
LETTERS
continued from page 15
DRESDEN REPLIES: Both Akira Isihara
and R- Byron Bird observe that al-
though Hendrik Kramers wrote only
one paper on polymer statistics, that
paper had an enormous and lasting
influence. This observation is in com-
plete harmony with the ideas ex-
pressed in my paper: Kramers's con-
tributions to statistical mechanics,
few as they are, are gems full of
technical mathematical innovations,
combined in a most original way with
deep physical insight.

I am most thankful to Isihara and
Bird for calling attention to yet an-
other one of Kramers's seminal con-
tributions, which like many others
has not always received the recogni-
tion it deserves. This particular pa-
per was not mentioned in the original
article for lack of space, so it is
gratifying that these letters give an
idea of Kramers's contribution in this
area, especially his unusual and per-
haps unexpected use of Riemannian
geometry.

The thesis by R. M. F. Houtappel to
which D. ter Haar calls attention
was clearly strongly influenced by
Kramers. The elegant mathematics,
the ingenious way in which explicit
group theory is avoided in a clever
adaptation of Bruria Kaufman's
method—these are as characteristic
of Kramers as his signature. Thus
Kramers was certainly aware of and
explicitly conversant with the devel-
opments in the Ising model that
followed the celebrated Kramers-
Wannier paper. In that sense my
statement that Kramers never
worked on the Ising model after
World War II is too strong. He clearly
stayed informed and thought about it.
Still, I believe that the general idea I
expressed is probably correct. Com-
paring Kramers's intense, deep preoc-
cupation with the Ising model during
the war years with his subsequent
more casual involvement, almost by
proxy, indicates to me that his own
personal involvement declined sharp-
ly if not precipitously. Of course
Kramers, even if only casually inter-
ested, could make contributions of
such depth and brilliance that any
totally committed investigator would
have been pleased and proud to have
made them.

I believe that all the correspondents
and I agree that Kramers was an
unsurpassed master in using and
inventing mathematical procedures
that were miraculously suited to the
elucidation of physical problems in
statistical mechanics.

MAX DRESDEN
Stanford Linear Accelerator Center

8/89 Stanford, California

Profiles in
Publishing Productivity
We recently completed a study of
publishing patterns of PhD physicists
trained and employed in the United
States.' We were particularly inter-
ested in the relationship between
publishing activity and age. Because
the average age of physicists, and
scientists in general, has increased
dramatically in the past 10-15 years,
a concern of US science policy makers
is whether this older group is as
productive as a younger group was a
decade or two earlier. Given the
inherent difficulty of measuring re-
search productivity, and given that
there is some evidence that publish-
ing is a reasonable measure of produc-
tivity,2 our study focused on the rela-
tionship between publishing activity
and age. Specifically, we counted the
number of journal articles authored
in a two-year period. Adjustments
were also made to this count for the
number of coauthors as well as for the
quality of the journal in which each
article was published, where quality
was measured by the impact the
journal has on the science literature
as reflected by citation practices.3
Physicists in the 1973, 1975, 1977 and
1979 Survey of Doctorate Recipients,
administered biennially by the Na-
tional Research Council, were includ-
ed in the study.4 Information on their
publishing patterns was taken from
the Science Citation Index with the
cooperation of the Institute for Scien-
tific Information.

Past work by Stephen Cole5 and by
Alan E. Bayer and Jeffrey E. Dutton6

on age-publishing profiles of physi-
cists suggests that article production
increases until early middle age and
declines thereafter. Cole's sample
was restricted to physicists employed
in doctorate-granting departments in
the late 1960s, while Bayer and Dut-
ton's sample consisted of physicists
employed at colleges and universities
during the 1972-73 academic year. A
strength of the SDR data base used in
our study is that it is drawn from a
later period and includes scientists in
five employment sectors: graduate
academic (universities offering a PhD
in physics), nongraduate academic,
Federally funded research and devel-
opment centers, government, and
business and industry.

Our results for physicists in aca-
demic employment are somewhat dif-
ferent from those of Cole or Bayer and
Dutton. In particular, when we
grouped our sample by five-year age
intervals, we found that for physicists
in graduate departments the produc-
tivity of the 35-39-year-old group is
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always significantly less than that of
their younger colleagues, and output
does not rebound to the pre-age-35
level for any age group. On the other
hand, publishing activity does not
continuously decline with age, al-
though it does decline in the last years
of the career regardless of the way
articles are measured.

For physicists in nongraduate phys-
ics departments, the story is different.
Although output is highest for the
youngest group, until age 45-49 out-

put never differs at the 5% level of
significance between the youngest
and older groups. Those 45-54 years
old, on the other hand, produce signif-
icantly less than the youngest of their
colleagues, while the 55-59-year-olds
publish more, perhaps because pro-
ductive physicists are lured into the
nongraduate sector from the graduate
sector toward the end of their careers,
or perhaps because less productive
scientists tend to retire earlier.

