Book Reviews

Man as Sensor

Sensory Imhibition. GEorG VON BEKESY.
Princeton University Press, Princeton, N.J.,
1967. 277 pp., illus. $8.50.

This book is based upon the Her-
bert S. Langfeld Lectures delivered by
von Békésy at Princeton University in
the fall of 1965. Von Békésy’s report
of his own extensive experiments in
the processes of sensory inhibition rep-
resents an important substantive and
methodological contribution. On the
substantive side, the formulation of the
idea of “funneling” as a general prin-
ciple underlying the inhibitory inter-
actions that filter information from sen-
sory receptors clarifies the relation-
ships between phenomena of perceptual
resolution, sensitivity, and integration.
On the methodological side, it is ap-
propriate that, in a period increasingly
dominated by electrophysiological ap-
proaches to sensory research, the ad-
vantages and unique achievements of
psychological experiments be explicitly
stated.

Von Békésy’s concern with inhibition
goes back to 1928 and his study of the
mechanical properties of the basilar
membrane. Depending upon the fre-
quency of vibration, different sections
of the basilar membrane vibrate at
maximum amplitude, but the maximum
is relatively flat. In order to explain
the precision of pitch discrimination,
von Békésy suggested that the lateral
fibers of the basilar membrane sharpen
resolution by suppressing the response
of all the nerves but those stimulated
near the maxima. In 1930, he proposed
that inhibition is also a factor in the
perception of the direction of a sound.
The inhibition that occurs in the basilar
membrane and in directional hearing,
however, differs in nature from the
inhibition of motor responses, in that
it is accompanied also by summation.
Though a large binaural time differ-
ence localizes a sound completely in
one ear, the loudness that is perceived
is greater when both ears are stimulated
than when only one ear is stimulated.
Von Békésy conceives of this simultan-
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eous action of inhibition and summa-
tion in sensory processes as a funneling
of laterally spreading stimulation into a
localized neural pathway. Funneling by
filtering and amplifying the neural re-
sponse serves the important function
of increasing the signal-to-noise ratio.

Von Békésy’s view of funneling is
far-ranging and varied. He shows it
to be a general characteristic of the
nervous system that may occur at
many different levels. Funneling is a
function of the spatial and temporal
distribution of stimuli, the magnitude,
frequency, and abruptness of a stimu-
lus, and the density of neural inter-
connections, The experiments he re-
ports show that it affects sensitivity,
resolution, and the integration of spatial
and temporal patterns of stimulation.
A large amount of funneling produces
a low absolute threshold, a large dif-
ference threshold, a lower rate of in-
crease in sensation magnitude with in-
crease of stimulus intensity, and pre-
cise apparent localization. Pursued in
depth, the processes of funneling raise
many fascinating and fundamental
questions.

A Dbasic type of funneling action is
that responsible for Mach bands. In
Mach bands, a graded distribution of
light is transformed into a much sharp-
er distribution of sensation. Von Bék-
ésy demonstrates that Mach bands are
not restricted to the eye but occur on
the skin for both direct pressure and
vibration. The basic effects of excita-
tion and inhibition that produce Mach
bands are derived from observations
on the sensory impressions produced
by two points of stimulation on the
skin as their distance is increased. The
summation of adjacent stimuli and the
inhibition of more distant stimuli lead
von Békésy to propose that every stim-
ulus produces an area of sensation sur-
rounded by an area of inhibition. This
pattern of activity is basic to all sen-
sory systems and constitutes a neural
unit. The concept of a neural unit
furnishes a unifying explanation for

the phenomena of two-point stimula-
tion and Mach bands. The properties
of a geometric model of Mach bands
on the skin and in the eye are examined
in some detail. Von Békésy shows that
if Mach bands are to occur the inhibitory
area has to be larger than the sensory
area, and that an adequate description
of observed Mach bands is obtained
if the size of the inhibitory area and the
magnitude of inhibition are assumed to
increase with the intensity of the stimu-
lus. He also demonstrates that the pro-
posed model is consistent with the
occurrence of inhibition at one level
or at successive levels of the nerv-
ous system, and that the dimensions
of the neural unit determined for the
skin and for the eye account for the
differences between Mach bands on
the skin and in the eye.

