Book Reviews

The Semiconductor Industry

Revolution in Miniature. The History and Im-
pact of Semiconductor Electronics. ERNEST
BrRauN and STUART MacDoNaLD. Cam-
bridge University Press, New York, 1978. vii,
232 pp. $16.95.

Braun and MacDonald have under-
taken the ambitious task of documenting
and interpreting the origins of the semi-
conductor industry, the dynamics of its
growth, and the establishment of a virtu-
al world hegemony in the field by Ameri-
can firms. They have succeeded surpris-
ingly well and have produced the best
monographic treatment of an extraordi-
nary 20th-century revolution in tech-
nology that I have encountered. The
semiconductor revolution and its impact
have, of course, not gone unnoticed.
(They were recently the subject of a the-
matic issue of Science, 18 March 1977.)
The book represents a joint venture by a
semiconductor physicist and a historian
who are members of the Technology Pol-
icy Unit at the University of Aston in
Birmingham, England. The British per-
spective was used to good advantage
in the interpretation of technology
diffusion and differences in the innova-
tive patterns in the United States and
elsewhere.

The first half of the book is devoted
primarily to the introduction of the tran-
sistor, which ‘‘was not simply a new sort
of amplifier, but the harbinger of an en-
tirely new sort of electronics with the ca-

pacity not just to influence an industry or -

a scientific discipline but to change a cul-
ture” (p. 60). Considerable attention is
given to the prehistory of the transistor
and the work of R. W. Pohl, Julius Li-
lienfeld, Karl Lark-Horovitz, and oth-
ers. The authors devote a full chapter to
the Bell Telephone Laboratories and the
difficult question of why the transistor
was invented there in December 1947.
They conclude that the transistor was
not ‘‘the product of three men, or of one
laboratory, or of Physics’’ but ‘‘required
the contributions of hundreds of scien-
tists, working in many different places,
in many different fields over many
years’’ (p. 49). The difficulties that the
transistor posed for those whose educa-
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tion and experience were in vacuum-
tube circuits and systems are well
treated in a discussion having distinct
overtones of Thomas Kuhn’s theory of
scientific revolutions. Many readers, like
myself, whose electronics education was
in the vacuum-tube era will recall efforts
to fit the transistor into the Procrustean
bed of tube theory and practice as well as
the *‘wishing-in’’ and ‘‘friendly’’ effects
that were characteristic of early transis-
tors (p. 56).

The early dominance of the industry
by Bell and the established vacuum-tube
manufacturers was challenged during the
1950’s by a rapid proliferation of new
firms specializing in semiconductors.
The authors suggest that the established
firms failed fully to appreciate the impor-
tance of the small semiconductor elite,
who in effect became the ‘‘free agents’’
of the industry and founded or worked
for the new firms such as Fairchild and
Transitron. As a result, leadership
passed to *‘those who could attract, keep
and make best use of these individuals’’
(p. 72). A decisive role in the early suc-
cess of many of these firms was played
by the existence of a military market that
was receptive to the latest products and
not overly concerned with price. New
manufacturing processes such as the
planar technique introduced by Fairchild
Semiconductor in 1958 brought about an
enormous increase in productivity and
fierce price competition. This precipi-
tated a crisis in the early 1960’s that was
resolved at least temporarily by a new
product innovation, the integrated cir-
cuit.

The second half of the book is devoted
to the second phase of the semiconduc-
tor revolution, in which the transistor
and discrete components were sup-
planted by the integrated circuit. What
had seemed to be a predictable evolu-
tionary pattern of miniaturization was
shattered abruptly by the introduction of
processes that made the integrated cir-
cuit the winning contestant among the al-
ternative paths to microelectronics. In a
chapter on the American semiconductor
industry, the authors provide a fascinat-
ing explanation of synergism that result-
ed from the location of numerous firms in
**Silicon Valley’ near San Francisco. A

key element both there and along Route
128 near Boston was the ready availabili-
ty of risk capital controlled by a ‘‘new
breed of men, expert in both financial af-
fairs and electronics’” (p. 128). Geo-
graphical proximity also facilitated rapid
transfer of experts and information, of-
ten in the informal setting provided by
the Wagonwheel Bar, where ‘‘semicon-
ductor men drank, exchanged informa-
tion and hired employees’’ (p. 127). The
market value of the expert ‘‘job hopper’’
was sometimes measured by the Hogan
unit, defined in terms of the large remu-
neration received by Lester Hogan when
he left Motorola to join Fairchild (p.
132). It was even suggested that an ef-
fective strategy for foreign competitors
might be to establish a plant in Silicon
Valley in order to take advantage of the
intangible factors that had helped make
the area a seedbed of innovation.

