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PREFACE

VENTUALLY one of the results of application to
the analysis and measurement of the phenomena
of light, color, lighting, and vision is a firmly

entrenched conviction of the inadequacy of physical
measurements as a means for representing what is
perceived. Physical measurements have supplied
much of the foundation of knowledge and it is not a
reflection upon their great usefulness to state that
often they differ from the results of intellectual ap-
praisal through the visual sense. In other words, there
are numberless so-called visual illusions which must
be taken into account. All are of interest; many can
be utilized; and some must be suppressed.

Scientific literature yields a great many valuable
discussions from theoretical and experimental view-
points but much of the material is controversial. The
practical aspects of visual illusions have been quite
generally passed by and, inasmuch as there does not
appear to be a volume available which treats the sub-
ject in a condensed manner but with a broad scope,
this small volume is contributed toward filling the
gap. :

The extreme complexity of the subject is recognized,
but an attempt toward simplicity of treatment has been
made by confining the discussion chiefly to static
visual illusions, by suppressing minor details, and by

il
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VISUAL ILLUSIONS

I
INTRODUCTION

EEING is deceiving. Thus a familiar epigram
S may be challenged in order to indicate the
trend of this book which aims to treat certain
phases of visual illusions. In general, we do not see
things as they are or as they are related to each other;
that is, the intellect does mot correctly interpret the
deliverances of the visual sense, although sometimes
the optical mechanism of the eyes is directly respon-
sible for the illusion. In other words, none of our
conceptions and perceptions are quite adequate, but
fortunately most of them are satisfactory for practical
purposes. Only a part of what is perceived comes
through the senses from the object; the remainder
always comes from within. In fact, it is the visual
sense or the intellect which is responsible for illusions
of the various types to be discussed in the follow-
ing chapters. Our past experiences, associations,
desires, demands, imaginings, and other more or less
obscure influences create illusions.
An illusion does not generally exist physically but
it is difficult in some cases to explain the cause. Cer-
tainly there are many cases of errors of judgment.

A mistaken estimate of the distance of a mountain
1












INTRODUCTION 6

the presentation of representative facts. This is the
reasoning which led to the formulation of the outline
of chapters.

Owing to the vast complex beyond the physical
phenomena, physical measurements upon objects and
~ space which have done so much toward building a
solid foundation for scientific knowledge fail ulti-
mately to provide an exact mathematical picture of
that which is perceived. Much of the author’s previous
work has been devoted to the physical realities but
the ever-present differences between physical and per-
ceptive realities have emphasized the need for con-
sidering the latter as well.

Illusions are legion. They greet the careful ob-
server on every hand. They play a prominent part
in our appreciation of the physical world. Sometimes
they must be avoided, but often they may be put to
work in various arts. Their widespread existence and
their forcefulness make visual perception the final
judge in decoration, in painting, in architecture, in
landscaping, in lighting, and in other activities. The
ultimate limitation of measurements with physical
instruments leaves this responsibility to the intel-
lect. The mental being is impressed with things as
perceived, not with things as they are. It is believed
that this intellectual or judiciary phase which plays
such a part in visual perception will be best brought
out by examples of various types of static illusions
coupled with certain facts pertaining to the eye and
to the visual process as a whole.

In special simple cases it is not difficult to deter-
mine when or how nearly a perception is true but in
























I
THE EYE

ELMHOLTZ, who contributed so much toward
H our knowledge of the visual process, in referring
to the eye, once stated that he could make a
much better optical instrument but not a better eye.
In other words, the eye is far from an ideal optical
instrument but as an eye it is wonderful. Its range
of sensitiveness and its adaptability to the extreme
variety of demands upon it are truly marvelous when
compared with instruments devised by mankind.
Obviously, the eye is the connecting link between
objective reality and visual perception and, therefore,
it plays an important part in illusions. In fact, some-
times it is solely responsible for the illusion. The
process of vision may be divided into several steps
such as (1) the lighting, color, character, and dispo-
sition of objects; (2) the mechanism by which the
image is formed upon the retina; (3) various optical
defects of this mechanism; (4) the sensitiveness of
the parts of the retina to light and color; (5) the struc-
ture of the retina; (6) the parts played by monocular
and binocular vision; and (7) the various events
which follow the formation of the image upon the
retina. ,
The mechanism of the eye makes it possible to see

not only light but objects. Elementary eyes of the
13












THE EYE 17

background. Light streaming through the pin-hole
into the eye casts an erect shadow of the pin-head
upon the retina, and this erect image is projected into
space and inverted in the process by the effect of the
lens. The latter is not operative during the casting
of the shadow because the pin-head is too close to
the lens, as already stated. It is further proved to be
outward projection of the retinal image (the shadow)
because by multiplying the number of pin-holes (the
light-sources) there are also a corresponding number
of shadows.

The foregoing not only illustrates the inversion of
the image but again emphasizes the fact that we do
not see retinal images. Even the ¢ stars ” which we
see on pressing the eye-lid or on receiving a blow on
the eye are projected into space. The * motes ”’ which
we see in the visual field while gazing at the sky are
defects in the eye-media, and these images are pro-
jected into space. We do not see anything in the eye.
The retinal image impresses the retina in some definite
manner and the impression is carried to the brain by
the optic nerve. The intellect then refers or projects
this impression outward into space as an external
image. The latter would be a facsimile of the phys-
ical object if there were no illusions but the fact
that there are illusions indicates that errors are
introduced somewhere along the path from and to
the object.

It is interesting to speculate whether the first visual
impression of a new-born babe is “projected out-
ward ” or is perceived as in the eye. It is equally futile
to conjecture in this manner because there is no in-
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the outer coating of the shell is called the sclerotic.
This consists of dense fibrous tissue known as the
“ white of the eye.” Inside this coating is a layer of
black pigment cells termed the choroid. Next is the
bacillary layer which lines about five-sixths of the
interior surface of the eye. This is formed by closely
packed “ rods ”’ and * cones,” which play a dominant
role in the visual process. A light-sensitive liquid
(visual purple) and cellular and fibrous layers complete
the retinal structure.

The place where the optic nerve enters the eye-
ball and begins to spread out is blind. Objects whose
images fall on this spot are invisible. This blind-spot
is not particularly of interest here, but it may be of
interest to note its effect. This is easily done by
closing one eye and looking directly at one of two small
black circles about two inches apart on white paper
at a distance of about a foot from the eye. By moving
the objects about until the image of the circle not
directly looked at falls upon the blind-spot, this circle
will disappear. A three-foot circle at a distance of 36
feet will completely disappear if its image falls directly
upon the blind-spot. At a distance of 42 inches the
invisible area is about 12 inches from the point of sight
and about 3 to 4 inches in diameter. At 300 feet the
area is about 8 feet in diameter. The actual size of
the retinal blind-spot is about 0.06 inch in diameter
or nearly 6 degrees. Binocular vision overcomes any
annoyance due to the blind-spots because they do not
overlap in the visual field. A one-eyed person is really
totally blind for this portion of the retina or of the
visual field.
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28 VISUAL ILLUSIONS

The foregoing are only a few of the many visual
phenomena due largely to the structure of the eye.
The effects of these and many others enter into visual
illusions, as will be seen here and there throughout
the chapters which follow.



m
VISION

DESCRIPTION of the eye by no means suf-

fices to clarify the visual process. Even the

descriptions of various phenomena in the pre-
ceding chapter accomplish little more than to ac-
quaint the reader with the operation of a mechanism,
although they suggest the trend of the explanations
of many illusions. At best only monocular vision
has been treated, and it does not exist normally for
human beings. A person capable only of monocular
vision would be like Cyclops Polyphemus. We might
have two eyes, or even, like Argus, possess a hundred
eyes and still not experience the wonderful advan-
tages of binocular vision, for each eye might see in-
dependently. The phenomena of binocular vision
are far less physical than those of monocular vision.
They are much more obscure, illusory, and perplexing
because they are more complexly interwoven with or
allied to psychological phenomena.

The sense of sight differs considerably from the
other senses. The sense of touch requires solid con-
tact (usually); taste involves liquid contact; smell,
gaseous contact; and hearing depends upon a relay
of vibrations from an object through another medium
(usually air), resulting finally in contact. However,

we perceive things at a distance through vibration
29
























VISION 37

although a pine tree at the horizon-line may be esti-
mated as 26 feet across despite the fact that it may
be entirely included in the disk of the sun setting
behind it.

Double images play an important part in the com-
parison of distances of objects. The * doubling ” of
objects is only equal to the interocular distance. Sup-
pose two horizontal wires or clotheslines about fifty
feet away and one a few feet beyond the other. On
looking at these no double images are visible and it is
difficult or even impossible to see which is the nearer
when the points of attachment of the ends are screened
from view. However, if the head is turned to one side
and downward (90 degrees) so that the interocular
line is now at right angles (vertical) to the horizontal
lines, the relative distances of the latter are brought
out distinctly. Double images become visible in the
latter case.

According to Briicke’s theory the eyes are con-
tinuously in motion and the observer by alternately
increasing or decreasing the convergence of the axes
of the eyes, combines successively the different parts
of the two scenes as seen by the two eyes and by
running the point of sight back and forth by trial obtains
a distinct perception of binocular perspective or relief
or depth of space. It may be assumed that experience
has made the observer proficient in this appraisal
which he arrives at almost unconsciously, although
it may be just as easy to accept Wheatstone’s explana-
tion. In fact, some experiences with the stereoscope
appear to support the latter theory.

Wheatstone discovered that the dissimilar pictures
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of the correct dissimilarity of stereoscopic pictures.
It is interesting and instructive to practice combining
these with the unaided eyes. If Fig. 2 is held at an
arm’s length and the eyes are focused upon a point
several inches distant, the axes will be sufficiently

Fig. 2. — Stereoscopic pictures for combining by converging
or diverging the optical axes.
converged so that the two images are superposed. It
may help to focus the eyes upon the tip of a finger
until the stereoscopic images are combined. In this
case of converging axes the final combined result will
be the appearance of a hollow tube or of a shell of a
truncated cone, apparently possessing the third di-
mension and being perceived as apparently smaller
than the actual pictures in the background at arm’s

Fig. 8. — Stereoscopic pictures.

length. If the two stereoscopic pictures are combined
by looking at a point far beyond the actual position
of Fig. 2, the combined effect is a solid truncated
cone but perceived as of about the same size and at
about the same distance from the eye as the actual
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muscular activity attending accommodation and con-
vergence of the eyes aids in giving to this mental
picture the appearance of depth by establishing relative
distances of various objects. Certainly the acquired
facility is remarkable.
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The explanation accepted by some is that more
effort is required to raise the eyes, or point of sight,
through a certain vertical distance than through an
equal horizontal distance. Perhaps we unconsciously
appraise effort of this sort in terms of distance, but
is it not logical to inquire why we have not through

Fig. 5. — The vertical dimension is equal to the hori-
zontal one, but the former appears greater.

experience learned to sense the difference between
the relation of effort to horizontal distance and that
of effort to vertical distance through which the point
of sight is moved? We are doing this continuously,
so why do we not learn to distinguish; furthermore,
we have overcome other great obstacles in developing
our visual sense. In this complex field of physiological
psychology questions are not only annoying, but often
disruptive.
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Fig. 7, a appears shorter than
b and the central part appears
lengthened, although the total
line appears shortened. This
illusion is intensified by leav-
ing the central section blank.
A figure of this sort can be
readily drawn by the reader
by using short straight lines
in place of the circles in Fig.
8. In this figure the space
between the inside edges of
the two circles on the left ap-
pears larger than the overall
distance between the outside
edges of the two circles on
the right, despite the fact that
these distances are equal. It
appears that mere intensity of
retinal stimulation does not
account for these illusions,
but rather the figures which
we see.

In Fig. 9 the three squares
are equal in dimensions but
the different characters of the
divisions cause them to ap-
pear not only unequal, but no
longer squares. In Fig. 10

Fig. 9. — Three squares of equal dimen-
sions which appear different in area
and dimension.
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the distance between the outside edges of the three
circles arranged horizontally appears greater than the
empty space between the upper circle and the left-
hand circle of the group.

Tlusions of Contour. —The illusions of this type,
or exhibiting this influence, are quite numerous. In

Fig. 10. — The vertical distance between the upper circle and the left-hand
one of the group is equal to the overall length of the group of three circles.
Fig. 11 there are two semicircles, one closed by a
diameter, the other unclosed. The latter appears
somewhat flatter and of slightly greater radius than
the closed one. Similarly in Fig. 12 the shorter por-
tion of the interrupted circumference of a circle ap-
pears flatter and of greater radius of curvature than
the greater portions. In Fig. 13 the length of the
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middle space and of the open-sided squares are equal.
In fact there are two uncompleted squares and an
empty * square ” between, the three of which are of
equal dimensions. However the middle space ap-

(/s

Fig. 11. — Two equal semicircles. Fig. 12. — Arcs of the same circle

pears slightly too high and narrow; the other two
appear slightly too low and broad. These figures are
related to the well-known Miiller-Lyer illusion il-
lustrated in Fig. 66. Some of the illusions presented
later will be seen to involve the influence of contour.

Fig. 18. — Three incomplete but equal squares.

Examples of these are Figs. 66 and 60. In the former,
the horizontal base line appears to sag; in the latter,
the areas appear unequal, but they are equal.
Nlusions of Contrast. — Those illusions due to
brightness contrast are not included in this group,
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A striking illusion of contrast is shown in Fig. 17,
where the central circles of the two figures are equal,
although the one surrounded by the large circles ap-
pears much smaller than the other. Similarly, in
Fig. 18 the inner circles of b and c are equal but that
of b appears the larger. The inner circle of a appears

L

Fig. 16. — An illusion of contrast.

larger than the outer circle of b, despite their actual
equality. :

In Fig. 19 the circle nearer the apex of the angle
appears larger than the other. This has been pre-
sented as one reason why the sun and moon appear
larger at the horizon than when at higher altitudes.
This explanation must be based upon the assumption
that we interpret the  vault” of the sky to meet
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Fig. 17. — Equal circles which appear unequal due to contrast
(Ebbinghaus’ figure).

b

C

Fig. 18. — Equal circles appearing unequal owing to contrasting
concentric circles.
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at the horizon in a manner somewhat similar to the
angle but it is difficult to imagine such an angle made
by the vault of the sky and the earth’s horizon. If

e

Fig. 19. — Circles influenced by position within an angle.

there were one in reality, it would not be seen in
profile.

If two angles of equal size are bounded by small
and large angles respectively, the apex in each case

Fig. 20. — Contrasting angles.

being common to the inner and two bounding angles,
the effect of contrast is very apparent, as seen in Fig. 20.
In Fig. 57 are found examples of effects of lines con-
trasted as to length.
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The reader may readily construct an extensive
variety of illusions of contrast; in fact, contrast plays
a part in most geometrical-optical illusions. The

\ //
PFig. 21. — Owing to perspective the right
angles appear oblique and vice versa.

contrasts may be between existing lines, areas, etc.,
or the imagination may supply some of them.

Nlusions of Perspective.— As the complexity of
figures is increased the number of possible illusions

x

A
Fig. 22. — Two equal diagonals which uppéar unequal.

is multiplied. In perspective we have the influences
of various factors such as lines, angles, and some-
times contour and contrast. In Fig. 21 the sug-
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gestion due to the perspective of the cube causes
right angles to appear oblique and oblique angles to
appear to be right angles. This figure is particularly
illusive. It is interesting to note that even an after-
image of a right-angle cross when projected upon a
wall drawn in perspective in a painting will appear
oblique.

e -

b
Fig. 28. — Apparent variations in the distance between

two parallel lines.

A striking illusion involving perspective, or at least
the influence of angles, is shown in Fig. 22. Here the
diagonals of the two parallelograms are of equal
length but the one on the right appears much smaller.
That AX is equal in length to AY is readily demon-
strated by describing a circle from the center A and
with a radius equal to AX. It will be found to pass
through the point Y. Obviously, geometry abounds
in geometrical-optical illusions.
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The effect of contrast is seen in a in Fig. 23; that
is, the short parallel lines appear further apart than
the pair of long ones. By adding the oblique lines
at the ends of the lower pair in b, these parallel lines

Fig. 24. — A striking illusion of perspective.

now appear further apart than the horizontal parallel
lines of the small rectangle.

The influence of perspective is particularly ap-
parent in Fig. 24, where natural perspective lines
are drawn to suggest a scene. The square columns
are of the same size but the further one, for example,
being apparently the most distant and of the same
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physical dimensions, actually appears much larger.
Here is a case where experience, allowing for a di-
minution of size with increasing distance, actually
causes the column on the right to appear larger than
it really is. The artist will find this illusion even more

G

Fig. 26. — Distortion of a square due to superposed lines.

striking if he draws three human figures of the same
size but similarly disposed in respect to perspective
lines. Apparently converging lines influence these
equal figures in proportion as they suggest perspective.

Although they are not necessarily illusions of
perspective, Figs. 26 and 26 are presented here be-
cause they involve similar influences. In Fig. 26 the
hollow square is superposed upon groups of oblique
lines so arranged as to apparently distort the square.
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A person approaching us is not sensibly perceived
to grow. He is more likely to be perceived all the time
as of normal size. The finger held at some distance
may more than cover the object such as a distant
person, but the finger is not ordinarily perceived
as larger than the person. Of course, when we think
of it we are conscious of perspective and of the in-
crease in size of an approaching object. When a
locomotive or automobile approaches very rapidly,
this “ growth ” is likely to be so striking as to be -
generally noticeable. The reader may find it of
interest at this point to turn to illustrations in other
chapters. :

The foregoing are a few geometrical illusions of
representative types. These are not all the types of
illusions by any means and they are only a few of an
almost numberless host. These have been presented
in a brief classification in order that the reader might
not be overwhelined by the apparent chaos. Various
special and miscellaneous geometrical illusions are
presented in later chapters.
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circles each. Perhaps we may be momentarily con-
scious of individual circles; then the pattern may
change to a hexagonal one, each ‘ hexagon’ con-
sisting of seven circles — six surrounding a central

one. The pattern also changes into parallel strings
of circles, triangles, etc.

N
N
N
N
PN
PN
N

/)
—

ANANANANANA VA
VAN

Fig. 29. — Crossed lines which may be interpreted in two ways.

