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Last week we reviewed the 1984 Nobel
laureates
in medicine:
immunologists
Niels K. Jerne, Georges J.F. Kohler, and
C6sar Milstein. 1 In this week’s essay the
prizewinners
in physics and chemistry
are discussed.
The 1984 physics prize was shared by
Carlo Rubbia, Harvard University and
the European Center for Nuclear Research (CERN), Geneva, Switzerland,
and Simon van der Meer, also of CERN.
The Nobel committee
honored “their
decisive contributions..
which led to the
discovery of the field particles W and Z,
communicators
of the weak interaction. ”z The 1984 Nobel Prize in chemistry was awarded to R. Bruce Mertileld,
Rockefeller University, New York, for
his development
of a “simple and ingenious” method for chemical synthesis
on a solid matrix.J
Physics
Rubbia and van der Meer were selected less than two years after the identification of the W and Z particles, a remarkably short period for recognition by
the Nobel committee.
The scient~lc
achievement of these two physicists and
their colleagues culminated a half-century of theory and experiments on the
so-called “weak force. ” Along with gravity, electromagnetism,
and the “strong
force” that binds together particles in
the atomic nucleus, the weak force is
one of the four fundamental forces in the
universe. The weak force is responsible
for certain kinds of radioactive decay. It
also controls the reactions that result in
the sun’s generation of energy.d

432

18, 1985

Rubbia, van der Meer, and the hundreds of scientists and technicians
at
CERN were seeking the ultimate confirmation of what is known as the electroweak theory. Thk theory states that two
of the fundamental forces—electromagnetism and the weak force-are
actually
facets of the same phenomenon.
The
1979 Nobel Prize in physics was shared
by Sheldon Glashow and Steven Weinberg, Harvard, and Abdus Salam, Imperial College of London, for their contributions to the eiectroweak theory. I dkcussed their work in my examination of
the 1979 Nobel Iaureates.s
The daunting task facing the scientists
at CERN was to find evidence of the subatomic exchange particles that communicate the weak force. Theorists speculated that, in the same way that tiny particles of light called photons communicate electromagnetism,
the weak force is
transmitted by another, related group of
particles. These very dense communicators of the weak force-the
so-called intermediate
vector bosons designated
W+, W –, and Z~had
been predicted
by Weinberg and Salam, independently
of one another, in the late 1960s.6,7 The
task of actually finding these particles
remained. Groups of scientists at CERN
and at the National Accelerator Laboratory (Fermilab), Batavia, Illinois, had attempted to release the W particle. But
the particle accelerators
at these facilities did not have enough power to produce particles of the mass that Weinberg
and Salam had predicted.a
Rubbia proposed the use of a collider,
which would smash together two coun-

ter-rotating
beams—one
composed of
protons, the other of antiprotons.
The
resulting collkions, according to Rubbia
and his colleagues, would provide sufficient energy to reveal the W and Z particles. However, this idea presented formidable obstacles. Rubbia had proposed
converting
the existing accelerator
at
Fermilab into a proton-antiproton
collider, but his idea was rejected. He then
took his plan to the European scientific
community and CERN. There, the idea
was approved. In 1978 the tremendous
effort began to convert CERNS fourmile, underground
Super Proton Synchrotrons into a proton-antiproton
collider.
One of the most serious problems was
the production
and storage of antiprotons inside the collider. Antiprotons do
not exist in ordinary matter and must be
produced in h~gh-energy particle colh
sions.z Accumulating the necessary millions of antiprotons and regulating their
passage around the collider was a key experimental problem. Rubbia turned to a
CERN colleague, Sirnon van der Meer.
In 1968 van der Meer had written a
paper (not published until 1972) that described “stochastic cooling”—a method
for increasing the density of a beam of
protons.g Work began at CERN to adapt
van der Meer’s technique to the accumulation of an unprecedented
quantity of
antiprotons.
The efforts of van der Meer and his
coworkers led to the construction of the
Antiproton Accumulator,
a storage ring
154 feet in diameter in which millions of
newly created antiprotons are “cooled”
into a dense beam. Inside the ring, sensors detect deviations in the individual
orbits of the antiprotons,
and, in millionths of a second, an electronic signal
is flashed across the chord of the circle
to intercept and tighten the beam of antiprotons as it races around the ring.
Both the beam and the correcting signal
travel near the speed of light. 10The process is repeated millions of times until,
after approximately
24 hours, enough
antiprotons
have been accumulated
to
be fed into the larger ring, where they