The funneling effects found in direc-
tional hearing as a function of the
inequality of the magnitude or time
of arrival of two sounds also has its
counterparts in other sense organs. A
difference of 1 millisecond is sufficient
to localize a sensation of vibrations,
taste, or smell as coming from the
point from which stimulation arrives
first. Moreover, the localization of vi-
bration on the body may be shifted
by introducing delays in activating two
vibrators analogous to that which oc-
curs in the dichotic localization of a
sound, though the cutaneous receptors,
unlike the auditory receptors, possess
“local signs™ that indicate spatial posi-
tion. Even when two vibrators are
placed in a vertical position on the
same side of the body, it is possible to
localize the sensation as coming from
a point from which stimulation arrives
first. Thus localization is not tied to
interactions between the hemispheres.
Only in experiments on warmth and
pain has localization not appeared in
time intervals as short as 1 millisecond.
Von Békésy attributes this failure to
his procedure, which produced a slow
onset time for both these sensations.
He shows auditory and cutaneous local-
ization to be best when the onset of a
stimulus is abrupt.

Speed of Transmission

Von Békésy’s study of funneling ex-
pands into related topics. Since we do
not perceive a large area over which
traveling waves move when the body
is stimulated by a vibrator, the funnel-
ing process in localization must be
rapid and in the millisecond range.
Change in localization as a result of
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delay of stimulation provides a means
of measuring the speed of nerve con-
duction. Helmholtz used a reaction-
time experiment to measure the speed
of nerve transmission and found it to
be between 50 and 60 meters per sec-
ond. When localization is used to esti-
mate the speed of conduction, the esti-
mates are much greater. Von Békésy
estimates the speed of transmission for
vibrations on the skin to be 208 meters
per second. He suggests that there are
two speeds of neural conduction—a
fast process for the inhibitory interac-
tions that produce localization, and
a slower process for the growth of a
sensation. Whereas localization is de-
termined within a few milliseconds
after the onset of a stimulus, the time
necessary for the growth of a sensa-
tion may take from 20 milliseconds in
hearing to more than 1000 milliseconds
in taste, smell, and vibration. Von
Békésy found that the speed of neural
transmission is greatly affected by tem-
perature and pain. He reports that an
electric shock applied 10 seconds be-
fore an observation will cause a sig-
nificant drop in the speed of nerve
transmission. The lower speeds reported
from animal studies may therefore be
due to the effects of anesthesia, tem-
perature, and pain which disturb the
nervous system.

Localization is a powerful method
for probing neural activity. Cyclic
changes in localization when the tongue
is stimulated indicate a periodicity in
taste sensations. Localization phenome-
na also divide the four basic taste
sensations into two groups: sour-salt
and sweet-bitter, Simultaneous stimu-
lation of the sides of the tongue with

bitter and sweet or sour and salt pro- -

duces a single sensation in the middle
of the tongue which can be moved
from side to side by suitably timing
the stimulations. A single sensation is
not produced, however, for simultane-
ous stimulation with bitter and sour
or salt and sweet. Thus there appears
to be a closer relation between bitter
and sweet and between salt and sour
than between other pairs. An unusual
type of neural funneling is shown when
vibrators with frequencies of 20, 40,
80, 160, and 320 cycles per second
are placed on the arm. Only the mid-
dle vibration of 80 cycles per second
is felt. The presence of all the vibra-
tors, however, increases the magnitude
of the sensation through summation.
This indicates that even a flat maxi-
mum may set into action inhibitory
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effects that produce a sharp localiza-.

tion.

Von Békésy’s contrast of the use
of psychological and electrophysiologi-
cal methods to investigate sensory func-
tions highlights the strengths and weak-
nesses of each approach. The limita-
tions besetting each method make it
important that sensory functions be
studied by both electrophysiological
and psychological experiments. Von
Békésy suggests, for example, that local-
ization of a stimulus is determined by
the onset of nerve firing, the later firing
serving to indicate the magnitude and
quality of a sensation. The evidence
here is psychological. A 2000-cycle-
per-second tone can be determined
quite well from only two cycles of
vibration; similarly, localization of a
vibratory pattern on the skin of the
arm will occur when only two com-
plete cycles are presented. This demon-
strates the difficulty in using only
electrophysiological methods to study
sensory processes. Electrophysiological-
ly, there is at present no means for
separating the initial burst from suc-
ceeding spikes in neural transmission
and for correlating initial bursts with
the phenomenal property of localization
and succeeding spikes with the prop-
erties of magnitude and quality. A cen-
tral problem in the study of sensory
processes is the relationship between
neural responses and subjective attri-
butes. Von Békésy’s discussion em-
phasizes that any hypothesis about
the neurophysiological correlates of sen-
sory attributes must remain tentative
in the absence of corroborating psy-
chological experiments. Though not
mentioned in the book, a most interest-
ing divergence between electrophysio-
logical and psychological studies con-
cerns the question of coding taste. Elec-
trophysiological measures indicate that
there are no. receptors that are spe-
cifically sensitive to taste qualities;
rather, taste is determined by the pat-
tern of neural activity. In contrast, von
Békésy’s psychological studies indicate
that there are single receptors which
are sensitive to specific tastes such as
salt, sour, bitter, and sweet. It is pos-
sible that electrophysiological record-
ings from nerve fibers do not fully
reflect the funneling action that occurs
at higher levels of the nervous system,
or that the taste system in man dif-
fers from that of animals. Whatever
the final resolution of this issue, it re-
veals clearly that electrophysiological
recordings must be shown to be con-

