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This is the latest in a series of essays in
which we identify “hot disciplines” of
science by listing a select group of
papers that are well cited shortly after
publication. In previous essays this
year, we published data on the most-
cited papers of 1977.1,2 Now we’ve com-
piled similar data for 1978 papers. This
essay discusses the physical sciences ar-
ticles most cited in 1978 and 1979. The
next part will cover the Me sciences.
Our past experience indicates that vir-
tually all of the papers presented here
will continue to be heavily cited for
some time to come.

One would expect the average paper
cited in the Science Citation Index”
(.SCP ) to receive a citation or two in a
two year period. Even the higher impact
articles listed in Current Contents@ will
be cited only twice as much. But the
least cited paper in the present study
received 29 citations in 1978- 1979—the
most cited, 104 citations. The average
paper received about 43 citations, 9.6 in
1978, and 33.3 in 1979. In the forthcom-
ing lit of lie sciences papers, we can
expect the average to be much greater.
This reflects primarily the greater size of
the life sciences literature, which in-
creases the probability for superstar
papers. We don’t know yet whether the
trend in biochemistry towards a higher
number of references per paperg is also
a factor. A comparable study of the
physical sciences needs to be done.

The 1(KI papers in this study were
published in the 28 journals listed in
Table 1. Physical Review Letters ac-

counted for 21 papers, more than any
other journal. Physical Review Letters
also led all other journals in our study of
the 1977 physical sciences papers. Phys-
ical Letters B contributed 18 papers to
the list, and Physical Reviews D con-

tributed 11. Together, these three jour-
nals accounted for half of the papers. It
is interesting to note that Applied
Physics Letters contributed eight papers
to this study. This journal had just one
in our study of the 1977 papers. z

Ninety-nine different institutions
helped produce the papers on our list.
They are identified in Table 2. The US
again tops alf countries with 44 institu-
tions. The Federal Republic of Ger-
many has ten, the UK nine, Italy seven,
France six, Canada four, and the USSR
three. Australia, The Netherlands,
Israel, and Japan each have two institu-
tions. Switzerland also has two, al-
though the European Organization for
Nuclear Research (CERN) is actually a
consortium of 12 Western European na-
tions. It is most interesting to note that
CERN tops the list of institutions, ac-
counting for 19 papers. In our study of
the 1977 papers, CERN was in sixth
place with seven papers.z Austria,
Belgium, Denmark, India, Norway, and
Sweden are each represented by one in-
stitution. Without exception, aIl of the
papers on the list were published in
English.

Nineteen papers were single-author
works. Twenty-four papers had two au-
thors, and 19 had three. Nine papers
had four authors, four papers had five,
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Table 1: The 28 journals represented on the fist of
1978 physical science papers most cited in 197&79.
The numbers in parentheses are the impact factors
for the journals. (Impact equals average number of
citations received by articles published in that jour-
nal. ) Data were taken from the 1978 Jourmd Cim.

lion Reporfr” , which is volume 13 of the SCP. The
figures at the right indicate (he number of papers
from each journal which appear on the fist,

Phys. Rev. Ltw (6.573) 21
Phys. Lett. B (4.0371 18
Phys. Re\ D (2.9821 II
Appl. Phys. Left. (3.244) 8
Nuc[. Phys. B {3.670) 8
Account. Chem. Res. (7.842) 3
Astrophys. J, (4.348) 3
J. Amer. Chem. SOC. (5.327) 2
Mon. Notic. Roy. Asmm. Sot.
Nature
NucI. Phys. A
Phys. Rep. [Sec. C Phys. Lett,
Phys Rev, C
Science
ApF1. opdcs

Astron. Astrophys.
Chem. Rev.
Chem. SOC.Rev.
IEEE 1. Quant urn Electron.
[norg. Chem.
J. Appl. Phys.
J. Chem. Phys.
J. Geophysical Res.
J Lummesc.
Phys. Len. A
Phys. Tcday
Rev. MWJ Phys.
Tetrahedron

t2.707} 2
(5.409) 2
(2.8i31 2
(7.5f!Q) 2

(2.2681 2
(5.927) 2
(1%34} I
(2.313) 1

(10.4711 I
(3.28’4) I
(2.W2) 1
(2.652) 1
(1.670) 1
(3.0431 1
(7.041) I

(1.2431 I
(1 246) I

(2.041) I
(19.2131 I

(1.8431 [

Table 2. The institutional affdiations of authors on
the M. institutions are in descending order of
number of papers produced. The number of
authom from each institution is shown in paren-
theses.

