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In a recent essay, I presented the 1980
life sciences papers most cited in 198Q-
1981. I This essay covers the physical sci-
ences, exclusive of chemistry, which will
be examined in a future essay. These
studies typify the special type of science
journalism we have developed. It’s our
way of telling you about some of the “hot
spots” of scientflc research. Indeed,
these active areas of research almost al-
ways develop into major specialties.

Table 1 lists the 105 articles included
in this study. The number of citations
each received in 1980 and 1981 is also
shown. To emphasize the unique and
immediate impact of these papers, let
me remind you that most of the millions
of papers and books cited each year in
Science Citation Index@ (SCP ) receive
about two citations during any given
two-year period. Even after a five-year
period, the average paper is cited less
than three times. Consider that the aver-
age paper fisted in Table 1 received 36
citations—eight in 1980 and 28 in 1981.
The most-cited paper received 102 cita-
tions, and the least-cited, 25 citations.

The papers in Table 1 are divided into
six broad subject categories, and are ar-
ranged alphabetically therein by first
author. We hope this arrangement will
discourage invidious comparisons be-
tween individual papers ranked by cita-
tion frequency. And although each of
these papers has had signflcant impact,
I must afso caution that they do not nec-
essarily represent the “best” papers of
1980. Many other papers not listed here
will eventually prove to have equal, or
even greater, impact in later years. We

really do not know enough about the
phenomenon of delayed recognition, in
both the historical and the short-term
sense. But it is sign~lcant in itself that we
must treat chemistry differently than
physics in order to conduct these stud-
ies. And that difference will also be ot+
served in many other fields.

Eighty-eight of the 105 articles in this
study have already been included as
“core” documents in the Research Front
Specialty Index of our Index to Scien-
tific Reviews ‘“ (L!M m). Research front
data on the more than 13,000 review arti-
cles indexed in 15’Rfrom Janua~ to June
1982 were made available last year.z Ta-
ble 2 lists the names of the 1982 ISR re-
search fronts that each incfude at least
two papers in thw study as core docu-
ments. A research front is a group of pa-
pers that cite one or more core papers or
books collected in a co-citation cluster.

I have explained ISP’s clustering
techniques before.g The class~lcation
value of clustering is amply demonstrat-
ed by considering, for exampfe, that the
11 core papers in research front 82-0312,
“Grand unified theories, proton decay,
neutrino masses, flavor dynamics, and
Higgs boson in the SO( 10) model,” listed
in Table 2, are divided into three
broader, less descriptive categories
established by “subjective indexing. ”

Research front searching is available
through numerous online services—
ISI/BIOIUEDa,4 ISI/CompuMathw,5
ISI/GeoSciTech m ,6 and -n, lSI/Bjo.

Chem ‘m . We added thk capabti]ty to
ISR to test the concept of printing a
comprehensive, multidisciplinary lit of

I
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Table 1] The 1980physicalsciences●rticlesmost cited in 1980-1981.The ●uthors’ addressesfoflow esch ci!ation. Code
numbcmindicatethe fSR ‘n researchfront specialtiesfor whichtheseare c-orepcpem.Aweriskedcode numbers indicate
(he ISI,’GeoSciTech 1“ researchfront specidtiet for whichthe$eme com pspem. A= number of citationsrcccwed, 1980,
B = numlwr of citationsreceived, 198f. C= toml number of citationsreceiwd, 19801981.
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research fronts. We have just completed
processing ZSR for August-December
1982. Ths has provided some interesting
insights on the number of SCI research
fronts not covered by review articles. I
want to stress that it is the entire SCI
which is used to identify research fronts,
not just the articles selected for LSR.

The numbers of the relevant 1982 re-
search fronts from Table 2 follow the au-
thors’ addresses in Table 1. Of the 17 pa-
pers not included as core documents in
LSR research fronts, five are core docu-
ments in lSVGeoSciTech research
fronts. These research front numbers
are distinguished by asterisks in Table 1.
Five are core papers in 1981 research
fronts. Four of these are included in re-
search front specialty 81-0032, “Trapped
radiation, formation of rings, and ener-
getic particle fluxes in the magneto-
sphere of Saturn.” The fiith paper is con-
tained in research front specialty
81-0167, “Paleomagnetism of Creta-
ceus and Tertiary rocks from the Medk
terranean Sea region and cause of Creta-
ceous-Tertiary extinction.” Three addi-
tional papers are citing documents in the
ZSI/GeoSciTech research fronts, and
one other paper appears as a citing doc-
ument in an L$l/CompuA4afh research
front.