In the final chapter, ‘**Reflections on an
electronic age,”’ the authors discuss such
manifestations of the semiconductor rev-
olution as the pocket calculator and
speculate on the future. They consider
such issues as the ‘‘technological imper-
ative’’ of semiconductor devices, ‘‘tech-
nology-push’ versus ‘‘market-pull,”
and the paradox that the cheapest prod-
uct may sometimes be the best. They
note the generally poor record of those
who have tried to forecast developments
and impacts in the industry. They men-
tion but do not dwell on the **potentially
sinister aspects’’ of the misuse of elec-
tronics and computers (p. 196).

The analysis is well supported by
graphs and tables and by frequent quota-
tions from participants in the revolution.
A historiographic caveat is that the au-
thors do not discuss their interview pro-
cedure or tell whether transcripts of the
interviews are accessible to others. The
authors have not attempted to link their
findings to the literature on earlier tech-
nological or scientific revolutions, per-
haps in keeping with their expressed de-
sire to ‘‘avoid collision with the theorists
of invention and innovation” (p. 38).
Consequently, they have neglected sug-
gestive parallels with the well-studied
American System of Manufacturing of
the 19th century and related analytical
concepts such as technological con-
vergence introduced by Nathan Rosen-
berg. Hugh Aitken’s recent monograph
on the origins of radio also contains con-
cepts and insights that might have en-
riched this study.

This book deserves a wide readership
both among those who have a profes-
sional interest in public policy issues in-
volving high technology and among
those who are merely curious about the
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roots of the ubiquitous pocket calculator
or apprehensive about a future domi-
nated increasingly by computers and
electronic technocrats. It should be of
particular interest to students of the his-
tory and sociology of 20th-century sci-
ence, technology, and business and of
technological revolutions in general.
JAMES E. BRITTAIN
Department of Social Sciences,
Georgia Institute of Technology,
Atlanta 30332

Perceptual Constancy

Stability and Constancy in Visual Perception.
Mechanisms and Processes. WiLLiaAM Ep-
SsTEIN, Ed. Wiley-Interscience, New York,
1977. xiv, 464 pp., illus. $22.50. Wiley Series
in Behavior.

This book is organized around one of
the major problems of classical per-
ceptual research: how we perceive the
objects and events of the visual world as
stable despite the physical fact that the
light at our eyes is continually changing.

The problem itself is not self-evident:
Inasmuch as the surface colors (reflect-
ances), sizes, shapes, and other attri-
butes of objects are relatively stable,
why should we be surprised that we per-
ceive them so? To understand why, we
must first distinguish the physical ob-
jects and their properties, which are dis-
tal stimuli, from the proximal patterns of
stimulation the objects present to the
sensory receptors in the eye. Under given
viewing conditions, the size, shape, and
luminance of the proximal stimulation
that is provided by an object are deter-
mined by the object’s size, shape, and
reflectance. Change the object’s distance,
inclination to the line of sight, and illumi-
nation, and the size, shape, and lumi-
nance of its proximal stimulation change.
In fact, subjects usually report that two
objects appear equally light, say, or large
when they are more alike in distal re-
flectance and size than in proximal stim-
ulus pattern. On what information and
by what processes, then, does the viewer
identify the invariant object properties
by means of varying stimulation?

The problem is methodologically at-
tractive. Proximal and distal variables
are usually relatively easy to vary inde-
pendently and to measure precisely. And
the theoretical issue is surely important.
But the nature of the problem that is
posed depends on our theory about how
sensory information is extracted from
the proximal stimulus pattern.

