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PRELIMINARY NOTICE

THE present volume contains the memoirs
on the subject of “N ” rays, communicated to
the Academy of Sciences by Prof. R. Blondlot.
The papers have been reprinted exactly as
they were originally published in the Comgptes
Rendus of the Academy. The notes at the
end were added later, with the object of throw-
ing light on certain points which were obscure
at the time the papers were communicated to
the Academy.

The title of the first memoir in this collec-
tion, “On the Polarization of ‘X’ Rays,” will
hardly cause astonishment when it is realized
that the study of the “X” rays led the author
to recognize the existence of radiations of a
totally different character. To these he gave
the name of “N " rays. Before the distinction
of these two kinds of radiation was made,
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some confusion was bound to arise between
the phenomena appertaining to each. In
particular, the preliminary researches which
the author had made' on the velocity of
propagation of “ X" rays apply in reality
not to “X" rays, but to “N” rays. He
had found that the velocity of propagation
was the same as that of Hertzian waves,
and consequently of light. Since the pro-
perties of “N ” rays, taken in their entirety,
do not leave any doubt that these rays are
a variety of light, this determination of their
velocity is now nothing more than a verifica-
tion of an assured fact. Nevertheless, this
verification seemed not altogether superfluous ;

it proves at least that the experiments have
been carried out with care.

L Comples Rendus, t. cxxv. pp. 666, 721, 763.



INTRODUCTION BY THE
TRANSLATOR

In writing this English version of Blondlot’s
communications to the French Academy, the
translator’s constant endeavour has been to
preserve that simplicity and straightforwardness
which render the original a model of scientific
exposition. That this object has been attained
he will not venture to assert, but he hopes that,
at any rate, the reader will be enabled to follow
the successive stages of thought in the mind
of the discoverer as he progresses from experi-
ment to experiment in a hitherto unexplored
domain. If this hope be fulfilled, the book will
be welcome not only to those who desire to
make acquaintance with “N " rays, but also
to all lovers of scientific research, as well as to
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On the Polarization of ““ X " Rays (Feb. 2, 1903).
Note 1.

HrituerTto the attempts made to polarize “X”
rays have remained fruitless. I asked myself
whether “ X ” rays emitted by a focus tube are
not polarized as soon as emitted. I was led to
put to myself this question by considering that
the conditions of asymmetry which should
exist for the polarization of such rays are in
this case exactly satisfied. For each ray is
generated from a cathode ray, and the two rays
define a plane; thus, through each ray emitted
by the tube a plane passes, in which, or nor-
mally to which, the ray may well have special
properties, this being, in fact, an asymmetry
characteristic of polarization. Now, if this
polarization exists, how can the fact be ascer-
tained? It struck me that a small spark, such
B
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as I used in my researches on the velocity of
propagation of “ X ” rays, might perhaps in this
case play the part of analyzer, inasmuch as the
properties of a spark may be different in the
direction of its length, which is also that of
the electric force producing it, and in directions
normal to its length. Starting from this, I
arranged an apparatus as shown in the accom-
panying diagram, so as to obtain a small
spark during the emission of *“ X ” rays.

A focus tube is connected to an induction-
coil by wires BH, B'H’, covered with gutta-
percha (Fig. 1). Two other wires, also covered
with gutta-percha, Alcand A'l¢, terminate at A
and A’ in two loops, which surround BH and
B'H' respectively; a bit of glass tubing, not
shown in the figure, keeps each loop separate
from the wire which it surrounds. The wires
Al, A'l are then twisted together, and their
sharply pointed ends, ¢ and ¢, are fixed
opposite each other, at a very small distance,
adjustable at will, so as to form a small spark-
gap. By virtue of this disposition, the
clectrostatic influence exercised by the wires
BH and B'H’ on the loops A and A’ produces
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at each break of the current in the coil a small
spark at the gap ¢/, at the same time as “X"”
rays are being emitted by the tube. Owing
to the flexibility of wires, Ale, A'l'¢, the
straight line ¢/, along which the spark occurs,
can be set in any direction we please. A
sheet of aluminium foil, 40 cms. square, is
interposed between the tube and the spark,
so as to prevent any direct influence of the
electrodes of the tube on ¢

In order to define easily the relative posi-
tions of the tube and the spark ¢/, take three
rectangular axes, of which one, Oz, is vertical.

Fix the focus tube so that its length, and,
consequently, the pencil of cathode rays, coin-
cides with OY, the anticathode being placed
near the origin, and sending “X " rays in the
positive direction of OX.

