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The 1985 Nobel Chemistry Prize to Jerome
Karle and Herbert A. Hauptman and the

Physics Prize to Klaus von Klitzfng Contrast
Delayed Versus “Instant” Recognition

Number 44

In last year’s examination of the 1984
Nobel laureates in physics and chemis-
tw, 1 I noted that Carlo Rubbia, Harvard

University and the European Center for
Nuclear Research (CERN), Geneva,
Switzerland, and Simon van der Meer,
also of CERN, received the physics prize
barely two years after they identified the
W and Z subatomic particles. This is one
of the shortest intervals between discov-
ery and recognition in Nobel history. By
contrast, the 1984 winner in chemistry,
R. Bruce Merrifield, Rockefeller
University, New York, did the bulk of
his prizewinning work in peptide synthe-
sis in the 1960s.

A similar disparity is evident in the
1985 physics and chemistry prizes, which
we’ll be examining this week as we com-
plete our discussion of last year’s Nobel
laureates, The physics prize was award-
ed for work done in the early 1980s. The
chemistry prize, however, honored
work that first appeared in the
1950s—work that found little recogni-
tion and acceptance when it was pub-
lished.

Chemfstry

The 1985 prize in chemistry was
awarded to Herbert A. Hauptman, Med-
ical Foundation of Buffalo, New York,
and Jerome Karle, US Naval Research
Laboratory, Washington, DC. Haupt-
man, a mathematician, and Karle, a
physical chemist, both graduated from
City CoUege, New York, in the class of
1937—the same class that produced the
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1959 Nobel laureate in medicine, Arthur
Kornberg. In citing Hauptman and
Karle, the Royal Swedish Academy of
Sciences mentioned their “outstanding
achievements in the development of di-
rect methods for the determination of
crystal structures.”z Although these
methods were not immediately accepted
(as our citation data will demonstrate),
they are widely applied today in research
laboratories. Crystal structures that
once took months to analyze can now be
determined in a matter of hours using
the methods developed by Hauptman
and Karle.

Determining the structure of a mole-
cule is essential to understanding its
chemical bonding and its reactions and
interactions with other molecules, ac-
cording to Wayne A. Hendrickson, De-
partment of Biochemistry and Molecu-
lar Biophysics, Columbia University Col-
lege of Physicians and Surgeons, New
York.s In order to design new drugs and
synthesize rare natural products, it is im-
portant to have a precise, three-dimen-
sional picture of the arrangement of
atoms within the molecule. One of the
most accurate methods for determining
structures is by analyzing X-ray diffrac-
tion data from crystals, a method known
as X-ray crystallography. X rays beamed
through a crystal of a substance will be
scattered by the atoms and molecules,
producing a diffraction pattern that ap-
pears on photographic film as a cluster
of dots of varying intensity. Information
on the large-scale crystal geometry and
the individual crystal units can be in-

336



ferred from the intensities and phases of
the scattered waves in the pattern,’r

It is relatively easy to deduce the
atomic structure of very simple crystals
by means of X-ray crystallography. In
order to solve more complicated struc-
tures, however, it is necessary to over-
come the so-called “phase problem. ” As
Hendrickson explains, the scattering of
X-ray waves by crystals is restricted to
certain discrete directions governed by
the crystal lattice. Each of the diffracted
waves is made up from the scattering by
all atoms, and in complex molecules
there may be hundreds of atoms. This
complicated diffraction interference
leads to a distinctive phase and magni-
tude for each allowed directions Mea-
suring the intensity of the deflected
X rays presents no problems, but deter-
mining the phase-that is, how much the
waves in the various rays are displaced in
relation to each other—is another mat-
ter. This phase information, essential in
obtaining the molecular structure of a
crystal from the X-ray diffraction pat-

tern, was once thought to be irretriev-
able.

