
Most-Cited Afiicks of the 1960s.
~. Pfsyskd Sckmces

Number 21

In 19’77I completed a series of essays
on the most-cited articles published in
the 1930s, 1940s, and 1950s. l-s There
were so many highly cited papers in the
1950s that we divided the study into
three parts. To continue the series for
the 1960s I’ve taken a similar approach.
However, to accommodate the even
larger number of papers, I’ve included
100 papers for each group. In this first
part, the 100 most-cited physical
sciences papers of the 1960s are
covered. The most-cited papers in
biomedicine and biochemistry will be
covered in two essays in the near future.

We extracted these lists from the
Science Citation Indexm (SCP ) data
base covering 1%1 to 1978. Obviously
the papers listed in this series are but a
small fraction of those that were pub-
lished or cited. The SCI from 1961-78
contains 71 million citations to authored
items.’r Of these, about 25’?’o were cita-
tions to papers published in the 1960s.
The SCI Source Index alone indexed
1,981,441 papers from 1%1-69. Be-
tween 1961-78 hundreds of other papers
were heavily cited. In fact, 409 were
cited over 4000 times, 852 were cited

over 3000 times, and 2058 were cited
over 2(M) times.

I want IC stress again that citation fre-
quency is not an absolute measure of
importance or significance. While some
readers may be in a position to say that
some papers listed here made a greater
contribution than others, this is not the
purpose of our study. However, we can
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assert with reasonable confidence that
each paper listed has had a significant
impact or reflects an active area of in-
terest to science. Small differences in
citation frequency have no special sig-
nificance. Large differences usually re-
flect activity ra(her than the intrinsic
worth of the method or them-y cited. To
underscore this point 1 have Iisled lhe
papers by subject and then alphabetical-
ly by first author, rather than by ranking
them according (o the number of cita-
tions.

Each item on the list was cited more
than 503 times during the 18-year period
from 1%1 to 1978. Fifteen articles were
cited more than I(M) times and six more
than 1500 times. The average paper on
the list received 839 citations.

The papers were published in 41 jour-
nals. Five account for exactly half of the
100 articles. Journal of Chemical P/I,vs-
ics and Physical Review both published
13 articles. A eta Crystatlogmphica

published ten, Journal of the Amen”can
Chemicai Society nine, and Physical

Review Letters, five. These journals
consistently publish a significant num-
ber of highly cited papers. Table 1 lists
all the journals represented in the study.

Fifty-five papers on the list have two
or more authors. Thirty-eight papers
have two, ten have three, three have
four, three have five, and one paper has
ten authors.

All IO(I papers, except Iwo. were

originally written in English. The papers
by Zubarev and Faddeev were written
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in Russian, but also appeared in trans-
lated versions.

Suty institutions are represented
on the list (shown in Table 2). Forty-
seven of the authors come from just
seven institutions.

American laboratories dominate the
Iist with 36 of the 60 research institu-
tions. The United Kingdom foUows with

ten. rrance JS reprcsemeu W utrce rn-
stituticms Australia, Japan and the
Netherlands by two each. The Federal
Repubfic of Germany, Italy, Norway,
Sweden, Switzerland, and the USSR are
represented by one each.

Twelve authom contributed two or
more papers to the list. Pople authored
six papers and Gefl-Mann five. Four of
Popfe’s papers are from a five+part
series on molecular orbhisl theory pub
fished in Joumai of Chemica[ Physks.
Bjorken, Cromer, Segaf, Weinberg, and
Wcwdward account for three papers
each. Clementi, Hoffmann, LePichon,
and Scheraga each wrote two papers.

Nemethy and Scheraga co-authored a
four-part series on the structure of
water and hydrophobic bonding in prm
teins. Parts 1, 2 and 4 were published in
roumal of Chemical Physics. Part 3 was
published in Journal of Physical Chemi.r-
try, since it was presented at the Cofloid
Symposium of the American Chemical
Society. Most of the papers presented at
the symposium were subsequently pub
&shed in Journal of Physical Chemistry
m Jouma[ of Col[oid Science. 5

Six Nobel laureates authored twelve
of the articles tisted. W. E. lamb was
awarded the prize for physics in 1955 for
hi research on the hydrogen spectrum.
The 1%5 prize for physics went to R. P.
Wynman for his research on quantum
eleetrodymamics of elementary par-
ticles. M. GeU-Mann received the 1969
physics prize for describing the struc-
ture of the particles of hlgb energy
physics. The 1977 prize for physics went
to P. W. Anderson for his work in sdid-
!tate physics. R. B. Woodward received
the 1%5 prize in chemistry for devel~
ing methods for the synthesis of com-
plex organic compounds. The 1973
chemistry prize was awarded to G. Wif-
kmson for his research on organometal-
Iic compmnds.

