 37,2
2 29 7 12 28 W3 57t s9 23 3 31 5 2 8) 825
PAY %9 PR 1S A0L5 0 39.9 0 36,9 37,9 37.9 36.2 33,5 35.5 33,5 90.5 40.4 38,1
? (R R T ') H8 13 101 2634 26 25 236 38 3 478 3759
(5] 5.5 3700 36.7 4205 36,3 35.5 36,2 37.1 4.5 6.2 39.8 35,4 47.5 39.9 37,5
[ 9 15 2 4 3 7 17 323 ) 15 2 37 52 486
EaR 42,5 W05 7.7 3205 435 13,5 35,5 40.0 38.5 35.5  39.0 55.5 37.7 40,0 38.6
3 22 4 4 3 T 9 6 1 17 1%
Py 51.5 35,58 15,5 45.5 19,0 47.0 37.5 41.5 37.5  39.1
66 4 5 2 3 5 100 19 [ N1 2 5 108 637
op 40,0 35,5 51,5 38.5 36,0 36,2 4.7 39.9 4B.5 41,1 36,5 36.0 46.7 416
1 2 6 1 7 242 9 7 171 26 249
Ac 43.5 51.5 37.5 35.5 35.5 40.5 45.5 38.0 41.5 43.6 46.5  43.0
75 12 7 2 2 2 4 6 55 3 1 1 91 91 658
Astron 307 40.5 37.5 43.5 3B.5 335 34,5 32.5 35.4 47.5  33.5 31.5 36.6 42.1 6.1
9 34 3 59 51 10 61 179 55 15 76 22 17 1327 1885
Misc 39.0 4.5 34,8 40.0 42.0 46.5 42,7 39.4 64.7 47.5  41.5 43.8 43.5 44.2 4.5
Total 1495 781 1nAG 1390 44 19A RY? 1248 SRY 201 RGR .87 4R4 2721 12AnQ
1970
- L2 32013103 330 3.9 32,5 33,2 32.332.7 33.0 33.7 34.5 1.3 4.6 32.8
Age 3.4 37.4 34.9 38,7 39.1 36.6 37.8 37.2 38.3 38.6 39.7 40.8 36.6 42.3 38.3
40.7 44.7 40.8 45.3 45.9 42,6 44.3 43,4 45.1 47.7  47.3 50.4 46.2 49.8  45.6

]
“Subfleld abbreviatlons used are those identified in Table 11.9, footnote b.

‘Lower quartlle, medlan, and upper quartile.

subfield mobility of new PhD's is associated with the major upheav-
al that takes place between graduate school and postdoctoral em-
ployment.

Established PhD's change jobs from time to time, and such changes
afford opportunities to undertake new scientific interests. Be-
tween 1968 and 1970, 11.9 percent of the established PhD's changed
type of employing institution; Table II.3l compares the concurrent
changing of subfields of the mobile physicists with interchanges
of those who remained in the same type of employment. Clearly,
those who change jobs are 20 percent more likely to change sub-
fields than are those who do not. However, a substantial amount
of subfield changes occur within one type of employment. Those
who move into and leave universities—the major component of em-
ployment-change group——-mayhdé,so.ag a result of the pursuit of
a certain tvpe of research, or they may redirect their interests
to be compatible with a more satisfactory employment circumstance.
Employment mobility produces, on the whole, no more than a 20 per-

63

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

1518 PHYSLICS IN PERSPECTIVE

TABLE 11.29 Subfleld Mobility between 1968 and 1970, Ranked
According ee the Inward Mobile Fraction of the 1970 Total

Physics
Subfield

Inward Moblle as a Fraction of
1970 Total (%)

Elementary-particle

Nuclear

Condensed-matter

Astronomy

Plasmas and fluids
Acoustics

Atomic, moleculax, and electron
Physics in biology

Earth and planetary
Astrophysled and relativity
Optics

Miscellaneous

15.9
17.8
18.9
19.8
31.8
33.5
43.8
44.3
44.4
57.9
62.6
51.2

TABLE 11.30 Subfield Mobility, 1968 to 1970

Internal Mobility
among Eight Major

PhD's Subfield Groupings Outgoingb Incomingb
New 25% 14.27 2.5%
Established 21% 10.7% 4,6%

Apeycentage of the 8 X 8 group.

bPercencage of the total population.

TABLE II.31 Subfield Mobility of Established PhD's, 1968 to 1970

Type of Internal Mobility

Employing among Eight Sub- OQut~- In- Med.
Institution Percent field Groupings going coming Age
Mobile - 11.87% 25.8% 12.2% 5.0% 35.9
Static 88.27% 20.17% 10.8%  4.8% 39.8

cent enhancement of subfield mobility. The employer-mobile popula-
tion is distinctly younger than the employer-static part of the
established PhD population, but, as age characteristics of mobility
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will show, this findlng suggests, Lt anything, an even greater en-
hancement of subfield moblllity due to simultaneous cmployment
moblllity.

To examine the age dependence of subficld mobility, we examined
data on the employer-statle, establlished Phh's, The results appear
in Table 11,32, The myth of youthful Iutellectual mobility was
unsubstantiated., If anything, it appcars that the likelihood of
diversification of sclentitle Interest lda correlated with profes-
slonal maturation., This result was checked against Reglster data
on an earlier interval, 1960-66. The results are shown in Table
[1.33, The upward trend displayed by the youngest cohort probably
is a congequence of degree mobility; about 25 percent of that co-
hort received che PhD shortly after the survey in 1960, The pat-
tern of subfield Lnterchanges hetween 1960 and 1962 1is generally
comparable with that between 1968 and 1970, Although varlation of
mobility patterns with age s almost nonexistent in both sets of
data, there were somec diffcrences in overall mobility. At the
beglnning of the decade there were fewer interchanges among major
subfields than at the end of the decade. A balanced interchange
between the major subfields and general physics and other sciences,
which prevailed in the earlier period, became a discernible out-
flow by 1970. The actual magnitude of these changes is not large,
but the trends are clear.

In regard to mobility by subfield, the data were generally simi-
lar for the two intervals. Those subfields broadly related to
others are characterized by high mobility at both times; the most
striking changes occurred in optics and physics in biology, two
subfields of intense current interest.

An examination of the dependence of subfield mobility on type of
employing institution suggests that changes with time are related
to stresses on the physics community. These data appear in Table
I1.34. Clearly, the circumstances at the end of the 1960's have
increased the subfield mobility of industrial physicists and de-
creased that of university physicists. The differences are not
an artifact of a restricted definition of subfields, as the second
column of Table I1I1.34 shows. There mobility is estimated on the
basis of an expanded matrix that takes into account teaching, gen-
eral physics, and other sciences. Again data on an earlier period
should be examined. In 1960-62 and 1964-1966 subfield mobility was
essentially the same in all types of employing institutions; within
the eight major subfields, 15 percent from 1960 to 1962, and for
this same population of 4415 PhD's, 13 percent, from 1964 to 1966.
The recent increase in subfield mobility among nonacademic physi-
cists is asociated with the reordering of research priorities. In-
deed, the high mobility within the industrial group suggests a
veritable scrambling about for new directions together with the
shift in emphasis away from basic research. In the universities,
on the other hand, the erosion of research budgets has reduced the
number of new projects that can be undertaken.

At any point in his career a physicist carries with him varying
degrees of competence in a varlety of subfields. This catalogue
of subfield competence represents the accumulated experience of
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TABLE I1.32 Subfield Mobllity of Employer Statle Established
PhD's by Age, 1968 to 1970

Cohort Age Internal Mobility

in 1970 among Elght Subflelds (%) Outgolng (%) Incoming (%)
27—-31 19,2 9.9 3,0
32— 36 19.2 8.8 3.9
37— 41 20.8 9.5 4.3
42— 46 21.8 10.4 4.6
4751 25.3 14.5 5.7
52— 61 25.2 13.6 5.3
Total 20.7 10.7 4.6

(¥ = 10,013)

TABLE 11.33 Subfield Mobility of Established Fud's, 1960—-1962,
1964-—1966

Cohort Based on 1960—1962 1964—1966 “
Year of PhD N (10 x 10) Mobile® (10 x 10) Mobile
1956—1960 1366 27.1% 40.5%
1950—1955 1596 25.5% 36.7%

1949 1453 27.2% 39. 4%

TOTAL 4415

%paged on a 10 X 10 matrix that includes eight major subfield
groupings plus teaching and other sciences.

previous mobility as well as a developing s"rT of knowledge that
can nurture new directions of scientific enguivy. An analysils of
research emphasis and scientific competence of a population pro-
vides a measure of the shared interests of that population at a
particular tlme. The distribution of subfield competence that
resulted from our analysis had essentially the same features as
that of subfield mobility.

The distribution of first competence for PhD's working in var-
{ous subfields in 1970 is shown in Table II.35. Again the general
dispersion of subfield proficiency is evident. The breadth of an
individual's competence can be further explored by looking at data
on second, third, and fourth competences. A typical pattern of
external compared to internal competences emerges, as Figure II.5
shows. TFor about one fifth of the PhD's first competence was out-
side the subfield of employment. For lower levels of competence
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TABLE II.34 Subfleld Mobllity of Established PhD's by Type of
Employing Institution, 1968 to 1970

Interna% Mobility Total Mobﬁlity
Institution (8 x 8) (%) (16 X 16) (%)
University 15 31
Industry 29 42
Government 22 35
Research centers 22 32
TOTAL 20 35

%Based on eight major subfield groupings; see Table II.29.

bIn the 16 x 16 matrix, optics, acoustics, astrophysics and rela-
tivity, earth and planetary physics, and astronomy are separated
and the other category is subdivided into general physics, teach-
ing, computer science, other science, and other.

the percentage was, of course, higher. The fraction of competence
outside subfield of employment provides a measure of the related-
ness of subfields comparable with that used in the analysis of
mobility, in which internally mobile group was compared with the
total in the subfield. The average external competence for the
physics population was 47 percent. Some subfields were character-
ized by a higher percentage of external competence than others.
Based on Table II.35 and like tables for successive levels of com-
petence, a rank ordering of subfields was developed (see Table II.36).
The sequence is much like that obtained for inward mobility (Table
I1.29). Changes in first competence form a pattern like that of
subfield mobility, but the magnitude of intellectual diffusion at
the level of first competence is considerably greater than it is
at the level of actual scientific employment.

Thus, we can look at three demographic measures of the diffusion
of knowledge in pliysics: subfield mobility, external competence,
and first competence mobility. Taken together these measures form
a consistent pattern, as shown in Figure II.6. The data in the
figure can be read from left to right as follows: 1In, for example,
plasma physics and physics of fluids, we see that inward subfield
mobility accounts for 32 percent of the 1970 population (see Table
I11.29); concurrently, the first subfield of competence has changed
for about 45 percent of the subfield; finally, individuals working
in this subfield typically report about 56 percent of their com-
petence in other subfields (see Table II.36). Although the. numer-
ical scale of these measures depends on the way in which we define
a subfield, comparisons are possible within this set. Generally,
the greatest inertia, or the most stable intellectual relationship,
is associated with a physicist’s particular subfield of research
emphasis. Surrounding this subfield of research interest is a
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FIGURE II1.5 (Competence in physics su®:{ields. For those employed
in a given subfield, additional competcnce in that subfield is
proportional to A , and competence in other subfields is propor-

tional to Al. Thé example above is the average for PhD physicists.

FRACTION OF SUBFIELD GROUP
IDENTIFIED WITH SAME SUBFIELD OF EMPLOYMENT



1524 PHYSICS IN PERSPECTIVE

TABLE 11.36 External Competence of PhD's by Subfield, 1970

Physics

Subfield External Competence (%)
Condensed-matter 27

Elementary-particle 490

Nuclear : 43

Earth and planetary 51

Plasmas and fluids 56

Atomic, molecular, and 57

electron

Astrophysics and relativity 60

Acoustics 62

Optics 65

Physics in biology 70

Average 47

! ] ] | | |
oPTiCS ¥
ASTROPHYSICS and. EP R
RELATIVITY HEAO
PHYSICS in E
BIOLOGY -

ATOMW,MOLECULARIE
and ELECTRON -

acousTics [ s ¢
Y 5
EARTH and N i~ ~~
PLANETARY Y 8 &
PLASMAS and f ] * 3
FLUIDS S § =©
a = ¥
-~ g X
¥ 8§
7] ELEMENTARY s ¥ W
-5 PARTICLE 3 8 &
CONDENSED =
MATTER
| 1 | | | | 1
10% 20% 30% 40% 50% 60% 70%

INWARD MOBILITY AND EXTERNAL COMPETENCE

FIGURE II.6 The comparison of inward mobility of employment sub-
field, subfield of first competence, and the degree of external
competence for physics. The scale is linear in the ratio of ex-
ternal to internal relatedness.
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radius of competence in other subfields. Changes in the catalogue
of competence are both extensive and frequent compared with changes
in research activity. If the pattern of demographic diffusion
(Figure 11.6) is compared with the pattern of extrinsic versus in-
trinsic relationships among subfields developed on the basis of
scientific criteria (see Physics in Perspective, Volume 1, Chapter
5), a remarkable unity of scientific judgment and scientific be-
havior is evident.

11.1.3.3 Non-PhD Physicists

More than half (55 percent) the non-PhD physicists work in indus-
try and government in jobs related to applied research and develop-
ment. Thirty percent are engaged in teaching, with the majority
of these teachers employed by high schools and two-year colleges.
Non-PhD physicists are qualified for inclusion in the National
Register by a bachelor's degree or its equivalent and a minimum of
two years' professional experience in physics. Sixty percent of
the non-PhD group has a master's degree, and 74 percent belong to
professional societies, usually one of those represented by the
AIP. Thusg, the non-PhD's in the National Register popuiation are
closely identified with physics through education, experience, and
membership in professional associations, and this identification
is made by the AIP on an individual basis. We zhall examine the
relationship of this population to physics-relaied employment and
consider its principal demographic characteristics.

11.1.3.3.1 The Physics Labor Force and the Non-PhD Physicist
Of a total of about 1.7 million scientists and engineers in the
United States, approximately one third is scientists and two thirds
are engineers. The Bureau of Labor Statistics (BLS) conducts an
ongoing series of employer surveys of this population. A strati-
fied sample of employers is drawn from a universe of 500,000
establishments employing 33 million workers. What a physicist is,
as distinct from a chemist, metallurgist, geoscientist, or other
physical scientist, is the decision of the responding employer,
who is instructed to count only those ''who are actually engaged in-
scientific work at a level which requires a knowledge of the phys-
ical sciences equivalent to that acquired through completion of a
four-year college course with a major in one of the physical sci-
ence fields, regardless of whether they hold a college degree."
The employment distribution by BLS occupational sector of the
physicists in the BLS survey appears in Table II.37. Based on the
assumption that the PhD's in the Register physics population are
likely to be among those employed in physics, the second column
of Table I1.37 distributes the estimated total PhD physicists
according to BLS categories. The estimated employment of non-PhD
physicists, the third column in this table, results from the dif-
ference between BLS population and Register PhD physics population.*

*Since estimates of the PhD population are based -on individual re-

sponses from 83 percent of the estimated physics PhD universe, the
uncertainties in this part of the calculation are regardec as

negligible.
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TABLE II.37 Estimated Total Physics Labor Force, 1970

BLS 5 Estimated BA (or
Occupational BLS PhysiciSCSa PhD's equivalent)Non-PhD'sc
Sector Number Percent Number Percent Number Percent
University 21,200 44 11,800 59 9,400 34
Industry 20,000 42 6,400 32 13,600 48
Government 6,800 14 . 1,800 9 5,000 18

TOTAL 48,000 20,000 28,000

@he 1970 total of 48,000 is apportioned by occupational sector
according to the distribution of the 1968 total of 46,000 (BLS data’,

b
The distribution of the 20,000 estimated PhD's is based on the
16,600 PhD respondents to the 1970 National Register.

®Difference between BLS numbers and numbers of Register PhD's.

The distribution of non-PhD professional physicists in the 1970
National Register by BLS occupational sectors is shown in greater
detail in Table II.38. Clearly, the Register population in a given
year represents about half of the universe of non-PhD physics em-—
ployment, and the representation by sector is entirely consistent
with that universe. The professional non-PhD population represented
by the 19,700 Register respondents in 1970 is difficult to estimate
because of migration to and from this group. Some indication of its
size can be made by means of a calculation that yields a correct
answer when applied to PhD Register respondents. There were 3677
qualified respondents in 1968, having a median age of 34.5 years,
who did not respond again in 1970. If we assume an equal number
were not heard from in either 1968 or 1970, the nonrespondent com-—
ponent of the Register-qualified population is about 7400, of whom
a few would be students, about 600 would be high school teachers,
and the remaining 6800 would be in the work force. The total num-
ber of Register qualified non-PhD's in the work force is, thus,
about 20,200, or 72.5 percent of the BLS total. We estimate, then,
that professionally qualified—on the basis of education, exper—
ience, and professional self-identification—non-PhD physicists
amount to about 72 percent of the BLS-employer estimated non-PhD
physics work force. Responses to the combined 1968 and 1970 Reg-
ister surveys amount to 83 percent of the qualified work force;
1970 respondents alone amount to 67 percent of those who are quali-
fied. In addition, the respondents include representative popula-
tions of high school teachers as well as advanced graduate students
and others who will be entering the work force. B

The distribution of non-PhD physicists according to the type of
employing institution used in previous tables based on Register data
is shown in Table II.39, with PhD's included for comparison. Not
surprisingly, non-PhD's are much less likely to hold faculty posi-
tions in universities than are PhD's; however, junior college

'
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TABLE I1.38 Labor Force Distribution of Non-PhD Respondents
to the 1970 National Register by BLS Occupational Categories

Non-PhD's
BLS Occupational Sector Number Percent
Untiversity and College 4,600 34
University: ST
Faculty 2,000
FTE student employeesa 1,300
Junior college 800
University operated federal 500
research centers
Industry 6,300 47
Industry 5,350
Industrially operated federal 400
research centers
Other 550
Government 2,500
Subtotal (BLS occupations) 13,400
Other Occupations 6,300
Students (not included above) 2,100
High school teachers 1,600
Military 600
Unknown employer 2,000

Total, 1970 National Register 19,700

%The full-time equivalence (FTE) of 2600 university teaching and

research assistants on the 1970 Register is estimated at 50 per-
cent on the basis of NSF data. The NSF (keport NSF 70-16) gives
the FTE of 84,391 graduate students in part-time employment as
40,443,

teaching is done largely by non-PhD's. An extensive study of jun-
ior college teachers in 1967 (NSF 69-3) shows that about half of
those teaching physics did so full time. There were 496 full-

time physics junior college teachers then, and 5 percent of the
physics courses were' taught by PhD's. In the 1970 Register sample,
there were 845 physicists in junior colleges, 7 percent of whom
were PhD's. The growth implied is consistent with overall physical
science faculty growth in these institutions, but the NSF and Reg-
ister populations are not strictly comparable. It is evident,
however, that the rapid growth of two-year colleges has not entailed
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an accelerated recruitrment of PhD's durjnsg the 1:67-1970 interval.
To an even greater exceat. the teaching c¢f physics in high schools
is done by non-PhD's.

Industry and th= federal -government provide employment !or 55
percent of the nor-PhD's compared with 38.5 percent for PhD's.
Research centers employ only 6 percent of the non-PhD's compared
with 14 percent of the PhD's. These diffsrences are consistent
gith the relatively greater emphasis on applied research and de-
velopment in the employment of non-FuD's.

TABLE I1.39 Employing Institutions of Non-PhD's and PhD's, 1970

‘ Non-PhD's _ PhD's
Employer Number Percent Number Percent
University (faculty) 1,990 2.9 5,723 41.6
Industry 5,346 37.2 3,805 27.7
Government 2,545 17.8 1,468 10.8
Research center 877 6.1 1,912 13.9
Other 3,588 24. 840 6.1
Secondary school 1,628 31
Junior college 791 16.1 54 0.6
Military ' 650 ’ 113
Other 533 8.2 642 3+3
sUBTOTAL? 14,346 13,748
University (non- 3,319 2,500
i faculty)
Unknown 2,026 383
TOTAL 19,705 16,631
Median age 32.9 37.4

%T'he non-PhD sample represents an estimated 67 percent of the uni-
verse of Register qualified full-time professionals; the PhD sample
is approximately 85 percent of the PhD universe.

11.1.3.3.2 Educational Mobility of Non-PhD Physicists Some 60
percent of the non-PhD physicists hold a master's degree. Between
1968 and 1970, departmental surveys indicated that there were about
8000 graduate students in the third year of training or beyond.
This pool of qualified non-PhD physicists is one fifth the size of
the nonstudent professional work force, estimated at 20,000 non-
PhD's and 20,000 PhD's. Most of these students are employed, 6Q
percent of them part time and 19 percent full time, usually in
universities. Graduate students thus represent the supply of po-
tential professional physicists aind their employment demonstrates
a demand for non-PhD ‘physicists, especially in universities.

The mobility of physicists in regard to student status between

1968 and 1970 is shown in Table II.40. By 1970, 77 percent of the
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TABLE II1.40 Educational Mobility of Qualified Non-PhD Physicists
between 1968 and 1970

Status in 1970

Status Student Nonstudent
in 1968 Full Time Pzri Time Non-PhD New PhD 1968 Total
Studint

Full time 899 73 1,055 1,624 3,651

Part time 81 226 1,277 226 1,807
Subtotal 1,279 2,332 1,847

(232) (6437) (34%) 5,485%

Hons tudomt .

Non-PhD 149 169 8,738 - 9,056
Subtotal 318 8,738 9,056

(4%) (962%)

1970 total 1,129 486 11,070 1,847 14,514
Median age 3.3 31.6 36.8 29.9

“In 1968 there were 7800 graduate students beyond the second year of
training.

bThe Doctorate Records Fite counts 2874 new PhD's in academic years
1967-1968 and 1968-1969.

1968 advanced graduate students had entered the nonstudent work
force, 34 percent as new PhD's and 43 percent generally as terminal
non-PhD professionals; 23 percent continued their training. Re-
turn to graduate study was reported by 4 percent of the regularly
employed non-PhD population.

1I1.1.3.3.3 Subfield Distribution of Non-PhD's The subfield of
employment of nonstudent non-PhD's and advanced graduate students
appears in Table II.41. To a large extent the subfield distribu-
tion of non-PhD employment is negatively correlated with the employ-
ment of young PhD's shown in Table II.26 and Figure II.4. However,
a positive correlation exists between the subfield employment of

non-PhD's and mature PhD's. The subfield interest profile of grad-
uate students corresponds to that of PhD university faculty, shown

‘in Table I1.24, and is negatively correlated with non-PhD employ-
ment. The most striking mismatches between graduate training and
non-PhD employment occur in optics, acoustics, and earth and plan-
etary physics. These three subfields, which employ a greater than
aeverage number of nor-PhD's, are those least represented in the
ratio of student emphasis to non-PhD employment. Whether graduate
education is an adequate source of non-PhD physicists, the profile
of specialized training in graduate schools does not correspond to
the profile of specialties characteristic of the employment of

non-PhD's.
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TABLE II.41 Subfield Distribution of Non-PhD Physicists—Students
and Nonstudents—1970

Physics
Subfield : Students Nonstudents
Astrophysics and relativity 80 79
Elementary-particle 437 413
Nuclear 443 © 1,168
Atomic, molecular, and electron 286 576
Plasmas and fluids 195 503
Condensed-matter 1,005 2,573
Earth and planetary 157 567
Physics in biology 53 135
Optics 233 1,936
Acoustics 67 704
Astronomy a 145 344
Miscellaneous 857 6,749
TOTAL 3,958 15,747

aOcher physics, 27 percent;, teaching, 46 percent; other sciences,
27 percent.

As is true of PhD's, subfield mobility among non-PhD's provides
the means of adjusting manpower supply to the prevailing patterns
of use. Of 5759 non-PhD's in eight major subfields in 1968 and
1970, 73 percernt remained in the same subfield throughout the two-
year interval, a percentage equivalent to that for PhD's.

A measure of subfield mobility among relatively established non-
PhD's can be derived by using the population who did not change
types of employing institution between 1968 and 1970; for this
group the mobility among major subfields was 23 percent, compared
with 20 percent for established PhD's. One difference between non-
PhD's and PhD's is that the simultaneous subfield mobility of em-
ployer mobile individuals is considerable enhanced~—38 percent of
non-PhD's compared with 23 percent of PhD's changed type of employ-
ment, and 26 percent of non-PhD's compared with 20 percent of PhD's
changed subfield also. Non-PhD's apparently are somewhat more like-
ly to adjust subfield emphasis to suit new employment than are PhD's.
An important similarity between non-PhD's and PhD's is that sub-
field mobility shows a negligible dependence on age. In a two-year
period, changes in subfield among the eight major ones comprising
physics by approximately one fourth of the physics population seems
to be characteristic of professional physicists, regardless of age
or degree status.

Since industry and government are the major employers of non-
PhD's, we examined the subfield distribution of non-PhD's thus em-
played. As shown in Figure II.7, employment outside the discipline-
specific subfields amounts to approximately 30 percent for those in
both types of employing institutions. This miscellaneous category,
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FIGURE 1I.7 Subfields of non-PhD physicists in industrial and
government employment.

for both industry and government, can be subdivided into general
physics (48 percenc), computer science and mathematics (30 percent),
and other sciences (22 percent). Optics and condensed matter to-
gether provide about 50 percent and 30 percent of the non-PhD em-
ployment in industry and government, respectively. The percentages
far PhD's thus employed were 60 percent and 30 percent. Other than
wdensed matter and optics, industrial and government employment
aralls about the same mix of acoustics; atomic, molecular, and
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electron physics; plasma physics and physics of fluids; and nuclear
physics, although the proportion engaged in these subfields is
slightly greater among government—employed non-PhD's. Earth and
planetary physics, particularly atmospheric physics, and astronomy
are the subfields of a greater number of non-PhD's in government
than in industry.

11.1.3.3.4 Work Activities of Non-PhD Physicists Like their PhD
counterparts, the major work activities of non-PhD professional
physicists are research and development. The difference is that
for PhD's research is the primary activity; for non-PhD's develop-
ment is primary. Figure II.8 compares work activities of PhD's
and non-PhD's in industry. The same differences prevail in all
types of employing institutions, as Table II.42 shows. Clearly,
the development work done by professional physicists is performed
largely by non-PhD's. In regard to primary work activity alone,
about 7 percent of the total professional work force is engaged in
development and 85 percent of these are non-PhD's., Because devel-
opment 1s a major activity of private industry, which is the prin-
cipal employer of non-PhD physicists, we examined the development
activities of physicists in industry in greater detail in Table
TII.43. Development-related work activity constitutes 37 percent
of industrial employment. For about half of those involved in
development, it is a secondary activity, particularly for PhD's,
and it is more likely to be secondary to basic and applied research
for PhD's than for non-PhD's. If full-time involvement in ‘primary
and secondary development activity is assumed to be equal, 78 per-
cent of the industrially employed physicists in development are
non-PhD's.

Consistent with their major role in development, non-PhD's repre-
sent a correspondingly large fraction of the physics population in
industry that is engaged in activities other than research and de-
velopment. About 9 percent of the physicists in industry are em-

wp}gyed in activities other than research and development; of these

84 percent are non-PhD's (see Table II.44). Just as develcpment
was frequently combined with research, other activities are com-
bined with research and development by another 24 percent of the
physicists in industry, 72 percent of whom are non-PhD's. It is
clear from Table II.44 that management responsibilities are highly
correlated with non-research-and-development employment of physicists.
The use of qualified non-PhD physicists by industry has a certain
relevance to projected industrial PhD use. To the extent that re-
search and development level or decline is a fraction of the gross
national product, increased employment of PhD physicists in other
activities than these by industry is inevitable. The aggregate
experience of professionaly qualified non-PhD physicists provides
a model for the kinds of changes that are likely to take place in
PhD use patterns. The adjustments appear to be essentially con-
tinuous, starting with increased involvement in non-research-and-
development activities in conjunction with research and develop-
ment, and, if the changes follow pre-existent motivational patterns,
one can expect an increased emphasis on the management role of phy-
icists, already a substantial feature of professional employment.
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FIGURE II.8 The comparison of work activity priorities of non-
PhD and PhD physicists in industry. (See caption to Figure II.1l
for exact definitions of groupings.)
The NSF predicts a substantial demand in the next decade for non-
academic, non-research-and-development PhD physicists, a demand
that is not reflected in current functional distributions or in the

trends in these distributions. The NSF estimates that 42 percent

of the nonacademic employment of new PhD's will be in activitie
other than research and development. If this projection is bas
on a demand rather than an absorption process, increasing numbe
of PhD's could be expected to assume a status—consistent modifi

s
ed
rs
ca-

tion of the traditional roles of non-PhD physicists. Thus non-PhD

professionals could be providing a certain de factoc leadership

for

the physics community and, possibly, leadership away from tradi-

tional physics.
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TABLE II.43 Performance of Development in U.S. Industry by
Professional Physicists, Universe Total,( 1970

Priority of

Non-PhD PhD

Development Total
Primary activity 1780 310 2,090
Secondary activity 1800 740 2,540
Basic and applied 477 727
research primary
Other activity 53 28
primary
Total in development 3580 78 1050 22 4,630 (377%)
Industry total 7980 63 4620 37 12,600

%Universe totals are estimated from Register respondents, assuming
an 83 percent response from PhD's and a 67 percent response from

non-PhD professionals.

TABLE II1.44 Comparison of Research and Development, Non-Research
and Development, and Management Responsibilities of Non-PhD's and
PhD's in Industry, 1970

Responsibilities

Non-PhD (¥ = 5273)% PhD (W = 37337

Research and development
Research and development
Research and development

plus management

Research and development
combined with non-reseaxch

and development
Combined

Combined plus management
Non-research and development 12
Non-research and develop-

ment

Non-research and develop-

. ment plus management

61%
717
29
27
57
43
51

49

17%
627
38
19
54
46
4
45
55

a
Estimated universe

} .
JEstimated universe

7980.
4620.

g1
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II.1.4 SPECIAL IN-DEPTH STUDIES

in the foregoing discussion of physics manpower employment, and
mobility, attention has been directed primarily to physics as a
whole, although with some indication of variation by subfield. It
is also possible to use the Register data .to provide in-depth
studies of different subfields. Two interdisciplinary subfields
have been selacted as examples—astrophysics and relativity and
earth and planetary physics.

II.1.4.1 Manpower in Astrophysics and Relativity

The distinction between astronomer and physicist is especially
difficult to draw in astrophysics and relativity. However, we can
identify these scientists by the detailed specialties in which
they are engaged. The specialties that comprise astrophysics and
relativity appeared in Table VIII.1l of Volume IL, Part B, of
Phyaics in Perspective, reproduced here as Table II.45.

TABLE I[.45 Core Manpower in Astrophysics and Relativity, 1970%

Specialty PhD's Non-PhD's
Gravitational fields, gravitons 26 8
Cosmology 16 8
Galaxies 45 17
Quasars, pulsars, and x-ray sources 84 40
Relativity, gravitation 77 35
' 248 108
other” 9 51

Total respondents 257(62%) 159(38%)
Student respondents 80

9pata in the table are based on the National Register of Scientific
nd Technical Personnel.
Respondents definitely in astrophysics and relativity, but for
whom some items of Register data are missing.

Some 250 PhD's indicated that their major scientific work was in
one of these specialties. For comparison, the specialties that
comprise our Register definition of astronomy appear in Appendix
B; 635 PhD's were identified with these specialties.
Characteristics of scientists in astrophysics and relativity
suggest multiple subfield relationships. Important in identifying
manpower at the interface of physics and astronomy is earth and
planetary physics, with 725 PhD's, the specialties of whom also

appear in Appendix B.
To count astronomers and physicists in this interrelated com-
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munity is an oversimplification; however, to compare these data
with those resulting from the questionnaire circulated to institu-
tions by the Astronomy Survey Committee, we shall undertake such

a count. Many PhD's working at this interface would, of course, be
counted by astronomers as astronomers and by physicists as physi-
cists. The use of Register specialties to define the population
obviates such double counting.

The Register also obtains the self-idertification of respon-
dents. The results of this self-identification appear in Table
II.46. The astronomers identified by institutions should include
both self-identified astronomers and astrophysicists, a total of
867 respondents, whom we estimate to be 85 percent of a tota.
population of some 1030 self-identified Phfl astronomers.

TABLE {I.46 PhD Self-Identification

PhD Self-Identification

Register Space Other  Subfieid
Subfield Astronomy Astrophysics Physics Physics Total

Astrophysics 55 72 Q 121 257
and relativity

Earth and 15 61 N 458 724
planetary

Astronomy 286 209 50 99 644

Other physics 92 86 119 14,709 15,006

TOTAL 448 428 367 15,387 16,631

An institutional definition of an astronomer, however, is one
who is working on what, in the management's view, is astronomy.
All ttrose working in the Register spcecialties classified as astro-
physics a2nd relativity and astronomy would surely be included in
such an enumeration, and some fraction of the earth and planatary
physicists would be ccunted as well. The latter fraction could be
estimated by establishing the way in which management would clas-
sify each of the relevant specialties in Appendix B, As Table
11.46 shows, about 20 percent of the earth and planetary physicists
identify themselves as astronomers or astrophysicists; that is to
say, about 150 of the 725 PhD's in earth and planetary physics
could be identified with the institutions of astronomy.

Table II.47 summarizes the results and shows 1050 PhD respon-
dents whom we believe could be readily identified as astronomers
from the viewpoint of managers of institutions working in physics
and astronomy. If we assume an 85 percent rate of response, then
the population of permanent U.S. resident PhD astronomers in
such institutions would amount to 1240 as of January 1970. This
figure can be compared with the 1257 full-time, PhD-equivalent
astronomy personnel, including teachers, postdoctorzl fellows,
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locally paid staff visiving elsewhere, and visitors paid locally,
whoe were reportzd by managers to be employed in 171 astronomy
insritutions in the United States and Galapagos Islands, which
were surveyed by the sstronomy Survey Committee.

TABLE II.47 Identification of PhD Physicists and Astronomers
with the Institutions of Physics and Astronomy

PhD's in Register Subfields Institu-
Earth & Astrophys. tional

Institution Phv "lanetary & Relativ. Astron. Totals
Physics related 1 'S5

Both physics 50 250 } 15,975
and astronomy

related 1,050
Astronomy 650

related

FIGURE II.9 depicts the interrelationship of physics and astron-
omy in these two subfields—astrophysics and relativity and earth
and planetary physics. -

FIGURE II.9 The interpenetration of physics and astronomy.
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The c“.uracteristics of manpower in astrophysics and relativity
are depicted in Tables IL.48—II.54, Employment is concentrated in
universities and the university-based PhD's are principally engaged
in research. The distribution by academic rank is characteristic
of a research-oriente:! group with a large number of young univer-
sity-based researchers. Emphasis on theory is greater than in
either physics or astronomy. Consistent with this emphasis, the
production of jourral articles is high; in 1968 the subfield ac-
counted for 0.9 percent of the physics community but produced 1.6
percent of the articles in a sample from Physics Abstracte (see

Chapter IV).

TABLE II.48 Distribution by Employing Institution of Physicists,
Astronomers, and Those in Astrophysics and Relativity

Subfield of Research
Discipline University Industry Government Center Other
Astrophysics 73% 7% 97 9% 47

and relariv-

ity
Astronomy 637 7% 187 11% 5%
Physics 507% 247 9% 12% 5%

TABLE I1.49 Distribution u. Work Activities of University-Based
Group

Primary Work Astrophysics &

Activity Relativity Astronomy Physics
Basic research 66.3% 60.47% 37.27%
Teacning 29.3% 28.8% 49.,7%
Other 4,47 10.87% 13.1%

TABLE I1.50 Distribution by Academic Rank

Astrophys. &

Relativ, Astronomy Physics

Rank Number Percent Number Percenr Number Percent
Fuil profes—- 43 24 102 28 2421 29

sor
Associate 31 17 49 13 1697 21
Assistant 46 25 104 28 2101 26
Faculty total 120 66 255 69 6219 76
Other univ. 61 34 116 31 1989 24

emp loyment
Total PhD's 181 371 8208
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"TABLE II.51 Distribution of Theoreticians and Experimentalists

Nature of Astrophysics and

Work Relativity (%) Astronomy (%) Physics (%)
Theoretical 51 28 25
Experimental 30 40 50

Both 19 32 25

TABLE I1.52 Distribution by Degree Level

Subfield or Nonstudent Non-PhD's

Discipline PhD's Non-PhD's per PhD

Astrophysics & rela- 250 79 0.3
tivity

Astronomy 650 344 0.5

Physics 15,600 15,700 1.0

TABLE II.3% Median Age of PhD's in 1970

Sample Astrophys. & Relativ. Astronomy Physics
Theoreticians - 33.9 33.8 35.0
Total 34.6 . 35.0 37.4

TABLE I1.54 Median Age of PhD's in 1970 by Academic Rank

Rank Astrophysics & Relativity Thysics/Astronomy
Full professor 46.0 46.8
Associate 36.7 37.4
Assistant 31.9 32.4

The subfield is composed of a comparatively young group, with &
median age of 34.6. It affords relatively jittie opportunity for
qualified non-PhD's.

The data show that scientists in astrophysics and relativity
are somewhat more like astronomers than physicizts 1 result that
could largely be expected from the institutional c.aractevistics
of a nonapplied discipline. To describe the inter; lationship ¥
physics, astrophysics and relativity, and astronomy, apart from
the overriding institutional correlates, we can look at d.°a on
field of PhD, subfields of additional scientific competenr and
subfield migration, Tables II.55——1II.58. Astroinysit.z and relativ-
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ity is populated largely by physics PhD's. The data on specialiies
of first and second competence other than specialty of employment
show that for those in astrophysics and relativity specialties of
first competence usually fall also within this subfield (82 per-
cent so indicating). Astrophysics and relativity clearly is not a
secondary pursuit; the secondary competences, physics and astron-
omy, are the intellectual and practical foundation for the cre-
ative thrust of this subfield.

TABLE I1I1.55 Field in Which PuD Was Obtained

Field of Current Research
Astronomy Physics as Astrophysics
Field of PhD as a Whole(%) a Whole(%) and Melativity (%)

Physics 36 80 70
Astronomy 57 5 25
Other 7 15 5

TABLE I1.56 Additional Subfield Competence of PhD's in Astro-
physics and Relativity, Astronomy, and Physics

Subfield of Subfield of Employment

Additional Astrophys. & Relatlivity Astronomy Physics
Competence Number Percent Number Percent Number

_ First level

Astrophys. & 200 82 15 2 44
relativity

Astronomy 15 6 458 75 124

Physics 28 12 141 23

Total first 243 614 15,000

Second level

Astrophys. & 85 35 57 10 82
relativity

Astronomy 42 17 279 46 158

Physics 117 48 261 44

Total second 244 597 15,000

TABLE II.57 Numbers of PhD's in Astr ~“yaics and Relativity,

Astronomy, and Earth and Planetary P. - .s, 1961970
Astrophys. and Earth Total
Year Relativity Astronomy Planetary Physics/Astronony
1964 65 397 311 10,400
1966 - - - 11,800
1968 125 711 572 14,300
1970 250 644 724 16,600
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TABLE I1.58 Mobility into Astroph‘sics and Relativity and Earth
and Planetary Physics

1970 PhD's
1968 Sources Astrophys. and Relativity Earth and Planetary
Same subfield 82 323
Physics 37 203
Astronomy 75 55
Longitudinal sample 195 581
1970 Register total 250 725

Growth in this subfield displays the explosive character
typical of an exciting new research area of physics. Growth in
both astruphysics and relativity and earth and planetary physics
shows that substantial manpower is shifting into these subfields
from traditional astronomy subfields. The patterns of growth also
illustrate the close interrelationship of these subfields to
physics and astronomy.

Figure I1.10 depicts the components of growth in astrophysics
and relativity. The largest input, 75 PhD's with a median age of
33.7 years in 1970, came from astronomy; only seven PhD's went
from astrophysics and relativity to astronomy. Of thocse who entered
from astronomy, 25 percent were under 31 years of age, and 25 per-

o =
[~
U)mz
QO -
5 L &
> @ 2
::g,,,
a T «
z2< 3
@ < o
“'8“'
=
Ele—
z v =
o £ ©
& ° o
Cc g O

(3
1400 \

PHYSICS,0THER |Eond P ASTRONOMY
11,850 725 650
NP
1800

Aond R {x10in orea)
250 PhD's

FIGURE I1.10 Growth and interchange, 1968—1970. Numbers are
1970 Register populations.
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cent, over 38 years of age; therefore, this subfield can hardly be
said to attract only young astronomers. The interchange with
physics was more nearly recliprocal. Thirty-seven came into the
subfield from physics in 1970, and 21 left it to move into physics.
Six came from nuclear physics, 11 from elementary-particle physics,
6 from earth and planetary physics, and 14 from other subfields.

Of those who left, one went into nuclear physics, 9 into elemen-
tary-particle physics, 8 in'.s earth and planetary physics, and

3 to other subfields.

I1.1.4.2 Manpower in Earth and Planetary Physics

The study of the physical environment, the earth and its surround-
ings, clearly is a multidisciplinary activity that includes not
just physicists but atmospheric, geological, and oceanographic
scientists. About as many scieuatists are identified with earth

and space science fields as with physics, perhaps 40,000 in each.
An identifiable group of about 2000 physicists, those in earth

and planetary physics, are working in earth and space sciences.

If we look only at regearch effort, it appears that the earth

and planetary physicists account for as much as 20 percent of the
effort in earth and space studies.