We fully expect that by the time the
1983 editions of ISR and ISI/GeoSci-
Tech are compiled, the remaining eight
papers in this study wilf also have
become core documents in 1S1 research
fronts. The names of research fronts, in-
cidentaUy, are derived from the words
and phrases most frequently used in the
titles of the articles that cite core docu-
ments. Indeed, research front names
can be used as an alternative method of
classifying the papers in th~ study.

Sixteen of the papers in Table 1 are
single-author works. Twenty-two list
two authom, 27 have three, 14 have four,
and eight have five. Four papers have
seven authors, and two list eight. One
paper each lists nine, ten, 11, 12, 19,20,
22, 23, 62, 66, 73, and 86 authors. The
latter four papers are from the field of
experimental elementary particle phys-

ics, where much of the research requires
the use of gigantic particle accelerators.
These experiments require enormous
collaborative effort. The avemge num-
ber of authors per paper in this group is
26. I should point out that this number is
not remarkable-in our study of the
most-cited 1979 physical sciences pa-
pers, the experimental particle physics
papers averaged 39 authors each!7 It
seems to me, however, that perhaps this
type of multiple-author study cries out
for the kind of reforms I have spoken of
in the past,s in which most contributors
are given credit in an acknowledgment
section, rather than as authors in the by-
line.

Ninety-six authors have more than
one paper in Table 1. Of these, 93 have
two papers fisted. Only three authors—
D.G. Cassel, D.E. Eastman, and E. Wit-
ten—have three papers in Table 1.

TabIe 3 lists the 33 journals that pub-
lished the most-cited articles in th~
study. Four journals account for over
half of the papers. They are: Physical
Review Letters, 28 papers; Physics Let-
ters B, 16; Physical Re vie w D—Partic!es
and Fields, 7; and Science, 7. Physical
Review Letters has topped the journal
list each year since 1976.T.~ I I

The authors in this study are affiliated
with 118 institutions in 18 different coun-
tries. Table 4 lists these institutions in
descending order of the number of pa-
pers produced. Sixty-two institutions are
located in the US—a significant increase
over our last two studies. There were 44
US institutions in our study of the 1978
physical sciences papers, 11and 48 in our
survey of the 1979 moat-cited articles.T
However, the number of papers from US
institutions has actually decreased
slightly. In our study of the 1979 physical
sciences papers, the number of papers
from US institutions was 88. Of these, 15
were coauthored with scientists from
other countries. In this study, 73 papers
were produced by authors with US insti-
tutional affiliations. Fourteen of these
papers were collaborative efforts with
authors from other countries. Thus, the
number of institutions increased without
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T&Me3: The 33 journals representedon the list of 19S0
phpical science$Ppers most cited in 19W 19S1.The
number’sin parenthcws ●rc the impsct facto= for the
joumafn (19S0impact fsc[or equals the number of cita-
tions receivedby 1978-1W9 srticlesin ● journal dbided
by the numbm of mticlespublishedby thejournal during
thesameperiod). Dats weretakenfrom the 19S0Journal

Cmwioa Reportse. The figures w the right indicatethe
number of p.pers from eachjoumd which●ppearson the
list.

