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In a recent essay, I presented the 1979
life sciences papers that were among the
most frequently cited in 1979-1980.1
That study also included a list of papers
that would be among the most cited if we
had considered citations received in
1981. This essay presents the highly cited
1979 papers in the physical sciences. By
examining papers that become highly
cited soon after publication, one can
often identify “hot spots” in sci-
ence—areas of research that are cur-
rently of special interest to scientists.

Figure 1 lists the 105 physical sciences
papers of 1979 that were among the most
cited in 1979-1980. Their 1981 citations
are listed as well. As always, papers are
divided into broad subject areas, and
listed alphabetically by first author
below each subject heading. We use this
arrangement, rather than citation fre-
quency, to discourage invidious com-
parisons of individual papers. Articles
published late in the year are at a disad-
vantage in studies of this kind. There-
fore, we have listed in Figure 2 the 1979
papers that are among the most cited if
1981 citations are also counted.

Most of the 4,000,000 papers or books
cited in Science Citation Index® (SCI®)
receive one or two citations in a two-
year period. The average for a five-year
period is about five. But the average
paper in Figure 1 received 41 cita-
tions—seven in 1979 and 34 in 1980. The
most-cited paper received 96 citations,
while the eight least-cited papers re-
ceived 29 citations each.

As always, I must caution that the
papers in this study do not necessarily
represent the “best” research. One
should not forget that many 1979 papers
not included here will also become
highly cited eventually. What makes the
present group of papers interesting is the
immediacy of their impact.

An interesting feature of this study is
the inclusion of research front data. In
previous essays, I have explained ISI®’s
clustering technique for identifying new
research fronts.2 A research front is a
group of current papers that cite one or
more core papers in a co-citation clus-
ter. Our clustering technique is the basis
for “research front searching,” available
through our online ISI/BIOMED ™,
ISI/CompuMath ™, and ISI/GeoSci-
Tech™ systems.

We recently made research front
searching available to users of our Index
to Scientific Reviews ™ (ISR™), as a
future essay will describe in detail. To do
so, we first had to cluster the entire SC/
data base. We found that most of the pa-
pers in Figure 1, about 83 percent of
them, are included in the core literature
for SCI/ISR research fronts. The names
of the research fronts which include two
or more papers from this study within
their cores are listed in Table 1.

Twenty-three papers in Figure 1 are
single author works. Twenty-seven
papers have two authors, 24 papers have
three, and six have four. Five papers
have five authors, one has six, one has

seven, and 12 have between ten and 31
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Figure 1: The 1979 physical sciences articles most cited in 1979-1980. Authors’ affiliations follow each

citation, A= 1979 citations. B=1980 citations. C=combined 1979-80 citations. D= 1981 citations.
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Figure 2: The 1979 physical sciences articles which are among the 100 most cited in 1979-1981, and which do
not appear in the original list mainly because of late publication dates. A= 1979 citations. B= 1980 cita-
tions. C=1981 citations. D=total 1979-81 citations.
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authors. Six papers have more than 50
authors—among them, one paper has 88
authors, while another has 83. All of the
papers with more than 50 authors are
from the field of experimental elemen-
tary particle physics.

One hundred and thirty-eight authors
have two papers in Figure 1, but only 11
have three. They are: J. Birger, S.
Efrima, A.J. Heeger, K. Liibelsmeyer,
D. Liike, H. Metiu, D.V. Nanopoulos,
D.A. Ross, S. Weinberg, F. Wilczek,
and A. Zee. One author, H. Georgi, has
four papers on the list.

The papers were published in the 24
journals listed in Table 2. The top three
journals published just less than half of
the papers. These journals are Physical
Review Letters, Physics Letters B, and
Nuclear Physics B. Physical Review Let-
ters has topped the journal list each year

since we examined the highly cited phys-
ical sciences articles of 1976.3-5

The authors in this study came from
the 86 institutions listed in Table 3.
Forty-eight of these institutions are in
the US. In our study of the 1978 physical
sciences papers, the US had 44 institu-
tions.> The Federal Republic of Ger-
many has ten institutions, the UK has
six, and France has five. Denmark, Italy,
and the Netherlands each have three in-
stitutions. Switzerland has two, although
one of these, CERN, is actually a consor-
tium of 12 European nations. Canada,
China, Israel, Japan, Norway, and the
USSR each have one institution in this
study. All of the papers in Figure 1 were
published in English.