The characteristics of earth and space scientists are drawn
largely from National Register data; however, other data are
available from BLS, NASA, and the Civil Service. We have used the
Register data in our analyses, first, to depict the overall dimen-
sions and characteristics of atmospheric, geological, ind oceano-
graphic populations and research effort and, second, to describe
in detail the special characteristics of the earth and planetary
physics population. Supplementary data, based largely on employer
surveys, lack definitional consistency and are piecemeal, but they
augment the manpower from the Register, giving in some cases
quite different totals.

There are some 33,000 earth and space scientists and some
40,000 physicists. More than 1600 physicists work in earth and
space sciences, but only a few earth and space scientists work
in physics.*

Table II.59 shows the aumber of scientists working in earth
and space sciences and physics. A scientist is classified as work-
ing in a field on the basis of his statement of a detailed special-
ty that most nearly corresponds to his principal work activity.
The assignment of specialties provides a working definition of
discipline and subfield.

Deciding what kind of scientist a respondent is is by no
means as simple as deciding whai science one is working in. If
a Register form is returned to the AIP but the respondent seems
more like a geo.:ientist than a physicist, his form is sent to
the American Geological Institute (AGI) for review and inclusion

*These figures are based on an estimated 85 percent response to the
Register, which is conservative for PhD's and somewhat arbitrary

for non-PhD's. For non-PhD’'s, definitions of professional standards,
job classifications, and fields become rather fuzzy.
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with their respondents (f quallfied. In ‘table IL.59, the second
column gives the processing society of most respondents in each
category, thus the major professional identification of people
working {n earth and space sciences.

The data In Table II.59 are also depicted in Figure II.1ll, in
a so-called "Fuji" representation.

In our earlier discussions of other populations, the overall
size has been estimated on the basis of all scientists regardless
of their specific work activity. However, in this section we
shall look principally at the research function to get a clearer
indication of the relative role of the physicist compared tith
earth and space scientists in the performance of research.

Before we examine the Register Population in detail, we will
look briefly at a special 8roup. Scientists working in "physics
of the earth in space" were convened bv the National Academy of
Sciences for study programs in the summers of 1968 and 1969, Fifty-
two sclentists participated, with continuity provided by 12 who
participated in both summer sessions. We assumed that this group
congtituted an elite ~epresentation of scientific personnel in
earth and space sciences. Table TI.50 presents a tabulation of
their scientific backgrounds and professional identifications.

TABLE II1.60 Field and Degree Background of a Select Group of
Earth and Space Scientists

Field of Science
with which Identified Field of Degree

Fields Number Percent Number Percent
Physics 17 38 21 58
Space physics 5 11 -
Astrophysics/ 8 18 4 11
astronomy
Geophysics 7 16 4 11
Radio physics 4 2
Electrical en- 3 4 11
gineering
Aeronomy 1 -
Physical chemistry 1 1
TOTAL 46 36

Data on 41 of the 52 wyere found in American Men of Science
(11th edition). We looked particularly at major fields of profes-
sional identification (such as physicist or geophysicist), field
of PhD, and society membership. The results suggest predominance
of physics, with expertise in astraowvomy also a major constituent,

Society membership sometimes is regarded as a useful indica-
tion of subject emphasis; for this group it should be reasonably
indicative because these are mature scientists whose economic
status probably would override financial barriers to multiple
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FIGURE 1I.11 Scientific manpower in earth and space scilences,
physlcs, and earth and planetary physics.

memberships. Further, being acknowledged as successful in re-
search, they would not be expected to join a soclety for reasons
of status. Table LI1.61 prescnts data on society membership of this
group. The distribution implies 2 sustained involvement with the
physic: community. Because of the small percentage reporting de-
gree bacaground in geosciences, membership in the American Geo-
physical Union, indicated by 56 percent, apparently reflects ac-
quired identification with this community. A clear tvend toward
a connection with astronomy also is indicated, alth. ugh it is
difficult to say whether this association 18 traditional or ac-
quired, for astronomy typically has relied on a substantial in-
flux of PhD's from physics.

These simple data on th- elite group Suggest that- research
at the so-called frontiers of the earth and space sciences is
done by people with a strong background in physics, who generally
mainrain connections with the physics and astronomy communities
and have acquired a relationship to the geophysics community.
Indeed, professional mobility is a prominent characteristic of
the group.

We must examine properties other than size of various popula-
tions to get a quantitative ldea of the relative role of physi-
cists in earth and space sciences. The PhD concentration of a sub-
field or discipline is significant, because we find that publica-
tion patterns are strongly correlated with PhD distributions. The
degree concentration, distributed according to professional identi-
fication appears in Table II.59, as well as concentration among
work areas. Physicists clearly are concentrated in areas charac-
terized by a high concentration of PhD's. Apparently physicists
tend to be more strongly involved in advanced subject areas in
which PhD training is important rather than in operations in
which the generalist training of a physicist is usually considered
a speclal cachet. ..

-
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TABLE I1.61 Society Membershlp of a Select Group of Earth and
Space Scientists

Membership Indicated Membership

Soclety Number Percent Distribution(%)
American Physlcal Soclety L5 37 21~
American Geophysfcal Union 23 56 32
American Astronomical 15 37 21
Society
Institute of Electrical and 12 29 17
Electronics Engineers
American Meteorological 5
Soclety
American Chemical Society 1
Total memberships 71

Total on which this infor- 41
mat fon was obtained

Other comparisons to show the place of physicists in this
interdisciplinary iceberg require the comparison of earth and
planetary physicists and earth and space sclentists, Nonoverlap-
ping groups can be defined with reference to Table II.59. Earth
and planetary physicists represent the physics (AIP) population.
Earth and space scientists represent the earth and marine sciences
(AGI) and atmospheric and space (American Meteorological Society)
populations. We shall compare 26,000 earth and space scientists
in 1968 (most recent American Science Manpower data) with 700
earth and planetary physicists 4in 1970, for we want to present the
most recent plcture of physlcists against the more slowly chang-
ing background of earth and space sciences. When possible, PhD's
and non-PhD's will be compared separately. Special characteris-
tics of earth and planetary physicists will be discussed in de-
tail in a later part of this section.

The distribution of earth and planetary physicists, compared
with all physicists, among employing institutions appears in
Table II.62. Clearly, research centers employ many of these
earth and planetary physicists. Although American Science Man-
power does not show research center as a separate category, com-
parison without data can be achieved by allocating research center
PhD employees to universities (69 percent), industry (22 percent),
and other employing institutions (9 percent). Table II.63 presents
this comparison and shows that the nonuniversity employment pat-
tern of earth and planetary physicists is more like that of earth
and space scientists than of physicists. Nearly as many earth and
planetary PhD's work for govermment as for industry, which resem-
bles the employment pattern of earth and space sclentists and
differs from that of physicists among whom there is a three-~to-one
industry/government ratio of use.
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TABLE 11.62 Employment Patterns of Earth and Planetary Physics
PhD's and gon—PhD's Compared with Those for the Total Physics
Population

Employing Earth and Plan- All Physics Earth and Plane- All Physics

Institu- tary PhD's PhD's tary Non-PhD's  Non-PhD's
tions N=712(%) N=16,631(%) d=673(%) N=19,705(%)
College and 38 51 33 28
university

industry 23 23 20 33
Government 22 9 31 15
Research 13 12 4 6

Orher SEREET 5 12 18

“pData are from the 1970 NSF National Register of Scientific and
Technical Personnel

TABLE [1.63 Employment of PhD's in Enrch and Space Sciences

Employer

Academic Industry Government Other
Field No. % No. % No. % No. %
Farch and plane-  338% 47.5% 184% 26.0° 1542 21.6% 367 5.0%

tary physics
Earth and space 3198 55.9 919 17.0 922 16.6 234 4.5

sciences

Earth and 2906 61.0 ‘865 18.1 796 16.7 197 4.1
marine
Atmospheric 292 57.5 44 8.7 126 24.8 47 9.3
and space
Physics - 59.0 - 26.0 - 9.0 - 5.0
Geology b 1229 46.4 572 18.4 448 21.7 148 7.6
Geophysics b 187 43.7 161 37.1 51 11.9 29 6.8
Oceanography 123 62.5 16 8.1 45 23.0 13 6.6

aEstimated

These groups are derived from numbers working in these fields
(see Table IL.59) and are commensurate with the other groups in
this Table (71.63). The numbers are listed only for comparison of
distributions.

Earth and planetary physicists are less often employed in uni-
versities than are physicists in general. In Table II.64, earth
and planetary physics faculty is tabulated separately from uni-
versity employees; comparisons are presented for physicists in
general, nuclear physicists, astronomers, and AGI and American
Meteorological Society populations. Faculty is defined as academic
employees who specify academic rank of lecturer or above. 0f 272
earth and planetary physicists in universities, 173 acknowledged
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TABLE 11.64 Faculty Members in Earth and P'lanctary Physies, Plyy-
sics, and Farth and Space Sciences

Fleld of Total Professor Associate Assistant Instructor
Degree Faculty or Dean l'vofessor Professor or Lecturer
Physics 7427 2615 2047 2753 702
Earth and
planetary
physics
Phd 173 66 46 55 6
Total 206 69 51 68 18
Nuclear phys- 798 264 229 246 59
ics
Astronomy 289
Earth and space 3868 1141 939 1213 575
sclences ‘
Earth and 3580 1042 865 1135 538
marine
Atmospheric 288 99 74 78 37
and space
PhD 2632 1048 768 774 42

aCrouped according to research speclalty rather than academic de-
partment. Data on physicists are based on the physics section of

the 1970 National Register; those on earth and space sciences on

Americean sceience Manpower 1338,

e

faculty appointments; an additional 36 of 221 non-PhD's also

claim such appointments. Table II.65 summarizes data on faculty
roles of PhD's employed in uriversities presented in Tables II.63
and II.64, Clearly, earth and planetary physicists are not heavily
engaged in teaching; they are not only less likely than either
physicists or earth and space scientists to be employed in univer-
sities, but those who are thus employed are less likely to fill
faculty positions. If earth and planetary physics is to assume a
more prominent place in the physics curriculum, substantial
mobility will be required. There are about 175 self-acknowledged
earth and planetary physics PhD faculty members, not all of whom
are in the 2000 U.S. physics departments. Increased emphasis un
faculty responsibilities could lead to an influx of earth and
planetary physicists from the immediate academic surroundings. a
pool that amounts to some 150 additional PhD's. A second source

is academic physicists who are competent in earth and plane-ary
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TABLE 11.65 Comparison of Rules fn Academic ln:-xtltuttnnsLz of
PhD's in Barth and Planetary Physlcs, Physicd, and karth and Space
Sciences

Faculty Other

— ther
Fleld Numbur Percent Number Pervcent
Earth and planetary 177 51 165 49
physics (1970)
¥ = 338
Physics (1970) 6430 62 3270 38
N o= 9700
Earth and space sclences 2632 82 566 18

(1968) & = 3198

a w ;
Includes résearch centers operated by universities.

phenles but who are not currently working in this subfield. Their
sumber dmounts to another 50 to 60 PhD's currently in college or
mmiversity employment. Taken tcgether these two sources do not
wresent a large pool, ccapared with, for example, nuclear physics.
. Civar that oxpansion of earth and planetary physics in the
«+g curriculun would be manpower limited. A third kind of
Lity, intellectual mobility of subfield switching, would be

.ded. A favorable outcome is possible from this third source,
vyr intellectual mobility is a major characteristic of the physics
puvalation.

T-hie [L[.66 shows the production of students in 1968 in the
flelds with vhich we are concerned. Although the total production
is about the same for physicists and earth and space scientists,
_he concentration of PhD's is twice as high in physics. As Table
1I.67 shows, patterns of degree production differ from those of
use. Only a fraction of non-PhD's enter scilentiifc work in any
case, but the pattern is quite different for physicists and earth
and space scientists.

Table II.68 summarizes the primary work activities of earth
and space scientists and earth and planetary physicists. The dif-
ferences in work patterns are striking. A high proportion of PhD's
and non-PnD's in earth and planetary physics are engaged in re-
search (67 percent and 64 percent, respectively). The comparable
figures for research for all physics are 55 percent for PhD's and
47 percent for non-PhD's. In the earth and space sciences, the
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TABLE II.66 Degree Production, 1968°

Phl) as Percent-

. N A4 - Sy N ’
Field BS MS PhD age of Total(}) Degrees/Faculty
Physics 5500 2000 1400 16 1.3
Earth and space 2900 1100 438 8 1.2

sciences

Earth sclences 341

Oceanography 49

Meteorology 48

“.ources of data presented in this table are the American Insti-
tute of Physics, American Geolegical lInstitute, and NRC Doctorate

Records File.

TABLE I1.67 Production and Use of Physics PhD's in Physics and
farth and Space Sciences

Field PhD Production(Z) PhD Use in Field (%)
Physics 16 44
Errth and space sciences 8 18.5

figures are 32 percent (PhD) and 18 percent (non-PhD). This find-
ing reinforces the conclusion, derived from almost all types of
data on these fields, that patterns of activity and employment in
earth and planetary physics differ from those for both the earth
and space sciences as a whole and physics. The especially high
research commitment among non-PhD earth and planetary physicists
suggest that they function much more in the way that PhD's do than
is the case in other fields.

Table II.69 shows numbers and percentages of PhD's and non-PhD's
engaged in research in various employment settings. The emphasis
on research that characterizes the earth and planetary physicist
clearly is not a function of type of employing institution, and
the estimated allocation of 20 percent of the total research ef-
fort in earth and space cciences to ear‘th and planetary physicists
probably is conservative. Even non-PhD’s in earth and planetary
physics amount to 12 percent of the research-oriented non-PhD

total.
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TABLE 11.68 Primary Work Activitles of Earth and Space Scientists”

lork Activircies (™)

R&D

Dugree and Field Research” Teaching Management other”
PhD's
Earth and planctary 67 13 15 5
(=707
AGT scientists 30 42 9 1a
(Y = 4689)
AMS sclentists 50 23 16 10
(' = 493)
Non-"hD's
Earth and planetary 64 7 11 18
(N = 657)
AGT sclentists 17 18 6 59
{V = 21,746)
AMS scientists 20 5 7 67
(= 5413)

“Data for the American Geological Institute and the American
Meteorological Society respondents are based on American Science
Manpower 1868; those on earth and planetary physics are based on
the 1970 National Register survey.

bResearch includes basic and applied as well as the design and
development category, which has a negligible effect in these
groups.

®The "other" category includes exploration and forecasting, which

are major activities of many scientists in the geological and
meteorological groups.

In the academic community in which the teaching-research func-
tion is especially important, the commitment of earth and plane-
tary physicists to research again is striking. Tables II.7Ca —
I1.70d compare primary and secondary work activity of university-
based scientists. One fourth of tne earth and planetary physicists
indicated research as both first and second major activity. Another
one fourth reported research as primary and teaching secondary,
and 14.6 percent combined research with some other secondary
activity, the other category including such activities as adminis-
tration and management. In all, 64.6 percent indicated research
as the primary work activity. Although 14.4 percent of the earth
and planetary physicists are primarily engaged in work that is’
neither research nor teaching, approximately five in seven of them
report a secondary commitment to research.
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TABLE I1.69 Distribution by Employer of Those Engaged in Research

Academic Industry Government OQther
7

Degree and Field Total No. % No. No. % No. %
PhD's 2135 RS9 40 440 20 A99 1313 1317 A
Earth and plane- 474 206 23 129 29 116 18 23 17
tary physics (22%)
Earth and space 1661 653 76 311 71 583 82 114 83
sclences (78%)
AGI sclentists 1415 513 292 517 93
AMS scientists 246 140 19 66 21
Non-PhD's 3550 1123 728 1422 284
Earth and plane- 420 173 15 82 11 138 10 27 10
tary physics (12%)
Earth and space 3137 950 85 646 89 1284 90 257 90
sciences (88%)
AGL scientists 2310 683 541 97Q 116
AMS scientists 827 267 105 315 141

TABLE II.70a Primary and Secondary worg Activity of University-
Employed Earth and Planetary Physicists

Primary Work Secondarvy Work Activitv(%)

Activity Research Teaching Other Primary Totals (%)
Research and 26.4 23.6 14.6 64.4
development,
Teaching 16.6 3.3 g1 21.0
Other 5.7 8.7 . 14.4

aAll degrees included, # = 493 (1970 National Register).

The data in Table II.70 must be regarded as semiquantitative.
Figures I1.12 and II.13, which compare earth and planetary physi-
cists with earth and space scientists, depict the differences in
these data for the two groups.

We shall now examine the data on earth and planetary physicists
in greater detail—self-identification, degree background, work ac-
tivities and competence, and changes in these characteristirs with

time.
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TABLE II.70b Prima&y and Secondary Work Activity of Unlversity-
Employed Physicists

Primary Work Secondary Work Activity(%)

Activity Research  Teaching  Other Primary Totals(Z%)
Research and, 16.9 23.7 6.5 47.1
develupmcntJ

Teaching © 2904 7.3 /.3 44,0

Other 2.1 2.9 3.8 8.8

%11 gegrees included, ¥ = 13,532 (1970 National Register).
Development and design = 0.6 percent of primary research and de-
velopment activity.

TABLE II.70c Primary and Secondary Work Activity of University
Employed American Geological Institute Scientists

Primary Work Secondary Work Activity(%)

Activity Research Teaching Other Primary Totals(%)
Research and 6.9 11.1 3.6 21.6
development
‘Teaching 39.0 12.6 13.4 65.0
Other 3.2 10.0 13.4

C,f.\ll degrees included, ¥ = 5479 (American Science Manpower 1968).
“Development 1is generally negligible.

TABLE II.70d Primary and Secondary Work Activity og University-
Employed American Meteorological Society Scientists

Primary Work Secondary Work Activity(%)

Activity Research Teaching Other Primary Totals(%)
Research and 22.2 20.2 13.5 55,7

development

Teaching 18.7 2.1 6.6 27.4

Other 6.5 13.3 16.9

9511 degrees included, N = 782 (American Seience Manpower 1968),
Development is generally negligible.
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FIGURE IT.12 Work activities of university-eémployed earth and
planetary physicists.
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The composition of varth and planetary physics, based on self-
tdentificatlon of its manpower, appears 'n Table 11.71. We empha-
size that the group Is constructed from people generally identi-
fiable as physicists who are working in earth and planetary physics;
the distribution of self-identification that fy found by reading
across the top row ol Table IL.71 is a description of thuse people
rather than a means of identifying them. The nature of professional
self-identification becomes clearer ay one reads down the columns
of the table, noting that, for example, 51.5 percent of the ALP
space physicists are working in earlih and planetary physics, 13.7
percent in astronomy, 8.4 percent in plasmas and fluids, and 26.4
percent in various other subfields. There are, of course, self-
identified physicists in the AGI and American Meteoroiogical
Society portions of the Register who are not counted in the verti-
cal totals of this table.

Table IL.72 shows the degree background of earth and planetary
physicists. Engineering and astronomy account for most of the
nonphysics PhD's.

‘the detailed list of work specialties on the Register that we
have defined as earth and planetary physics appears in Appendix B,
with the numbers of PhD's and non-PhD's engaged in each. No one
specialty is preeminent, so that in discussing this subfield the

--characteristics of earth and planetary physicists are nat domi-
nated by some highly specialized particular research-iuterest
group.

TABLE I1.71 Professional Self-Identification of Earth and Plane-
tary Physics PhD's

Self-Identification
Atmos-
Space pheric Geo- Astro-
Subfield of Physi- Physi- physi- physi- Physi-
Employment cist cist cist cist cist Other
Earth and 26.1% 16.4% 7.3% 8.4% 30.7% 11.1%
planetary !
51.5% 70.8% 55.2% 14.3% 2.0%
Astronomy 13.7% - - 48.7% 0.5%
Astrophysics - - - 14.3% 1.0%
Plasmas and 8.47 6.0% 10.4% - 6.4%
fluids
Other sub- 26.47% 23.2% 34, 4% 20. 2% 90.5%
fields
Total N's 367 168 96 428 10,969 2824
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1558 PHYSLCS 1N PERSPECTIVE

The relations between subficlds can be explored with Register
data in two ways, first, by asking those working in a subfield
At o verlain Lime to list specific research areas in which they
have varying degrees of sclentific competence, and second, by
examining longltudinal data for evidence of subfield mobility
in both subfield of cmployment and that of first competence.

Table I1.73 presents, for earth and planetary physics PhD's,
the distribution of competence among other subfields. Astronomy
is a prominent type of computence, but some additional analysis
is required to see the paptern of subfield competence characteris-
tic of earth and planctary physiclsts. This analysis requires the Y.
weighting of the citation frequency against the relative sizes of - e
the cited subficlds. The appropriate value of subfield relation- - '
ship is obtained from the overall frequency of secondary compe- .
tence weighted by the ratio of the populations of the subfield
under consideration divided by that of the subfield of relation-
ship. An alternatlve approach is that the relation rate is pro-
portional to th« intrinsic relation probability scaled by the cor-
responding density of available relationships; in other words, the
rate depends on the transition probability times the density of
states. The cxtreme right-hand column of Table 11.73 gives the
results, weighted and averaged.

TABLE I1.73 Additional Competence of Earth and Planetary Physi-
cists, 1970: Subfield Citation Frequencies by Level of Competence

Subfield l.evel of Competence (%) Weighted
Physics PhD Popufareat— : Average Ci-
Subfield lation est Second Third Fourth tation(%)
Earth and plaae- 710 66.0 51.6 39.5 37.9 49.0
tary
Astronomy 630 6.7 7.8 11.6 10.6 11.3
Nuclear 1780 5.0 4.6 5.7 5.9 2.1
Elementary-par- 1410 2.2 2.5 3.7 2.9 1.4
ticle
Condensed-mat- 4160 3.8 6.4 6.7 6.4 1.0
ter
Atomic, molecular, 1070 3.3 4.3 5.4 6.7 3.3
and electron
Plasmas and 1100 3.3 4.7 7.1 6.4 3.4
fluids
Optics 1080 5.0 7.4 5.0 5.5 3.4
Miscellaneous 3460 5.9 10.1 13.5 1l4.5 2.3
No response (as 2.0 3.8 7.9 16.9

percentage of
710)
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The pattern of tntellectual velatlonship that emerges {vom the
analystis of the carth and planctary groups is not surprising; what
{s remarkable {s that it is a quantified pattern. Averaging the
secondary competences and weighting By the overall distribution of
physics activity, we tind that carth and planetary physicists re-
late 57 percent to olhwer esarth and planetary spectalties, 15 per-
cent to astronomy Specialties, and 13 percent to the combined sub-
flelds atomic, molecular, and electron physies; optics: and plas-
ma: and flulds, Fifteen percent relate to other spectalties,

A ranking of subfields can be constructed on the basis of
degree of competence within and outside subfields., Table 11.74
presents the results. The major feature of the table is that
elementary-particle, nuclear, and condensed-matter physics are
distinctly self-contained; plasmas and flulds; earth and planetary
physics; and atomic, molecular, and electron physics overlap other
subfields to an intermediate degree; optics and acoustics are
strongly outward oriented. The evidence for real.or latent subfield
mobf{lity ts for the most part stronger for non-PhD's than for
PhD's, a situation that would suggest lower inertia for the non-
PhD resulting from a lesser commitment of expertise and project
responsibility.

TABLE [I.74 Competence Overlap

Competence in Other Subfields/Additional

Physics Competence in Subfield of Employment
Subfield PhD's Non-PhD's
Condensed-matter 0.38 0.61
Elementary-particle 0.66 0.93
Nuclear 0.77 1.07
Earth and planetary 1.05 1.24
Plasmas and fluids 1.28 1.61
Atomic, molecular, 1.30 1.90
and electron
Astrophysics and 1.47 1.60
relativity
Acoustics 1.61 1.21
Optics 1.80 0.97
Physics in biology 2.33 3.08
Weighted average 0.90 0.88

So far in this Chapter we have dealt with horizontal distribu-
tions of characteristics in 1970. We now look at patterns of
change between 1968 and 1970.

In the past two years (1968—1970)the number of PhD's working in
earth and planetary physics grew from 567 to 712, a 25 percent in-
crease in subfield population. Non-PhD's increased by 12 percent
from 599 to 673. In 1964 there were 309 PhD's in this subfield. A
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TABLE LL.75 Age Distrthutions of PhD's tn Earth and Planetary
Physdtcs

Age of Cohort

in 1970 No. In 1968 No. In 1970 Cohort Change
<27 2 5 3
27-31 57 157 100
32-36 141 169 28
37-41 128 140 12
42-46 80 94 14
47-51 73 71 -2
52-61 64 66 2
>61 22 10 -12
TOTAL 567 712 145

look at the age distribucions and net changes is provided by
Table I1L.75.

Seventy-one percent of the net growth resulted from new PhD's.
The 1970 median age of the new entrants was less than 31; the
median age of the subfield as a whole was 37.8 years in 1968 and
37.4 in 1970. L

When we look at subfield changes between 1968 and 1970 we
find a new characteristic-a large turnover of manpower has oc-
curred. Only 55.6 percent of those working in earth and plane-
tary physics in 1970 were working in it in 1968; 33.6 percent
of the 1968 populztion apparently left the subfield. This trend
is typical of other subfields, as Table II.76 shows, The first
column shows the input of 1968 people to the subfield in 1970.
Another input comes from persons who responded to the Register
in 1970 but not in 1968; about 2600 of the 16,600 1970 PhD's
in the physics section of the Register did not respond in 1968.
Most of these people were in the less than 30-year~old cohort.
However, we have 1968 data on 82 percent of the 1970 respondents,
thus the mobility pattern in Table II .76 is representative.

In addition to the magnitude and direction of the interchange
of scientists between earth and planetary physics and other sub-
fields, the median age of each mobile element also appears in
Table II.76., The age distribution of those who left is for the
most part the same as for those who remained. The pattern of sub-
field relationships implied by actual changes in subfield work
is remarkably similar to that found in the investigation of sub-
field competence of earth and planetary physicists (see Table
IT1.73). In these mobility patterns we note that 56 percent of
the subfield population remains in it as compared with the 49
percent average citation frequency of the subfield as an area of

‘secondary competence. The most likely subfield move, astronomy,

has a weight of 10.7 percent, much like the 11,3 percent probabil-
ity for secondary competence in astronomy. On the whole, the pat-
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tern of interchange ot workers s oslmidar to the pattern ol aver-
Lapping subtffeld competence,

We have ranked Lhe phystes subflebds dn Fable 11077 according
to the longltudinal probability of remaining, which we have called
subfleld salidarity, For comparison with horfszontat pattuerns of
secondary uclentitfe computence, we have alao calewlated o mobilicy
overlap arca In a manner that corresponds formally to the compe -
tence  overlap area shown for the subficlds in Table 11,74, Agalin,
the general features of the longltudinal and horizontal distribu-~
tions are much the same. We have taken this analysla one step fur-
ther and looked at the changes In first competence hetween L9648
and 1970, The results are tabulated in Table 11,78 and the now
famillar scquence of subfivlds again results, Three categories
emerge:  Flrst, the independent, static category #lways containg
elementary-particle, nuclear, and condensed-matter physicea. An
intermedlate category conslsty of plasmas and flulds; earth and
planetary physics; and atomic, molecular and electron physics.*

TABLE 1L1.77 Subfteld Mobility 1968 to 1970: Ranking by Subfield
Solidarity

Physics Solidarltyﬂ Mohilityb 1968, 1970 Samples
Subfield ¢3) Overlap(%) N = 1968 N = 1970
Elementary-particle 84.1 0.19 1063 1209
Nuclear 83.2 0.20 1390 1673
Condenged-matter 81.1 0.23 3245 3755
Plasmas and fluids 68.2 0.47 836 824
Acoustics 66.5 0.49 257 249
Atomic, molecular, 56,2 0.78 283 925

and electron

Physics in biology 55.7 0.78 201 180
Earth and planetary 55.6 0.78 581 486
Astrophysics and 42.1 1.38 195 121

relativity

Optics 37.4 1.70 847 637
Miscellaneous 48.7 1.04 2718 1883
Physics (weighted 66.2 0.51

average)
Astronomy 80.7 483 657
Total 1968 and 1970 12,599

samples

gSubfield unchanged, 1968—1970, as a fraction of 1970 total.
Newccmers _ 1 - Solidaricy

Those Who Remained Solidarity °

*
With a minor deviation in the measured first competence mobilicy.
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TABLE 1:.78 First Competence Mobility: Ranking by Subfield

Physics a b
Subfield Solidarity (%) Mobility Overlap
Elementary~particle 67 0.43
Condensed-matter 66 0.52
Nuclear 66 0.52
Plasmas and fluids 54 . 0.85
Earth and planetary 50 1.00
Acoustics 44 1.27
Physics in biology 43 1.32
Optics 42 1.38
Atomic, molecular, 40 1.56
and electron
Astrophysics and 36 1.78
relativity
Astronomy 54 0.85
Miscellaneous 38 1.63

2subfield unchanged, 1968—1970, as fraction of 1970 total,
Newcomers 1 - Solidarity
Those Who Remained = Solidarity

A third category, with large overlap and mobility, includes optics
and astrophysics and relativity. Acoustics and physics in biology
show rather more overlap than mobility, placing them somewhere
between intermedian and high-overlap mobility categories. ‘The
assumed relation between competence and mobility is well borne
out in the data: The susceptibility implied by the large sub-
field overlap is matched by a significant flow of manpower over
time. :

Table II.79 presents the pattern of change based on first com-
petence for earth and planetary physicists. The turnover of 52
percent is comparable with the average citation of competence
outside the subfield, 51 percent, the complement of the average
internal citation probability of 49 percent in Table II.73. The
directionality of competence mobility with respect to the other

TABLE II.79 First Competence Mobility: Changes for PhD's iIn
Earth and Planetary Physics, 1968—1970

First Competence First Competence in 1970 :

in 1968 Earth and Planetary Other 1968 Total
Earth and planetary 231 234 465
Other . 269

1970 Total " 500 12,511
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subfields is the same as that given in the static overlap pat-~
tern and, as we have seen, the same as that manifest in actual
subfield mobility.

We next examine the recent growth pattern of earth and. plane-
tary physics. linder normal conditions we would expect growth to
take place in a pattern commensurate with the pattern of overlap.
The interchang= among subfields reflects this pattern, bu" recent
growth does not. In Table II.80, expectations are compare:. :th
changes from 1968 to 1970. The normal entering distribution,
column 3, is proportional to the product of the total overlap
with the other subfields, column 2, and the size of populations
in those subfields, column 1. These data come directly from
Table II.73. Cnly the relative size of expected entering groups
has significance, and we have set a numerical absolute value of
30 for the grouping of plasmas and fluids; optics; and atomic,
molecular, and electron physics for ease of comparison with the
actual net flux of PhD's given in column 4. Comparison of normal
and actual patterns of flux show a large number of people are
coming from astronomy, three times the number expected on the
basis of overlap-circulation characteristics. The flow of PhD's
from traditional physics subfields, elementary-particle, nuclear,
and condensed-matter physics, is only 50 percent higher than
might be expected for isotropic growth. The importance of the re-

- lationship with astronomy was suggested in the analysis of the

elite group of earth and space scientists at the beginning of this
chapter. The flow of manpower from the traditional physics sub-
fields is not sufficiently large to indicate substantial relief of
the stress of limited resources that is said to exist. Although
the data suggest no anomalous impedance to mobility, there is no
sign of an enhancement that might be desirable.

To what extent is employer mobility a factor in subfield mobil-
ity? How much research redirection takes place in periods of un-
changed institutional affiliation compared with changes concurrent
with employer mobility? Table II.81 shows subfield mobility ac-

TABLE II1.80 Normal and Actual Flux Distributions by Source

Source Overlap Normal Actual Net
Popula- Distri- Entrant PhD Entrant
Source tion bution Distribution® Distribution
Astronomy 630 11.3 * 6 18
Plasmas and fluids; 3250 11.1 30 30
atomic, molecular,
and electron; and
optics
Elementary-parti- 7350 4.5 - 27 43

cle, nuclear, and
condensed-matter

2(Population) x (Overlap), in arbitrary units.
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TABLE I1.81 Earth and Planetary Physics Subfield Mobility with
and without Concurrent Employer Change: Number of PhD's and
Median Age

E&P E&P Both Entered E&P Net

Employer 1968 Left 1968 and E&P 1970 E&P
1968—1970 Number E&P 1970 Number Number Change
University 169 54 115 87 202 33
Industry 77 28 49 61 110 33
Government 101 31 70 : 28 98 -3
Research center 58 14 44 21 65 7
Other 9 5 4 -5 9 0
Unchanged, sub- 414 132 282 202 484 70

total

Median age 39.3 39.0 39.2 39
Changed, subtotal 72 31 41 56 97 25

Median age 32.4 33.5 33.9 33
Total 486 323 258 581 95

Median age 38.6 38.5 38.3

cording to type of employing institution. Of 589 earth and plane-
tary physics PhD's in 1970, 16.7 percent had changed employer
since 1968; half of these 97 PhD's were under 34 years of age,
and 58 percent of this employer mobile group entered earth and
planetary physics for the first time. The other 42 percent had
been working in thls subfield before they changed jobs. The re-
maining 83.3 percent of the 1970 earth and planetary physicists
were still emploved by the same type of institution as in 1968.
This employer static group was divided approximately 42 percent
to S8 percent between newcomers and older established scientists.

Although employer mobile PhD's were somewhat more likely to
have changed into earth and planetary physics than employer static
ones, such a large age difference appears between those who
changed and those who were static that typical early career ef-
fects account for employer changes more than would effects re-
sulting from the subfield.

The composition of the 1970 earth and planetary physics PhD

group is summarized in Table II.82.
Among the employer static new earth and planetary physicists,

industry showed the largest fractional growth (55 percenp), uni-
versities somewhat less (43 percent), and other types of employ-
ment little increase.

If in the future one anticipates a larger commitment to earth
and planetary physics as a result of employer mobility, the pat-
tern of employer interchange between 1968 and 1970 should be ex-
amined. Table II1.83 records the employer changes of earth and
planetary physicists from 1968 to 1970. One seventh (14.7 percent)
made such changes; of these, three fourths (73 percent) were uni-
versity related—young PhD's leaving and some older ones returning.

111



1566 PHYSICS IN PERSPECTIVE

TLBLE 11.82 Mobility Composition of Earth and Planetary Physics
PhD Population

Source Number Percent Median Age
New PhD's ' 145 20 31.5
Employer mobile PhD's 97 13 33.9
Ewployer static PhD's ,
New to earth and 202 K 28 39.0
planetary physics
In earth and planetary 282 39 39.2
physics in 1968
TOTAL 726 100 37.4

The pattern of Interchange between the university and other types
of employment appears in Table IL.84.

TABLE II.83 Changes in Employer, 1968 to 1970, for 502 PhD's
Working in Earth and Planetary Physics: Number and Median Age

1570 Emoloyer Total 1968 Employer
1968 University Industrv  Goverpment Research Centers Other Distribution
Employer Na.  ARe  No. Age %No. Age  Xo.  aAge No. Age Ne. Age
Untversity ' 176 8.4 9 30,7 11 335 8 32,0 & 29.4 208 37.2
Industry 4 33,5 79 4al.2 - 2 3.5 2 40.5 87 40.9
Government 8 3.5 1 49,5106 399 2 40,5 - 115 39.7
Rescarch center 2 J4.5 1 45.5 4 45.5 58 38,7 ‘ 13.5 66 39.7
Other 8 3.8 2 4%.5 3 9.5 2 6.8 ' 19.5 26 34,5
Total 1970 198 37,7 92 40,7 122 39.4 72 38.5 - 36,5 502 38.9

distribution

a4 changed employment; 428 rema'ned In the same type of employing {nstitution; total with employment
known 1n both years was 502.

TABLE II.84 University and Other Employment Interchangaes in Earth
and Planetary Physics, 1968 to 1970

1970 Employer

1968 Employer Univetrsity Other
University 176 32
Other employment 22 S22

112
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II1.2 Samples of Special Popr::lations

I1.2.1 CAREER CHOICES OF TALENTED MALE STUDENTS

At the start of the 1960's one sometimes heard it argued that we
could and should greatly expand our national production of scien-
tists by encouraging a larger proportion of the talented young
people to choose scientific careers. Such arguments were based on
the belief that of the population of people with the necessary apti-
tudes, only a minute fraction was going into science. Although the
feeling that the United States needed more scientists was greatly
muted by the end of the 1960's, one heard increasingly often the
complaint that the best students were turning away from science.

The bases for these arguments and complaints were sometimes merely
subjective impressious, sometimes extensive statistics, such as
those of Harmon* correlating IQ scores with the obtaining of doc-
torates, or those of Nichols' on the study plans and career aspira-
tions of National Merit Scholarship semifinalists. Having access

to information on the life-long career activities of a group of
people selected for academic aptitude with unusual care and thorough-
ness at the time of their graduation from high school, and without
bias among fields, we undertook to investigate the distribution of
these people among careers and ways in which this distribution
might have changed during the last several decades.

11.2.1.1 WNature of the Sample

The Summerfield Scholarships, established at the University of
Kansas in 1929, are awarded each year to male graduates of high
schools.in the state on the basis of competitive examinations fol-
lowed by person-by-person scrutiny. Occasionally they are awarded
also to students already at the University. The awards have high
prestige and are much sought after; they are made on the basis of
scholarly promise alone, without bias for or 'against any field of
study and without regard to -the financial resources of the student.
After the award is made, the-student's financial resources are in-
vestigated and he is supplied with whatever supplemental assistance
he needs to pursue his studies without financial worry. If, as is
nearly always the case, the student's university work fulfills ex-
pectations, the scholarship is renewed each year until he graduates.
Each year the University issues a list of all alumni of this
program, giving for each alumnus any advanced degrees he has ‘re-
ceived and his present employment. From 1933 to 1969 there were
509 alumni, of whom 18 had died and 13 were incompletely traced.
Figure II.14 shows the number of Summerfield graduates by year of
bachelor's degree. The numbers have fluctuated considerably from
year to year, because of secular trends and because the number of

*Harmon, L. R., Science, 133, 679 (1961).

TNichols, R. C., Science, 144, 1315 (1964).

Pamphlets titled University of Kansas Swmmerfield Scholars issued
each April by the University of Kansas.
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30

GRADUATES 1IN GIVEN YEAR

FIGURE II.14 Graduates of the Summerfield Scholar program by
year of graduation.

scholarships that can be awarded in any year depends on the finan-
cial needs of the recipients. As the average number of scholars
per year has risen only slightly from the mid-1930's to 1969, while
the enrollment at the University has more than quadrupled during
the same interval, it is reasonable to guess that the standards
have risen at least slightly, though perhaps not greatly, as alter-
native scholarships and the like may have become more available.
According to informal estimates by administrators and others famil-
jar with the program, these alumni are probably typical of about
the top 3 or 4 percent of graduates of the University of Kansas
(henceforth referred to as KU). To gauge what this means on an
overall national scale one must rate KU bachelor's degree holders
relative to those of other institutions. According to a recent
compilation,* KU baccalaureates accounted for 373 of 80,978 U.S.
PhD's in the years 1960-1966 (a fraction ‘0.0046). As the 1968-
1969 enrollment was 16,964, compared with a national total of 5.77
million in four-year institutions (fraction 0.0029), it is probably
conservative to conclude that the Summerfield Scholars have an abil-
ity level characteristic of the top 3 or 4 percent of U.S. college
graduates.

It is interesting to compare the characteristics of this sample
with those of Nichols'st sample of National Merit Scholarship semi-
finalists. This category of students comprises a rather larger

*Doctorate Reeipiente from United States Universities 1958-1966.
(NAS Publication 1489) Washington, D.C.: National Academy of
Sciences, 1967. _ '
tNichols, R. C., Science, 144, 1315 (1964).
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fraczion of college enrollments than the Summerfield Scholars do of
KU enrollment; howzver, their selection process, based on test scores
alone, is less careful and is not subject to modification after en-
trance into college. Only a small fraction of the National Merit
Scholarship semifinalists applying for Summerfield Scholarships
receive them. More serious, however, is that Nichol's data con-
sisted only of career choices, expressed before entering college,
and major fields of undergraduate study, whereas the Summerfield
data refer to career positions into which the men settled a number
of years after graduation. Nichols also gave some figures for
another sample, of somewhat lower average ability, on changes in
career choice between the year of entry into college and the year
of graduation. These figures, unfortunately given for only one
class, show such large changes that one is uncertain whether to
interpret secular changes in career choices expressed on entering
college as reflecting ultimate careers or as reflecting improved
counselling.

11.2.1.2 Statistics on Eventual Careers

Figure II.15 shows the percentages of Summerfield Scholars graduat-
ing in various time intervals who have gone into each of several
professions. Cross-hatched bars represent career positions, blank
bars represent graduate or professional school students, and the
bars with a question mark represent rraduates with undergraduate
majors im the field indicated but ¥ <hom no data on present ac-
tivity are available. (Past expericunce suggests that most of these
are actually graduate students.) The data shown by the cross-
hatched bars were based on the following definitions of the various
professional fields:

1. Natural science and mathematics. Includes all those whose
titles suggest that they teach science at the college level or en-
gage in pure or applied research or its supervision. Psychology
is included but not anthropology.

2. Engineering. Includes all those whose titles suggest that
they perform or supervise engineering work or teach engineering.

3. Medicine. Includes MD's engaged in any medicine-related
work, dentistry, and possibly one or two other fields.

. 4. Law. Includes those engaged either in private law practice
or as attorneys for business or public organizations.

5. (overnment administration. Includes administrators in na-
tional, state, or local agencies, other than military personnel.

6. "Business. Includes administrators in private business or-
ganizations, exclusive of attorneys and those involved solely in
research or engineering work. Includes accountants.

7. Social science teaching and research. Includes college fac-
ulty in social sciences, history, and anthropology and scholars in
these fields employed elsewhere (but not in high school teaching).