Hauptman and Karle, then working
together at the US Naval Research Labo-
ratory, published their “direct methods”
in papers that appeared primarily be-
tween 1950 and 1956. Their statistical
procedures permit researchers to extract
the phase information and to compute
the molecular structure directly from
the data in the diffraction pattern. Many
of these papers appeared in A eta Crys-

tdographica. Their key publication
from this period, however, was a 1953
monograph entitled Solution of the

phase problem. 1. The centrosymmetn”c

crystal.b This work proposed the use of
probability theory as a means of solving
the phase problem. The methods de-
scribed require highly complex mathe-
matics. Consequently, this primordial
work met with considerable resistance
and neglect when first published. In fact,
the direct methods were not accepted
for more than a decade. The delayed
recognition of thk paper is demon-

Figure 1: Chronological distribution of citations from the SCP to Hauptman and Karle’s highly cited 1953
monograph, Solution of the phase problem. 1. The centmsymmettic crystal.

YEAR
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TabJa 1: Papers coauthored by Karle and Hauptman most cited in the SC~ from 1955 to 1985. The papers
are arranged in descending order according to number of citations. A = total number of citations.
B = bibliographic information. SC’J’ research fronts for which the paper is core are gi, en in paren theses
after the bibliographic information.

A
~~1

363

116

lCO

97

75

B

Karle J & Hauptman H. A theory of phase determination for lhe four types of non-
centrosymmetric space groups IP222, 2P22, 3P[2, 3P22. Acts Cr.y~ta//ogr 9: b35-51, 1956.
(73-1253, 72-0579, 71-1024, 70-0937)

Hauptman H & Karfe J, Solu (ion of the phase problem. / rhe cen!ro.!)mme~ric cry$to/.

New York: American Crystallographic Association, 1953.87 p,
Karfe J & Hauptman H. Tbe phases and magnitudes of the structure factors. Acla Crysm/[ogr,

3:181-7, 1950.
Hauptman H & Karle J. Structure invariant and semiiariants for non-centrosymmemic space

groups, AcIa Crys(a//ogr. 9:45-55, 1956. (72-0579)
Karle I L, Hauptman H, Kade J & Wfng A B. Crystal and molecular structure of

P. p’-dimethoxybenzophenone by the direc! probability method.
Ac-ta Crystallogr. I I :257-63, 1958.

Karfe J & Hauptman H. Application of statistical methods to the naphthalene structure.
Acts CrystalloRr. 6:473-6; “1953

strated by its citation record. The graph
in Figure 1 shows that it received fewer
than 10 citations per year in the first 10
years or so after publication. Several
successes in solving crystal structures, as
well as advances in the high-speed com-
puter technology necessary to perform
the calculations, led to increasing accep-
tance of the technique by the end of the
1960s.7 Our data indicate that this work
has now been cited over 350 times.
Whether this qualifies as a classic case of
delayed recognitions is determined by
one’s reference point: the first 5 to 10
years after publication or the delay in
recognition that is typically displayed by
the Nobel committees.

Table 1 is a list of most-cited papers
coauthored by Karle and Hauptman ac-
cording to the Science Citation Index@
(.SCP ), 1955-1985. Their most-cited
work is a 1956 paper from Acts Crysta[-

lographica entitled “A theory of phase
determination for the four types of non-
centrosymmetric space groups 1P222,
2P22, 3P12, 3P22.”9 This paper, cited
over 400 times, expands on their 1953
monograph and discusses joint probabil-
ity distributions and formulas to deter-
mine the phase of typical noncentrosym-
metric space groups. In addition to the
1953 monograph,b Table 1 includes a
1950 paper from Acts Crystaf[ographica
on “The phases and magnitudes of the
structure factors. ”10 This work has been

cited in over 100 publications.