Most laureates were awarded their
prixes severaf years after their most-
cited articles were published. However,
there are two notable exceptions. Feyn-
man received the prize in 1%5. His
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most-cited paper was published in 1%9.
He also appeared on our list of most-
cited physical sciences papers of the
19s0s.1

Lamb received the award in 1955, but
his most-cited paper was published in
1964. Columbia University sociologist
Harriet Zuckerman points out that lau-
reates are highly cited not only in the
years before receiving the prize, but
they continue to make significant con-
tributions to science in the years follow-
ing. b

Five of the articles have appeared as
Citation Classics in Current Contents@

In this weekly feature, authors com-
ment on their research and interpret
why it attracted so much attention. The
reference to each Citation Classic
follows the full bibliographic data in the
list.

We have divided the list into twelve
physical sciences categories: high
energy particle physics, nuclear physics.
atomic physics, molecular physics,
solid-state physics, geophysics. statisti-
cal physics, astrophysics, organic chem-
istry, inorganic chemistry, physical
chemistry, and applied mathematics.

Sixteen papers are on high energy
particle physics. High energy particle
physics is the study of fundamental units
of matter of subatomic size. Many of
the particles discussed in articles on this
[ist are “unstable”; that is, they do not
exist naturally as particles for long.



These particles-mesons, baryons, lep-
tons, and pions, for example-can be
observed only through the use of high
speed scattering experiments that con-
vert them from radiation to particles.
Seven papers in the elementary particles
group describe such scattering experi-
ments. The rest propose models to ex-
plain the existence of these particles.

Eleven papers are on nuclear physics,
the study of the interaction of the con-
stituents of the nucleus in an atom. By
examining these interactions, nuclear
physicists hope to understand nuclear
forces and reactions.

The various structural properties of
the nucleus, such as spin, mass, energy,
and reaction threshold, are determined
through nuclear scattering experiments.
Six nuclear physics papers discuss dif-
ferent applications of these scattering
experiments. Three more papers deal
with determining the energy IeveIs of
nuclei with different atomic numbers.
Physicists can learn more about how
nuclear reactions vary by comparing the
energy levels of different nuclei. One ar-
ticle discusses a unified theory of nu-
clear reactions.

The remaining article in the nuclear
physics group presents an updated table
of atomic masses. It is important for
physicists to calculate exact values for
atomic mass because nuclear reaction
energies and rates are determined from
these values.

Twelve papers are on atomic physics.
Atomic physics describes the physical
properties of atoms in terms of the in-
teraction between electrons and the
nucleus. Atomic physics also describes
the behavior of light and X-rays. Re-
search in atomic physics contributed to
the development of navigation and
collision-control systems as well as
radiologic equipment.

Scientists determine the structure of
the atom through X-ray and electron
scattering experiments. Eight papers in
the atomic physics category describe
these experiments. According to Harold
Hanson of the University of Florida,

a-ray scauenng expertmems are impor-
tant because they “provide data, coeffi-
cients, parameters, etc., which are fun-
damental to a great number of experi-
ments or studies . . . . The atomic scatter-
ing factors have utility for a much wider
group of investigators [than quantum
theorists alone], viz., X-ray crystallog-
raphers, electron diffractionists, and
even high-energy theorists. ”7

In fact, the four most-cited articles on
the list discuss X-ray scattering ex-
periments. Stewart’s paper specifically
describes X-ray scattering for the hy-
drogen atom. Stewart says his paper is
highly cited because “itcontains a table
of X-ray scattering factors . . . [that] has
been incorporated in most standard
X-ray crystallography computer pack-
ages and generates an ‘automatic’ cita-
tion each time a new crystal structure
containing a hydrogen atom is solved. “s
Cromer authored three papers on the
computation of X-ray scattering results.
These four papers received a total of
10,308 citations. They account for 60?70

of all citations in atomic physics.
The other four atomic physics articles

describe optical masers, self-consistent
equations for a gas of electrons, open
shell electron systems, and radiation
fields.

Twelve papers are on solid-state
physics, the study of the properties of
metals, semiconductors, and other
solids in terms of their atomic and elec-
tronic structure. From the structure of
these materials, scientists can explain
their electrical, magnetic, and conduc-
tive properties. This knowledge has
contributed to developments in the
radar, communications, and computer
industries.