8. Humanities. Includes college faculty in literature, philos-
ophy, and the like, independent writers, etc., but not clergy, high
school teachers, artists, or musicians.
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9. Miscellaneous: Includes high school and grade school

“teachers, educational administrators at all levels, artists and

musicians, military personnel, clergy, journalists, architects,
and pharmacists.
NATURAL SCIENCES

3o%,and_MATHEMATICS 30, ENGINEERING 30% MEDICINE
7R 1
2 7 7
20% 20% 2 20%
77 Z
7 7
é 7
10% /-4 7 10% -H—4— 2 10% S
a0 18
7 771717
727 70
Al ¥ o, L4 Y ZB2)%\2
1932 4 47 50 1932 41 47 50 S coes 1932 4l 47 50 5560 65
<40 .46 49 -54- 230 -46 -49 -54-39.64.69 230 .45 -49 -54-59.64.69
‘ Law GOVEIRNMENT ' BUSINESS
ADMINISTRAT 3
20% 20% STRATION  20%
%
— . 7
10% — O—1 0% 10% HA—r1)
n u %
L 72
0 % Z 2 ] 0 Q /s mm 0 [/ / a
1932 4l 47 50 5560 65 1932 41 47 50 55 1932 41 47 50 556065
240 -46  -49 .54-59.64-69 S30 .46 -4 -%4-3) 240 -46 -49 -34-59-6469

EENEE!

[aa] Toel 6o ea] 9]

SOClaL SCIENCES
{ TEACHING and RESEARCH)

HUMANITIES

MISCELLANEOQUS

20% 20% 20%

10% 7 10%

N anloll A0

0
1932 41 47 50 556065 1932 41 47 50 556065 olssz 41 47 60556065
240 -46 -49 -54-59.64.89 240 -46 -49 -54.59.64.69 -30 -46 -49 -54.59-64.69

FIGURE II.15 Percentages of Summerfield Scholars, graduating in
various time intervals, who have settled in various professions.

Years of graduation are given at the bottom, the numbers of graduates

in the various periods being

1932-40: 95 1955-59: 69
1941-46: 53 1960-64: 88
1947-49: 44 1965-69: 90

1950-54: 56

Shaded bars are men in jobs, unshaded bars are graduate and advanced

professional students, and question marks are uncertain cases,
classified by field of degreée.
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To the extent possible, graduate and professional students were
assigned to one of these categories. Obviously students assigned
to one could be expected sometimes to go into careers in another.
Such a change is especially likely zmong students in the social
sciences, who will often enter government oOr business. Medical
students, in marked contrast, nearly always continue in medicine.
It should be noted that the career distributions for the 1932-1940
classes were made from data available in the earlv 1950's; those
for subsequent classes were made from 1969 or 197y data. A com-
parison of the early and recent data for the 1941-1946 sample showed
few career changes except for the expected migration, with increas-
ing age, of ‘aminority of -the scientists and engineers into busi-
ness or other administration.

Figure II.16 is an attempt to compare the Summerfield Scholar-
ship data with those of Nichols on National Merit Scholarship semi-
finalists. The wide bars at the right and left of each diagram
represent the Summerfield data for students graduating in each of
two decades; as before, cross~hatching represents jobs, open spaces
graduate or professional students, and question marks uncertain
cases classified by undergraduate major. Nichols's data are repre-
sented in part by the narrow bars in between, which show pre-enroll-
ment (freshman) choices of undergraduate major subject, averaged
for the college entry years shown. The dumbbells ‘represent the
corresponding pre-enrollment preferences for eventual careers. As
the change in career choices from freshman to senior years was
available for only oue class (entry 1957, graduation 1961), no
precise three-year averages can be given for the senior year choices;
instead, the lines with x's at the ends have been drawn in the
1958-1960 column at a height equal to the height of the dumbbell
times the 1957-1961 ratio of senior-year to freshman-year prefer-
ences. The narrow bars for medicine refer to those planning en-
roliment in premedical curricula; no enrollment bars are given for
law, because it is not an undergraduate option; all majors in so-
cial sciences (like the graduate students in Figure II.15) were
placed under social science teaching and research; humanities were
treated similarly.

So far we have concentrated on changes with time, and the Sum-
merfield data are too sparse to permit subdividing them by field of
science as well as by time period. If all data for classes 2 1950
are taken together, we find that of the 50 or 60 men assigned to
natural science in Figure II.15, at least 15 have entered physics.
Two more, both with bachelor's degrees in engineering physics, are
members of the American Physical Society (APS). 1If we restrict at-
tention only to those in nonstudent jobs, the ratio is 13 or 14 of
33 or 34. Clearly physics has been getting more than its share of
those especially gifted men. However, the data are not sufficient
to refute the speculation that in the last decade physics has drawn
fewer such men than, say, biology. Of the 13 in what are clearly
physics jobs, the two oldest are APS Fellows; the others (PhD's
since 1962, except -possibly for one undated case) are a little young
for this rank; only one is neither a PhD nor a graduate student and
probably is finishing a thesis.
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A similar analysis of Summerfield graduates prior to 1950 shows
11 physicists from among 28 natural scientists. Of the 11, all
but one have PhD's and six are APS Fellows.

NATURAL SCIENCES

ENGINEERING MEDICINE
40% —and "%AT”"?M:‘T'CS 40% 40% : -
oH-o
30% _oto- 30% 30%
oo
20% 20% o0 20%
wHx —
10% 10% 10% e o—o | L
/ H ﬂ %
o LEZ 0 Z oL Z
1950 1958 1961 1960 1958 1961 1960 1950 1958 1961 1960
-59 - 60 -63 -69 -60 -63 -69 - 59 - 60 - 63 - 69
LAW vt BUSINESS
A ADMINISTRATIO
20% 20% MINIS N 0%
%
7
10% f—— Y———— 10% 10% |
7 °—° IR
z 7 o O—© y o—o
,/’/ 7 75| 0 é 77!
1950 1960 1950 1960 1950 1960
-59 - 69 -59 -69 -59 -69
SOCIAL SCIENCES
HUMANITIES
204 TEACHING and RESEARCH) ,
7 —
0% HS 10% M
]
Z ? 0 2 ” ﬂ 7
1950 1938 1961 1960 1959 1958 1961 1960
-59 -60 -63 -69 - 60 -60 ~-63 -69

FIGURE II.16 (Comparison of Summerfield-Scholar (SS) and Merit
Semifinalists (MS, from Nichols) - data. The broad bars at the left
and right are the SS data of Fig. II.2, averaged 1950-59 and 1960-
69, respectively. The narrow bars in between are the intended un-
dergraduate majors of the MS samples. The dumbbells are career
intentinns at time of entry into college; the lines with x's are
these multiplied by the ratio of senior to freshman intentions for
the 1957-61 class.
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I1.2.1.3 Conclusions

In general the two sets of data in Figure II.16 appear reason-
ably compatible, when one makes allowance for their obvious
limitations, for example, that increasing age increases the
probability of involvement in business and government adminis-
tration or that not all students planning to enter medicine en-
roll in an explicitly premedical major. Neither set of data gives
convincing support for Nichols' implied conclusiona that tal-
ented students are becoming less likely to adopt careers in basic
science. The slight decrease in the level indicated by the dumb-
bells in Figure II1.16 between 1958-1960 and 1961-1963 could well
have resulted from improved counseling, that is to say, from a
decrease in the difference between the dubbell and x levels, or
the ultimate career choice. In regard to engineering, however, all
three types of data suggest that Nichols may well have been correct
in concluding that the inclinations of talented students toward
this field is decreasing. If this finding 1is true—and better sta-
tistics would be needed to establish it with certainty—it could
have important implications for the role of pure-science fields in
the economy. It would partially nullify the argument, often made
currently, that the increasing sophistication of engineering edu-
cation is causing engineers (especially PhD's) to take over the
role formerly played by physicists as the best reservolr of talent
for technological tasks involving new and unfamiliar ideas. Al-
though engineering training may be improving, this improvement may
be offset by a decreasing number of the most highly talented youth
who elect it; if so, it may be as necessary now as in earlier de-
cades to draw on the pure scientists for technological innovations.
The data on physicists in the Summerfield sample, given in the
last paragraphs of Section II.2.1.2, suggest that the ability level
of the sample is about that of APS Fellows and show that among natu-
ral science students at this ability level, nearly a third have en-
tered physics in the last few decades. (In the-Nichols sample, from
one half to a little less than one third of the National Merit Schol-
arship semifinalists planning majors in natural science fields
planned to major in physics.) But a decline in enrollments in phys-
ics in the last few years, relative to other sclences, is suggested
by the Nichols data and cannot be refuted by the Summerfield data.

II.2.2 PHYSICS DOCTORATES WHO HAVE LEFT PHYSICS

A significant number of people, after beginning a career in physics,
even with a doctorate, eventually move into other sciences or en-
gineering or into entirely nonscientific fields. Projections of

the balance between supply and demand in future years, such as those
attempted in Chapter 12 of Volume I of Physics in Perspective, need
to take into account this portion of the pepulation. In planning
both the scale and nature of graduate education in physics, one
would like to know, among other things, to what extent these people
are misfits who should never have studied physics and to what ex-
tent they represent an important channel for cross-fertilization of
other professions, scientific, administrative, or educational. The
study we report here was a highly preliminary one designed to ex> """
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plore one possible means of getting answers to some of these ques-
tions. ‘ )

Examination of a list of nearly 500 people who had received doc-
torates in physics from the Massachusetts Institute of Techrology
(MIT) between 1935 and 1959 revealed a number who, from their ad-
dresses or other information, were not in academic physics depart-
ments in 1970. These people were queried by mail regarding the way
in which their careers have developed and the relation, if any, of
their physics training to their present work. Replies received from
slightly less than half indicated the following:

1. Only about one fifth said that more than half of their pres-
ent work involved physics by extrapolation; therefore, one can guess
that approximately one fourth of the MIT physics doctoral alumni of
this vintage have moved into work that is primarily outside the
scope of physics~

2. About one fourth of the responses were from presidents or
vice presidents of companies working in communication, data proces—
sing, geophysics, and space and defense systems. This number ex-
trapolates to about one in 14 of all physics PhD alumni. As ex-
pected, these men were somewhat older than the others, having re-
ceived their doctorates some 25 * 6 years previously; it had been
14 + 7 years since the majority of their work involved physics.

But all thought that their physics background was helpful to them
in their present positions.

3. A somewhat larger fraction—corresponding to about one in
nine of all the alumni studied—were now directors of research or
engineering development in high-technology companies. They were
somewhat younger than the group described in 2 above, 20 years on
the average having elapsed since receiving the doctorate, and the
present work of about 30 percent involved physics.

4. A third large group—extrapolating to about one in 12 of the
alumni—were working in universities but not in physics departments.
5. A fourth and somewhat smaller group was self-employed, do-
ing technical consulting for industry and the government. Approxi-

mately half of their vork was still related to physics.

The greater proportion of alumni, who have moved out of physics,
is shown in Table II.85. Actually, the figures in the table prob-
ably reflect two effects. One is that motion away from physics is
cumulative: opportunities to move into other professions, particu-
larly administration, increase with the years, and once one has left
physics one is unlikely to return. Another factor, however, has
been the evolution of the physics enterprise. .The vast expansion
of university staffs and industrial physics research in the 1950's
and 1960's created a great demand for physicists, including senior
ones, which may have acted to keep a larger proportion of people in
the profession than was the case for the same age groups in earlier
years. In the 1970's a reversal of this trend may well occur. In-—
terestingly, none of the persons surveyed spent more than six years
in a physics department after receiving the PhD. :

A valuable product of the survey, though one rather difficult to
convey in a brief summary, was the collection of free-language com—-
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ments by the respondents. In these comments, and in their responses
to questions on the value and relevance of their physics education,
the overwhelming majority affirmed that their education in physics
research had been of value in their careers. Moreover, three
fourths of them said that their training in physics also had been

of value to them for reasons other than its relevance to their work.
Although research training was sometimes cited for its value in
teaching methods of thought and working philosophy that may be ap-
plicable to other types of problems, there was an even stronger
emphasis by many respondents on the exhortation that graduate train-
ing in physics should not be allowed to be too specialized. Courses
in classical theoretical physics were the ones most often cited as
being of particular value.

This study, incompiete though it is, gives some support for the
view that doctoral training in physics, i1f not too narrowly special-
ized, can serve as a useful one of many possible channels for pro-
viding the nation with a diverse and innovative population of edu-
cational and industrial administrators.

TABLE II.85 Estimates of the Migration of MIT Physics Doctorates
from Physics, as of 1970

Total Estimated No. Fracpion
Year of PhD Alumni Who Left Physics Leaving
1935-1940 62 36 0.58
1941-1945% 56 14 0.25
1946-1949 73 23 0.32
1950-1954 160 50 0.31
1955-1959 139 27 0.20
Total, 1935-1959 490 150 0.31

The World War IT years are separated, even though this makes the
time intervals in the table unequal in duration.
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1II.1 General Survey of the Various Sources of Support
for Physics Research

IIT.1.1 SOURCES OF INFORMATION AND DIFFICULTIES IN THEIR USE

The chapters of this report dealing with the funding of physics are
all concerned with the support of research in physics, or of activ-
ities-directly related to the research enterprise, as distinguished

" from the role of physics in such activities as general education,

developmental engineering, and industrial production. Even so,
ambiguities can arise in regard to how research is to be distin-
guished from these other activities and, of course, where the lines
are to be drawn Separating research in physics from research in
other sciences and engineering. So perhaps we should begin this
chapter with a few words about the delineation of our subject.

The conventional categories of research, for example, in the
tables published by the NSF in its periodic report, Federal Funds
for Research, Development, and Other Scientific Aetivities, are
basic research, applied research, and development. Basic research
is defined as "exploration of the unknown...primarily motivated by
the desire to pursue knowledge for its own sake."” Applied research
is described as "finding the means to meet a recognized need.” De-
velopment is defined as ''systematic use of knowledge...directed to
the production of useful materials, devices, systems, and methods."
Although the distinction among these three activities provides a
useful way of ordering one's thinking, it is difficult to make these
distinctions precise or quantitative, because they depend— espe-
cially in the case of basic versus applied research-—on knowing
motivation. What is applied research in the mind of an administra-
tor or official of a granting agency may be basic research to the

1576
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person doing the work, or vice versa. 1n recording their use of
funds, different agencies may draw the dividing line in different
places. For these and related reasons, we have chosen, in all our
collection and analysis of funding data, to concentrate on research,
without attempting to distinguish basic from applied, and to define
it in the following way: Research is the generation of new Knowledge
that, soon after its generation, becomes a part of the publicly a-
vailable archive of knowledge. A useful corollary of this defini-
tion is that research activity in physics can be studied through

the primary journals, books, and other publications of the field.

The overlap of physics with other scientific and engineering
fields is, of course, substantial. The nature and extent of this
overlap are discussed in some detail in Section IV.1l.1, in which
we show that the citation structure of the scientific and technical
literature can be used to provide a reasonably logical and objective
definition of the boundary between two adjacent fields. Although
application of this technique to the separation of funding for phys-
ics from that for other fields would be prohibitively laborious, it
can be used, as described there, as a check on the reasonableness
of the intuitive decisions on what is and. is not physics that one
must make in the course of assembling data. A few checks of this
sort that we have made have given us confidence that the defini-
tions of physics that we have used in the presentation of our data
ar: reasonably consistent with the objective definition.

*lthough we have tried to apply our own definitions of research,
physics, and even support whenever possible and to do so consistent-
ly, most of our data-gathering activities have had to rely exten-
sively on the recurds of various organizations, particularly govern-
ment agencies, and on the categories in which these records are kept.
Because of the difficulties with definitions, to which we have just
alluded, one is entitled to view all such data with some suspicion,
and one would like to be able to check data derived from one source
against those derived from a more or less independent source. The
sources from which we have been able to obtain useful data on fund-
ing are the following:

1, Detailed records of federal agencies, studied with the aid
of officials of these agencies. These records have been our prin-
cipal source of information about the funding of physics by the
DO, NSF, AEC, and NASA.

2. Government publications prepared for other purposes. These
include, in particular the Federal Funds series* and the annual
Statistical Swmmary of the AEC Physical Research Program.

3. The acknowledgment of research support usually made in re-
search articles in journals.

4. Queries made to small but carefully selectad samples of uni-
versities and industrial research organizations.

5. Mention of government support made by respondents to the
questionnaire for the National Register of Scientific and Technical
Personnel.

*Federal Funds for Research, Development, and Other Seientific
Aetivities, issued periodically by the NSF.
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The data obtained from source 1 are described in Section III.2.
Those obtained from source 4 are discussed in Section III.3 and
II1.4 and those from sources 3 and 5 are the subject of the para-
graphs immediately following.

II11.1.2 NONDOLLAR DATA RELEVANT TC THE DISTRIBUTION OF SUPPORT
111.1.2.1 Distribution of Support Acknowledged in Journal Articles

It is a fairly consistent custom in the physics literature for pa-.
pers reporting work that has received support from sources outside
the institutions with which the authors are affiliated to contain
an acknowledgment of this support. By counting such acknowledg-
ments one can get a good deal of information about the sources of
support for work performed in various types of institutions and its
distribution among the subfields of physics. The information is in-
complete, of course, for the dollar amount is never stated and the
relative contributions of different sources, when there is more
than one, are not indicated. However, if reasonable allowance is
made for these ambiguities, the results can provide 2 useful check
on- funding information obtained in other ways.

In our survey, members of the Statistical Data Panel examined
all the articles published in a two-month period in 14 AIP journals
and 29 non-AIP journals. The months used depended on availabilicy,
but all issues were published between mid-1969 and mid-1970. The
total number of papers examined was 1200, 834 from AIP journals and
366 from non-AIP journals. Since the total number of physics papers
published by U.S. authors in a year is estimated to be about 14,000,*
the sample represents slightly less than one tenth of the annual
U.S. output of published physics papers. The distribution between
AIP journals and non-AIP jourrnals (mostly European) in the sample
was roughly consistent with the known publication pattern of U.S.
work.T

The survey was conducted in the following way. All papers in
each issue selected were examined. Only those papers that were
regarded as physics and the authors of which were affiliated with
an institution in the United States were counted. For each physics
paper a subfield assignment was made and the nature of the perform-
ing institution and sources of support acknowledged were recorded.
If no external source of support was acknowledged, support was cred-
jted to the authors' institution. Many complicated cases were en-
countered involving papers in which the authors represented several
institutions, multiple sources of support were mentioned, and par-
tial support was acknowledged. To increase the manageability of
the data, the Panel chose as the least count 0.5, so that no paper

*Physics in Perspective, Volume II, Part B, Figure XIV.32 or
Table XIV.1l.

tCompare, for example, Table IV.3 (in Chapter IV), also Physics in
Perspective, .Volume II, Part B, Table XIV.9.
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was divided between more than two performer-support combinations,
with omissions, when necessary, being assigned to the last-men-
tioned institutions or sources. A somewhat arbitrary decision on
division of support among institutions or sponsors was required for
about half of the paperss

The results are presented in a series of tables, which record
the counts of various subfield-source-performer combinations.
Table III.1 shows acknowledged sources of support by subfield.
Table III.2 is a similar table but includes only research performed
in universities. Table III.3 shows the institutional affiliation
of authors of journal articles by subfield. Tables III.4, IIIL.S,
and III.6 show the patterns of support of the three major federal
funding agencies for physics research by performing institution and
subfield. The general picture resulting from these tables will be
compared in Figure III.1 with that based on statements about gov-
ernment support made by respondents to the National Register. Both
types of figures, which suffer, of course, from lack of calibration
in dollars, will be compared with dollar data obtained from records
of government agencies in the following subsection.

TABLE IIL.1 Acknowlédgmenr o6f Support in Journal Articles,
by Subfield®

Source of Blo- Other
Support ASR AME EP NP PSF CM E&P  phys Acoust  Opt Phys. Totnal Percent
University 2.5 9.0 19.5 21.5 15.5 65.0 4,0 1.0 2.0 8.0 19.5 187.5 15.6
ban 10.0 50.0 18.5 13.0 17.0 126.5 4.5 - 13.0 18.0 13.5 294.0 24,5
NASA 4.5 20.0 1.0 2.0 7.5 14,5 26.5 - 2.0 7.0 6.5 91.5 7.6
AEC - .0 54.0 72.5 15.0 17.0 3.0 -~ - 3.5 6.0 250.0 20.8
NSF 5.0 2.0 21.5 2.5 13.0 51.0 8.0 - 1.0 7.0 11.0 169.0 14.1
Other gov. 1.0 7.0 2.0 2.0 2.5 25.0 - 40 1.0 6.5 3.0 54.0 4.5
o Industry - 14.0 - 0.5 2.5 76.0 .o - 5.0 19.0 1.5 131.0 11.0
Nonproftt - 1.5 1.0 0.5 - 5.5 1.0 -~ - 2.5 0.5 12.5 1.0
Private - 1.0 2.5 2.5 0.5 2.0 - - - - 1.0 9.5 ° 0.8
TOTAL 23.0 169.5 120.0 137.0 74.5 442.5 58.0 5.0 24.0 1.5 73.5 1200.0 100.0

Ly

Entries are numbern of papers sampled ncknowiedging support from the given source. with occastonal
fracttonat allocatlons as discussed in the text.
L
“Subfleld abbrevintions used are AR, nstrophysles and relativity; AME, atomic, molecular, and electron
physica: EP, elementary-particle physics; NP, nuclear physics: P&F, plasmns and fluids; CM, physics of
condensed matter; EAP, earth and planetary physics; Biophys. blophysica; Acoust, acoustics: Opt, optics.




1580 PHYSICS IN PERSPECTIVE

TABLE III.2 Sources of Support Acknowledged in Journal Articles
from Universities. by Subfield®

Source of Other
Support ARk AME £p e Par M 233 Acoust  Upt Phys. Total Percent
Untversity 2% 9.0 10,5 21,5 15.5  65.0 3.0 2.0 7.5 0.5 186.0 24,5
nob 1o 37.0 17.5 7.5 11.5 HR.0 4.0 0 9.0 9.0 198.5 26.1
HASA 2.5 11.5 - 0,5 4,0 1IN0 18,0 1.0 4.5 2.5 54.5 7.2
AEC - 7.5 40 31,5 7.0 2.0 2,0 - 1.5 1.5 119.0 15.7
NSF 5.0 8.0 21,5 2.0 13,0 51,0 T.0 1.0 6.5 12.0 167.0 22.0
Other pov. - 1.5 - - 1.5 10,0 - 1.0 1.5 4.0 19.5 2.6
Industry - - - - - 1.0 - - R 1.0 0.1
Nonprofit - 1.5 - 0.5 - 2.5 - - 0.5 - 5.0 0.7
Private - 1.0 1.5 2.5 0.5 2.0 - - - 1.0 8.5 1.1
TOTAL 20.0 117.0 102.0 86.0 53,0 255.5 34,0 10.0 3.0 50.5 759.0  100.0

“entries are numbers of papers, as iu Table [11.1,

“Subfteld abbreviat fons used are the same as those tdentiffed In Table 1111, foutnuie &,

TABLE III.; Institutional Affiliation of Authors of Journal

a,2

Articles™
Type of
institution A&R AME EP NP P&F (M  ES&P Flophys Acoust Opt Other Phys. Total
University 19 119 104 86 54 255 34 10 31 47 763
Industry - 18 1 2 7 87 AR 7 20 16 165
Nonprof it - 4 - 32 14 - - - 6 - 29
Gov. in-house 2 13 2 6 4 35 1 5 10 4 89
Federally 1 17 14 319 8 57 11 - 2 4 6 159

funded re-

sedarch and

development

center

TOTAL 22 171 121 136 74 448 60 S 24 nnn 1205

Zgntries are numbers of papers, as In Table IIT.1

B
"Subfleld abbreviatlens used are the same as these identified in Table [11.1, footnote L,
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TABLE IIT.4 Distribution of Papers Acknowledging Support by the

:
Department of Defense, by Subfield™”

Institution

Perfornming other

Reported Work AGR AME EP nNp I'&F oM E&I Acoust  Opt Phys. Total

Unlversity 10.0 37.0-17.% 7.5 1.5 K8.0 4.0 5.0 9.0 8.5 198.0

bon lab or - 5.5 1.0 4.0 2.0 26.5 8.5 7.0 5.5 1.0 61.0

nab FERDCT

Industry - 2.0 - 1.5 3.5 11.0 1.0 1.0 0.5 3.5 22.0

Other - 5. - - - l.o 1.0 - 3.0 0.5 11.0
TOTAL 1.0 50.0 1A4.5 13.0 17.0 126.5 14.5% 13.0 18.0 13.5 294.0

“Entries are numbers of papers, as in Table 11L.1
"Subfield abbreviations used are the same as those identified in Table 1tl.1, footnote X,

}Fudbrnlly funded research and development center.

TABLE IL{I.5 Distribution of Papers Acknowledging Support by the

. . 2]
Atomic Energy Commission®
Institution
Performing Other
Reported Work AME EP NP P&F (] E&P  Opt  Phys. Total
AEC FERDCY 1.5 12.0 138.0 7.5 47.0 1.5 2.0 4.5 123.0
University 7.5 42.0 31.5 7.0 5.5 2.0 1.5 Ll.5 118.5
Industry - - - - 2.0 - - - 2.0
Other 1.0 - 3.0 0.5 3.0 B - - 7.5
TOTAL 19.0 54.0 72.5 15.0 77.5 3.5 3.5 6.0 251.0

1
xF,ntries are numbers of papers, as in Table II1.1.
‘Sub(}e d abbreviations arg the same as those identified in

N 1Jb}e 11{l.1, footnote
Federally funded rescarch and development center.

TABLE I[II.6 Distribution of Papers Acknowledging Support by the

National Aeronautics and Space Administration®

Institution
Performing Qther
Reported Work AR AME  EP NP P&F M E&P  Acoust Opt Phys. Total
University 2.5 11.5 - 0.5 4.0 10.0 18.0 1.0 4.5 3.0 55.0
NASA lab or
NASA FFROC? 2.0 7.0 1.0 0.5 2.0 3.0 5.5 - 1.0 3.5 25.5
Industry - 1.0 - 1.0 0.5 0.5 4.0 1.0 - - 8.0
Other - 0.5 - - - I..O“‘\ - - 1.5 - 3.0
TOTAL 4.5 20.0 1.0 2.0 6.5 14.5 27.5 2.0 7.0 6.5 91.5

aEntries are numbers of papers, as in Table III.1.

Subfield abbreviations used are the same as those identified in Table III.1,

cFaSgggiigefuhded research and development center.
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FIGURE 1I1.1 Comparisons of sources of government support reported
by respondents to the 1970 National Register (left, shaded bars for
PhD's, unshaded for non-PhD's) with those acknowledged in a sampling
of 1969 journal articles (right). The lengths of the bars on the
left here represent the fractions of those (PhD's or non-PhD's)
answering "yes'" or 'no" to the government Support question who men=-
tioned support from the program listed at the left; percentages

add to more than 100% because of multiple-support cases. The lengths
of the.bars on the right, on the other hand, were obtained from the
last column of Table IIX.1 and thus dc add to 100%. The lines in the
middle column indicate the correspondences between the categories of
agencies used in the two studies, which are roughly one-to-one in
some casies but are many-to-one in others.

111.1.2.2 Statements on Govermment Support by Respondents to the
National Register Questionnaire

One of the questions on the form for the National Register of Sci-
entific and Technical Personnel deals with government support. In
1970 it was worded as follows:

Is ANY.of your work being supported or sponsored by U.S.
government funds? [Choices: yes, no, don't know] 1f
yes, is your work related to any of the following pro-
grams: [Choices: agriculture, atomic energy, defense,
education, health, housing, international, natural re-
sources, public works, rural development, space, trans-
portation, urban development, other program (specify)]

Like the acknowledgments of support discussed previously, these
questions yield data on only the number of individuals who indicate
that they receive some type of government support; a physicist who
receives $500 for summer salary supplementation and one who re-
ceives $50,000 for a major research project are equated. Table III.7
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shows the distribution of responses to the first part of the ques-
tion. About 90 percent of the PhD's and 80 percent of the non-
PhD's answered with yes or no. The ratio of yes answers to the
total respondents declined between 1968 and 1970, for both PhD's
(0.67 - 0.60) and non-PhD's (0.59 - 0.52). Thus there seems to
have been a decrease during this period in the proportion of physi-
cists receiving federal support.

American Science Manpower presents comparable figures for other
fields in 1968. Although 62 percent of physicists, all degrees,
received federal support in 1968, only 43 percent of those in all
fields included in this publication received such support. The
only fields that depended more heavily on federal funds than physics
were atmospheric and space sciences (88 percent) and agricultural
sciences (70 percent).

TABLE III.7 Government Support by Academic Degreea

U.S. Government PhD Non-PhD

Support Number Percentage Number Percentage

Yes 9,956 59.9 10,188 51.7

No 4,958 29.8 5,626 28.6

Don't know 230 1.4 789 4.0

No answer 1,487 8.9 3,102 15.7
TOTAL 16,631 100.0 19,705 100.0

aDaca from the 1970 National Register of Scientific and Technical
Personnel.

Responses to the second part of the Register question give an
indicaticn of the sources of govermment support in 1970. However,
the programs listed are more in the nature of functional fields
than either disciplines or activities of specific agencies. For
example, it is not clear where a person who had support from the
NSF physics program would be able to respond. This ambiguity
should be kept in mind in examining the distribution of responies
presented in Table III.8. The main findings indicated by this
Table are the following:

1. Defense, atomic energy, and space programs provide support
for the highest proportion of both PhD's and non-PhD's.

2. A higher proportion of non-PhD's than PhD's receives support
from defense activities, and a lower proportion of non-PhD's than
PhD's receives support from atomic energy programs. The distribu-
tion of support from other govermment programs is much the same for
PhD's and non-PhD's.
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TABLE III.8 States Sources of Government Support, by hegreea

PhD Non=-PhD
1

Source Number Percentage” Number Percentageb
Defense 3,941 39.6 5,023 49.3
Atomic energy 3,235 32.6 1,838 18.0
Space 2,176 21.9 2,215 21.7
Education 1,049 10.5 1,141 11.2
Health 541 5.4 437 4.3
Housing, public 309 3.2 328 3.2
works, transporta-

tion, and urban '

development
Agriculture, natural 262 2.7 293 2.8
resources, and rural

Jevelopment
Other 1,037 10.4 929 9.1

TOTAL 12,550° - 12,204° -

Apata from the 1970 National Register of Scientific and Technical
Personnel.

bPercenc of those with government support (that is, of the 9956
PhD's and 10,188 non-PhD's) who indicate support from a particular
program. These percentages do not add to 100 because of multiple
responses.

®Includes multiple responses. Apparently 2594 PhD's and 2016 non-
PhD's indicated more than one source of government support.

Figure III.1 compares the distribution of support among agen-
cies, based on Table III.S8, with the distribution of support acknow-
ledged in journal articles (described in Section III.1.2.1). The
distributions are similar, with one exception: the other govern=
ment category for each of the two types of data constitutes a
somewhat smaller percentage than one would expect from the presumed
correspondence with several categories of the other. The major
conclusion from the figure is, however, that the fraction of papers
in Tables III.1—1III.6 that did not acknowledge any government
support probably is about the same as the fraction that, indeed,

had no such support.

111.2 Support of Physics Research by Major Goverrment Agencies
That most of the funds for physics research in the United States

come from a small number of government agencies made it possible
for the Data Panel, in collaboration with liaison representatives
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of these agencies, to obtaln a reasonable picture of the magnitude
and distribution of the greater part of these funds., By detailed
examination of the records of the agencies, it was possible to ob-
taln dollar amounts for the expenditures on research in each of a
number of subfields of physics, using definitions of research and
of the boundaries of subfields that would be consistent from agen-
cy to agency. This procedure was much more satisfactory for our
purposes than simply recording the categories into which the agen-
cies organized their expenditures, as these categories are often
not comparable from one agency to another and do not correspond to
the subfield division used by the Physics Survey. This detailed
survey of the funding of physics research was, however, deficient
in a number of respects: Agencies providing only minor support to
physics were not included, and even within the major agencies, the
activities of some subdivisions were omitted; also, subfields such
as physics in biology and earth and planetary physics, in which

" physics penetrates a large neighboring discipline, were covered

only imperfectly. Nevertheless, the tables we will present show a
reasonably valid picture of the funding pattern for most of physics.

III.2.1 DETAILED PARTIAL DATA

Table III.9 gives the data obtained from the government agencies
that are the chief sources of support for physics research. The
definitions of the subfields used were essentially those described
in Section IV.1l.1l. However, there is no miscellaneous category
(which accounts for about 4 percent of the U.S. physics literature¥);
for the entries of this table, all support for miscellaneous physics
was assigned to the most nearly appropriate one of the remaining
subfield categories, including the interfaces, earth and planetary
physics and physics in biology, which are not represented by rows
of the table because their funding is inseparable from that of non-
physics disciplines.

Table III.10, similar to Table IIIL.9, shows the distribution
of DOD funding among the three major services.

It is interesting to compare these totals (which of course re-
quire some supplementation— see Critique of the Data, Section
III.2.2) with DOD's breakdown according to discipline.* Apparently
most of what DOD classifies as general physics is physics research
by our definition; most of what it classifies as nuclear physics
is not; significant amounts of what we classify as physics research
are found in other of the categories, such as chemistry or mater-—
ials research.

III.2.2 CRITIQUE OF THE DATA

Our first objective is to make some rough estimates of the magnitude
of the expenditures for physics research by agencies or portions of

*Physicg in Perspective, Vol. II, Part B, Table XIV.11,

1'Physics in Perspective, Vol. I, Table 10.A.10.
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TABLE 1I1.9 Expenditures by Federal Agcncles for Research In the
Various Subfields of Physies, L967—1970 (continued)

Sub- ;) Dollars per Fiscal Year (in milliong)

field Agency 1965 1966 1967 1968 1969 1970

All pon” 48.0  47.9 46.4 43.8 43.8 39.6

sub- AEC , 175.1 199.5 221. 4 234,0 245,7 255.4

fields NASA™ 11.4 12.8 12.0 13.3 10.8 9.4
NSF 14.9 25.8 29.7 34.1 37.8 31.5
Total 249,4 . 286.0 309.5 325.2 338.1 335.9

“The interfaces, earth and planetary physics and physics in bilology,
are omitted from this table, because thelr funding is difficult to
geparate from that of the relevant nonphysics disciplines.

bSuhfLeId abbreviations used are the same as those ldentified in
Table tIL.1, footnote b,

“pata from the fiscal supplement 6.1, "Defense Research Sclences'
only; see "Crltique of the Data'" (Section 2.2) for rough estimates
of the expenditures under element 6.2, Exploratory Development.
Also, only funding by the three services has been included (see
Table II1.10); see Section IT1I1.2.2.

LIDat:a for activities of the Office of Advanced Research and Tech-
nology only; see Critique of the Data, Section III.2.2 for rough
estimates of expenditures by the Office of Space Scilences and Ap-
plications and other NASA subagencies.

“Data gathered separately and in somewhat greater detail than for
the other subfields: See Volume II, Part A, Chapter 1I, especlal-~
ly Tables I1.9 and 11.10. Both operations and construction of fa-
cilities are included; they are listed separately in the tables
cited. The figures refer to basic research only and thus may fail
to include some work that would- qualify as research under the defi-
nition used elsewhere in the table.

fbntries undoubtedly too low: See Section III.2.2.5.

gSupport from the Advanced Research Projects Agency through inter-
disciplinary materials research laboratories is not included on
this line: See Critique of the Data, Section III.2.2 and Table

II1.11.

agencies not included in the preceding tables. One of the most
useful sources of information for this purpose is the acknowlecug-
ment of resezrch support in journal articles, the general pattern
of which has already been discussed. We have supplemented this
general study with some special samples of papers acknowledging

DOD or NASA support.
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TABLE T11.10 Expenditures by the Three Services of the Department
of Defense™ for Research in the Vm‘i}ous Subfields of Physics,
1964—1970, with Estimates for 1971

Daltars per Fiseal Year (in milllons) ..

subfleld”  Service 196w 1965 1966 1967 1968 1969 1970 1971
ASR Army 0.02 0.03 0.02 0.01 0 0 0 ()
Navy 1.1 1.1 1.5 2,0 1.2 1.6 1.2 (0.5)
Alr Force 1.3 1.4 1.3 1.4 1.3 1.5 L.1 (0)
AME Army 0.3 0.6 0.7 0.5 0.5 0.4 0.6 (0.5)
Navy 0.4 0.4 0.4 0.6 0.4 0.6 0.5 (0.6)
Alr Force 3.3 3.3 3.4 3.3 2.7 3.8 3.3 .7
EP Army 0.02 0.05 0.04 0.03 0.07 0 0 (0)
Navy 6.3 6.3 6.2 6.1 6.5 1.3 1.4 (1.6)
Alr Force 1.0 1.0 1.3 1.1 1.1 1.3 0.8 0.3
yp! Army 0.2 0.4 0.6 0.4 0.5 0.3 0.3 (0.4)
Navy 6.6 6.8 6.8 7.4 6.1 4.0 3.9 .M
Alr Force 0.7 0.7 0.7 0.7 0.7 0.7 0.6 (0)
P&F Army 0.4 0.5 0.5 0.5 0.5 0.3 0.3 0.4)
Navy 0.8 0.8 0.9 0.9 2.0 1.7 1.7 a.1n
Alr Force 2.2 2.3 2.6 2.5 2.2 2.2 2.3 1.9
oM Army 3.7 3.7 3.9 3.9 3.2 3.9 3.7 (3.8)
Navy 1.7 1.7 1.7 1.9 2,7 4.4 3.4 a.7n
Alr Force 11.0 11.4 11.9 11.0 10.5 10.4 10.0 9.2)
opt Army 0.5 0.6 0.5 0.4 0.6 0.7 0.5 0.6)
Navy 0.6 0.5 0.5 0.9 1.3 1.5 1.5 (1.5)
Alr Force 1.9 2.0 2.0 1.9 1.9 1.6 1.5 (1.2)
Acoust Army 0 0 0.02 0.02 0 0 0.05 (0.02)
Navy 0.6 0.6 0.8 0.8 0.8 1.8 1.3 0.3)
Alr Force 0 0 0 0 0 0 0 (0)

)ata from the fiscal supplement 6.1, "Defense Research Sciences” only; see Critique
of the Data, Section 1I1.2.2 for rough estimates of the expenditures under element
6.2 "Exploratory Development." Also, only funding by the three services has been
included (see Table [II,10); see Section IIL.2.2.

9aq in Table 1I[.9, the interfaces, earth and planetary physics and physics in blology,
are omitted.

“subfleld abbreviations used are the same as those identified in Table 1.1, foot-
note £,

¥

“Totals in this row do not quite agree with Table IIL.9, for the data were compiled
differently and, in particular, may reflect different assignments of long-term ex-
penditures to years.
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I1I1.2.2.1 Migeellancous Defense Agencics in DOD

In regard to support for physics research, the most important of
the DOD agencles other than the three services has been the Ad-
vanced Research Projects Agency (ARPA). During the 1960's, ARPA
provided large-scale support for the creation and operation of
interdisciplinary materials research laboratories at some dozen
universities. The sums disbursed by ARPA for this purpose are
shown in the top line of Table III.11.

TABLE TIT.I1 Support of Interdisciplinary Materlals Research
Laboratories by the Advanced Research Projects Agency

Support (in millions of dollars) per Fiscal Year

Activity 1964 1965 1966 1967 1968 1969 1970 1971
Interdisciplinary 16.2 17.5 17.7 16.7 1.4 9.6 5.9 4,0
materials research

1abora;or1es

Physics 10.2 11.0 11.2 10.5 0.9 6.0 3.7 2.9

a
Support provided by the Advanced Research Projects Agency of the
Department of Defense.

b

Rough estimates of approximate amount allocable to physics (0.63 %
the support received by interdisciplinary materials research labora-
torles from the Advanced Research Projects Agency).

A sizable part of this support went for buildings and central
facilities usable by workers in several disciplines, so it is less
easy to estimate the amount allocable to physics than it is for in-
dividual-grant support: A sampling of records of 5 of the 12 lab-
oratories showed a fraction 0.30 of the participating faculty mem-
bers to be in physics or applied physics departments. However,
much physics work in the laboratories is done by faculty of other
departments (especially electrical engineering and metallurgy or
materials science). A better indication of the distribution of
effort among disciplines is provided by counts of publications.

We have examined over 600 papers from four of the laboratories and
find that about 63 percent of them can be classified as physics,
largely condensed matter but with a sizable component also in atom-
ic, molecular, and electron physics. Of the laboratories not sur-
veyed in this count, some are known to have slightly more emphasis
on physics than those surveyed, some slightly less. It seems rea-
sonable to make a rough estimate of ARPA support of physics re-
search in the interdisciplinary laboratories by multiplying the
top row of Table III.11 by the factor 0.63; the results are shown
in the bottom row. This augmentation of the amount sSpent for con-
densed-matter and atomic, molecular, and electron physics by the
three services (Table III.9) is considerablej it was relatively

135



O

ERIC

Aruitoxt provided by Eic:

1590 PUYSTCS IN PERSPECTTVE

largest in the years prior to 1967, when the laboratories were in
the Browing phase.

The ARPA has also upent smaller sums in other types of support
of physlics regearch, as have several other defense agencies in ad~-
dition to the three services., To obtain information on the dis-
tribution of DOD support within its subagencies, we sampled all
papers in a one-month period in all primary Journals published by
the AIP, 1In this sample there were 129 papers from U.S. institu-
tions acknowledging DOD support., The distribution of these among
performing institutions and supporting subagencies appears in -
Table ITI.12. When allowance i1s made for the exclusions in the
present sample and for the less complete range of journals covered,
the distribution over institutions 1s reasonably consistent with
that in Table ITII.4 and the distribution of papers among the three
services 1s reasonably similar to the distribution of funds dis-
played in Table ITI.10. Thus it 1s logical to assume that, except
for the broad "institutlonal grants not reflected in the table and
the ARPA support of materials laboratories, DOD support of physics
research through other defense agencles has been slightly less than
one tenth of that provided by the three services listed in Table
[11.10.