Today, the Hauptman-Karle method-
ology is indispensable for determining
the molecular structure of a variety of
useful substances, including antibiotics,
catalysts, alloys, and natural products
such as peptides, steroids, and alka-
loids. 11 Although direct methods have
been applied to molecules containing up
to 200 atoms, they are not yet powerful
enough to be used with larger proteins.
Both scientists, however, continue to
work at extending the utility and power
of the direct methods—Hauptman in
Buffalo and Karle in Washington.

Hauptsmm

Herbert A. Hauptman was born in
New York City in 1917. He received a BS
in mathematics from City College, New
York, an MA in mathematics from CO
lumbia University, and a PhD in mathe-
matics from the University of Maryland,
College Park. He worked as a physicist
and mathematician at the US Naval Re-
search Laboratory from 1947 to 1970,
before leaving to become executive vice
president and research director of the
Medical Foundation of Buffalo, where
he has been ever since. Since 1970 he has
also been a professor of biophysics at the
State University of New York, Buffalo.

One of Hauptman’s first papers, coau-
thored with Karle, was “The structure of
atoms from diffraction studies, ” which
appeared in Physicaf Review in 1950.12
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Tabte 2: Chronological list of 1955-1985 SCF
citations to Karle and Brmkway’s 1944 paper in
the Journal of the Amen”can Chemical Society.

A = year, B = number of citations,

AB A B A B
1975 3

1955 4 1965 4 1976 2
1956 2 1966 4 1977 4
1957 7 1%7 8 1978 1
1958 10 1968 8 1979 2
1959 14 1%9 3 1980 3
196Q 8 1970 7 1981 5
1961 6 1971 9 1982 2
1%2 11 1972 5 1983 2
1%3 6 1973 5 1984 2
1964 0 1974 7 1985 2

Thk paper, like the authors’ later work,
dealt with methods for obtaining the
electron distribution in atoms from dif-
fraction data.

Karfe

Jerome Karle was also born in New
York, in 1918. He received a BS in
chemistry and biology at City College,
New York, an MA in biology from Har-
vard, and MS and PhD degrees in physi-
cal chemistry from the University of
Michigan, Ann Arbor. Since 1946 he has
worked at the US Naval Research Labo-
ratory, where he is now chief scientist of
the Laboratory for the Structure of Mat-
ter.

Karle’s first paper, “An electron dif-
fraction investigation of the monomers
and dimers of formic, acetic and trifluo-
roacetic acids and the dimer of deuteri-
um acetate, ” coauthored with L.O.
Brockway, Chemical Laboratory, Uni-
versity of Michigan, appeared in 1944. Is
This paper has been cited over 100
times. Table 2 shows year-by-year cita-
tions to this paper. In addition to the pa-
pers coauthored with Hauptman, Karle
has coauthored several highly cited
papers with his wife, Isabella, who is also
a chemist at the US Naval Research
Laboratory. One of these is a 1966
paper, “The symbolic addition proce-
dure for phase determination for centro-
symmetric and noncentrosymmetric
crystals .’’f’f The work has been cited

over 1,300 times. It was the subject of a
Citation Classic@ commentary in 1977,
in which the authors noted that

the analysis of crystal structures, facili-
tated by the symbolic addition procedure
and the development of computers and
automatic diffractometers, has had a
major impact on the progress of many sci-

entific areas. For example, the availabili-

ty of such capabilities has played a signif-

icant role in the practice of organic chem-

istry by aiding in the identification of

reaction intermediaries, final products,

and the clarification of reaction mecha-

nisms. 15

Thk paper has also been prominent in
several of our citation studies over the
years. These include a 1974 study of
highly cited chemistry articleslb as well
as a study that same year of A da Crysta[-
fographica. 17 It was also featured in a
1976 essay listing 50 highly cited articles
from Scandinavian journals. 18 A eta

Crystal[ographica, which appears in
three separate sections covering various
areas of crystallography, is published by
Munksgaard, Copenhagen, Denmark.

