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teresting experiments on ‘Binocular Factors in
Monocular Vision.” This title is somewhat mis-
leading. The essential characteristic of binoc-
ular vision consists in the simultaneous forma-
tion of slightly dissimilar images on the two
retinas, with corresponding modification of the
perception of depth in space. Mr. Judd’s ex-
periments relate to variation in direction of the
two visual lines, with resulting production of
double images ; but fusion of these images is an
indispensable requisite for the attainment of
any binocular perception.

It is well known that most persons fail to
*perceive douhle images as phenomena attendant
upon binocular vision. To perform binocular
experiments the observer must have some train-
ing in the muscular control of the eyes, and
also in visual perception. Such experiments
occupied much of my attention some years ago
(American Journal of Science, 1881-1883). In
performing the first experiment described by
Mr. Judd it is very easy to catch the heterony-
mous image, and by proper control of the eye
to stop its motion instantly. The appearance
of unrest of the object, to which he refers, is
due to the motion of this image during the in-
stant before fusion is attained. The visual line
of the closed eye, as Mr. Judd correctly ob-
serves, does not converge toward that of the
open eye. Since fusion of images is attained in
natural binocular vision and without any con-
scious effort, on suddenly opening the unused
eye, unconscious motion of both eyes results
until fusion is secured. But the vision is strictly
monocular until such fusion is completed, and
the momentary illusion is not a binocular factor
in such vision.

The experiment is perhaps most easily ac-
complished by covering one eye with the hand
and suddenly removing this, instead of bring-
ing the muscles of the eyelids into play. If the
open eye be directed to some well illuminated
object of known diameter and at a known dis-
tance, such asa clock dial, the angular displace-
ment of the heteronymousimage is easily found.
It is only necessary to control the unused eye,
resisting the tendency to secure fusion and not-
ing the interval between corresponding edges
of the two overlapping images. The ratio of
this to the distance gives the angle.
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The unused eye will in most cases be so
directed that the two visual lines are approxi-
mately parallel. In cases of strabismus, exter-
nal or internal, this parallelism is, of course,
lost, but in such cases there is usually no f)ower
of binocular perception, one eye being habitu-
ally depended upon to the exclusion of the
other.

When control of the eyes is lost temporarily
through drowsiness the uncontrolled relation
of the visual lines may be ascertained by wink-
ingone eye, if the observer is enough interested
in binocular experiments to remember this, and
to do this, in his semi-conscious condition. I
have done sorepeatedly, and have always found
in my own case that the double images were
homonymous; which indicates that the visual
lines were crossed instead of divergent. I have
watched the eyes of othersunder such conditions.
In some cases the contraction of the rectus
muscles was seen to be internal, in others ex-
ternal. No general rule on this subject can
be formulated. It seems highly probable, how-
ever, that after consciousness becomes com-
plete all the rectus muscles are completely
relaxed, with more or less divergence of visual
lines. By the aid of stereographs upon which
the stereographic interval exceeds the obser-
ver’s interocular distance, binocular vision by
optic divergence is readily attained after a
reasonable degree of muscular control of the
eyes has been attained by practice. But for
obvious reasons the external rectus muscles are
comparatively but little under the control of
the will, and 7° or 8° of such divergence is
probably about a maximum for normal eyes.

I have elsewhere shown (d4m. Jour. Sci.,
May, 1882) that the ciliary muscle is also sub-
ject to the control of the will, though its action
is most generally automatic. My observation
accords with that of Mr. Judd that vision with a
single eye is rarely if ever equal in distinctness
to that with two eyes. But the accommodation

" of the single eye improves with time.
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sky are indispensable to every active astro-
.nomical observatory and to every astronomer
who wishes to study the fainter stars. Unfor-
tunately, the original edition of this work is
exhausted, so that copies can no longer be sup-
plied. A new edition is being prepared by the
Bonn Observatory, and will be published
shortly, provided that subscriptions for a hun-
dred copies, at seventy Marks each, are prom-
ised before May 1, 1898. The price is very low,
considering the amount of material furnished.
After that date the price will be raised to one
hundred and twenty Marks. The Astronomical
Conference held at the dedication of the
Yerkes Observatory appointed the under-
signed a committee to aid this project. Or-
ders for copies may be sent to the publishers,
Messrs. A. Marcus and E. Weber, Bonn, Ger-
many, or will be transmitted to them by any
member of the committee. It is proposed to
publish a list of American subscribers, and it is

hoped that at least fifty copies will be taken by -

American astronomers. Since charts deterior-
ate rapidly by constant use several copies
should be taken by each of the larger observa-
tories. The members of the committee have
shown their appreciation of the value of this
work by ordering twelve copies for use in the
institutions under their direction. It is of the
greatest importance that the subscription list
should be filled, as it is probable that in the fu-
ture many similar enterprises may be under-
taken, whose success will depend upon that

now attained.
EDWARD C. PICKERING,

J. H. HAGEN, 8. J.,
M. B. SNYDER,
Committee.
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This is a most attractive work, not only con-
quering elementary graphics entire, but con-
taining much more of highest geometric interest,
including a fairly complete course on higher
plane curves.

SCIENCE.

355

The part of the subject where Churchso long
held supremacy in America, with his Descriptive
Geometry, justly appreciated for its elegance, is
paralleled by Professor Willson in his chapter
I. and chapters IX.-XII., 117 pages in all, in-
cluding 219 figures in the text, where he not
only covers with equal conciseness and elegance
the matter of Church’s 138 pages of text and 21
pages of illustration (102 figures), but in addi-
tion has treated many new and important mat-
ters, such as the Conoid of Pluecker (articles
333, 356, 477), a favorite surface of Sir Robert
Ball, applied in his Theory of Screws, which
itself may be looked upon as in part an applica-
tion of non-Euclidean geometry, also the Cylin-
droid of Frézier (33 333, 360, 489), the corne de
vache (3361, 475-6), and some special helicoids
(¢ 480-4), and also has covered the Third Angle
(or ‘shop’) method of employing descriptive
geometry, and given a very full treatment of
development (33 405-20). The mathematical
surfaces are beautifully illustrated.

The general plan of the book, while providing
a comprehensive graphical training in the form
of a progressive course, admits of specialization,
of shorter courses, with noticeable flexibility.
In fact, eight sub-groupings are indicated for
independent courses. Comparison with the
special treatises scrupulously cited shows the
extent of matter on all topics usually treated to
be surprisingly great. Professor Willson has a
gift for condensing without loss of clearness.

With this power, he does well to restate for
convenient reference many of the fundamental
definitions which he presumes already in some
form previously mastered—for example, the de-
finition of the trigonometric functions on p. 31.

But I still prefer the definition in the note
on p. 121, ¢ A straight line is the line which is
completely determined by two points:”’ to the
author’s second thought given in the preface,
¢ The line that is completely determined by any
two of its points.”” The spheric space of non-
Euclidean geometry, though movable as a
whole in itself, is such that two geodetic lines
in it always cut in two points.

Of course, no spherical trigonometry is em-
ployed in the author’s solution of the problems
of trihedrals, purely a graphic process, as it
should be. We are glad to find as an appendix