can be collided with the counter-rotating beam of protons.
Another problem facing the scientists
at CERN was detecting the effects of
these proton-antiproton
collisions.
In
1978 Rubbia turned his efforts to the creation of a detector in which the collision
experiments would actually take place.
This 2,000-ton device, named Underground Area 1 (UA 1), took three years
and $20 million to build. 11 Designed essentially as a series of boxes within boxes, UA 1 comprised an intricate collection of sensing devices and processors
that enabled the scientists to detect the
fleeting presence of the W and Z particles in the midst of all the particles created in the collision of the two beams. An
immensely complicated device, UA 1 set
new standards for detectors in collidlngbeam experiments. A second, somewhat
simpler detector, UA2, was added as a
backup.z
Collision experiments began in 1981,
but much of the key data were taken
from collider runs late the next year. After examining information from millions
of collision “events,” the scientists focused their attention on a handful of collisions that seemed significant. Analysis
of the data showed signs of the predicted
“signature” of the W particle: a single
electron shooting off at a wide angle
from the colliding beams. Measurements of the energy expended during
these collisions-the
so-called “missing
energy’’-pointed
to the existence of another signature particle, a neutrino. ThM
all-but-invisible particle veered off from
the collision in the opposite direction
with force equal to that of the electron.
Calculations showed that the mass of the
W particle was equivalent to that predicted by theoretical models. Rubbia’s
UA1 group announced the discovery of
the W particle in 1983, closely followed
by the UA2 group. 12.13The discovery of
the Z particle came a few months later.14,15

Rubbia
Rubbia was born in Gorizia, Italy, in
1934 and attended the University of Piss.
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His graduate work in physics was completed at Columbia
University,
New
York. In 1961 Rubbia returned to Europe to join CERN. 16 Since 1970 he has
divided his time between CERN, where
he is senior physicist, and Harvard Universit y, where he is a professor of physics.
Using the Science Citation Index”
(SCF ), w have determined Rubbia’s
most-cited works for the period 19551984. The list is based on ISI@’s internal
“all-author” data, since Rubbia does not
appear as first author in any of the papers. The fifth most-cited work is the
Physics Letters B paper in which Rubbia
and colleagues announced the discovery
of the W particle. 12 Although only two
years old, this paper has already been
cited over 170 times—a dramatic demonstration of its immediacy and impact.
The bimonthly SCIS show that the paper
also was cited in 56 publications in the
first six months of 1985. Also highly cited
is the paper by Rubbia and colleagues
that discusses the identification of the Z
particle. 14This work has been cited over
160 times in the two years since publication—and over 80 times in the first half
of 1985. Both papers will be included in
Table I: ISF research fronts in which works
A = year and number, B = name. C= number

A

our forthcoming study of the most-cited
1983 articles in the physical sciences.
The most-cited paper, “Observation
of new-particle production by high-energy neutrinos and antineutrinos,”
has
received over 300 citations since its publication in 1975.17 Another highly cited
paper is “Small-angle
proton-proton
elastic scattering at very high energies
(460 GeVz < s < 2900 GeVz),” pubfished in 1972. la The work has been cited
249 times.
Table 1 lists some of the 1S1 research
fronts in which works by Rubbia, van
der Meer, and colleagues are core documents. The fronts cover 10 years of research in high-energy particle physics.
Some of these papers appear regularly in
our annual inventory of research fronts.
A 1974 paper from Physical Revie w Letters, for example, “Observation of muonless neutrino-induced
inelastic interactions, “ 1’3is core to six fronts, covering
the years 1974 to 1980.
Three of the research fronts in Table 1
appear in Figure 1, which presents the
Klgher level map of cluster #83-0021,
“Gauge theory of quark interactions and
jet production in high-energy collisions
at the CERN Collider. ” This map shows

Rubbia and van der Meer c-xur as core documents.
o_fcore papers. D = number of citing papers.

w

B

74-GU39 Gauge theory
75-0203 Analysis of weak currents in neutrino scattering, construction
of charmed quark
modefs and related studies in hadronic weak interactions
76-0120 Large tranaverae momentum
77-0031 Neutral currents
77-0316 Studies of quark-parton
modets in deep inelastic scattering procssses and scaling in
cmed-cument
neutrino scattering.
77-(MI 2 Observation of trimucm, dimucm and other multilepton events in neutrino
interactions and search for heavy leptons
7s-0324
Weak neutraf cument reactions
7s-0463
Neutrino interactions
interactions,
gsuge
W-Cl’t81 Weinberg-Safam unified thmry of weak and electromagnetic
unification of fundamental forces and spontaneous symmetry breaking
824322
Particle production in high-energy co~]ons
at the CERN-SPS Colfider
Tranaversc momentum spectra of hadron and jet production at high energies at the
S3-0639
CERN Collider
03-0645
Koba-Niefaen-Olesen
d~tributions
and other typss of multiplicity scafing in high.
energy coffisiins
S3-115S Expsrimentaf evidence for boaona from coffiders
electroweak intemctions and H]ggs masses
S4-LW22 Weak boaon production,
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Ffgrrre 1: Higher Ievel map for clusterM3-cW21, “Gauge theory of quark interactions and iet production in
high-ener~y collisions a~ the CERN CoUlder,” showi& lirrks-betw~en research fronts. A-= (983 researchfr&rt num-ber. B = research-front
title. Numbers in p~rentheses indicate core/published
papers.