Phys.Rev. J-c(I.(5,41
Phys. ktt, B (3.6)
Phys.Rev. D—Part. Fields(2.6)
Science(5,7)
Astrophy%J.(4.0)
J Chem. Phys. (3.2)
Nuc], Phys.B (4.3)
Phys. Rev. B—Condensed Mstter (2,6)
Ann Phys NY (2.9)
Astron As!rophys. (2.51
Re,. Mod. Phys.(9.3)
surf*ce SC!. (3,0)
Electron. Lett. ( 1.2)
IBM 1. Rcs. Develop. (1.1)
lEEEJ. Quantum Electron. (3.1I
J Appl, Phys. (1.6)
J.Magn. Resonance(2.1)
J. NomCryw. Solk3s(2.7)
J.Phys.—Paris(1.2)
J. Phys. SOC.JPII.{!.5)
J.Phys.—A—Mtth. Gen. (1.61
J. Phys.-–Solidid StatePhys. (2.9)
J.Vat. Sci. Technol. (2.11
Jpn. 1. Appl. Phys. {0.8}
Mon. Notic. Roy. AsIron. Sot. (2.5)
Nucl. Instrum. Method Phys. Res. (1.2)
Pbys J.ml.All II
Phys, Rep.—Rev. Sect. Phys. utt. C (7, I I
Phys.Rev, C—f!ucl. Phys.(1.81
Phy$. Ser. (1.4)
Progr. Thcor. Phys.Kyo(o ( I 51
Rev. Geophys. SpacePhy! (1.9)
SolidSt.te Commun. ( I 9)

2s
16

7

7

6

4

4

4

2

2
2
2
1
I
1
I
1
1
I
I
I
I
I
1
I
1
1
I
1
I
I
1
I

a corresponding increase in the number
of papers. These results imply that cur-
rent research in the physical sciences is
being produced at a greater number of
institutions than ever before.

Of the remaining institutions in Table
4, ten are located in the Federal Repub-
lic of Germany (FRG ), while France has
nine, and the United Kingdom (UK) has
seven. Italy and Japan are each repre-
sented by five institutions, and Denmark
and Switzerland by three each. It should
be noted that CERN, located in Geneva,
Switzerland, is actually a consortium of
12 European nations. Canada, Israel,
Norway, and Sweden each have two in-
stitutions in the table. Austria, Finland,
Hungary, Mexico, the Netherlands, and
the USSR are each represented by one

institution. All of the papers in Table 1
were published in English.

Of the institutions represented in Ta-
ble 4, the University of California pro-
duced nine papers-more than any oth-
er institution. Cornell University and
Harvard University foUowed with seven
each. Stanford University produced six
papers. Interestingly, CERN appeared
only four times—a total identical with
that of the 1979 study,T but down sub-
stantially from the 1978 total of 19. ~I

Table 5 lists the national affiliations of
the authors included in Table 1, in order
of the total number of pape”rs on which
authors from each nation appeared. As I
mentioned earlier, US authors were rep-
resented on 73 of the 105 papers in this
study. Of these, 59 papers listed authors
from the US alone. The remaining 14
papers were coauthored with scientists
from Austria, France, the FRG, Israel,
Mexico, the UK, and the USSR.

The six subject categories represented
in Tabfe I are: chemical physics, quan-
tum field theory, astrophysics and geo-
physics, materials science, theoretical
elementary particle physics, and experi-
mental elementary particle physics. It
should be kept in mind, however, that
these distinctions are made as a matter
of convenience, and do not necessarily
reflect the way that physicists or others
might classify the papers. The line be-
tween chemical physics and physical
chemistry, for instance, is often quite
thin.

Nineteen papers in Table 1 are from
the field of chemical physics. Nine of the
papers in this group deal explicitly with
some aspect of spectroscopy or with
lasers. Five more are concerned primari-
ly with the Raman effect, or the change
in the wavelength of light after it has
been scattered by particles of a given
material. 1z The remaining five papers
deal with various subjects of interest to
chemical physicists.

Nineteen papers in this study deal with
quantum field theory. Briefly, quantum
field theory states that systems com-
posed of matter or energy may exist only
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Tshk 4t The institutional●ff~itions cd (he authorson the
list. [nstilutions am fisted in dmcendj”g ~~er of the
number of papersproduced.