Place the gap ¢¢' at a point on the positive
side of OX, so that its direction is parallel to
OY. The spark being properly regulated one
observes that the “ X ” rays act upon it in such
a way as to increase its luminosity, for the
interposition of a sheet of lead or glass mani-
festly diminishes the brightness.
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Now, without altering the position of the
gap, turn it so that it comes parallel to OZ, z.e.
normal to the cathode rays. The influence of
the “X"” rays on the spark is then seen to
disappear, and the interposition of a lead or
glass plate causes no change in its brightness.

“X " rays have therefore a plane of action,
which is the one passing through each “X”
ray and the cathode ray which gives rise to it.
If the direction given to the spark-gap is inter-
mediate between the two above mentioned, the
action is seen to diminish from the horizontal
position to the vertical.

The following is another experiment, still
more striking : if the spark is made to turn
about OX, parallel to plane YOZ, the spark is
seen to pass from a maximum brightness when
horizontal to a minimum when vertical. These
variations of brightness are similar to those
observed when a pencil of polarized rays tra-
verses a rotating Nicol's prism, the small spark
playing the part of analyzer. The pencil of
“X"” rays presents the same asymmetry
as a pencil of polarized light. According to
Newton’s definition, it has sides differing from
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each other; in other words, it is polarized in
the complete sense of the term.

The phenomenon is easy to observe when
the spark is well regulated; this means that the
spark must be very small and faint.

If the focus tube is made to turn about its
axis, which is parallel to the cathode rays, the
observed phenomena do not change, so long as
“X ” rays reach the gap. The plane of action
is thus independent of the orientation of the
anticathode, being always the plane passing
through the “X” rays and the generating
cathodic rays.

The spark being kept in this plane, and
turned round from the position in which it is at
right angles to the “X” rays to that in which
it is parallel to them, we observe that the
effect of the “X ” rays on the brightness of the
spark is a maximum in the first position, and
diminishes to nothing in the second.

Now, an “X " ray and its generating cathodic
ray only determine a plane when their direc-
tions are different. Again, amongst the emitted
“X” rays, some are in a direction very nearly
the same as that of the cathode rays, being
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those which graze the cathode. One should
expect these to be very incompletely polarized ;
and, indeed the small spark enabled me to
confirm this. '

I noted several important facts, which, how-
ever, I will merely allude to in the present
paper. Quartz and lump-sugar rotate the
plane of polarization of “X” rays in the same
sense as that of light. I obtained rotations
of 40°.

Secondary rays, styled “S” rays, are also
polarized. Active substances rotate the plane
of polarization of these rays in a sense contrary
to that of light. I observed rotations of 18°
(note 2).

[t is extremely likely that magnetic rotation
also exists for “X ” rays as well as for “S”
rays. One can also surmise that the properties
of these rays, with reference to polarization,
extend to tertiary rays, etc. I intend shortly
to publish the results at which I have arrived
concerning these different points.
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On a New Species of Light (March 23, 1903).

The radiations emitted by a focus tube are
filtered through a sheet of aluminium foil or a
screen of black paper, in order to eliminate the
luminous rays which might accompany them.
While studying these radiations by means of
their action on a small spark, I discovered that
they are plane-polarized as soon as emitted. I
further proved that when these radiations tra-
verse a plate of quartz in a direction at right
angles to its axis, or a lump of sugar, their
plane of action undergoes a rotation just like
the plane of polarization of a pencil of light
(see pp. 5 and 6).

[ then asked myself if a rotation could also
be obtained by passing the radiations of the focus
tube through a pile of Reusch mica sheets. 1
observed, in fact, a rotation of from 25° to 30° in
the same direction as that of polarized light.
This action of a pile of micas made me at once
infer that a single sheet of mica must act, and
that this action must be depolarization, or, rather,
the production of elliptic polarization ; this is
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indeed what occurs. The interposition of a
sheet of mica, set so that its axis makes an
angle of 45° with the plane of action of the
radiations emitted by the tube, destroys their
rectilinear polarization, for their action on a
small spark remains sensibly the same, whatever
be the direction of the spark-gap. If a second
sheet of mica is interposed, identical with the
first, so that the axes of the two sheets are
perpendicular to each other, rectilinear polariza-
tion is re-established. This result can also be
obtained by the use of a Babinet's compen-
sator. Consequently, we are dealing with elliptic
polarization.