37 (21WI
Key
A

B

1
2
3
4
5
6

0327
0029
0119
0120
0258
0319

7
8

0612
0639

9

0645

Methods of renornmlizstion
and quantisstion
of gauge theories
Composite models of quarks and leptons
Quanturn-chromodyrramic
studies of particle production from high-energy collisions
Electron-pwsitron
annihdation and jet production at high energy
Chirsl supergrsvity and axial anomalies in Mlgher dimensions
Magnetic monopoles in a supersymmetric
inflationary universe; quantum model of grand
un~lcation theory and cosmology
Relativistic eIectron scattering and muon scattering from nuclei at high energy
Transverse momentum spectra of hadron and jet production at high energies at the CERN
Collider
Koba-Nlelxen-Olesen
distributions and other types of multiplicity scaling in high-energy
collisions
Quantum-chromodynamic
corrections and the Drell-Yan model of Iepton pair production
Models for nordeptonic decays
Quarrtum-chromodynamic
analysis and renormalization-group
approach to annihilation
processes and quark production
Mrdtiparticle production in h]gh-energy hadron-nucleus
coll~lons
Parton msd other model predictions and the determination
of particle production during
hadmn coltiiions
Hadron and other large particle production from nuclei p and other nuclear collisions at high
energy
Experimental evidence for bosons from colliders
Yang-Mills and other supersymmetric
grand unification theories with supergravhy effects
Invisible axiom and symmetry
Measurement of nucleon structure by deep inelastic lepton scattering from iron, deuterium
and other nuclei
Photoproduction
of hadrons and other heavy charmed particles
Massive neutrinos and beta decay in galaxy formation and universe models
Hadron and jet production and fragmentation
at CERN Collider

10 0649
11 0650
12 0702
13 0887
14 0971
15

1021

16
17
18
19

1158
1184
1236
1371

20
21
22

1482
1720
1757
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B

A
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

23’71 Proton decay, left-right symmetry and other aspects of grand unification models quarks,
leptons, and superaymmetric
generalizations
and high-energy physics
2087 Photon structure, photoproduction
2188 Gauge theories, superapace and quantization
2382 High-energy hadron interactions of cosmic-ray multiplicity cofliiions
of supergravity and supersymmetric
Kaluz.a-Klein theories
2796 Characterization
for quark production from heavy-particle scattering
2857 Application of quantum chromodyrramics
interactions
3t373 Studies of high-energy hadron-nucleus
3221 Hadron and other particle production from fip cokfidona in CERN ISR
mechanisms for particle production from photon cofliiions
352a Quantum-chromodynamic
of the theory for vacuum energy of a scalar field in curved space3779 One-loop renormalization
time
coffiiions
4075 Particle production and cross sections of high-energy hadron-nucleus
Analysis
of products formed in cosmic-ray showers
4499
Higgs
effect
and
the
calculation
of
superaymmetric
effective
potentiak
4624
5282 Supcrgravity and grand unification theories
5319 Quantum gravity, the Kalura-Klein theory, and other gauge theories of curved space-time
Technicolor modefa in un~lcation theories
5361 Aspects of supersymmetric
5733 Quark mixing and gauge models of electroweak interactions
and quark interactions
6469 Gauge theory approaches to quantum chromodynamics
degree four and spin
9365 Acauaality of standard relativistic wave equations with Harish-Chandra
3/2
-

the citation links between the 411983 research fronts dealing with collision experiments at the CERN facility.
Not surprisingly, our previous studies
of most-cited works in the physical sciences have included papers by Rubbia
and his collaborators. z~zs Rubbia, furthermore, was one of the 77 physicists
we identified in our study of the 1,000
most-cited contemporary scientists from
1965 to 1978.WZS
van

der Meer

Simon van der Meer was born in The
Hague, The Netherlands,
in 1925. He
obtained a degree in physical engineering from the University of Technology,
Delft, in 1952 and joined the staff of
CERN in 1956. There, van der Meer became involved in the design and construction
of various components
for
CERNS proton-synchrotron
accelerator. However, his interest was growing in
“matters more directly concerned with
the handling of particles.”zb His projects
during the 1960s included the design of a
“neutrino horn, ” a focusing device for
increasing the density of a beam of neutrinos. Van der Meer also designed a
storage ring for an experiment that investigated the properties of an elementary particle known as a muon. In the
early 1970s, van der Meer was responsi-
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ble for magnet power supplies for the
Super Proton Synchrotrons (SPS) accelerator. 26
It was van der Meer’s concept of stochastic cooling, however, that proved
crucial in the search for the W and Z
particles. The accumulation
of antiprotons, as I have mentioned, presented difficult obstacles. A general law known as
Liouville’s theorem predicted that electromagnetic
fields would be unable to
reduce
the oscillations
and energy
spread of a particle beam in a storage
ring, Seeing beyond this theorem, van
der Meer based h~ ideas on statistical
studies of large numbers of particles in
accelerator.
He concluded that, with
proper placement of electrodes and ampltlers, it would be possible to monitor
and modify the orbit of each particle and
thus drive all the particles toward a common trajectory.z
As noted earlier, van
der Meer formulated the theory of stochastic cooling in 1968 but considered
the idea too farfetched to justify publication.e By the mid- 1970s, electronics
technology had improved sufficiently to
make the idea feasible. With subsequent
refinements by van der Meer and his colleagues at CERN, stochastic
cooling
served as the basis for the Antiproton
Accumulator ring, without which the W
and Z particles could not have been
found.