Harvard University produced more
papers, 15, than any other institution.
The University of California produced
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Table 1: 1981 /SR ™ research fronts which contain two or more 1979 most-cited physical sciences papers as core documents.,
A =research front number. B= research front name. C =number of 1979 most-cited physical sciences papers included in

the core of each research front

A B C
81-0181 Perturbative quantum chromodynamics, hadron jets, siructure functions, and quarks 9
81-0257 Radio observalions, kinematical analysis, and the structure of the galactic radio source 2
§8433

81-0306  Effects of Anderson localization in disordered systems on magneloresistance, conduc- 4
tance, and Zeeman splitting

$1-0312 Grand unified theories, proton decay. neutrino masses, flavor dynamics, and 9
Higgs boson in the SO(10) model

#1-0313 Relations between cosmology and grand unified theories, elementary particles. phase 4
transitions, and black hole production

810314 Lattice gauge theory, quark confinement. and strong and weak coupling 3

81-0315  Flavor dynamics of quarks and leptons, Higgs particle mixing. and the structure of 2
neutral currents

810316  Quantum chromodynamics as a dynamics of loops, the lvop space solution of 2- 3
dimensional quantum chromodynamics, and the large N limit for Euclidean field theories

810421 Surface-enhanced Raman scattering 2

814470 Waler cleavage into hydrogen and oxygen by visible light 3

81-0498 Kosterlitz-Thouless phase transitions. renormalization, and the 2-dimensional lerro- 3
magnetic planar model

#1-050K  Properties of amorphous hydrogenated silicon. with emphasis on preparation by 2
sputtering

&1-0554 Electronic structure and magnetism of iron clusters 2

#1-0646  Composition and flow of ions in Jupiler's magnetosphere and [o's plasma torus o

%10704 Neutral currents, structure and relationship to muon electron scattering and nuclear 2
dynamic resonance

81-0731  Solitons in doped polyacetylene 4

81-0932  Studies of electrodes coated with polymer-bound complexes 2

81-2230  Sum rules, duality, chiral symmetry breaking, and phase transitions in quantum 2

chromodynamics

13. Interestingly, CERN accounts for
just four papers this time. In our study of
1977 papers, CERN produced seven.*
And in 1978, CERN produced 19!®

The papers in Figure 1 fall under eight
broad subject headings: the physics of
condensed matter, elementary particle
physics (theoretical), astrophysics, field
theory, elementary particle physics (ex-
perimental), organic and organometallic
chemistry, physical chemistry, and earth
science. Clearly, papers in chemistry are
not as well represented because there is
a longer “incubation period.” Eventual-
ly, many of these papers will go on to
have even greater impact. This will be
demonstrated in a separate study of
chemistry papers.

Twenty-eight papers in Figure 1 are
from condensed matter physics, a sub-
ject field that includes what used to be
called solid-state physics. The heavy
representation of condensed matter
physics in this study comes as no surprise
since, according to Theodore Geballe,
Center for Materials Research, Stanford

University, more than 25 percent of all
American physicists are condensed mat-
ter physicists.® The paper by T. Miya
and colleagues, the second most cited on
the list, received 87 citations in the two-
year period. It discusses the develop-
ment of a highly efficient optical fiber.
The third most-cited paper, by E. Abra-
hams and colleagues, received 80 cita-
tions. It is concerned with scaling the-
ories, which describe changes in matter
states at extremes of temperature and in
magnetic fields.

Incidentally, the paper by D. Stauffer
describes “percolation clusters.” In the
introduction to this long review, Stauffer
used the Permuterm® Subject Index of
SCI and the Weekly Subject Index of
Current Contents® (CC®) to describe
the recent growth in the literature on
percolation.