Lfmv Califomi., CA.
Berkeley] 3
2A Jolla 3
Irvine 1
Los Angek~ 2
Livermore I
Sama Barbara f

Cornell Univ l[haca, NY
Harvard Univ., Cambridge, MA2
Stanford Umv., CA3
Brll Labs., NJ”

Murray Hill 5
HoJmdel 1

IBM”
Thomas J. Vafson Res Cm 5

York!own Heighm, NY
Gen. Prod. Div. Lab., San Jose,CA 1

Mas$acbuw!lsJnst.Technol., Cambridge, MA
Unw Pmis, France

VJ Pierre et Marie C“ne, park 4
X1 Paris-Sud, Orsay I

Acad. Sci. USSR
Leningrad Nucl. Phys, Jnm, 1
lnsl. Theor. Exp. Phys,, Moscow 1
L.D. Landau Jnst.Theor. Phys,, 1

Moscow
California Jnst.Technol., Pasadem, CA
CERN, Geneva, Switzerland
Rutherford Lab., Chilton. UK
Univ. W]sconsin, Madison, WJ
Bmokhavcn Nafl. Lab., Upton, NY
CUNY, New York, NY
Fermi Nat]. Accelerator Lab., B.taria, IL
Natl. Ins( Nucl. Phys. (INFN), Jtaly -

PisO 2
Florence f
Milan I

Oak Ridge N.11,Lab,, TN
Frinccfon Univ., NJ
SaclaYNucl. Res. CIr, (CENSI. Gif-sur-Y.e[(c.

k%ncc
Univ. Colorado, Boulder, CO
Unw. Jlfinois.Urbana. IL
Univ. Lo”don. UK

Jmpen,alCOIL Sci. TechnoJ.
Queen Mary Coil,
Univ. CoIl. Londcm

Xerox, Palo Alto Rcs. Clr., CA
Carnegie1“s1.Washi”g!o”, Pasadena,CA
CNRS, Jnw.NucJ.Phys., Orsay, France
Columbm Univ., New York, NY
Florida A&M Univ. Tallahassee,FL
German EJecIronSy”chrotron {DESY ).

Hamburg, FRG
Indiana Univ., Bloomington, JN
Jnst.Advmced Study. Princeton. NJ
JthscaCoIl. NY
Le MoyrIc Coil., Syracmc, NY
Max Planck SOC., FRG

Inst Amc.n., Katknburg-Linda”
Ins!. Radioastron., BomI

NASA
Ames-Res. Ctr.. Molfeu Field, CA
Gcddard SpaceFfight C1r. (G SFC),

Greenbelf, MD
NatL Bum.” Standards,Boulder, CO
Ohio Univ., A1hen$.OH
Oxford Univ UK
Ru[gers Univ., New Brunswick,NJ
Scuols Not-maleSuperiore, Pwa, haly
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I
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I
I
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1
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7
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3
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2
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51JNY, Stony Brook, NY
SyracuseUniv., NY
Univ. Arizona, T“eson, AZ
Univ. Copenhagc”, Denmark
Univ. Hamburg, FRG
Univ. Rochester,NY
Umv Tokyo, Japan
Va”derbill UtItv., Nashville,TN
Weizma”” Inst.SC,.,Rchovot, ],rae]
Argonne NsII. Lab., IL
BattefleColumbus Labs., Col.mb”s, OH
Boston Univ MA
Brigham Young Univ., Provo, UT
Computer SciencesCorp., Silver Spring, MD
Ecole Nornmle Supencure, Paris, France
Emporia StateUniv KS
Eotvos Lorand Umv B“dapcst, Hungmy
Florida Stale Univ., Tallahawce, FL
Gaku$hum Univ., Tokyo, Japan
Gnkushui” Women’s Jr CoIf., Tokyo, Japan
Gcddard Jnst.SpaceStudies,New York, NY
Hebrew Univ., Jerwalem, Jwoel
Helsmk) Univ Techncd Finland
Herzberg hw As(rophys,, Victoria, Canada
Iowa StateUniv Ames, JA
KansasS1ateUniv Ma”haltan, KS
Kit! Peak Natl, Observ., Tucson, AZ
KYom Univ., Japan
Lab. Annecy-fe-Vieux Pbys. Pm {LAPP), France
Lab. Chem, Mineral Appl,, Nancy, France
Lament.Doherty Gecd, Obwrv., Pali~des, NY
Libra [l”iv., Tremo, IIaly
LoutsianaStateUniv., Baton Rouge, LA
Lowell Observ Flagstaff,AZ
McMaster U“iv Hamilton. Canada
Mwtich Techn. Univ., Garcbing, FRG
Nail, Cm Exploil. Oceans,Bres!, France
Natl. .%i. Fdn,, Washington, DC
NMJ U“i*. Mexico, Melico City. Mexico
Nipfmn Telegraph & Telephone Public Corp.,

