BOOKS: HISTORY OF PHYSICS

A Hodgepodge of
Controversies

Philip W. Anderson

Conflict anticipating considerable plea-

sure. There are rich and largely un-
tapped veins of material illustrating the
causes and consequences of folly, obdura-
cy, and fallibility in physics, and I looked
forward to a re-
warding feast of
examples. My ex-
pectations were
not met. I was dis-
appointed in the
author’s conceptu-
alization of the
topics, the limited
selection of exam-
ples, the lack of
depth in his research, and the infelicity of
the writing.

Porter presents, in historical order, a se-
ries of conflicts involving physicists, sum-
marizing the facts and then trying to bring
out parallels among his examples. He de-
votes the first third of the book to the pre-
modern period, in which such figures as
Hypatia of Alexandria, Roger Bacon,
Bruno, Galileo, and Kepler experienced reli-
gious persecution. Then, skipping 300 years
that contain such interesting (and famous)
conflicts as Newton versus Descartes, Porter
proceeds to the 20th century. Here, he ex-
amines an assortment of incidents—some
famous, some obscure—including Boltz-
mann’s troubles about atomic theory with
the positivist philosophers, Blos Cabrera’s
mysterious detection (unrepeated) of a mag-
netic monopole, the U.S. Atomic Energy
Commission’s withdrawal of Oppenheimer’s
security clearance, and the Cherwell-Tizard
conflict over the effectiveness of strategic
bombing in World War II.

Porter fails to demonstrate what these
very diverse examples have in common.
For instance, the early ones are of histori-
cal importance in the birth of modern sci-
ence, but they have little to do with the
two cases on science’s dealing with simple
blunders (the reported effects of Blondel’s
nonexistent “N-rays” and Cabrera’s
monopole). These, in turn, do not resem-
ble in any way the Oppenheimer or Tizard
and Blackett versus Cherwell controver-
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sies, which highlight the political difficul-
ties of scientists who choose to advise
governments. And again very different are
the four conflicts involving deep, initially
unresolved, questions within science prop-
er: the atomic hypothesis, continuous ver-
sus big-bang creation of matter, quantum
measurement, and multiple production of
mesons in nuclear collisions.

The chapters on specific examples pro-
vide well-documented historical and bio-
graphical sketches of the principal charac-
ters and their interactions. I found the de-
tailed explanations of the various contribu-
tions of Bruno, Kepler, and Galileo and
their relations to the ideas of Copernicus to
be interesting and enlightening; however,
to historians of science this must be a well-
cultivated field. For Porter’s 20th-century
examples, [ was more familiar with the sci-
ence involved and with some of the sources
he tapped. I repeatedly found Porter’s his-
tories to be derived from one or a few
sources, and I was put off by what he chose
to emphasize in these stories.

Much of the Boltzmann story, for in-
stance, seems to have come fairly straight
from Brush’s history of statistical mechanics
(1). Porter portrays Boltzmann as a victim
of persecution by Mach and the Vienna cir-
cle. It would have been more informative,
however, to focus instead on the aberration
of the Mach and Ostwald’s positivist objec-
tions to atomism. That would have provided
an excellent example of the atmosphere of
Kuhnian “crisis™ that, we now recognize,
signaled the birth of quantum theory.

One might also question Porter’s choice
of examples of conflict. The case of “N-
rays” was told better, and with more details,
in Langmuir’s pamphlet on “pathological
science” (2). Why not discuss cold fusion
or polywater instead?

familiar story. To me, the case is not sim-
ply a quaint incident of the McCarthy era,
but the first losing skirmish in a half-cen-
tury of struggles by selfless scientists to
contain nuclear overkill. In these struggles
Edward Teller again and again played the
key role of villain. His actions against Op-
penheimer helped Teller gain the confi-
dence of the political establishment, in
spite of a history of behavior counterpro-
ductive to the interests of the country ex-
tending from his noncooperation in
wartime Los Alamos through his proven
deceptions about key components of the
Strategic Defense Initiative boondoggle.
The chapters discussing Hoyle’s contin-
uous-creation universe and multiple pro-
duction in cosmic-ray collisions involve an
entirely different kind of dispute. Such
“conflicts” are the life and soul of funda-
mental science; they are in no sense aber-
rations and indicate healthy fields. Signifi-
cant figures like Hoyle can often promote
hypotheses to an importance they may not
deserve. (For example, the continuous cre-
ation of hydrogen atoms violated enough
fundamental symmetry laws to render the
idea implausible to quantum physicists.) It
is not, however, at all unusual or undesir-
able to have at hand several competing hy-
potheses from which, it is hoped, experi-
mental facts will determine a choice.
Some of these ideas, in the end, will ap-
pear to have been misguided (“particle
democracy” from the 1960s, for example)
or advanced somewhat prematurely and
contentiously (“excitonic superconductivi-
ty” comes to mind). But early hypothesis
formation is what theoretical physics is
about, and there are many successful ex-
amples: the electroweak unification,
asymptotic freedom, localization. Each of

Porter’s account of
the classic Bohr-Einstein
debate ignores the real-
ization, which has be-
come increasingly clear,
that both sides were far
from the truth. Though
victorious, and useful
for particular purposes,
Bohr’s philosophy of
“complementarity” was
obscure and nonsensical.
Neither Einstein nor
Bohr realized that the
measuring apparatus
must be described quan-
tum mechanically in or-
der to attempt a consis-
tent theory.