Now, if the sheet of mica changes rectilinear
into elliptic polarization, such a sheet must be
doubly refractive for the radiations thus trans-
formed. But if double refraction exists, @
Jfortiori simple refraction must exist; and I was
thus led to examine whether, in spite of the
fruitless attempts to discover the refraction of
“X " rays, I could not obtain a deviation by a
prism. I then arranged the following experi-
ment : a focus tube sends through an aluminium
screen a pencil of rays, limited by two vertical



NEW SPECIES OF LIGHT 9

slits cut in two parallel sheets of lead, 3 mms.
thick. The small spark is placed on one side
of the pencil at such a distance that it cannot
be reached, even by the penumbra; this is
ascertained by proving that the interposition of
a sheet of lead causes no diminution of its
brightness. Now let us interpose in the pencil
an equilateral quartz prism, with refractive edge
on the side away from the spark. If the prism
is properly set, the spark becomes much more
brilliant ; when the prism is removed, the spark
reverts to its former faintness. This pheno-
menon is certainly due to refraction, for if the
setting of the prism is altered, or if the prism is
replaced by a plate of quartz, no effect is ob-
served. The experiment may also be carried out
in a different manner: the pencil is first made
to impinge directly on the spark, then it is de-
viated by means of the prism, and the bright-
ness of the spark wanes. If, now, the spark is
moved laterally towards the base of the prism,
it recovers its previous brightness, proving that
the rays in question have been deviated in the
same sense as rays of light.

Refraction being thus proved, I at once
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sought to concentrate the rays by means of a
quartz lens. The experiment is unattended
with difficulty. An image of the anticathode
is obtained, extremely well-defined as to size
and distance by a heightened glow of the small
spark.

The existence of refraction rendered that of
regular reflection extremely probable; as a
matter of fact, regular reflection does take
place. By means of a quartz lens, or a lens
formed by a very thin horn envelope filled with
turpentine, I produce a conjugate focus of the
anticathode; then I intercept the emerging
pencil by a sheet of polished glass, placed
obliquely ; I then obtain a focus exactly sym-
metrical, in respect to the plane of reflection,
with the one which existed before the glass
was interposed. With a plate of ground glass
there is no regular reflection, but diffusion is
observed.

If one half of a lamina of mica is roughened,
the polished half lets pass the radiations, and
the other half stops them (note 3).

This allows of the repetition of the refrac-
tion experiments under much more precise
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conditions, by the use of Newton's arrange-
ment for obtaining a pure spectrum.

From all that precedes, the fact results that
the rays which I have thus studied are not
Rontgen rays, since these undergo neither
refraction nor reflection. In fact, the little
spark reveals a new species of radiations
emitted by the focus tube, which traverse
aluminium, black paper, wood, etc. These are
plane-polarized from the moment of their
emission, are susceptible of rotatory and
elliptic polarization, are refracted, reflected,
diffused, but produce neither fluorescence nor
photographic action.

I had expected to find that amongst these
rays some existed whose refractive index for
quartz is about 2; but probably quite a
spectrum of such rays exists, for in the refraction
experiments with a prism, the deviated pencil
appears to cover a broad angle. The study of
this dispersion remains to be pursued, as well
as that of the wave-lengths of the rays.

By progressively diminishing the intensity
of the current actuating the induction-coil, one
still gets these new rays, even when the tube
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no longer produces any fluorescence, and is
itself absolutely invisible in the dark. They
are fainter, however, in this case. They can
also be produced continuously by means of
an electric machine giving a spark a few
millimetres in length.

At first I had attributed to Roéntgen rays
the polarization which in reality belongs to the
new rays, a confusion which it was impossible
to avoid before having observed the refraction,
and it was only after making this observation
that I could with certainty conclude that I was
not dealing with Réntgen rays, but with a new
species of light.

It is interesting to collate these remarks
with the view expressed by M. Henri Becquerel,
that in certain of his experiments ‘‘ manifesta-
tions identical with those giving refraction and
total reflection of light may have been pro-
duced by luminous rays which had traversed
aluminium ” (see Comples Rendus, t. xxxii.,
March 25, 1901, p. 739).
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On the Existence, in the Rays emitted by an
Auwer Burner, of Radiations which tra-
verse metals, wood, etc. (May 11, 1903).