Tokyo. Jaf)an
Nordisk JIM. Theor. Atomic Phys. (NORDJTA ),

Cop”hagen, Denmark
Ohio Sfsm Umv., Columbus. OH
Rhme-Westphalia Tech”, Univ. (R WTH 1,

Amchen,FRG
Rice Univ., Houston, TX
Rockwell Intemall. Cm-p., Electron. Res Ctr.,

An’heim. CA
Solar Ener~y Res, [nst., Golden. CO
StandardTelecomnmn. Labs., Hadow, UK
SwedishNail. Defense Res. Insl. (FOA 1,

Stockholm, Sweden
Tecbn. Uni., Denmark, Lyngby, Denmark

Univ. Amsterdam, lhe Netherlands
Univ. Bergen, Norway
Univ. Bern. Swlfzerland
Univ. Bonn, FRG
Univ. Cambridge, UK
Univ. ChIcngo, IL
Univ, Claude-Bernard, Lyon, FrarIce
Univ. Dusseldorf. FRG
Univ. Geneva, Switzerland
Uni.. Georgia, Athens, GA
Univ. Graz, Amtria
Univ. Hannover, FRG
Univ. Heidelberg, FRG
Umv. Iowa, 10WOCity, JA
Unw. Lancaster,UK
Urn.. Lo”is Pasteur,Sirasbourg, France
Univ. Manchester,UK
Univ. Maryland, College Park, MD
Univ. Ode, Norway
Jniv. Pmmm,Italy
Univ. Pennsylvania.Philadelphia, PA
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Univ. S%0.haty 1
Univ. S. California, Los Ank-eks.CA I
Univ. %arkndcs. Smrbmckcn, FRO I
Upp3alnUniv., Sweden 1
US Geol, Surwey,Menlo Park. CA I
Vi~nia Polytech, lost. amdStateUniv., I

kSlacksbu~,VA
Wocds Hole OceatwgraphicInst., MA I
Yale Univ., New Haven. C7 I

‘Some ollhepspcnlisl more than onelocation for an
institution.

lIncludes Los Akmos Nail. hb. NM
21nc[ude~H*~ard. Smithmnhn Ctr. lor AstrOphy%ic~
31mcIu&~St,nford Linesr AccelermcwC(r. ~SLAC)

T!AAs St Na[iond ●ffiliations of the authom of the 1980
physicalsciencespapersmos[citedin IWO 1’UJ1,in order
of tbc total number of papers on which each nation’s
●utbors *ppc8red. shown in column A B= number 01
pap-wscoa.tbored wt!h xmnust%from othcrcountrics.
C = IWodtly d coauthors

Cmwry All

us 13 14

France 10 5

FRG 8s
UK 76

SwWcrknd b4
Japan 51
USSR 41
Denmark 32

Israel 33

IIaly 32
Canada 21
Au$lru II
Finland 10
H“ngwy II
Mexico 11
the Nctherknds I O
Norway II
Sweden 10

c

Austrk.Frmmz, FRG,
kracl, hlcxico, UK&
USSR
Denmark. Israel. Mexico,
Switzsrknd& US
Israel, Japan.UK & US
FRG, Israel,Japan& US
France, I181y& Hungary
FRG & UK
us
Canada. France, lw.el&
Norway
Denmark, France. FRG.
UK&us
Switzerland
Denmark .S Norway
us

Switzerland
France& US

Canada& Denmark

in certain discrete, well-defined energy
states. Transitions from one state to
another are achieved only by the gain or
loss of particular bundles, or quanta, of
energy. Ten of the papers in this cate-
gory are devoted to various aspects of
gauge theory, including the most-cited
article in this study, by Michael Creutz,
Brookhaven National Laboratory, Up-
ton, New York. Interactions between
particles of matter are described in
terms of gauge theories. Creutz’s paper
discusses a possible link between three
of the laws governing the behavior of
subatomic particles: the “strong” nu-

clear force, which hoMa atomic nuclei
togethefi the “weak” nuclear force,
which is responsible for radioactive
decay; and electromagnetism.