sistent with psychological experiments
before electrophysiological measures of
neural responses can be interpreted un-
ambiguously. '

Experimental Methods

Von Békésy discusses the difficulties
of using psychological observations in
the analysis of sensory functions. The
foremost requirement is that methods
of stimulation produce a well-defined
and constant effect. The book amply
attests to the difficulty of this require-
ment and to von Békésy’s skill in ar-
ranging experimental procedures that
meet it. Von Békésy shows that psy-
chology can be as precise in its meth-
ods as electrophysiology. Precise experi-
mental control is not sufficient, how-
ever. The sensory effects produced by
even a simple and precisely defined
stimulus are often numerous, and the
subject must be trained to report only
on the particular sensation one is con-
cerned with and to inhibit other sensa-
tions. A careful analytic description
of the possible percepts may even be
necessary. Perceptual experiments for
the purposes of sensory analysis must
be guided by an introspective attitude
that reduces cognitive and motivational
factors to a minimum.

Funneling and inhibition can also
occur at a cortical level. A form of
cortical inhibition is involved in the
fact that we appear to observe discon-
tinuously, taking in sensory information
in temporal quanta. Through training
one can also learn to inhibit stimula-
tion. For example, a singer appar-
ently can be trained not to hear the
bone-conducted sounds coming from
his throat and to hear his voice only
through the air-conducted sounds. A
complex case of funneling occurs in
the projection of sensations outside the
body. Von Békésy reports that when
there is a time interval in stimulating
the two knees with vibrators there is
a jumping of sensation from one side
to the other depending upon which
knee is stimulated first. After several
weeks of training, however, a subject
can experience a continuous motion of
the vibratory sensation from one knee
to the other as a function of the time
interval. Now when the knees are stim-
ulated simultaneously, the vibrations
are localized in the free space between
them. Moreover, a displacement of the
sensation in this free space will occur
with suitable changes in the timing of
stimulation. The projection of sensa-
tions into external space appears to be
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closely related to cortical funneling in
ways that are not at all understood.
Von Békésy does not adopt a single
viewpoint or comprehensive theoreti-
cal position toward funneling and in-
hibition processes. Rather, he shows the
advantages of a many-sided investigation
of these phenomena. The experiments
presented succeed in demonstrating
funneling and inhibition as proc-
esses common to different sensory or-
gans and to different levels of the nerv-
ous system. The research reported thus
discloses the commonality among di-
verse phenomena. The pulling together
of different phenomena in a way that
reveals similarities will provide stimulat-
ing insights not only to sensory physi-
ologists and psychologists but also to
those interested in more complex per-
ceptual and decision processes. Von
Békésy’s research clearly fulfills the quo-
tation from Goethe inscribed at the be-
ginning of the book—Willst du ins
Unendliche schreiten geh nur im End-
lichen nach allen Seiten.
JacoB BECK
Department of Psychology,
University of Oregon, Eugene

Newton as an Elder Statesman

The Correspondence of Isaac Newton. Vol.
4, 1694-1709. J. F. Scort, Ed. Published
for the Royal Society by Cambridge Uni-
versity Press, New York, 1967. 611 pp,
illus. $38.50.

With the publication of this fourth
volume the monumental Royal Society
edition of the correspondence of New-
ton has now turned the corner toward
completion of its seven volumes. It is
very fortunate that J. F. Scott was
available and willing to shoulder the
heavy burden of continuing the work
which had been carried so far by the
late H. W. Turnbull.