The crossed lines in Fig. 29 can be seen as right
angles in perspective with two different spatial ar-
rangements of one or both lines. In fact there is
quite a tendency to see such crossed lines as right
angles in perspective. The two groups on the right
represent a simplified Zéllner’s illusion (Fig. 37),
The reader may find it interesting to spend some
time viewing these figures and in exercising his ability
to fluctuate his attention. In fact, he must call upon
his imagination in these cases. Sometimes the
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The illusion of the bent card or partially open
book is seen in Fig. 31. The tetrahedron in Fig. 32
may appear either as erect on its base or as leaning
backward with its base seen from underneath.

The series of rings in Fig. 33 may be imagined

Fig. 81. — The reversible ‘‘ open Fig. 32. — A reversible tetrahedron.
book » (after Mach).

to form a tube such as a sheet-metal pipe with its
axis lying in either of two directions. Sometimes by
closing one eye the two changes in this type of il-
lusion are more readily brought about. It is also
interesting to close and open each eye alternately,
at the same time trying to note just where the at-
tention is fixed. )

The familiar staircase is represented in Fig. 34.
It is likely to appear in its usual position and then
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changed, thus producing momentarily a rather peculiar
figure consisting of two solids, for example, attached
by necessarily warped surfaces.

Perhaps the reader has often witnessed the striking
illusion of some portraits which were made of sub-

AARRRRANY

Fig. 35. — Thiéry’s figure.

jects looking directly at the camera or painter. Re-
gardless of the position of the observer the eyes of
the portrait appear to be directed toward him. In
fact, as the observer moves, the eyes in the picture
follow him so relentlessly as to provoke even a feeling
of uncanniness. This fact is accounted for by the
absence of a third dimension, for a sculptured model
of a head does not exhibit this feature. Perspective
plays a part in some manner, but no attempt toward
explanation will be made.
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of the retina ought to have a determined position if a
perspective illusion is to appear; but the form of this
illusion is entirely dependent on motion and direction.”
Some hypotheses interweave the known facts of the
nervous system with psychological facts but some of
these are examples of a common anomaly in theori-
zation, for facts plus facts do not necessarily result in a
correct theory. That is, two sets of facts interwoven
do not necessarily yield an explanation which is
correct.
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on a straight line. However, if another line is con-
nected to one, thus forming an angle as C does with
4, the lines which appeared to be continuous (as A4
and B originally) no longer appear so. The converse
is also true, for lines which are not in the same straight
line may be made to appear to be by the addition of
another line forming a proper angle. All these vari-

o

D

Fig. 41. — Simple effect of angles.

ations cannot be shown in a single figure, but the reader
will find it interesting to draw them. Furthermore,
the letters used on the diagram in order to make the
description clearer may be confusing and these can be
eliminated by redrawing the figure. In Fig. 41 the
obtuse angle AC tends to tilt A downward, so ap-
parently if A were prolonged it would fall below B.
Similarly, C appears to fall to the right of D.

This illusion apparently is due to the presence of
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This line should be drawn to appear to be a continu-
ation of C when the page is held so D is approxi-
mately horizontal. This is a simple and effective
means of testing the magnitude of the illusion, for it

Fig. 42. The effect of two angles in tilting the horizontal lines.

is measured by the degree of apparent deviation
between D and the line drawn adjacent to it, which
the eye will tolerate. Another method of obtaining
such a measurement is to begin with only the angle
and to draw the apparent continuation of one of its

D

Fig. 43. The effect of crossed lines upon their respective apparent
directions.

lines with a space intervening. This deviation from
the true continuation may then be readily deter-
mined.

A more complex case is found in Fig. 43 where the
effect of an obtuse angle ACD is to make the continu-
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extended would meet the upper end of the oblique
line on the left; however, the apparent point of inter-
section is somewhat lower than it is in reality. In
Fig. 46 the oblique line on the left is in the same
straight line with the lower oblique line on the right.
The line drawn parallel to the latter furnishes an idea
of the extent of the illusion. This is the well-known
Poggendorff illusion. The upper oblique line on the

\

Fig. 46. — The two diagonals Fig. 46. — Poggendorff’s illusion. Which
would meet on the left ver- oblique line on the right is the prolong-
tical line. ation of the oblique line on the left?

right actually appears to be approximately the con-
tinuation of the upper oblique line on the right. The
explanation of this illusion on the simple basis of
underestimation or overestimation of angles is open
to criticism. If Fig. 46 is held so that the intercepted
line is horizontal or vertical, the illusion disappears
or at least is greatly reduced. It is difficult to recon-
cile this disappearance of the illusion for certain
positions of the figure with the theory that the illusion
is due to an incorrect appraisal of the angles.
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more or less to the total result. In Fig. 47 a series of
concentric arcs of circles end in a straight line. The
result is that the straight line appears to sag per-
ceptibly. Incidentally, it may be interesting for the
reader to ascertain whether or not there is any doubt
in his mind as to the arcs appearing to belong to

\/

Fig. 48. — Distortions of contour due to contact with other contours.

circles. To the author the arcs appear distorted from
those of true circles.

In Fig. 48 the bounding figure is a true circle but
it appears to be distorted or dented inward where the
angles of the hexagon meet it. Similarly, the sides
of the hexagon appear to sag inward where the corners
of the rectangle meet them.

The influences which have been emphasized ap-
parently are responsible for the illusions in Figs. 49,
60 and 61. It is interesting to note the disappearance
of the illusion, as the plane of Fig. 49 is varied from
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A discussion of the influence of angles must in-
clude a reference to the well-known Miiller-Lyer
illusion presented in Fig. 66. It is obvious in a that
the horizontal part on the left appears considerably
longer than that part in the right half of the diagram.
The influence of angles in this illusion can be easily
tested by varying the direction of the lines at the
ends of the two portions.

> <—>

a

> < <>

Fig. 66. — The Miller-Lyer illusion.

In all these figures the influence of angles is
obvious. This does not mean that they are always
solely or even primarily responsible for the illusion.
In fact, the illusion of Poggendorff (Fig. 46) may be
due to the incorrect estimation of certain linear
distances, but the angles make this erroneous judg-
ment possible, or at least contribute toward it. Many
discussions of the theories or explanations of these
figures are available in scientific literature of which
one by Judd ? may be taken as representative. He
holds that the false estimation of angles in the Poggen-
dorff figure is merely a secondary effect, not always
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of angles is seen in Fig. 68. The two lines forming
angles with the horizontal are of equal length but due
to their relative positions, they do not appear so. It
would be quite misleading to say that this illusion is

v

Fig. 67. — Combined influence of angles and contrasting lengths.

merely due to angles. Obviously, it is due to the
presence of the two oblique lines. It is of interest
to turn to Figs. 26, 26 and various illusions of per-

spective.

Fig. 68. — Two equal oblique lines appear unequal
because of their different positions.

At this point a digression appears to be necessary
and, therefore, Fig. 69 is introduced. Here the areas
of the two figures are equal. The judgment of area is
likely to be influenced by juxtaposed lines and there-
fore, as in this case, the lower appears larger than the
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the two parts of such lines are unequal in the same
manner as the horizontal line in the Miiller-Lyer
figure appears divided into two unequal parts.

Somewhat analogous to this in some cases is
Brunot’s mean-distance theory. According to this we
establish ‘ centers of gravity ” in figures and these
influence our judgments.

These are glimpses of certain trends of theories.
None is a complete success or failure. Each explains
some illusions satisfactorily, but not necessarily ex-
clusively. For the present, we will be content with
these glimpses of the purely theoretical aspects of
visual illusions.
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perienced them. Some can influence them, a few
can destroy them, a few can indirectly initiate them,
but those who can both create and destroy them ap-
pear to be rare.

It may seem to the reader that the latter part of
this chapter departs from the main trend of this book,
for most of these illusions of depth are to a degree
of hallucinatory origin. Furthermore it has been the
intention to discuss only those types of illusions
which are experienced quite uniformly and univer-
sally. The digression of this chapter is excused on
the basis of affording a glimpse along the borderland
of those groups of illusions which are nearly uni-
versally experienced. Many other phases of depth
illusions have been recorded in scientific literature.
The excellent records presented by Carr could be
drawn upon for further glimpses, but it appears that
no more space should be given to this exceptional
type. The reader should be sufficiently forewarned
of this type and should be able to take it into account
if peculiarities in other types appear to be explainable
in this manner. However, in closing it is well to
emphasize the fact that the hallucinatory aspect of
depth illusions is practically absent in types of il-
lusions to which attention is confined in other chapters.
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blotting paper is placed at C, the eye when placed
before the opening at the right will see the opening
at H filled with the background C. The hole H may
be cut in thin metal, painted a dull white, and may
be of the shape of a star. This shape provides an
mtimacy between the hole and its environment
which tends to augment the effects of contrasts. R
and F are respectively the rear and front lamps.

Ri r ¥
" /£ —_
X - x

Fig. 63. — Simple apparatus for demonstrating
the remarkable effects of contrasts
in brightness and color.

That is, the lamps R illuminate C, which * fills ” the
hole and apparently is the hole; and the lamps F
illuminate the diffusing white environment E. The
two sets of lamps may be controlled by separate
rheostats, but if the latter are unavailable the lamps
(several in each set) may be arranged so that by
turning each one off or on, a range of contrasts in
brightness between E and H (in reality C) may be
obtained. (By using colored lamps and colored papers
as discussed in Chapter IX the marvelous effects of
color-contrast may be superposed upon those of
brightness-contrast.)
























IRRADIATION AND BRIGHTNESS-CONTRAST 123

surface of greater intensity enlarges itself at the expense of
one of less intensity.
5. A form having many of the characteristics of the first

type, but occurring only after long periods of stimulation, of the
magnitude of 30 to 60 seconds or more.
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hues are of the longer wave-lengths (yellow, orange,
red) are advancing.

In order to obtain experimental measurements
two light-tight boxes, each containing a light-source,
were arranged to run independently upon tracks.
Over the front end of each a diaphragm was placed
so that the observer saw two characters as in Fig. 68.
A saturated red filter was placed over one and a
saturated blue filter over the other. In a dark room

s || A

Fig. 68. — For demonstrating retiring and advancing colors.

the observer saw a blue E and a red H standing out
in the darkness. One of these boxes was fastened so
as to be immovable and the observer moved the other:
to and fro by means of a cord over pulleys until the
two characters appeared equi-distant from him. This
was done for a series of distances of the stationary
box from the observer’s eye. Nearly all the observers
(without being acquainted with the positions) were
obliged to set the red H further behind the blue E
in order that both appeared at the same distance.
This added distance for the red H was as much as
2.4 feet when the blue E was at a distance of 24 feet.
In other words the difference in the positions of the
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sources and all bright areas colored or colorless, when
viewed amid dark surroundings, appear to be sur-
rounded by diffuse brushes of light. These brushes
are likely to be of a bluish tint.

Many of these phenomena are readily explained,
but this cannot be done safely without knowing or
recognizing all conditions. Many are not easily ex-
plained, especially when reported by others, who may
not recognize certain important conditions. For ex-
ample, authentic observers have reported that black
letters on white paper appeared vivid red on a white
background, under certain conditions. Of the latter,
the apparently important one was ‘ sun’s rays falling
aslant the forehead.”” When the eyes were shaded
with the hand the letters immediately appeared black
as they should.

The influence of the color of an object upon its
apparent weight is relatively slight, but there is evi-
dence of a tendency to judge a red or black object to
be slightly heavier than a yellow or blue object of the
same weight. It appears that hue is a minor factor
in influencing the judgment and that there is no cor-
relation between the affective quality of a color and
its influence upon apparent weight. Although the
scanty evidence available attributes but a slight
influence to color in this respect, it is of interest in
passing as a reminder of the many subtle factors
which are at work modifying our judgments.
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tufes often tnged with the biwe shyfighe, for these
solitudes are osually 1 the shade. Thus their ress-
fuiness or even depgressiveness mey be acoeunted
for — partielly 2t [east. These brief glimpees are
peesented m arder that they mey sugpest ta the reader
another trend of thought when certar ilusinos of
hght and color are heid ap for anefysin. Besides
our hites and disfikes must be takex mte scosumt
This phase of Sght and color has beex trested clse-
where*

A very sossual kind of ogtical Hlission = llestrated
by the phenomenocn of the apparest ending of a search-
Eght beam which bhas attracted mmch attestion im
connection with the powerful searchiights wsed for
locating aeropianes FigTT . For years the apparemt
ending has more or less careiessly beex attributed
to the diminution of the density of atmospheric fog
or haze, but recently Karrer* has sugpested what
appears to be the correct explanation.

When the beam of Light from a powerful searchiight
is directed into spece, its path is visible owing to the
scattering of some of the light by dust and moisture
particles and the molecules of the air itself. While
obviously the beam itself must go on indefinitely, its
luminous path appears to end abruptly at mo very
great distance from the source. This is true whether
the beam is photographed or viewed with the naked
eye.

The fact that the appearance of the beam is no dif-
ferent when it is directed horizontally than when

directed vertically proved that the common assump-
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no other means in the landscape of judging the dis-
tance of the horizon than by the perspective afforded
by the road, it would likely be inferred that the road
only extended a short distance on the level, and then
went down a hill, that is, passed abruptly from the
observer’s view.

These conditions obtain ideally in the case of the
searchlight beam. There is no other means of judging
the position in space of the ‘‘ end ” of an unobstructed
searchlight beam than by the perspective of the beam
itself, and the operator in adjusting it to appear parallel
eliminates the perspective.

The angle at which the beam must diverge to appear
parallel to an observer depends upon the distance of
the observer from the searchlight. A beam which
seems parallel to a person close to it will not appear
so at a distance. This fact probably accounts for the
difficulties encountered during ‘¢ searchlight drill ? in
the army in getting a beam which satisfied both the
private operating the lamp and the officer down the
field as to its parallelity.

To summarize, the apparent abrupt ending of a
searchlight beam is purely an optical illusion. It
really has no ending; it extends to infinity.
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river. Of course, this story might not be true but it
serves as well as any to emphasize the illusion which
arises when the familiar haze is not present in strange
territory.

It is a common experience that things * loom in
a fog,” that is, that they appear larger than they
really are. An explanation which has been offered
is that of an * excess of aerial perspective ”’ which
causes us to overestimate distance and therefore to
overestimate size. If this explanation is correct, it is
quite in the same manner that in clear atmosphere
in the mountains we underestimate distance and,
consequently, size. However, another factor may
enter in the latter case, for the illusion is confined
chiefly to newcomers; that is, in time one learns
to judge correctly. On entering a region of real moun-
tains the first time, the newcomer’s previous ex-
perience with these formations is confined to hills
relatively much smaller. Even allowing consider-
ably for a greater size when viewing the majestic
peaks for the first time, he cannot be expected to think
in terms of peaks many times larger than his familiar
hills. Thus underestimating the size of the great
peaks, he underestimates the distance. The rarity
of the atmospheric haze aids him in making this mis-
take. This is not offered as a substitute for aerial
perspective as the primary cause of the illusion but it
appears to the author that it is a cause which must
be taken into account.

The apparent form of the sky has attracted the
attention of many scientific investigators for centuries.
There are many conflicting opinions as to the causes
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A dense red filter was maintained over the lens through-
out in order to eliminate the effect of selective ab-
sorption of the atmosphere. But the slightest en-
largement was detected in the width of the path near
the horizon as compared with that at the highest
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Fig. 78. — An accurate tracing from a photograph (continual exposure) of
the moon rising.

altitude. This copy was made because it was thought
better for reproduction than the photograph which
would require a half-tone. This is positive evidence
that the phenomenon is an illusion.

Similarly Fig. 79 is a copy of a negative of several
exposures of the sun. Owing to the greater bright-
ness, continuous exposure was not considered feasible.
A panchromatic plate and red filter was used as in
the case of the moon. The various exposures were
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Altitude Relative apparent diameter
0 deg. (horizon) 100
15 [3 “
w [ w
46 ¢ 40
60 ¢ U
76 ¢ 31
90 ¢ (zenith) 30
| Iy
V' 17y
|1 I/
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Fig. 80. — Explanation offered by Smith of the apparent enlargement of
heavenly bodies near the horizon.

They also found a similar relation between the alti-
tude and the apparent size of constellations. Fig. 80
is a reproduction of a diagram which Smith sub-
mitted as illustrating the cause of the illusion of
apparent enlargement of heavenly bodies near the
horizon. If the sky seems to be a flattened vault,
the reason for the apparent decrease in the size of
the sun, the moon, or the constellations, as they ap-
proach the zenith, is suggested by the diagram.

It has also been suggested that such illusions as
those shown in Figs. 10 and 19 are associated with
that of apparent enlargement of heavenly bodies near
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the horizon. It will be left to the reader to decide
whether or not there is any similarity or relation.

Zoth appears to have proved, to his own satis-
faction at least, that the chief factors are not aerial
perspective, the apparent curvature or form of the sky,
and the comparison of the sun or moon with objects
of known size. He maintained that the illusion of
apparent decrease in size as these bodies increase
in altitude is due to the necessary elevation of the
eye. No available experimental evidence seems to
refute his statement. In fact, Guttman’s experi-
ments seem to confirm it to some extent. The latter
found that there was an apparent diminution in the
size of objects of several per cent, in objects slightly
more than a foot distant from the eyes, as they were
raised so that the line of vision changed from hori-
zontal to an angle of forty degrees. The magnitude
of this diminution is not sufficient to promote the ac-
ceptance of elevation of the eyes as a primary cause
of the illusion in respect to the heavenly bodies.

Notwithstanding arguments to the contrary, it
is difficult to eliminate aerial perspective and the
apparent form of the sky as important factors. That
no explanation of this illusion has been generally
accepted indicates the complexity of the causes.
Certainly the reddish coloration of the sun and moon
near the horizon and the contrast with the misty
atmosphere combined with the general vague aspect
of the atmosphere contribute something if no more
than a deepening of the mystery. Variations in the
transparency and brightness of the air must play
some part.












XII
PAINTING AND DECORATION

N the arts where colors, brightnesses, contrasts,
lines, forms, and perspectives mean so much, it
is obvious that visual illusions are important.