Three papers in the quantum field the-
ory group deal specKlcaUy with quantum
chromodynamics, which forms a sub-
specialty within the larger framework of
gauge theory. It is in terms of quantum
chromodynamics that the strong force is
described. Three more papers diicuss
various aspects of grand untied theories

(GUTS). GUTS are attempts to show
that the four fundamental forces recog-
nized by physicists—gravity, electro-
magnetism, and the strong and weak nu-
clear forces—are but different manifes-
tations of a single force.lJ The rest of the
papers in this group are concerned with
various theoretical aspects of low-tem-
perature thermodynamics; ferromagrte-
tism; and phase transitions, during
which matter is transformed from one
state to another.

Eighteen papers in this study are from
the fields of astrophysics and geophys-
ics. Five discuss the results of Pioneer
f f‘s September 1979 flyby of the planet
Saturn. Five more discuss various stellar
observations and discoveries. Two pa-
pers report improved techniques for ob-
serving objects in the sky. Two more dis-
cuss sources of heat and heat flow withhs
the Earths crust. The rest deal with
various sub jects.

Eighteen papers come under the
heading of materials science, which in-
cludes disciplines concerned with the
behavior of materials when they are
under various kinds of stress and strain.
This field includes the disciplines of
low-temperature and condensed-matter

physics. The latter embraces the special-
ty of solid-state physics. Thirteen of the
papers in this category deal with practi-
cal and theoretical aspects of semicon-
ductors. The remaining five papers are
concerned with such matters as new pro-
cesses for fabricating integrated circuits,
studies of hydrogen at low temperatures,
ferromagnetism, and percolation mod-
els.
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.- ....- . . .. . ..
Articles in theoretical elementary pttr-

ticle physics account for 16 papers. This
group includes the second most-cited ar-
ticle on the list, a review of current
theories concerning the behavior of in-
teracting subatomic particles. The paper
was written by Andrzej J. Buras, Fermi
National Accelerator Laboratory, Bata-
via, Illinois, and was cited in 93 publica-
tions. The majority of the remaining
papers in this group discuss various
aspects of existing theoretical models
concerning subatomic particles.

Experimental elementary particle
physics contributed 15 papers to the list.
The third most-cited paper in the study
is a comparison of experimental data
with various theoretical models con-
cerning the behavior of elementary par-
ticles. The paper was written by E,
Eichten and colleagues, Cornell Univer-
sity, and has received 78 citations. A
paper by F. Reines and colleagues, Uni-

versny or Cauromla, mvme, ts me rourtn
most-cited paper on the list. It reports
evidence of the instability of the
neutrino, an elementary particle associ-
ated with the weak nuclear force. The
remaining 13 papers report various ex-
perimental results.

We have now published lists of the
most-cited articles in the life and
physical sciences for each year since
1970. Our next study will deal with the
1980 chemical sciences papers most
cited between 1980 and 1982. Later thk
year we will report on the 1981 articles
most cited in 1981 and 1982. Since the
SCI for 1982 is now completed, we will
report on the new hot spots of science a
little earfier than in previous years.

● ****

My thanks to Stephen A. Bonaduce
and Yeiena Levina for their help in the
preparation of this essay. !m Is,
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CorrectJon

In the essay, “The 1980 Articles Most Ched in 1980 and 1981. 1. Life Sciences,” Current

Contenrs (10):5-15, 7 March 1983, one author’s affiliation was incorrect, The entry should
read:

Cheung W Y. CDkmsMfss pfeys ● pfvotel role fo ceffssfer regufetion.
Science 207:19-27, 1980. St. Jude Children’s Res. Hosp., Memphis, TN. 81-f 181

We regret the error,
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