Van der Meer’s most-cited work is the
1983 paper from the UA 1 group dkcussing the discovery of the W particle. 12As
noted earlier, thkpaper
has been cited
over 170 times. Also among the mostcited works of van der Meer and colleagues are papers dealing with the
magnetic properties
of the muon. 27.m
Interestingly, these papers, and van der
Meer’s other most-cited works that we
identified, have not received an unusually high number of citations. The 1972 paper on the muon,zs for example, and van
der Meer’s original paper on stochastic
coolingg have each received around 30
citations, Thk demonstrates,
as noted in
our analysis of the 1979 prizewinners,
that the importance of a scientist’s work
is not always reflected by citation frequency.s
Figure 2 presents a historiograph,
or
microhistory,
of research leading to the
discovery of the W and Z particles. Each
box indicates an annual research front
and the number of core (cited) and published (citing) papers. As I’ve noted previously, these flowcharts
demonstrate
the continuity as well as branching of research fronts from year to year.zg

Chemfatry
In 1959 Bruce Merrifield wrote in hk
research notebook,
“ ‘There is a need
for a rapid, quantitative,
automatic
method for the synthesis of long-chain
years
later,
peptides. ‘ “3 Twenty-five
Merrifield’s

innovations

in this

area

were

with the Nobel Prize.
Proteins, the key components of living
organisms, are made up of long chains of
peptides. These peptide chains consist
of amino acid subunits joined together
by what are known as peptide bonds.
The major problem in peptide synthesis
lies in the formation of these bonds that
couple amino acids. Amino acids contain several dtiferent reactive groups: a
carboxyl group, an amino group, and
often another group on a side chain. To
prevent unwanted combinations
in the
formation of a peptide chain, all but one
of these groups must be chemically pro-

rewarded
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tected, or “blocked.”~
Further addk
tions to the peptide chain must be preceded by thk system of protecting and
“de-protecting”
the various amino acid
groups. With conventional
methods of
peptide synthesis, it is necessary to isolate and purify the products of these reactions each time a new amino acid is
added to the chain. However, crystallization, the usual method for purifying
organic compounds,
often leads to still
more unwanted by-products,
requiring
further pufilcation
through a complicated series of procedures. In short, the
formation of a long peptide chain is a laborious and time-consuming
procedure.
Merrifield’s
“simple and ingenious”
idea was to chemically anchor the first
amino acid in the chain to a solid support
and then add the rest of the amino acid
units one at a time.o With the growing
chain anchored to an insoluble matrix,
all intermediate peptide products would
also be insoluble. Therefore, any undesired reactants or by-products,
which
would still be in solution, could be eliminated
through
regular
ffitering
and
washing rather than through tedious
crystallization
methods.sl When the required amino acids were assembled, the
peptide chain could be separated from
its support.m This method promised to
be much faster than conventional
peptide synthesis, with greater yields at each
step in the buildlng of the peptide chain.
The first requirement
was to find a
suitable matrix on which to anchor the
peptide chain. Merrifield experimented
with a number of polymers before settling on a polystyrene resin in the form of
beads about 0.002 inch in diameter. One
such bead was capable of holding about
one trillion
peptide
chains.~
Even
though he had found a viable support
substance, Merrifield still had to determine the proper reagents and conditions
to ensure that the coupling of the amino
acids would be rapid and complete. The
development of Merrifield’s solid-phase
technique took about three years.
In 1962 Merrifield succeeded in using
his method to form a four-unit peptide
chain, a tetrapeptide.
He published his

1

J
I
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results early the following year in the
Journal of the Amen”can Chemical Society (JA CS) .32 In 1964 he used the solidphase method to synthesize bradykinin,
a hormone with nine amino acids.ss He
then turned his efforts to automating
solid-phase synthesis. Working with colleagues at Rockefeller University, he developed the first automated peptide synthesizer in 1965,~ The device included
vessels for storing and mixing the amino
acids and other required reaction chemicals, and a “programmer” for controlling
the reactions.
Using the automated
synthesizer,
Merrifield was able to assemble more
complicated peptide chains. In 1966 he
and Arnold Marglin,
a colleague
at
Rockefeller
University,
synthesized
a
simple protein,
bovine insulin.xs The
process took about 20 days, much shorter than the time required by conventional methods. Another key achievement
for Merrifield,
with colleague Bemd
Gutte, also at Rockefeller, was the first

Figure 3: Chronological
paper.
Society

dkibution

synthesis of an enzyme, the catalytic
protein ribonuclease A, in 1969.36
Merrifield
and his colleagues
at
Rockefeller continued to refine and improve the solid-phase method, seeking
ever-greater speed and purity in the synthesis of increasingly complex peptides
and proteins. And in the years since the
synthesis of ribonuclease, the Merrifield
technique has found worldwide acceptance and application in the production
of many important peptides. Two examples are the thyroid hormone calcitonin
and the pituitary hormone ACTH (adrenocorticotropic
hormone),
which are
produced on a commercial scale using
sofid-phase synthesis.3 The technique is
also being used in the study of synthetic
antigenic proteins and their effect on the
production
of specific antibodies. This
research may lead to synthetic vaccines
against such viral diseases as influenza,
rabies, and pofio. Furthermore,
the
solid-phase synthesis of neuropeptides
has aided human-brain research.~

of articles citing MerrMeld’s
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Figrrzs 4: Second-level
cluster map for front
A = research-front
number. B = research-front