Theoretical papers in elementary par-
ticle physics account for 19 papers. This
group includes the most-cited paper on
the list, by Nobel laureate S. Weinberg,
which received 96 citations. The one by
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Table 2: The 24 journals represented on the list of
105 physical sciences papers most cited in 1979-1980. The
numbers in parentheses are the impact factors for the
journals. (Impact equals the average number of citations
received by articles published in that journal.) Data were
taken from the 1979 Journal Citation Reports® of SCI®.
The figures at the right indicate the number of papers

trom each journal which appear on the list.

Phys. Rev. Let1. (5.9)

Phys. Lett. B(3.9)

Nucl. Phys. Bi3.9)
Astrophys. J. (4.1}

Science (5.9)

1. Chem. Phys. (2.8)

Phys. Rev. B-Condensed Matter i2.8)
J. Amer. Chem. Soc. (5.1}
Nature (5.9)

Phys. Rev. D-Part. Fields (2.5}
Account. Chem. Res. (8.2)
Chem. Rev. (10.7)

Angew. Chem. Int. Ed. (5.0}
Electron. Lett. (0.9)

1. Appl. Phys. (1.7}

Nouv. J. Chim. (2.1)
Photochem. Photobiol. (2.4)
Phys. Lett. A(1.2)

Phys. Rep. 16.9|

Phys. Rev. C-Nucl. Phys. (1.4}
Rep. Progr. Phys. (4.2)

Solar Energ. Mater, (1.1}
Solid State Commun. {1.9)
Tetrahedron Lett. (2.1)

Total

BT N T N T

10%

Table 3: The institutional affiliations of authors on
the list, and the number of papers produced by each in-

stitution.

Acad. Sci. USSR, Moscow, USSR
L.D. Landau Inst.
Theor. Phys.
P.N. Lebedev Phys. Inst,
Bell Labs., Murray Hill, NJ
Brookhaven Natl. Lab.. Upton, NY
California Inst. Technology,
Pasadena, CA
Carnegie Inst. Washington.
Pasadena, CA
CERN, Geneva, Swiizerland
Chinese Acad. Sci., Peking, China
Cologne Univ., FRG
Columbia Univ.. New York, NY
Cornell Univ., Ithaca, NY
CNRS, Paris. France
Ecole Normale Supérieure,
Paris. France
Fermi Natl. Accelerator Lab.,
Batavia, IL
German Electron-Synchrotron
(DESY), Hamburg. FRG
Harvard Univ., Cambridge, Mal!
IBM
Res. Lab., San Jose, CA

Thomas J. Watson Res. Ctr.,

Yorktown Heights, NY

Inst. Advanced Study, Princeton. NJ
Inst. Laue-Langevin,

Grenoble, France
Johns Hopkins Univ., Baltimore. MD
lilich Nuclear Res. Ctr.. FRG
Kitt Peak Natl. Observ., Tucson. AZ
Louis Pasteur Univ.,

Strasbourg. France

Massachusetts Inst. Technol..
Cambridge, MA
Max Planck Inst. Aeron..
Katlenburg-Lindau, FRG
Michigan State Univ.,
East Lansing. M1
NASA
Ames Res. Ctr..
Moffett Field, CA
Goddard Space Flight Ctr.,
Greenbelt, MD
Headquarters,
Washington, DC
Natl. Bureau Standards
Boulder, CO
Washington, DC
Natl. Inst. Nucl. Phys.,
Frascati, Italy
Natl. Inst. Nucl. Phys. & High Energy
Phys. {(NIKHEF), Amsterdam.
the Netherlands
Naval Res. Lab., Washington, DC
New Mexico State Univ.,
Las Cruces, NM
Niels Bohr Inst.,
Copenhagen, Denmark
Nippon Telegraph & Telephone
Public Corp.. Tokyo. Japan
Nordisk Inst. Theor. Atomic Phys.
(Nordita). Copenhagen, Denmark
Northwestern Univ., Evanston, IL
Oregon State Univ., Corvallis, OR
Oxford Univ., UK
Paris Observ.. Meudon, France
Planet Sci. Inst.. Pasadena. CA
Princeton Univ., NJ
Rand Corporation, Santa Monica, CA
Rhine-Westphalia Tech. Univ.,
FRG
Rockefeller Univ., New York, NY
Rockwell Internatl. Sci. Crr.,
Thousand Oaks, CA
Rutgers Univ.. Piscataway. NJ
Rutherford Lab.. Chilton, UK
Science Applications Inc.,
Boulder, CO
Scripps Inst. Oceanography,
La Jolla, CA
Siegen Univ., FRG
Stanford Univ.. CA2
SUNY, Stony Brook. NY
Swiss Fed. Inst. Technol. (ETH),
Zurich, Switzerland
Univ. Aarhus, Denmark
Univ. Arizona, Tucson, AZ
Univ. Bergen, Norway
Univ. Bonn, FRG
Univ. California, CA
Berkeley
Los Angeles
Santa Barbara
Santa Cruz
Univ. Cambridge. UK
Univ. Catania, Italy
Univ. Chicago, IL
Univ. Colorado, Boulder. CO
Univ. Florida, Gainesville, FL
Univ. Hamburg. FRG
Univ. Hawaii, Honolulu, HI
Univ. Illinois. Urbana. IL
Univ. Karlsruhe, FRG
Univ. Liverpool, UK
Univ. London
Univ. Manchester, Cheshire. UK
Univ. Maryland, College Park. MD
Univ. Massachusetts, Amherst, MA
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Univ. Michigan, Ann Arbor, Ml