Sometimes they are evils which must be suppressed;
in some cases they are boons to the artist if he is equal
to the task of harnessing them. Ofttimes they appear
unheralded and unexpected. The existence of visual
illusions is sufficient to justify the artist’s pride in
his ¢ eye ” and his dependence upon his visual judg-
ment rather than upon what he knows to be true.
However true this may be, kndwledge is as useful
to the artist as to anyone else. The artist, if he is
to produce art, is confronted with the tremendous
task of perfecting an imperfect nature and he is handi-
capped with tools inferior to those which nature has
at her disposal. He must deal with reflected lights
from earthly materials. Nature has these besides
the great primary light-sources — the sun, the moon,
the stars, and, we might say, the sky. She also has
the advantage of overwhelming magnitudes.

These are only a few of the disadvantages under
which the artist works, but they indicate that he must
grasp any advantage here and there which he may.
Knowledge cannot fail him; still, if he fears that

it will take him out of his ¢ dreamn world ” and taint
179
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must be master of unusual visual and intellectual
processes. But knowledge will aid him as well as
those in other activities. A superior acquaintance
with scientific facts lifted past masters above their
fellows and what helped Leonardo da Vinci, Rem-
brandt, Velasquez, Turner, Claude, Monet,and other
masters will help artists of today. What would not
those past masters have accomplished if they had
available in their time the greater knowledge of the
present!



X1
ARCHITECTURE

ANY illusions are found in architecture and,
strangely enough, many of these were recog-
nized long before painting developed beyond

its primitive stages. The architecture of classic
Greece displays a highly developed knowledge of
many geometrical illusions and the architects of
those far-off centuries carefully worked out details
for counteracting them. Drawings reveal many il-
lusions to the architect, but many are not predicted
by them. The ever-changing relations of lines and
forms in architecture as we vary our viewpoint in-
troduce many illusions which may appear and dis-
appear. No view of a group of buildings or of the
components of a single structure can be free from
optical illusions. We never see in the reality the
same relations of lines, forms, colors, and bright-
nesses as indicated by the drawings or blue-prints.
Perhaps this is one of the best reasons for justifying
the construction of expensive models of our more
pretentious structures.

No detailed account of the many architectural
illusions will be attempted, for it is easy for the reader
to see many of the possibilities suggested by preceding
chapters. However, a few will be touched upon to
reveal the magnitude of the illusory effect and to
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to a low tower by decreasing the size of its successive
portions more rapidly than demanded by perspective
alone. The same principal can be applied in many
ways. For example, in Fig. 89 the roof appears quite
extensive when viewed so that the end-walls of the
structure are not seen. Such illusions find applications

=~ © /™

Fig. 88. — Some simple geometrical-optical illusions in architecture.

in the moving-picture studio where extensive interiors,
great fortresses, and even villages must be erected
within small areas. Incidentally the camera aids to
create the illusion of magnitude in photographs
because it usually magnifies perspective, thereby
causing scenes to appear more extensive in the photo-
graphs than in the reality.

Balance in architecture is subject to illusions and
might be considered an illusion itself. For example,
our judgment of balance is based largely upon mechan-
ical laws. A composition must appear to be stable;
that is, a large component such as a tower must not
be situated too far from what we take as a center of
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Pig. 85. — Exaggerated illusions in architecture.
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images of the side walls W and these images were
taken by the audience to be portions of the rear wall
W. Thus the table appeared to be open underneath
and the possibilities of the apparatus are evident.
The magician with a fine flow of language could

—— —
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Fig. 90.— An example of a “‘mirror” illusion.

dwell at length upon the coming to life of the head
of an ancient statue which he had in the box in his
hand. Walking to the table he could place the box
over a trap-door and by the time he had unlatched
the door of the box, the assistant kneeling under the
table could have his head thrust upward through the
trap-door of the table-top into the box. After a few
impressive words, supposed to be Hindoo but in reality
were Hoodoo, presto! and the Sphinx was revealed.
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to a low tower by decreasing the size of its successive
portions more rapidly than demanded by perspective
alone. The same principal can be applied in many
ways. For example, in Fig. 89 the roof appears quite
extensive when viewed so that the end-walls of the
structure are not seen. Such illusions find applications
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Fig. 88. — Some simple geometrical-optical illusions in architecture.

in the moving-picture studio where extensive interiors,
great fortresses, and even villages must be erected
within small areas. Incidentally the camera aids to
create the illusion of magnitude in photographs
because it usually magnifies perspective, thereby
causing scenes to appear more extensive in the photo-
graphs than in the reality.

Balance in architecture is subject to illusions and
might be considered an illusion itself. For example,
our judgment of balance is based largely upon mechan-
ical laws. A composition must appear to be stable;
that is, a large component such as a tower must not
be situated too far from what we take as a center of
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when it reaches a high altitude, the combination of
dark sky behind it and luminous haze between it
and the observer on the ground, it becomes of much
lower visibility. Another factor which contributes
somewhat is its diminishing size as viewed from a
fixed position at the earth. The minimum perceptible
contrast becomes larger as the size of the contrasting
patch diminishes.

Inasmuch as there is not enough light reflected
upward from the earth to illuminate the lower side
of an opaque surface sufficiently to make it as bright
as the sky ordinarily, excepting at very high altitudes
for very clear skies, it is necessary, in order to attain
low visibility for airplanes as viewed from below, to
supply some additional illumination to the lower
surfaces. Computations have shown that artificial
lighting is impracticable, but measurements on un-
doped airplane fabrics indicate that on sunny days
a sufficient brightness can be obtained from direct
sunlight diffused by the fabric to increase the bright-
ness to the order of magnitude of the brightness of the
sky. On overcast days an airplane will nearly always
appear very much darker than the sky. That is, the
brightness of the lower sides can in no other manner
be made equal to that of the sky. However, low
vigibility can be obtained on sunny days which is an
advantage over high visibility at all times, as is the
case with airplanes now in use. Many observations
and computations of these and other factors have
been made, so that it is possible to predict results.
Transparent media have obvious advantages, but
no satisfactory ones are available at present.
















CAMOUFLAGE 247

8. Course on Optics, 1738, Robert Smith.
9. Color and Its Applications, 1916 and 1921; Light and Shade
and Their Applications, 1916, M. Luckiesh.

10. Report of The Submarine Defense Association, L. T. Bates
and L. A. Jones.

11. Marine Camouflage Design, E. L. Warner, Trans. I. E. S.
1919, 14, p. 216.

12. The Visibility of Airplanes, M. Luckiesh, Jour. Frank. Inst.
March and April, 1919; also Aerial Photometry, As-
trophys. Jour. 1919, 49, p. 108.

18. Jour. Amer. Opt. Soc., E. Karrer, 1921.

The foregoing are only a few references indicated
in the text. Hundreds of references are available
and obviously it is impracticable to include such a
list. The most fruitful sources of references are the
general works on psychology. E. B. Titchener’s
Experimental Psychology (vol. 1) contains an ex- -
cellent list. A chapter on Space in William James’
Principles of Psychology (vol. II) will be found of
interest to those who wish to delve deeper into visual
perception. Other general references are Elements
of Physiological Psychology by Ladd and Woodworth;
the works of Helmholtz; a contribution by Hering
in Hermann’s Handb. d. Phys. Bk. ITI, part 1; Physio-
logical Psychology by Wundt; E. B. Delabarre, Amer. -
Jour. Psych. 1898, 9, p. 673; W. Wundt, Tauschungen,
p. 167 and Philos. Stud. 1898, 14, p. 1; T. Lipps,
Raumaesthetik and Zeit. f. Psych. 1896, 12, 39.
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Aberration, 19
spherical, 122
chromatic, 136
Aerial perspective, 165, 188
After-images, 24, 26, 59, 128, 188
positive and negative, 129
Airplanes, visibility of, 233
camouflage for different types, 234
size of image at various altitudes,
238
camouflage for various conditions,
240

Alhazen, 8
Angles, influence of, 76
various effects of, 81
contours and, 87
apparent effect on length, 91
theories, 98
Animals, protective coloration, 211
Architecture, 1956
balance in, 201
Arcs, circular, illusions due to, 88
Areas, juxtaposed, illusions of, 96
Artist, 179
Attention, fluctuation of, 65, 108, 141,
164
Aubert, 49
Auerbach’s indirect vision theory, 100
Aureole, 178

Balance in architecture, 201
Bas-relief, 143

Battleships, 222

Binocular disparity, 108

Binocular vision, 29, 81

Blending of colors in camouflage, 216
Blind spot, 21

Blue light on war-vessels, 230

Boswell, varieties of irradiation, mm

Brightness,
illusions due to
variations in, 107
and color contrasts, 114
apparatus, 116
and hue, 125
sky, 241
Brucke’s theory, 87
Brunot’s mean distance theory, 101

Camouflage, 210
terrestrial, 210
detection of, 216
marine, 222
airplane, 234
Carr, observations on distance illu-
sions, 108
Chromatic aberration, 19, 136
Chlorophyl, 214
Circle, 11
arcs of, illusion, 86
contracting and expanding illu-
sion, 98
Clouds, 236
Color, 124
after-images, 128
blending in camouflage, 216
contrasts and brightness, 114
growth and decay of sensation, 131
illusions of, 166
retiring and advancing, 138
saturation, 1564
sensibility of retina, 188
warm and cold, 168
Confusability, 226
Confusion theory of angular illu-
sions, 100
Contour, illusions of, 62
and angles, illusions, 87
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Contracting and expanding circles,
illusion of, 98
Contrasts, illusions of, 63
simultaneous, 124, 164
apparatus for, 116, 1256
color, 114, 164, 188
brightness, 114
Convergence, illusions of, 108, 191
Cord, twisted, illusion, 88

Daylight, artificial, 189
Decoration, painting and, 179
Decorator, 188
Dember, 167
Depth and distance, illusions, 102
Direction, illusions of
Zjllner’s, 76
Wundt’s, 79
Hering’s, 80
Disk, Mason, 182
Distance and depth, illusions, 102
and size, 35, 104, 166
Distance illusions, Carr’s observa-
tions, 108
Double images, 87
Dynamic theory of angular illusions,
99

Enlargement of sun and moon at
horizon, apparent, 169

Equivocal figures, 64
Euclid, 8
Extent, interrupted, illusions of, 48
External image, 185, 17, 34
Eye, physiology, 18

position, 30

adjustments, 33

defects, 19

Fatigue, 128

Field, visual, effect of location in, 44

Figures, equivocal, 64

Filters, color, 214

Fluctuation of attention, 65, 108, 141,
164

Pocusing, 14

-Form of sky, apparent, 168

Fovea centralis, 22, 23, 139
Frames, picture, effect of wood grain,
190

Geometrical illusions, 44

Glare, 119

Grain of wood, apparent distortions
due to, 190

Grecian art, 196

Growth and decay of colo sensa-
tion, 181

Guttman, 176

Hallucination, 4, 72

Halo, 178

Haze, illusions, etc., 103, 166, 183
earth and high, 240

Helmholtz, 18, 74

Hering, 74
illusion of direction, 80

Hue and brightness, 126

Illusions, geometrical, 44
equivocal figures, 64
influence of angles, 76
of depth and distance, 102
irradiation and brightness con-
trast, 114
color, 124
light and shadows, 144
in nature, 164
in painting and decoration, 179
mirror, 206
camoufiage, 210
Image
after-, 24, 26, 59, 128, 129, 186
double, 37
external, 18, 17, 34
retinal, inversion of, 16
of airplane, size at various alti-
tudes, 338
Indirect vision theory, Auerbach’s,
100
Intaglio, 143
Interrupted extent, illusions of, 48
Iris, 16
Irradiation, 120
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and brightness contrast, 114 Painting and decoration, 179
varieties of (Boswell), 122 Painter, 2, 179, 186
in architecture, 199 Parallax, 106
Parthenon of Athens, 196
James, 170 Persistence of vision, 181
Jastrow, 80 Perspective, 58
Jones, L. A., 288 in a'rchitectum, 198
Judd, 86, 98 aerial 166, 183
Judgment, 1 theory, 88
Photographer, 153
Karrer, 160 Photography, use in detection of
Kepler, 8 camoufiage, 220
Photometer, 156, 217
Pigments, 184

Light, effect of spectral character, 189
Lighting, illusions of depth and dis-
tance due to, 102
contrasts, 164
diffusion, effect of, 145
direction, effect of, 144, 161
ending of searchlight beam, 160
warm and cold colors, 168
Lipps, 10, 11
dynamic theory of, 99
Location in visual field, effect, 44

Mean distance theory, Brunot’s, 101
Mechanical, esthetic unity, 11 ’
Magician, 3
Magic, mirror, 206
Marine camouflage, 223
Mason disk, 132
Mirage, 3, 176
Mirror magic, 206
Miscellaneous color effects, 140
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36, 169

theories of, 178

apparent radius of crescent, 121
Miiller-Lyer illusion, 53, 98

National Research Council, Commit-
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Nature, 164

Necker, 74

Oppel, 9

Poggendorff illusion, 86
Protective coloration, animals, 311
Psychology, 2, 6, 1567

of light, 198
Purkinje phenomenon, 26, 189

Reflection-factors, 286
Retina, 14, 20

inertia, 180

color sensibility, 188
Retinal rivalry, 140
Retiring and advancing colors, 136
Reversal of mirror image, 206
Rods and cones, 21

Schrder’s staircase, 70
Sculpture, 204
Searchlight beam, ending of, 160
Sensation, color, growth and decay,
131
Sense, 1
Shading, counter, for vessels, 224
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Size and distance, 35, 36
illusions of, 104, 166
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apparent form of, 166
brightness, 241
Skylight and sunlight, relative pro-
portions of, 215, 243
Smith, Robert, 173
Smoke-screens, 230
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Spectral character of light, 189 Transparencies, 185
Sphere, illusions, 145, 1560, 161 Twisted cord illusions, 88
Spherical aberration, 19
Sphinx illusion, 206 Uibe, 167
Spiral illusions, 90 Vertical vs. horizontal distances, 11,
Spraying, peint, 187 36, 46
Stereoscope, 39, 142 Visibility, low, for vessels, 223
Stereoscopic vision, 38, 41, 141 of airplanes, 233
Submarines, 226 Vision, 29

camouflage for, 232 persistence of, 131
Sun, apparent enlargement at hori- stereoscopic, 38

zon, 169

Sunlight and skylight, relative pro-
portions in nature, 215, 243

Terrestrial camoufiage, 210
Theory of influence of angles, 98
perspective, 98
. dynamic, 99
confusion, 100
indirect vision, 100
mean distance, 101
Thiéry’s figure, 71
Thiéry’s perspective theory, 99

Visual perception, 82, 33

Warm and cold colors, 168
Warmer, E. L., 227
Wheatstone, 37
Wood grain, illusions caused by, 191
World War, 213
‘Wundt, 10, 11, 82, 74
illusion of direction, 79
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Z3llner’s illusion, 67, 76
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Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative
Chemical Analysis............ccoiiiiiiiiiieiiiiinnnnen, 12mo,

Eliott, A. W. M. Rectangular Areas...........ceo0eieuvnennns 12mo,
Ellis, 'C. Hydrogenation of Oile........cocoviuiiirncnaneennnnn.. 8vo,
—— Ultraviolet Light, Its Applications in  Chemical Arts. ... 12mo,
(In Press)

——and Meigs, J. V. Gasoline and Other Motor Fuels..........8vo,
Ellis, G. Modern Technical Drawing...........ccocieennnnennnnns 8vo,
——Iodern Practical Carpentry...........cceovuveees A X
Ennis, Wm. D. Linseed Cil and Other Seed Oils............... 8vo,
——Applied Thermodynamics............c.cco0uunae cieeen. ceeann 8vo,
—— Vapors for Heat Engines.............cco0vieieeenenennnn. 12mo,
Ermen, W. F. A. Materials Used in Sizing ..................... 8vo,
Erwin, M, The Universe and the Atom.......... 12zmo (Reprinting.)
Ewing, A. J. Magnetic Induction in Irom.............. eeeinas 8vo,
Faber, 0. Ferraris Dioptric Instruments........................ 8vo,
Fage, A. Airscrews in Theory and Practice................... 4to,
Fairchild, J. F. Graphical Compass Conversion Chart and Tables. ..
Fairie, J. Notes on Lead Ores..............c.covviveenennnnn. 12mo0,
——Notes on Pottery Clays. ...............cc.ciiiiiniiiennnn. 12mo,
Fairley, W, and Andre, Geo. J. Ventilation of Coal Mines....16mo,
Fairweather, W. C. Foreign and Colonial Patent Laws. . ......... 8vo,
Falk, K. G. Chemical Reactions: Their Supply and Mechanism..12mo,
Fanning, J. T. Hydraulic and Water-supply Engineering......... 8vo,
Farnsworth, P. V. Shop Mathematics... ....... 12mo (In Press.)
Fay, 1. W. The Coal-tar Dyes.......c.ccivievenrnrnennannnnn.. 8vo,
Fernbach, R. L. Glue and Gelatine............ Cereereeeaenan. 8vo,
Findlay, A. The Treasures of Coal Tar.......................12mMO0,
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Fleming, J. A. The Alternate-current Transtormer. Two Volumes. 8vo

Vol. I. The Induction of Electric Currents.....................
"Vol, II. The Utilization of Induced Cutrents.......... [ e
—— Propagation of Electric Currents.................ccc00euennn. 8vo,
—— A Handbook for the Electrical Laboratory and Testing Room. Two
Volumes. .. ..........cciiiiiiiiiiennnecannnns ...8vo, each,

Fleury, P. Preparation and Uses of White Zinc Paints.........8vo,
Flynn, P. J. Flow of Water................ciiviiiiiiiiinaes 12mo,
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12mo, leather,

—— Engineering Valuation of Public Utilities and Factories. ...... 8vo,
Fowle, F. F. Overhead Transmission Line Crossings........... 12mo,
~—— The Solution of Alternating Current Problems. . . .. 8vo (In Press.)
Fox, W. G. Transition Curves....................cciievenn.. 16mo,
Fox, W., and Thomas, C. W. Practicel Course in Mechanieal Draw-

I . . e 12mo,
Foye, J. C. Chemical Problems................coivuivennnnnnnn 16mo,
—— Handbook of Mineralogy..............cooiuienunenenennn. 16mo,
Francis, J. B. Lowell Hydraulic Experiments.................... 4to,
Franzen, H. Exercises in Gas Analysis........................ 12mo,
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Frederick, R. C., and Forster, A. Public Health Chemical Analysis..8vo,