“Solid-phase
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\U1
Tracsr stud!as of urea CVC18(2/10)

8
Baclenal ripening (3/14)

6

Solld-PiMsB synthesis of pOptldBs

2

Solld. phase pnptlde synthnSK
of somatostatln (2/201
A

Selld-pnss8 synth8sis 01 p8Wdns on
aminnlamldn suppetis [9/126]

Analysls 01 p8ptld9s

3
Digestion in shw+
and cow rum8n (2/131

a\

I

Interaction 0( casein
with prsre!ss (5/44)

/

5
Synthesis 01 hypogl~csmic
compounds (2/10)

10 Rote!nmetabolism m

rummamts (2/8)

Key
B

A

1 0546
2 0814
3 1256
4

1322

5 1911
6 3053
‘7 6169
8
9
10

6861
7605
8813

Nkrogen- 15 tracer studtes of the urea cycle
Solid-phase peptide synthesis of somatostatin
Influence of free and protected oils and other dietazy supplements on digestion in sheep and
daii cow rumen
Solid-phase synthesis of pcptides and other biological compounds on amine or amide
functionalized supports
Synthesis and properties of hypoglycemic compounds including szdfonylurea derivatives
Solid-phase synthesis and characterization
of human and animaf peptides
Anrdysis of peptides, casein and related components contributing to the bitter flavor in
cheew and milk
Bacterial ripening of cheese and the production of skim-milk yogurt
Interaction of casein with fipid micelfes and other proteins in mifk and cheese
Dietazy effects, blood plasma amino acids and nitrogen metabolism in ruminants

for Medical Research) in 1949. He has
received several awards for his work,
most notably the Lasker Award for Basic
Medical Research in 1969. As noted previously, the Lasker Awards are often
“predictors” of Nobel winners.sT
Metileld’s’
most-cited
paper
for
1955-1984 is the article from JAC.S in

Merrffield
Bruce Merrifield
was born in Fort
Worth, Texas, in 1921. He received his
BA and PhD degrees from the University
of California at Los Angeles. He joined
the staff of the Rockefeller University
(then known as the Rockefeller Institute
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Ffgure 5: Historiograph of research fronts relating to synthesis on a solid matrix. Numbers at the bottom of
each box refer to the number of core/pubfiihed
papers for that year, Asterisks indicate research fronts in
wh]ch Merrifield is a core author. A note about en-citation thresholds: The reader may well wonder why a
heavily cited paper is not included in the core for a relevant research front. Cn-citation thresholds are set
so that methods papers do not drown out emerging core papers. Whale Mefilelds
work was co-cited at
the correct threshold in 1974, its popularity reduced its cmcitation strength for many years, When, subsequently, the technique itself became the subject of investigation,
the level of co-citation increased.
Similar effects are observed in the work of Rubbia and van der Meer,

m.
I ‘ep+~hesis
l-lC“* IU

83-3053
“
Solid-phase synthesis and
charaotwiza!ion of human

which he first published the solid-phase
peptide
synthesis
technique.sz
This
work has received over 1,500 citations
since publication in 1963. It was included in our study of the most-cited papers
of the 1960s.35 This citation classic is increasingly cited each year—about
95
times in 1982, 110 in 1983, 130 in 1984,
and more than 75 times in the first six
months of 1985. Figure 3 is a bar graph
showing the year-by-year citation history of this paper. A paper, published in
Biochemistry, that describes the synthesis of the hormone bradykinin ,33 has
been cited over 450 times since 1964. His
1965 Science paper, in which he published his automated method for peptide
synthesis,J’t has been cited over 200
times. The 1969 JA CS paper describing
the synthesis of ribonuclease
A (coauthored with Gutte)~ has been cited over
170 times.
We have identtiled four 1S1 research
fronts in which works by Merrifield occur as core documents. One such annual
front, #74- 1284, with 4 core documents
and 28 citing papers, is appropriately
named “Solid-phase pep tide synthesis. ”

m

b----’-

3ynth@s~:~r;~pe.ssol
growth hormone releasing
Iactor, M analogs and
olhsr psptides
7/116

Another front, #81- 1117 from 1981, is
“Solid-phase
and liquid-phase
peptide
synthesis.” There are 5 core papers and
156 citing papers in this front. Merrifield’s work is also core to a 1983 research front, “Solid-phase synthesis and
characterization
of human and animal
peptides” (#83-3053). Figure 4, another
higher level map, shows how 10 Cl
fronts are linked through co-citation to
#833053. This C2-level map for research
front
#83-0283 “Solid-phase
peptide
synthesis of enzymes,” links many more
clusters on somatostatin,
casein, and so
on, to the large clusters on the left.
A more recent research front is “Solid-phase and other synthesis of human
peptides and analogs” (#84-6601). Merrifield’s 1963 JACS paper is the most cited
for this front, demonstrating
the continuing impact of the solid-phase technique on research in synthetic vaccines
and antigens. Figure 5 shows how these
research fronts are linked to earlier clusters of papers reporting chemical synthesis on a solid matrix.
Incidentally, I recently visited Rockefeller University and had the pleasure of
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and Czechoslovakian
poet
Jaroslav
Seifert, winner of the prize in literature.