Univ. Nijmegen, the Netherlands

Univ. Notre Dame, IN

Univ. Pennsylvania, Philadelphia, PA

Univ. Rome, Italy

Univ. §. California, Tucson, AZ

Univ. Utrecht, the Netherlands

Univ. Wisconsin, Madison, W1

US Geological Survey
Denver, CO 1
Flagstaff, AZ 1
Menlo Park, CA 1

Weizmann Inst., Rehovot, Israel

Woods Hole Oceanographic Inst., MA

Wuppertal Univ., FRG

Xerox

D o @ = =

[V RN Y

Palo Alto Res. Cir., CA 2
Webster Res. Ctr.,, NY i
Yale Univ., New Haven. CT
York Univ., Ontario, Canada 1

ncludes Harvard-Smithsonian Cir. for Astrophysics
Zincludes SLAC

D. Toussaint and colleagues received 78
citations and is tied for the fourth most
cited with the astrophysics paper by R.L.
Kurucz. Both the Weinberg and the
Toussaint papers discuss the number of
baryons (protons and neutrons) in the
universe, with a view toward explaining
why there is more matter than antimat-
ter. Five other papers in this group deal
with quantum chromodynamics (QCD).
The “strong force” which holds the nu-
cleus of an atom together is described in
terms of QCD.

The field of astrophysics produced 18
papers. The one by Kurucz, which re-
ceived 78 citations in the two-year
period, discusses the atmosphere of cer-
tain types of stars. Five astrophysics
papers discuss observations made as a
result of the Voyager { mission to
Jupiter.

Fifteen papers in Figure 1 are con-
cerned with field theory. Field theory at-
tempts to explain the fundamental
forces of nature in terms of a single theo-

retical framework, or unified field
theory. Five papers in this group are
concerned with gauge theories, which
provide a common form for describing
the four known forces of nature.

Experimental elementary particle
physics contributed 12 papers to the list.
Much research in this field requires the
use of gigantic particle accelerators,
which shoot particles into bubble cham-
bers where their behavior can be record-
ed and studied. These experiments re-
quire enormous collaborative effort.
The average number of authors for
papers in this group is a whopping 39. In
our study of the 1978 physical sciences
papers, experimental particle physics
papers averaged “only” 24 authors.5

Seven papers are on various topics in
organic and organometallic chemistry,
and five are from physical chemistry.
The three physical chemistry papers by
S. Efrima and H. Metiu discuss a theory
which they've developed concerning the
scattering of light by molecules on the
surface of a solid.

Only one paper in Figure 1 is from the
earth sciences. We will do a separate
study of this field in the future.

We have now published lists of the
most-cited articles in the life and
physical sciences for each year since
1970. This series will continue when data
are available for the 1980 articles that
were among the most cited in 1980-1982.

My thanks to Thomas Di Julia and
Dorothy Silver for their help in the
preparation of this essay.
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