CERN, Switzerland 19 (86)”
CaJifomia Institute Technology 9 (161”
University of California 8 (35)

Berkeley 3 (14)
D~vis J {1)
Im ine 1 (8)
Livermore I (1)
Los Alamos, NM I (2)
Los Angeles J (9)

Stanford Univemity 1 8 (37)

Harvard Universiry2 7 122)”
Rhine- Westphalia Tech. Univ., FRG 6 (34)
BeJJ Labs. , NJ 6 (12)

Murray HiJJ 4 (10)
Holmdel 2 (2)

CENS, Gif-sur-Yvet[c, France 4 (241
Imperial College. London, UK 4 (15)
Columbia University, NY 3 (8)”
Cornell U“ivcrsity, NY 3 (6)
German Elec[rnn Synchrotrons (DESY ), 3 (49)

Hamburg, FRG
Institute for Advanced Study. NJ 3 (5)”
Oxford University, UK 3 (22)
University Hamburg, FRG 3 (22)
University MiJan, ltaJy 3 (to)
University Wupper(aJ, FRG 3 (7)”

Brookhaven National Lab.. NY 2 (4)
CNRS. Ecole Norm. Super., France 2 (2)
IBM, T.J. Watscm Research Cm.. NY 2 (4)
Oak Ridge NationaJ Lab., TN 2 (12)

Rockefeller llnwemity. NY
Rome [Inl,erslty, ftaly
State L>nweruty New York, Stony Brook
Texas A & M Unnerw!y
Lln1\=r7tty B<mn, FRG

tln]*erwty College, UK
llni\erWy Dor!mu”d, FRG
Lint.erw[y Heidelberg, FRG
Uni. erst!y Letcestcr. (IK
IInmermy Louis Pasreur, France
[I”,, ers,,, pen”sy], an,a

Ilm,crs,!y So”them Califom]a, Lo! Angele$
Il”l\=rSIIy Texas

Lint, ers)ty Washington, Seatde, WA
Wevtem ElccIrIc E“gmeermg Research

Cenler. NJ
Academy Scwnces, Steklm lnsl]tute.

Mowon, USSR
Academy Sciences, L D Landau [n~l]lute,

Moscow. USSR
Advanced Research App6catimts

Corporation, CA
Anglo-Auslralism Obscn story, Awtrafia
Argo”nc Natiomd Lah fL
Ban Llni\ersity, Italy
Carn.eg!e-Melhm Llnwersity, PA
CamegIe fmtitutnm, Wasbingmn. LX-
Cmter of Nuclear Research, Strasbourg,

Fnmce
Dartmouth College, NH
Ecole Polytec h,, LPN HE, France
Ecmys[mns Cmter, Woods Hole, MA
Fermi Na!iomd Accelerator. fL
Florida SIaIe (l”lWHIY

Huacht Lld Japan
lndum I.wi!.le Science, Bangalom. [ndm
lnwmatmnal Center Theoreltcal Physics.

Tmcste, Italy
Inter-( f”i. erstty Bmssels, Belgium
Joint Imtu”te Nuclear Research,

Moscow lJSSR
K arlsruhe LJmvei-st!y, FRG
Kings College, UJL
Ki[t Peak Naticmal Observatory, AZ
Linear Accelerator Lab.. Or%ay, Frmce
Max-Planck-lm.t.. Munich, FRG
M fT, Cambridge, MA
McGilf Llniversity, Montreal, Canada
NOAA Em immnenml Research La b.,

Bcmlder, CO
Naticmal Bum.” Standards. Wash.. DC
National Cmter Atmospheric Research,

Boulder, CO
Norlhwcslem [Jni\ msity, IL
Padova Lf”iversity, IIaJy
Princemn University, NJ
Queen Mary College. fmndo.. UK
Ri]ks [Iniversify, The Nc!herlands
Royal Signals & Radar Estabtishmerd,

Worcester. [IK

Siegen University, FRG
Tel-Avw LJ”iwmsty, Israel
University Alberta, Canada
University Bergen, Norway
Llnwersity Bern. Swllzeda”d
Llnwemity Bologm, Italy
Llnwersity Catgary, Canada
Lf”i\ersity Caia”ia, Italy
L“niversity Chicago, Fermi fnstitute
University Copenhagen, De”mark
University Glasgow, UK
[Jniverstty Hawaii
Univemly Illinois
Llniversity L“”d, Swede”

Univcrslly Massachusetts
LJm.ersity Michigan
Unwersity North Carolina

i
2
2
?