Another highly cited paper coau-
thored by Isabella and Jerome Karle,
with over 300 cites, describes the use of
direct methods to determine the struc-
ture of the synthetic polypeptide cyclo-
hexaglycyl. 19The authors discussed thk
Citation Classic in 1980, noting that
“there are a number of reasons why this
publication has been highly cited. Not
only had a simple and rapid procedure
for phase determination been estab-
lished but it was applied to a crystal of a
substance with unusual features.”zo

Research-Front Data

Not surprisingly, many of the foregcr-
ing articles are identified with research
fronts on crystallography and other
structural and determinational tech-
niques. One 1984 front is “Direct meth-
ods in solving crystal structures”
(#84-0969), Karle’s 1966 paperld and his
1%8 article on “Partial structural infor-
mation combined with the tangent for-
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Figure 2: Hiatoriograph of crystal-structure research. The numbers given in parentheses foUowing the
research-front titles refer to the number of core/citing items for each research front. Asterisks ( ● ) next to
the research-front numberc indicate research fronts in which Karle or Hauptman are core authors.
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correlation
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Crystal struc-
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by diffraction

compounds
(2/87)
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(2/54)

mula for noncentrosymmetric crys-
tals”zl are among the 16 core papers
identified with this topic, on which
about a hundred citing articles were
published in 1984. Another 1984 front,
“Crystal structure of crambin and other
compounds using anomalous dispersion
data or isomorphous replacement with
direct methods” (#84-7162), includes
five core publications, one of which, a
1982 paper by Hauptman from Acts
Crysta[iographica Section A, is “On inte-
grating the techniques of direct methods
with anomalous dispersion. 1. The theo
retical basis. “22 Another core paper in
this group is Karle’s 1980 paper in Irster-
national Journal of Quantum Chemistry

on “Some developments in anomalous
dispersion for the structural investiga-
tion of macromolecular systems in biol-

WY.”23
Figure 2 is a historiograph, a string of

annual research fronts, on crystal-struc-
ture research. As can be seen, research
front #84-0969 continued into two 1985
fronts. In one of these, “Synthesis and
crystal structure of qinghaosu isola-
tion products and other compounds”
(#85-7001) (qinghaosu is a plant extract

S3-2226
X-ray and

mutron diffrac
tion of crystal

structures
(15/210)

85-5707
Crystel

structure and
othar studies of
cnmplex asks

(2/18)

u%4.0969
Direct

methods in
solving crvstal

structures
(16/100)

~1

‘1---_
Synthasis and

crystal wuctura
ef qinghaosu iso.
Iation products
and other com-

pounds
[2/20)

used in treating malaria), the two core
papers involved were mentioned above
in connection with front #84-0969. l’t,zl

Physks

In contrast to the 30 years that elapsed
before the Karle-Hauptman work was
recognized by the Nobel committee, the
winner in physics received almost “in-
stant” recognition,

The 1985 Nobel Prize in physics was
awarded to Klaus von Klitzing, Max
Planck Institute for Solid State Re-
search, Stuttgart, Federal Republic of
Germany (FRG), for the discovery of
the quantized Hall effect, which, in the
words of the Royal Swedish Academy of
Sciences, “has fundamental implications
for physics. His discovery has opened up
a new research field of great importance
and relevance. “24 The effect, first ob
served by von Klitzing and his colleagues
in a 1980 experiment, will have great
utility in establishing standards for the
measurement of electrical resistance
and in determining the precise value of a
fundamental constant known as the fine
structure constant. zq

340



The American physicist Edwin H.
Hall noted in 1879 that when a conduc-
tor carrying an electric current is sub-
jected to a perpendicular magnetic field,
the moving electrons that make up the
current experience a lateral force, caus-
ing them to accumulate on one side of
the conductor. The voltage difference
across the conductor is called the Hall
voltage. A measurement known as the
Hall resistance can be obtained by divid-
ing the Hall voltage by the current along
the conductor.zs