At Federally funded R&D centers,
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peak output is also produced by those
under 35; for the next ten years
output dramatically declines. It then
increases or stays fairly stable for the
next ten years, after which it again
declines. Government is the only
sector in which the peak productivity
occurs in the middle of the career, not
the beginning. In business and indus-
try, publishing activity declines until
age 49, then increases for ten years
before declining again. This age pat-
tern for business and industry is not
inconsistent with what Donald C.
Pelz and Frank M. Andrews7 found in
the 1960s.

Our results also suggest that the
age-publishing profiles depend upon
how one measures publishing activ-
ity. The profiles are generally steep-
est when the article count is adjusted
for quality, suggesting that the young
are more likely to publish in presti-
gious journals. On the other hand, as
physicists age, the straight count and
the count adjusted for coauthorship
converge, showing that a dispropor-
tionate amount of early output is
coauthored. This result holds in all
sectors and is contrary to the view
that older physicists, through their
administrative roles, "ride piggy-
back" on the shoulders of younger
physicists.

The age-publishing profiles dis-
cussed thus far are drawn from cross-
sectional data. Since different age
groups are observed at the same time
in a cross-sectional analysis, the age
effects found may be contaminated by
what are called cohort or genera-
tional effects. If, for example, physi-
cists in their sixties come from a
particularly weak cohort and physi-
cists their thirties from a particularly
strong cohort, we would infer aging
effects from a cross section even if
they did not exist.

There are several reasons to believe
cohort effects might be present. One
theory—more popular, we might add,
among social scientists than physical
scientists—is that certain cohorts
may be at a disadvantage because
their members were educated prior to
a major innovation in theory or ex-
perimental technique. If one sub-
scribes to a "latest educated are best
educated" philosophy, this would im-
ply that the decline in publishing
activity with age may be an artifact of
"vintage" and not a true aging effect.
On the other hand, the best vintage
need not always come from the latest
cohort, since science does not always
advance smoothly but may experi-
ence for a time what are eventually
regarded as "false turns."

Perhaps the most important rea-
son to expect cohort effects is that
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research productivity, particularly as
manifested in article counts, is
strongly affected by characteristics of
the employing institution. In partic-
ular, there is strong evidence that
physicists employed in top PhD-
granting departments and Federally
funded R&D centers are more likely
to publish than their colleagues in
places where resources are scarcer
and the environment is less condu-

cive to research.8 It is clear that not
all generations of physicists have had
equal access to the most productive
sector. Indeed, one need only look at
the pages of PHYSICS TODAY to see
how job opportunities for physicists
have changed over time. A cohort
particularly hurt was that of the late
1960s and early 1970s—the cohort
from which the "young" in our study
are drawn.

THE FIRST
IN-VACUUM,

LINEAR MOTOR
POSITIONING

SYSTEM.
Featuring Remote Control
With No Mechanical
Feedthroughs.
Precision positioning inside high
vacuum chambers used to require
bulky, expensive equipment. No more.
For over fifteen years, Burleigh has
offered a diverse line of sophisticated
piezoelectric (PZT) actuators and motor
systems, including our famous all-
piezoelectric Inchworm™1 motor. Now
Burleigh has completely redesigned
the compact Inchworm motor and
companion translation stage for
in-vacuum
operation.

• UHV compatible materials.
• In-vacuum operation with remote

controller.
• No mechanical feedthroughs or

bellows.
• A small footprint makes it ideal for

close quarters.
• True linear motion.
• Bakeout temperatures to 150°C
• Micron resolution

The Burleigh UHV Series represents
an important advance. To receive a
product brochure or discuss your appli-
cation, call Burleigh and ask for the

UHV Applications
Group.

Burleigh Instruments, Inc.
Burleigh Park,
Fishers, NY 14453 USA
(716)924-9355,
Telex 97-8379

European Headquarters: Burleigh Instruments,
Pfungstadt West Germany Tel (061 57) 3047;
Telex (841)4191728
United Kingdom: Burleigh Instruments, Ltd
Tel (0727) 41347, Telex (851) 94011348
Japanese Representative: Marubun Corp.
Tel (03)6399871,Telex(78DJ22803

Inchworm is a registered trademark of Burleigh Instruments, Inc © Burleigh Instruments, 1988

AVS Show—Booth #315 Circle number 137 on Reader Service Card

Finally, some have expressed con-
cern that the average ability of new
science PhDs has declined in recent
years as the best and brightest in our
society have been drawn into the
lucrative professions of law, business
and medicine.9

Because our data allowed us to
observe physicists as they aged over a
six-year period, we were able to draw
inferences concerning the presence of
cohort effects and to see whether true
aging effects exist once we controlled
for these cohort effects. Using an
econometric technique that controls
for both cohort and aging effects, we
found evidence that except for parti-
cle physicists employed in PhD-grant-
ing departments, true aging effects
exist. Furthermore, when we held
the aging effects constant, we found
evidence that for the period of our
study the latest PhD cohorts were not
the most productive in any of the
subfields of physics we studied.
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Dread Shortage in the
Nation's Breadbasket?
In the December 1987 issue (page 9),
George E. Pake writes: "Through its
extensive nationwide system of re-
search universities, centers of basic
research are ubiquitous in the vo.

1 5 4 PHYSICS TODAY OCTOBER 1989