2
~
~

2
2
2
~
~

2
2
2

I

I

[

I
I
I
1
1
I

I
1
I
I
1
1
I
1

I
I

1
I
I
[
I
I
I
I

I
I

1
1
I
1
1
I

t
1
I
J
i
I
I
1
!
1
1
1
I
1
I
1
1

(31
(2,

(9)
(4)
(181

(51

(-)

(81
,15,

{91.

(9)
(2)
(5 I
,s1

(21

!21

(11

(2 I

,~,

,>)

(bl

(2 I

(1)”
(81.

([)
(7)

(21
(“)
,~,

(-l
(!1
(!1

(4 I
{1)

([l
(I1
(11
(51

(81
(11
(31
(3)”

(4)
(1)”

(“1
111
(1)
(1)
(21
(5 I

(5}

(1)
(1)
(4)
(1)
(1)
(2)

(4)
(3 I

(1)’
(1)
(7)

(3)
(2)

(2I
It)
(J)
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Iln, \ers,ty Pittsburgh, PA I (1)
lln,,,rs,,y R<,ch.s!cr, NY I (6)

[n],crv!y SUSWX, (IK I ,1,

IInnermy Sydney Austraha 1 (“)
[lntver.!ty Tokyo. Japan I (4 I
11niver5tt) [l fr.cht, The Nc(hcdands 1 (1)

[“ni>emity V)cwna. Canada I (11
[lnt. cm!ty Vicnrm A.stna I (Il.

L]ntwrwv Www.sm I ,1,

We, Lmann lnsllt.tc Sctencc, [wad ! (!)<
Yak [Iniverstfy. CT I (4)

lIncludcs SLAC
21ncludm Hanard College Ohsem atory and Sm, thsmm+n

A\[r,]ph}s,cal otmer\aloty
“One or more cd lhcsc auth<m reprewn!q a wcond aifdm

IKm for a single-au[hored paper.

five papers had six, and five had seven.
Three papers had eight authors. One
paper each had 13, f5, 17, 20, 26, 29,
and 34 authors. Two papers had 47, one
paper had 56, one had 58, and one had
63 authors.

Seventy-eight authors had two papers
on the list. R.D. Field, H. Georgi, and
J. Morfin each had three. R. Petronzio
of CERN was a coauthor on four
papers.

The 1978 physical sciences articles
most cited in 1978-79 appear in Figure
1. We have divided the list into 12 sub-
ject areas. As always, I must caution
that the most-cited papers appearing in
Figure I are not necessarily the “best”
papers. For that reason, we alphabet-
ized the listings under each heading. We
dld this to dkcourage comparisons of
citation rates between papers. Once a
paper achieves a minimum threshold,
the probability of significance is high.
Additional citations may then indicate
the activity which the discovery or
method has stimulated.

The subject areas represented in this
study are field theory, elementary parti-
cle physics (theoretical), elementary
particle physics (experimental), nuclear
physics, atomic and molecular physics,
astronomy and astrophysics, lasers and
optics, material sciences and condensed
matter sciences, physical chemistry, in-
organic and organometallic chemistry,
organic chemistry, and geochemistry
and geophysics.

Field theory only contributed eight
papers to the list. In our study of the

1977 physical sciences papers, field
theory contributed 21 papers.z Field
theory is the study of the fundamental
forces of the universe. The most-cited
paper on the list, that by C.G. Callan
and colleagues, is a theoretical discus-
sion of the “strong force. ” The second
most-cited paper also falls in this group.
The paper by A.J. Buras and K.J. F.
Gaemers received 92 citations. That
paper provides an analytical expression
for the distribution of partons, a
hypothetical basic unit of matter.

Theoretical work in elementary parti-
cle physics accounts for 29 of the papers
listed here. This branch of research
studies the properties and interactions
of various subatomic particles. At least
15 papers in this group deal with quan-
tum chromodynamics (QCD). The so-
called strong force that holds the
nucleus of an atom together is described
in terms of QCD. QCD theories, by the
way, are an outgrowth of the work per-
formed independentfy by Steven Wein-
berg and Abdus Salam, for which they
shared the 1979 Nobel prize in physics. ~

Ten papers are from the field of ex-
perimental elementary particle physics.
Research in this field often involves the
use of gigantic particle accelerators,
which shoot particles into bubble
chambers where their behavior can be
studied. Such experiments require an
enormous collaborative effort, which
can be seen by the number of authors of
the papers in this group. They average
nearly 34 authors apiece!