The molecular structure of crystals is
determined by passing a beam of X-rays
through a thin sheet of material, pro-
ducing a patterned shadow on a photo-
graphic plate. The pattern of the
shadow reveals the shape, size, and
orientation of atoms in the sheet. Eight
papers on the list discuss this X-ray dif-
fraction technique in crystallography.
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Three papers deal with the physical pro-
perties of magnetic metals and alloys.
One paper discusses the temperatures
below which metals and alloys lose all
electrical resistance and become
“superconductive.”

Eighteen articles are on molecular
physics. Molecular physics examines
the bonding between atoms in a mole-
cule. This research enables chemists
and rnedlcal specialists to identify
unknown molecular compounds and
predict their reactivity and stabifity.

Researchers determine the identity of
unknown compounds from nuclear
magnetic resonance (NMR ) and elec-
tron spin resonance (ESR) spectra. A
series of peaks is registered on a record-
ing graph when a compound absorbs
magnetic and radio waves. Each peak
idemt~]es one of the atoms as a specific
element within the particular molecular
environment. Seven articles on the list
deal with NMR and ESR analysis of
molecular compounds.

Seven more molecular physics articles
discuss molecular orbhal theory. This
theory defines the electronic structure
of molecules and compounds. Re-
searchers can predict the chemical
behavior of a compound on the basis of
its electronic structure. The four re-
maining at-ticks cover a variety of
topics, including atomic screening con-
stants, Hiickel theory, and atomic and
molecular wave functions.

Four papers are on geophysics. They
aU discuss continental drift and seafloor
spread—plate tectonics. Preston Cloud
asserts that plate tectonics “seems well
on its way to becoming to geology what
relativity has been to physics, what
atomic theory has been to chemistry,
and what molecular biology has been to
genetics—a general field theory within
which a great number of seemingly
unrelated phenomena can be co-
ordinated and explained.’q

Three papers are on applied mathe-
matics. They deal with algorithms for
computing Fourier series and least-
squares of nonlinear parameters. Bt)th

are important for the calcula[i{m {If
scattering experiment results.

One paper is on astrophysics. The
paper discusses astronomical measure-
ments in Ihe infrared speclrum.
Astrophysicists calculate the distance.
veloci{y, and composition of s[ars and
galaxies fr~lm the radiation they emit.

Tw{> papers are on statistical physics.
Statistical physics computes physical
properties from Ihe mathematical be-
havior of large groups of at[~ms and
molecules, The two papers discuss
double-time Green func[i{ms and
Brownian m{jtitm,

Nine papers are on organic chemistry.
TWC}of them describe the b<~nding and
synlhesis of peptides and proteins.
Three {>thers deal with the synthesis and
reaction of fatty acids, carbtmyl c~)m-
pounds, and sa[urated ketones. One
paper deals with the machine ct)mputa-
tion of m(decular geometry. Other
[epics include stereochemistry, t)rbital
symmetry and NMR shif[s in p(dar m{~l-
ecules.

Ftmr papers are {m inorganic
chemistry. Each paper deals with a
separate topic. including metal-nitrogen
bonds, acids and bases, and the pr,>per-
Iies t~f anions in soiuliorr.

Eight papers fall in [he physical
chemistry categ<wy. Tw{}papers discuss
{hermodynarnic properties of waler and
protein hinds. One deals with electrt>-
negativity. Other subjects include
equilibrium critical phem)mena. elec-
trode pt~lar~)graphy, and b(md diswwia-
lion energies.

In the near future I will c(m[inuc this
study by taking a look at the m(~st-cited
life sciences articles of the 1960s.

As wilh all t>[her studies in which we
select papers by absolute cilatitm fre-
quency, we ign(we many imp{mtmrt pa-
pers and fields. 1[ would be ridicukws t~j
suggest that only tme paper in aslr{w
physics is w(wlhy of mentitm. TtJ wtwk
{mt an adequate system l~f classificatitm
to c{wer all disciplines t~r research areas
is not a trivial {ask. Is it m<re imfxwtant
tolist yet am~ther highly tiled paper in
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particle physics or should we concen-
trate on fields that produce fewer but
possibly more important papers? We
can call attention to such work by look-
ing for the most-cited papers in given

journals, fields, clusters or whatever.
The subjectivity of such selections need
not be criticized so long as we are aware
that they are indeed subjective.

0!979 ,s,
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