Freudemacher, P. W. Electric Mining Installatiens............ 12mo,
Friend, J. N. The Chemistry of Linseed Oil................... 12mo,
Fritsch, J. Manufacture of Chemical Manures e 8vo,
Frye, A. I. Civil Engineers’ Pocket-book.............. 12mo, leather,
Fuller, G. W. Investigations into the Purification of the Ohio River.
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8vo,
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- 8vo,
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——Gas Lighting ........cciiiiiiiiiinnnecnnnececassnnanansns
——Household Wastes .............
— House Drainage ..............c.ciiiiiiiiiiiiiieaiaiaanns
—— Sanitary Drainage of Buildings
Gerhardi, C. W. H. Electricity Meters........................ 8vo,
Gibbings, A. H. O0il Fuel Equipment for Locomotives. 8vo.
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Gibbs, W. E. Lighting by Acetylene........................... 12mo,
Gibson, A, H. Hydraulics and Its Application................ ....8vo0,
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Gilbreth, F. B. Motion Study................ ..., 12mo,
——- Primer of Scientific Management.......................... 12mo,
Gill, A. H. Gas Analysis for Chemists......................... 8vo,
Gﬂlmore, Gen. Q. A. Roads, Streets, and Pavements............ 12mo,
. Godfrey, E. Tables for Structural Engineers.......... 16mo, leatlier,
Golding, H. A. The Theta-Phi Diagram....................... 12mo,
Goodchild, W. Precious Stones.................cccoviiiiiin... 8vo,
Goodell, J. M. The Location, Construction and Maintenance of
Roads .......ciiiiiiiiiii it iiiietiitnartaanennns 8vo,
Goodeve, T. M. Textbook on the Steam-emgine............... 12mo,
Gore, G. Electrolytic Separation of Metals...................... 8vo,
Gornston, M. H. The Operating Engineers’ Catechism...(/n Press. )
Gould, E. S. Arithmetic of the Steam-engine................... 12mo,
——-Calculus ......... .. e i e 16mo,
—— High Masonry Dams. ............c.iiiiiiiiiiiieennennnnss 16mo,
Gould, E. S. Practical Hydrostatics and Hydrostatic Formulas. .16mo,
Goulding, E. Cotton and Other Vegetable Fibres................ 8vo,
Gratacap, L. P. A Popular Guide te Minerals.................. 8vo,
Gray, H. H. Gas-Works Products.................... 8vo (In Press.)
Gray, J. Electrical Influence Machines. . ...................... 12mo,
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Greenhill, G. Dynamics of Mechanical Flight................... 8vo,
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Groth, L. A. Welding and Cutting Metals by Gases or Electricity.
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Gunther, C. O. Integratiom........................ Ceeeeereean. 8vo,
Gurden, R. L. Traverse Tables............cccoviveenenennnnn. folio,
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Hale, Harrison. American Chemistry................... eeeses.12M0,
Hale, W. J. Calculations of General Chemistry.......... vee..12IM0,
Hall, C. H. Chemistry of Paints and Paint Vehicles...... e 12mo,
Hall, R. H. Governors and Governing Mechamism............. 120,
Hall W. S. Elements of the Differential and Integral Calculus. .. .8vo,
B Descrlptwe Geometry.............. 8vo volume and a 4to ttlaa,
Haller, G. F., and Cunningham, E. T. The Tesla Coil............12mo,
Halsey, F. A. Slide Valve Gears....................... e 12mo,
—The Use of the Slide Rules.............c.covenvnennnn.. 16mo,
—— Worm and Spiral Gearing...............ccoiiiiiiinnnnnn. 16mo,

Hamlin, M. L. Action of Chemicals on Industrial Materials. .8vo,
(In Press.)

Hancock, H. Textbook of Mechanics and Hydrostatics. ........ .. 8vo,
Hardy, E. Elementary Principles of Graphic Statics............. 12mo,
Haring, H. Engineering Law.

Vol. I. Law of Contract. ... ......oiuiiniiiiiinieneennennnns 8vo,
Harper, J. H. Hydraulic Tables on the Flow of Water........ 16mo,
Harris, S. M. Practical Topographical Surveying......... (In Press.:
Harrow, B. Eminent Chemists of Qur Times.................. 12mo,
—-From Newton to Einstein.....................cc.iiiuiel. 12mo,
Harvey, A. Practical Leather Chemistry........................8v0,
Haskins, C. H. The Galvanometer and Its Uses................. 16mo,
Hatt, J.A.H. TheColorist............................ square 12mo,
Hausbrand, E. Drying by Means of Air and Steam............. 12mo,
—— Evaporating, Condensing and Cooling Apparatus............. 8vo,
Hausmann, E. Telegraph Engineering.......................... 8vo,

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. .. .8vo,
Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design.

4to,
Hay, A. Continuous Current Engineering........................ 8vo,
Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8vo,
—— Public Utilities, Their Fair Present Value and Return......8vo,
Heath, F. H. Chemistry of Photography.............. 8vo. (/n Press.)
Heather, H. J. S. Electrical Engineering....................... 8vo,

Heaviside, 0. Electromagnetic Theory. Vols. I and II....8vo, each,
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Vol. IIL. ... it 8vo (Reprinting.)
Heck, R. C. H. The Steam Engine and the Turbine............ 8vo,
—— Steam-Engine and Other Steam Motors. Two Volumes.

Vol. I. Thermodynamics and the Mechanics................ 8vo,

Vol. II. Form, Construction, and Working................. 8vo,
—— Notes on Elementary Kinematics................... 8vo, boards,
— — Graphics of Machine Forces......................... 8vo, boards,
Heermann, P. Dyers’ Materials. ................cccoiieinnrnnn 12mo,
Henderson, I. F. A Dictionary of Scientific Terms............... 8vo,
Hering, C., and Getman, F. H. Standard Tables of Electro-Chemical

Equivalents ........ ... ... . it i 12Mm0,
Hering, D. W. Esseptials of Physics for College Students.......8vo,
Herington, C. F. Powdered Coal as Fuel....................... 8vo,
Herrmann, G. The Graphical Statics of Mechanism. . vens .zzmo,

Herzfeld, J. Testing of Yarns and Textile Fabncs
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Hilditch, T. P. A Concise History of Chemistry............... 12mo,
Hill, M. J M. The Theory of Proportion.............ccv0vvnennn 8vo,
Hillhouse, P. A. Ship Stability and Trim....................... 8vo,
Hiroi, I. Plate Girder Comstruction................ccoovvuen... 16mo,
—— Statically-Indeterminate Stresses............. aeeeeeiaens 12mo,
Hirshfeld, C. F. Engineering Thermodynamics.................. 16mo,
Hoar, A. The Submarine Torpedo Boat....................... 12mo,
Hobart, H. M. Heavy Electrical Engineering............... ceeens 8vo,
—— Design of Static Transformers........................... 12mo,
——Electricity. ... ... i i i 8vo,
——Electric Trains............cciveiiiiiiininnns 8vo (Reprmlzng)
—— Electric Propulsicn of Ships.......:...........ccoviiini... 8v),

Hobart, J. F. Hard Soldering, Soft Soldenng and Brazing..... 12mo,
Hobbs, W. R. P. The Arithmetic of Electrical Measurements. .. .12mo,

Hoff, J. N. Paint and Varnish Facts and Formulas............12mo0,
Hole, W. The Distribution of Gas.................cooivnin... 8vo,
Holmes, A. Nomenclature of Petrology.....................c.00 8vo,
Hopkins, N.'M. Model Engines and Small Boats.............. 12mo,
—— The Outlook for Research and Invention................ 12mo.
Hopkinson, J., Shoolbred, J. N.,, and Day, R. E. Dynamic Electricity.

16mo.
Horner, J. Practical Ironfounding............................... 8vo,
—— Gear Cutting, in Theory and Practice........ 8vo (Reprinting.)
Houghton, C. E. The Elements of Mechanics of Materials..... 12mo,
Houstoun, R. A. Studies in Light Production................... 12mo,
Hovenden, F. Practical Mathematics for Young Engineers...... 12mo,
Howe, G. Mathematics for the Practical Man................. 12mo,

IZoworth, J. Repairing and Riveting Glass, China and Earthenware.
8vo, paper,

Hoyt, W. E. Chemistry by Experimentation.................... 8vo,
Hubbard, E. The Utilization of Wood-waste..................... 8vo,
Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials.

8vo,
Hudson, O. F. Tron and Steel.................oeeeueuiunenennn.s 8vo,
Humphreys, A. C. The Business Features of Engineering Practice.8vo,
Hunter, A. Bridge Work...............covvvivnnnnn. 8vo. (In Press.)
Hurst, G. H. Handbook of the Theory of Celor................. 8vo,
— Dictionary of Chemicals and Raw Products................. 8vo,
—-— Lubricating Oils, Fats and Greases......................... 8vo,
B~ 11 )+ S 8vo,
Hurst G. H., and Simmons, W. H. Textile Soaps and Oils...... 8vo,
Hurst, H. E,, and Lattey, R. T. Text-book of Physics........... 8vo,

—— Also published in three parts.
Part I. Dynamics and Heat
Part II. Sound and Light..... ... ... . ... ... cciiiiiiiirnnnnn.
Part III. Magnetism and Electricity............................

Hutchinson, R. W.; Jr. Long Distance Electric Power Transmission.

.................. 12mo,
Hutchinson, R. W, Jr., and Thomas, W. A. Electricity in Mining.12mo,

(In Press.)
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Hyde, F. S. Solvents, Oils, Gums, Waxes...........ccccc0vee....8V0,

Induction Coils ......... Ceteeesestet ittt ctaanananee vee...I6MO,
Ingham, A. E. Gearing. A puctical treatise....... ceeeestencanns 8vo,
Ingle, H. Manual of Agricultural Chemistry...... cesaseatannann 8vo,
~Inness, C. H. Problems in Machine Design.......... cessieess. . 120,
—— Centrifugal Pumps .............ccocvvvennnn tecessasenanas 12mo,
—— The Fan .......ccociiiiieennencnnncans Ceeeriseasteateans 12mo,

Jacob, A., and Gould, E. S. On the Designing and Construction of

Storage ReServolrs ..............cceieeirecnenanacnens 16mo,
Jacobs, F, B. Cam Design and Manufacture.....................8v0,
James, F. D. Controllers for Electric Motors....................8V0,

Jehl, F. Manufacture of Carbons....... .........ccooviviiinnnnn, 8vo.
Jennings, A. S. Commercial Paints and Painting...... v.....8v0,
Jennison, F. H. The Manufacture of Lake Pigments............ 8vo,
Jepson, G. Cams and the Principles of their Construction. .. ..... 8vo,
—— Mechanical Drawing. ..................... 8vo (In Preparation.)
Jervis-Smith, F. J. Dynamometers.................c..cooviunn.n 8vo.
Jockin, W. Arithmetic of the Gold and Silversmith............ 12mo,
Johnson, C. H., and Earle, R. P. Practical Tects for the Electrical

Laboratory ............ccociiiiiiiniiiiaiieinan, ( In Press.)
Johnson, J. H. Arc Lamps and Accessory Apparatus.......... 12mo,
Johpson, T. M. Ship Wiring and Fitting........ 12mo (Reprinting.)
Johnston, J. F. W.,and Cameron, C. Elements of Agriculturai Chemistry

and Geology. ... ... 12mo,
Joly, J. Radioactivity and Geology........................... 12mo,
Jones, C. L. Service Station Management............ ... (In Press.)
Jones, H. C. Electrical Nature of Matter and Radioactivity....:2mo,
——Nature of Solution. ...........cciiiiiiiiieiiiiieiiniresaens 8vo,
——New Era in Chemistry..........ccoiiiiiiiiiiineinennnnn, 12mo,
Jones, J. H. Tinplate Industry...................coiiiiiinn... 8vo,
Jones, M. W. Testing Raw Materials Used in Paint........... 12mo,
Jordan, L. C. Practical Railway Spiral................ 12mo, leather,
Jiiptner, H. F, V. Siderclogy: The Science of Irom.............. 8vo,
Kapp, G. Alternate Current Machinery.............c..o0uen. 16mo,
Kapper, F. Overhead Transmission Lines....................... 4to,
Keim, A. W. Prevention of Dampness in Buildings.............. 8vo,

Keller, S. S., and Knox, W. E. Analytical Geometry and Calculus. ..
Kemble, W. T.,and Underhill, C.R. The Periodic Law and the Hydrogen

Spectrum. .......... ... e e 8vo, paper,

Kemp, J. F. Handbook of Rocks.............ccooiiiiiiiiiiennn 8vo,
Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery.
16mo,

Kennedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air.
16mo

Kennedy, R. Flying Machines; Practice and Design........... umo:

—— Principles of Aeroplane Construction......................... 8vo,
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Kent, W. Strength of Materials..... ceeesterasennes ceeecenen 16mo,
Kershaw, J. B. C. Fuel, Water and Gas Analysis............. , .8vo,
——Electrometallurgy ..........c.ccieiieiiniiiiiiiiiiiiianiianan. 8vo,

—— Electro-Thermal Methods of Iron and Steel Production....8vo,
—— The Use of Low Grade and Waste Fuel for Power Generation. 8vo,

Kingzett, C. T. Popular Chemical Dictionary.................. 8vo,
Kinzbrunner, C. Continuous Current Armatures................. 8vo,
_— Testing of Alternating Current Machines ................... 8vo,
Kinzer, H.,, and Walter, K. Theory and Practice of Damask Weaving,
8vo

Kirkaldy, A.. W., and Evans, A. D. History and Economics of,
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Kirkbride, J. Engraving for INustration........................8v0,
Kirschke, A. Gas and Oil Engines..........................0. 12mo,
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Koester, F. - Steam-Electric Power Plants. . ..................... 4to,
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Kretchmar, K. Yarn and Warp Sizing.................... ve...8v0,
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........................................
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Laws, B. C. Stability and Equilibrium of Floating Bodies...... 8vo,
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Lloyd, S. L. Fertilizer Materials.....................coiienn 12mo,
Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph . .8vo,
- — Electrical Measurement and the Galvanometer. ............ xzmo,
Lodge, O. J. Elementary Mechanics. ........................ 13mo,
Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps..........
Lomax, J. W. Cotton Spinning.............cooiiiiniiennnnn. 12mo,
Lord, R. T. Decorative and Fancy Fabrics..................... 8vo,
Loring, A. E. A Handbook of the Electromagnetic Telegraph...16mo,
Lowy, A. Organic Type Formulas. ..........ccoiiiiiiiiiinnronnnnn.
——Organic Type Reactions............coiiiiiiiiininiieeiieinnnens ..

——and Downey, T. B. Study Questions in Organic Chemistry.
(In Press.)

Lubschez, B. J. Perspective............cceiueieuneannnnn. ....12mo,
—— Story of the Motion Picture............... ceeceseessssass . 12MO,
Lucke, C.E. Gas EngineDesign.................. ceteenraeans 8vo,

—— Power Plants: Design, Efficiency, and Power Costs. 3 vols.*
(In Preparation.)
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Luckiesh, M. Color and Its Application...........c.cv0vvvnunn.. 8vo,
——Light and Shade and Their Applications................... 8vo,
——Visual Illusions..........c.c.ovennvvinnnnnnnnnn (In Preparation.)
Lunge, G. Coal-tar and Ammonia. Three Volumes.............. 8vo,
—— Technical Gas Analysis..................cciiiiiiiiiina... 8vo,
—— Manufacture of Sulphuric Acid and Alkali. Four Volumes. .. .8vo,
Vol. I. Sulphuric Acid. In three parts........... (Reprinting.)
Vol. I. Supplement ...........ccovvvvvvuennnn. 8vo (Reprinting.)
Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two
73 o - P (In Press.)
Vol. III. Ammonia Soda...........ccoivvvennennnnnn " (In Press.)
Vol. IV. Electrolytic Methods....................... (In Press.)
—— Technical Chemists’ Handbook.................... 12mo, leather,
—~=_Technical Methods of Chemical Analysis.
Vol. I. In two parts.............. 8vo (New Edition in Press.)
Vol. II. In two parts.............. 8vo (New Edition in Press.)
Vol. III. In two parts............ 8vo (New Edition in Press.)
The set (3 vols.) complete........
Luquer, L. M, Minerals in Rock Sections....................... 8vo,

MacBride, J. D. A Handbook of Practical Shipbuilding,
12mo, fabrikoid,

Mackenzie, N. F. Notes on Irrigation Work8.e0....oovvo..... 8vo,
Mackie, J. How to Make a Woolen Mill Pay.................. 8vo,
Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing . .. .8vo,
Malcolm, H. W, Submarine Telegraph Cable............... e
Malinovzsky, A. CeramiCs............ceveveriuvacennennieenens. 12mo,

Mallet, A. Compound Engines

Mansfield, A. N. Electro-magnets “:6mo,

Marks, E. C. R. Conttruction of Cranes and Lifting Machinery.:12mo,
——-Manufacture of Iron and Steel Tubes...................... 12mo,
—— Mechanical Engineering Materials......................... 12mo,
Marks, G. C. Hydraulic Power Engineering..................... 8vo,
Marsh, C. F. Concise Treatise on Reinforced Concrete .......... 8vo,
—— Reinforced Concrete Compression Member Diagram. Mounted on
ClothBoards. . .........ccooiiiiiiiiiiiiiiiie i
Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con-
crete Block Construction...............covivvvinnnennns 16mo,
Marshail, W. I, and Sankey, H. R. Gas Engines............... 8vo,
Martin, G. Triumphs and Wonders of Modern Chemistry...... 8vo,
—— Mcdern Chemistry and Its Wonders... .... .............. 8vo,
Martin, N. Properties and Design of Reinforced Concrete....... .8vo,
Martin, W. D. Hints to Engineers........ .................. 12mo,
Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony.
) 1amo,
Mathot, R. E. Internal Combustion Engines.......... RN 8vo,
Maurice, W. Electric Blasting Apparatus and Explosives... ....8vo,
——ShotFirer'sGuide............ «.oovieiiit cennneas ... 8v0,

Maxwell, F. Sulphitation in White Sugar Manufacture.......1amo,
Maxwell, J. C. Matter and Motion........cccec0eeeeecsccass. .216MO,
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Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani-

tary Engineering. . ...............coiiiii ittt 4to, *10 00
Mayer, A. M. Lecture Notes on Physics...................... .8vo, 2 o0
McCracken, E. M., and Sampson, C. H. Course in Pattern Making.