Twelve papers deal with various as-
pects of nuclear physics. Researchers in
this field study the structure, properties,
and decay of the atomic nucleus. Sever-
al papers in this group report the results
of “scattering” experiments. These in-
volve destruction of the nucleus
through collisions with other matter.
Researchers can then draw inferences
about the properties of nuclear particles
by observing the manner in which they
scatter. Applications of nuclear re-
search include weaponry and civil pow-
er generation.
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Two papers were from the field of
atomic and molecular physics, including
the third most-cited paper on the list.
That paper, by C.Y. Prescott and col-
leagues, received 91 citations. It
describes the results of an experiment
involving electron scattering.

There were eight papers from the
field of astronomy and astrophysics.
This group includes the fifth most-cited
paper, by B.A. Cooke and colleagues.
The paper, which received 87 citations,
catalogs cosmic X-ray sources which
may originate beyond our galaxy.

Five papers are on various topics in
the field of lasers and optics. The paper
by E .R. Grant and colleagues discusses
a process called “multiphoton dissocia-
tion.” There were four papers on thk
subject in our 1977 list. Briefly, multi-
photon dissociation happens when a
molecule loses one or more of its con-
stituent atoms when exposed to a laser
beam. Applications of thk research in-
clude the synthesis of chemicals.

Thkteen papers are on materials
sciences and condensed matter sci-
ences. These broad subject areas in-
clude condensed liquids, superconduc-
tors, what used to be called solid state
physics, metallurgy, crystallography,
and other areas of study. The fourth
most-cited paper on the list appears in
thk group. That paper, by R.T. Young
and colleagues, was cited 88 times in the
two year period. It discusses the use of
lasers in annealing, a process that
removes crystal imperfections in a solid
by heating it and then allowing it to cool
slowly .

There are four physical chemistry
papers on the liit. The paper by S.W.
Benson on molecules that contain sulfur
has application in the desulfurization of
such fuels as coal and petroleum. Sulfur
in fossif fuels is an insidious source of air
pollution.

Four papers are from inorganic and
organometalhc chemistry. F. Albert
Cotton of Texas A&M University ap-
pears as author on two of them. Both

papers discuss the manner in which the
atoms of metal molecules are bonded
together.

Two papers, both reviews, are from
organic chemistry. D .L .J. Clive’s paper
discusses the element selenium and its
compounds. E.W. Colvin’s paper re-
views the subject of sihcon compounds.

Three papers are from geochemistry
and geophysics. Two of them deal with
human-caused increases in the overall
carbon content of the earth’s atmo-
sphere. The third paper discusses deple-
tion of the atmospheric ozone layer due
to chlorocarbon emissions.

It will be obvious from examining our
list that certain fields are more heavily
represented than the volume of litera-
ture or other factors would warrant.
Part of this is due to the immediacy
phenomenon. Another way of explain-
ing it is to talk about half-lives. In any
case, one has to classify papers by one
means or another. Whether one uses a
pn”on” classtilcation schemes, or a
posten”on” methods such as co-citation
clustering,s.G the result will undoubtedly
appeal to those in fields which are ne-
glected by these “little” studies. The
purpose of our Atlas of Science, ~
however, as I’ve often mentioned, is to
identify all the important papers in
every field, regardless of the citation
peculiarities of the fields involved.
Another way of selecting a sample of in-
teresting papers is to select the most-
cited one from each journal in the field,
as we did recently in our study of the
plant sciences.a,g Still another approach
is to simply extend the list to several
hundred papers. Even if we could afford
the space, no matter how far we carried
the exercise, some “small” fields would
be neglected. It is interesting to note,
however, that work which is considered
of Nobel class rarely, if ever, falls into
such fields.

If we had extended this study to in-

clude citation data for 1980, most of the
papers would have continued to be
highly cited. As in our earlier studies,
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however, the relative standing of certain
papers would have improved simply be-
cause of the artifact of publication date.
A paper published late in 1978 would be
at a distinct disadvantage in making our
list. For that reason, we present in
Figure 2 those 1978 physical sciences
papers that would have made the list if
we had counted only those citations
received in 1979.

Next week we will look at the 100
1978 life sciences papers that were
highly cited immediately after publica-
tion.

****

My thanks to Thomas Di Julia and
Edward M. Sweeney for their help in
the preparation of this essay. O!,mEl
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