Von Klitzing discovered that under
certain conditions the Hall resistance
does not vary continuously in response
to changes in the magnetic field but in-
stead becomes quantized. That is, the
resistance changes in definite, discrete
steps based on quantum numbers. Von
Klitzing observed the effect in an experi-
ment at the High Magnetic Field Labora-
tory, Grenoble, France, with colleagues
Gerhard Dorda, Siemens Research Lab-
oratory, Munich, FRG, and Michael
Pepper, Cavendish Laboratory, Cam-
bridge, UK, who developed the experi-
mental samples used in the study.zG The
experiment had originally been designed
to investigate the effects of impurities
and other factors in semiconductor de-
vices.z~

For this experiment, von Klitzing used
what is known as a metal-oxide semi-
conductor field-effect transistor, or
MOSFET. In this device, electrons are
drawn into an extremely thin surface
layer between a metal and a semicon-
ductor. If this layer is thin enough and if
the semiconductor is cooled to a temper-
ature near absolute zero, the electrons
can be forced to move in only two dk
mensions. It is under these conditions
that the quantized Hall effect is observed
when a perpendicular magnetic field is
applied to the sample.

Theorists, in discussing the Hall effect
in tw~dimensional systems, had con-
cluded that very complicated deviations
from the classical behavior could be ex-
pected. Furthermore, it was postulated

that under special conditions and within
certain approximations the Hall conduc-
tivity would be related to an integral
number multiplied by e2/ h, a fundamen-
tal constant of physics in which e is the
electron charge and h is Planck’s con-
stant. No one had expected, however,
that the quantization rule would apply
with the accuracy observed by von Klitz-
ing. The Hall resistance was found to ex-
hibit step-like plateaus in which the
values corresponded to integral numbers
with a very high degree of precision.

Since 1980 researchers have been kept
busy investigating the theoretical and
experimental questions raised by von
Klitzing’s discovery. An entirely new
phenomenon was observed in a 1982
study in which D .C. Tsui and colleagues,
AT&T Bell Laboratories, Murray Hill,
New Jersey, discovered what is now
called the fmctional quantized Hall ef-
fect. The plateaus in this study, rather
than corresponding to integers as von
Klitzing observed, reflected fractional
numbers multiplied by the constant
e’2/h.~ Ilis effect is currently the sub-
ject of intense investigation by research-
ers. Von Klitzing, meanwhile, continues
to research aspects of two-dimensional
electron systems and to explore the use
of the quantized Hall effect as a standard
of electrical resistance. 29

Von Klftzfng

Klaus von Klitzing was born in 1943 in
Schroda in the region of Posen, a part of
Poland that was annexed to Germany
during World War II. His family moved
to the FRG at the end of the war. He
studied at the Technical University,
Braunschweig, graduating in 1969, and
received a doctorate in physics from the
University of Wurzburg in 1972. At the
time of his prizewinning discovery in
1980 he was a teaching fellow at Wiirz-
burg. Since then he has also taught at the
Technical University of Munich. He was
named a director of the Max Planck In-
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Tabfe 3: Von Kfitzing’s papers most cited in the SCP from 1955 to 1985. The papers are arranged in
descending order accordiug to number of citations. A = total number of citations. B = bibfiographlc
information. SCI research fronts for which the paper is core are gik,en in parentheses after the
bibliographic information.

A B

33 I von Kfftzfng K, Dorda G & Pepper M. New method for high-accuracy determination of the fine-
structure constant based on quantized Hall resistance. Phy$. Rev Letr. 45:494-7, 1980. (85-0102,

84-0099, 83-0S97, 82-0541)

61 Neugebauer T, von Klitzfng K, Landwehr G & Dorda G. Surface quantum oscillations in ( 110) and
(11 1) n-type silicon inversion layers. Solid S[ate Commun. 17:29 S-3W, 197S.