111.2.2.2 Physica Research Support under DOD's Fiscal Category 6.2

Category 6.2, Exploratory Development, involves expenditures two
to three times larger than category 6.1, Defense Research Scilences.
If even a small fraction of 6.2 is physics research by our defini-
tion, it may significantly augment the total from category 6.1,
which we have presented in Tables III.9 and III.10. With the co-
operation of the Air Force Office of Scientific Research, we were
able to trace the fiscal categories under which the 70 papers of
our sample reporting Air Force support were funded. (The figure,
70, is greater than the Air Force total in Table III.12 because of
a number of cases in which multiple support was acknowledged.) The
distribution of these 70 papers is shown in Table III.13.

If these figures can be regarded as typical, it would be reason-
able to augment the DOD totals in Tables III.9 and III.10 by about

© 20 percent to allow for the support of physics research, as we have

defined it, through funds in category 6.2. The total dugmentation
from this source and that discussed in the previous paragraph would
be about 25 percent to 30 percent.

111.2.2.3 Other NASA Support for Physics

The picture of NASA's support for physics research can vary enorm-
ously depending on where the boundaries of physics are placed.
Satellite-based lunar and space physics research, although within
the scope of the Physics Survey Committee, 1s often difficult to
separate from astronomical and earth-science research, and some-
times even from nonresearch activities conducted simultaneously;
in any event, it is exceedingly expensive. As these extraterres-
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TABLE III.12 Distribution among Performing Institutions and
Sources of Support of a Sample of U.S. Papers Acknowledging
Support from the Department of Defense®

Performing Institutions and Papers
Sources of Support Number Percent (N = 129)

Performing Institution

University 99 77
Industry 21 16
Government (non-DOD) laboratory 1 1
Other (ircluding federally funded 8 6

research and develanment centers)
Source of Support within DOD . . o
Army 5

ARO Durham” 17.5 14

Other 7.5 6
Navy

onr® 24 19

Other 4 3
Alr Force

d

AFOSR 48 37

Other 19.5 15
Other defense agencies 8.5 7

%When more than one DOD subagency was acknowledged, or when two
collaborating performers each acknowledged DOD support, fractional
weights were assigned. Work at DOD-operated laboratories or other
agencies receiving DOD funds is included, as is that of all feder-
ally funded research and development centers. Support from the
Advanced Research Projects Agency is included only when specific-
ally related to the research report (not merely support of inter-
disciplinary materials research laboratories).

bArmy Office of Research at Durham, North Carolina.

cOffice of Naval Research.

dAir Force Office of Scientific Research.
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TABLE IIL.13 Categories under Which Support Was Granted for Work
Reported in 70 Physics Research Papers Acknowledging Funds from
the Air Force

DOD Category Number of Papers
Defense research sciences (6.1) 58
General physics, nuclear 34
physics, and astronomy and astrophysics o]
Other categories (chemistry, electronics, 24
etc.)
Exploratory development (6.2} 12

trial programs have been discussed at length elsewhere,*,+ we shall
try merely to develop a rough picture of the extent of NASA fund-
ing of laboratory, theoretical, and terrestrial field work. We
shall not discuss the last of these in any detail; it will suffice
to remark that in a sampling of papers appearing in journals in the
earth sciences the content of which is largely physics, we found
the sources of support acknowledged to be distributed among a wide
variety of agencies, with DOD and NSF each acknowledged consider-
ably more often than NASA; for extraterrestrial research the pro-
portions were reversed.

Of greater concern is the distribution of support for the core
subfields of physics among the different branches of NASA. This
agency's report on its university program* provides a helpful guide,
since, according to Table III.6, of 59.73 NASA-supported papers in
subfields other than astrophysics and relativity and earth and
planetary physics, 34.5, or 58 percent, were from universities. A
perusal of this document shows that about 94 of the 172 items clas-
sified by NASA as physics were operating under a current grant or
contract in September 1969. However, only about 79 of these were
in the core subfields of physics. Some approximate figures for the
annual rate of funding reported there appear in Table IIL.14. Here,
the category "Other NASA" represents for the most part funding
through the various NASA in-house laboratories; the funds in general
came from the Office of Advanced Research and Technology or the Of-
fice of Space Science Applications but in proportions that are not
revealed in the data. The figures of Table III.1l4 need to be sup-
plemented by estimates of physics work appearing in the listings
under other classifications than physics. A sampling of the list-
ings has convinced us that' the amount of such university work in

*NASA's University Program (Office of University Affairs, NASA,
1970). Mispagination made our survey incomplete, hence our use of
the words "about" and "approximate" in the text.

tPhysics in Perspective, Vol. II, Part B, Chapter IX.
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the physics subfields covered by Table III.l4 was rather less than
the amount given in the Table, though quite possibly over half as
great. Thus, the total FY 1970 NASA support for university work in
these subfields was doubtless in the range of $3 million to $4 mil-
lion, and probably closer tc the lower figure.

TABLE III.14 Approximate Distribution among Subfields of Support
from the National Aeronautics and Space Administration in 1969
(FY 1970) for Physics Research 2 {n Universities

Physics NASA,Funding (FY 1970) (in millions of dollars)
Subfield OART 0SSA” Other NASA
Atomic, molecular, 0.27 0.19 0.19
and electron
Plasmas and fluids 0.43 0.10 0.34
Condensed—matteg 0.07 0.13 0.18
Other subfields 0.15 0 0.05
TOTAL 0.92 0.32 0.76

%Research classified by NASA as physics.
bOffice of Advanced Research and Technology.
®0ffice of Space Science Applications.

dNot including earth and planetary physics. astrophysics and
relativity, and physics in biology.

A tempting procedure for estimating the amount of NASA support
through divisions other than the 0ffice of Advanced Research and
Technology (essentially the Office of Space Science Applications)
for the core subfields represented in Table III.1l4 is the follow-
ing: Combine the estimate just given for total NASA support of
work in these subfields in universities with the assumption that
the ratio of support for nonuniversity work (for example, in in-
dustry or in-house laboratories) to that for university work is
the same as the ratio of numbers of publications as given in
Table III.6. Unfortunately, this assumption does not always seem
to be a reasonable oné: Well over half of the NASA-supported pa-
pers in this table are from universities, yet even our highest
estimate for the dollar amount of support of such work is less
than half of the amount recorded in Table III.9 for support by the
Office of Advanced Pesearch and Technology alone. Examination of
particular subfields reveals that this discrepancy 1s not present
for atomic, molecular, and electron physics but is pronounced for
plasmas and fluids and condensed-matter, as well as for the sum
of the remaining core subfields. In general, we can write, using
an obvious notation for different components.of expenditure F,
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F i
NASA [OART + FOther
F, +F

U non-U
=F, {1 +25 (0]
v 3.8 7

where the first line represents the division between sources of
funding within NASA, the second line the division between perform-
ers receiving the funds, and, in the third line, the ratio 25/34.5
is the ratio of papers sampled from nonuniversity to university per-
formers in Table IIL.6, and r is the ratio of cost to NASA per non-—
university paper supported to cost per university paper supported.
(As in Table III.1l4, we are excluding the important interfaces,
earth and planetary physics, astrophysics and relativity, and phys-
ics in biology.) Even with what would seem to be the quite extreme
assumptions F,, = $4 million, r = 3, Equation (1) still gives for
FOther only a minor fraction of FOART'

Since NASA does not contribute much of the support for the most
expensive types of research in elementary-particle, nuclear, and
plasma physics (although it does support some research on. plasmas),
it 1s not unreasonable to make a rough estimate of the total amount
of NASA support for research in the core subfields from the counts
of papers in Table III.1l. Such an estimate gives, for example, a
NASA activity equal to about 39 percent of that of the NSF. This
estimate again would be consistent with augmenting the NASA figure
given in Table III.9 by no more than about one third. Thus we be-
lieve that a minor augmentation of this order is the appropriate
one for the core subfields. The large expenditures that NASA cer-
tainly makes in physics-related fields are undoubtedly concentrated
in the astronomical and earth and planetary subfields.

Before concluding this section we should comment on the unusual-
ly wide range of numbers that one can obtain for NASA support of
research by consulting different sources. For example, the figures
reported in the NSF's Federal Funds for Research, Development, and
Other Scientific Activities show some $90 million for basic research
in elementary-particle physics, whereas one almost never encounters
an elementary-particle physics paper with an acknowledgment to NASA.
Apparently a different definition is being used. The same NSF pub-
lication reports nearly $60 million of NASA funds for basic research
in universities, and a comparable figure for applied research and
development in universities, whereas the grants and contracts listed '
in NASA's University Program as active in any glven year add to a
much smaller figure. Clearly, definitions of what 1s included are
critical in interpreting dollar figures. We believe that the fig-
ures we have developed here,.although only approximate, are rea-
sor.ably correct for NASA's support of publishable physics research
in the core subfields.

T11.2.2.4 “ther Federal Agencies

According to Table III.1l, the number of physics papers citing sup-
port from federal agencies other than DOD, AEC, NASA, and NSF is
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a fraction about 0.067 of the number citing support from these a-
gencies; if we restrict ourselves to the core subfields (excluding
astrophysics and relativity, physics in biology, and earth and plan-
etary physics) the fraction is 0.077. Undoubtedly, the agency re-
sponsible for most of this other government support is the National
Bureau of Standards; however, occasional support from the Depart-
ment of Health, Education and Welfare (especially in physics in
biology) and from other agencies is encountered. Table III.15 shows
the distribution of support by the National Bureau of Standards in
FY 1970. Figures for the Office of Standard Reference Data are
separated from the others; although for the most part this work is
not the generation of entirely new knowledge, it represents a con-
solidation of knowledge that is vital for the progress of research
effort and provides an example that other research-~supporting a-
gencies would do well to emulate.

TABLE III.15 Amounts Expended by the National Bureau of Standards
for the Support of Physics Research and Consolidation of Research
Results, FY 1970

Physics a
Subfield Regearch Units OSRD" Total

Astrophysics and 0 0 0
relativity
Atomic, molecular, 2.53
and electron
Elementary-particle 0.43
Nuclear 1.42
Plasmas and fluids 1.08
Condensed-matter 2.80
0.30
0.05
0.74
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Earth and planetary
Physics in biology
Optics

Acoustics 0.33
Miscellaneous physics 0.72

TOTAL 10.39 1.16 11.55

[eNeolololoNoloNoNol

[
w
o
oo]
~

40ffice of Standard Reference Data.

111.2.2.5 Consistency of the Funding Picture

It has become clear in the course of this discussion that-one can
get wildly different numbers for the funding of research in any
subfield of physics, depending on the definitions one uses of re-
search and of the scope of the various subfields. Our philosophy
has been to identify funding levels for research, be it basic or
applied, defined as the production of new knowledge that becomes
part of the generally accessible.public record and to delimit
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physics from other disciplines and the subfields from one another
by judgments that will be consistent with the pattern of citations
in the research literature (see Section IV.1.1l). Thus one should
be able to compare the funding figures that we have developed with
the acknowledgments of research support found in a random sample
of papers in the literature, as given in Table III.l. One does
not expect proportionmality of dollars with acknowledgments: Some
subfields are much more expensive than others; some agencies con-
centrate on the support of expensive subfields or the support of
expensive facilities in these subfields; with some subfields or
agencies, support may tend to be more nearly total than in others.
But one would-like to feel that any differences in the patterns of
dollar support and acknowledgments are reasonable, with allowance
for known effects of these kinds.

Figure III.2 gshows this comparison. In regard to the distribu-
tion among agencies, shown at the top of the figure, the compari-
son is quite reasonable: The vastly larger relative dollar expen-
ditures by the AEC are understandable in view of the great expense
of the large machines used in elementary-particle and nuclear phys-
ics and to some extent also in plasma physics; these are supported
almost entirely by AEC. The same factors account for the anomalies
in the distribution over subfields, shown at the bottom of the fig-
ure.

A detailed breakdown by both agency and subfield is hardly worth
making, as the entries in Table III.l suffer from small-number sta-
tistics. However, examination. of the entries does reveal at least
one shtortcoming in the funding figures of Table III.9: The figures
for funding of research in plasma physics and the physics of fluids
by the NSF sre undoubtedly too small. Apparently a considerable
amount of work supported as engineering, mathematics, or some other
nonphysics discipline actually appears in the physics literature
as physiecs.

III.3 Industrial Support of Physics Research

The fairly large contribution of industrial organizations to the
support of physics research in the United States, although almost
entirely localized in their laboratories, is not easy to isoclate,
because the same organizational units often perform not only re-
search but development and other activities. Therefore, we decided
to investigate this support by requesting relatively detailed in-
formation from a small but representative group of industrial lab-
oratories. As a by-product, useful data relevant to other portions
of this report were obtained; these will also be presented and
cross—-referenced from the appropriate other sections.

III.3.1. RATIONALE OF THE SAMPLING APPROACH

Because we are interested in the support of research, defined as
the production of published new knowledge, we undertook first to
find out how the volume of publication in physics journals is dis-
tributed among U.S. industrial laboratories. By counting publica-
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tions in physics journals listed in the Corporate Index section ot
the 1969 Science Citation Index, we identified about 40 labora-
tories with high publication rates in physics. The leading 25 of
these are listed in Table 9.3 of Volume I of Physics in Perspec-
tive. The extent to which U.S. industrial research is concentrated
in these leading companies can be ascertained by comparing the to-
tal of their publications with the total published from all U.S.
industrial sources. One can do this crudely by comparing the total

v 00D

AEC

o s A e )
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DOLLARS (M)

% 1‘[ T, Ep
|
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o 20 40 60 80 100 120 140
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FIGURE III.2 Comparison of estimated dollar distribution of federal
funding with counts of physics papers acknowledging federal support.
Shaded bars are totals for FY 1969 from Table III.9, terminated in
some cases by regions of opposite shading to take account of aug-
mentation estimates in Section III.2.2. Open bars (arbitrary scale)
are proportional to number of.acknowledgments in Table III.1l. Top:
distribution over major agencies, work in all subfields exclusive

of earth and planetary physics and physics in biology. Bottom: dis-
tribution over subfields for work funded by the four major agencies.
Note differing scales of dollars.
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of 2179 papers from the 25 companies in Table 9.3 with the total
estimated physics papers from all U.S. industrial organizations,
2900, given in Table XIV.11 of Volume 1I, Part B of Physies in
Perspective. The ratio of these two numbers is 0.75; however, one
might doubt the validity of this comparison, since one group of
papers represented publications in any kind of journals deemed to
be physics journals and the other represented research articles in
physics appearing in any publication covered by Phystics Abstracts.
However, the ratio is remarkably close to that obtained in an inde-
pendent sampling of articles in some 16 journals in which 216 ar-
ticles from these 25 companies were found compared with a total of
293 from all industrial organizations. The ratio of these two num-
bers is 0.74. Thus it is fairly safe to conclude that a sample
drawn properly from these 25 organizations and others of only
slightly lower productivity should be adequate to characterize
physics research in U.S. industry as a whole.

A representative Sample from industry should have two character-
istics: It should contain proper representation from both large
and small laboratories, and it should take into account the dif-
ferent research patterns typifying different types of industries
(electronic, aerospace, chemical, and the like). We sought detailed
information from 21 companies, fairly evenly distributed among six
types of industry shown in the tables that follow. Confidentiality
of replies was promised, and usable data were received from 18 of
the 21.

To make it as convenient as possible for our respondents to
sive answers that would have a relatively clearly defined meaning,
we requested data from only a single organizational subunit of
each company, generally the one with the greatest vesearch activ-
ity in physics. For each subunit we requested the following infor-
mation: :

1. Staff: total professional staff; number working as physi-
cists; physics and nonphysics doctorates; theoretical physicists.

2. Costs: total cost for all work dome by the research unit;
relative cost per professional for physics and nonphysics work;
fraction of costs paid by company, government, and other sources.

3. Publications: fractions of work appearing in publications,
patents, under security classification, or for internal use only;
number of published papers in all fields; number published in AIP
journals.

4. Time trends: changes since two, five, and ten years ago in
physics manpower, cost per professional per year; expected changes
in manpower in the next two or five years.

Our respondents were asked to select the administrative subunit
on which to report in such a way that its characteristics would
typify the greater part of the physics research done by the com-

pany. t

I1I1.3.2 RAW DATA R,

Table 111.16 shows the staff composition of the organizational
units sampled. The reader must be cautioned against drawing infer-
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ences about the total research staffs of the various types of in-
dustries from the data shown. Each company supplied data only for
a certain organizational subunit, so chosen that its work in phys-
ics could be considered typical of that of the company as a whole
but by no means necessarily having the same proportion of physi-
cists and nonphysicists as would obtain for those engaged in re-
search throughout the company. Caution also is necessary in regard
to other characteristics of the sample. For example, that the ra-
tio of physicists to total staff is smaller for the chemical and
metallurgical and miscellaneous manufacturing categories than for
the others may well result from the obviously lesser physics ori-
entation of the research programs of these types of companies. Be-
cause of this lessei orientation toward physics, they are less
likely to have an organizational subunit with a high proportion of
physicists.

The proportion of theoretical physicists is highest in the com~-.
munication and electronic data-processing, aircraft and space,
and chemical and metallurgical industries and is low elsewhere.
This circumstance undoubtedly affects the relative cost-of physics
research.

The final rows of the table show a fairly consistent picture of
growth during the early 1960's, retrenchment at the end of the
1960's and anticipated modest growth in the 1970's. As might be
expected, there are substantial fluctuations from company to com-
pany within each group. Not surprisingly, the most vioclent fluctu-
ation has occurred in the aircraft and space companies.

Table III.17 gives a similar presentation of data on the cost

TABLE III.17 Funding Data from 18 Industrial Research Organiza-
tions (1970} ]

. Type of Industry

Communica- Optical Air- Chem.
tion and Other and Other craft and
Types of Data Electronic Elec- Instru- and Metal- Misc.
Supplied Data Proc. tronic mentation Space lurg., Mfg,
Cost of work ($K) 65 67 65 51 49 62
per professional
per year .
Range 51—-80 53-94 6070 35-75 50~70 45-76
Approx. physicist 1.00 1.05 1.05 1.00 0.93 0.90
cost/mean cost
Average fractional
increase in cost/
professional
Since 1960 0.60 0.56 - 0.45 0.50 0.55
Since 1965 0.18 0.23 0.30 0.27 0.35 0.23
Since 1968 0.13 0.08 0.10 0.15 0.30 -
Average fraction
of costs sup-
P SCondany 0.98 0.85  0.44 0.28 1.00 1.00
Covernment - 0.02 0.15 0.56 0.72 0 0
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of reSearch and other work performed by the units sampled. Although
there is again some fluctuaticn from organization to organization
within each group, the average cost of work per professional staff
member is remarkably constant among groups. Also, the cost per
staff member for work in physics is always considered as close to
the average of all work done by the organizations. The middle lines
of the table indicate a fairly steady increase in the cost of re-
search during the past decade, at a rate of about 4.5 percent per
year.

The last two rows of the table are significant, for any estimate
of the contribution from private enterprise to the support of phys-
ics research must take into account that an appreciable fraction
of the work done in industrial laboratories is supported not by the
companies concerned but by the government. This proportion is par-
ticularly high in the instrumentation and aircraft and space cate-
gories. However, some companies in other categories operate com-
pletely federally funded research and development centers; these
are excluded from both our present sampling and the analysis that
follows.

Table III.18 presents statistics on research publications by the
units sampled. The ratio of papers appearing in AIP journals to the
total is a rough, though by no means infallible, measure of the de-
gree of emphasis on physics in these organizations. The ratios cor-
relate generally with the fraction of staff who are physicists,
shown in Table III.16. The chemical and metallurgical and miscel-
laneous manufacturing categories have the lowest figures. The mis-
cellaneous category also has a rather low fraction of its physics
research appearing in published form; however, this finding may be
an artifact of the choice of organizational subunits. The amount of
work eventuating in patents seems to be particularly high in the
optical and instrumentation category, and the chemical and metal-
lurgical laboratories have a substantial number of doctoral-level
staff members who publish little.

III.3.3 ANALYSIS AND INFERENCES REGARDING INDUSTRIAL FUNDING

Our procedure for estimating the amount of support contributed by
U.S. industry to research in physics will be, in essence, to find
the expenditure for such research by the organizational units of
the sample and to multiply this by the ratio of the total amount
of U.S. industrial physics research to that performed by the or-
ganizations sampled. We shall try to do this in as thorough a man-
ner as possible, taking account of possible differences in the re-
search patterns of different types of companies. We should point
out, however, that our sample is not only fairly representative of
the distribution of physics research over different types of com-
panies but even constitutes a large fraction of the total popula-
tion we wish to consider, in that the organizations sampled contri-
bute nearly one third of all the physics publications from U.S.
industrial laboratories, and the total output from the companies
in which these suborganizaticns reside is about two-thirds of ‘the
national total. Consequently, our extrapolation will not have to
be by a large factor.
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An essential ingredient of the extrapolation to national totals
is a knowledge of the ratio of physics research publication by the
units sampled to that from all U.S. industrial organizations. We
shall assume that this ratio is given by the ratio of numbers of
research papers in AIP journals. The entries in the third column
of Table ITI.18 give the number of such papers for each category
of the organizations sampled. Respondents were instructed to in-
clude only research papers and letters, not abstracts. For compar-
ison, we have sampled all AIP vesearch journals, the more important
ones for a two-month period, others for a one-month period, and
ha. 2 recorded the number of articles of which the first-named author
was attached to an industrial research organization. The resulting
figures extrapolate to a yearly tctal of about 1470 papers. This
figure should have a sampling probable error of the order of 5 per-
cent.

The figures in Table III.18 require a slight correction before
they can be compared with the one just derived. In the estimated
yearly total, 1470, each paper is counted but once; each was as-
signed to the institution of the first-named author, or, equiva-
lently, each sponsoring institution was assigned a fractional
weight when there was collaboration between institutions. The
figures in Table III.18 undoubtedly have no such fractional weight-
ing for collaborative efforts. A rough sampling of papers suggests
that the correction for this effect should amount to about 10 per-
cent. Accordingly, we estimate that the fraction of the U.S. indus-
trial research effort in physics accounted for by our sample is
approximately

Fraction = = 0.38. (2)

To estimate the distribution of physics publishing activity
among the types of industrial organizations, we again made use of
the sample of AIP journals mentioned previously, developing a
general classification of each performing institution into one of
the six categories used in the preceding tables or, occasionally,
relegating it to an unclassified or unknown category. The results
appear in the first column of Table I11.19. If, for want of better
information, we assume that the few companies in the other or un-
known category resemble the weighted average of the others in such
respects as fraction of physics work supported by government and
fraction published, we can infer a set of weights with which the
six categories we sampled should be combined to give a reasonable
national average. These weights are shown in the second column of
Table 1II.19; merely for comparison, we show in the penultimate
column, in parentheses, the distribution of papers in AIP journals
from the units in our sample, that is, the ratios of the third
line of Table III.18 to the total in the final column. The general
resemblance of these to the numbers in the column showing weight
factors justifies the statement that our sample is fairly repre-
sentative of the distribution of physics research among different
types of companies.
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TABLE III.19 Contributions of Different Types of Industries to
Physics Publication and Support of Published Research

SMillion Contri-
bution to Fund-

Papers in Fraction of ing from Re-
an AIP Weight AIP Papers in gources of Sam-
Type of Journal Factor Sampled Or- pled Organiza-
Industry Sample Adopted ganizations tions [Eq. (2))
Communication and 104 0.37 (0.47) 16.3
electronic data
processing .
Other electronic 59 0.22 (0.26) 10.9
Optical or other 26 0.10 (0.03) 0.6
instrumentation
Aircraft and 39 0.14 (0.12) 3.2
space
Chemical and met- 33 0.12 (0.04) 2.0
allurgical
Misc. manufactur- 10 0.05 (0.09) 3.0
ing
Other or unknown 22 - - -
TOTAL 293 1.00 (1.00) 36.0

We shall try to estimate the support of physics research from
company funds by first estimating the amount of such support for
each category of units in our sample and then combining these with
suitable weights. For a crude first approximation, one could ig-
nore the differences between different types of industries and
take the expenditure for our whole sample allocable to published
research and divide it by the ratio (2). But to get the first of
these quantities we must make allowance for all works not being
destined for publication and for support of some work from govern-
ment funds. Thus for any organization or group of organizations we
have

. company expenditure allocable
to published physics research

ph phffub own, &

where ¢y, is the cost of work per physicist staff member, that is
to say, the product of the two top rows of Table III.17, Npp is

the number of physicists, fp,, is the fraction of physics work pub-
lished, and Fgyn is the fraction of work supported from company
funds. In writing this equation we assume that the last fraction

is about the same for physics as for other kinds of work of the
organizational units sampled. With an average of about $60,000 for
¢py-. 0.75 for fpup, and 0.85 for Fy,n, we get about $40 million
for the quantitv 3) for our entire sample. Dividing by the 0.38
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of Eq. (2) gives a roughly estimated national expenditure of
$105 million annually of industrial funds for publishable physics

research.
A more refined calculation would evaluate Eq. (2) separately
for each category I of organizations in our sample and combine

these according to the formula

national expenditure of industrial funds

EUS = allocable to published physics research
EI
= 1.1 P__(AIP w —_—
us AT D vy P{ATP) )
I

where w, is the weight factor given in Table III.19, Pr(AIP) is
the numger of AIP papers from category I (third row of Table
III.18), PUS(AIP) = 1470 is the estimate given for the number of
papers published annually in AIP journals from U.S. industrial
organizations, and the factor 1.1 is the multiple authorship cor-
rection we have already used in deriving Eq. (2). The result is
close to the rough estimate of the preceding paragraph:

EUS = $98 million (5

for the one-year period, mid-1969 to mid-1970. The Ef values used
in this calculation are given in the last column of Table III.19.

ITII.3.4 CRITICAL COMMENTARY

There are several possibilities for systematic errors in this
estimate, though we hope that none are catastrophically large.

We have mentioned the assumption that the fraction Fgoyp given in
Table III.16 is applicable to the physics portion of the work. '
Another question concerns the agssumption that the costs of physics
work can be estimated from the top rows of Table III.17 and the
fraction of the staff who are identified as working as physicists.
As we shall see in Section IV.1l.3, many papers whose content is
clearly physics are produced by persons who identify primarily
with some other discipline. There is a compensating effect in
that some of the work published by physicists may pertain to a
nonphysics discipline; moreover, that our questionnaire referred
to people working as physicists helps to reduce the overlap ef-
fect. The alternative assumption that the funds expended by the
organizational units sampled were distributed between physics and
nonphysics in proportion to the amounts of physics and nonphysics
publication undoubtedly greatly overestimates the expenditure on
physics. If one assumes the ratio of AIP publications to total
publications in physics as about 0.6, this approach would lead to
an expenditure on physics about half again as great as that which
we have derived. In view of the higher rate of publication in
physics than in the more applied disciplines, this discrepancy is
by no means unreasonable. Thus we believe that the value given in
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Eq. (5), although it may be a slight underest imate, is probably a
fairly realistic figure.

The fraction of physics costs supported from government sources
is appreciable: The weighted average of the entries in Table
III.17 is about 0.15. It is interesting to compare this ratio with
the ratio of papers from industrial performers acknowledging gov-
ernment support to those acknowledging no such support. The latter
ratio can be obtained from Tables III.1, III.4, IIIL.5, and I11.6
and is about 0.19. This amount may be a slight underestimate, for
it refers only to the three leading government agencies (that is,
leading in the support of physics research). The difference be-
tween the two figures 1is not unreasonable, for government support
often is only partial, and the more expensive projects are more
likely to be undertaken with such support.

Support of work in industrial laboratories from sources other
than the company or the federal government seems to be negligible.

We must reiterate that the organizations surveyed were selected
to be representative of the greater portion of physics research in
industry leading to publication; they were undoubtedly not typical
of the total employment of physicists in industry. As an example
of a difference, 72 percent of the physicists in the survey have
a PhD degree, but only 39 percent of the physicists employed by
industry have a PhD, according to the National Register. Again,
the growth of physics staff from 1960—1968 and its recession from
1968—1971, shown for our sample by the entries in the lower rows
of Table III.16, differ slightly from the statistics on the na-
tionwide employment of physicists in industry obtained from the
National Register*: The PhD's employed in industry, whose number
might be expected to correlate with the total staffs of the re-
search-oriented organizations, appear to have increased monotoni-
cally, according to the National Register, and more rapidly in the
last decade than the figures in Table III.16 indicate.

We have searched for correlations between the answers to vari-
ous questions by the respondents in our sample. A number of cor-.
relations emerge in a least-squares analysis at better than a 95
percent significance level, although their relationship to cause
and effect is not always clear:

1. The cost per professional increases appreciably with in-
creasing fraction of the professionals who are PbD's and decreases
slightly with increasing size of the organization.

2. The ratio of cost per professional for physics to that
for other work is less the higher the fraction of physicists who
are theorists; an experimental physicist seems to cost slightly
more than an average professional, a theoretical physicist only
about 70 percent as much.

3. Physicists seem to be more heavily supported by the govern-
ment than other professionals and non-PhD physicists much more so.

4. The fraction of physics research published correlates posi-
tively with both the fraction of physicists who are PhD's and the

= .
American Seience Manpower (National Science Foundation, biennial).
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fraction of government-supported research.

5. The total number of publications of an organization (in all
fields) correlates strongiy with the number of PhD physicists. The
number of papers in AIP journals per PhD physicist correlates neg-
ativeiy with the number of non-AIP physicists.

IIT.4 Physics Research Support from University Funds

I1E.4.1 TINTRODUCTION

Although everyone knows that some portion of the research done in
U.S. universities is supported from the resources of the universities,
there have been only guesses as to the amount of this support. To
obtain a quantitative estimate, the Data Panel sought the coopera-
tion of a number of university physics departments in filling out a
rather detailed questionnaire about departmental research activities.
As a by-product, some information about purely educational matters
was coliected also. ’

Being aware of the excessive demands on university departments

for the completion of questionnaires and of the difficulty of get-
ting prompt and uniform responses to questionnaires distributed in-
an -impersonal way, we decided to sample only a small number of in-
stitutions in which we had close personal contacts. This procedure
led immediately to the problem of taking adequate account of the
diversity of types of universities. Probably the most important
difference is between the major research institutions amd‘ those in
which research is less prominent, either in volume or intensity.
We distributed our sample over three ranges of size and, within
each size range, over two levels of distinction, measured by the
often-cited "Cartter ratings.'"* The following six groupings re-
sulted.

1. A, Faculty size 2 50, or among the top ten universities in
volume of physics publication, Cartter rating "distinguished" or
"strong."

2. B, Faculty size > 50, Cartter rating not "distinguished" or
"strong."

3. C, Faculty size between 30 and 50, Cartter rating '"good" or-
above, not in group A.

4, D, Faculty size between 30 and 50, Cartter rating below
"GOOd."

5. E, Faculty size 30 or below, Cartter rating given.

6. F, Faculty size below 30, no Cartter rating given.

Non-PhD-granting institutions were not sampled, because studies of
publication patterns (see Figure III.11) have shown that these
account for no more than a few percent of research publication in

*
Cartter, A. 4n Assessment of Quality in Graduate Education.
Washington, D.C.: American Council on Education, 1966.
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physics (although. curiously, for a somewhat higher fraction of

abstracts in the Bulletin of the American Physical Society). We
requested completign of questionnaires from two institutions of

each of the six types, except A, B, and D, from which we sought

four, one, and one, respectively, Eight of the 12 were returned.
The composition of the sample was as follows: A, 3; B, 1; C, 13
p, 0; E, 2; and F, 1.

The design of the questionnaire reflected our desire to ask for
information that would be reasonably easily and unambiguously avail-
able in most departmental records and, at the same time, relevant to
our concerns. Although we consulted several present or past chairmen
of physics departments before crystallizing it, the questionnaire
finally adopted achieved these goals only imperfectly. The phiios-
ophy was to divide support of research into three categories: first,
faculty time (including overhead); second, equipment, nonfaculty
staff, and miscellaneous items; and third, space. Although a few
institutions keep records of the distribution of faculty time among
different kinds of activities, such as teaching and research, most
do not; therefore we requested information only on number of faculty
at each rank taking part in research, class-contact hours for them,
and amount of their time for which outside support was received.

By combining these data with information on time actually spent in
research from two or three institutions, we hoped to get plausible
estimates for the others. University support for equipment and non-
faculty staff we hoped to estimate by ascertaining the difference

in total costs for these purposes and support received; unfortunately,
incompleteness and ambiguity in the data rendered these sources of
information highly questionable. 1In regard to space, we requested
information on the amount of space used for research and on the
fraction of building construction costs that came from university
funds. Questions also were included on number of publicationms,
changes in costs in the last two years, numbers of graduate and
undergraduate students, and instructional effort devoted to non-
science majors, teachers, and others.

The responses were of variable quality, as analyses in subsequent
sections will show.

I11.4.2 RAW DATA

Table III.20 shows the principal data received from the eight re-
sponding physics departments, totaled for the different subfields
of physics. The data are not complete; in a few cases appropriate
entries have been estimated from other sources and these are identi-
fied in the footnotes to the table.

Table II1.21 presents the data by subfield and summed over the
responding universities. The reader should note that some data are
for all eight universities, some for seven, some for only four.

III.4.3 CORRELATIONS IN THE DATA

The contribution of universities to the support of research, our
major concern, comes in large part from support of the time faculty
members devote to research. Our first task was to estimate this
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time. Since the productive output for which universities are sup-
ported consists almost entirely of research and teaching (with a
broad interpretation of both), one should count as time devoted to
research not only time spent in the direct performance of research
but also an appropriate fraction of time spent on departmental admin-
istration, service to the scientific community, and like activities.
Unfortunately, most university departments keep no records of how
thelir faculties distribute their time among teaching, research, ad-
ministration, and other activities. However, in the course of pre-
paring our questionnaire, We learned of a few universities that
keep such records and decided to estimate faculty time allocable to

TABLE I11.20 Characteristics of Physics Research at Selectad

Universities
Type of Institution and Institution Number (in parentheses)

Types of Data Collected A () A(D) A(3) B (&) C(5) E(6) E(7) F (8)
Cartter rntlugu D S S G G A G -
Faculty in research 97 38 77 50.2 37.7 2 22 16.6
Nonfaculty staff® ? ? 100 12 10.5 4 13 3.7
Average class-cantact e.0d 5. 2,93 2.55  2.64 5.75 2.60 5.18

h/wk per faculty

in research
Publications in yenrf 71 s 117 108 54h 40 31 41
No. of publications 1 - - 1 - 9 - -

without outside support
Support from outaldei - 2.57 5.20 2.64 - - 0.76 -

(in § millions)
Man-months faculty time 525 88 251 156 164 60 47.5 13.5

supported from outaide
Sq ft used for research’ 138.5 46,2 116.3 67.0 60.0 12.8 63.0 16.1
(in thousands)

Fraction of plant cost 0.14 0.25 0.05 0.35 0 0.375 0
from outside

No. undergrad. majors 366 217 60 226 82 90 22 168

No. graduate students 274 171 165 190 123 90 72 72

Fraction of teaching for 0.05 0.2- 0.15 0.23 0.35 - 0.15 0,20
nonscience majorsk 0.4

Qverhead fuctorz 0.54 0.47" 0.45 0.57 0.46 '0.70" 0.36 0.49

9 - distinguished; S = strong; G = good; A = adequate plus.

bDefined as ranks professor through instructor; research associates, etc. excluded. '"In re-
search” refers to those with any current research activity, a category comprising from 68 to
88 percent of the total faculty for the instil:tions sampled.

& B
Temporary and permanent PhD-level staff in residence and active in research, not already
counted in the line above. Some respondents seem to have misunderstood this question.

Probably not correct--exactly the same for every rank and subfield.

ePerhaps with a slightly different definition from that for the other institutions.
Research papers and letters.

Iapproximate number from the Source Index of the Sciance Citation Index.

g
From number of papers on which a department member was an author divided by average number of
authors for U.S. physics papers.

%Nonfederal funds were 0.001 of total.

JUsunlly net (assignable space), rather than gross.

kUsually measured in terms of student credit hours.

ZNot including employee benefits (of the order of 0.15 of salaries).

mOn-campus work only.

"obrained by subtracting estimated benefits from a total présumably including these.
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researck for all universities by combining detatled data for these
few universities with data on teaching loads from all, the expecta-
tion being that 1t would be possible to establish a plausible in-
verse correlation of time spent on research with teaching loads.
Our success in this endeavor was oniy partial, as the university
having the most detailed information did not return our question-
naire.

Let us consider [irst the extent to which teaching loads appear
to be correlated with other factors of interest. Figure III.3
shows the sort of plot we would like to construct, depicting the
fraction of faculty time allocable to research effort as a function
of the average number of class-contact hours per week per faculty
member. The two points plotted represent time spent in actual per-
formance of reseavch, as es.imated for faculty of universities 5
(rough estimate only) and 8 of Table I1I1.20. Because a certain
fraction of administrative and other time is really allocable to

.O

0.8

_

0.6 ;é;z

0.4 & %Zsz
o
o N

FRACTION OF TIME ALLOCABLE TO RESEARCH

_

) 2 4 6 8 10 J-
AVERAGE CLASS CONTACT HOURS PER WEEK

FIGURE III.3 Correlation of fraction of faculty time spent on
research with average class—-contact hours per yeek., Both figures
represent averages over all parts of the year during which the
faculty numbers in question were on campus. The shaded region, to
be reproduced in Figure III.4, represents the range within which
we believe that the average relation is fairly sure to lie.
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research, these pointg provide rough lower limits for time spent on
research. Common Sense and general experience also provide some
guides to how the curve should be drawn. For example, it is gen-
erally conceded that approximately 12 contact hours per week research
simply disappear. On the other hand, low numbers of class-contact
hours of course imply high concentration on research but do not

mean that essentially all faculty time is allocable to research (as
it could be in a noneducational research institution), for some will
be devoted to administrative problems concerning graduate students
and to nonclass educational activities for them. From data on such
activities provided by one institution, we estimate that the extrap-
olation of the curve to the vertical axis should not have an ordi~
nate higher than about 0.8. Combining these considerations with the
two points shown, we have estimated rough upper and lower bounds

for the fraction of time allocable to research, as shown by the

two straight lines in the figure. The proper curve would undoubt-~
edly not be a straight line, but we have not attempted to introduce
this refinement into the bounds.

what is important, of course, is the difference between this
time allocable to research and the amount of faculty time supported
by funds from outside sources. In Figure III.4, faculty time sup-
ported by outside funds is plotted against class-contact hours for
the seven universities for which reliable teaching data were avail-
able. Reproduced on the same plot are the upper and lower bounds
to total time allocable to research, which were drawn in Figure
III.3. The uncertainty in the difference--the university-supported
time--is considerable and will be reflected in the estimates made
in Section III.4.4.

In connection with the plots in Figures III.3 and III.4, it is
interesting to see to what extent teaching loads are correlated
with other variables. One might expect, for example, that there
would be a significant inverse correlation with number of publica-
tions per faculty member. Such a finding was not true of our
sample, as Figure III.5 shows. A plot of publications per PhD staff
member in research (faculty plus nonfaculty) shows no correlation;
one is tempted to conclude that at institutions with a less favor—
able climate for research the staff members choose problems that
will require less expenditure of time to produce a publication.
Another factor could be that some of these institutions have a
higher ratio of graduate students to faculty than the institutions
with lower teaching loads. The relevance of this factor is shown
by Figure II11.6, which depicts a positive correlation of publica-
tion rate with the ratio of graduate students to faculty.

The Cartter rating seems to correlate significantly with a
number of variables. These include teaching loads (Figure III.7),
publication rate (Figure I111.8), and per capita costs and funding
(Figure 111.9).

Figure III.10 shows the distribution of what might be called the
intensity of support among different subfields. The upper part of
the figure, which i1s more meaningful than the lower bécause it is
based on data from all eight institutions, shows the variation among
subfields in the fraction of time of faculty members active in
research that was supported from sources outside the university.
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FICURE III.4 Points: man-years of faculty time supported from
sources outside the university, per faculty member in research, for
each of seven universities, plotted as a function of average class-
contact hours per week for these same faculty members. Shaded strip:
range of probable fractions of time allocable to research, from
Figure III.3 The distances of the points below the upper and lower
boundaries of the shaded region thus represent university contribu-
tions to the support of research via faculty time, per faculty member.
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FIGURE IIT.5 Illustration of the lack of correlation between number

of research publications per year per faculty member and average
class-contact hours per week. Points represent universities 3
through 8 of Table III.20. :
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GRADUATE STUDENTS PER FACULTY IN RESEARCH

PUBLICATIONS PER YEAR
PER STAFF MEMBER IN RESEARCH
O
O

FIGURE II[.6 Correlation of publications per year per staff member
(faculty or nonfaculty PhD level) in research with number of grad-
uate students per faculty member in research. Points for univer-
sities 3 to 8 of Table III.20.

This amount might be regarded as a measure of the intensity with
which research in the various subfields is pursued, plus the ease
of getting support. The lower part of the figure, based on date
from only four universities, shows the distribution in amount of
dollar support per staff member (faculty and nonfaculty). This dis-
tribution presumably depends on both the intensity with which re-
search is pursued and the costliness of research in different sub-
flelds. Because of the rather large statistical fluctuations in
the data, items other than those represented by bars of reasonable
length (proportional to number of faculty or staff members, respec—
tively, involved in the average) should be viewed with caution.
Nuclear; atomic, molecular, and electron; and elementary-particle
physics rank high in time supported, but nuclear physics 1s much
higher than these other two subfields in dollars per person, pre-
sumably because most of the elementary-particle physicists in uni-
versities are theorists and because experimental work in atomic,
molecular, and electron physics is less expensive. Physics in
biology ranks especially low in both parts of the figure.

