What are the facts and 1mpheat10ns of this simple
experiment ?

Foremost is the fact that the numbness is felt out-
side actual bodily limits. The subject “projects” a
feeling of numbness to the locality of his partner’s
finger.

This use of numbness, meaning eompletely “dead”
or “asleep,” does not include partial sensation, such
as tingling. It is like the numbness that is felt in an
arm asleep over one’s head when it must be lifted as
a dead, heavy weight. It is like the feeling in one’s
lip experienced upon self-palpation after a dentist’s
injection of novoeaine has completely numbed it.
Whether this feeling is to be.regarded as a negative
tactile sensation, a positive tactile sensation, or a
tactile sensation ‘at all, poses an interesting semantic
problem.

Three sources of stimulation may be reeogmzed
peripherally in the two-person Japanese illusion:
cutaneous stimuli from the tip of the stroking finger,
kinesthetic stimuli from ‘the movement of stroking,
and visual stimuli from observation of -the act.

Conspicuously absent are cutaneous stimuli from
the finger ‘that is being stroked. But it has texture
fairly like one’s own finger, is-in a position commonly
occupied by it, and looks fairly like it. The brain’s
interpretation is then one previously learned for. a
similar ‘pattern of sensory impulses: the part is
asleep.

Certainly in the two-person illusion, and probably
in other instances of this numbness, the- feeling is
entirely independent of cutaneous sensory impulses
from the locality that feels numb. Visual stimuli (not
to exclude visual imagery) are dispensable, since the
illusion can be felt by the subject when his eyes are
closed. But three subjects felt a numbness while
watching the partner stroke his own finger! Appar-
ently the numbness can also be felt upon the visual
stimulation of watching the act and in the absence

of the kinesthetic stimulation of the stroking move-

ment. The implication is that eriteria for this sort
of numbness in a bodily part are: (1) palpation of

the part (usually self-palpation), (2) absence of -

cutaneous sensory impulses from the part, and (3)
self-identification of the part.

The third ecriterion, self-identification of the part
touched, is interesting in the light of the concept of
body-image. The central notion of body-image, devel-
oped and extended somewhat varlously by Head (2),
Schilder (1), and Lhermitte (3), is that every person
holds in his nervous system a plastic model or idea
of his own body, built up from past sensory experi-
ence '(vision, touch, kmesthes1s, ete.) and constantly
modified by new experience. The body-image of a
person gives the cues that permit him to locate ac-
curately the parts of his own body, to judge properly
the boundaries of his body in relation to other ob-
Jects, and to have suceessful sensorimotor behavior
in general When a limb is. amputated ‘the body-
image is expressed in continued “projection” of sen-

sation into a phantom limb; the body-image is said- .
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to be thus unmasked. Our experiment can also be said
to unmask the body-image by demonstrating a poten-
tiality of the nervous system for “projection” of
numbness to a foreign bodily part under eonditions
sufﬁclently resembling those with which-an own bodlly
part is identified.

An individual who 1mmed1ately conceptualizes the
experlment by properly identifying the fingers in-

~ volved is not susceptible to the illusion. But when per-

sistently asked if the stroked finger doesn’t feel a little
like his, he may presently report that he has captured
the feeling. A suggestible person may almost turn the
illusion on or off by per51stently imagining that the
stroked finger either is, or is not, his own. Similarly,
concentrating attention on the stroked finger facili-
tates the illusion; on the stroking finger inhibits it.
With repetition one may find that the illusion is in-
creasmgly difficult to produce. This suggests a learn-
ing of the new position or its incorporation into the
body-image as other sensory data are brought to bear
upon the problem '

A consideration of the phenomena of this and

‘related experiments calls for greater structural de-

ﬁnity of ‘the still rather amorphous concept of body-
image. Its review and elaboration bear on a physio-

" logieal explanation of how somatic sensations are

localized.
; JEAN T. BOULWARE
Biomechanics Group
University of C’ahforma
San Francisco
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The Mechanism of Visual Excitation

A significant advance toward the understanding of
the mechanism of visual excitation has been made re-
cently by Wald and Brown .(Z). They found that “the
bleaching of rhodopsin by light -exposes new sulf-
hydryl groups on opsin, two such —SH groups for
each molecule of retinene liberated. The sulfhydryl
group is highly reactive; it is weakly acidic, readily
binds metal ions, and is a strong reducing agent.” In

: partleular, the sulfhydryl groups combine readlly Wlth

silver ions.