A focus tube emits, as I have already
proved (see p. 7), certain radiations sus-
ceptible of traversing metals, black paper,
wood, etc. Amongst these, there are some
for which the index of refraction of quartz
is nearly 2. On the other hand, the index
of quartz for the rays remaining from rock-
salt, discovered by Professor Rubens, is
2'18.  This similarity of indices led me
to think that the radiations observed in the
emission of a focus tube would very likely
be near neighbours of the rays discovered
by Rubens, and that, consequently, they
would be met with in the radiation emitted
by an Auer burner, which is the source of
such rays. I accordingly made the following
experiment: an Auer burner is enclosed in
a kind of lantern of sheet-iron, completely en-
closed on all sides, with the exception of open-
ings for the passage of air and combustion
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gases, which are so arranged that no light
escapes ; a rectangular orifice, 4 cms. wide and
6°5 cms. high, cut in the iron at the same
height as the incandescent mantle, is closed by a
sheet of aluminium 1 mm. thick. The chimney
of the Auer burner is of sheet-iron, and a slit
2 mms. wide and 3'5 cms. high is cut in it, op-
posite the mantle, so that the emerging lumin-
ous pencil is directed on the aluminium sheet.
Outside the lantern, and in front of this sheet,
a double-convex quartz lens is placed, having
12 cms. focal length for yellow light, behind
which is a spark-gap of the kind already de-
scribed, giving very small sparks. The spark
is produced by a small induction-coil, provided
with a rotating make and break device, which
works with perfect regularity.

The distance p of the lens from the slit being
26'5 cms., one notes, by help of the spark, the
existence of a focus of very great sharpness at a
distance, p', of about 13'9 cms. For at this point
the spark exhibits a notably greater glow than
at the neighbouring points, whether in front or
behind, above or below, to the right or to the left.
The distance of this focus from the lens can be
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determined within 3 or 4 mms. The interposi-
tion of a sheet of lead or glass 4 mms. thick
causes this action to disappear. By varying the
value of p, other values of p’ are obtained, and
substituting these values in the lens formula,
the number 2'93 is obtained for the refractive
index, being the mean value derived from a
series of determinations as concordant as the
precision of such observations could entitle one
to expect. Similar experiments, made with
another quartz lens, having a focal length of
33 cms. for yellow light, gave for the index the
value 2-942.

While pursuing these experiments, I ascer-
tained the existence of three other species of
radiations, for which the index of quartz has
values 2'62, 2°436, 229 respectively. These
indices are all greater than 2, which explains
the following fact: if in the path of the rays
emerging from the lens a quartz prism of
30° refractive angle is placed, in such a way as
to receive these rays in a direction sensibly
normal to one of the refracting faces, no
refracted pencil is obtained.

The radiations from an Auer burner,
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transmitted through an aluminium sheet, are
reflected by a polished plate of glass in con-
formity with the laws of regular reflection, and
are diffused by a plate of ground glass.

These radiations traverse all the sub-
stances whose transparency I tested, with the
exception of rock-salt 3 mms. thick (note 4),
platinum 4 mms. thick, and water. A slip of
cigarette paper, which is completely trans-
parent when dry, becomes absolutely opaque
when wetted with water. Figs. 2 and 3 are
reproductions of the impression made in four
seconds on a sensitive plate, without any
photographic apparatus, before and after
wetting the sheet of paper interposed
between the lens and the spark. The photo-
engraving, produced from a paper print, shows
that in the first case the spark is notably
brighter.

These photographic prints are produced by
the spark influenced by the rays, and not by
the rays themselves, these latter producing no
appreciable photographic effect after an hour’s
exposure.

Amongst the bodies which are traversed, I
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may mention tinfoil, sheets of copper and brass
o'2 mm. thick, a sheet of aluminium o'4 mm.
thick, a steel lamina 0'05 mm. thick, a silver
leaf o't mm. thick, a paper booklet, containing
twenty-one gold leaves, a glass sheet, 0’1 mm.
thick, a sheet of mica of 0’15 mm., a plate of
Iceland spar of 04 mm., a block of paraffin of
1 cm., a beech board 1 cm., a plate of ebonite of
1 mm., etc. Fluor spar is but slightly transparent
with a thickness of 5 mms., similarly sulphur
2 mms. thick, and glass 1 mm. thick. These
results I only give as a first indication, for when
they were obtained, the co-existence of four
different species of radiations, which may have
very different properties, was not taken into
account (note 5).

It will be highly interesting to investigate
whether other sources, and in particular the sun,
do not emit analogous radiations to those we
are dealing with in the present communication,
and also whether the latter produces any calorific
action (note 6).