Qutside support from sources other than the federal government
was negligible in our sample, amounting to about $12,300 for the
four universities giving full support data, compared with a total,
support of $11.2 million. This number, however, is based on only
two projects, and it appears low in comparison with an earlier
analysis of sources of research support cited in journal articles,*
which showed 14.5 acknowledgments of nongovernment, nonuniversity
support compared with 558.5 acknowledgments of government. Support.

*x_ :
Performed by Panel member R..W. Keyes, 12/22/70.

Physics Manpower 1969. New York, N.Y.: American Institute of
Physics, 1969 (pp. 26, 47).
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FIGURE 111.7 Correlation of teaching loads with Cartter rating,
for universities 3 through 8 of Table ITI.20.
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FIGURE I11.8 Correlation (negative) of publication rate with
Cartter rating, for universities 1 and 3 to 8 of Table III.20.
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FIGURE III.9 Correlation of Cartter rating with outside support
per faculty in research (circles) and nonsalary cost of research
(crosses). Circles for vniversities 2,3,4, and 7 of Table III.20;

crosses for 2 to 5, 7 and 8.
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FIGURE ITI.10 Subfield distribution of average man-months of out-
side faculty salary support (top half, points for eight universities)
and average dollar support per faculty member (lower half, points

for four universities). Horizontal bars have ordinates representing
weighted averages over all institutions and lengths proportional to
total number of faculty members involved.

As indicated in Table III.20, the ratio of undergraduate majors
to graduate students varied among the institutions sampled from 0.3
to 2.3, with an overall average of about one. Although our sample
included only PhD-granting institutions, this ratio is almost th-
same as the ratio of national totals of undergraduate majors a- .
graduate students in physics.”

Table II1.20 also shows that approximately one fifth of the
teaching effort (in student hours) in the departments sampled is
directed toward students whose major fields are or will be other
than science or engineering. A small fraction of the undergraduates
who do not go on to graduate work, and a majority of the graduate
students, is destined sooner or later to become teachers; however,
only a few of the institutions sampled devoted any specific teaching
effort in the physics departments to instructing graduate students
in the art of teaching.

Estimates of the change, in the past two years, in university
funds explicitly expended for research varied from department to
department, from a decrease of 10 percent (contraction of department)
to an increase of 20 percent. A rough weighted average of all in-
stitutions would yield an increase of about 7 percent.
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II1.4.4 ESTIMATES OF THE AMOUNT OF RESEARCH SUPPORT CONTRIBUTED BY
THE UNIVERSITIES

In attempting to draw conclusions about all phyBiLa rasearch in U.S,
academic institutions on the basis of our sample, we must conslder
first how representative it i8 and what fraction of U,$. academic
physics Lt represents. In regard to representativeness, Flgure
IIT.11 compares the relative volume of published material in the

0.8 -
0.4 =
0.3 b—F
0.2 Sv . (]
o | ER i g
= rl
12,
: Ty = O
o E it
A E NON
PhD
SIZE+ LARGE MEOQ IUM SMALL

PRESTIGE= HIGHER LOWER HIGHER  LOWER HIGHER  LOWER

FIGURE TII.11 Distribution of physics research papers over dif-
ferent types of U.,S. academic institutions. The categories A to F
are those described in Section III.4.1l. The broad bars show the
fraction of U.$. academic papers in the 1967 Phystical keview orig-
inating from each of these six types of institutions and from non-
PhD-granting institutions. The narrow bars show the distribution
of total publications over the eight departments of our sample.

six categories of our sample with the relative volume from each of
these categories in the 1967 Physical Review. A seventh category,
non-PhD institutions, is included in the Physical Review data for
completeness. Qur sample is about right for the small institutions
taken together (E and F, the non-PhD category being negligible), is
a little high for the large institutions (A and B), and is defi=~
cient in the medium-sized institutions (C and D). However, 1its
composition is fairly representative, and any errors resulting from
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fts distribution are probably much less than other wncertaintles in
the eatimates that we will develop,

Because the data from lnstitution 1l were deflelent or unreason=
able in several respects and our sample wag slightly overweiglited
in Category A, we shall make our estimites of university tunding
o the bauls of the other seven lnstlitutfons, assuming them to con=
stitute a properly distributed sample of all institutions. There
are at least three possible weasures for the slze of this sample:
One can compare the sample with atl U.5, academic inatltutions in
regard to volume of publication, number of graduate students, or
mmber of doctoral degrees granted. The results of such compari-
sons appear {n Table 111,22, With due regard for the ecaveats in

TABLE TLr.22 Approximite Range of Support (in millions of dollars)
of Physics Rescarceh by U.S. Academic Tnstitutions through Loaded
Faculty Salaries in the Academic Year 1968-1969

Fraction of Faculty Research Time
Fraction ot Acadenmic University Supported
Work Assumed Sampled

Range Mean

0.156 - 0.357 0.257
0.058 , 12.6 - 28.8 28.8
0.0685 (mean) 4.8 - 34.0 24,4
0.079 17.1 - 39,2 28.1

the figures for the upper extreme of the ranges indicated, we shall
assume that the seven institutions account for a fraction of the
support of physics research by U.$. academic sources amounting to
between $0.058 million and $0.079 million in academic year 1968-1969.
Consider first the support contributed through the time that
faculty members devote to research. If we take the distance of
each point in Figure I[I.4 below the upper and lower boundaries,
respectively, of the shaded region, weight by the number of faculty
members involved, and average for the seven institutions, we obtain
a fraction of faculty time allocable to research and supported by
universities in the range 0.156 to 0.357. The corresponding esti-
mates of university-supported faculty man-years of research are
41.4 and 97.7, respectively. With a mean overhead factor for
these universities of about 0.5 (see Table ILI.20) and a mean 12-
month salary of about $16,000, we estimate this university con-—
tribution at about $24,000 per man-year; thus, the effective coua-
tribution of these seven universities through support of faculty
time was, according to our estimates, in the range $993,000 to
$2.272 million. Combining these bounds with the estimates given in
the preceding paragraph, we obtain the estimates shown in Table
II1.22 for that part of the contribution of U.S. universities to
the support of physics research in 1969 associated with their
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support of loaded faculty salaries. Thus we estimate this contribu-
tion at about $24 million, with an accuracy that should be within a
factor of 2 in either direction.

The secoud of the categories of support mentioned in the Intro-
duction, equipment and non faculty staff, is much less amenable to
quantitative assessment but seems likely to constitute an amount
considerably smaller than the other two categuries, space and fac-
ulty time. oOur original hope had been to estimare this quantity by
finding the difference between the figures provided for (a) non-
salary cost of research and outside support received and (b) that
part allocable to faculty-salary support. Unfortunately, not all
the departments supplied these figures, and some of those that did
misinterprete! the question, with the result that the quantities
to be subtracted were not comparable. A more promising approach is
to look at a sample of papers in the literature (see Section ITI.1)
and note the frequency and characteristics of papers origiuating in
universities and not acknowledging support from nonuniversity
sources. In the sample studied, about 24 percent of the articles
originating in universities appearzd te have only university support.
This figure is higher than that suggested by the sketchy data in
Table IIT.20 and also higher than that found in a more recent study
of a.smaller sample; therefore, it miy have included a number of

- papers with outside support that the authors failed to acknowledge.
in this more recent sample, we found that the names of the authors
of papers without outside support were more often those of faculty
members than was true of the supported papers, and there was a pre-
dominance of theoretical over experimental papers. Although the
aonf -ulty authors are o-r.usionally senior research associates and
the like, probably the v¢ :t majority of them is graduate students
or postdoctorals, these categories being represented in comparable
numbers. A rough estimate of the mean salary of these authors
would b»> about $6000 per yvear. Overhead for them should be less
than for f{aculty members (for example, smaller offices) but not as
much less as the bare salaries; we shsll assume a mean value of
$5000 per vear. If we assume that the average paper without outside
support requires an amount of nonfaculty time of the order of two
thirds the amount of faculty time involved in the average of all
papers, we have '

(total nonfaculty cime

without outside support) op L 2.

(total faculty time 0.24 x 3 0.16. (6)
[supported or not])

(university support through

nenfaculty time) - % 1l

(university - outside 0.16 24 = 0.073. M
support through faculty

time)

This amount is much smaller than our earlier estimate . f the frac-
tion of faculty research time that is university supported (0.83 to

0.59). Prubably some of the nonfaculty time spent on projects that
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have outside support is not fully covered by this support; however,
all indications are that the university-supported portion of such
time is much less than for faculty members, and as the loaded salary
rate is less than half that for faculty members, we cannot escape
the conclusion that this category of university support is much
smaller than that provided through faculty time.

There is some further evidence, although sketchy, that supports
this conclusion. For example, about 0.18 of the beyond-second-year
graduate student population is supported by teaching assistantships.?
These are probably the main source of university support of such
students. The number of graduate students past the second year is
about half the total number* or almost twice the number of faculty
active in research (Table III.20). If the research involvement of
graduate students with teaching fellowships is assumed to be some-
what less intense than that of other students at the same level, say,
about equal to that of faculty members, one gets an estimate for
the graduate student part of the left of Eq. (6) of the order of
twice the value given there. This amount is not large, as the
salary factor for these students will be smaller than is assume?
in Eq. (7). Yet another source of information is the data.on PhD-
level nonfaculty staff provided by our sample. About 0:17 of this
staff time was university supported, of which no more than 0.0l was
attributable to classroom teaching. Thus the contribution of this
doctoral-level staff to the left of Eq. (6) would be only 0.16 times
the ratio of time spent on research by these staff members to that
spent by faoculty, a number doubtless considerably less than 1 (see

Table III.ZV). . .
We consider last the resources contributed by universities in

support of research through plant construction. To develop an esti-
mate one must decide on a way of converting capital investment in
the past into equ%g?lenc current expenditure. Suppose a building
that would cost C dollars to reproduce today was constructed at
time At in the past, costing € dollars at that time. We shall

assume

(0) _-obt _ )

1f these C dollars had remained in the university's endowment, with
the income spent each year, the income foregone each year would be

C, where for a reasonably conservative investment policy B = 0.04.
‘g;r a large number of institutions 1 we therefore have

Income foregone = 8 <e‘aAt s ZC£0), 9)

where the angular brackets imply an average over all the At;'s,
weighted in proportion to their C; )'s, in other words, with each
yearly unit of At having a weight proportionzl to the dollar value
of construction in that year. This we assume to be given by

*Physics Manpower 1969. WNew York: N.Y.: American Institute of
Physics, 1969 (p. 49).
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weight «e YAt (10)
Combining Eqs. (9) and (10) we get
_ [By 0) |
Income foregone (Y+a) ZCi (11)

A further intangible but economically real factor should probably
be added: The money invested in a building is not liquid and its
unavailability hampers the economic freedom of the institution. We
shall rather arbitrarily assume that this effect can be taken into
account by adding about 0.01 to the B in Eqs. (1) and (11); this is
roughly equivalent to a policy of amortizing the investment over
about one century. The value of o can reasonably be taken from the
average increase in construction costs over the past 15 years,
namely, a = 0.04 per year. Gamma can be estimated either by sub-
tracting o from the average rate of increase of funds for physics
in the United States, which, from Figure X.3 of Volume I of
Physics in Perspective, was approximately 0.13 per year, or, alter-
natively, can be set roughly equal to the rate of growth of PhD-
level manpower in U.S. universities, which, from Table XII.9 of the
same volume, has been about 0.10. Averaging these two estimates
and taking our sample of seven universities as representative of
between 0.058 and 0.079 of the U.S. academic enterprise, we get

Effective contribution of U.S. academic
institutions to the support of physics
research, through building construction

= 0.05 X 0.095 $75 x 310,700
0.135 0.058 to 0.079

= $10.4 million to $14.1 million (12)

for the academic year 1968-1969. We have used a value $75 for
the cost per square foot of assignable space, about 1.5 times the
cost per square foot of growth space; the figure, 310,700 square
feet, is just the sum of the products of square feet by fraction
of cost from university funds, using the entries in Table III.20.
To summarize our calculations, we estimate that the total con-
tribution to physics research from U.S. university funds in the
academic year 1968-1969 was probably a little more than $40 million,
over half of it through support of faculty time and most of the
rest through plant construction. This estimate could easily be too
small or too large by a sizable fraction of its value.
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III.5 Growth in Costs of Research in Physics

The cost of research in physics, measured, for example, by dollars
per professional man-year, has been steadily rising. It is general-
ly accepted that this increase is compounded in comparable amounts
from the general decrease in purchasing power of the dollar and a
sophistication factor resulting from the increasing complexity of
equipment required to expand research into new and ever more dif-
ficult areas. Comments on this sophistication factor appear occa-
sionally in the reports of the subfield panels, for example, in
Figure XI.1 of Volume II, Part B, of Physics in Perspective (costs
of nuclear magnetic resonance equipment) or in the tables of Chap-
ter II of Volume II, Part A (listing characteristics of accelera-
tors throughout the world). Our contribution to this subject will
be minor, consisting merely of an analysis of some figures issued
by the AEC* and some estimates of cost escalation obtained in our
survey of industrial funding (Section III.3).

The AEC's Statistical Swmmary series* annually reports dollar
expenditures, scientific man-years of effort, and other statistics
pertaining to various parts of their physical research program.
For each of the years, 1960-1970, we have compared the reported
cost for various categories of AEC work with the reported number
of scientific man-years, a figure that apparently includes facul-
ty and other types of professional employees but not graduate stu-
dents, even though they may be paid. We have computed these ratios
for the categories, high-energy physics, low-energy physics, and
metallurgy and materials. Metallurgy and materials consists large-
ly, though by no means entirely, of research in physics of con-
densed-matter.

The principal results obtained from the AEC data are presented
in the two top curves of Figure III.12. Here, the cost in thou-
sands of dollars per scientific man-year is plotted against year.
The AEC Statistical Summaries report expenditures in federally
funded research centers of the AEC and in the AEC contract program
or universities separately. The figures used here for universities
represent the total program expenditure not just the AEC contribu-
tion. The dashed line in each part of the figure, drawn at arbi-
trary height, shows the behavior of the general price index for
federal government purchases of goods and services. At the bottom
af the figure analogous data on changes in cost per man-year for
research in physics, obtained from the Survey of Industrial Labor-
atories (Section II1.3), are shown.

Although the trends in the AEC data are partially obscured by
large apparently random fluctuations, the steady increase in dol-
lars per man-year on the average is evident. The straight lines,
which were fitted to the logarithm of the dollar expenditure per
man-year by the method of least—squares, have slopes of 3.0 percent
per year for work in universities and 6.1 percent per year for the
federally funded research and development centers. The fluctua-

*
4 Statistical Swmmary of the Physical Research Program (U.S.
Atomic Energy Commission, annual).

168



O

ERIC

Aruitoxt provided by Eic:

Data on Funding and Costs 1623

70
T
T
w60 t ZNDUSTRML ]
- 6 [~ LABORATORIES
3 o / I
3 ¢
- x
o« é
o w 50 ‘ v
w >
o >
2 -
m -
o= —
E“ 40 3 = r
sSa Fﬂ”’ ‘L
2 A
T
=X
30 i
1960 1965 1
"80 -
s
N 1/
70 ] (
Pai
2 g
< 60 O—— EDUCATIONAL
] 4 ~— "y INSTITUTIONS
25 rx;;,//// = ;
o : 5 ‘/ = :
w > Q ﬁ/ B _S
S _ 50 -
2 ] =
(72 /
23 |
@ i -1 9
w
g N JPRICE
] J-+*T JINDEX
) ) set
30 I PO e
Py 1965 -

FIGURE III.12 Top: growth in costs of AEC research programs in
areas predominantly physics, per scientific man-year, 1960—-1970.
Circles and full line: programs in federally funded research cen-
ters. Crosses and dashed line: programs in universities. The lines
in both cases are least-squares fitted through 1969. Middle curve:
price index for government purchases. Bottom: research costs per
scientific man-year for the six categories of industrial labora-
tory surveyed in Table IIL.17.

tions appear to consist mainly of some kind of budgetary artifact.
For example, the low cost in the federally funded research and de-
velopment centers in 1966 results almost entirely from reports from
both the Cambridge Electron Accelerator and the Princeton-Pennsyl-
vania Accelerator of 200 more man-years of effort in 1966 than in
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1965 or 1967, without any comparable anomaly in the reported iotal
funding. In general, most flucutationg Ir the cost per man-year imn
the figure represent fluctuations {n man-years of effort reported
rather than in dollar expenditures f>r the Physical Research Pro-
gram.

If the various subfields are serarated. the flucutations are,
of course, even mnre pronounced. l.east-squares fits to the data
give the result shown in Table I11.23. One must be cautious in
interprecing there numbers, however. First, they are tubject to
changes in definlticns; what is recorded as nuclear physics was
known as nnclear structure physics earlier in the decade, became
low~energy physics in 1963, and was further affected by the intro-
duction of a ludget line for medium-energy physics in 1966. In
1966, many of the funds of low-energy physics were apparently al-
locaced to the medium-energy program without any comparable change
in manpower, leading tc a ratber large anomaly in the cost per
man-year in nuclear physics in universi:zies from 1965 to 1966.

The penultimate row of Table IIT.23 gives the average rate of
increase in cost per man-year reported by owr sample of industrial
laboratories (Section III.3).

All the figures, even including those from the industrial sur-
vey, may be somewhat too low to reflect adequately the sophistica-
tion factor, in that all groups undoubtedly suffered a certain
amount of so called "belt tightening" during the late 1960's.

TABLE III.23 Rates of Increase (percent per year) in Cost per
Scientific Man-year in Different Parts of the Atomic Energy Com-—
mission Research Program in Physics (FY 1960-1970) and in U.S.
Industrial Laboratories

AEC Category and Location of Work

Industry FFRDC University Industry

AEC Program Category

High energy 8.1 0.8

Low energy 3.0 -0.2

Metallurgy and 6.4 4.4

materials

Total of above 5.8 2.9
AEC average 3.8
Industrial laboratories 4.7
Price index 2.9

aFede;ally funded research and development center
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THE
LITERATURE
OF PHYSICS

IV.1 Production and Distribution

Iv.1.1 PROBLEMS OF DISCIPLINE AND SUBFIELD CLASSIFICATION:
OVERLAPS

In Section II.1.1 we discussed the problems of determining who is
and is not a physicist and assigning physicists to the various
subfield panels of the Physics Survey. Similar problems arise

in the enumeration and classification of physics publications.

fn "Dissemination and Use of the Information of Physics,"* for
example, tables and figures showed the relative proportions of

the physics literature in different subfields, countries, and
types of institutions. Construction of these tables required an-
swering, for each paper sampled, two questions: first, "Is it
physics?' and if the answer was affirmative then, '"To which sub-
field should it be assigned?" More important, an intelligent un-
derstanding of the structure and dynamics of the physics enter-
prise requires a knowledge of the extent to which one subfield
overlaps another and the extent to which research in physics over-
laps activities in related disciplines such as chemistry, engi-
neering, «»nd earth sciences. Answers to these questions usually
have te¢ b based cn subjective judgments. However, careful subjec-
tive judwrer:ts cair be much better than sloppy ones, and there are

*Physics in Perspective, Volume II, Part B, Chapter X1v; condensed
version in Volume I, Ghapter 13.
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objective methods of getting the answers that, though moderately
laborious and not necessarily unique, are by no means impossible
to use and, without excessive labor, can provide at least spdf’
checks on the correctness of subjective judgments. )

There are a variety of measures of the relatedness of different
parts of the scientific literature that, though subjective in that
they depend on the judgments of individuals, are objective, in the
sense 'in which the term is used here, in that they constitute a
statistical verdict of the entire scientific community. These mea-
sures are based on citations of one paper by another. Suppose that
two groups of papers, 7 and j, have been selected in any manner.
As a measure of the relatedness of 7 to j we may take any of the
following:

1. The fraction of the references in papers of group i that are
to papers of group j, averaged with the fraction of j's references
that are to papers of 7; .

2. The fraction of the references of 7 that are also references
of J, averaged with the fraction of j's references that are shared
by Z (the concept* of bibliographic coupling);

3. The number of papers in all areas that contain c%taCions to
both a paper of ¢ and one of j (the cocitation concept')

Suppose that the universe of scientific literature we wish to con-
sider has been divided into a number of groups %, J, ..., and sup-—
pose for simplicity that each of these groups contains the same
number of papers. {This is to avoid having a large group appear es-
pecially close to the others simply because of its size.) Then by
using any of the three criteria—most simply the first one—one can
define the relatedness of © to j by a number cij with the proper-
ties

1> aij = cji > 0, (1)
E eg5 = 1. (2)

We would like to be able to interpret these numbers geometrical-
ly by assigning to each group 7 a point in a space of some dimen-
siondlity and so placing these points that c¢ij is a universal de-
creasing function of the distance of point % from point j. Al-
though this, of course, can be done only approximately in any small
number of dimensions, there are mathematical procedures for locat-
ing the points in a space of any assumed dimensjonality in such a
way as to give the best possible approximatiop.J For our purpose
it will suffice to consider a simpler problem, that of assigning

*Kessler, M.M. American Documentation, 14, 10 (1963): 16, 223
(1965); Price, D. J. de S. Science, 149, 510 (1965).

tSmall, H. Jowrnal of the American Society for Information Science,
in press.

SKkruskal, J. B. Psychometrika, 29, 1 (1964).
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positions to a number of borderline groups ©, relative to other
groups k whose positions are taken as given. The simplest such
case would be, for example, one in which one locates the groups

i on a one-dimensional scale between, say, pure physics (assigned
coordinate x p = 0) and pure chemistry (assigned coordinate

Tl = 1). Almost as simple would be the assignment of positions
in a triple overlap area, say, that of atomic physics, condensed
matter, and optics, with each of these subfields assigned to one
corner of an equilateral triangle in a two~dimensional space. In
assigning positions to groups 4 in the overlap region, we would
like to make the assignment self-consistent in the sense that the
position allotted to any given i would be a weighted average of
the positions allotted to other areas with which it is connected,
with weights cie In other words, we would like to get a solution

of the equations
- 4 5 Pl
r = c r. +
q E :qp ] cqaﬁa, 3)
p

o

where p and ¢ now run only over groups in the overlap region, and
o runs over all the groups whose coordinates we have agreed to fix
in advance. For the physics-chemistry case, for example, this

would mean that all areas O considered to be unquestionably physics
are assigned Ry = 0, and all those considered to be unquestionably
chemistry are assigned Ay = 1. In matrix form the solution to Eq.
(3) can be written

»=(l-e) ¢ R, (C))

and the solution is unique as long as the matrix (1 - ¢”) is non-
singular. Now the series )

-

Lecimlec-c 2a. .. (5)

converges if the matrix e¢” is bounded with a bound less than unity.
And since Eq. (2) is equivalent to

Y. L -, _
z :qp 2 :q“
(6

a slight generalization of a familiar argument* shows that ¢’ is
indeed so bounded unless there exist groups ¢, whichk are not con-
nected to any of the given groups a by any chain of citation con-
nections., Barring this possibility then, we can say that any
given group g is, for example X percant chemistry and 1-x)
percent physics, or that it is x percent atomic physics, y per-
cent condensed-matter physics, and (1 -z - y) percent optics.

*
Courant, R., an® = ililbert, Methods of Mathematical Physics
(Interscience, 2k, 19533, Vol. I, p. 19.
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Although the groups ¢ thal we have been talking about may be
composed by any procedure that selects a reasonably coherent group
of papers—for example, they might be composed by using the finest
subdivisions of the Physics Abstrcis subject classification
scheme—it is interesting to note that an algorithm for computer
generation of clusters of closely related papers, based on the
statistics of citations, has been developed and 1is rather effec-
tive*.

As an example of what can be done with this approach, consider
the question: Should work on quantum fluids be considered in the
province of the Panel on Plasma Physics and Physics of Fluids or
should it be grouped with solid-state physics in the province of
the Panel on Physics of Condensed-Matter? A sampling of citations
in a number of theoretical and experimental papers on quantum flu-
ids in Physical Review Letters and Physical Review A gave the fol-
lowing distribution for the cited papers:

Quantum fluids 72
Other physics of fluids 2
Solid-state physics 19
Instrumentation 1

The lntultive judgment of the panelists that quantum fluids should
be grouped with condensed-matter is confirmed.

A number of spot checks of this sort were made to verify the
reasonableness of the assignment of papers by panelists to various
disciplines and subfields or to an overlap area. These checks
generally confirmed the intuitive assignments, although occasional-
ly they showed the assignment to be wrong.

Some rough indications of the extent of the overlap among the
different subfields, the ambiguity in the definition of the bound-
aries between physics and neighboring disciplines, and the un-
certainties in each of these two measures can be obtained from the
results of classification of papers in two samples drawn ‘from
Physics Abstracts by a member of the panel. These are presented
in Tables IV.1 and IV.2, respectively. For the sample of Table
IV.1, a restricted definition of overlap areas and an inclusive
definition.of physics were used: A physics paper was not assigned
to an overlap area between two subfields unless it was really dif-
ficult to decide to which it should be given; similarly, papers
were considered as physics unless they belonged fairly indisput-
ably to some other discipline. For the sample in Table IV.2, in
contrast, a liberal definition of overlap and a fair definition of
the boundaries of physics were used: A paper was assigned to an
overlap area of two or more physics subfields whenever a reasonable
case could be made for its belonging in each of them; a paper was
considered as physics only if its relation to the rest of physics
was judged to be closer than its relation to the more central

*price, N., and S. Schiminovich, Imformation Storage and Retriev-
al, 4, 271 (1968); Schiminovich, S. Ibid., 6, 417 (1971).
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areas of some other discipline such as chemistry or engineering.
The study depicted in Table IV.2 was done before the panel decided
to separate optics and acoustics from the miscellaneous category,
thus these are grouped together.

Although most of the subfields show more overlap in Table IV.2
than in Table IV.1l, as one would expect, a few do not, and this
finding must be attributed to statistical fluctuations. From the
two tables together it is evident that the subfields that are most
nearly self-contained are elementary-particle physics, nuclear
physics, probably astrophysics and relativity, and condensed-mat-
ter. For the first three this finding is undoubtedly the result of
their being so specialized; for condensed-matter, it is probably
due to the vast size of the subfield. Optics and acoustics appear
to have large overlaps with other subfields, as does earth and
planetary physics also. Atomic, molecular, and electron physics
and plasma physics and physics of fluids have moderately high
overlap. Among the core subfields, condensed-matter has the larg-
est absolute overlap into other disciplines simply because of its
large size, but percentagewise the overlap of atomic, molecular,
and electron physics into other disciplines (principally chemistry)
is greater. The data on overlap into nonphysics disciplines are
much less meaningful, of course, for the peripheral subfields of
physics, since their coverage in Physies Abstracts is often incom-
plete. (This situation is especially true for physics in biology.)

A different type of measure of the overlap of physics with other
disciplines can be obtained from the professional self-identifica-
tion of the authors of physics papers. As we shall see in Section
IV.1.3, about half of the authors of papers covered by Physics
Abstracts identify primarily with a nonphysics discipline even
though, according to Table IV.2, 87 percent of the papers so
covered probably lie on the physics side of a fair boundary.

"IV.1.2 SAMPLING OF ABSTRACT JOURNALS

Our objectives in sampling entries in abstract journals were to
get information about

1. The distribution of physics publications among subfields;

2. The geographic distribution of total publication and of
work in each subfield;

3. The degree of correlation between the country or region in
which work is done and the country or region in which it is pub-
lished;

4, Changes in time in some of these quantities;

5. The distribution of U.S. work in the various subfields

~among different types of performing institutions;

6. Any differences between theoretical and experimental papers
in regard to the previous five categories. (We classified papers

.as theoretical when they did not contain any new experimental re-

sults or report the testing cf new cxperimental techniques.)

To achieve most of these objectives one needs to know the loca-
tion of the performing institution and, for U.S. papers, its iden-
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tity, In Physics Abstrmcts this information became available only
in 1969, so our sampling from this source (our most extensive
sampling project) was confined. to this one year. Muclear Science
Abstrmets has recorded the performing institution for a number of
years; therefore, we studied small samples from this source for
both 1964 and 1969.

The principal results from our sampling study of 1969 issues
of Physics Abstracts have been given previously* and will not be
repeated. We shall merely recapitulate the ground rules for the
study and add a couple of supplementary tables. Two physicists (R.
W. Keyes, C. Herring) performed the sampling, one looking at all
entries in 13 of the 26 issues for 1969 with numbers ending in 3,
the other looking at all entries in 16 of the issuec with numbers
ending in 0. Entries not in the category "published research papers"
were discarded. Published research papers were defined as presenta-
tions of new research results in articles or letters in periodicals
or books available on the open market; this definition excluded
theses and reports available only from a research institution,
agency, or clearinghouse, also patents, reviews, popularizations,
and abstracts of talks undccompanied by a text. Each paper not so
discarded was classified into one of the ten subfields of physics
corresponding to the panels of the Physics Survey or into a miscel-
laneous physics category or (in rare cases) as outside physics.
These judgments were made subjectively by each sampler but accord-
ing to the guidelines described in Section IV.1.1. Each paper was
assigned to a country of origin according to the location of the
first-named institution in the by-line, except when the institu-
tion was operated by an international organization, then the
assignment "international" was used. Papers for which no institu-
tion was named were distributed statistically among performing
regions by noting the location of the publisher of the paper and
using the correlation found for other papers (or occasionally by
direct sampling of journals) between region of publication and
region of performance. For papers from U.S. institutions, the
institutions were further classified as academic, industrial,
government in-house laboratories, federally funded research and
development centers (i.e., national laboratories), or other.

Table IV.3 obtained from the Keyes half of the sample, shows
how publications reporting work performed at various types of U.S.
institutions were distributed among journals and books published
i different locations. Journals of the AIP are listed separately
from other U.S. publications. The AIP journals receive about 54
percent of the U.S. work, a fraction that is fairly constant among
all types of institutions. Note, however, that the definition of
physics used in this sampling was the inclusive one employed in
developing Table IV.1; if the fair definition used in Table IV.2
had been used, the AIP percentage undoubtedly would be moderately
higher.

*
Physics in Perspective, Vol. 1I, Part B, Tables XIV.9, XIV.10, and
XIV.11 and Figures XIV.31 and XIV.32.
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TABLE IV.3 Place of Publication of Physics Papers

Data on tne Literature of Physics

Types of U.S. Institutions

from Different

Publication in

Other U.53. Fureign Publications
Performing Total AIP Publica- Continental
Institution Papers Journal tions U.K. W. Europe
Academic 386 206 86 29 65
Industrial 146 80 40 14 12
Govt. (in-house) 61 27 16 4 14
laboratory
Federally funded 67 40 10 2 15
research and
development
center
Other 13 8 1 1 3
TOTAL 673 361 153 50 109
PERCENT 100 54 23 7 16

ﬁDRCa from sample drawn from Physics Abstmets in 1969.
“Articles published in Eastern Europe, Japan, and other t=gions
are omitted from this table; according to Table XIV.9 of

Volume II, Part B of Physics in Perspective, these constitute
only about 2 percent of the total number of physics papers.

TABLE IV.4 Distribution of Physics Resgarch Papers Among Dif-
ferent Tyy2s of Performing Institutions

Subfieldsb .
Performing Total AME & EP & Opt, Acoustic,
Institution Papers P&F NP M Misc E&P
Academic 389 82 76 135 42 50
Industrial 148 17 4 96 22 9
Govt. laboratory
DOD 24 2 2 11 4 4
NASA 13 1 1 2 2 7
Other 26 8 4 6 2 6
Federally funded
research and de-
veluopment center
AEC 64 9 18 28 7 2
Other 6 0 0 1 1 4
Other 15 3 2 5 2 2
TOTAL 694 122 107 284 82 84

2subfield abbreviations used are the same as those identified in
Table IV.1, footnote a.

DAscroghysics and relativity and physics in blology are excluded

from t
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e subfield breakdown but included in the total.
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Tuble IV.4, also based on the Keyss sample, gives the distribu-
tion of U.S. papers among different types of U.S. performing insti-
tutions in somewhat more detail than was given previously.* De-
spite small-number statistics, suuh tyends as the emphasis of
NASA laboracories on earth and gplosutucy physics and that of DOD
laboratories on condensec-matter are evident.

Table IV.5, based on the sampling of Nuclear Science Abst mets,
shows the geographical distribution of nuclear physics work in
1964 compared with 1969, The last column shows, for comparison, the
distribution obtained from the 1969 sampling of i.aice Abstracts.
This comparison gives a clue to the rel:rive cove:.ge of the two

abstracting services. In all tables .i.. sort, sampling flucc§a-
tions are probably rather larger the ue w uld infer from the &
rule, since the papers are not rece. it -andom but in groups
correspruding to issues of journals . «s. Conferences have an

especially serious effect, since a large conference, even if inter-
national, held in country A results in a large burst of papers from
A's delegation. This effect may partially, though by no means en-
tirely, explain the spectacular shift in relative positions of
France snd West Germany between 1964 and 1969.

A etk of Nuclear Seience Abstracts against Referativnyi
Zhurnal, Fizita for 1965 and 1969 indicated that Nuclear Science
Abstracts misses few Soviet papers that satisfy the criteria that
we have used for inclusion, probably only a few percent. It seems,
however, that Nuclear Science Abstracis misses many more of the
papers in the other countries of Eastern Europe, possibly about
one third. (Many of the relevant journals are not even on the list
scanned by Nuclear Seience Abstracts.) Coverage of Japanese-
language material in Nuclear Seience Abstracts appears to be good.

IV.1.3 THE WORLD'S POPULATION OF PUBLISHING PHYSICISTS
IV.1.3.1 Goalse

Although there are many sources of information about people who
might be called physicists—for example, the files of the National
Register, membership lists of scientific societies, and data on
recipients of degrees—it is widely recognized that a large propor-
tion of these people d¢ not engage in research, at least if this
activity is defined as work leading to publication in the archival
research literature. It would be interesting to know how many
people there are who engage in this activity, how they are distri-
buted among the major nations, and something about their produc-’
tivity. For example, how are they distributed in regard to the
frequency with which they publish? How extensively is collabora-
tion involved in their publication? How do these characteristics
vary with geographic area?

Although a number of pertinent statistics about publications in
physics have been collected by the Data Panel and others and are

* .
Physics in Perspective, Volume II, Part B, Table XIV.ll and Figure
XIvV.32.
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summarized in other volumes of Physics in Perspective,* such
counts of papers do not answer all the questions posed in the pre-
ceding paragraph. They show, for example, that the United States
currently publishes about one third of the physics research papers
covered by Physics Abstructs but leave unanswered the question
whether the United States might have more than one third of the
publishing physicists who are less productive than average of less
than one third who are more productive.

Iv.1.3.2 Methodology

The study we report was made on the papers in Physice Abstrmcts
for the five years 1965-1969. Its geographic bias thus reflects
that of Physice Abetructs, and we have not attempted to correct
for this. Our sample consisted of all names in the following five
intervals of the alphabet:

Bacchi to Backhurst (inclusive)
Edelman to Edmonds (inclusive)
Kini to Kinzly (inclusive)
Ovsyuk to Ozawa (inclusive)
Vasudevan to Vavilov (inciusive)

All names in any of the 1965-1969 author indexes that were in any
of these intervals were reccsded, and the total number of papers
referenced for each such name was tabulated.

Each name was then assigned to a nation or geographic region.
To make this assignment, a variety of measures had to be employed.
Fortunately, many of the names could be found in the publications
Who Is Publishirg in Science and Intemational Directory of Re-
search and Developm ent Scientists, issued by the Institute for
Scientific Information. Names for which no address was located in
these publications were checked against the membership directory
of the APS, or the author's institution as recorded in Physics
Abstracts (1969 only), Physikalische Berichte, or the title page
of the original paper. By these and (occasionally) other means,
national identification was achieved for essentially all names in
the sample.

From these data we tabulated the number of authors in the al-
phabetical intervals sampled who had written one, two, or any num-
ber, 8, of papers in the given five-year period and the number of
these in each country or region. The relative numbers from the
different countries will not, of course, be highly reliable, for
it couid well have happened that, for example, the alphabetical
intervals chosen provided an underrepresentation of Russian
names or an overrepresentation of those of some other nationality.
However, as fairly reliable data are already availableT on the
national and regional distribution of total papers published, it
is sufficient if the present study merely supplies reasonably re-

*
Volume II, Part B, Chapter XIV; condensed version in Volume I,

ghapCQr 13. .
Phyeics in Perspective, Volume II, Part B, Tables XIV.10a and

X1v.10b.
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liable data on how prolific the authors of different nations are.
Such data are presumably not sensitive to alphabetical selection,
thiough they are subject to limitations resulting from the small
size of the sample.

A much more serious worry in regard to the interpretation of
the data is the question of how many of the authors should be
designated physicist. Not only does Physics Abstracts cover a
moderate amount of material that is closer to chemistry, engineer-
ing, geology, or some other science than to physics, but many
people who consider their primary professional arfiliation to be
with one of these other disciplines occasionally write papers that
are well within the scope of physics. A sampling of physics papers
for a period of years will reveal many authors who do not coneider
themselves physicists. To provide a rough estimate of this effect,
the U.S. authors in our sample were checked against the listitits
in American Mer of Science. The professional identification of
the authors listed in this publication was recorded. Many of the
authors in our sample were not so listed, but it is reasonable to
suppose that the distribution of their professional identifica-
tions would not be greatly different from that of the others.

IV.1.3.3 Raw Results
Table IV.6 shows the distribution of authors in regard to number

TABLE IV.6 Distribution of Authors in the Alphabetical Intervals
Sampled, by Geographical Location and Number of Papers Contributed
to the Listings of Physics Abstracts in 1965-1969

Country No. of Authors Whose Names Papers Fraction
or Auth- Appeared on per Total of Papers Frac-
Region  ors 1 2 3—4 25 papers Author Papers Sampled tion%

United 138 56 27 27 28 © 3.03 418 0.36 0.34
States

United 55 27 710 11 2.82 155 0.13 0.08
Kingdom

Other W. 68 34 11 12 11 . 2.71 184 0.16 0.19
Europe

U.S.8.R. 35 20 1 9 3 3.94 138 0.12 0.19

Other E. 9 4 1 2 2 3.4 31 0.03 .01
Europe

Japan 36 10 6 9 11 4.75 171 0.15 0.06

Other 7 31 2 1 2.1 15 0.01 0.05
Asia

Other 12 g8 1 1 2 2.8 34 0.02 0.06

World 360 162 5579 71 3.19 1147 1.00 1.00
total

“prom Physics in Perepective, Volume II, Part B, Tables XIV.10a

and XIV.10b.
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TABLE [V.7 Professional Self-Identification of U.S. Authors in
the Physics Abstyucts Sample

Discipllae
or Group of
Disciplines

Fapers by
: a No. of These
Designations Used Authors Authors

Physics

Fields difficult
to assign

Astronomy

Chemistry

Metallurgy, etc.

Biology

Total, all
disciplines

Physics (9); nuclear 28 101
physics (4); solid-state

physics (3); physics,

mathematics (2); physics,

biophysics (2); theoret-

ical physics (2); 6

other combinations con-

taining the word physics

Electrical engineering, 4 25
solid-state physics;

applied mathematics,

continuum mechanics;

mechanics, metrology;

physiological optics;

vision

Astronomy {2); astron- 4 25
omy, astrophysics;
theoretical astrophysics

Physical chemistry (6); 9 37
physical and inorganic

chemistry; chemistry;

agricultural chemistry

Physicdl metallurgy 6 18
(2); ceramics; ceramics,

metallurgy; physical

metallurgy, electron

microscopy; materials

science, metallurgy

Zoology; biochemistry; - 3 4
anatomy

63 227

IThe word or words between semicolons are those used by an author
to describe his field in American Men of Science. If more than
one author used the same words. t'ie number of such authors is in-
dicated in parentheses.
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of papers published during the five-year interval and geographic
arcas in which they were based. It also compares the geographic
distribution of the papers with that in the more comprehensive
Llterature sample. Qur sample undercounts papers from the U.S.S.R.
and overcounts those from the United Kingdom; the numbers from
other reglons are in reasonable agreement.

Table [V.7 shows the distribution of professi»nal identifica-
tions of those U.S. authors who could be located in A ertcan Men
of Science. Note that at least half of the authors identify with
a discipline outside physics, although these authors, as might be
expected, contribute a slightly smaller fraction of the total pa-
pers.

IV.1.3.4 discuwssion and Analysis

OQur goal was to find out how many people are engaged in the re-
search enterprise of physics. Unfortunately, this population is

far from stationary in time. New people are continually entering
and many leave. lt has often been said, in fact, that many authors
publish only one paper during their lifetime, for example, a thesis.
We would like if possible to separate these authors from those with
a continulng commitment—mot necessarily lifelong—to research activ-
ity. A plausible though far from unique way of making such a sepa-
ration is suggested by the semilogarithmic plot in Figure IV.1.
Here, the points representing number of authors associated with s
or more papers in our five-year sample lie reasonably well on a
straight line for s >2, but the point for s =.1 lies well above

the line. Now there is a simple model that would predict a straight
line for such a plot, namely, one that assumes that each author
published at random._times with an average rate r papers per year
and that the distribution of authors per unit range of r is expo-
nential:

n(r)dr = ve-apdr . 7

Indeed, according to the Poisson distribution, the fraction of
authors of productivity »r who publish s papers in Af years is

-ri¢ s
“[rdt .
: sgr : (8

fraction =

Combining Egs. (7) and (8) we get for the number of authors pub-
lishing s papers in At years

8

8
- - » VAL s .
Ma) = A;' © ve qre PAtr p o= — 9 .
* 0 (o + AL)

and the number publishing 8 or more papers is

o S
At 10
2: N(s®) = §(m) a0

s

(W

18
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NUMBER OF AUTHORS IN SAMPLE,
PUBLISHING 5 OR MORE PAPERS IN 8 YEARSN
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FIGURE IV.1 Semlogarithmic plot of cumulative totals from the
last line of Table IV.1l, showing the excessive number of one-paper
authors.