4to, 2 oo
McCullough, E. Practical Surveying.................c.c0vueens 12amo, 3 oc
McCullough, R. S. Mechanical Theory of Heat................. 8vo, 3 s0
McGibbon, W. C. Indicator Diagrams for Marine Engineers...... 8vo, s 00
—— Marine Engineers’ Drawing Book..................... oblong 4to, *2 30
McGibbon, W, C. Marine Engineers Pocketbook................ 12mo, * 4 s0
McIntosh, J. G. Technology of Sugar......................... 8vo, *6 oo
——Industrial Alcohol ............. ...l 8vo, *3 50
—— Manufacture of Varnishes and Kincrad Ir@ustricg. Three Volumes.

8vo.

Vol. I. Oil Crushing, Refining and Boiling............... cecees =7 00

Vol. II. Varnish Materials and Qil Varnish Making..... ceeesans 5 oo

Vol.III. Spirit Varnishes and Materials...............cccune.. 6 oo
McKillop, M., and McKillop, A. D. Efficiency Methods......... 12mo0, 1 S0
McKnight, J. D and Brown, A. W. Marine Multitubular Boilers.... *2 so
McMaster, J. B Bridge and Tunnel Centres.................. 16mo, o 75
McMechen, F. L. Tests for Ores, Minerals and Metals........ 12mo, I 50
McNair, F. V. Handbook for Naval Officers.................... 12mo, 4 oo
Meade, A. Modern Gas Works Practice........................ 8vo, *8 so
Melick, C. W. Dairy Laboratory Guide....................... 12mo, *r 25
“Mentor.” Self-Instruction for Students in Gas Supply. 1amo.

Elementary . ......... . et i 2 50

Advanced . ... ... i i i irierieei e 2 50
—— Self-Instruction for Students in Gas Engineering. 12mo.

Elementary ... ... ... ... .. i iireiieieietiaae. 2 oo

Advanced ... ... ...t i iiiiieeetteaseereea 2 oo
Merivale, J. H. Notes and Formulae for Mining Students......12m0, 1 o0
Merritt, Wm. H. Field Testing for Gold and Silver. ...16mo, leather, 2 oo
Mertens. Tactics and Techniquc of River Crossings............. 8vo, 3 oo
Mierzinski, S. Waterproofing of Fabrics........................ 8vo, 2 s50
WMiessner, B. F. Radio Dynamics................co0vvr cvnnnnn 12mo0, *2 oo
Miller, G. A. Determinants...........................cccui.ln 16mo,
Miller, W. J. Introduction to Historical Geology.............. 12mo, 2 s0
Mills, C. N. Elementary Mechanics for Engineers.............. 8vo, 1 25
Mills, John. Within the Atom...................... 1amo (In Press.)
Milroy, M. E. W. Home Lace-making....................... 12mo, *1 oo
——Church Lace .............oiiiiiiiiiiiii it 12mo, 2 so
Mitchell, C. A. Mineral and Aerated Waters.. .................. 8vo, *3 oo
Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied

Industries .......... ... ... e 8vo, 3 s0

Mitchell, C. F., and G. A. Building Construction and Drawing. 12mo.
Elementary Course . ...........c.c.cceiieiuiienrineecarcnsnsnansann 2 50
Advanced Course ....................ccoiiiia, e 4 50

Monckton, C. C. F. Radiotelegraphy 2 00

Monteverde. R. D. Vest Pocket Glossary of English-Spanish, Spanish-

English Technical Terms...................... 64mo, leather, T 50
Montgomery, J. H. Electric Wiring Specifications............. T 00
Moore, E. C. S. New Tables for the Complete Solution of Ganguxllet and

Kutter’'s Fermula ......... ... ... ... .. ...ciieiiinnnen, 8v0, *6 oo
Moore, Harold. Liquid Fuel for Internal Combustion Engines...8vo, s oo
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Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing.
8vo,

Morgan, A, P. Wireless Telegraph Construction for Amateurs. .12mo,
Morrell, R. S., and Waele, A. E. Rubber, Resins, Paints and Var-

niSheS .. ... ... iiiiiiiiiies sieeraeeaeeae 8vo,

Moses, A. J. The Charactersof Crystals. .. .................... 8vo,
——and Parsons, C. L. Elements of Mineralogy....... besreenans 8vo,
Moss, S. A. Elements of Gas Engine Design 16mo,
—~__The Lay-out of Corliss Valve Gears........ 16mo,
Mulford, A. C. Boundaries and Landmarks................... 12mo,
Munby, A. E. Chemistry and Physics of Building Materials. .. .8vo,
Murphy, J. G. Practical Mining. . .................ccouunn... 16mo,
Murray, B. M. Chemical Reagents...........cooviiviinnnennnn. 8vo,
Murray, J. A. Soils and Manures..........coveeeenennacnccnns 8vo,
Nasmith, J. The Student’s Cotton Spinming.................... 8vo,
~—- Recent Cotton Mill Construction.......................... 12mo,
Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds.
12mo,

Neilson, R. M. Aeroplane Patents............................. 8vo,
Nerz, F. Searchlights............................ 8vo ( Rt‘pnn!mg)
Newbigin, M. I, and Flett, J. S. James Geikie, the Man and the
Geologist. ............. Lol e 8vo,
Newbiging, T. Handbook for Gas Engineers and Managers..... .8vo,
Newell, F. B, and Drayer, C. E. Engineering as a Career. .12mo, cloth,
Nicol, G. Ship Construction and Calculations.................... 8vo,
Nipher, F. E. Theory of Magnetic Measurements............. 12mo,
Nisbet, H. Grammar of Textile Design...... ................... 8vo,
Nolan, H. The Telescope.............. ....coiiiveieninnnnn. 16mo,
None, J. W. Epitome of Navigation (2 VoIS . oo, octavo,
—— A Complete Set of Nautical Tables with Explanatlons of Their
USe ...ttt e i e octavo,

North, H. B. Laboratory Experiments in General Chemistry.....12mo,
O’Connor, H. The Gas Engineer's Pocketbook.......... 12mo, leather,
Obm, G. S, and Lockwood, T. D. Galvanic Circuit............ 16mo,
Olsen, J. C. Text-book of Quantitative Chemical Analysis..... 8vo,
Ormsby, M. T. M. Surveying....................cccuiiuinenn. 12mo,
Oudin, M. A. Standard Polyphase Apparatus and Systems.. ...... 8vo,
Pakes, W. C. C., and Nankivell, A. T. The Science of Hygiene . .8vo,
Palaz, A. Industrial Photometry..................c.cciuvnnun... 8vo,
Palmer, A. R. Electrical Experiments................c........ 12mo,
—— Magnetic Measurements and Experiments................. 12mo,
Pamely, C. Colliery Manager’s Handbook...................... 8vo,
Parker, P. A. M. The Comt-ol cf Water............... ...... 8vo,

Parr, G. D. A. Electrical Engineering Meast-irg Instruments. .. .8vo,
Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes.
Vol. I. Monographs on Essential Qils.........................
Vol. II. Constituents of Fesential Qils, Analysis
——Foods and Drugs. Two Volumes.
Vol. 1. The Analysis of Food and Drugs.................8vo,
Vol. II. The Sale of Food and Drugs Acts................ 8vo,
——and Coste, J. H. Chemistry of Piements....... eieetanaeans 8vo,
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Fleming, J. A. The Alternate-current Transtormer. Two Volumes. 8vo

Vol. I. The Induction of Electric Currents.....................

"Vol, II. The Utilization of Induced Currents.......... F O .

' ——Propagation of Electric Currents..................... PN 8vo,
——— A Handbook for the Electrical Laboratory and Testing Room. Two
Volumes. .. ...........ioiiiiiiiitininnnnennnans 8vo, each,

Fleury, P. Preparation and Uses of White Zinc Paints......... 8vo,
Flynn, P. J. Flow of Water. ................................. 12mo,
——Hydraulic Tables . ...........c.oiiiiuit tieennnnn taninnnn 16mo,

Foster, H. A. Electrical Engineers’ Pocket-book. (Seventh Edition.)
12mo, leather,

—— Engineering Valuation of Public Utilities and Factories. . . . .. .8vo,
Fowle, F. F. Overhead Transmission Line Crossings........... 12mo,
—— The Solution of Alternating Current Problems. . ... 8vo (In Press.)
Fox, W. G. Transition Curves....................coiieiuunn. 16mo,
Fox, W., and Thomas, C. W. Practicel Course in Mechanieal Draw-

IO, . e 12mo,
Foye, J. C. Chemical Problems...................c.vvviuinen.. 16mo,
——— Handbook of Mineralogy..............cc.cviiiiiiennnnnn. 16mo,
Francis, J. B. Lowell Hydraulic Experiments.................... 4to,
Franzen, H. Exercises in Gas Analysis........................ 12mo,

Fraser, E. S., and Jones, R. B. Motor Vehicles and Their Motors,
&vo, fabrikoid,
Frederick, R. C., and Forster, A. Public Health Chemical Analysis..8vo,

Freudemacher, P. W. Electric Mining Installatiens............ 12mo,
Friend, J. N. The Chemistry of Linseed Oil................... 12mo,
Fritsch, J. Manufacture of Chemical Manures Ceieeeiaeee.....8V0,
Frye, A. 1. Civil Engineers’ Pocket-book.............. 12mo, leather,
Fuller, G. W. Investigations into the Purification of the Ohio River.
4to,

Furnell, J. Paints, Colors, Oils, and Varnishes, .,...o00vevvv.... 8vo.
Ganswindt, A, Dyeing Silk, Mixed Silk Fabrics and Artificial Silks,
8vo,

Gant, L. W. Elements of Electric Traction............... ..... 8vo,
Garcia, A. J. R. V. Spanish-English Railway Terms............ 8vo,
Gardner, H. A. Paint Researches, and Their Practical Applications,
- 8vo,

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and
Fires....... PN 12mo, leather,

Garrard, C. C. Electric Switch and Controlling Gear............ 8vo,
Gaudard, J. Foundatioms.................................... 16mo,
Gear, H. B., and Williams, P. F. Electric Central Station Distribution
SYSteMS ... .. ..t e 8vo,
Geerligs, H. C. P. Cane Sugar and Its Manufacture.8vo. (Reprinting.)
——Chemical Control 1n Cane Sugar Factories.................. 4to,
Geikie, J. Structural and Field Geology....................... 8vo,
Georgi, F., and Schubert, A. Sheet Metal Working............. 8vo,

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country
HOUSES . ...c.iviiirtinnennennennctanssaceeaanannannnnns 12mo,
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——Gas Lighting ...........coiiiiiiiiiiiiiiiiiiiiiiiinans
——Household Wastes ................cccovieinnn

——House Drainage ......................ci.e... ..
—— Sanitary Drainage of Buildings.............ccoviuiinvinnnn
Gerhardi, C. W. H. Electricity Meters
Gibbings, A. H. 0il Fuel Equipment for Locomotives. 8vo.

(Reprinting.)

Gibbs, W. E. Lighting by Acetylene........................... 12mo,
Gibson, A. H. Hydraulics and Its Application................ :...8vo0,
—— Water Hammer in Hydraulic Pipe Lines...... 12mo. (Reprinting.)
Gibson, A, H,, and Ritchie, E. G. Circular Arc Bow Girder........ 4to,
Gilbreth, F. B. Motion Study................................. 12mo,
——-Primer of Scientific Management.......................... 12mo,
Gill, A. H. Gas Analysis for Chemists......................... 8vo,
Gillmore, Gen. Q. A. Roads, Streets, and Pavements............ 12mo,
Godfrey, E. Tables for Structural Engineers.......... 16mo, leather,
Golding, H. A. The Theta-Phi Diagram....................... 12mo,
Goodchild, W. Precious Stomes.................cvivueinnnannnn. 8vo,
Goodell, J. M. The Location, Construction and Maintenance of
Roads ...ttt i e, 8vo,
Goodeve, T. M. Textbook on the Steam-enmgine............... 12mo,
Gore, G. Electrolytic Separation of Metals...................... 8vo,
Gornston, M. H. The Operating Engineers’ Catechism...(/n Press.)
Gould, E. S. Arithmetic of the Steam-engine................... 12mo,
—-Caleulus ... ... i 16mo,
——High Masonry Dams.................coiiiiiiiiiinnnenenn, 16mo,
Gould, E. S. Practical Hydrostatics and Hydrostatic Formulas. . 16mo,
Goulding, E. Cotton and Other Vegetable Fibres................ 8vo,
Gratacap, L. P. A Popular Guide to Minerals.................. 8vo,
Gray, H. H. Gas-Works Products.................... 8vo (In Press.)
Gray, J. Electrical Influence Machines........... e 12mo,
—— Marine Boiler Design....................... resans Peserenans 8vo,
Greenhill, G. Dynamics of Mechanical Flight................... 8vo,
Greenwood, H. C. The Industrial Gases......................... 8vo,
Gregorius, R. Mineral Waxes..........................o..... 12mo,
Grierson, R. Some Modern Methods of Ventilation............... 8vo,
Griffith, E. A. Engineering Instruments and Meters............. 8vo,
Griffiths, A. B. A Treatise on Manures.......... 12mo (Reprinting.)
Gross, E. HopS........... ... ittt 8vo,
Grossman, J. Ammonia and Its Compounds................... 12mo,
Groth, L. A. Welding and Cutting Metals by Gases or Electricity.
8vo,

Gruner, A. Power-loom Weaving.............. ....cocuvunen... 8vo,
Grunsky, C. E. Topographic Stadia Surveying................ 16mo,
Gunther, C. 0. Integration...................ccciieiinienninn... 8vo,
Gurden, R. L. Traverse Tables..............ccccovveenneinann. folio,
Guy, A. E, Experiments on the Flexure of Beams................. 8vo,
Haenig, A. Emery and Emery Industry................ Cereeas 8vo,
Hainbach, R. Pottery Decoration............................. 12mo,

Hale, A. J. The Manufacture of Chemicals by Electrolysis...... 8vo,
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Hale, Harrison, American Chemistry..................... e .. .12M0,
Hale, W. J. Calculations of General Chemistry....... ceeeeans 12mo,
Hall, C. H. Chemistry of Paints and Paint Vehicles.............. 12mo,
Hall, R. H. Governors and Governing Mechamism............. 12mo,
Ball W. S. Elements of the Differential and Integral Calculus... .8vo,
——Descnptxve Geometry.............. 8vo volume and a 4to atlas,
Haller, G. F., and Cunningham, E. T. The Tesla Coil............12mo,
Halsey, F. A. Slide Valve Gears............................... 12mo,
——The Use of the Slide Rules...........c.cocvvvvinnnnnnnn. 16mo,
— Worm and Spiral Gearing.................ccoiveiuinninan.. 16mo,

Hamlin, M. L. Action of Chemicals on Industrial Materials. .8vo,
(In Press.)

Hancock, H. Textbook of Mechanics and Hydrostatics......... .. 8vo,
Hardy, E. Elementary Principles of Graphic Statics..... et 12mo,
Haring, H. Engineering Law.

Vol, I. Law of Contract................ooiiiiiiiiiii.t, 8vo,
Harper, J. H. Hydraulic Tables on the Flow of Water........ 16mo,
Harris, S. M. Practical Topographical Surveying......... (In Press.:
Harrow, B. Eminent Chemists of Our Times.................. 12mo,
— —From Newton to Einstein.................... ... ...0iu.. 12mo,
Harvey, A. Practical Leather Chemistry........................8v0,
Haskins, C. H. The Galvanometer and Its Uses................. 16mo,
Hatt, J. A.H. TheColorist............................ square 12mo,
Hausbrand, E. Drying by Means of Air and Steam............. 12mo,
—— Evaporating, Condensing and Cooling Apparatus............. 8vo,
Hausmann, E. Telegraph Engineering.......................... 8vo,

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. .. .8vo,
Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design.

4to,
Hay, A. Continuous Current Engineering........................ 8vo,
Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8vo,
—— Public Utilities, Their Fair Present Value and Return...... 8vo,
Heath, F. H. Chemistry of Photography.............. 8vo. (/n Press.)
Heather, H. J. S. Electrical Engineering....................... 8vo,

Heaviside, 0. Electromagnetic Theory. Vols. I and II... .8vo, each,
(Reprinting.)

Vol IIL. o 8v0 (Reprinting.)
Heck, R. C. H. The Steam Engine and the Turbine............ 8vo,
—— Steam-Engine and Other Steam Motors. Two Volumes.

Vol. I. Thermodynamics and the Mechanics................ 8vo,

Vol. II. Form, Construction, and Working................. 8vo,
—— Notes on Elementary Kinematics................... 8vo, boards,
-— — Graphics of Machine Forces......................... 8vo, boards,
Heermann, P. Dyers’ Materials.......................c....u0n 12mo,
Henderson, I. F. A Dictionary of Scientific Terms............... 8vo,
Hering, C., and Getman, F. H. Standard Tables of Electro-Chemlcal

Eqmvalents .......................................... 12mo,
Hering, D. W. Esseptials of Physics for College Students....... 8vo,
Herington, C. F. Powdered Coal as Fuel....................... 8vo,
Herrmann, G. The Graphical Statics of Mechanism............ 12mo,
Herzfeld, J. Testing of Yarns and Textile Fabrics............ 8vo.
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(New Edition in Preparation.)