38 Bangert E, von Kfftztmg K & Landwehr G. Self consistent calculations of electric subbands in
ptype silicon inversion layers. (Pilkuhn M H, ed. ) Pmceeding$ of the ~wdf~~~n~er~at;on~l
Conference on [he Physics of Semiconductors. 15-19 July 1974, Stuttgart, FRG. Stuttgart:
Teubner, 1974. p. 714-8.

stitute for Solid State Research at the be-
ginning of 1985.

Von Klitzing’s first paper, coauthored
in 1971 with G. Landwehr, University of
Wiirzburg, dealt with the electrical
properties of tellurium in strong magnet-
ic fields. ~ Table 3 is a list of von Klitz-
ing’s most-cited works from the 1955-
1985 SCI. Not surprisingly, perhaps, his
most-cited work is the 1980 paper an-
nouncing the discovery of the quantized
Hall effect.zb It has been cited in over
300 papers. According to our data, no
other paper published in Physics Review
Letterx in or since 1980 has achieved thk
popularity. As such, this work is a Cita-
tion Classic. The next most-cited work,
“Surface quantum oscillations in (1 10)
and (11 1) n-type silicon inversion
layers,” coauthored in 1975 with col-
leagues T. Neugebauer, University of
Wiirzburg, Dorda, and Landwehr,sl has
been cited approximately 60 times,
which is not unusual for articles pub-
Iiihed in Solid State Communications.
Another paper, “Analysis of e,, minima
in surface quantum oscillations on (100)
n-t ype silicon inversion layers, ” coau-
thored with Wurzburg colleague T.
Englert in 1978,s2 has been cited approx-
imately 25 times. In his Nobel lecture,
von Klitzing noted that data indicating
the quantized Hall effect are actually
visible in this 1978 paper. However, be-
cause the data were analyzed on the
basis of an incorrect model, the effect
went unexplained at that time. 33 Thk
may account for this paper’s lower im-
pact.

Ffgrrre 3: Chronological distribution of citations
from the SCF to von Klitzing’s 1980 Plry$ical

Rewew Letters paper.

1981 1982 1983 1964 1985 1986

YEAR

Research-Front Data

As the graph in Figure 3 indicates, von
Klitzing’s most-cited work, the 1980
paper from Physical Review Letters,26
showed a distinct rise in citations in the
four years after publication. It received

approximately 70 citations in 1983, for
example, and about 80 citations in both
1984 and 1985. Thus far in 1986 it has
been cited in approximately 70 papers. It
is 1 of 54 core papers in the research
front “Electron localization and quan-
tum transport phenomena in disordered
electronic systems” (#85-0102). There
were over 650 papers that cited into this
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Figure 4: Multidimensional-scaling map for C2-level research front l#8S-t1335, “Preparation and properties of
semiconductors and transition metal compounds, ” showing links between C 1-level reacarch fronts.
A = 1985 research-front number, B= research-front name, The numbers of core/citing items are given in
parentheses following the research-front name.

\!

19

10

KEY

BA

1 L1354 Theoretical and experimental study of amorphous semiconductor superlattices (2/28)
2 0102

3 0212

4 0859

5 0864

60908
7tY309

8 1448
9 191s

10 1916

11 2598
12 3666
13 3914
14 4059
15 4096
16 4252

17 4%)9
18 4987
19 5129
20 5282
21 597’7
22 6037

Electron localizati~n and quantum- transpor; phenomena in disordered electronic systems
(54/653)

Energy bands in quantum well heterostructures and heteroj unctions in semiconductors
(36/485)

Anderson localization and other properties of disordered or dirty anisotropic
superconductors (4/5 1)

Density of states and Anderson localization for one-dimensional Schrndinger operators with
random potentialsin dkordereds ystems( 10/98)

Quantum transport phenomena in twc-dimensional semiconductor (7/255)
Impurities, conductivity, atiother properties ofstiicon metal-oxide semiconductor systems