meeting Dr. Merrifield and discussing
some of this citation data with him.
In a few weeks our examination of the
1984 Nobel awards will conclude with a
discussion
of British
economist
Sir
Richard Stone, recognized for his development of a national accounting system,

*****
My thanks to C.J. Fiscus and Chnktopher King for their help in the preparation of this essay.
01985 1S,
I

REFERENCES
1. Garfield

E. The 1984 Nobel Prize in medicine

for their

contributions

to immunology.

is awarded
Current

10 Niels

Contenrs

K. Jerne,

(45):3-18,

Cesar

Miktein,

I I November

and Georges

J. F. Kohler

1985,

L M & Scbwltters R F. The 1984 Nobel Prize in physics. Science 227(4683):13 I-4, 1985.
3. Kaiser E T, The 1984 Nobel Prize in chemistry. Science 22644679):1 151-3, 1985,
ofthe intermediate
vector bosom W+, W–, and ZV. (Nobel lecture, )
4. Rubbfa C. Expen’mewtol obserwtmn
Stockholm: Nobel Foundalicm, 1985 24 p.
ofNobel clms” Ess..vs of on Information SCienttsl
5. Garfield E. Are the 1979 pnzewi”nms
2. Lederumn

Philadelphia:

ISJ Press,

1’481. Vol

4. p. 6W-17.