The form (7) that we have assumed for n(y) is rather arbitrary and
doubtless less accurate than one more like Loctka's law*

o
Z N(s") =« s—2 for At equal to a lifetime
S

or its generalizations, but {t is clear -hat the large value for

* ’ . .
Price, D. J. de S. Little Science, Bfy Science. New York, N.Y.:
Columbia University Press, 1963, pp. 42 et geq.
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g8 = 1 must come from a peak in n(r) as very low r. So we shall
undertake to analyze our data under the crude assumption that there
are simply two populations of authnrs, those who publish once and
those who publish continuously, the continuously publishing groups
having a distribution of the form (7) for their rates of publica-
tion.

Accordingly, we shall undertake to fit the data of Tablg IV.6
by assuming that for any particular geographic region the number
of authors attached to s papers in our sample 1s given by Eq. (9)
for @ > 2, but that for s = 1 it is the sum of Eq. (9) and a term
gAt. Table IV.8 shows the results obtained by fitting the three
parameters V, &, and € to the total number of authors, the number
with two or more papers, and the number with five or more. The
paramenters so obtained can be used to predict the number asso-.
ciated with either three or four papers, and this number can be
compared with the observed number as a check on the model, as we
e in the table.

Comparing the top line of the table with the bottom one, we see
that the number of transients, or one-paper authors, appearing in
the five-year period is only a fraction of the population esti-
mated to be active in research. The active population figure, of
course, includes an allowance for those authors whe are considered
to be in research but who, through chance or their possession of a
low publication rate, do not happen to have published any papers
during the five-year period sampled. (This allowance factor is ob-
vious, for the entries in the last column of the table are larger
than the author entries in Table IV.6.) If one wishes to exclude
such low publishers from the total considered to be part of the
research community, one can compute a new total from the same
model by employing a lower cutoff in the integration on r.

The totals for limited sections of the alphabet must still be
converted into totals for the whole alphabet, and, less trivially,
the distribution of authors between those who would be designated
physicists and those who would be associated primarily with some
other scientific or engineering discipline must be estimated. The
conversion to the entire alphabet can be made in either of two

TABLE 1v.8 Fit of World and U.S. Data of Table IV.6 to the
Three-Parameter Model Described in Section IV.1.3.3

Parameters and

Associated Quantities World Data U.S. Data
5 = number of transients 82.1 20.6

v 792 362.8

o, years 2.04 2.16
N(3) + N(4), predicted 70 29

N(3) + N(4), observed 72 27
Number permanently in 388 164

research = v/a

.
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ways: We can compare the number of columns of the author index
sampled with the total size of this index, or we can compare the
number of papers associated with names in the sample with the to-
tal number of papers in Phystcs Abstracts. The second approach is
less stralghtforward, for one must allow for multiple authorship
of papers. Thus if N authors publish P papers in a given interval,

with an average of M authors per paper and an average of P papers
associated with each author, we have

pro=ip . (11)

We can get ¥ for, say, a given volume of Physics Abstracts, from
the number P of papers in it, an estimate of P from Table IV.6,
and an estimate of m from some other source., With the estimate

m = 2.06, obtained from a rather limited sample of articles,* and
with D = 2.52 from Table IV.6, we get, for the entire five-year
period, a total of about 138,000 authors publishing one or more
papers. The uncertainties entering into this estimate are such
that it is only to be regarded as a rough check on the estimate
obtained from the size of the fraction of the author index that
was sampled, which was 0,00280 of the alphabet. Dividing this num-
ber into the total of 360 authors in Table IV.6 yields a value of
127,500 for the number of authors contributing items to Physics
Abstracts in this five-year period. The agreement between the two
figures being reasonable, we shall perform all further calcula-
tions using the assumption that 0.00280 of the entire population
has been sampled.

The most plausible way t: make the division between physicists
and nonphysicists is simply to add to the total of authors in the
physics row of Table IV.7 one half of the total for the next row
and to consider the other half of this row and all the remaining
rows as nonphysicists. This procedure gives 32/63 as the physicist
component of the sample. One might wonder whether the fraction de-
termined in this way to be physicists would depend wn the number
of papers published, but in the data from whichk Table IV.7 was
prepared such dependence seems to be slight. Ot final estimates
of the number of persons identifying themselves as physicists and
with a continuing activity in physics research, as of the average
tiwe 1967, are obtaided by multiplying the figures in the last
row of Table IV.8 by 32/63 (0.00280):

Number in the world = 70,400;
Number in the United States = 32,500.

These numbers are, of course, quite crude, as the discussion
of their derivation makes clear. Still, it is impressive that
they are so large. For example, the U.S. figure may be compared
with the total of 32,500 physicists in the 1968 National Register,
a figure one might expect to contain many nonpublishing people,
or with the unduplicated merhership of all member socleties of the
AIP, 42,700 in 1967, a number that doubtless not only contains

*
Physice in Perspective, Volume II, Part B, Chapter XIV, Section
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many nonpublishing people but also many who tdentify primarily
with another discipline.

One other feature, evideat in Table IV.6, should be noted: The
average number of papers associated witd a given author is much
higher in Japan (4.75) than for the world as a whole (3.19). Al-
though the Japanese sample was fairly small (36 authors), the
difference is nearly two and one half standard deviations and
could well be significant.

IV.1.4 PHYSICS THESES

To provide information about physics theses to the Physics Survey
Committee, the bata Panel examined all the abstracts in cthe phys-
ics section of Disgertation Abstmcts* from January through June
1970. The theses represent degrees awarded in 1969. Each thesis was
classified according to physics subfield, whether it was experimen-
tal or theoretical, and size of the PhD program of the university.

The size classification was based on the list of PhD-awarding,
institutions appearing in the March 1969 issue of Physics Today.'
Any institution listed as awarding 20 or fewer PhD's in the five-
year perlod, 1962-1967, was regarded as having a small program;
those awarding more than 20 PhD's in that period were classified
as large programs. Physies Today lists 137 PhD-awarding institu-
tions, and 67 of these are small programs, so that 20 is about a
median size for that time interval. About 10 percent of the PhD's
were awarded by the small programs, according to the list in
Physic: Today.

The following limitations on data from Dissertation Abstructs
must be noted:

1. Not all PhD-granting institutions send their theses to
Dissertation Abstracts. Four of the large programs and nine of
the small ones, which were responsible for 11.5 percent of the
PhD degrees reported by Physics Today are not covered by Disserta-
tion Abstracts. Furthermore, not all participating institutions
send all their theses to Dissertation Abstracts.

2, Classification by subject field is made by the author
of the thesis; therefore, it is not certain that all theses
llsted under physics represent work performed for a degree in
physics.

The total number of theses in the sample was 597, which can be
compared with about 1400 PhD's in physics awarded in 1969. Thus,
total numbers per year can be estimated by multiplying the numbers
in the sample by 2.34. Since the sample is for half a year, we as-
sumed that about 85 percent of all physics theses appear in Dissenr-
tatton Abst rcts.

The results are summarized in Table IV.9. The first two columns
give the number of theses in the sample by subfield and size of

—
* Digoertation alatracts Intemational, periodical publication of

University Microfilms, Ann Arbor, Michigan.
+ Physice Today, 22(3), 46 (March 1969).
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TAH.E IV.9 Production of Physics Theses in 1969
Theses in
Sample . Percentage Percentage Percentage

Sub- Large Small Est. NRC | of all Theoreti- Small Univ.
field” Univ. Univ. Total” Total” Physics(Z) cal(%) (%)
A&R 5 3 19 - 1.3 100 38
AME 37 17 127 127 9 39 31
LP 64 16 188 220 15 55 20
NP 80 16 225 188 16 28 17
P&F 29 1 70 85 5 67 3

p 2 1 54 6. 4 61 -

3 7 0 16 24 1.2 86 -
c™ 189 57 577 3060 41 22 23
bal 23 10 77 - 6 39 30
RIN 2 0 5 - 0.3 - -
Opt 15 2 40 16 3 6 12
Acoust Y 1 23 11 2 50 10
Misc, 15 6 49 304 4 67 2y

general
TOTAL 468 129 1400 - - 35 22

2subfield abbreviations used are the same as those identified in
Table IV.1l, footnote a.
bobtained by multiplying the sum of the numbers in the preceding
two columns by 2.34
Cpoctorate Recipients from U.S. Universities 1969,

PhD program. The third column gives the estimated total number of
theses in each subfield, obtained by multiplying the sum of the
first two columns by 2.34. The fourth column compares these num-
bers with those obtained from Doctorate Recipients from United
States !miversities 1969,*% for those subfields for which there is
a roughly equi-alent NRC category. Many theses that belong in a
subfield apparently appear in the general and other categories of
Doctorate Recipients. The fifth column lists the percent of theses
in each subfield according to the sample. The numbers are obtained
by dividing column 3 by 1400, The sixth column gives the percentage
of theoretical theses, defined as those that contain no new experi-
mental information. The differences among subfields are not unex-
pected. The final column lists the percentage of theses from uni-
veryities with small PhD programs.
To investigate changes in the distribution or number of theses
with time, the Data Panel also surveyed the abstracts of physics
theses in the January through June issues of Dissertation Abstracts
for 1966. These abstracts refer to theses awarded in 1965. The num-
bers appear in Table IV.10, which is similar to Table IV.9. Com-

*poctomte Recipiernts from United States Universities, annual
publication of the National Research Council, Washington, D.C.

1

959



O

ERIC

Aruitoxt provided by Eic:

data on the Literature of Physice 1645

TABLE IV.10 Production of Physics Theses in 1965

Theses in
Sample Percentage Percentage Percentag:
Sub- Large Small Est. , NRC  of all Theoreti-~ Small Univ.
f1e1d® Untv. Univ. Total® Total® Physics(%) cal(%) (%)
A&R 8 0 18 - 1.8 62d 0
AME 32 10 96 111 9 36 24
Ep . 65 2 153 180 15 63 3
NP 88 3 208 158 20 30 3
P&F 25 1 60 - 6 58 4
P 22 1 53 - 5 - -
F 3 0 7 32 0.6 - -
CM 146 19 378 299 36 23 12
E&P 26 6 73 - 7 31 9
PB 3 1 9 - 0.9 0 -
Opt 4 1 11 13 1.1 20 -
Acoust 0 0 0 7 0 - -
Misc, 16 1 39 122 4 75 -
general
TOTAL 413 44 1045 - - 34 9

A5ubfield abbreviations used are the same as those identified in
Table IV.1l, footnote z.
bobtained by multiplying the sum of the numbers in the preceding
two columns by 2.29,
ggoctozate Recipients from U.S. Universities 1958-1966.

wo experimental studies of gravity and one cosmic-ray experiment
were classified as astrophysics and relativity.

parison of the two tables shows a growth in the number of theses

in all subfields. Signiiicant changes in the distribution are dif-
ficult to find, although the decrease of the fraction of theses in
nuclear physics and the increase in the fraction in condensed-mat-
ter are perhaps meaningful. The fraction of thecretical theses al-
so did not change. The most striking difference is the increase in
the proportion of PhD's awarded by institutions that were classi-
fied as small on the basis of the 1962—1967 listing. In 1965, these
institutions awarded 9 percent of the PhD's included in the Dissen-
tation Abstmacts sample, consistent with the number of such pro-
grams obtained from the Physics Today list, 10 percent. By 1969,
these same institutions awarded 22 percent of the PhD's, In fact,
according to these samples, 57 petcent of the increase in PhD pro-
duction from 1965-1969 is in the small institutions (201 of 355).

A slight distortion of the comparison results from an increase in
the coverage of Dissertation Abstracts between 1965 and 1969, which
included two of the large institutions awarding 82 PhD's in the
1962-1967 period and nine additional small programs responsivle for
22 PhD's.
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TABLE LV.I1 Distributlon of Citations In Journals of the Insti-
tute of Klectrical and Electronles Ergineers

- D Percentage of
Total Citationy GCitations to DPhysics Cita-
Journal to Physlces U.S. Physics tions to U.S.

Yen, Citations Journals Porcent Journals Journals (%)
1965 13,763 3045 22 2637 81
1949 1,643 293 18 210 72
1434 1,567 331 21 110 33

IV.1.5 PHYSICS CITATIONS LN THE ENGINEERING LITERATURE

Several surveys of sources of citations to the journal literature
in publications of the Institute of Electrical and Electronics
Engineers (l1EEE) (formerly the American Institute of Electrical
Engineers and the [nstitute of Radio Engineers) have been made, *
The substantial number of citatlons to the physics literature in-
dicate contlnuing Jependence of electrical and electronics engin-
eering on phystcs, lahle 1V, IT shows the distribution of citations.
The category, pnvsics journals, includes the following: all
journals publishe = by the AI?, Sowiet Physics JETP, Proceedings of
the Phygieal Jor Jowrmal of the Physicu! Society of Japan,
Jowrnal of Fi.: . Menitstry of Solids, Canadian Journmal of
Physics, Proc. the Royal Society, Journal of Mathematics
and Physice, r't fiir Physik, Annalen der Physik, Japanese
Jourmal of ‘pp .yeies, Physica, Philosophical Magazine, and
Helvetieq 1. svea - ta. Of course, there are other physics journals,
but others do not aphear in the list of journals cited. A more dif-
ficult proulem perctnine to interdisciplinary journals such as
Nature, Undoubtedly, a certain amount of physalces 1is represented in

citations * ' ..upre, but, as t'iere 1s no way to measure this
amount, chey a’. not counted in the citations to physics journals.
Appar:'''., physics journals have accounted for about 20 per-

cent of t'. journal citations in the electrical engineering litera-
ture for many years. The ratio persisted through the rapid expan-
sion of the IEEE publication program during the 1950's.

The other striking feature of the table is the steady growth
of the fraction of citations to journals published in the United
States. The same trend would certainly emerge in counts of physics
publications, but it is interesting and perhaps more significant
to see it confirmed by a study of the use of the literature.

*Coile, R.C. IEEE Transactions on English Writing and Speech.
EW5-12, 71 (1969); Proceedings of the Institute of Radio Engineers,
38, 1380 (1950); Journal of Documentation (London), 8, 209 (1952);
Dalziel, C. F. Electrical Engineering, 57, 110 (1938); Library
Quarterly, 7, 354 (1937).
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IV.2 Use and Usefulness

Numerous small sampling and observational studies of the use of
the literature of physics were made during the course of the Phy-
sics Survey and have been reported, together with earlier studies
by others, in Chapter XIV of Volume Il, Part B, of Phaysics in
Pergpective, The purpose of this section is to add a small post-
script to what was written then by describing one further study
that was not then sufficiently advanced to discuss. Even now, only
sketchy results are available, so the methodology may be of more
value than the results,

The study was designed to find out how well the typical active
research phvsicist succeeds in maintaining awareness of work pub-
lished in other countries that has an important bearing on his
own interests. This question is basic to many decisions on informa-
tion services: Elaborate schemes to imprive current awareness are
hardly worthwhile, for example, if physicists are already in touch
with all the information they are interested in trying to assimi-
late. The key words in the question we hoped to answer are 'impor-
tant bearing on 773 own interests.' Although one might argue that
many physicists do not know what is important to their own interests,
one is usually on rather shaky ground in trying to overrule the
judgment of the persons whose interests are involved. Consequently,
the best way to set up a study of this question would seem to be
to base it on value judgments of the individuals concerned, which
was the approach adopted in our study.

A physicist, whose own interests led him to scan a rather wide
range of literature on condensed-matter, selected numbers of ar-
ticles from those he encountered in browsing through non-U.S. pub-
lications—articles that he considered likely to appeal to the in-
terests of some 30 of his colleagues. From time to time he pro-
vided each of these colleagues with a one-paragraph résumé of those
aspects of a paper likely to interest him and the bibliographic
reference. Such distributions were made only after at least six
months had elapsed from the time the article became available in
the library but less than 18 months after this time. The colleague
would examine the material and answer two types of questions about
it, as showm on the form reproduced in Figure IV.2. The questions
of I1 enabled the returns to be analyzed in such a way as to make
the results almost independent of the quality of the initial selec-
tion of articles: Only returns on which II1.1 or II.2 were checked
were counted. There were no failures to respond.

Some typical preliminary results appear in Table IV.12., The
numbers are so small that sampling errors could be substantial,
but they suggest that about half of the non-U.S. literature items
that U.S. physicists would : e interested in taking time to examine
may fail to come to their attention within the first year after
their appearance. The loss entailed is considerably mitigated, how-
ever, by the general redundancy of the literature: In many cases
similar results or ideas are put forward by several investigators.

The study was so designed that figures could be separately tabu-
lated for experimentalists and theorists and for articles in foreign
languages. Further studies of this sort would be of substantial in-

terest.
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1. Previous familiarity with the frem. (Check vne.)

1.

4,

I had previously seen enough of this
item to evaluate its degree of inter-
est for me.

I had heard of this item, but had not
evaluated its interest.

I had not heard of this item, but was
already aware of results equivalent
to those quoted in the communication
on it. o

I had not heard of this item, and was
not aware of the results quoted in the
communication on it.

[T. Interest in this item. By checking one of
the three alternatives below, please indi-
cate whether this item was of low, medium
or high interest to you, the boundaries be-
ing defined by whether it was of greater or
lesser interest to you than (a) median of
all articles of which you read at least the
abstract, or (b) the median of all articles
of which you read nearly all of the text.

1.

2.

3.

Interest of this < median of ab-
stracts.

Median of read abstracts Sinterest
of this ¢ median of read articles.

Interest of this > median of read
articles. —_

FIGURE IV.?2 Evaluatien form for bhysicists queried about journal

articles.
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TABLE IV,12 Familiarity of a Sample of Physicistsa with Results
of Interest to Them Fublished in Mon-U.S, Journals and Available

for at Least Six Months®

Degree of Familiarity

Degree of Interest®

At Least as High as
Median of Abstracts
Read (Categories
1.2 + 11.3)

Higher than Median
of Articles Read
(Category [1.3)

Seen or heard of:
Evaluated (Cate-
gory L.1)
Not evaluated
(Category I.2)
Not heard of:
Aware of similar
results (Category
3)
Not aware of re-
sult (Category 4)

12
11
1

12
6
6

4
3
1
4
1
3

aRespondents were theoreticians in nine cases, experimentalists in

15.

bEntries are numbers of cases.

¢In addition to the 24 cases tabulated,
replies checking item II.1.
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INDEX
OF
DATA

This. chapter is devoted to a crude but, it is hoped, usable index
to socioceconomic data contained in all the volumes of Physies in
Perspective, including the present one. (Data of a purely scien-
tific rather than socioceconomic nature are not included in this
index, although they occur frequently in the earlier volumes. Dia-
grams that are schematic, rather than quantitative, are also omitted.)
The organization of the index is based on the categories of inde-
pendent and dependent variables that we described in Section I.2.1.
Each table or figure has been classified, first, according to the
nature of the quantity tabulated or plotted as ordinate and, second,
according to the variable or variables on which its functional de-
pendence is shown. Using the terms "dependent variable'" and "inde-
pendent variable" for these two categories, respectively, we shall
arrange the index according to the various combinations as follows:

DEPENDENT VARIABLES

People. Numbers or proportional amount of
Manpower, (Employable) (ME)
Manpower, (Students) (MS)
Money. Dollar figures or proportional amounts of
Funding ($F). Money assigned to broad programs of scientific
research, etc.
Other money ($0). Salaries, income, GNP, costs of equipment, etc.
Publications (P). Numbers or praportional amounts of articles,
books, etc.
Migcellaneous (Misc.). All quantities plotted or tabulated, other
than people, money, or publications.

1650
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ILNDEPENDENT VARIABLES

e

Time.

Dleotpline.  Physics, chemlstry, geology, etce. or, occasfonally,
ph¥sical sclences, blological sciences, ete.

Subdigeiplineg,  Smaller groupings than the above, most often the

subficlds of physics.

Aetivity. Such distinctions such as basic and applied rescarch,
development, management, teaching, vtc. B

Geograpaicat. Distinction of one country or vne region from another.

[nastitution or type of institution. This may refer to one or more
specific {nstitutions performing work in physics or, more often,
to the distinction between types of institutions, such as uni-
versities, industrial laboratories, government laboratories.

Support soures. Ageney or scctor of the economy from which work
is suppocted.

Degrea or raik,  Most-often this contrasts holders of doctoral
degrees (usually designated "PhD,”" though ScD, etc. are included);
sometimes academic faculty rank is used or, for students, the
level.

Age.

For a given dependent variable, not all the independent variables
just listed 'will be of interest. For example, the last two are
relevant only i{f the dependent variable is one of the 'people" type.
In the tables below, only the more important independent variables
are used. We have omitted those that were found to occur seldom or
never among the tables listed.

Whenever a table or figure specializes its data to one or several
values of an independent variable, there is an index entry corres-
-ponding to this variable. If the data refer to only one value of
the variable (e.g., if the variable is subdiscipline and the data
refer only to nuclear pliysicsy, the entry is the numeral 1, or, in
certain important cases, a special abbreviation—when the data
refer to the United States, the entry in the Geographical column is
"U.S."; when they refer to physics, that in the Discipline column 1is
"p", If they refer to two vilues of the independent variable, the
entry is 2; this entry is algo usually used, for example, when the
data contrast one subfield with all the rest of physics. If the
data are separated according %o more than two values of the inde-
pendent variable, the ertry is X. o

The right half of each index page contains additional information

that may be useful.

Source. This is an abbreviated ciue to the source of the data. Not
all sources are identified, but the following are (though only
in cases where the natuvre of the source was obvious to the
indexer): The National Register of Scientific and Technical Per-
sonnel (R); other queztionnaires to individuals or to organiza-
tions (Quest.); record: nf government agencies supporting R&D
(Ag); records of other orjanizations (Rec); abstracting-indexing
publications (A&I); rescagch journals (J); scientific and tech-
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nical literature in general (Lit.); editors (Eds.); interviews
(Int.).

Hemarks., Any combination of words or symbols that will provide,
within the small space avallable, a clue to the subject matter
of the index entry. For the subfields of physics corresponding
to the pancls of the Physics Survey, the usual abbreviations arc
used: Astrophysics and Relativity (A&R); Atomic, Molecular, and
Elcctron Physies (AME); Elementary-Particle Physics (EP); Nuc-
lear Physics (NP'); Plasma Physics and Physics of Fluids (P1.5F1.);
Physics of Condensed Matter (CM); Earth and Planctary Physics
(E&PP); Physics in Biology (Ph. in Biol.); Optics (Opt.);
Acoustics (Acoust.).

Ttem. Preceding the colon is the relevant volume of Physies in Per-
spective; following it is the figure (F) or table (T) number or,
occaslonally, some other designation to identify data material.

(yoss entries. When a figure or table supplies data of more than
one of the dependent-variable types enumerated above (e.g., sup-
plies both funding and manpower data), it will, of course, be
entered in more than one place in the index. In such cases,
each entry contains, in the last column, the abbreviations for
the dependent variables of the other entries.

. We have tried to follow as literally as possible the indexing
scheme just described. For example, tables giving mean salaries of
different types of people are indexed under $0, not ME; ages are
under Misc., though age distributions are under ME; a plot of words
per year in journals is Misc., not P. But in many cases, hasty and
rather arbitrary decisions had to be made, of which we shall try
to list some of the most conspicuous. Data on number of people
changing between one employment or specialty and another between
two given years are usually identified by a 1 in the "Time" column,
as they approximate the value of a time derivative evaluated at one
time. Data on degrees granted have been assigned to the ME category
not the MS. The identification of interdisciplinary areas may not
always have been consistent: an area whose physics component is only
one of our subfields (e.g., E&PP) may have components belonging to
two or three major disciplines, and if these are separated in a
table, a 2 or an X in the discipline column is appropriate, even

‘though there is a 1 in the subdiscipline column. Even fuzzier is

the situation with regard to commercial products, etc.: often

these have been associated regularly with a nonphysics discipline
(e.g., electrical engineering) to justify a 1 in the "Discipline”
column. Data referring in one sense to one value of an independent
variable but in another sense to two or more values (e.g., scientists
working in the U.S. but classified according to country of origin)
are usually given a 2 or an X in the relevant column.

The arrangement of the index is as follows: Each of the Tables
V.1l to V.10 is devoted to a particular one of the depc¢ndent vari-
ables and in some cases to the combination U.S. physics, of the
geographical and discipline variables, or to the remaining combina-

tions (including the combination of U.S. with any other discipline

or with a multiplicity of disciplines in which physics might be in-
cluded). Within each of the tables, the entries are arranged in the
order of the entries in the first column—-X, 2, 1 (or U.S. or P,
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when appropriage), ne entry—nd under vach of these in the order

of entries in phe second column. Further ordering is not by entries
in the other columns but is sequential through the four volumes of
Phijpdest i 1h)gpg&fﬁ00- The tables are

Table Vil smanpower (Employable)—U.S., Physics

Table V.2 Manpower (Employable)—Other Than (U.S., Physics)
Table V.3  Manpower (Students)

Table V.4 Funding=—U.8., physics

Table V.5 Funding=—Other Than (U.S., Physics)

Table V.6  gther Money

Table V.7 publications—y,5., Physics

Table V.8 pubiications—Qther Than (U.S., Physics)

Table V.9 Miscellancous—U.S., Phystes

Table V.10 Miscellaneous—other Than (U.S., Physics)
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U.S. Physics (cont.)

TABLE V.1 Manpower (Employable)
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1662 PHYS1CS IN PERSPECTIVE

TABLE V.2 Manpower (Employable—Other than (U.S., Physics)
(No tables in this category have a breakdown by age.)

Inity-
Diwei- 1= tutlon Sppars Cross
pline  pline  (or Typet Activity Sour Time; Source Remarks Ttem Entries
P X Cittzenship Misc.
f ! Asl pistrib, of authnts
B 1 1 Pastioctarals
1 Sl & eng./pop. S$F
i sefs & eng. P
| AST.other Authors
! AdL.other Scl, b ena. P
" i » i Fostdoe, plans
v B oy R Country of PhD
i k¢ H 1 Fmp. destinations
I3 t £ Controlled thersonue. .
v 1 [ ] Dot fnat fons
B 1y MMl Frolifteness function Mise.
X o Nete & eng.
< 1 1 sitizenship
X ! ! Quest.  Scl. teachers
X 1 e Quest. Phys. teachers
X X Rec.  Women docturatey
¢ t X muest.  PhD's & postdocs
X N X Faculty projections
I3 N Emp., trends
X . ! t [ R AsR, fleld of I'hD JIBITVINILD
ks 1 2! int. &Pl undergrad. najors IB:TIX.2
Ky N N 1 R E&PP. ete. TIB:TIX. 5
b 1 t 3 I R Self-tdentiCication  TIC:TIL.4b
X ) 1 R EATP TICSFIT. Lt
4 1) Duest, Flelds of work & gegree 1l 11.80
1 1 HQuest,  Soc. nombership e el
X X X 1 1 R Lnviron. sci. HIC: T, 03
X ! N i R FEAPEF, educ. tnsrs, TIC:TI1.65
x 1 Seli=tdeatifization 1C:TIv,?
N H N ] fostdoc, plans 1:78.7
N K 1 Reec . Major ind. lahs. 1:79.2
2 i X Quent. jsuard of docturates 1:F12.1
< 1 X Male bachelors 1:F12.7
N N X Rec,otherDegree reciplents 1:712.8
s s ! 2 N R Res, aceiv. & suppurt [:T12.17
) X 1 X Quest, Phi’9 granted NP ete.  TIA:TII,29
N 1 L 3 Rewo  Atmes. postdocs. 1 1X.8
: X 1 [ Phys. chem. speclaleleallr-TX.1
< X X L 1 R Phys. astron. {nsts. IesTil A7
B X t : R Phys. & astron. 1IC:FII.9
: N ! R R Employer distrih. TIC:TIN. 48
N 1 I R Untv. activities 81 11.89
N N X vy 3 Academic rank tICc:TIL.50
? B | | R Theory vs expt. TIC:TI1.51
N 3 2 1 R Degree Jevel 1C:TI1.52
2 s ! [N Field of degree 11.55
< : ! 1 | R Addltional eompetence 11,56
< N X R Growth of ASR FCITILLST
2 N 1 1 R Mobility AMR, E&PP TIT.58
! X ! 1 R AR mobiltey 11,10
&4 X o 1 Q EsPP TIT.5Q
N X 1 X 1 K Faculty, E&APP 11.64
3 X X 3 Quest. Degree prod, 11c:TI. 66
2 1 1 R PhD) prod. & uelliz. 1{C:TII1.67 -
2 2 X 1 R Environ, scientists 1IC:TI1.68
: 2 X 2 1 1 R Environ, sclentises I1C:TII. 69
2 2 ! X 1 o EAPP '
2 1 2 X Quest.  [nd. manpower
1 2 X 2 1 R CM emp.
1 2 2 X 1 R CM vs all phys.
1 X i 1 R ANLrOR, manpower
1 X X Genss1., projections
1 X X 1 Geosclentints
t X 1 R Geugtentines
k4 1 Full profs.
X Unemp loyment
X Faculty projections
X GNP factors 1:T12.2JA SO Misc,
X Livilian emp. 1:712,230
2 1 X 2 Jueat. NP mobilicy TTA:TII.28
X 1 Juest., Teacher backgrounds
X 1 Juest. students & teachers MS
4 1 ASI Papers per author
1 1 Juest. Time distrib. TIB:FXIV.6
v

208

ERIC

Aruitoxt provided by Eic:



607¢

i 9 11IX4:911 siaydea3j 3 SIUIPN3§ 1
1221l 1 suotioalfoad jusauyrolugy X
rAARACEN 1 +dod jo suor3ioaload X
[TARARRES +dod jo suotinalfoagd X
VARARAD spuediis °peJy 4
as o1 clds1 jaoddns ‘pad X 1
( "9STH
("d*aN‘ds 07 111L:D11 adues °ATUQ *3sand 1 rA X d
“ISTH AN 0%°11L:011 L1t1Tq0UW *ONPY q 1 d
AW G ITIXd:41l outradyd ‘dus g -Onpz *3sand 1 X X d
an 9g°¢Td: 1 sjuaw{loiua ¥ *Speln X rA d
9°CTif1 xos 3 dTysuazyiird *3sand 1 d
(A RADY 3ioddns Jjuapnas *3sand 1 X d
672141 ‘yos -pead Burisaue % X 1 d
N SEARAS! £Lagnoey nayl uewysaid X X d
| AT #0713~ 1amoduey 1 X X d
It T%°111:011 *qTaISTpP PTArIqns | 1 X d
I yZ 111011 s,aqyd 3 sjuapmig 1 1 X d
T°11TX4:411 sjuau{Ioaua °*}2s "§°H X 1 X
9141 aofew jo sadToy) *3s8n) X X
rAFARRE S92T0Yd 13218)- *3sand 1 X
€ 11401 sjuawioaua °"S°H X X
sataauy wall syaeuay 32aNn0§ auy], 92ano§ TaAd1] (ed4], uov surtd oaurtd
£501) 3aoddng o uoTINd -II2STP -TOSTIQ
2213ag -I31Su] -qng

*g*(] @Yl 9PTISINO SIuUdpPN3Is uo eIEP an78 siaodai ay3j 3Jo duoy)
*§+n—(s3uapnig) 1amoduel ¢°'A TTIVL

1663

IC

Aruitoxt provided by Eic:

E



%Z 1d:VII suot3daloxd 3sod gy X X 1

€7 Td:VIL suot3oaload 3s0d g3 X X 1

T2 14Vl saanjpuadxa 44 -8y X X T

€T IL:VII suotioaload 3soo gy X X T

TT°IL:VII suor3oaloxad 3so00 gy X X 1

IT°1L:VII suoyiosaload 3soo g4 X X 1

0T° 1L:VII suotr3dafoxad 3s00 gy ) X X 1

9°IL:VII saanjtpuadxa dy -8y X X T

T-AIL:VII s2TsAyd TTe sa WD -8y*isand 1 X z

d*an G IIT4:VII soTsdyd Iy -8y T z

d 7 11143011 *qraistp Surpung -8y T X X

ST II1L:DII saan3jTpuadxa SgN -8y T 1 X

%1°111L:011 310ddns ysyN -8y T X X

0T° II1L:DII saanjtpuadxa qoq -8y X X X

6°111L:D11 saanjtpuadxa -3y -8y X X X

*OSTR AN GZ IIL:VII suo13vaload 4aN 4 X

*OSTR‘AH 9T IIL:VII suot3Idafoad gn 4 X

*OSTH ‘AN €2 I1L:VII suot32a foad 4N 4 ) X

8TV 0Tl:1 SEN *8y T T X

ZI°V'OTL: 1 oyv *8y 1 1 X

9°0Td: 1 aoa 8y X T X

G oTd: 1 dsN 8y X T X

%°0Td: 1 23V <8y X T X

0$ 8611 sa1317Ioe) *sdydorg *31sand X X

AR TRS | Butpuny -pur % °pajg 19y3zody | 1 4 X

g6l spunj -sdyd oyseg <3y X X

yieddy: 1 sjuawara wealdoag T X

W T¢ 111811 ardues -atup -3sand 1 T X
satajuy wal 1 syaeway 221n0§ QU] 92anog (ed£1 10) auyTdyosip

S501) . 3ioddng uoranyyisuy -qng

s21sAud ‘*s'n—S8utpung A FIEVL

-

1664

O

IC

E

Aruitoxt provided by Eic:



Iie

TH ST IILVII SOTITITORY dN MoN 4 1
*OSTH K %1 I1L:VII saoafoad aN 1 1
*9STH €T I11:VII s3oafoad 4N *qeT °T3IEN 1 1
*3SIH 2T 111:VII sioafoad gN °aATup 1 1
TH TT°I11:VII dN Sutpuny -atuny  -8yt-asenp | 1 1
6°111:VI1 gurpuny aNn  -Sv‘-asand | X 1
0$ LT°114:VII jioddns gN -3y X 1
27 14:Vil saanjpuadxa d3 -8y X 1
0$ 8T Gd31 TYN +99Y X 1
0% L1°64:1 JdV1 +o9y X 1
IH gL wdil YRV -8y 1 4 1
N L9431 *1d%°1d -8y 1 4 1
IH oL wd:l *1d%°1d 8y I 1
IH 79°vd:1 *1SNo2Y -3y 1 4 1
IH T19° %41 *318n02Y 8y X 1
IH €6 vdi1 +3do 8y 1 4 1
I 6 vdil +3do -8y 1 1
IH LA TN WO -3y 1 4 1
an Ghwd:l WO 8y X 1
IH oy vd:l o -8y 1 4 1
an 6£° 741 - 8y X 1
N 0g-vd:1 dn -3y 1 z 1
I 62 941 dN 3y X 1
1 8T A1 a3 8y 1 1
IH LT°vd:1 a3 8y X 1
8T I1d:VII $1502 aN 8y X X 1
97 143VI1 suojanafoad 3500 g3 X X 1
67 14:VIil suotioafoad 3500 43 X X 1
saixiug waili syaeway 82anosg QU] aJanos Amahy 10) QurTdIOSTP
§501) 3ioddng uofINlTISUl -qng
(*3uo2) soyshyg °-s'n—Burpund y°A ITEVL

1665

O

IC

E

Aruitoxt provided by Eic:



97°6d: 1 3jaoddns Teaapeg ‘3y X
T°14:1 l1ioddns Teaspag ‘3y X
CC°111L:D11 Jjioddns Lietes ‘atup *3sand T T T
LT°I111:D011 Surpuny -puj *3sand X 4 1
08 aK 2Tl 1 s3500 LieTeg S 1 1
*OSTH d“ SH AN 0C°I111L:D11 ardues -ayup +3s9nd T X
d 6T II11L:D11 31oddns 3 >17qnd -puj *3sen 1 X
*OSTH' 0% Al T I1IX1:911 saanjtpuadxa 3uryoeay ’ 1 X
G164 1 *sqeT Odv 8y X T X
6T°XI1d:4911 *sAyd adeds ysyN 8y X T T
% I1IAL: 911 3urpuny ygv ‘3y 1 1
Z°8IIA"D9S:VI] “1d 3o *shyd T X 1
€ IIAdVIL jaoddns ‘T4 3 IV 8y X X T
G IAd:VII seaie Jy suoridafoag X T
AN % IAL:VI1 SUOTSTATPQNS *3ISNODJY T X T
¥ IAdIVII *3snooy ‘3y X X 1
C°IAL:VI1 *3snodeoald » dajemiapup X T
*OSTH 8 1114:V11 WV sTesodoad jgN 8y T T T
*ISIN L°1114:V11 Iy sTesodoad JsN 3y 1 T 1
7 I114:V11 K154 ‘8y X X T
*ISTH IR 2T 111:V1l suot3idaload 4N z 1
TOSIH AN T¢"11L:VI1 suot3daload 4y Z 1
*OSTH AR 07°11L:VI1 suotr3idafoad gN 4 1
*OSTH AN 6T 11L:V1I suot3ioafoad 4N Z 1
*ISTH AN 8T 111:VII suot3dafoad gy 7 1
*ISTH AN LT 11L:VII suo13daload 4N z 1
*OSTH*AH 9T 11L:V1I s32aload 4N 3y 1 T
satiiuy wal ] Syaeuway 321Nn0¢g QU] adanog (ad&y 10) aurtdyostp
$5019 Jioddng uorIniTISUL -qng

(*1uod) sorsfyq ‘S n—Surpung 45 FIGVL

ol

1666

O

Aruitoxt provided by Eic:

E



4§

é

™~
O
-
1171118011 11o0ddns nqi 3y X 1
LT°11L:011 *s817qo Traapag -3v 1 X .
( G eTd:l
A m.>ux.m..muu S90TA19S .Owﬁh MOSUO..UQM 1
€ 11IXL: 911 *s817q0 ‘sax Teiapad -8y 1 X
@.A.ﬂhnw mUu:u.:.,EwQ%m *onpy .w< X X
IR A ARR sisod faejes -8y 1 X
05 AR 11111 *sdyd Sutiyoeay 1
9T V011 1 VSN -3V 1 1
£°0Td:T 123pnq 1R3103/5215AYd -8y X T
£ 0141 +sfyd o1seg -3y X X
satajuy waiy syieway ERB i awty, aoanog (2d&y 10) aurTdIosIp
s501) ) 11oddng uotanitisu} -qng

(*3uod) soIsAyqd ‘S A—3uTpung H A ITAVL

O

IC

E

Aruitoxt provided by Eic:



9T °X14:411

Ssuorreradoadde yyoyyn

X T *s'n
ST°XI14:9I1 : *¥Is -souwqy X X 1 *s*n
€T XIL:gII *Ids -some JSN *3y X 1 X 1 °s'n
OT°XIL:gII *s317q0 qRy *3y 1 X 4 *s*n
9 TIIAL:4II SUOTIBPUBWIWOIDI YRV T z *S*n
S IIIAL:€GII SUOTIPPUAUMIODIT ¥RY z *s°n
8°VOTi:1 ASN *8y X T X 4 *s'n
T°S4:1  *¥2S ‘uoataug § *sfyg 3y X X 4 *s'n
02°X11:41I 398pnq yss0 8y X T X *s°n
TT°XIL: 911 *I9S -uoatauy *8y 1 X X *s*n
9T X14:911 *I9S -uoataug 8y 1 X *s°n
TT°X1L:4I1 *I2S -uoartaug 3y X X *s*n
*OSTH 9-GgL-dd:yil ‘310ddns euserq *3y 1 X 1 X °s*n
0T IIL:VII 8utpuny 4N 8y X X X X *s°n
LT°V°OTL 1 @21aumuo) 3y T 4 X °s*n
ST°V'0TL:1 9128y Jo adag ‘8y 1 X X ‘s'n
TT°V°0Tit1 9o104 1TV 8y 4 1 X *s*n
0T°V°0Ti‘I aoa *8y X T X *s'n
9°V 0111 By *8y X T X X *s*n
7VIOTL I *qraisIp 38y ‘8y T X X *s'n
£V OTLI *qraasyp -8y 3y T X X °s'n
T°VOTitI *Qraistp *3y 3y T X X ‘s n
T°V'0Tii1 *qraasyp 8y *3y 1 X X ‘s*n
9T'6d: 1 _SqBT DaY *3y X 1 X X °s*n
0% 9-84:1 S2TBS MOY-souy 1 X
€841 asy z X
7°84:1 asy X X
12} 1°84:1 dN9/avy 1 X
satajugy waj] syieway °21n0g| Bwfy  92IN0§ QuUTTdIISTP aurrdyostq o1ydead
$5019 3aoddng -qng ~099

(s2Tsfyd ‘*g°n) ueys 1ay3ap—Suppung c+p FIAVL

1 4%

1668

O

Aruitoxt provided by Eic:

E



*ISTH

G1e¢

7°111:V1l $103B13T329Y 1 *s*n

8TZTL:I 094 1T® sA °sax DIseg X . 4 ‘s n

€1 eTd1 *s21 dIseg X ‘s'n

T1°214:1 spunj (%Y JO sadanog X 4 *s*n

SH 0T 2Td:1 dN9 ® 330ddns *pagd X 1 *s'n

€ zTa:1 asy °pul X *s°n

rAFA LD asy X *s'n

61°V'OTL:I 10721938} 8y 1 4 *s'n

91V 0TL 1 HIN 28y 4 1 *s*n

€TV 0TL:1 LaeyN -3y X 1 *s'n

6°V°0TL:1 JdSN sA doa 8y X 4 *s*n

LV 0TI 1 dSN 8y X 1 ‘s'n

G V0Tl I “qra3sIp 8y +8y X X *s'n

Z°0Td 1 *sa1 oTseq 8y X X *s'n

101421 *039 Ry sdeaang | X z *s*n

61°XIL:gIl Te21d43 VSSO 8y 1 1 *s'n

81 XIL:€I1 *goueado JSN *8y X 1 1 st n

L1°X1L:911 *s&ydoa8 JSN 8y X 1 1 1 *s'n

91°X11:911 195098 JSN 8y X 1 X 1 ‘s'n

GT°XIL: 911 SUOTIBPUIWWOIBL SVD 1 1 ‘s*n

T XIL:911 *¥08 -sowie J4SN 8y X 1 1 ‘s'n
satajuy wall syaeway @oanog |awyry aoanog auyrdrosip aurrdyrosiq o1ydeald

§501) ’ 3aoddng -qng -099
] (*3u0d) (sorsfud ‘+s°n) ueyl xayig—Surpund GoA HIEVL

1669

O

IC

E

Aruitoxt provided by Eic:



Y1641 Sataeteg d T X 1 1 1 d °stn
€164 1 Sataereg b 1 X 1 1 1 d *s'n
C1°6d: 1 saTietes A 1 1 1 X d *s'n
an T1°64° 1 "SISUT DdIWapEIBUULN b 1 X 1 1 d *s'n
W 01°64°1 °S3sSuTt JTwapedy b 1 X 1 1 d *s'n
d$ 81°G4: 1 ) TVN * 09y X 1 d *s'n
d$ LT1°6d°1 ” JdWV1 *29y X 1 d *sTn
T ITIL4:0IT 7 $1502 DAV 8y X X X d s
1611 .u»::ms\mumoo 1 X d s n
€2 IIIL:DII1 95e9210UT 350D 8y 1 4 X °stn
T2 AIXd: 911 S350 uniaigd * 29y 1 X °s N
€°Ldr1 ane13 ‘S X X *stn
€°LL I apeal *S°n X X ‘s°n

7 1IXd:4d11 §3802 Jloqel 3Tun X X

€ IIXd:9I1 43¥ayIonpoad anoy-uey X X

T IIXd:9I11 saoyad 1swnsuo) X ; X

T 1IX4:9T1 sjuawdied aSey X X

a8 9841 Sares moy-mouy 1 . X
1°8L:1 S3500 (94 2A1IBT3Y 1. t v

*OSTH 01741 £310ua 3 dNo 1 b
AFRAS | dND ‘ 1 X

601°%74:1 $31500 10qET] X X

80T wd: 1 andano <33R X X

L0T1°vd 1 S9211d X X

901 4?1 sageM X X

L AIL*VII 8pe1] DIU01IIITJF 1 1 X

TEEEh sjaoduy 9 siizodxy 1 X X

sa1ijuyg waly syaBWaY 221nog aur] 431ATIOV dx3y yuey (@d£y 10) oauyrd ourtd ojydeas
§S0X) a0 a0 uoyiaIng ~I9SIp -¥I0S51Q -099
a8y ae:8aq -¥3sul -qng

Lsuol 394310 94 FIGVL

1670

91%

O

Aruitoxt provided by Eic:

E



T'IX4: 911
T HLITIX:9II

UHWN 30 s3s0)
s201a3p Bupdaayauyg

Lio

>

T'(d:1suoTaeTTRISUT 133ndwo) 1 X
£ 1IXd: 911 53502 123ndWodTUTH X 1 1
9°1IXJd:9I1 51500 Aiowaw 310) X 1 1
*IS TR 2eLdt1 $3502 133ndwo) X 1
CIT'wd:1 siayndwodTuTy X 1
TIT vd: 1 Aiowaw 210D X 1
Yy ALXdEI1 sad1ad >oog "IT1 1 d
$T AIX4:911SIS00 ® sas1ad Teuinor *[ § *2I3y 1 d
"OSTH YT AIXd: 4911 ao11d -138qy *sdyqg et | X d
*ISTW y°IIL:VI1 Slio3leiaTadde jo sodLg 1 1 d
T0T %431 juaudinba ¥NN X d
ZT AIXd: 911 §3502 jjoumy "oy 1° ‘S'n
7 1T1IXL:9I18uTyoeas jo s350D 3Itup 1 *s'n
CTALL:VII S91es ‘puodIwWRg 1 ‘S*n
%*AId:VII Seseysand >Tu013d973 X *s'n
CALdIVII saTes sd713auley X ‘S'n
CATdVII S3aTes ‘puodITWIS *o9y X ‘S'n
d$ LU TTI4:VII dND X ‘S'n
4€C°¢T1 1 sjusuodwod N9 X *s'n
IR'ISTH VEZ'TTL:1 S10319BF JND X ‘s'n
T6d:1 1STIUdTIIS /350D X T ‘s'n
¢ IIIXL: 911 satieres b T Z 4 d ‘sS'n
TOSIH
CAS°AN TUITIXL:9II S9TI1BTES 13Yydea] 1 X d- ‘s'n
TOSTH 8 IIL:VI] $103819373208 MaN 1 X 1 d ‘s'n
48 AW T'TTL:1 sataieres k| T A T d ‘SN
IS T°TIL:1 S91ieTes layora] b 1 4 1 d ‘s'n
a8 8'61l:1 S3rIrTrdey -sdydorg  -3sand X X d ‘s'n
satijug wa] syaevway asanog awrl AK3tapaoy -dxz juey (@dLy 10) . aurrd aujyd orydead
s§01) 10 10 HoIIN] -~IISIP -7ISIQ -039
a8y awa8aq -13Isu] -qng

(*3uod) Lsuol 18Yip 9°A IIGVL

1671

O

Aruitoxt provided by Eic:

E



IN 9°IAL:VII

w:oamﬂ>.mv£:w *3snody ‘r 1 1
G IALVII siaded ysyr 'r X 1
6°XI1L:9I1 siaded g4%3 ‘r 1 X 1
( G ETdS1
( €7 AIX4:4II *SAB1 Ul *S3ID jo aldy ‘r X 4
IR IS G IIId:VII sotsAyd v T I8V 1 4
2 AIL:DII siaded *g*'n Jo °qra3siq I8V 1 X
T°AIL:DII siaded -S°n Jo *qFaIsig 13V 1 X
9°IIIL:DII VSVN paiioddns saaded r 1 1 X
G IIIL:D1I 03v paijioddns saadeq ‘r 1 1 X
% IIIL:DI1 @0q pe3iioddns saadeq ‘r 1 1 X
2 1114:011 sjuawdpatmouspe 3ioddng r 1 X
1°I111:011 sjuaudpaymoupe 3aoddng 'r 1 X X
( T2 €141
( GE AIXA:EII Suoy31e3ITd jo a8y X X
( 6C°€T4°1
( 6% AIX4:9I1 &310T19nd DTITIUSTOS 4 X
¢ I11L:D11 sjuaw8paymouyose 3jaoddng °r 1 X 1 X
O0T°AIL:DIL sasay], I3V 1 4 X
6°AIL:D1I sasay], I3V 1 4 X
% AIL:IDII *3sut Butwiojiad 13V 1 X X
€ II1L:D11 SuoT3IBITTIIIE 1oyiny °r 1 X X
( - 8T°¢g1d:1
( TE'AIX4:dIl paonpoad siadeq I3V 1 X X
TT AIXL:HIL siaded 3o ‘qraisig I3V 1 X X
G ITIL:VII siaded -1oayy % -dxy I3V 1 X X
6'6L:1 *noy - shyg ‘r X X X
9°pi:1 uoTINGTIISIQ 13V 1 X X
S2Tx3juy wajly m&uMEwm 92INnog wEﬂ.H 22aIN0G :o._”u_au TI3Isujy wnﬂﬂaﬂ Qmﬂﬁazm
S501) 3aoddng

$oTsAud **§°N—SUOTIBDTTANG ['A TTEVL

818

1672

O

IC

E

Aruitoxt provided by Eic:



61¢

I T°II14:011 $92anos jxoddng ‘r T X
CT II1L:011 31aoddns qoq °r 1 X
( [AAR AR
( LE°AIXd:9II SOTISTIBIS UOTIBIT) 13V X
97 AIXd: 911 s1dradosnueu jo aaeg sp3 I
9°III4:01I1 §3uapnys sA °*syqng *i1sand 1 T
§°II1d:D11 8uryoeay sa -s1qng *3sany 1 1 .
( AR LD I
( ST AIX4:gII sS8e1 swy3 Teuinor .r I -
as 67 IIIL:DI1 3xoddns 3 -syqnd -pug *1sany 1 1 )
TT°IIT4:011 *§3ISUT Jo azyg ‘r 1 X ‘
6°I114:011 Buy3ea sa 3ao0ddng *3sany T X : .
8°II14:011 3uriex sa -syqng *3senp T X
£° 11142011 3utaex sa Suryoeay ‘3san} T X
("9STH'SK
( Ias 0Z°I111:D011 aTdwes *Atup -asend 1 X
7 611 ‘SQBT ‘put jo sadfg 13V 1 X
£°61%1 *sqeT *put aofey I8V T X
I ¢ I111:011 *ISNOdE Jo yimoin °r X 1
sa1ajuy waly syaewsy ?221nog 9WI] 22In0§ UOTINITIsu] autTdyosypqng
§801) Jz0ddng

(*3u0d)  s2Tshyd ¢°5'N~—sUOTIEDITANG .z°p FTEVL

Aruitoxt provided by Eic:

E\.



‘aay *8fyq woij SuoTiILIT)

027¢ -

9T'€Td:1 OfL°AIXd: 91l r 1 d
TT€Td:1 LT ALXd: 811 satijua +aisqe °siyd I8V T d
8°€Td:1 ET°AIXJ:4II ssaud1yIT0ad “TuIl I8V T d
[€Td:1  TI'AIXd:€1I satajus -Jual -aasqy 13V T d
9'€Td:1 OT AIXJ:EII sataqua ‘Tual -1asqy 3V X d
6€°AIXd 91T sayoTIIEe *AdY 13V X d
9¢€ *AIXJ: 91l WO ¢sito 3 L31TEMD 13V T d
T AIXL: 911 sjy00q jo asodang *311 d
9T AIX1: 911 *31T *A81 03 SI1D 13V 1 T d
ST AIX1:8II *sA@1 JO UOT3IBITD JO 3By ‘r X d
9T AIX1:81I *3IT *A31 ul *s3ITY *311 T d
*OSTH GI'ET4d:1 87 AIXJ:9II *sTuaf jo *zyyerdads I8V X d
*OSTH 0T AIL:VII siaded }O Jo A3yTend -3uI‘risand 1 1 d
.N.HHH.H:\HH Sso9sayl] % muwn—m& 8y T X d °
. 6T AIXd:8II XIajew uoTIBIT) 13V 1 X
8T°111L:D1I *1qnd ‘pul *asand 1 A ‘s N
€1 1111:011 sa1108238d (00 8y 1 I ¢ *5°N
TT°AIL:D11 suoTielt? Jadl r 1 4 4
S AIL:D1I *qra3sip 8099 I8V T 1 d X
£ A1L: 011 ‘Tqnd jo uot8ay 13V 1 d X
W 7°81:1 saoyany 13V T X
[T°€Td:1  TE AIX4:EII paonpoiad siadeg 18V 1 X d X
' T AIXd: 41T a8e1anod *Tual -a3sqy 8V T z d X
0T AINL:IGIL xiom jo *qraastp * 803y 13V T X d X
6°AIXL €11 - {:nd SA jiom suor8ay 18V T d X
€ ATLIVII ~ °Tand 30 13V [ 1 d X
£°81l:1 sa1ajunod &q *qraisig I3V T X d X
satajugy wal i syieusy’ ERE LTI awt] oauyrdro aurrd o1ydead
55010 -sTpqng ~-T2S1Q ~039

(-$°n “s915Ayd) uEYI 12Y3Q—SUOTIBITTQNd §'A TV

1674

O

IC

E

Aruitoxt provided by Eic:



reg

an‘ds T I111:VII suot3vafoad gy 4 1
TN a$ 0Z°I11:VII suot3oaload gy 4 T
TN IS 6T IIL:VII suot3daload gy 4 T
N a8 8T°111:VIiI suotivaload gN 4 1
TH S LT°11L:VIZ suot3dafoad gy 4 T
AN d$ 9T*IIL:VII s3oaload gn 3y T T
4$° 9N YT 111:VII s3vafoad gN T T
as €1°111:VII  s3oafoad 4N °qeT °Tien T T
as ¢1°111:VII  saz1s 39afoad 4N *Atup T 1
as 2 111:VII $103B19Ta00V T T
£€8°111:01I1 sa8e gds3 bt 4 T X T
0% 8 IIL:VII SI03BI3T8IIB MaN 1 X 1
L*TIL:VII uMop Inys sI03rIaTaINY X X 1
9°111:VII S1039B31 JO SNSUl) 1 X 1
G*IIL:VII Sa03BI3TIDIER JO SNSUI) 1 X 1
€°IIL:VII sS3039B31 § SI03BI3TIIOIY 1 X 1
6 '1L:VII sa1a11Tqeded 1o3eaaraday * o3y T X T
8°IL:VII UOT3IBZITTIN 103BIIT3IDIY *day X X 1
K 8¢°11L:D11 *SqEa3Istp 88y : T T X
4K STI11:0I1 9% 3 XTijew UoTIfsuea]’ T T X
L*11L:011 sade uetpaj., d 4 T X
%°I1L:D11 SBa1e SA SaT3jTeyvads A 1 X
4K 0ZT°€Td:1  wE*ATXd:q11 iaded 13d saoyany r X X
K as GZ I11L:VII suotidafoad gN 4 X
AN IS 92 I1L:VII suotidafoad gN 4 X
48N €2 11L:VII suot3dafoad gy A X
H 0T°81:1 uioq-u8yaiog o 1 1 X
0T I114:0I1 3loddns L1eres  -3send T T 1 X
sataauy wal3y sy aeuay @vanog QUYL 8danog quey (adLy 10) auprdyd
$S01) Jioddng 10 uorINy]  -sypqng
2218ag -T3Isul

So7sAyd ‘°5°N~—SNOSUBTTIOSTH 6°A FTAVL

1675

O

Aruitoxt provided by Eic:

E



I T€°I11:011 sa8e ueypol : 1 1
6T ETI:T EE AIXI:EII siaded jo yj8uag r X
€T AIXI 11 guraouoy agdaeys adeqd *29y X
LTAIXL9II s3uylaauw ITJTFIUITOS 1
8T eTd: 1 juawaderd 41V o9y X
9T ¢Td:1 spe -1duy r X
ARG LN SaTITnoel .m%r_m .umw:O X
9°6d:1 az1s *adag R EN z
Cpd1 *satun Sugpjuea8-qud X
% IITd: 0111 8uyyoeal sa 3ioddng  *3sand 1 1 1
€ II1I4:011 8utyoeal SA °say *3sand 1 1
I 8641 juex sA 38y i A X 1
d*SH'aN‘ d$ 02° 11113011 ardwes -ayup  °3s8nd 1 X
IH €2 111011 S9TI1TATIOR § a8y : 1 1 X
61 AIXI:H9II §133uad ‘[BUB °OJul -8y 1 X X
0$°4$ TN T°IIIX1:911 "QUa3ISTP BW[I-IYIEI] 1 X
9°IIIXd: 911 S2TITNOBJ JO sivquny  *IsEnd X X
T TTL I jusmforda sa a8y q X z X
\..m.HuH mwﬂhowwumu huﬂ.ﬂm:O 1 X
.M: m.mhuH 3aANJoNals Mcmhlww< .umm:O 1 X X
1°6L:1 *sqer aofey X X
IH 78°I1L:D011 sale 4434 b1 1 1 1
N 181113011 sal8e 4491 b { 4 1 1
m.&Q<H<HH *3Isnoae .mnm.ﬂ .u>OU 1 1
v+ddy:yIIsa1Ieioads *3Sn0dE § *SATU[ 1 1
as 8 IITd:VIL TV stesodoad JSN 8y 1 1 1
a$ L*1114:V1I INV stesodoad JSN i8y 1 1 1
TH IS 2T IILVIL suotaoafoad aN A 1
saTajug wall syIeway 22anog swy], aoano§ quey (adLL 10) auridyo
S$5019) . 310ddng ao uofIn] -sypqng
29a8aq -T3I8ug
m.u;OUV soT1SAyd ¢ *§ ~-SNODUBTTIISTH 6°A 79V

H

%)
AN |

1676

O

IC

E

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Index of Data 1677
TABLE V.10 Miscellaneous—Other than (U.S., Physics)
Subi= Instl-
Ceo~  Discl= dlsci- tutlun Suppurt Cross
geaphic pline pline (or Type} Source Time | Source Rewaras Ttem Entries
X X 1 1esu 1:App.HA
X P t X | Reu Avceleraturs + 1.5 GeV 1:74.2
X P 1 ] Acceleraturs 1:F4.4
X 4 i R Clelzenahlp & age 1378, 8 ME
X P 1 X 3 Rec. Accolerators  » 1.5 GeV 11A:TI.4
X 4 t X 1 Rec, Storage rings ITA:TL.S
X P 1 1 Rec, Accelerator & reactor loc. 1IA.FI1.7
X 4 t Asl Conc. of jrnls, LIB:FXIV.27
X 1 1 GNP & energy 1:F7.10 $0
X 1 Sentcond, migrs. 1ATLIV.S
X 1 X Computer tnnovatlons 1IB:TIV.6
X t Accelerator locations ftaF2.1
2 ! 1 Energy 0:37.4
: P 2 1 Quest.  wormunic, media TIB:FXIV.S
1 P 1 Depet. slze 1:F9.7
LS. X 1 Juest, Aptiltude scores 1:712.3
X 1 X { Plasma granty LIA:pp.725-6
X 3 Rec. new starts 118:TIX. 21
X 1 Dara centers 11B:1XApp.B
r 2 H 1 R Median agen ASR TIC:TIL, 54
1 X Telecommunlcationa 1:F4. 34
1 X Energy 1:57.9
1 Univ. fiscal troubles’ 1.f6.1 *
1 Rec. Committees USC 1:Tl4.
X J Emp loyment ads 1:Fi2.17
X CNP facrors L:T12,23A SO,ME
2 Growth {ndustries 1:T12.23C
1 Ao Reactors
X AR Nuclear power plants
X AR Info, anal. centers
X luewt.  Iat. Communic, medla
X 1 Abstr. jrnls. clre. 1:F13,10
X 1 AL Abstr. jrnls,
x 1 Lie. Rev. Ifr,
2 Qucut.int. Time In cummunic, 1:F13.3
P 1 Plasma expts,
P X 1 Jury ratlngs
4 1 t Jury ratings
P I 1 Jury ratings
P 1 t Jury ratings
P t 1 Jury ratings
P 1 1 Jury ratings
P 1 1 Jury ratings
4 1 t Jury ratings
P X ! Jury ratings
P X 1 Extrinsic vs Intrinsic
P X 1 Extrinsic vs {ntrinsic
P X 1 Jury ratings 1:App.5A=5D
P 1 1 Types of accelerators TIASTLL. 4 sO
e 1 L glest.int. Qualiety of CM papers LIATIV. IO P
P 1 Rec. Pav, jrnls. circ. {IB:FXIV.45
P 1 Lie. Kinds of rev. lit. [1B:FXIV.46 [:F13.26
4 X 1 AsL Emphasts {n jrnls, LIB:XIVApp.A
4 1 Abstr. & title Jrnls, LIB:TXIV. 1
P 1 Abser. Jrals. TIB:TXIV.2
" 1 Tltle jrnly, LIB:TXIV.3
P 1 Secondary services TIB:TXIV.4
4 1 Abstr. jrnl. indexes LIBITXIV.S
P 1 Secondary services TIB:TXIV.6  [:T13,1
1 1 Energy prod. 13T4.3
P 1 J. Jenl. time lags Yi4:TXIV.8 1:TI3.2
P 1 X Age of jrnls, read LeBITXIV.I2 1:T13.3
P 3 1 Quest,  Oral communication 1IB:TXIV. 18
P 1 AT Interdive, jrenls, LIB:TXIV.20
P 1 i 1 {ne. Info, transmisslon 118 FXiv.7 1:FI3.4
» 1 X Ine, info. transmlsstion TIBSFXIV.8
4 X Rec. Phys. abser. clrc. {IB:FXIV. 16 1:F}3.9 §O
4 1 J. Jenl, bulk & price T123FXIV.18
P 3 Rec. Jenl. clrcs. LIB:FXIV.19 1:F13,13
4 X J. Bulk of jrnls. LIB:FXIV.20 [:F13.12
P X AS1 Jrnl. speciallzation LI#;FXIV.28 1:FI3.15 P
4 1 Quest ,A&I Rav. lie, LI3sFXIVLGL 1:F13,24
P 1 1 Asl Rev, lir, CM LIB:FXIV.42
H X Computer efficiency 1:F7.2 50
1 X X Semicond. {nnovatlons LTA:TIV.4
biscoveries va exploit., :t7.1
X Laser power {TASFIV. I
X Computer generations ILA:FIV.S
Tlimekeeping devicea TTIB:XIITH.L S0
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APPENDIX A:

SELECTED TABLES

FROM THE PHYSICS
PORTION OF THE
NATIONAL REGISTER OF
SCIENTIFIC AND TECHNICAL
PERSONNEL

The next few pages reproduce the 1964, 1968, and 1970 questionnaire
forms. After these follow the tables; their content has been de-
scribed in Section II1.1.2. The number following the T in the up-—
per left-hand corner of each table designates the type of table,
as labeled in the first column of Table II.4 of the text. The
labeling of the rows and columns corresponds to the choices of~
fered on corresponding questions of the National Register form;
the numbers in parentheses at the heads of the columns of Table II.4
can be used to locate these on the 1970 form. Each table is given
an identifying number at the right.

A variety of abbreviations is used in the tables. Those per-
taining to the various subfields are the following:

A&R, Astrophysics and relativity

AME, Atomic, molecular, and electron physics
EP, Elementary—particle physics

NP, Nuclear physics

F, Physics of fluids

P, Plasma physics

P&F, Plasma physics and physics of fluids
CM, Condensed-matter physics

E&P, Earth and planetary physics

BIO, Physics in biology

QPT, Optics

1678
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ACOUST, Acoustics

ASTRON, Astronomy (all areas other than astrophysics
and relativity)

MISC, Miscellaneous physics

Many of the tables have subrows ]abeled with N, H, VvV, and sometimes
HP.  Here, N 18 the number of registrants relevant to the given box
of the table, H is the percentage that this box comprises of the
horizontal total in the table, V is the percentage that this box
comprises Of the vertical total, and HP i{s the value of the column
variable at the indicated percentage of the horizontal total. For
example, in the columns labeled salary ranges, as in Table 12, an
entry, 50 = s, in the HP subrow means that s is the median salary
for the row in question. A statement, dimension-001 01, means
merely that there is no specialization other than that Indicated
for dimensions 002 and 003.
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1680 PHYSICS IN PERSPECTIVE

NATIONAL REGISTER
OF SCIENTIFIC AND TECHNICAL PERSONNEL

IN THE FIELD OF PHYSICS AND ASTRONOMY CONDUCTCO BY THE
AMERICAN INSTITUTE OF PHYSICS
398 EAB! S3TH BTAEET NEW YORK NEw YORK 10019
AND THE NATIONAL SCIENCE PFOUNDSTIUN

Amb ih uiher faide ul Mienve bu the Smeeiran Chemiral Buristy,
Areriean Walhometa sl Rowiy Amerwan Mo
Soum Fodutotion ol American Nocivties for Lopetimental Uiokuy. an

tute uf
n Row [T
¢ Asaviation of AmenicA.

Ameriwan Lasduguel Ineiitute, Amenican I
[ e o
e ul The Mislern Lanmu

PLEASE PRINT ANEWERE IN DARK INR UR TYPE

1P YOUR NAME OR ADORESS 3T L NCOARECT,
PLEASE ENTHR CORAECT INPONMATION BELOW
PLEALK GIVE FULL NAME

BURE YOUR POSTAL ZIP CODE 18 INDICATE

NOTE- If you have received amd completed « Nationsl Regusier questiannaire from one of Uie other urgsruzations listed abave
since March 1. 1964, plenss write the name ol the orgsnizaton here

aa, plewae complete itrm 1. and on the back of the questionnmire, Kive your social securily number. date

g
snd signatuce,
anel return in the etrlosed envelupe,

_2 STATE OR COUNTRY QF BIRTH 3 BTATE O COUNTNY OF SECONDARY 8
Tear " 4CNDOL GRADUATION

K]
>
N
2
.
E
z
.

S CITIZENSHIP rherd s

vea W NON BA  permensnt tevdtent epeeily ronaterd

i
Usa aemLiE0 POR ] 9. NON UKA Iuemify crunten

6 | regsrd myself prolessionally as & far] icheck only one)

£} X1+ Astronomes £y « Chemist
27 & - Binlonst £1% - Feonomist
Ul W - Medical Scientist [ X% - Engineer

360 - Linguist <1 - Paychologist
0 < Muth (I . S,
ZHio . Meteornlogist {271 - Sratisucien

Ol - Geolosist w1 - Physicist [3XX- Other (abecify}
COUGATION
. KARNED YEAR OF "
9 SOLLEGE UNIVE TY Om OTHER INBTITUTION iintlude vty and stetey f-1 1133 P Majon MINON
" ANY N
. f

CiJFiREN‘T PROFFASIONAL EMPLOYMENT.

% Please check the box which mast fully describes your current empluyioent status. Check only ane

3 1. Full-tume professionally employed {J ! - Student. pat-uime employed {37- Nat employed, and not seeking
{32- Part-ime professionally emplayed {Graduate Asustants tae this code) employment
3 3. Full-ume professionally employed, 03~ Student. not employed (2% - Employed. but not in professional work
purt-nme stuedent C16 - Nol emplayed, and seelung employment (19.Retired
# Pleaw give owme of present principal employ -t and actual place of employment. 1t wd emploied vurrenmily. omil teme 3 Ihruvgh
18 llegin stein with llom 18 ¢
Neme uf prement princins] emplayet Arlust place uf rmpleyiment Loty and velst
1& Check the bos of the category which is most appropriate for your present principal emplaoyer. Check only one.
£11 - PHIVATE INNUSTRT Uk HUSINKSS [ ¢ - CAFKR -COMMISSIINEU CURFS
£] a . SELF-EMILOTED [ 1.« MILITANY SKERVICE ACTIVE DUTY
11 . CULLEGE Ok UNIVERSITY. DFHER TitaN MEBICAL SCHOOL [) 1 - ATHER GOVERNMENT AGENCY 1sscily)
1spavify department ur .Ahey arpsnlisiwnal walll
£1% - NONFROKIT HUSFITAL OK CLINIC
C1 N - MEIICAL SUHOUL, 7K - NONMROFIT ORGANIZATION. OTIEN TIRAN JUSPITAL,
] # - NECONDARY SCHOOL OR SCHOOL STSTEM CLINIF. OR EDUCATIONAL INSTITUTION
C11 - FEDERAL GOVERNMENT- CIVILIAN KMFLOYKE L1y - OTHER tapeeity)
11. Pleass give the princepal service you perform or product on which you work.
12 From the accompanying specielties liat, select the seientific epeclalization mast ciosely related to your PRESENT employment

and enter both the numbes knd specialty titla on the lines below

Number Apeciniey Title

" ~PLEASE COMPLETE OTHER SIDE—

226 o
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06 WOt
™

CURRENT PROFESSIONAL EMPLOYMENT (nNTINIEIC
13 Number your lirst amil secomc] most important kind uf a
n

ctivity, in terme af warking Ume devoind, by entermy

n the appropriate lines beluw

1 MANAGFMENT OR AUMINISTRATION OF KEARARCH AND T - DASIC HEALARCH
NEVELOFMENT " ARCH
A - MANAGEMENT OR ARMINIETRATION OF OTILFR THAN ' VLOPMYNT 0N (e
KERPARCH AN BRYDLOFMENE © L CONRELTING
A PVALHING (Aisls Academi Handy . vecitys
4 le ANY uf vour work being euppotted or sponsorel hy U S Guvernment funds® £ Yoo [)Nn 12 Don't know

U yen, 15 your wurk (elated 10 any of the lollowing rokrams
Tt .« Agriculture CJ 4« Education L3~ Natural resources (20-Other program |epecily)

C13.+Aemic energy (13« Health U8~ Public warks
{134 Defonsa L34« Internationa! {39+ Space

NOTE: Salery and Inceme Infermatien lo regerded oe eantid

tlel ead witl ba sed lor etetlstlanl purpases saly. It will NOY
nlitied with you.

bo relocsed In ony way thet will allew it te b

3 BASIC ANNUAL SALARY (JAN 1984) Please mive the basic snnual salary associated with yuur principal professional
employment as of Jan 1964, s

¥ academurally enplayee!, chech whether salary is for (J 910 tnoe. nr 1112 mos.
e tor « #iremon, 2 Wb dore nul feslude bonuses.
b

iy,
8l ot pukatelonrs aitn

sie Annunt Helafy i sour sneusl o
e, Wummat feachina ut siher po)m

ot snehuite

16 ESTIMATED GROSS ANNUAL PROFESSIONAL INCOME (Jan | to Dec 31, 1964)  Please give your estimatel gross pro-
{esnional income from all professinnal acuvities for the year which will erel December 31, 1964

1 tweorend (o7 prifessienst artititis instuding hasie salaly belure dodielimas, olus bonuses, furalliss,

"

Prateaunnl tncume w ALL paemen
ntal dnd subeinams olbewnns eu, =

184 15 your professional

1

I seiect ‘wnid onter on the Laes below in decrvasing crier the Toar speviaims 1m which you

17. Hinw many years nf professnnal work wxperience, including teaching, have you lua

comyany ing syecriltios li

14 From the
corauler you have your reatest scienufic cumpetence, based on your total elurational and work experience
Greatest Third:
Nomuet Thecialty Tile Number Soeeittly Titie
Second Fourth:
Numbes Apseinlly Tile

Nomer Speciaity Tiie

competence primarily characterisd as ] Thearetical ( Eaperimental 13 Doth

LANGUAGE AND AREA XNOWLEDGES e ~ . e ) .
19 FOREIGN LANGUAGE Lust the lamguages (other than English) in which you have knuwledge and indicate with a check
mark (v) your proficiency.

I ynu have na Intergn lengusge cnmperenre. cherk he [m]
PROFICIENCY
Nave eaciiTy CaN ARAD soug
can PALraRE an 1O TAANBLATE  TECNNICAL KNOWLEDGE,
anp BELIves CONvEmeE YacNNICat anTicLEs BUT can't
~Namg o0 Lecrune JouANaL s0n own Ust usE an A
LancuAGEie) . ‘ uepiUM oF
BUPEN- INTO (LLE] witn COMMUNI,
SLUINTLY  PICIALLY FLUENTLY FRBSARLY EHGLIBN ENGLISN mamitv S07%L cartion
' 2 2 ‘. s e 7 e » -

20. AREA KNOWLEDGE. Lust the loreign cnuntries or U. S. geographic areas in which you have s professional specialization
Zained by residence, research, or travel.

TOTaL YeANS | YEAR LaBT
COUNTAY Om 2a€a  * AEBIDENGE OA ' vIBITED OR
BPECIALITATION  srECIaLIEED

NATUAE OF YOUA KNOWLEDGE OA BFECIALIZATION

21. SOCIETY MEMBERSHIP Circle the number tn frant of sll sacieties of which you sre s member. For write-iru include only
nelinnal professiunal societies and use wdentfying words in full:

AMERICAN 1UYSICAL AOCIETY

. OPTIUAL ROCIKTY OF AMERICA

. ACOUSTICAL JOCIETY OF AMERICA

SOCIETY OF RHEOLOGY 11 OTRERK teperifes

AMERICAN ASSOCIATION OF PHYSICR TEACHERS 110 NONE

104 ANFERICAN ASTRONOMICAL ROCIETY
1 AMERIUAN CRYSTALLOGRAFHIC ASSOCIATION

wetg
(DR WO

2. Plluu xive s maling or forwarding address through which you can always be reached f different fram addres: on reverse
sidle.

c/0 Number Street e State Tip Code

OATE FACPARLD I BIGNATUAT 1Tiense Sign Pust Semer

$OCIAL BECURITT NO | ] | T

23. 1 you wish 1o add to the abave information concerning your professional employment(s) or qualifications, please comment
below ur on an attached sheet, referring to item numbers where appropriate,
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1968 NATIONAL REGISTER
OF SCIENTIFIC AND TECHNICAL PERSONNEL
it Fnn or PHYSICS AND ASTRONOMY cOnDu TEn Dy THE
AMERICAN INSTITUTE OF FHYSICS
NaE GABT BTH STATET NEW TONR  NEW TORR l1OOIY
AND IHE NALIONAL SCIENCE FUUNDATIUN

A Faunamk Assw lalin Amatiesn dison
Bociety. Amarican Iiitsesl Roienee
. anit Ihe Poule:  Amvrwan

wl aciene v A Ihe: 4 o | Kretele Amer
o I -

O adl FWINE ARBANLNE N DANS 1NN OR TTHS

r

FLEAST crMPIETE TUE €
CHLTETPD OISURMATIN o
ThE YRS NATIGNSL Y
@8 BUNE ALL ENTRITE ANE CORRECT

FIRASE WE SURE YOUN MAME AND ADON an
COWNECT AND YOUR PUSTAL £1P CODE 18 INDICATSD

L. |

nal Hegimter queshiannare fram one of the wther argsnttaiiona lisled above

NOTE )l you heve rarwvel and completel 8 Nat
mince March 1, 1068, please wrile Ihe name of the nrgautzalion here .
Please complets 1lem 1; Kive your socisl security number, dale, ant slglalure below, st relurn n the enelosedd suvelupe.

vita |
1 o histe OF WIRTH 1 ATATE OR PORFIGN 9 SlATE QR PORLIUIN COUNIRY A wgN

ook . Yout LOUNTRY GF IR K OF BECUNDART BCHODL GRADUATION | (11 . MacE
| l [) 3 ramacx

9 CITIIENEMIP

Th usa T NOM LBA Moty enater)
FoucAtON |
§ Ui T s IVERSI e R OTRER R TEITN e reee vr

S e ud e IRANeS Jorane . .
T I wou e 8 stuilent, rherk your status

Ve Student, full-uroe i) 7 - Studenl, psri-hime

FROFEBSIONAL EMPLOYMENY | .
R Check your finployment status.

I3t~ Eanployed full-tmne 13-4 toyed aml seeking employ {34 - Nat d and nol seeklng (35 - Retired

I
{12 . Emploved past-time employment

1 plsce af emplayment, and title of

4. Please give’ came of pressnt prindipai employsr G selt-eniployed write in “sell*), ¢
present positian.
Neme ul prevent princivsl smplavar Actus! plar of employment faF end natel
Tule uf preent puaitien Renk 1f smplared by o unlvetsity, ecliegs, ar Juniop sollege
10 Check the bor of the category which ls most sppropriste for your present principsl employer (check only one),
[) (. PNIVATE INDISTAY ON NUAINPSA 4. STATK GOVERNMENT
{3 . amLy.EMPLOYRR 29 . INTRRNATIONAL' AGENCY
£] 1. COLLEGE OR UNIVERSITY. OTHKR THAN MEDICAL SCHOOL £) 14 . OYHER GOVERNMENT AGENCY topeeify)
(3 3 - MEDICAL RCHOOL {J 20 . PRIVATE. HORFITAL OR CLINIC
{J . suNiOR CaLLEGE E! 18 . NONPROFIT VHIORPITAL OR CLINIC
{1 «. SECNOATY OR ELEMENTARY SCUOOL AVSTRM 7. NONPROZIT ORGANIZATION, OTHER THAN HOSPITAL.
3\ FEOKRAL GOVENNMENT--CIVILIAN RMTLOYKE CLINIC, O8 EDUCATIONAL INSTSTUTION
&, USPHA, MILITARY SERVICK-~ACTIVE DUTY O oTHER wpealr)

1t additionaily employed, enter on the line st the
right the category most appropriate lo that employer

11, Number your firet arut secoml mast smportan! ®ind of sctivity, in terms of working time devated, by entering *1* snd “2” on the
appropriste lines below.
35 - MANAGEMENT DR ADMINISTRATION OF HFAKANCH 4 - DEVILOPMENT
ANS) DEVELOPMENT 16 - TEST DEVELOPMENT

3o . MANAGEMENT OR°ADMININTRATION OF OTHER THAN « OESIGN
RESFARCH AND DRVELOPM, 17 - OATA COMPILATION. PROCESAING
. BABIC REARANCH 26 - CONSULTING

APPLIED REAKARCIt 5 - RALEA, MARKETING, PURCIASING. EATIMATING
1. TEACHING
I3 - REPORT OR OTHFR TECHNICAL WRITING. EDITING OTHER isperify]

11 . EQUIPMENT OR BYNTEMR REARARCH

12. Is ANY af your work being supported or ewponsocedd by U, S. Government funds® O Yes 0O No [ Don't know
1f yes, is your work reiated to any of the following programa:

3 a - Agriculture O x - Health 1+ - Public works (1 N - Urban development

0 8 - Alomic enerxy O r - Housing O % - Rural development (=] Other program (specify)
O c - Defense O o - International O L - Spece

O b - Education O 1 - Nstural resources [ » - Transportation “
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Appendix A

PHOVENSIONAL EMBLOYMENT i~ ] .

ed L vour

13 From the spaerslims et cors userlval), webil Al enter b the mamber amd sewnlific e talty ol cioeely pel
PRESENT principal emptoyment. or wrae i vour specially £ 11 i oot an the fnt

How

Aperiaity Fiue

Alea vites wthyr atenhitle spoctaliies 1 whuch van have competenss

ons thise
Mumber persaity Fig Numiar tpenity Tty

twy four
Numbey dpvtaliy Tikg Number Bpsviatiy Titte

NOTE: $alary and Income infarmation is ragardad as canfidantial and will ba usad fae statlstionl purp
8o ralassad tn any way that will allew 1t 1o bq idantifiad with you.

s anly. it witl NOT

[T A

B ANTITAL

ALARY  Ploase give the I

W annual ealaty aewnistid wih g rritcipal professonal work to lhe
Vet

ot Saedred slollate

3

I acadensatte conpluam, ik whether oolaty wotor 3 910 me o 1 1) 12 mde

Salaty 1o year anninl betore dud

LTy ‘ary far o
Commer teg Ry ok pAn, et fr pr teea el anih

e
At note peatan ar b

LR

[P,

Ny, eelipemeny,
1 wahive

13 ESTIMATED GROSS ANNUAL PROFESSTONAS, INCOME tJan 1 1u Dec D1, 19643 Please give yous estimaterl grss jncoms
from all profeastons] sevvilies fur the yeur

el reerinnd for peafeiatonat grtiviion includion lwen saisry beture deduriions, plus binusss, 1

Annal Prodessional L ame v ALL
e

14 1ow nany years of prafessional waork expenience, tnclubing tearhng, have you had? l

LANGUAGE AND ARKA KNOWLEDGE | . B . T

17 FURKIGN LA Lint the languakes (other than Buglishi In which yout lave cotnpeicnee and idicate your proficiencies.
I you haew i taree compatiner, cheek here (

PROFICIENCY

Can PREraR ! MAYE PACILITY | CaN AEAD some
AND nELIYER CAN Tecunical  lenowLena
Lacnines convenss TacHnicaL ARTICLES Ut canT

Nawr oF JOunNALE TOR own use | ute am A
LANGUAQE 8, - HEDIUM OF
oirer. | COMMUNL

seancy | cunrr pouswry shuny | cury CAtion

. : . 4 . 0

18 AREA KNOWLEDGE  List the forewtn countries of which you heve » knowledge wained by residence or regearch.

TOTAL veans TEAR LaGT
nERIDENCE visiTeD

countay NATURE DF YOUR KNDWLEDGE

1

PROFESSIONAL IOENTIFICATION:T

19. 1 regard enysif profesaonally #s & 1am)

20. SOCIETY MEMHERSHIP- Check IM - rroprml- baxes for .ll Socu-lln of which yoit are # member. For write-ins include only
national professional sociwtics and entifying words in

Cl A ANz ICAN FRY®UICAL SUCIETY EJ J - AMERICAN INSTITUTE (1F ARRONAUTICS & ASTRONAITICR

B ROPTICAL GOCIKTY 0 AMFRICA {3 W AMERICAN SDCIETT FOR METALS

€ ALDURTIAL SOCHTY OF AMERICA LI L aMRRIzAN var Ly Seirry

U b1ty or meorony ] m«rnumw Ao AMERICA
£ K. AMRRICAN ARSHCIATHIN (1F PRYRICA TEACIPRS AR -u Al‘l‘ll'll BPECTROSCOPT
17 . AMERICAN ARTRONOM ) AL4 T 1'.1 TUBIMA P RIGHA

CJ 0. AMERICAN CRYSTALLOGRAPIG ARSOCAATHIN r..:mzus [

1 4 ARTRICAN ARSoCIATION OF PHYYICISTS N MEmciNE [ 2. Nowe

2L Plrars @ive & nailin, g forwackine aditees through which you can always be reached f differenc from address abova.

co Namter Streed cuy L. 2ip Code

DATE FREFARED IGNATURE:  (Tieae Sizn bl Namer

POCIAL SECURITY ACCOUNT NO

]
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SPECIALTIES LIST
FOR USE WITH