The mechanism seems to become even clearer if we
note that the affinity of the sulfhydryl groups for such.
positive tons makes the totality of such groups an
effective cathode. But we already know that a nerve

“becomes excited under the cathode when the stimulus

becomes sufficiently strong. One would therefore ex-
pect that the rod cells would become excited when
a certain critical amount of rhodopsin has been
bleached, thus producing a sufficient number of -sulf-
hydryl groups. :

The problem of how such effective cathodes cause

585



ions to move is one of considerable interest, but the
excitation of nerve itself may perhaps’be more profit-
ably studied using real cathodes, since more is known

about the way in ‘which they function. However, it is.

conceivable that once one has the mechanism of excita-
tion of nerve worked out, it may be possible to work
backward and to piece together the intermediate proc-

esses oceurring in the visual organ.

" JaMes H. BARTLETT
Department of Physics

University of Illinois .
Urbana
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Book Reviezwvs

The American Llustrated Medical Dictionéry, 22nd
‘ed. W. A, Newman Dorland, Ed. Philadelphia-Lon-
don: Saunders, 1951. 1736 pp. $10.00.

As science makes advances new terms are constantly
being added. The job of keeping a medical dictionary
up to date is difficult and complicated, and such a

book requires numerous revisions and editions. Saun-

ders medical _dictionary; now in its twenty-second
edition, has long served as an authority in its field,
and this latest edition, published on its fiftieth anni-
versary, maintains its previously high standards of
excellence. New terms are covered adequately, and old
terms have been retained and elaborated upon in a
satisfactory manner.

The .volume is in a new typography and format,

characterized by many illustrations to keep abreast of
modern findings and changes in nomenclature.,
Among new features in the book the editor has in-
cluded a valuable preliminary article -on the funda-
mentals of medical etymology and a table- of modern
drugs and dosages. He and the publishers are to be
congratulated on this new edition; its excellence
should assure continued publication for the next fifty
years. :
, ArLeN E. HENKIN
Washington, D. C. ‘

The Computatzon of Elements of Eclzpsmg Bmary
Systems. Zdengk Kopal. Cambridge, Mass.: Har-
vard College Observatory, 1950. 181 pp. $5.00, $4.00
paper.

Eclipsing variables make it pOSSlblé to study many
properties of the stars which would otherwise be al-
most, or completely, closed to our investigation. Al-
most all our reliable information about their diameters
and densities comes from this source, and under favor-
able circumstances it- becomes possible. to enter

analytically the otherwise inaccessible interior, and"

find the internal concentration of density.-

Modern photoelectric methods make observation of
the light of an eclipsing system a simple matter—for

the expert—with an aceuracy approaching one part
in a thousand. From such observations, covering the
whole period, and showing. fully the effects of the
eclipse of each star by the -other, a remarkable
amount of knowledge may be derived.
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Analytieally, the theory that deduces the size and
brightness of the stars, the orbital inelination, ete.,
is surprisingly complicated. Even the simplest case
(two spherical stars and a circular orbit). can be
solved only with the aid of extensive numerical tables
of special functions. With their aid a precise solution
is usually poss1ble, but thére remain cases in -which
a solution is indeterminate without- additional infor-
mation. In the more complex cases, when the stars
are close together, distorted by tidal forces, and
heated on the facing sides by each other’s radiation,
a-fair approximation may be reached by a theory, first
suggested nearly forty years ago, that assumes the
components to be similar ellipsoids. Methods for im-
proving this solution to any desired: degree with the
aid of very extensive expansions in series were later

“developed by Dr. Kopal. Still more complications,

such as the presence of streams of gas escaping from
the stars, or of bright patches on their surfaces, some-
times occur, but are not yet amenable to - theory.
Eclipsing systems, therefore, are as interesting to the
mathematician as to the astrophysieist.

The present work suppléments the author’s earlier
volume, An. Introduction to the Study of Eclipsing
Variables, published in 1946, and deals with methods
for the numerical solution of the various forms. pre-
sented by, the problem, Though no numerical ex-
amples are glven, ‘the presentation of theory and praec-
tical procedure is  complete and lucid. The specific
treatment is highly technical (as it should be) and
comment on its details may well be left to rev1ewers
in professional journals.

It appears more to the point to note certam differ-
ences in the manner of discussing even such recondite
matters when seen from different angles. These are

‘primarily differences of taste and preference and all

the more interesting because of the traditional im-
possibility of resolving the dispute. .

Dr. Kopal’s approach is that of a fairly pure
mathematician who feels strongly the element of
uncertainty and of personal idiosynerasy involved in
the use of ‘a freehand curve drawn to represent the
observations. He prefers to make even the first of the
successive approximations required.in the solution by
a diseussion of all the relevant observations by least-
squares—even though it is -clearly recognized that the
first approximation must ordinarily ‘start with such
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