Letr 19:1264-6, 1967.
6, Weinberg
S. A model of Ieptons. Phys Re.
interactions.
(Svarthohn N, ed, ) Elementary
porricle Iheory
7. SidmII A. Weak and clectrmnagnetic
New York. Wiley, 1968. p. 367.77.
8. Nobel Prize m Rubbia and w. der Meer for finding W and Z. Phys. 7oday 33( 11:17-20, 1985,
9. van der Meer S. Stochos{ic darnp(ng of beto[ron oscillations ,. the ISR.
Geneva, Switzerland: CERN, AWJUSI 1972. CERN/ISR-PO/72-31,
10. Wafgafe R. CERNS first Nobel Prize. Muure 311:701, 1984.
11. Taubes G. Detecting next (o nothing. Scw”ce 8.5 6(4):58-66, 1985.
12. Andson G, Astbury A, Auberf B, Baccf C, Ba.er G, Bezaguet A, Bock R, Bowcock T J V, Calvettf M, Card
T,
Cmz P, Cennfnf P, Cen!ro S, Cemdkd F, Chioffn S, Cftme D, Cc-chet C, Colas 1, Corden M, Dalfman D,
DeBeer M, Deffa Negra M, DemouIfn M. Denegrf D, Di Chccio A, Dtlfkonto D, Dobrzyn$ki L, DoweJl J D,
Edwards M, Egsert K, Etsenbnmffer E, Effkn N, Erbnrd P, Fafssner H, Fontaine G, Frey R, Frnkwkth R,
Gmvey 1, Geer S, Ghesqulere C, Gbez P, Gfhmd K L, Gibson W R, Gtraud-Hemud
Y. GlvemaiwJ A,
Gmddec A, Grayer G, Gmterrez P, H..d-Kozanecka
T, Haynes W J, Hertzberger L O, Hodges C,
Hoffmmm D, Hoffmmm H, Hofthofzen D J, Homer R J, Honma A. Jank W, Jorat G, KaJIEm P f P,
Karfmakl V, Keeler R, Kenyon f, Kernan A, Kfnmmen R, Kowafskf H, Komnecki
W, Kryn D, JAcava F,
Laugfer J.P, Lees J-P. Lebmtum H, Le.chs K, Lev.qne A, LfngfJn D, L-cl
E, Loret M, .Maltwse J-J,
Mark fewkz T, Ma.rtn G, McMahon T, Mendfhura J.P, Mfnard M.N, Morkca M, Mstrhead H, Mtdkr F,
G, Pkwm Mormrf G, f%nfs M,
Nmidt A K, Nmnmwui L, NortoII A, Orkfn-Lecowtok
A, Pao!uzf L, ktrucci
Placcl A, Radermacher
E, Ran.$defl J, Rekfder H, Revel J-P, Rich J, Ri]ssenbeek
M, Roberta C, Rohff J,
Rossi P, Rubbta C, Sadoidet B, .%lot G, Snfvi G, Salvkd G, Sass J, Sandmkx J, Sa.oy-Navarro
A, Schfriml D,
Scott W, Shah T P, Sptro M, Strauss J, Smnorok K, Szoncso F, Smith D, T-o C, Thompson G, T&er
J,
Tachedog E, Tuomfn!eml J, van der Meer S, Vfsffe J-P, Vwma J, Vtdffemfn V. Wrdd H D, Watkbm P,
Wlfson J, Xk Y G, Yverl M & Zrmffuh E. Experimental observation of isolated large transverse energy
ekcfrons with associated missing energy at {s = 540 GeV. Php. Lett. B 122: 103-f 6, J983.
13. Bamer M, Battfston R. Bfoch P, BonaIIdJ F, Borer K, Borghkd M, ChdJet J-C, Clark A G, Coma C, Darrkdat P,
Di Leffa L, Dfnes.Hansen
J, DorMz P-A, Fayard L, Fmtemsli
M, Fmidevaux D. GaJJJard J-M, Gff.iem.d+ter O,
GOSEI V G, Grot. H, Hahn B. HaMJ H, Hsmen J R, Hamen P, Hfmel T, Hungerhubfer V, Jenni P, Kofoed.
Hansen O, Lancon E, Li..n M, Loacatc.s S, Madsen B, Manf P. Mansauffe B, Mantovanl G C, Mapdff L,
Merkel B, Memdkldes
M, MofJemd R, Nfkson B, Onftms C, Pmrour G, Pastore F, Plothow-Besch
H,
Pofverel M, Repefffn J-P, Rotbenberg A, Roussmte A, Sauvage G, Scbmher J, Sle@$t J L, Steiner H M,
sftmpff G, Sto=ke, F, Tetger J, Verced V, Weldberg A, Zaccone H tl Zeffer W. Observation of Singk isolated
electrons of hkh transverse momentum in events with missinE transverse enerm. . at the CERN im. Coltider.
Phys. Lett B i22:47b-85. f983.
14. Arnfson G, Astbury A, Aubetl B, Bacci C, Baaer G, Bemgue: A, Bock R, Bowcock T J V, Cafvettf M, Catz P.
Cenn!!d P. Centm S. Cerwfkd F. Cltwdfn S. Cffne D, Cochet C. CoJax J. CcmSeII M. DIIJfZLWrI
D. DaII D.
DeBeer M, Deffn N.egm M, Denm.11. M, Denegrt D, Dl Cfaccto A, Df2Utonto D, Dobrzynskf L, LfoweU J D,
Egg@rf K, Efmnbadfer
E, Effta N, Erftard P, Fdssner H, Ffncke M, Fontxfue G, Frey R, Fmfwdrtft R,
Garvey J, Geer S, Ghesqnlere C, Ghez P, Gtbonf K, Gfbs.sn W R, Gfraud-Heraud
Y, Gfvermaud A,
Gonkkc A, Gmyer G, Hand. Kozanecka T, Haynes W J, Herfzherger L O, Hodges C, Hoffmwu! D, HcdfmRes
H, Hofthulzen D J, Homer R J, Honmn A, Jank W, Jorat G, Kalmus P I P, Km’fmakl V, Keefm R, Kenym f,
Kemmt A, Kfummen R, Kozancckf W, Kryn D, Lacava F, Lm@r J-P, Lees J-P, Lefs!mmn H, Letrcbs K.
Leveq5e A, Lfngffn D, J.c.ccl E, Malosse J.J, Markk wkz T, Maurfn G, McMahon T, Fdemflburtt J-P,
Mfmard M-N, Mobammadf M, Morfcca M, Mm’gam K, Mu frhead H, Muff@r F, Nandf A K, Nttmnmn L,
Norton A, Orkfn-LecourioJs
A, P.ofuzt L, Proms F, PkIno Monad G, Pfetarbien E, Pfmfa M, Ffnccl A, Porte
J P, Radermacber
E, Ramdeff J, Rekhfer H, Revof J-P, Rkh J. RfJssssheek
M, Roberta C, Rdff J, RcA P,
Rabbis C. Sadmdet B, .%Jo[ G, Safvl G, SaJvkd G, Ssss J, Saudrafx J, Sawy.Navmro
A, SChhmel D, Scott W,
Shah T P, Spfro M, Strauss J, Sfreets J, Sumorok K, Sumcso F, Smfth D, Tao C, TSLOISPSOIIG, Tkn.mer J,
Tsch.esfog E, Tuomfmkml J, van Ei]k B, Vkdk J.P, Vmna J, Vuffk.mki V, Wahl H D, Watkins P, Wtimz J,
Wufz C Xk Y G, Yverf M & Znrffuh E. Experimental
observation of fepton pairs of invariant mass around 95
GeV/cl
at the CERN SPS Coffider. Phy~ LeIr. B 126:398-410, 1983.
15. Bagda
P, Banner M, Bmk6m
R, Bloch P, Bcmamff F, Borer K, Bmgbhd M, CboJSet J-C,
Ckrk A G, Confa C, Dsrrfufat P, Di Leffn L, DJnes.H8nsen
J, Doraz P-A. Fayard L, Fraterrwdf M,
Fmddevaux D, Fumagaffi G, Gdffard J-M. Gffdemefster
0, GWSi V G, Groie H, Hahn B, HmuIJ H. Hanmw

442

J R, Hansen P, HfmeS T, Hungerbubler
V, Jemtf P, Koloed-JJamen
O, Lancon E. Llvan M, LoucaIm S,
Madsen B, Mimi P, Mansoulle B, MantovanJ G C, Mapeffl L, Merkel B, Mermfkld.zs M, Moffwud R, NfJssoII B,
Onions C, Parrour G, Ptistore F, Ffothow.Besch
H, Polverel M, RepeIfJn l-P, RfmoMl A, Ro!henberg A,
Roussarie A. Sttuvage G, Schacher 1, SJegrfst I L, Stefner H M, Sdmpff G, Stocker F, Teiger J, Verced V,
e ‘e – at the CERN fip Ccdtider.
Weidberg A R, Zaccone H, Zakrzweskl J A & Zeller W. Evidence for ZO +
Phys. Lefl, B
1983.