1868 NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL

I the sechin PROFESSIONAL, EMPLOYMENT bn the 196K N 1 Register ¢
tequested to select fiom this st the specially nuist clusely related v yuur present empl 1 and ather sp
i which you may have competence (1lem 133 Please use te specialty wile from ths selecied list; if you select Ihe
“Other" cateyoty, use that code number and write in your hnef specially le.

you ate

Acousthen Nuclear physics
01210~ Applied scoustics, nsteuments sl spparstus m‘u Accel
01228 - Archleciural ousixs
M2 ¥6 kar and hearing
01243 Llectinacvusih b
241 - Inlrasonics

iors, detedton

03264 - Mechanical vibrations and shack
03277 Muswal tnsiruments and musw
01283 —Noue 4201 Ilruhm
03119 —Speech communicatiny 0491 7 Sheld
[ ] M of waves and vibealunt 04390-—Othet upmly)
113 119~ Ulrasonics
01143 - Underwater sound Phyvies of fuide
DYIND . (Hber {epectiyr 0&11.\-—Am-|yn-mk|
Alomic sad malocular physics 114221~ Aereoh
03418 Atomc, sonw, and molecutse beams 4719 llundary fayer effects
41430 Atomic maves and shundance m,s‘__‘,‘mpm“ml‘nm dynamics
01438 ~Atamic structure and spectrs D470 . ioon Bhenomens
11442 ——Chemical bongs and serocture m776—nuh temperatute
Eleclion parsmagnelic tewarnce 04788 Incompressible g 0 dynamics
Impact and icatiering phennmend mm-.npmu Nlund dynamics
nuv!» Maw spestioscopy [LLM) 2 P hysics
1481 .~ Muleculat uructure and vctra mm—umvmf.n
23‘:;"; Q“;‘:’k"""":ﬂ;‘* rewnance 14846 — Rherlory incliuting plastic low)
(4R —Shack wave pheriomena
- {14861 Structure and properies of finds
01416 Antenna (heory “"7‘; —~ Supetflublit 4
01424- .Elecirical messuraments and Instruments V48N 7. Transport phenomena, diffusion
[ALSH W waves mull—Tunbukm
01840 wave pro 14429 —Viscos
01887 dnamics 04994 Othee upuny)
01843 py. fon oplics
03873 Cias discharge Selid staie phytics
Q3481 Magnetum 0801 7~Ceramics
g;;;\‘mulnn and vkh devices gm‘g—g"‘y‘nﬁ‘llm omens
- Microwaves — Crystaliogray
03731 Physical electronics 03041 Dl m(ﬂmludm. Nuids)
031744~ Quanium electronics {13088 —Dwlocations and plasticity
nmom oy ln':uclmm 03046~ D -ms:-l; of :m:lbllulkvdn 4 unction
-ra nomens rieal properti sutfaces and [u 1]
n)17:_x uy lt:hnuln‘y Electron emistion
03198—Othee [3pecifyl f—Feirom;

nternai friction
031 4—Flectron bailistics Latlice effects and diffusion
0182 2—Fleviron tuhes |.uminescence
031830 Electronic devxe circuitry Oplical p
03R48 Electronies instrumenidion 0s 1]—Plﬂml ":f:m and dlamagnetism
03433 —Electron emusion 0sls -nd nlnl:d
0IR63—Gay devices 08 IS_
03871—Claseoun electronics 08 n—r.me\«ukhy and leno:lmrklly
038RV —Semiconductor devices 08211 —Quanium mechanics of
0391 }—Solid vale elecironks 05249-~Radiastion damage
03996—Other (specily} 03236—Resonance phenomens
r¥e

I'honrmfylu fidrs e
o osmic ray 05280—Surface structure and binetice
C4028—High encigy acceieraton
N()]l:-"uh ekmd:n phenomens fl: ;;— x:n;ﬂ:nfmuhxlkm in wlid vate
04044—Pariic]
mnn—mnmm-{:n compurer anaiyils 03197Other fspecity)
0409 V. Other {specify. Thermal physics
Mechsaics 0541} —~Calorimelry
NII\‘—AnA!yl ical mec 08421 —Heat mnunlulm

04127-~Ballistica and m.M dymmk- 05439 —High temperature physics
gn;—ﬂmqu g;:n.—m lmperuure s\hyﬂa

— S 4.
04150—High presaure phytk: 034 82— Thermal plvpcrua
04[A8—Impact phenome: 05470—Thermodynamics
041 76—[nstruments and menuremcnu 0S438— d; ic relations, equstions of slale
04192—Other (1pecify! 08312 ic tables
Optics 0559S—Other {specily}
044 In—Auwnphm and «pace oplics Orher epeciaities
S floa, colopmetry 03611—Consuns, stendards, ani, meirology.
converniion tacton
m:ﬁmlclnmphyl optics 0S429—Energy conversion pmhlﬂm
h [ 3 iraage 05837 "1"': theory
rared phmovnenl - 03652—Kinet

i BREEAEL
04515 emes 0368 baver effect
04423—Optical Instruments, techniques, snd devices 03711 l—?hy\!ull metallurgy s
04331 —Optical materials g;; P'W‘“iﬂ of material
m:?,:"""‘""""’g""’“"‘""‘“ os1u—m—g“mmm i hesith physics
Ao Priclopal ou 0875 | —Relativity and p-muuon
04372 -ﬂ,mm o o s 03769 —Sutiatical mechanics |
oasu)_ ienetry, photometry 05777 Histe J 'or astronomy
0451 4 03788 —Te! phyna usd/of atironomy
e T—Chmee upenm 08793~Other (specity

230
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Astrousay
00011~ Astromelry

nm-nomu: Instruments

- iga m. .e--lvuc strmomy
10! l7—-()v||m of coemic

—=Physics M IP- nnunuu-r nmllum
Planets, sa

g
i

001 74— Specimcopy of asironomical unrees
QOIR2~Star syslems and watisiicsl nlnnmma
0O216—Stellar uul.{m.tnlmkm. Aucieogenes

002124-—The tun
wm-vm-u- stary
Q0299 —Other (spacity)

Atmaspheric sructure sud dysemics
19919 —Asroaomy
19927~ Air-ses mteraction
19935 —Atmospheric chemtry and radioaciivity
1994 )—Atmotpheric dynamit sad theimentynamics
19930—Atmmpheric electricity
199AR--Atmospheric optics and acousixs
wm—Auml. stiglow

R4—Cloud and pl«fpoulk‘n Physics
2001 h--Ciumic 18
-mu-lmphm

o
mn-.umml m--k'ﬁu
lanelar

un-uw
Turtwl

ce and nllﬂlull\n
- )lhu {specify)

Blophysics
10314 - Bioeciuntics
0322~ ml«lﬁcuy

0330 Hin-opiics

034N

satrot
o:ss—.umkmh po N«muﬂkl
}alng

e
aph)
0413 Nathaogs

496 Other (apceily)

Appendixz A 1685

Physical chemistry

-ml wrlace chemiiry
ha uilibrea

phave and

k. 1 pl
20210 humul Imm(

ity
202 Ol—-z‘h'mml Iln-uu. Tiquid phase
Zﬂ;\:—Cullukl chem
)

crgy Uansfer -ml nl-ulmn Praxesser
Tames and #3plovl

Fused salty

ligh temperaiuse chemisiry

on n:hln' snd menibrane phennmens
{urope
iquid
0n eleciin;

Ik, morhoby
hwl»gy. and mechanical

~om_k|.mn in solution; thermodynasmics,
s, and apectinacopy
sience Lheol
‘(uu—lhdunm and h- slom chemisiry
204AL-~Solul wtate ¢
2047 -»1h¢lmll:h(mnlry
AUHIS - Other (apecify)

Selar/Plamatery spocialiies

20719—Aeronotny

20727—Aurors, sirglow
mysy

107)!—Cn|m
—O«mlm
.'07!0— murvlunmy particles and fields
it et g i hysics/geology
unar o anetary ¥
m7ll~M-mlmphmc plnkkm waves
ry stmospheres

yeicy

108 34-~Toktl pl and melrorites
20891—Other (specify)
Selld-earth geophysics
;g'?;;—s‘lg‘lmlkm seh ¢ "

e Ex mnlmm ks " |uv|y
‘mJ!—Elphmlmn oph agnetic

g g

iy
:msn—amny
20966—Marina geophyvics
1n7-—?hy|iul pmpcnln of nslursl materlals
209K —Seism
1 OI‘—T«(Mh (Includh. heat Mow]
1 ‘olcanniol
2

022 Volc
097—Dther (specity)

OTHER FIELDS OF SCIENCE

00R0Z -.Atmoapheric Sciences
02907 —Chemss1

O06A9—Eanh

OR607—Mathematics
24000—Computcr Sclence

09803 —Statistics

lZ!OO—Ankulmnl Sciences
12609—Biological and Biomedical Sciences

14704 Paychoiogy

I7l0ﬁ—_m

guisti i
18903 —Politsca] Science
logy

19802 ~Saciol

21105 —Onher (specity)

Amluwl\lon
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1686 PHYSICS [N PERSPECTIVE

1970 NATIONAL REGISTER
OF SCIENTIFIC AND TECHNICAL PERSONNEL
WoTHE s or PHYSICS AND N THE FIELD OF ASTRONOMY CONDULCTER DY THE
AMENICAN INSTITUTE OF PHYSICS
118 GAST 4NTH BTARET NEW YURS NAW YRR 10017
AMO THE NATIONAL BRiSHCE FOUNDATION

and o the Aeids
grent Inet

Howiely  Amotiean Kecnomie Asonisiton, Amesisan U
Mrtemlogirat How. Ameoiran Fulausi Heionos
he Podsrslion of Amellean

An ARthrpisgieal Asse)iliun,
watenl Nelenres Amorsenn Mathometienl A
. Ametnin Bowingiesl Asmuiatin |onier b

Ao
Motion
PRI ANEW

s

& 1N OARR A OR TYFE

CnMpLElL tHE TN

CIVONLT Y]

Naticeas RERIE
AL INTHIES aRP CONRECT

BE SUAE YOUR NAME ANTI ADDAYSR ads
T AND YOUN PUSTaL fIP COUE 18 INDICATED

NOTE 1 you have teceivwl and conpleted & Nationa) Register qeestaonnaie from one nl The other orgunirstians fisled abayve
e Felo 11870 please white ne namie ul the organizatian hiere .
I'lemae timnpibete e |, ive vour socisl security number, date, and agnature helow, and return in the roclosed ravelope

vitaT |

1| arg ar meetw 2 aeg N PORTIGN 3 eta sONEIGH COUNTNY OF 4 sar
Moth  fer . Year COUNTRY OF RIRTN CLCONDANY BCHUOL GRADUATION ' [J 1. Marx
()2, remMane

3 citEnane
9 NON UBA tepeifp teunteyt

e ues

TOUCATION |

- o ks e T
On OTHER HetITUtION orunrt ¥ wason MINON
Te awy |HPDNER

LIRS
“intlu

uniyEns
ey bnt

L

I i
!
!

TN you are & shalent stiending ¢ cnlivge or umversity. check your status
16 - STUDENT  FULLTINE (17« STUDENT. PART.TIME

PROFESTIONAL IDENTIFICATIONs | -

B 1 rexard mysel! professianally sa m 130) {check ons)

Li 001 ARTHINOMER [ 136 - VRYSTALLBGRAFIEER £7 V1. MEQICAL PHYSICIST

[J #44 - ASTROPHYRICINT [} 1840 KLFETRONLE FHYSICIST L) 07 PHYRICIST

[ sen - ATMOSPHERIU PUYSIVIST 1 1A GEOPIYNICIST [ 371 - RADILUGICAL PIYSICIAT

[} o84 - BIORHYSICIST (] 123« HEALTH FHYSWIST [J 81 - SPACK. PHYSICIAT

T3 sto. CHEMICAL PHYSICIST 3 1% - HISTONIAN OF PHYRICK [ 998 OTHRR (spenify)
FROFESSIONAL EMPLOYMENT: | T e~ ] i

9 Check your pmplnyment status. .
) 1+ EXPLOYED FULLTIME T3 V- UNRMELOYED aND AREEWE PHPLAYMENT [ ¢ NUT EMPLOYED AND NOT [} &+ NETIRED
T11 EMPLOYEO PaNT.-TIMK SEFRING LMILOYMENT

T0 Plesnr give nuine of present prncipal etnployer tif selt-empioyed write in "sel{’), actual place of employment, and ttle of
present position.

actust plare of employment ledy and ointes

Name uf present principal emyl

Tule af present poetin Rank 17 emploved by B unlsersity, colless, af Jumiar eolleys

11 Chrek the bor nf The category which s moat nppropriste for your present principal employer (check only one).

€1 t.PKIVATE INDUSTKY OR HIISINESS €1 4. STATE GOVERNMENT

[1 & .#ELF.2MPLOYED ] 13 . INTERNATIUNAL AGENCY

1] 1-COLLEGR G UNIVERBITY. OTHER THAN MED'C AL sClOuL 3 11 . OTHER GOVERNMENT AGENCY liperifyl

[ s . MEDICAL SCHNOL 03 10 . FRIVATE HOSPITAL UK CLINIC

[} 10 - JUNIDR COLLEGE 1 15 - NONFROFIT 1OSPITAL OK CLINIC

] s.BKCONDARY OR ELRMENTARY sCHOOL BYSTEM [ 7. NUNPROFIT ONGANIZATION, NTHER THAN HSFITAL.

O] 1. PEDERAL GAVERNMENT—-CIVILIAN EMPLOYEX CLINIC. DR EDLCATIDNAL INSTITUTION

{] - USPHS, MILITART SERVICE—ACTIVE DUTY [w] OTHER tipeeifyl

It sdditionaily employed, enter on the line st the
right the category most applopriste to that employer

12 Number your first and second most important kind of sctivity, n terms of working time devated, by entering "1° and *2°
on the appropriate Jines below
MANAGEMENT OR ADMINISTRATION OF REREARCH 4. DEVFLOPMENT

AND DEVELOPMENT 16 . TENT DEVELOPMENT
18 « MANAGEMENT OR ADMINISTRATION OF OTHER 1. prMnN
THAN AR¥LAACH AND DESLLOZMENT 17 - DATA COMPILATION, PROCISSING
§ - BASIC RENKARCH 1¢ s CONBULTING (apacifs .
- APPLIZD RESKARCH 10 . SALES. MARKETING. PURCHASING, ESTIMATING
1+ TEACHING
1% - REPORT OR OTHER TECHNICAL WRITING, KDITING OTHER tepeeity} L e

11+ RQUIPMENT OR SYSTEMH REATARCH
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PROFESSIONAL EMPLOYMENT CONTINI

b [l ey TE s e B
(sre overieal), selrct and enter both the number amnd title of the scieninific specially mest closely related
ncipal employment; ur write 1t your specially if 1t 18 not ol the hist

13 From the specrolti
ta your PRESENT

Numpoe Spwielty Title
T To ANY nf your work beir4 supparted or sjwnsared by U S Government funds? T Yo o No s Dan't know
I yes, 13 your work te.uted to any of the following programs
1A AGRIEELTURZ {1 . neatTu Wolty s TIN - UKBAN DEVELOIMED
B OATOMIC FLERGY 3 F . roUMING QA0 TYSSTTINIRAE T30 I OTHER PROGRAM sspenifer
1310 UEFENeL {16 - INTERNATIINAL - HPACY
L] v - KERCATION 30 . KATUERAL RPADURCES TRANSPOR JATION

atistical purpasss on'r. It will NOT

Infermation Is regarded as coafidential and will bu wsed for
Idantifled with yeu.

NOTE: Salary and Inc
do relexsed In any way that will allew it te

15 1970 BASIC ANNUAL SALARY. Pleuse give the hutic anniual sulary associate] with your principal professional wurk o the
nearest hundred dollars

1t acadermucally employed, check whether salary is for 3 9-10 mos. or O 1112 mos.

INeals anwusl Selary ls gour sesust salary befure defurtions for 18come tht. sweisl sarurity, relitwmenl etc, but dum not intlude bunuses, evertime
cammeer teachlng, o uihel patmeni fur wrofsssional work. ¢t Includs reaial or subsistencs atlowancss.)

36 FSTIMATED GROSS ANNUAL PROFESSIONAL INCOME (Jan 1 to Dex. 31 1970)° Please give your estimated gross theome
from ol professional sctivi far the yeasr

Lfirme anuss! Profsssiosal 1asoms i ALL parment ressiesd for Brolessivan] aelisilion iSriating basie sslory before dmiueliana. plus buouses, ropsilies.
Foua, Momoverie, wic.)

17 How many yeers of prolessional work experience, tacluling teaching, have you had” [

SCIERTIFIC COMPETENGE | . .

18 Frnm the specielti it (see overlesf), select and enter on the hines helow 1n decrvasing order the four specialties in which yo.a
eurrently have your Rresiest scientific compeien asml 0n your tole] educational and work experience. Enter only scien-
tifle aperializatioins

Grestest Third
Numbor Speeinity Title Namber Siernlty Title

Secoud Fourth:
Nember Brweisliy Titls Nomber Speeisily Tals

tha 15 yeur prifessional coropetence primarily characterized as 53 Theoretical ) Experimental 03 Bath

LANGUAGE AND AREA XNOWLEDGE l
19 FOREIGN LANGUAGE Liet the lankuages (uther than English) in which you have campetence ani indicate your proficiencies.
1 you have no forentn laniisge competence, check here (3

'PROFICIENC?

WAVE FACILITY ;|  FAN AEAD ™
bl an TO YNANBLATE ' TECHMWICAL NOWLEDGK
Trervnte CONVERSE | TEEWNICAL ARYICLES wuy can'y
NautE co | JoURNALE | FOR OWN Uer| uSK As a
LanGUAGE: . - B R I ts I 4 uEpiumM oF
: ' - CaMMUNI
wniy » cavion
\
|
.. N s RN SUC R
: . :
: |

hy restdence or research.

20 AREA XNNWLEDGE List the (nreign countries of which you have & knowledge gmined

YEAR Laly
n
EeiDENCE mITE NATUNE OF YOUR RNOWLEDGK

e =y
counvay YOYAL YEANG

-

PROFESSIONAL AFFILIATI

21. SOCIETY AFFILIATION:

eck the app

anly natonal profesaional societies and use
(3 1- AMKRIZAN PHYSICAL SACIETY

r:rnnz boxes for all Societies of which you are a member For wrile-ins include

entifying words 1a ful
[J 19 AMERICAN BOIIETY FIIR MLITALS

[] 1-0PTICAL SOCIETY DF AMERICA ] 11 AMERICAN VACHUM BUCINTY

[1 % ArOURTICAL OWIETY OF AMERICA {3 12 INRTRUMENT SOCIETY 0F AMERICA

{1 «-8OCIETY DF RREDLOGY Z1 41 MOCIETY AR APPLIED SPECTROSCHIY

[ 3 AMERICAN ARBOCIATION OF PHYSI'A TEACRERA NI

£ - AMERICAN ARTRUNOMICAL ®OCIETY {3 18 AMERICAN ABSUCIATIN FUOR THE AHVANIEMENT DF
{3 7+ ANKRICAN CRYSTALLOGHAPHIC ARSDCIATION SCIENCE

HERN tapeeifys

{7 1+ AMERICAN ARSUCIATION OF PHYSICIFTS IN MEDICINK 33 1
D) o~ AMERICAN INSTITUTE OF AKRUNADUTCR & ARSTHONAUTICS ] 14 NONL .

2. Please five & maling or forwarding mddtess Uuuugh which you can alwaya be reached 1l different [rom midress above.

co Nomber Mot ciy LI Zip Code

DAYK PREPARKD: SIGNATURK:  tFirase Bign Full Nemel

$OCIAL SECURITY ACCO!

t
i
UD. - P
UNY MO H

puvs
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ruve

SPECIALTIES LIST

FOR USE WiTH

1970 NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL

In the sections PROFESSIONAL EMPLOYMENT and SCIENTIFIC COMPETENCE on the 1970 Na-
tonal Register Questinnaire you are requested ta select fram thes list the speeialty most closely related to your
present employment Gtem 13} and those in which you consider you have your zreatest professional eompetence
(item 1R). Pleasc use the specialty title from this list; if you select the "Other” category, use that code number
and write in your own hrief specialty title.

Acoustics Instrumentation
§771-Architectural acoutics 5971—Antennae, radiators
5772—Hearing 5972—Astronomical
5773--Music 5973-—Beam _handling
5774—Noise 5974—-Circuits and circuit elements
5775—S8hock waves 5§975—Communication
5776—Speech 5976—Electronic
5777—-Ulirasonics §5977—Energy conversiun
5778—Underwater sound 5978-—High pressure
5781—Vibrations 598 |-~High temperature
§789-—Other (specify) 5932—lnformanon storage
5983-—Lasers and masers
Atoms and Molecules 5984-—Measuring, testing, and caiibrating
§791-—Atemic and nlecslar ions 39R5-—Microscopes
$792—Atmic, molecular, and electron beams 3986—NMR-EPR
5793—Atoms with 7+ 2 5987-~Nuclear reactnrs
$794—Collivion processes 5988—Particle accelerators
5795~Free radicals 5991-—Particle and beam sources
5796—Hydrogen and helium atoms 5992—Particle detectors
5797—Inorganic molecules 5993 —Photographic
5798 —-Mncromolecules snd polymers 5994—Plasma containment
5ROI-—Mesic and muonic atoms and molecules 5995-——Radio and microwave
SR02—Organic molccules 5996—Rydio astronomy
5809.—Other (specify) 5997 —Semiconductors
5998 —Spectroscopes
Blophysics MX):—Tclcscnpcs .
6002—Thermometri
5961-—Bicacoustics 6003-—Vacuum
5962-—Bioclectricity 6008
596).—~Biocnergetics 6009 xol';,:); {specify)
5964—Riolngical molecules (spectly
5965~ Bio-optics
5966—Health and medical physics .
5969—Other (specily) Mechanics
. 5851-—Analytical mechanics
Elcctromegnetism KRSZ——C:I:;’.I;I mechanics
5R11—Electrical quantiticz and their ! 5853—Cort.nuun, mechanics
5812—~Gencration_of electromagnetic waves 5R54—Elasticity
iRl‘\——Inluud. vmhlc and ultraviolet radiation SR55—Friction
5814 of ic waves with 5856—Many body theory .
matter 5857-—-M of h 1 prop
58 15-—Magnetism 5858 Plusticity
58 16—Propagation of clcclmmagncuc waves 5861—Quantum mechanics
5817—Radiowaves and microwaves 5R62-—Statistical mechanics
SRI8—X-rays and mmn rays SR69—Other (specily)
5RI9—Other (specily)
Elementary Particles and Ficlds Naoclel
5821—Cosmic rays - ioactivi
5R22—Flectromagnetic ficlds, phntons 22_7,1 Pduc!ur decay lndmrsdmuuv_uy
2:;3::;:""::;‘0"" fields, gravitons 5873—Nuclear structure and energy levels
5825 Leplons 5879—Other (specify)
ggé(»—()umlum ﬁc}\l theory
9--Other (specify)
) Optica
Flaids ssal—t:olonmwy
SRJI—Dupcnums and colloids 5882 —(icometric optics
5832—Fle. tric dischatges 5883-—Holography
5833—Fluid mechanics S8R4—Lasers |
5834—Liases 5885—Nnn-lincar optics
5R35-~lonization 5886—Photography
5836—Liquids SRR7-—Photometry, radiometry, and illuminstion
5837-—Magnetoftuid dynamics 5888—Physical optics
5838—Plasmas 5891 —Spectroscopy
5841-—~Quantum fluids 5892—Vision i
5849—Other (specily) 5899—Other (specify)

D)
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Physical Chemistry Theemal ?hysia .
3671 ~Catalysis s TR oy T
5672—Chemical and phase cquilibria O3 e evmure physics
5673_(:':""'-:;;, kinctics, gas phase and photo- :“N-X-l’h;m: lra‘rﬁ‘ilions. tr:‘h'.{ng;y. of state

chem . e N

Chemi I T . $9.45—Statistical meehanies
;:;':_c"f'z‘lﬁ“éh::"";'l':; liquid phase ;34(7‘_2"'"“1 m::uurr:_mcm techniques

y A 47-~Thermal propertics

;(6':1”6—6'[:‘)':::&\;5:\‘%% 5948-——Th:rmudyl:|amiu

—E| PTanr-hia i

5678—Elcetror.iz spectroscopy, including far U.V. 5“",' ~Transport phenomena
2 cease 5959 Other {specify)
5681 —Encrgy teansler and relaxation prcesses
$642—Equilibrium and th Synamic rel hip A heric S and D;
5683 —Fast reactions 4991 -—Arconomy
g::g—-?ﬂm‘:s =Ir'|d explosives wv]z—,\imcu interaction ’

e Fused salls 4993 A herie chemi. an Jinactivi
5686—High |.:mrrnlum chemastry 19U Atmossherie dynamics, th oo
sof 7—Interlacta) chemistry 4995~ Atmospheric elcctricity
S688—1lon exch and pl 4996—Atmospheric_optics and acoustics
5692—Liquid state and solutions; electsolytes and 4997—Aurora, airglow
5693 ;7nl-¢lml:lrolyr':;‘m o ;99s:ccloud and precipitation physies

—Molecular s| opy 001 ie ta
$694—Molecular structuze S(X)Z—l:r:g;fh:my!
5695—Nuclear and radiochemistry 5003 —Mesometcorology
5696—Quantum and valence theory S004—Micrometeorology
5647—Radiation and hot-atom chemistry S00S—N umerical modeling
5698—Scattering phenomena 5006-—Planctary atmospheres
§701—Solid state chemistry S007—Radiative transler
5703—Thermochemistry SUOK—Turbulence and diffusion
5709—Other (specify) 5009—Other (specify)

Solar-Planetary Relationships
Solld-Earth Geophysics Ao airglow
s161—Expluratinn, gravity 5333—Cosmic rays .
Sm‘.‘-—F.xglornlinn, magnetic $334—Geomagnetic pulsations
5163.—Exploration scismology 533S—Interplanctary pasticles and fields
SId—G ism and pal 5336—Ilonosphere
S16S—Gravit ;;;7—;{;311:(05;:!;:& panir;‘lu_ and waves
S166-—Heat flow 8—Solar and planctary physics
$167—Physicul properties of ratural materials ;gg;_um—&ﬂar ‘(I;gci! )
5168—Scismology er (s y
5171—Tectonics Planctology
5172—Voleanology 5301 —Interpl
: — rplanetary matter
5179—Other {speeify) $302-—Lunar and planctary geology
5303-~Lunar and planctary geophysics
2;:(()4—)5 Mmorilu and h:l‘:lil:s
Solids 5305—Planctary atmospheres

y . 5306-—Planctary magnetie ficlds
o Aoy Prpertes $309—Other (specify)

3903 —Crystal growth Additiona) Astrophysical Specialti
$904—Crystal strueture . 6011—Binary stars

5905—Dendrites and composites 6012—Clusters

5906— Dicleetrics 6013 —Comets, meteors. interplanctary medium
$907—Diflusion in solids 6013—Cosmology

5908 —Eleetron states N 5 6015—~Galaxies

591 l—El::ln{m transport and carrier properties 6016—Interstellar m:di'um

5912 —Imperfections - 3 . 6017—Planets and satellites
5913—Interaction of fadiation with solids 6018--Quasars, pulsars. X-ray sources
59:-;—4'::“39: mechafics (»OZI:SS":IIM :onlnpqsilmn
5915—Luminescenee 6022-=Stellar evolution

5916—-Magnetic propertics 6023—The Sun

591 7——Magnetic resonance 6029--Qther (specify)

5918—Mechanical properties

392 I—Metallic conductors Other Speciatties

$922—Mossbauer cffeet 603‘I,—Hulory ol_ physics of astronomy
5923—Non-crystalline states 6032—Mathematical physics

5924—Optical propertics 6033—Philosophy of physics or astronomy
44925 —Semiconductors 6034—Physics information, dissemination and
£926-—Solid state devices retficval 5
5927—Superconductors 6035—Relativity, gravitation

5928 —Surfaccs, interfaces, Alms 6036—Teaching of physics or astronomy
$931—Thermal properties of solids 6037—Units, dard: factors

5939—Other (specify)

6039—Other (specily)

OTHER FIELDS OF SCIENCE
;JS(\-—Almosphr:ric Sciences
2 H

mistry
5360---Earth Sciences

6210—Mathematics

6330—Computer Science

6350—Statistics

6590— Agricultural Scienee

6580—Biological and Biomedical Sciences

6790—Psycholoy
6900—Anthropology
7050—Fconomics
7160~ Linguistics
7270—Political S¢ience
7360—Sociology

9990—Other (specify)
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1772 'PHYSICS IN PERSPECTIVE

PhD's Non-PhD's

PP 1 A&R
5823 Gravitational fields, 26 8
gravitons
6014 Cosmology 16 8
6015 Galaxies © 45 17
6018 Quasars, pulsars, x-ray 84 40
sources
6035 Relativity, gravitation 77 35
PP 2 AME
5673 Chemical kinetics, gas 26 18
phase, and photochem-
. istry
5684 Flames and explosives 8 32
5693 . Molecular spectroscopy 101 51
5694 Molecular structure 26 17
5696 Quantum and valence theory 22 9
5791 Atomic and molecular ions 51 38
5792 Atomic, molecular, and 106 66
electron beams .
5793 Atoms with Z2 > 2 47 17
5794 Collision processes - 208 93
5795 Free radicals 6 7.
5796 Hydrogen and helium atoms. 22 30
5797 1Inorganic molecules 3 -9
5798 Macromolecules and polymers 69 24
5801 Mesic and muonic atoms and '11° 7
’ molecules ‘
5802 Organic molecules 8 10
5809 Other (atoms and molecules) 52 28
5942 Kinetic theory 14 4
Overlap Group
5861 Quantum mechanics (1/2) 29 7
5986 NMR-EPR instrumenta- 5 4
tion (1/4)
Spectroscopy (1/2)
5678 Electronic spectroscopy 7 6
including far uv
5891 Spectroscopy 71 - 75
5998 Spectroscopes 5 12
X rays (1/5) '
5818 X rays and gamma rays 12 15
- 6004 X-ray instrumentation 8 13
- Modern optics (1/4)
5698 Scattering phenomena ' 3 3
5814 1Interaction of electromag- 27 19
o netic waves with matter ‘
5884 Lasers - 3 82 71
75885 " Nonlinear .optics . @ . . .20~ .. .10

+5983 Lasers and masers ' . v 6 i 10

ERIC

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

PP

PP

EP
5821
5822

5824

5825
5826
5829

Cosmic rays
Electromagnetic fields,
photons

Hadrons

Leptons

Quantum field theory

Other (elementary-par-—
ticles and fields)

Qverlap Group

5861
5973
5988

5991
5992

NP
5695

5697
5871
5872
5873

5879
5966

5987

Quantum mechanics (1/4)
Beams (1/2)

Beam handling

Particle accelerators
Particle and beam sources
Particle detectors

Nuclear and radio
chemistry

Radiation and hot-atom
chemistry

Nuclear decay and radio
activity

Nuclear reactions and
scattering

Nuclear structure and
energy levels

‘other (nuclei)

Health and medical
physics
Nuclear Reactors

Overlap Group

5818
6004

5973
5988

5991..

5992

X rays (1/5)

X rays and gamma rays
X-ray instrumentation
Beams (1/2)

Beam handling
Particle accelerators

Particle and beam

sburces
Particle detectors

PhD's
99
94

741
24

129
111

14

63

21

132
593
400

220
162

128

Appendiz B 1773

' 'Non-PhD's

84
279
198

186
336

138

15
13




1774 PHYSICS IN PERSPECTIVE

PhDh's Non-PhD'g
PP 5 P&F
5831 Dispersions and colloids 8 2
5832 Electric discharges 51 37
5833 Fluid mechanlics 257 145
5834 Gases 20 13
5835 [Ionization 1 5
5836 Liquids 23 21
5849 Other (fluids) 24 38
5853  Continuum 63 24
5937 Magnetofluid dynamics 28 11
5838 Plasmas 488 211
5994 Plasma contalnment ' 8 12
Cuerlap Group
Thermal (3/10)
5682 Equilibrium and thermo~ 2 1
dynamic relationships
5941 High-temperature physics 8 4
5944 Phase transitions and 14 9
changes of state )
© 5945 Statistical mechanics 20 8
5946 Thermal measurement 5 7
techniques
5947 Thermal properties 4 6
5948 Thermodynamics 5 9
5951 Transport phenomena 14 8
5959 - Other (thermal physics) 6 5
5981 High temperature instru- 0 2
mentation
6002 . Thermometric. instrumen- 0 3
tation
5775 Shock waves (4/5) 28 . 38
PP 6 CM
5671 Catalysis 5 2
5674 Chemical kinetics, liquid 4 1
) phase
5676 Crystallography 48 38
5692 Liquid state and solu- 10 6
tions; electrolytes and
nonelectrolytes
5701 Solid-state chemistry 23 9
5815 Magnetism 33 41
5841 Quantum fluids : 53 22
5856 Many-body theory ) 31 .14
5858 Plasticity 7 3
5862 ' Statistical mechanics 52 11
5902 Alloys _ 54 29
5903 Crystal growth 43 31

5904 Crystal structure - . .. 30 29

3290

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

PP

cM
5905
5906
5907
5908
5911

5912
5914
5915
5916
5917
5918
5921
5922
5923
5924
5925
5926
5927
5928

5931

5939
5943

5978 -

5982
5997

Dendrites and composites
Dielectrics
Diffusion in solids
Electron states
Electron transport and
carrier properties
Imperfections
Lattice mechanics
Luminescence
Magnetic properties
Magnetic resonance
Mechanical properties
Metallic conductors
Mossbauer effect
Noncrystalline states
Optical properties
Semiconductors
Solid-state devices
Superconductors

Surfaces, interfaces,

films
Thermal properties of
solids ’
Other (solids)
Low~temperature physics
High~pressure instru-
mentation
Information storage
Semiconductors .-

Overlap Group

5861
5986
5854
5855
6003

5777
5901

5818
6004

5811

Mechanics (1/4)
Quantum mechanics

NMR & EPR (3/4)
NMR-~EPR instrumentation
Mechanical (1/2)
Elasticity

Friction

Vacuum . .
Ultrasound (2/3)

Ultrasonics

Acoustlc properties

X rays (3/5)

X rays and gamma rays
X-ray instrumentation

Measurement and instru-

ments (1/2) ‘
Electrical quantities and
.thelir measurement

Appendixz B 1775

PhD's Non-PhD's
6 3
41 33
46 17
139 55
156 - 87
105 42
60 34
66 41
242 125
258 126
89 50
29 17
74 36
34 17
218 110
305 254
311 237
174 91
260 232
33 39
145 135
158 92
8 10
20 27
10 28
14 3
15 14
10 5
1 4
11 38
51 52
20 10
36 45
24 39
10 26




©1776 PHYSICS IN PERSPECTIVE

PhD's Non-PhD's

PP 6 CM

verlap Group

5857 Measurement of mechan- 13 23
ical properties

5913 TInteraction of radiation 94 64
with solids . )

5976 Electronics 51 160

6009 Other (instrumentation) 41 108

6037 Units, constants, stan- 2 6
dards, conversion factors
Shock waves (1/5)

5775 Shock waves 7 9
Thermal (7/10)

5682 Equilibrium and thermo- 4 3
dynamic relationships

5941 High-temperature physics 19 8

5944 Phase transitions, changes 33 20
of state

5945 Statistical mechanics 47 18

5946 Thermal measurement 11 16
techniques

5947 Thermal properties 10 15

5948 Thermodynamics 12 20

5951 Transport phenomena 33 19

5959 Other (thermal physics) 13 12

5981. High-temperature instru- 1 4
mentation

6002 Thermometric instrumenta- .1 6
tion
Modern optics (1/4)

5698 Scattering phenomena 3 o4

5814 1Interaction of electromag- 27 19
netic waves with matter

5884 . Lasers 20 10

5885 Nonlinear optics 20 10

5983 Lasers and masers 6 10

PP 7 E&P
" 4991 Aeronomy 24 27

4992 Air-sea interaction 1 4

4993 Atmospheric chemistry and 11 ) 7
radioactivity

4994 Atmospheric dynamics, 7 17
thermodynamics

4995 Atmospheric electricity 6 9

4997 Aurora, airglow 9 20

4998 Cloud and precipitation 16 15
physics T

322

(4%
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Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

PP

E&P

5001
5002
5003
5004
5005
5006
5007
5008
5009

5028
5031
5161
5162
5163
5164

' 5165

5166
5167

5168

5171

5172

5179

5185
5191
5199
5302
5331
5332
5333
5334
5335

5336
5337

5350
5360

Appendiz B 1777

Cosmic rays

Ionosphere
Mesometeorology

Micrometeorology
Numerical modeling
Planetary atmospheres
Radiative transfer

Turbulence and diffusion

Other (atmospheric struc-
ture and dynamics)

Rocket meteorology
Satellite meteorology
Exploration, gravity
Exploration, magnetic
Exploration, seismology
Geomagnetism and paleomag-—
netism

Gravity

Heat flow .

Physical properties of
natural materials
Seismology

Tectonics

Volcanology

Other (solid~earth geo-
physics)

Physical oceanography
Underwater sound

Other (oceanography)

Lunar and planetary geology

Aeronomy

Aurora and airglow
Cosmic rays

Geomagnetic pulsatiomns
Interplanetary particles
and fields

Ionosphere
Magnetospheric particles
and waves

Atmospheric sciences
Earth sciences

Overlap Group

5338

5341
5349
6023

4996

Solar/planetary (1/2)
Solar and planetary
physics
Solar wind
Other (solar/planetary)
Sun :
Atmogpheric optics and
acoustics (1/2)

323

PhD'sy Non-PhD's
6 4
28 34
1 5
0 5
13 9
14 8
31 21
12 10
18 17
0 0
0 0
2 5
5 3
24 23
5 12
3 8
1 1
16 9
12 24
1 0
0 0
21 8
11 14
0 0
10 14
7 10
23 12
23 16
11 30
7 3
26 14
17 20
78 50
33 46
24 39
26 20
11 5
6 5
46 21
15 12
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PP

PP

'.L77B‘ PHYSICS

PB
5688

5962
5963
5964
5969
6580

IN PERSPECTIVE

[on exchange and membrane
phenomena

Bioelectricity
Bioenergetics

Blological molecules

Other (biophyslcs)
Biological and biomedical
sciences

Overlap Group

Hearing (2/5)

5772 Hearing

5776 Speech

5961 Bioacoustics
Bio-optics (1/3)

5892 Visfon

5965 #lo-optics

Optics

5813 Infrared, visible, and uv
radiation .

5881 Colorimetry

5882 . Geometric optics

5883 Holography

5886 Photography

5887 Photometry, radiometry,
and illumination

5888 Physics optics

5899 Other (optics)

5985 Microscopes

5993 Photographic instrumenta-

tion

Overlap Group

5811
5857
5913
5976

6009
6037

Measurement and instru-
ments (1/2)
Electrical quantities and
their measurement
Measurement of mechanical
properties
Interaction of radiation
with solids
Electronics ‘
Other (instrumentation)
Units, constants, stan-~
dards, conversion factors
- Spectroscopy (1/2)

324

Phd's Non-PhD's
3 4
21 12
8 8
86 27
89 49
44 34
6 6
7 4
3 2
3 2
2 2
42 142
7 16
31 208
74 94
24 114
39 209
98 144
104 286
6 19
7 43
10 26
13 23
94 64
51 160
41 108
2 6




Appendiz B 1779

PhD's Non~-PhD's
PP 9 Optics
Qverlap Group
5678 Electronic spectroscopy 7 6
including far uv
5891 Spectroscopy 71 75
5998 Spectroscopes 5 12
Bio-optics (2/3)
5892 Vision 7 5
5965 Blo-optics 6 4
Modern optics (1/2)
- 5698 Scattering phenomena 6 7
5814 TInteractlon of eclectromag- 55 38
netic waves with matter
5884 Lasers 163 141
5885 Nonlinear optics 41 20
5983 Lasers and masers 12 21
5996 Atmospheric optics and 15 12
acoustics (1/2)
PP 10 Acoustics
' 5771 Archltectural acoustics 10 35
5773 Muslic 8 7
5774 Noilse ‘ 33 120
5778 Underwater sound .. 155 407
5781 Vibrations 21 55
5789  Other (acoustics) 33 57
Overlap Group
Ultrasound (1/3)
5777 Ultrasonices 26 26
5901 Acoustic properties 10 5
Hearing (3/5)
5772 Hearing 9 9
5776 Speech 9 6
5961 Bioacoustics 5 3
PP 11 Astrophysics
" 6011 Binary stars 23 19
6012 Clusters 14 1
6016 Interstellar medium 66 32
6021 Stellar composition 32 29
6022 Stellar evolution 50 22
6029 Other . ‘ 129 85
P 12  Astronomy
7 5852 Celestial mechanics 61 69
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1780 PHYSICS [N PERSPECTIVE

, PhD's Non~PhD'g

PP 13 Interplanetary

5301 Interplanetary matter 9 2

5304 Meteorites and tektites 5 1

5305 Planetary atmospheres 30 11

5306 Planetary magnetic fields 2 2

5309 Other (planetology) 6 6

6013 Comets, meteors, inter- 15 10

planetary medium

6017 Planets and satellites 26 18
PP 14 Instrumentation

5972 Astronomical 32 .29

5996 Radio astronomy 39 17

6001 Telescopes 5 14
PP 15 Overlap with E&P (1/2)

5338 Solar planetary physies 26 i 20

5341 Solar wind 11 5

5349 Other (solar/planetary) 6 -5

6023 Sun 46 21
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