Hildenbrand, B. W. Cable-Making........................... 16mo,
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Hilditch, T. P. A Concise History of Chemistry............... 12mo,
Hill, M. J. M. The Theory of Proportion.................cu0uen 8vo,
Hillhouse, P. A. Ship Stability and Trim....................... 8vo,
Hiroi, I. Plate Girder Conmstruction............... J N 16mo,
—— Statically-Indeterminate Stresses..............c.covvuvnen. 12mo,
Hirshfeld, C. F. Engineering Thermodynamics..................16mo,
Hoar, A. The Submarine Torpedo Boat....................... 12mo,
Hobart, H. M. Heavy Electrical Engineering............... P 8vo,
—— Design of Static Transformers........................... 12mo,
——Electricity........ .. e e e 8vo,
——Electric Trains. ........ccoiiiiiieinnneannnns 8vo (Reprinting.)
—— Electric Propulsien of Ships......................cooivan. 8vo,
Hobart, J. F. Hard Soldering, Soft Soldenng and Brazing..... 12mo,
Hobbs, W. R. P. The Arithmetic of Electrical Measurements. .. .12mo,
Hoff, J. N. Paint and Varnish Facts and Formulas............ 12mo,
Hole, W. The Distribution of Gas............................. 8vo,
Holmes, A. Nomenclature of Petrology......................c... 8vo,
Hopkins, N.' M. Model Engines and Small Boats.............. 12mo,
—— The Outlook for Research and Invention................ 12mo.
Hopkinson, J.,, Shoolbred, J. N., and Day, R. E. Dynamic Electnclty
16mo.

Horner, J. Practical Ironfounding............................... 8vo,
——— Gear Cutting, in Theory and Practice........ 8vo (Reprinting.)
Houghton, C. E. The Elements of Mechanics of Materials..... 12mo,
Houstoun, R. A. Studies in Light Production................... 12mo,
Hovenden, F. Practical Mathematics for Young Engineers......12mo,
Howe, G. Mathematics for the Practical Man................. 12mo,
Iloworth, J. Repairing and Riveting Glass, China and Earthenware.
8vo, paper,

Hoyt, W. E. Chemistry by Experimentation.................... 8vo,
Hubbard, E. The Utilization of Wood-waste..................... 8vo,
Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials.
8vo,

Hudson, O. F. Iron and Steel.................. .. cciiiiiiiina., 8vo:
Humphreys, A. C. The Business Features of Engineering Practice.8vo,
Hunter, A. Bridge Work.....................cccuvnn. 8vo. (In Press.)
Hurst, G. H. Handbook of the Theory of Cclor................. 8vo,
—— Dictionary of Chemicals and Raw Products................. 8vo,
—— Lubricating Oils, Fats and Greases...............ccooun.... 8vo,
R~ 11 1 < 8vo,
Hurst G. H, and Simmons, W. H. Textile Soaps and Oils. .. .. .8vo,
Hurst, H. E,, and Lattey, R. T. Text-book of Physics........... 8vo,

——- Also published in three parts.
Part I. Dynamics and Heat
Part II. Sound and Light..... ... .....................coa....
Part III. Magnetism and Electricity............................

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission.

.....................................

.................. 12mo,
Hutchinson, R. W, Jr., and Thomas, W. A. Electricity in Mining. 12mo,

(In Press.)
Hyde, E. W. Skew Arches...................cc0vuun.. e 16mo,
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Hyde, F. S. Solvents, Oils, Gums, Waxes.......... ceeeeeacasaas 8vo,
Induction Coils ........cciviiinenenniniieiiiiiensnsscncsancnns 16mo,
Ingham, A. E. Gearing. A practxcal treatise. ...... ceeenens R 8vo,
Ingle, H. Manual of Agricultural Chemistry....... teecreaanans 8vo,
~Inness, C. H. Problems in Machine Design.......... ceeeiies...12M0,
——Centrifugal Pumps .............cc.iiininnnn teeeettancaens 12mo,
—— The Fan ........ Ceeesectesiattecttsattassanaas Ceeeercens 12mo,

Jacob, A., and Gould, E. S. On the Designing and Construction of

Storage RESEIVOITS . .....0.ccuoveveecnnsonncensnoenannns 16mo.
Jacobs, F. B. Cam Design and Manufactuxe teteecaace....8V0,
James, F. D. Controllers for Electric Motots ........ et 8vo,
Jehl, F. Manufacture of Carbens..................c.ccieiuian, 8vo.
Jenmngs, A. S. Commercial Paints and Painting............... 8vo.
Jennison, F. H. The Manufacture of Lake Pigments............ 8vo,
Jepson, G. Cams and the Principles of their Construction. . . .. .. .8vo,
—— Mechanical Drawing. . .................... 8vo (In Preparation.)
Jervis-Smith, F. J. Dynamometers............................. 8vo.
Jockin, W. Arithmetic of the Gold and Silversmith......... ...I2mo,
Johnson, C. H, and Earle, R. P. Practical Tects for the Electrical

Laboratory .................................... ( In Press.)
Johnson, J. H. Arc Lamps and Accessory Apparatus .......... 12mo0,
Joheson, T. M. Ship Wiring and Fitting. . .12mo (Reprinting.)
Johnston, J. F. W., and Cameron, C. Elements of Agncultural Chemistry

and Geology. ... ........ ... ... ... 12mo,
Joly, J. Radioactivity and Geology........................... 12mo,
Jones, C. L. Service Station Management............... (In Press.)
Jones, H. C. Electrical Nature of Matter and Radioactivity....:2mo,
———Nature of Solution. ............... .o il 8vo,
——New Era in Chemistry................oiiiiiiiiii... 12mo,
Jones, J. H. Tinplate Industry................................. 8vo,
Jones, M. W. Testing Raw Materials Used in Paint........... 12mo,
Jordan, L. C. Practical Railway Spiral................ 12mo, leather,
Jiiptner, H. F. V. Siderclogy: The Science of Iron.............. 8vo,
Kapp, G. Alternate Current Machinery...................... 16mo,
Kapper, F. Overhead Transmission Lines....................... 4to,
Keim, A. W. Prevention of Dampness in Buildings.............. 8vo,

Keller, S. S, and Knox, W. E. Analytical Geometry and Calculus. ..
Kemble, W. T.,and Underhill, C.R. The Periodic Law and the Hydrogen

Spectrum. ....... ... e 8vo, paper,

Kemp, J. F. Handbook of Rocks................................ 8vo,
Kennedy, A. B. W, and Thurston, R. H. Kinematics of Machinery.
: 16mo,

Kennedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air.
16mo,

Kennedy, R. Flying Machines; Practice and Design........... umo:

—— Principles of Aeroplane Construction......................... 8vo,
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Kent, W. Strength of Materials................... eeeeeses..16mo,
Kershaw, J. B. C. Fuel, Water and Gas Analysis.............,.8v0,
—Electrometallurgy ...........coiiveiniiiiniiiiiiiiiiiiaeen. 8vo,

—— Electro-Thermal Methods of Iron and Steel Production....8vo,
—— The Use of Low Grade and Waste Fuel for Power Generation.8vo,

Kingzett, C. T. Popular Chemical Dictionary.................. 8vo,
Kinzbrunner, C. Continuous Current Armatures................. 8vo,
—— Testing of Alternating Current Machines ................... 8vo,
Kinzer, H., and Walter, K. Theory and Practice of Damask Weaving,
8vo,

Kirkaldy, A.. W, and Evans, A. D. History and Economics of'
Transport .........ccciv virieeneianeneseinnennacannns 8vo,
Kirkbride, J. Engraving for Illustration...............c.e00v... 8vo,
Kirschke, A. Gas and Oil Engines...............cciiiivinnn.. 12mo,
Klein, J. F. Design of a High-speed Steam-engine .............. 8vo,
——— Physical Significance of Entropy. .......................... 8vo,
Klingenberg, G. Large Electric Power Statioms.................. 4te,
Knight, R.-Adm. A. M: Modern Seamanship.................... 8vo,
——Pocket Edition................ ...l 12mo, fabrikoid,
Knott, C. G., and Mackay, J. S. Practical Mathematics. ......... 8vo,
Knox, J. Physico-Chemical Calculations................0...... 12mo,
——Fixation of Atmospheric Nitrogen......................... 12mo,
Koester, F. - Steam-Electric Power Plants . . ..................... 4to,
—— Hydroelectric Developments and Engineering................ 4to,
Koller, T. The Utilization of Waste Prcducts................. 8vo,
——Cosmetics ........ ...ttt it 8vo,
Koppe, S. W. Glycerine. .........ooiiiiiiiniiiininiennnnnann 12mo,
Kozmin, P. A. Flour Milling. ............... ... .. ..ciiiiin... 8vo,
Krauch, C. Chemical Reagents................................. 8vo,
Kremann, R. Application of the Physico-Chemical Theory to Tech-
nical Process and Manufacturing Methods............... 8vo,
Kretchmar, K. Yarn and Warp Sizing.................... ves..8V0,
Laffargue, A. Attack in Trench Warfare...................... 16mo,
Lallier, E. V. Elementary Manual of the Steam Engine........ 12mo,
Lambert, T. Lead and Its Compounds...................cccvun.. 8vo,
—— Bone Products and Manures...............ciiiiiiiinaan.. 8vo,
Lamborn, L. L. Cottonseed Products................c.cc0iiunnn.. 8vo,
—— Modern Soaps, Candles, and Glycerin...................... 8vo,
Lamprecht, R. Recovery Work After Pit Fires................... 8vo,

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo.
Vol. I. Aerodynamics

Vol. II. Aerodometics...................viitiiniiininnernnnnnnnn
Lanchester, F. W. The Flying Machine.......................... 8vo,
—— Industrial Engineering: Present and Post-War Outlook. .. 12mo,
Lane, F. V. Motor Truck Transportation................ (In Prcss.)
Lange, K. R. By-Products of Coal-Gas Manufacture. .. cereeeeans 12mo,
La Rue, E. F. Swing Bridges................................ 16mo,
Lassar-Cohn, Dr. Modern Scientific Chemistry................ 12mo,
Latimer, L. H,, Field, C. J., and Howell, J. W. Incandescent Electric

Lighting . ... ... ... . 16mo,

Latta, M. N. Handbook of American Gas-Engineering Practice. .8vo,
—— American Producer Gas Practice. . ........................ 4to,
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Laws, B. C. Stability and Equilibrium of Floating Bodies...... 8vo, 4

Lawson, W. R. British Railways. A Financial and Commerclal
SUIVEY . ittt ittt ittt it 8vo, 2
Lecky, S. T. S. “Wrinkles” in Practical Navigation............. 8vo, 10
——Pocket Edition .........coiiiiiiiiiiii i iiiiiieiiieeeean 12mo, 5
——Danger Angle ...........iiiiiiiiiiiiiiiiiiiittiainanns ,.16mo, 2
Le Doux, M. Ice-Making Machites..................co0uvuenns 16mo, o
Leeds, C. C. Mechanical Drawing for Trade Schools..... oblong 4to, 2
..— Mechanical Drawing for High and Vocational Schools......4to, 1
—— Principles of Enginecering Drawing.............c.co0vvun.n.. 8vo, 2
Lefévre, L. Architectural Pottery....................covviuene. 4to, 7
Lehner, S. Ink Manufacture.............ccooiiinniinvnnnnnennnn 8vo, 2
Lemstrom, S. Electricity in Agriculture and Horticulture....... 8vo, *1
Letts, E. A. Fundamental Problems in Chemistry.............. 8vo, *2
Le Van, W. B. Steam-Engine Indicator...................... 16mo, o
Lewes, V. B. Liquid and Gaseous Fuels
—— Carbonization of Coal........c.ovvvviniiiiiiiiiiiiiiiienene,
Lewis, L. P. Railway Signal Engineering (Mechamcal) .......... 8vo, 5
Lewis Automatic Machine Rifle; Operation of................. 16mo, *o
Licks, H. E. Recreations in Mathematics...................... 12mo, 1
Lieber, B. F. Lieber’s Five Letter American Telegraphic Code .8vo, *15
————Spanish Edition ................cociiiiiiiiiiiiian, 8vo, *15
—— ——French Edition ............c.iiiiiiiiiiinnennnnnnennns 8vo, *15
—— Terminal Index. . ...........cciiiiiiiiiiiiniiiiineennnn. 8vo, *2
—— Lieber's Appendix. . ...........coiiiiii i i folio, *15
—— ——Handy Tables. ...ttt 4to, *2
—— Bankers and Stockbrokers’ Code and Merchants and Shippers’
Blank Tables....................cooiiiiii ., 8vo, *15
—— 100,000,000 Combination Code. . .......................... 8vo, *10
Livermore, V. P., and Williams, J. How to Become a Competent Motor-
1o« 12mo, *1
Livingstone, R. Design and Construction of Commutators......8vo,. 4
—— Mechanical Design and Construction of Generators.......... 8vo, 4
Lloyd, S. L. Fertilizer Materials............................. 12mo, 2
Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph .. .8vo, 2
- — Electrical Measurement and the Galvanometer............. 12mo, ©
Lodge, O. J. Elementary Mechanics. ........................ 12mo, I
Loewenstein, L. C.,, and Crissey, C. P. Centrifugal Pumps.......... 5
Lomax, J. W. Cotton Spinning.............c.oviviuiiinnenn. 12mo, 1
Lord, R. T. Decorative and Fancy Fabrics..................... 8vo, *3
Loring, A. E. A Handbook of the Electromagnetic Telegraph...16mo, o
Lowy, A. Organic Type Formulas..............coiiiiiiiieinnnaan. o
——Organic Type Reactions. ..........ccoviuiiiniiiiiineninenennnens o

——and Downey, T. B. Study Questions in Organic Chemistry.
(In Press.)

Lubschez, B. J. Perspective.............ccvviviiennnnnn. ....12m0, 2
— Story of the Motion Picture..........ccoivvveieeinnne... .. 12m0, I
Lucke, C.E. GasEngineDesign.................cco0vuuunnnn. 8vo, *3

—— Power Plants: Design, Efficiency, and Power Costs. 2 vols.*
(In Preparation.)
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Luckiesh, M. Color and Its Application...........c..co0vvvuenn..
——Light and Shade and Their Applications
——Visual Illusions............ccovinvnninnnnnn.
Lunge, G. Coal-tar and Ammonia. Three Volumes

——— Technical Gas Analysis..............ccoiiiiiiiiinnnnnnnnn.
—— Manufacture of Sulphuric Acid and Alkali. Four Volumes. . . .8vo,
Vol. I. Sulphuric Acid. In three parts........... (Reprinting.)
Vol. I. Supplement ..............cccovvvnenn. 8vo (Reprinting.)
Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two
¢ 2 € I (In Press.)
Vol.III. Ammonia Soda...........c.cvvvvienenennnn. “.(In Press.)
Vol. IV. Electrolytic Methods....................... (In Press.)
—— Technical Chemists’ Handbook.................... 12mo, leather, *4 oo
—= Technical Methods of Chemical Analysis.
Vol. I. In two parts.............. 8vo (New Edition in Press.)
Vol. II. In two parts.............. 8vo (New Edition in Press.)
Vol. III. In two parts............8v0 (New Edition in Press.)
The set (3 vols.) complete........ ’
Luquer, L. M. Minerals in Rock Sections....................... 8vo, 1795

MacBride, J. D. A Handbook of Practical Shipbuilding,
12mo, fabrikoid, 3 oo

Mackenzie, N. F. Notes on Irrigation WorkS..o.oooovooo....... 8vo, *2 50
Mackie, J. How to Make a Woolen Mill Pay.................. 8vo, *2 oo
Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing ....8v0o, 4 oo
Malcolm, H, W, Submarine Telegraph Cable....................... 9 oo
Malinovzsky, A. Ceramics..........c.cociiiiiiennrinnennnnnnnns, 12mo0, 3 00
Mallet, A, Compound Engines...........cccovvuivirninnenennn.. 16mo,
Mansfield, A. N. Electro-magnets............................ 16mo, o 75
Marks, E. C. R. Conttruction of Cranes and Lifting Machinery.:2mo, *2 75
——-Manufacture of Iron and Steel Tubes...................... 12mo, 2 50
—— Mechanical Engineering Materials......................... 12mo, *1 50
Marks, G. C. Hydraulic Power Engineering..................... 8vo, 4 50
Marsh, C. F. Concise Treatise on Reinforced Concrete .......... 8vo, *2 50
—— Reinforced Concrete Compression Member Diagram. Mounted on

ClothBoards. . .......... ... ... i, *1.50
Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con-

crete Block Construction....................cciiiiae. 16mo, 2 oo
Marshail, W. )., and Sankey, H. R. Gas Engines............... 8vo, 2 oo
Martin, G. Triumphs and Wonders of Modern Chemistry......8v0, *3 oo
-—— Mcdern Chemistry and Its Wonders........ .............. 8vo, *3 00
Martin, N. Properties and Design of Reinforced Concrete........ 8ve, 1 50
Martir, W. D. Hints to Engineers........ .................. 12mo, 2 00

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony.
12mo, *1 o0

Mathot, R. E. Internal Combustion Engines.................... 8vo, 5 00
Maurice, W. Electric Blasting Apparatus and Explosives... ....8vo, *3 50
——ShotFirer'sGuide .. .......... ...t tiiiiiiinnn. 8vo, *1 50
Maxwell, F. Sulphitation in White Sugar Manufacture.......12mo0, 4 00