t29:130-40,

16, Taubes G. Carlo Rubbbc the lord of the atom smashers,
J3i=cover M I ):34-43, 1985.
17, Benvenud A, CfJne D, Ford W T, Imlay R, Lfng T Y, Mann A K, MessJng F, Orr R, Reeder D D,
of new-particle
production
by high-energy
Rubbfn C, Stefamkl R, Sulak L .S Wanderer P. Observation
Phyr. Rev. Left, 34:419-22, 1975.
neutrinos
and antineutrinos.
18. Bddef16d
G, Bozzo M, Darriufat P, DfambrJnl Pslazzl G, De Zord G, Falnberg A, Fermro M I,
Holder M, McFarfand A, Madend G, Orfto S, Plfcher J, Ruhbfa C, Santroni A, Seue G, Staude A, Stmlfn
Tlttel K. Small-angle profon-proton
elastic scattering at very high energies (460 GeV2 <$<
2903 GeV2).
Phys. Lett. B 39:663-7. 1972.
19. Benvenud A, Cbeng D C, Cffne D, Ford W T, Imfay R, Llng T Y, Mann A K, Messing F,
Plcclon[ R L, Pffchet I, Reeder D D, Rnbbfa C, Stefanskl R & Sulak L. Observation of muonless neufrino.
induced inelastic interactions.
Phys. Rev. Lett. 32:8C0-3, 1974.
20. Garflefd E. The 1974 articles mat cited in [974. Essays of an information scientist.
Philadelphia: 1S1 Press. 1977. Vol. 2. p. 426-35.
21. ------------1975 physical sciences articles higfdy cited in 1975. Mid. p. 457-60.

P &

22. --------------- The 1976 articles most cited in 1976 and (977. 2. Physical sciences,
Op. cir., 1981. Vol. 4. p. I I5-26.
23. ------------Tbe 1977 articles most cited from 1977 to 1979. Part 2. Physical sciences. Ibid. p. 542-54.
24. --------------- The I $00 contemporary
scientists most-cited
1965-1978. Part 1. The basic list and introduction.
Op. cit., 1983. Vol. 5. p. 269-78.
25. --------------- Tbe 1,CKKlmost-cited contemporary
authors. Part 2A. Details on authors in the physical and chemical
sciences and some comments about Nobels and academy memberships.
Ibid. p. 428-M
29 November 1984. (Biographical notice. )
26. vam der Meer S. Personal communication.
27. Fadey F J M, Bailey J, Brown R C A. Glescb M, Jostletn H, van der Meer S, Pfcabso E & Tamnenhaum M.
Tbe anomalous magnetic moment of the negative muon. Nu.vo Cimento A 45:281-6, 1966.
2S. Bdfey J, Burtl W, von Bochmnwm G, Brown R C A, Fwley F J M, Glescb M, JostleIn H, van da Meer S, Picasso E
& WfflJsms R W. Precise measurement
of lhe anomalous magnetic moment of the muon.
N“ovo Cimento A—NucI. Part. F 9:369-432, 1972.
29. Gmfkld E. Computer-aided
historiography-how
lSJ uscs cluster tracking to monitor the “vital signs” of science.
Essay$ of an in~ormation scienti$t. Philadelphia: 1S1 Press, 1983. Vol. 5. p. 473-83.
30. Rockefeller
Unlverdty. Labomt.ry
of biochemistry:
a .mmmary of its work and scientific impact.
Unpublished
report,
3 June 1982. 18p.
3t. Memffleld R B. Sofid-phase synthesis. (Nobel lecture.) Chem. Ser. 25(2): 121-31. t985.
32. .. . . . . . . . . . . . . . Solid-phase peptide synthesis. 1. The synthesis of a tetrapeptide. J, Amer. Cbem SOC. 85:2149-S4, 1963.
33. . . . . . . . . . . . . . . . Solid-phase peptide synthesis. JI1. An improved synthesis of bradykinin. Biochemistry
3:1385-90, !964.
f
34, . . . . . . . . . . . . . . . Automated synthesis of peptides. Science 150178-85,
1965.
35. Margltn A & MerrJfield R B. Lefter to editor. (The synthesis of bovine insulin by the did phase met hod.)
J. Amer. Chem. Sot. 88:5051-2, 1%6.
36. Gutte B & MerrJfle!d R B. Letter to editor. (The total synthesis of an enzyme with ribonuclease
A activity.)
J. Amer. Chem. .%.. 91:501-2, 1969.
37, Garfield E. The awards of science: beyond the Nobel Prize. Part 2. The winners and their most-cited papers.
Essays of an information scientisr. the awards of science and other essays.
Philadelphia: 1S1 Press, 1985, Vol 7. p. 405-19.
38. --------------- Most-cited articles of the 19643s. 1. Physical sciences. Essays of an {nformatton scientist.
Philadelphia
1S1 Press, 1981. Vol. 4. p. 156-66.

443