(2/13)
Quantum wells in doped superlattice structures (2/ 17)
Impurity states in semiconductor quantum well structures by various methods (4/55)
Photoluminescence and other stud]es of the properties of CDTE and GaAs superlattices,

%miconductor quantum wells, andother heterostmctures (28/246)
Electronic structure and magnet~optical studies of holes in semiconductors ( 10/92)
Electronic excitations in semiconductor superlattices (5/70)
Resonant tunneling semiconductor heterostructures and their applications in devices (4/47)
Carrier dynamics in quantum well structures using ultrafast laser pulses ( 13/ 110)
Deep levels and electron traps in doped GSAS superlattice structures (7/64)
Diffusion-induced disordering of GaAs multiquantum well lasers and superlattices during

molecular beam epitaxial growth ( 10/62)
Radiative recombination and design of semiconductor GSAS doping superlattices (4/45)
Optical and other studies of quantum welf systems grown by molecular beam epitaxy (3/38)
Conductivity and localization theory of metsllic surfaces (2/28)
Bloch oscillations and structures of semiconductor superlattices and heterostructures (3/79)

Quantum wells and photoluminescence in superlattices (2/36)

Twmdimensional electron gas (4/33)
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23 6503 Hotelectron transport unselectively doped semiconductor (2/'24)
24 6615 Molecular beam epitaxial grow!thofsemiconductom using quantum well lasem (4/78)
25 7045 Preparation methods, photoluminescent properties, andelectron microscopy studies of

GaAs-GaAIAs multiquantum wells grown byorganometalfic chemical vapor deposition and
molecular beam epitaxy (2/21)

26 8035 Semiccmducting quantum well wires (2’15)
27 8391 Quantum weU1asers andmolecular beam epitaxy (2/271

Figure 5: Historiograph of research on quantwed Hall effect and lw<~dinlensic]nalelectr,,n systems. ‘I he

numbers gi~en in parentheses following the research-front titles refer t<> the number<~f c<m citing items

foreachrestmrc hfront. Asterisks (”) next [{]theresearch-f r,~ntnumbers inciicate research fr<>nts in which

Ion Klitzing is a core author,

85.0506

Dynamics of

Ising model on

fractal lattices with

magnetic fields

(9/1 o)

~HSk . . -“

D

W ect
hidden local

‘82-0541 (49/503)

12uarrtizad Hall

affact

(6/59)

‘83-0897

Twodimensional
quantized Hall

effect

(49/297)

front in 1985. Thk is indicative of the
high level of research activity in this
area.

The relationship between this and
other 1985 fronts is demonstrated in Fig-
ure 4. This map shows the higher-level
research front “Preparation and proper-
ties of semiconductors and transition
metal compounds” (#85-0035). Front
#85-O 102 is also included in the histori~
graph in Figure 5, which shows the pro-
gression of annual research fronts on the
quantized Hall effect and twmdimen-
sional electron systems. As Harvard
physicist Bertrand I. Halperin observes
in his discussion of von Klitzing’s work in
Science, the discovery of the quantized
Hall effect has led to a major revision of
our understanding of electronic conduc-
tion in strong magnetic fields, and the
subject remains very active for exper-
imental and theoretical study.zg H.-J.

I symmetries

{2/43) I

D
●85tl 102

Electron Iocaliza.

tion and quantum

transport phenomena

in disordered elec.

tronic systems

(54/653)

Czerwon, Scientific Information Center,
Academy of Sciences of the German
Democratic Republic, Berlin, and Jan
Vlach~, Institute of Physics, Prague,
Czechoslovakia, writing in the Czech o-
SIOvak Journal of Physics, have con-
ducted an interesting follow-up study on
publications and citations dealing with
the quantized Hall effect in the wake of
von Klitzing’s Nobel Prize.sl

This concludes our review of the 1985
Nobel laureates.

*****

My thanks to C.J. Fiscus and Chnito-
pher King for their help in the prepara-
tion of this essay. K$)1X361SI
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