The present effort covers the years
1694--1709, and since Newton’s earliest
letters were from 1661 the four vol-
umes represent about three-quarters of
his writing years (he died in 1709),
leaving the next three volumes to con-
tain the last quarter of years, the un-
dated material, and the collected in-
dexes and scholarly machinery. This
fourth volume, though only slightly
larger in pages than its predecessors,
carries almost twice as many individual
items. As a sign of the times, in the
lapse of five years or so during the
change of editors, the price of the
volumes has jumped to half as much
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again; but then no standard library or

specialist researcher on Newton and
his period can afford to be without con-
stant access to this fundamental work
of the highest caliber.

The Newton that is found in the
pages of this volume is already the
elder statesman of science, reaping the
just rewards of the Principia and be-
ginning, seven years after its pub-
lication, to toy with the idea of ex-
tending it in a second edition. To con-
tinue his work with the fundamental
lunar theory he had need of the ob-
servations of Flamsteed; and so de-
veloped one of the most famous and
unpleasant altercations between scien-
tists of great worth but incorrigibly
prickly character. Further in the mat-
ter of rewards, Newton was appointed
to his office at the Royal Mint, an
office which was intended as a sinecure,
but taken so conscientiously and seri-
ously that one must credit quite a lot
of the later economic strength and se-
curity of England to the efficient re-
forms and administration of Newton;
perhaps one might suggest that the next
Nobel prizewinner should be drafted
to a similar “sinecure” in the office
of Postmaster General. From the same
period comes Newton’s absolutely un-
eventful term as a Whig University
Member of Parliament, and his being
knighted, though exactly why he got
these two honors still remains a rather
dark mystery.

As usual with the Newton material—
and we can expect nothing different
from the remaining volumes—there is
hardly a trace of the human being
existing within this scientist shell. Even
the tirade at Flamsteed, though vio-
lently angry, nevertheless maintains a
certain impersonality. Just a touch of
the triumphant mathematician may be
seen in number 561, where he copies
at length the challenge to solve the
problems of the brachistochrone as just
proposed by Bernouilli, then adds, “Thus
far Bernouilli. The solutions of the
problems are as follows. . . .” Perhaps
most important is the interesting matter
of number 695 and number 697, where
Newton writes to Sloane to arrange for
Francis Hauksbee, well-known inven-
tor of electrical machines and of a fine
new air pump, to bring his pump and
demonstrate the phenomena of vacuum.
What is interesting is that Newton sug-
gests that Hauksbee come to his house
where he can “get some philosophical
persons to see his Expts who will
otherwise be difficultly got together.” It
must be supposed from this that there

is some possibility that a group of the
Royal Society amateurs may have ac-
tually met at Newton’s house; it gives
an image far from that of the com-
pletely antisocial recluse.

Of more direct scientific interest in
this volume, apart from the already
mentioned and very extensive contribu-
tions to lunar theory, there is a fine
dissertation on the quantifying of de-
grees of heat in the temperature scale,
with astute experimental observations
on melting points and other fixed marks
in the range. To speak, however, of
the matter of scientific content rather
than the historical information of the
letters must bring up another publica-
tion that has just started to come
forth from the Cambridge University
Press in their same superlatively com-
petent style. The new series is that of
The Mathematical Papers of Isaac New-
ton, of which the first of a projected
set of eight volumes has just come out,
edited by D. T. Whiteside [reviewed
in Science, 13 Oct, 1967]. Now that
we have both sets of Cambridge Uni-
versity Press volumes begun and a full
variorum edition of the Principia long
promised and on its way, we may take
this passing of the halfway point of the
Correspondence as a signal that Newton
studies have now become very much an
excitingly successful and full-time occu-
pation for very competent people.

DERex J. DE SOLLA PRICE
Department of History of Science and
Medicine, Yale University,
New Haven, Connecticut

Whither Queues?

Queuning Theory: Recent Developments
and Applications. Proceedings of a NATO
Science Committee conference, Lisbon,
Sept.—Oct. 1965. R. Cruon, Ed. Elsevier,
New York, 1967. 240 pp., illus. $13.50.

“Queuing theory” is a term of recent
vintage (the 1940’s) for mathematical
studies of situations producing conges-
tion and hence delays or waiting lines
(queues). The typical mathematical
model is that of a service system in
which a stream of demands for service
appears before a service center with
one, or many, servers, and either the
time epochs at which demands are
made or the service time required, or
both, have a probabilistic (stochastic)
character. With the appearance of a
flood of recent books, the study of
this model in all its many guises, elabo-
rations, and variations may be regarded
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