In his treatment of
the Oppenheimer case,
Porter again reprises a
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these ideas had its controversial period, its
convinced opponents, and its apparent ex-
perimental failures. It may be amazing
how deep scientists’ emotions can run in
the midst of this process, but, except for
the case of Boltzmann, Porter hardly docu-
ments that. Nor does he discuss an extraor-
dinarily contentious field, like high-tem-
perature superconductivity.

Finally, I found the brief (four-page)
chapter on Blas Cabrera’s observation of a
single magnetic monopole out of place.
Any single observation, no matter how
bizarre, allows for too many alternative ex-
planations: pranks, coincidence, inatten-
tion, thoughtless mistakes, some anoma-
lous type of cosmic radiation, vermin, et
cetera. If Porter needed an example of im-
plausible and controversial observations,
there were others available from the same
laboratory (free quarks and falling elec-
trons were aberrations of Cabrera’s prede-
cessor). To Cabrera’s credit, he never over-
sold his monopole (assuming one accepts
publishing as an isolated event).

The “Conclusions” chapter does not suc-
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ceed in unifying Porter’s diverse examples.
These suggest that scientists’ controversies
are not settled by bargaining, compromise,
mediations, or bluffing, and that lying and
fraud are quite uncommon. Inevitably, there
is a right answer, although it may not win
politically and its victory may only be rec-
ognized after a lot of history. That scientific
theories often die only with their advocates
is a true, but not new, insight.
Unfortunately, Porter sometimes re-
peats as fact folklore that is questionable
or even wrong. That the effectiveness of
the physics community “reached its high-
est point in the 1920s and 1930s” seems
merely the reminiscence of a survivor
looking back at his youth. Those years
may have been a Golden Age, but there are
others: the Standard Model was produced
in the 1960s and 1970s by a rather small,
tight community; modern condensed mat-
ter theory dates from the 1950s and 1960s;
modern astrophysics is still growing and,
with the advent of the Hubble telescope,
may be in its greatest period. Also, in con-
trast to Porter’s claim that “in recent years

most Nobels are for high-powered and ex-
pensive experiments,” only a quarter of the
last 40 physics prizes have rewarded such
efforts and, notably, the most recent
awards have gone to individual or small
group efforts.

Physicists in Conflict suffers from other
shortcomings. The writing is often puz-
zling, leaving one wondering what “this”
refers to. The discussions, such as those on
kinetic theory and the complex set of ideas
about the multiple production of particles,
sometimes fail to explain the science.

In summary, stories of conflict in sci-
ence, or between scientists and the estab-
lishment, can be fascinating and enlighten-
ing, but I feel that the source materials of-
fer better reading than this collection. Un-
fortunately, a great book that captures in-
ternal conflicts in science has yet to appear.
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PERSPECTIVES: SURFACE CHEMISTRY

Reactions on
Semiconductor Surfaces

Harry E.Ruda

hemical reactions on surfaces are
Cimportant in many areas of science

and technology. On metal surfaces,
the electronic states of the surface atoms
are spatially extended and can therefore
easily be shared with those of reactive
species, dramatically influencing the
structure of these species as they approach
the surface. In con-
trast, bonding on
semiconductor sur-
faces is largely cova-
lent, and surface electronic states tend to
be spatially localized. Many technologi-
cally important processes—epitaxial layer
growth, dopant incorporation, and the pat-
terning of semiconductor surfaces by self-
assembly, for example—proceed through
semiconductor surface reactions. This has
important implications for the structural
and electronic properties, and thus the per-
formance, of semiconductor devices, par-
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ticularly nanostructured devices that re-
quire high local control over surface prop-
erties. In this active and fertile area, recent
studies have highlighted the importance of
specific surface sites and local response to
adsorbed species in surface reactions on
semiconductor surfaces.

Understanding of the interactions of
species with semiconductor surfaces has
been considerably advanced by the now
widespread use of scanning tunneling mi-
croscopy (STM). STM can probe the spa-
tial extent of electron density on a surface
with atomic resolution. Bias-dependent
STM studies, in which images are taken at
different voltages between the STM tip and
the sample, allow the determination of the
energy spectra of surface electronic states,
and, in special cases, enable discrimination
between different chemical species. For ex-

ample, in the case of GaAs, charge transfer

from Ga to As atoms makes the Ga sites
visible for positive sample bias and the As
sites visible for negative bias. STM can al-
so be used to distinguish different chemical
species on more complex semiconductor

surfaces, especially in combination with
laser excitation.

On metallic surfaces, so-called nucle-
ation-growth and related models have suc-
cessfully explained a number of molecular
adsorption reactions. Key assumptions are
(i) relatively high sticking coefficients for
the molecules on the surface, (ii) surface
diffusion of adsorbates, and (iii) clustering
by attractive interactions between adsor-
bates. Unfortunately, these models often
fail to explain molecular reactions on
semiconductors. Sticking coefficients of
chemical species on semiconductor sur-
faces are often very weak, and chemical
species tend to adsorb preferentially at spe-
cific atomic sites, with adsorption rates de-
creasing once these sites have all reacted.
In addition, surface diffusion of the ad-
sorbed species is usually insignificant be-
cause of the presence of localized surface
electronic states that reduce the surface
mobility (as compared with metals). It is,
therefore, difficult to understand a priori
how molecular reactions starting at specif-
ic sites on semiconductor surfaces progress
to completion across the whole surface.

We have studied how site-specific
chemical character influences surface or-
ganization for GaAs(111) A and B sur-
faces (). Here, the A surface is the one
terminating with only Ga atoms, and the B
surface is the one terminating with only
As atoms. The surface is termed (111) ac-
cording to a convention that defines the
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