One approach to the problem, which
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yields the solution that is still favored by
many or most psychologists, is that of
Hermann von Helmholtz, who, as Jo-
hannes Miiller’s student, undertook the
task of analyzing perception in terms of
the unitary receptors or ‘‘specific nerve
energies’’ available to each sensory mo-
dality. To Helmholtz the visual response
to the proximal stimulus pattern was the
independent activities of the photorecep-
tors in the retina and the set of individual
sensations of color that accompany
these. Our sensations of an object thus
vary as the proximal stimulus varies, as
it does with changing viewing condi-
tions. We perceive stable object proper-
ties because we have learned to take into
account the conditions of viewing, that
is, whatever indications of distance and
illumination are contained in the proxi-
mal stimulus pattern. ‘‘Taking into ac-
count’’ is a process similar in its general
results to inference or syllogistic reason-
ing, except that it is unconscious. Most
useful to this process are the sensory
‘“‘experiments’’ on which each viewer
bases his or her unconscious inductions:
By our movements we find out that it is
the stationary form of the table in space
which is the cause of the changing image
in our eyes,” Helmholtz wrote in A
Treatise on Physiological Optics. Be-
cause distal object properties, not chang-
ing proximal stimulation, are important
in our lives, we normally find it difficult
to notice the changing sensations. We
perceive instead those objects and
events that would have been most likely
under normal viewing conditions to pro-
duce the sensory impressions we have
received.

Other approaches explain sensory re-
sponse to proximal stimulation dif-
ferently. If our receptor systems respond
to the ratio of luminances between an ob-
ject’s image and its surround, and not to
the absolute luminance of each, our re-
sponses would normally remain stable
with the object’s reflectance. Much of
the reflectance constancy that our per-
ceptions display could then be explained
(as Ewald Hering and Ernst Mach pro-
posed) without reference to processes
such as ‘‘taking into account’ or to the
necessity of perceptual learning. It is
easy to imagine neural circuitry that
could accomplish such sensitivity to ra-
tios of adjacent luminances, and some
suitable circuitry has actually been found.
The issue of perceptual constancy there-
fore intersects with the general nature-
nurture issue, but it need not. Even if re-
flectance constancy is a result of learning,
it might be a result of learning to attend
to the ratio, not of unconscious infer-
ences from mental structure.

More generally, we might hold with J.
J. Gibson that by innate endowment,
perceptual learning, or both, we extract
the constant object attributes that pro-
vide a mathematical invariant that under-
goes transformations in the changing
proximal stimulation. According to this
view, we respond directly to the in-
variant in the flux of changing proximal
stimulation that specifies a table in space
as we move around it and not through
the working of any additional inference-
like process. This is thus a holistic direct
perception theory.

In the book under review, William Ep-
stein provides thoughtful first and last
chapters discussing the history and theo-
retical importance of the constancies and
summing up contemporary findings
along lines similar to those I have devel-
oped here. He concludes that both kinds
of explanations are needed by the data
and that both should be pursued.

Wayne Shebilske reviews recent re-
search on the apparent stability of the
apparent locations of objects in the field
of view despite movements of the eye or
head and concludes that neither a ‘‘tak-
ing into account’ theory based on non-
visual (motoric) information about the
direction and extent of movement nor
one in which the stable distal stimulus is
extracted as the invariant undergoing
translation will explain the data. Sheldon
Ebenholtz argues that something very
much like Helmholtz’s unconscious in-
ference—what Ebenholtz calls an al-
gorithm-processing approach—is mani-
fested in the constancy of objects’ appar-
ent orientation despite changes in
proximal orientation (such as is caused
by tilting the viewer). Hiroshi Ono and
James Comerford consider possible
models to account for the perception of
depth resulting from binocular disparity
and the constancy of depth perception
over different distances (the visual sys-
tem must take viewing distance into ac-
count in assigning a definite depth to a
particular disparity in the two eyes’
views of an object) and find that there are
too few data to decide between the mod-
els. Walter C. Gogel presents a great
many data to support the familiar dis-
tinction between absolute (‘‘that table is
six feet away’’) and relative (‘‘that table
is nearer than that wall’’) sources of per-
ceptual information and shows that they
are often in conflict—a point difficult for
a holistic direct perception theory to ac-
commodate.

Although these five chapters are con-
cerned more with describing fields of
data than with what I believe to be the
most important theoretical differences
between the different classes of ex-

SCIENCE, VOL. 201