Maxwell, J. C. Matter and Motion..............cccvuenenn ...16mo, o0 75
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Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani-

tary Engineering. .. ............ ... ... .. iiiiiiiien.. 4to, *10 00
Mayer, A. M. Lecture Notes on Physics...................... - .8vo, 3 00
McCracken, E, M., and Sampson, C. H. Course in Pattern Making.
4to, 2 oo
McCullough, E. Practical Surveying.................cco0euvees 12mo, 3 oc
McCullough, R. S. Mechanical Theory of Heat................. 8vo, 3 s0
McGibbon, W. C. Indicator Diagrams for Marine Engineers...... 8vo, 5 oo
—— Marine Engineers’ Drawing Book..................... oblong 4to, *a s0
McGibbon, W. C. Marine Engineers Pocketbook................ 12m0, * 4 50
McIntosh, J. G. Technology of Sugar..................c..ccc.n. 8vo, *6 oo
—— Industrial Alcohol ............. ... il 8vo, *3 50
—— Manufacture of Varnishes and Kincrad Ir@ustricg. Three Volumes,
8vo.
Vol. I. Oil Crushing, Refining and Boiling................. cees ‘<7 0O
Vol. II. Varnish Materials and Qil Varnish Making............. 5 00
Vol.III. Spirit Varnishes and Materials................c.cccn.. 6 oo
McKillop, M., and McKillop, A. D. Efficiency Methods......... 12mo, I 50
McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers.... *a s0
McMaster, J. B. Bridge and Tunnel Centres.................. 16mo, o0 75
McMechen, F. L. Tests for Ores, Minerals and Metals........12m0, 1 50
McNair, F. V. Handbook for Naval OffiCers.................... 12mo, )
Meade, A. Modern Gas Works Practice........................ 8vo, *8 so
Melick, C. W. Dairy Laboratory Guide....................... 12mo, *r 2§
“Mentor.” Self-Instruction for Students in Gas Supply. 12mo.
Elementary ..o i ettt 2 50
AQvanced . ........ ...ttt i eiaeieataraieaeas 2 50
—— Self-Instruction for Students in Gas Engineering. 12mo.
Elementary . .............iiiiiiinieiiiiiiiiiaaeaa, e eeeneaee 2 oo
Advanced . ... i ieiieiiieerteeseeiaans 2 00
Merivale, J. H. Notes and Formulae for Mining Students...... 12mo, 1 00
Merritt, Wm. H. Field Testing for Gold and Silver....16mo, leather, 2 oo
Mertens. Tactics and Techniquc of River Crossings............. 8vo, 3 oo
Mierzinski, S. Waterproofing of Fabrics........................ 8vo, 2 50
Miessner, B. F. Radio Dynamics................cc00..n vee....12m0, *2 0O
Miller, G. A. Determinants.........................cciiiannn. 16mo,
Miller, W. J. Introduction to Historical Geology.............. 12mo, 2 50
Mills, C. N. Elementary Mechanics for Engineers.............. 8vo, 1 25
Mills, John. Within the Atom...................... 12mo (In Press.)
Milroy, M. E. W. Home Lace-making....................... 12mo, *r oo
——Church LacCe ...........c.uiiimiiiii i iitnneantnnaseannnns 12mo, 2 50
Mitchell, C. A. Mineral and Aerated Waters.. .................. 8vo, *3 oo
Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied
Industries . ..........c. ittt e e 8vo, 3 50
Mitchell, C. F., and G. A. Building Construction and Drawing. 12mo.
Elementary Course ..............c..ciiuuninunineiincnnnnenaennnns 2 50
Advanced CoUISe ... .. ...ttt it iirireeenenesnneeennnenns 4 50
Monckton, C. C. F. Radiotelegraphy................coovieenn.. .. 8vo, 2 oo
Monteverde. R. D. Vest Pocket Glossary of English-Spanish, Spanish-
English Technical Terms...................... 64mo, leather, 1 50
Montgomery, J. H. Electric Wiring Specifications............. 16mo, I 00
Moore, E. C. S. New Tables for the Complete Solution of Ganguillet and
Kutter's Fermula ......... ... ... ... ... ... ccuiiinnn. 8vo, *6 oo
Moore, Harold. Liquid Fuel for Internal Combustion Engines...8vo, 5 oo
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Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing.
8vo,

Morgan, A. P. Wireless Telegraph Construction for Amateurs..12mo,
Morrell, R. S., and Waele, A. E. Rubber, Resins, Paints and Var-

NIBRES . ...... ... it iiii e eeseiaaeeeeea 8vo,

Moses, A. J. The Charactersof Crystals. . ..................... 8vo,
——and Parsons, C. L. Elements of Mineralogy....... [ 8vo,
Moss, S. A. Elements of Gas Engine Design................. 16mo,
—__The Lay-out of Corliss Valve Gears..................... 16mo,
Mulford, A. C. Boundaries and Landmarks................... 12mo,
Munby, A. E. Chemistry and Physics of Building Materials. .. .8vo,
Murphy, J. G. Practical Mining. . .................cceuenn... 16mo,
Murray, B. M. Chemical Rcagents........... Cetereeenaeeranaas 8vo,
Murray, J. A. Soils and Manures...........c.coieeienenenen.. 8vo,
Nasmith, J. The Student’s Cotton Spinning.................... 8vo,
~—-Recent Cotton Mill Construction.......................... 12mo,
Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds.
12mo,

Neilson, R. M. Aeroplane Patents.......................cc..... 8vo,
Nerz, F. Searchlights............................ 8vo (Reprinting.)
Newbigin, M. I, and Flett, J. S. James Geikie, the Man and the
G'eo logi st .............................................. 8vo,
Newbiging, T Handbook for Gas Engineers and Managers. .. .. .8vo,
Newell, F. R,, and Drayer, C. E. Engineering as a Career. .12mo, cloth,
Nicol, G. Ship Construction and Calculations.................... 8vo,
Nipher, F. E. Theory of Magnetic Measurements............. 12mo,
Nisbet, H. Grammar of Textile Design...... ................... 8vo,
Nolan, H. The Telescope.............. ...ccuiiiinnnenennnnn. 16mo,
None, J. W. Epitome of Nav:gatxon (2 Vols)................ octavo,
—— A Complete Set of Nautical Tables with Explanatxons of Their
U8 Lottt e e e octavo,

North, H. B. Laboratory Experiments in General Chemistry..... 12mo,
O’Connor, H. The Gas Engineer’'s Pocketbook. ......... 12mo, leather,
Ohm, G. S, and Lockwood, T. D. Galvanic Circuit............ 16mo,
Olsen, J. C. Text-book of Quantitative Chemical Analysis..... 8vo,
Ormsby, M. T. M. Surveying..................coiiiiinnnenn. 12mo,
Oudin, M. A. Standard Polyphase Apparatus and Systems.. ...... 8vo,
Pakes, W. C. C., and Nankivell, A. T. The Science of Hygiene . .8vo,
Palaz, A. Industrial Photometry...................... ... ..., 8vo,
Palmer, A. R. Electrical Experiments........................ 12me,
—-— Magnetic Measurements and Experiments................. 12mo,
Pamely, C. Colliery Manager’s Handbook . ..................... 8vo,
Parker, P. A. M. The Co~t-ol cf Water.. B 8vo,

Parr, G. D. A. Electrical Engineering Meast- 1rg Instruments .8vo,
Parry, E. J Chemistry of Essential Oils and Artificial Perfumes

Vol. I. Monographs on Essential Oils.........................

Vol. II. Constituents of Fscential Oils, Analysis...............
——PFoods and Drugs. Two Volumes.

Vol. I. The Analysis of Foed and Drugs................. 8vo,

Vol. II. The Sale of Food and Drugs Acts................ 8vo,
——and Coste, J. H. Chemistry of Pigments ........ .......... 8vo,
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Parry, L. Notes on Alloys................... D - A 4]
—— Metalliferous Wastes ..................c000 cevesencas ceee..8V0,
— Analysis of Ashes and Alloys.............cciiiiiiieienannn 8vo,
Parry, L. A. Risk and Dangers of Various Occupatioms......... 8vo,
Parshall, H. F.,, and Hobart, H. M. Electric Railway Engineering.4to,
Parsons, J. L. Land Drainage.............. e eeiaee e 8vo,
Parsons, S. J. Malleable Cast Iron.............coiviiniineannn 8vo,
Partington, J. R. Higher Mathematics for Chemical Students..12mo,
—— Textbook of ThermodynamicS............oc0evveeecrnennnnnn 8vo,
——The Alkali Industry...........c.cciiiiiennoreccnoscrcncnns 8vo,
Patchell, W. H. Electric Power in Mines................. vee...8v0,
Paterson, G. W. L. Wiring Calculations.........c..ccovevnunneen 12mo,
—— Electric Mine Signalling Installations..................... 12mo,
Patterson, D. The Color Printing of Carpet Yarms..............8vo,
——Color Matching on Textiles.............cccviiuiiiiininnnnn 8vo,
——Textile Color Mixing............ ... iiettiiiernrenccnnnnnn 8vo,
Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. .8vo,
—— Transmission of Heat through Cold-storage Insulation ...... 12mo,
Payne, D. W. Iron Founders’ Manual............... cect ee...8VO,
Peddie, R. A. Engineering and Metallurgical Books............ 12mo,
Peirce, B. System of Analytic Mechanics......................... 4to,
—— Linear Associative Algebra.........................c ..., 4to,
Perkin, F. M., and Jaggers, E. M. Elementary Chemistry. ...12mo,
Perrin, J. Atoms........ccvtiiiiiiiiiininniiineecsannnns e «....8v0,
Petit, G. White Lead and Zinc White Paints.......... P 8vo,
Petit, R. How to Build an Aeroplane............. AP 8vo,
Pettit, Lieut. J. S. Graphic Processes..........cccue cvvornns 16mo,
Philbrick, P. H. Beams and Girders..............cccovvenennn 16mo,
Phin, J. Seven Follies of Science.......... ..... ........ .... 12mo,
Pickworth, C. N. Logarithms for Beginners............. 12mo, boards,
- -The Slide Rule....... ... ...ciiiiiiiirrenennrensscanenn 13mo,
Pilcher, R. B. The Profession of Chemistry................... 12mo,
Pilcher, R. B,, and Butler-Jones, F. What Industry Owes to Chemical

SCieNCe. . ... . . i e 12mo,
Plattner’s Manval of Blow-pipe Analysis. Eighth Edition, revised.8vo,
Plympton, G. W. The Aneroid Barometer..................... 16mo,
——How to Become an Engineer.................coeiiunnnn 16mo,
-—-Van Nostrand’s Table BooK ...........cccvvnnncnnncnccns 16mo,
Pochet, M. L. Steam Injectors............cciviieeenenennnnns 16mo,
Pocket Logarithms to Four Places. ........cooviieinennannnennn 16mo,

16mo, leather,
Polleyn, F. Dressings and Finishings for Textile Fabrics.......8vo,

Pollock, W. Hot Bulb 0il Engines and Suitable Vessels..........8vo,
Pope, F. G. Organic Chemistry...... et iiecsieesecseaans 12mo,
Pope, F. L. Modern Fractice of the Electric Telegraph............. 8vo,
Popplewell, W. C. Prevention of Smoke..........ccvvvueeeenn 8vo,
—— Strength of Materials....................cccc0uuee creeeeaans 8vo,
Porritt, B. D. The Chemistry of Rubber............ccccu...- 12mo,
Porter, J. R. Helicopter Flying Machine....................... 12mo,
Potts, H. E. Chemistry of the Rubber Industry................ 8vo,
Practical Compounding of Oils, Tallows and Grease............. 8vo,
Pratt, A. E. Economic Metallurgy...............c.c..... (In Press.)
Pratt, Jas. Elementary Machine Shop Practice..................8v0,
Pratt, K. Boiler Draught... ...........covvvrnirennenrnnnnns 12mo,
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Prelini, C. Earth and Rock Excavation..............ccoc000ennn. 8vo,
— — Graphical Determinatio., of Earth Slopes..... ceeeane veessss..8V0,
~—— Tunneling. New Editiop.............ccccctveeeveees...8v0,
~— Dredging. A Practical Treatise...... Ceteerenecncessanans 8vo,

Prescott, A. B, and Johnson, 0. C. Qualitative Chemical Analysis. .8vo,
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry.

Prideaux, E. B R. Problems in Physical Chemistry............ 8vo,
—— The Theory and Use of Indicators................. eeriaeens 8wy,
Prince, G. T. Flow of Water..............iiiviiieireccnceness 12mo,
Pull, E. Modern Steam Boilers.................ccc000ens eese...8V0,
~ Pullen, W. W. F. Application of Graphic Methods to thc Desngn of
Structures ............ciiiiiiiiiiiieennas sesesecssss 120,

—— Injectors: Theory, Construction and Working...... ceeeans 12mo,
——Indicator Diagrams ...................... teceececseessareas 8vo,
——Engine Testing ................cci0iiiiiinnne ceescesnanninn 8vo,
Purday, H. F. P. The Diesel Engme Design.......... teeeees...8V0,
Rafter, G. W. Mechanics of Ventilation............. teeeesenans 16mo,
———Potable Water .................00vinnnn S 16mo,
——-Treatment of Septic Sewage...................cc00uvnnn 16mo,
——and Baker, M. N. Sewage Disposal in the United States....4to,
Raikes, H. P. Sewage Disposal Works ....................... 8vo,
Randau, P. Enamels and Enamelling.......................... 8vo,
Rankine, W. J. M. A Manual of Applied Mechanics............ 8vo,
——Civil Engineering .............c...ciiiiiiie, ceteeeeeanen 8vo.
——Machinery and Millwork. .............c..iitiiiierennneennans 8vo,
—— The Steam-engine and Other Prime Movers................. 8vo,
Raphael, F. C. Localization of Faults in Electric Light and Power Mains.
8vo

Rasch, E. Electric Arc Phenomena.............c.cciinvennnn.. 8vo:
Rathbone, R. L, B, Simple Jewellery..............cccivevurnn.. 8vo,
Rausenberger, F. The Theory of the Recoil Guns............... 8vo,

Rautenstrauch, W. Notes on the Elements of Machine Design.8vo, boards,
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical

Design.
Part 1. Machine Drafting........ccceeeeneeceenccacnnncannns 8vo,
Part II. Empirical Design...................... (In Preparation.)
Raymond, E. B. Alternating Current Engineering............... 12mo,
Rayner, H. Silk Throwing and Waste Silk Spinning............. 8vo,
Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Txadea,
8vo,
Recipes for Flint Glass Making.................cc0iivnvennnnn. 12mo,
Redfern, J. B., and Savin, J. Bells, Telephones..... teeeneacnes 16mo,
Redgrove, H. S Expenmental Mensuration. .................. 12mo,
Reed, E. G. The Transformers................coeeeveees (In Ptess.)
Reed, S. Turbines Applied to Marine Propulsion.....................
Reed’s Engineers’ Handbook. ... ... .......cocveuvnmenunnunecnennn 8vo,
—— Key to the Nineteenth Edition of Reed’s Engineers’ Handbook.8vo,
—— Useful Hints to Sea-going Engineers....................... 12mo,
Reeve, F. C. Elementary Qualitative Analysis of the Metals and Acid
Radicals ......ccooviniiiiiiiiiiieieiiieeens 12mo,

Reid, E. E. m to Research in Organic Chemistry. (In Press.)
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Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students.
oblong 4to, boards,
Reinhardt, C. W. The Technic of Mechanical Drafting,
oblong, 4to, boards,

Reiser, F. Hardening and Tempering of Steel................. 12mo,
_Reiser, N. Faults in the Manufacture of Woolen Goods........8vo,
—— Spinning and Weaving Calculations. .... Cedeceseentnanaenn 8vy,
Renwick, W. G. Marble and Marble Working..................8vo,
Reuleaux, F. The Comstructor.........................c.ccu... 4to,
Rey, Jean, The Range of Electric Searchlight Projectors........ 8vo,
Reynolds, 0., and Idel], F. E. Triple Expansion Engines........ 16mo,
Rhead, G. F. Simple Structural Woodwork
Rhead, G. W. British Pottery Marks................
Rhodes, H.J. Art of thhography .............
Rice, J. M and Johnson, W. W, A New Method of Obtaining the Differ-
ential of Functions.................................. 12mo,
Richards, E. G. Experience Grading and Rating Schedule........8vo0.
Richards, W. A, Forging of Iron and Steel................... 12mo.
Richards, W. A., and North, H. B. Manual of Cement Testing. . . .12mo,
Richardson, J. The Modern Steam Engine....................... 8vo,
Richardson, S. S. Magnetism and Electricity.................... 12mo,
Rideal, E. K. Industrial Electrometallurgy.............. ..... 8vo,
The Rare Earths and Metals................... 8vo (In Press.)
——0ZOMe ... ..t eiiee ettt 8vo,
Rideal, S. Glue and Glue Testing..........ccovuvinennnnennn. 8vo,
—— The Carbohydrates ................... ereeresecarecastenann 8vo,
Riesenberg, F. The Menon Deck.............covvveinnnininnn. 12mo,

—— Standard Seamanship for the Merchant Marine.12mo (/n Press.)
Rimmer, E. J. Boiler Explosions, Collapses and Mishaps......8vo,

Rings, F. Reinforced Concrete in Theory and Practice......... 12mo,
Ripper, W. Course of Instruction in Machine Drawing............ folio,
Roberts, F. C. Figure of the Earth............................ 16mo,
Roberts, J., Jr. Laboratory Work in Electrical Engineering....... 8vo,
Robertson, J. B. The Chemistry of Coal..................... 12mo,
Robertson, L. S. Water-tube Boilers. ... ...................... 8vo,
Robinson, J. B. Architectural Composition...................... 8vo,
Robinson, S. W. Practical Treatise on the Teeth of Wheels..16mo,
——Railroad Ecomomics ...............ciiiiiiiiiiiiiieiaa. 16mo,
—— Wrought Iron Bridge Members.................c.covvuen.. 16mo,
Robson, J. H. Machine Drawing and Sketching................. 8vo,
Roebling, J. A. Long and Short Span Railway Bridges......... folio,
Rogers, A. A Laboratory Guide of Industrial Chemistry........ 8vo,
——Elements of Industrial Chemistry........................ 12mo,
——Manual of Industrial Chemistry..............ccoevvuvien.n. 8vo,
Rogers, F. Magnetism of Iron Vessels........................ 16mo,
Rohland P. Colloidal and Crystalloidal State of Matter...... 12mo,

(Repriniing.)
Rollinson, C. Alphabets ................... tessesess..Oblong, 12mo,
Rose, J. The Pattern-makers’ Assistant........................ 8vo,
—— Key to Engines and Engine-running...... Cieeeeeeeieeiee 12mo,
Rose, T. K. The Precious Metals............. P e eereneane 8vo,
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Rosenhain, W. Glass Manufacturss, 553 ..... P - ('S
——— Physical Metallurgy, An Introduction to.................... 8vo,
Roth, W. A, Physical Chemistry......................ooiuen 8vo,
Rowan, F. J.,, and Idell, F. E. Boiler “Incrustation and Corrosion.16mo,
Roxburgh, W. Geneul Foundry Practice....................... 8vo,
Ruhmer, E. Wireless Telephony............................... 8vo,
Russell A. Theory of Electric Cables and Network.............. 8vo,
Rust, A. Practical Tables for Navigators and Aviators......... 8vo,
Rutley, F. Elements of Mineralogy........................... 12mo,

Sandeman, E. A. Notes on the Manufacture of Earthenware...12mo,

Sanford, P. G. Nitro-explosives. .............................. 8vo,
Saunders, C. H. Handbook of Practical Mechanics........... 16mo,
leather,

Sayers, H. M. Brakesfor TramCars.......................... 8vo,
Schaefer, C. T. Motor Truck Design...................cooo. 0, 8vo,
Scheithauer, W. Shale OQils and Tars................c.ocvonnn.. 8vo,
Scherer, R. Casein................ccciiiiiiiiiiiiiinniininnnn, 8vo,
Schidrowitz, P. Rubber, Its Produchon and Industrial Uses......8vc,
Schindler, K. Iron and Steel Construction Works............ :zmo,
Schmall, C. N. First Course in Analytic Geometry, Plane and Solid.
12mo,

——and Shack, S. M. Elements of Plane Geometry .......... 12mo,
Schmeer, L. Flow Of WAter............cco.loeeecnnn.. P 8vo,
Schwarz, E. H. L. Causal Geology............................. 8vo,
Schweizer, V. Distillations of Resins............................ §vo,
Scott, A. H. Reinforced Concrete in Practice................. 12mo,
Scott, W. W. Qualitative Analysis. A Laboratory Manual. New
Edition ... ittt e

— Standard Methods of Chemical Analysis.................... 8vo,

Scribner, J. M. Engineers’ and Mechanics’ Companion. .16mo, leather,
Scuddet, H. Electrical Conductivity and Iomzatlon Constants of

Organic Compounds. ....... ...c..oovreninenlnrennennnnnn. 8vo,
Seamanship, Lectures on......................................72m0,
Searle, A. B. Modern Brickmaking......................c....... Bvo,
——Cement, Concrete and Bricks....................ccoiun.... 8vo,
Searle, G. M. “Sumners’ Method.” Condensed and Improved.

16mo,
Seaton, A. E. Manual of Marine Engineering.................. 8vo,
Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi-

MEETINE .......ovvrnininnnoeneeneneenannnenns 16mo, leather,
Seeligmann, T., Torrithon, G. L., and Falconnet, H. India Rubber and

Gutta "POXCRA ... ..o 8vo,
Seidell, A. Solubilities of Inorganic and Organic Substances....8vo,
Sellew, W. H. Steel Rails........................cciviin.... 4to,
——Railway Maintenance Engineering........... ereeaceaaeaans 12mo,
Senter, G. Outlines of Physical Chemistry.................... 12mo, -
—— Text-book of Inorganic Chemistry......................... 12mo,
Sever, G. F. Electric Engineering Experiments........... 8vo, boarde.
Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Ele--

tncal Engineering........ ... ... . i 8vo,
Sewall, C. H. Wireless Telegraphy................c.covvveennn.. 8vn,
—Lessona in Telegraphy.......... .i.coiiiniiiireennnnnnnnn 12mo.,
Sexton, A. H. Chemistry of the Hatenals of Engineering........ 12m0,
—Alloys (NOD-FeIrous) ... . it qoveidasioeeereecnoceecnaneenss 8vo,
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Sexton, A. H,, and Primrose, J. S. G. The Metallurgy of Iron and Steel. .

8vo, 6 so
—— The Common Metals (Non-Ferrous)...........cccv0nvennnn. 8vo, 4 oo
Seymour, A. Modern Printing Inks............. e teeeeeaeea. 8vo, 3 oo
Shaw, Henry S. H. Mechanical Integrators................... 16mo, o0 75
Shaw, J. B. Vector Calculus............cocvvvninnvnnnnnn. (In Press.)
Shaw, T. R. Driving of Machine Tools..................... 12mo0, *2 oo
——Precision Grinding Machines....................cciin.n 12mo, 5 0o
Shaw, W. N. Forecasting Weather.............. 8vo (Rcprinting.)
Sheldon, S., and Hausmann, E. Dynamo Electric Machinery, A.C. _
and D.C........ ... e 8vo (In Press.)
——Flectric Traction and Transmission Engineering.......... 12mo, 3 0o
———Physical Laboratory Experiments, for Engineering Students..8vo, 1 56
Sherriff, F, F. 0il Merchants’ Manual and Oil Trade Ready Reckoner,
8vo, 3 50
Shields, J. E. Notes on Engineering Construction.............. xzmo: 1 50
Shreve, S. H. Strength of Bridges and Roofs................... 8vo, 3 s0
Shunk, W. F. The Field Engineer ....... Ceereenenns 12mo, fabrikoid, 3 oo
Silverman, A., and Harvey, A. W. Laboratory Directions and Study
Questions in Inorganic Chemistry...... ..... 4to, loose leaf, 2 o>
Simmons, H. E. Rubber Manufacture. .......................... 4to, 4 s0
Simmons, W. H. Fats, Waxes and Essential OQils..8vo (/n Press.)
Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture,

: ' 870, *4 co
Simmons, W. H,, and Mitchell, C. A. Edible Fats and Oils...... 8vo, *3 50
Simpson, G. The Naval Conmstructor................. 12mo, fabrikoid, *s5 oo
Simpson, W. Foundations.......................... 8vo. (/n Press.) _
Sinclair, A. Development of the Locomotive Engine.. .8vo, half leather, 5 00
Sindall, R. W. Manufacture of Paper.......................... 8vo, 3 00
Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp....8vo, 2 50
——Wood and Cellulose. ............covivinienennnn 8vo (In Press.)
Sloane, T. 0’C. Elementary Electrical Calculations........... 12m0, 3 50
—— Short-Cuts in Arithmetic...............cccovvienin.. (In Press.)
Smallwood, J. C. Mechanical Laboratory Methods. .. .12mo, fabrikoid, 3 oo
Smith, C. A. M. Handbook of Testing, MATERIALS............ 8vo, 5 0o
Smith, C. A. M., and Warren, A. G. New Steam Tables........ 8vo, 1 00
Smith, C. F. Practical Alternating Currents ard Testing........ 8vo, *3 50
——Practical Testing of Dynamos and Motors............... 8vo, *3 oo

Smith, F. E. Handbook of General Instruction for. Mechanics. . .12mo, 1 50
Smith, G. C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their

Manufacture and Properties........................... 12mo, 2 00
Smith, H. G. Minerals and the Microscope..... Feter e 12mo0, 32 00
Smith, J. C. Manufacture of Paint....................c....... 8vo, *s5 oo
Smith, R. H. Principles of Machine Work...... ............. 12mo0,
—— Advanced Machine Work.....................cciviiiuen... 12mo, °, 0o
Smith, W. Chemistry of Hnt Manufacturing................ 12mo, *3 so
Snell, F. D. Colorimetric Analysis .......... ..... 12mo (/n Press.)
Snow, W. G, and Nolan, T. Ventilation of Buildings........ 16mo, o0 7%
Soddy, F. Radioactivity.......................... 8vo (Reprinting.)
Solomon, M. Electric Lamps.............ccovennen... [P 8vo, 2 oo

Somerscales, A. N. Me~hani~g for Marine Engineers..........12mo. 2 S0
—— Mechanical and Marine Engineering Science................. 8vo, *s oo
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Sothern, J. W. The Marine Steam Turbine..................... 8vo,
—— Verbal Notes and Sketches for Marine Engineers..........8vo,
—— Marine Engine Indicator Cards............................. 8vo,
——0il Fuel Burning in Marine Practice........................ 8vo,
Sothern, J. W., and Sothern, R. M. Simple Problems in Marine
Engmeenng Design ......cooiiiiiiiiiiiiiiei i 12mo,
Souster, E. G. W. Design of Factory and Industrial Buildings. . .8vo,
Southcombe, J. E. Chemistry of the Oil Industries............. 8vo,
Soxhlet, D. H. Dyeing and Staining Marble.................... 8vo,
Spangenburg, L. Fatigue of Metals........................... 16mo,
Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical
SUIVeYING . ...ttt it e 15mo,
Spencer, A. S. Design of Steel-Framed Sheds.............oetns 8vo,
Spiegel, L. Chemical Constitution and Physiological Action....r2mo,
Sprague, E. H. Hydraulics.............c.ooiiiiiiiinnnenan.. 12mo,
——Elements of Graphic Statics...............c.c.ociiiiii.... 8vo,
—— Stability of Masonry...........c.ciiieiieinrennennnenennn 12mo,
—— Elementary Mathematics for Engineers.................... 12mo,
——Stability of Arches.................ciiiiiiiiiiiiiina... 12mo,
.—— Strength of Structural Elements.......................... 12mo,
——Moving Loads by Influence Lines and Other Methods... ..'.nmo,~
Stahl, A. W. Transmission of Power......................... 16mo,
Stahl, A. W.,, and Woods, A. T. Elementary Mechanism...... 12mo,
Standage, H. C. Leatherworkers’ Manual...................... 8vo,
—— Sealing Waxes, Wafers, and Other Adhesives.............. 8vo,
—— Agglutinants of All Kinds for All Purposes............... 12mo,
Stanley, H. Practical Applied Physics................... (In Pressy
Stansbie, J. H. Iron and Steel.................ccciiviiennn.... 8vo,
Steadman, F. M. Unit Photography..............,..cccouo.... 12mo,
Stecher, G. E. Cork. Its Origin and Industrial Uses .......... 12mo0,
Steinheil, A., and Voit, E. Applied Optics. Vols. I. and II. 8vo,
Each
——Two Volumes .......c.ciiveiiiiinennnrnnnneeennnnenenanns Set,'
Steiiman, D. B. Suspension Bridges and Cantilevers. (Science Series
NO. 127.) ottt it i e i e et
——Melan’s Steel Arches and Suspension Bridges.............. 8vo,
Stevens, A. B. Arithmetric of Pharmacy.......... Neeieeeeaas 12mo,
Stevens, E. J. Field Telephones and Telegraphs...................
Stevens, H. P. Paper Mill Chemist............................16mo0,
Stevens, J. S. Theory of Measurements...................... 12mo,
Stevenson, J. L. Blast-Furnace Calculations............ 12mo, leather,
Stewart, G. Modern Steam Traps.............c.cooevvuinnn. 12mo,
Stiles, A. Tables for Field Engineers......................... 12mo,
Stodola, A. Steam Turbines................ teeeectenatenneenann 8vo,
Stone, E. W. Elements of Radiotelegraphy.......... 12mo, fabrikoid,
Stone, H. The Timbers of Commerce...........ccoo0venvucuen.. 8vo,
Stopes, M. The Study of Plant Life............................ 8vo,
Sudborough, J. J., and James, T. C. Practical Organic Chemistry.12mo,
Suffling, E. R. Treatise on the Art of Glass Painting........ 8vo,
Sullivan, T. V., and Underwood, N. Testing and Valuation of Build-
ing and Engineering Matenals .................... (In Press.)
Svenson, C. L. Handbook on Piping............. Ceeeeaeeneneans 8vo,
——Essentials of Drafting. ................c..ciiiiiiiiiiiein... 8vo,

—— Mechanical and Machine Drawing and Design.......(In Press.)
Swan, K. Patente tand Trade Marks. ................... 8vo,
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Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric Currents.

16mo, o 75
Swoope, C. W. Lessons in Practical Electricity............. +...12m9, 2 50
Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics......8vo, 7 oo
Tate, J. S. Surcharged and Different Forms of Retammg-walls xGmo, o075
Taylor, F. N. Small Water Supplies......................... 3 00
—— Masonry in Civil Engineering....................covvuen... *2 50
Taylor H. S. Fuel Production and Utilization.................. 3 .50
Taylor, W. T. Calculation of Electrical Conductors 4 2 00
—— Electric Power Conductors and Cables.......... 8vo (In Press.)
——Calculation of Electric Conduetors............... 4to (In Press.)
Templeton, W. Practical Mechanic’s Workshop Companion.
12mo, morocco, 2 00
Tenney, E. H. Test Methods for Steam Power Plants........ 12mo, 3 00
Terry, H. L. India Rubber and its Manufacture................. 8vo, 3 00
Thayer, H. R. Structural Design. 8vo.
Vol. I. Elements of Structural Design........................ 3 50
Vol. II. Design of Simple Structures................ccc.vnn.. 4 50
Vol. III. Design of Advanced Structures........ (In Preparation.)
—— Foundations and Masonry......... BN (In Preparation.)
Thiess, J. B., and Joy, G. A. Toll Telephone Practice............ 8vo, *3 50
Thom, C., and Jones, W. H. Telegraphic Connections.. . .oblong, 12mo, 1 50
Thomas, C. W. Paper-makers’ Handbook............. «..(In Press.)
Thomas, J. B. Strength of Ships.............................. 8vo, 2 50
——The Powering of Ships. ..........coiiiiiiiiiiiiiininnnnn. 8vo, 10 00
Thomas, Robt. G. Applied Calculus.......................... 12mo, 3 0O
Thempson, A. B. Qil Fields of Russia...................co0vuen. 4to, 10 0O
——0il Field Development..........ccoueiiiiiiniioinanenenanennnns 15 0o
Thompson, S. P. Dynamo Electric Machines................. 16mo, o0 75
Thompson, W. P. Handbook of Patent Law of All Countries. . ... 16mo, 2 oo
Thomson, G. Modern Sanitary Engineering.................... 12mo, *3 oo
Thomson, G. S. Milk and Cream Testing.................... 12mo, *a 25
—— Modern Sanitary Engineering, House Drainage, etc.......... 8vo, *3 oo
Thomessen, E. G. Soap-Making Industry........... 12mo (In Press.)
Thornley, T. Cotton Combing Machines.... ................... 8vo, *3 50
—— Cotton Waste .........ccciiuvriinieneerninriinieneneneinnen. 8vo, 6 oo

—— Cotton Spinning. 8vo.
-—— Elementary Cotton Spinning

Second Year ....................... ettt
Third Year ....... ... iiiiiiiiiiiiitinenneececssccnnsnnnnnnns
Thurso, J. W. Modern Turbine Practice. . ..................... 8vo, *4 o0
Thurston, A. Pharmaceutical and Food Analysis........ (In Press.)
Tidy, C. Meymott. Treatment of Sewage..................... 16mo, o 75
Tilmans, J. Water Purification and Sewage Disposal........... 8vo, 2 50
Tinkler, C. K, and Ma<ters, H. Applied Chemistry...........8vo, 4 50
Tinney, W. H. Gold-mining Machinery........................ 8vo, *3 oo
Titherley, A. W. Laboratory Course of Organic Chemistry......8v9, 2 50
Tizard, H. T. Indicators....................c.coiiienn. (In Przss)
Toch, M. Chemistrv and Technologv of Paints.................. 8vo, 4 50
—Matena]s for Permanent Painting......................... 12m0, 2 50
Tod, J., and McGibbon, W. C. Marine Engmeers' Board of Trade
Examinations ............cccoiiiiiiiiiiiiiiiiiiiia 8vo, *2 oo
Todd, J., and Wh2ll. W B. Practi~al Seamanship............... 8vo, g o0

Townsend, F. Alternating Current Engineering........... 8vo, boards, *o 75
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Townsend, J. S. Ionization of Gases by Collision............... 8vo,
Transactions of the American Insutute of Chenncd Engmeers, 8vo.
Vol. XII, 1919. Two Parts.. ves ..Each,
Vol. XIII. Part I, 1920.......cc0vvnnen... et ire et
Vol. L. to XI, 1908-1918. ... ... etiiiiiiiiii e 8vo, each,
Traverse Tables ........ ... ... i iiiiiiiiiiiiiniiiinnnnnnnn 16mo,
Treiber, E. Foundry Machinery...............c...covvvvnnnn.. 12mo,
Trinks, W. Governors and Governing of Prime Movers........... 8vo,
Trinks, W., and Housum, C. Shaft Governors................ 16mo,
Trivelli, A. P. H., and Sheppard, S. E. Silver Bromide Grain of
Photographic Emulsions ................c.ccviiiueennn.. 8vo,
Trowbridge, W. P. Turbine Wheels.......................... 16mo,
Tucker, J. H. A Manual of Sugar Analysis..................... 8vo,
Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound
. Steam-engine .................... i ieei i 16mo, _
Turner, H. Worsted Spinners’ Handbook....................... 12mo,
Turrill, S. M. Elementary Course in Perspective. ............. 12mo,
Twyford, H. B. Purchasing.................c..ciiiuiininnin... 8vo,
—— Storing, Its Economic Aspects and Proper Methods.......... 8vo,
Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind-
IS . e 12mo,
Underwood N, and Sullivan, T. V. Chemistry and Technology of
Pnntmg Inks ... i it 8vo,
Urquhart, J. W. Electro-plating..............ccociiivinnnnnns 12mo,
——Electrotyping . . . . ...... ... ... ie e 12mo,
Usborne, P. O. G. Design of Simple Steel Bridges. .. ........... 8vo,
Van Nostrand’s Chemical Annual. Fourth issue 1918.fabrikoid, ramo,
Van Wagenen, T. F. Manual of Hydraulic Mining............. 16mo,
Vega, Baron Von. Logarithmic Tables.......................... 8vo,
Vincent, C. Ammonia and its Compounds. Trans. by M. J. Salter.8vo,
Virgin, R. Z. Coal Mine Management................... (In Press.)
Volk, C. Haulage and Winding Appliances. ... ................. 8vo,
Von Georgievics, G. Chemical Technology of Textile Fibres..... 8vo,
—— A Text Book of Dye Chemistry........................... 8vo,
Vose, G.L. Graphic Method for Solving Certain Questions in Arithmetic
and Algebra ..............iiiiiiiii it 16mo,
Vosmaer, A. Ozome.............coiiiiuiiietenneecnsannsaoness ..8ve,
Wabner, R. Ventilation in Mines........ ............. ceeecnaen 8vo,
Wadmore, T. M. Elementary Chemical Theory............... 12mo,
Wagner, E. Preserving Fruits, Vegetables, and Meat........ 12mo,

Wagner, H. E,, and Edwards, H. W. Railway Engineering Estimates.
(In Press.)

Wagner, J. B. Seasoning of Wood..................c..oivunt. 8vo,
Waldram, P. J. Principles of Structural Mechanics...........12mo,
Walker, F. Dynamo Building........................cccinuet 16mo,
Walker, J. Organic Chemistry for Students of Medicine....... .8vo,

Walker, S. F. Refrigeration, Heating and Ventilation on Shipboard

fabrikoid, 12mo,
——Electricity in Mining...............cciiiiiiiiiiiii i 8vo,
——Electric Wiring and Fitting..................cooooiiiat 8vo,
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Wallis-Tayler, A. J. Bearings and Lubncatxon ...... 8vo (Reprinting.)
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