Now, ought these radiations in reality to be
considered as akin to the large wave-length
radiations discovered by Professor Rubens?

C
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Their common origin in the emission of an Auer
burner is favourable to such a view, as is also
the opacity of rock-salt and of water. But on
the other hand, for Auer rays, the transparency
of metals and other substances opaque to
Rubens’ rays constitute an apparently radical
difference between the two sorts of radiations
(note 7).

On New Sources of Radiations capable of
traversing Metals, Wood, etc., and on New
Actions produced by these Radiations (May

25, 1903).

While investigating whether radiations
analogous to those whose existence I recorded
in the emission from an Auer burner (see p. 13)
are not to be met also in other sources of light
and heat, I established the following facts :
the flame of an annular gas-burner emits such
radiations ; the chimney, however, should be
removed, on account of the absorption of the
rays by glass. A Bunsen burner scarcely
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produces any. A piece of sheet-iron or
silver, heated to dull redness by a Bunsen
burner, placed behind them, gives off rays
at about the same rate as an Auer burner.

A plate of polished silver was arranged so
that its plane made an angle of 45° with the
horizontal plane. This plate having been
heated to cherry-red by a Bunsen burner, its
upper face emitted rays analogous to those of
an Auer burner. A horizontal pencil of these
rays, after traversing two sheets of aluminium
of 0'3 mm, total thickness, sheets of black
paper, etc., was concentrated by a quartz lens;
with the aid of the small spark, the existence of
four focal regions was ascertained. I further
found that the action on the spark was
much more pronounced when the spark was
arranged vertically—that is, in the plane of
emission—than when it was normal to this
plane. The new radiations emitted by the
polished plate are therefore polarized, as
are the light and heat emitted at the same
time. The silver plate having been covered
with lampblack, the intensity of emission in-
creased, but the polarization disappeared.
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The foregoing leads one to think that the
emission of radiations susceptible of traversing
metals, etc., is an extremely general pheno-
menon. First observed in the emission of a
focus tube, it was also met in that of ordinary
sources of light and heat. For shortness, I will
henceforward designate these rays by the name
of % B 7 raye.

I would draw attention to the fact that
these “ N ” rays comprise a very large variety
of radiations ; for while those which issue from
an Auer burner have refractive indices greater
than 2, there are others, amongst those emitted
by a Crookes’ tube, whose index is inferior to
1°52, for if a pencil of these rays is made to
impinge on an equilateral quartz prism, parallel
to the edges and normal to one of the faces, an
emerging pencil is obtained which is wvery
much spread out.

Up to this time the only means of detect-
ing the presence of “N ” rays was by their

! From the name of the town of Nancy, these re-
searches having been made at the Nancy University. In
conformity with a usage which has become established, I
now employ the letter “N?” instead of “n,” which I had
at first adopted.
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action on a small spark. I asked myself if
the spark should in this case be considered as
an electric phenomenon, or only as producing
incandescence like a small gaseous mass. If
this latter supposition were correct, the spark
could be replaced by a flame. I then produced
a quite small flame of gas at the extremity of
a metal tube having a very small orifice. This
flame was entirely blue. I ascertained that the
flame could be used to reveal the presence of
“N" rays just like the spark; for when it
receives these rays, it becomes whiter and
brighter in just the same way. Its variations
in glow allowed of four foci being found in a
pencil which had passed through a quartz
lens; these foci are the same as those
detected with the small spark. The small
flame behaves therefore, in regard to “N”
rays, just like the spark, save that it does
not allow of the observation of polarization
phenomena.

In order to study more easily the variations
in glow, whether of flame or spark, I examine
them through a plate of ground glass, about 25
or 30 mms. distant. In this way one obtains,
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instead of a very small, brilliant point, a lumin-
ous patch of about 2 ecms. diameter, of much less
luminosity, whose variations can be far better
appreciated by the eye.

The action of an incandescent body on a
flame, or that of a flame on another flame, is
certainly a common phenomenon. If it has re-
mained unnoticed up to the present, it is
because the light of the source prevented the
observation of the variations in glow of the
receiving flame.

Quite recently I observed another effect of
the “N” rays. It is true that these rays are
unable to excite phosphorescence in bodies
which can acquire this property under the
action of light, but when such a body—calcium
sulphide, for instance—has previously been ren-
dered phosphorescent by exposure to sunlight,
if it is then exposed to ““ N ” rays—for instance,
to one of the foci produced by a quartz lens—the
phosphorescent glow is observed to increase in
a very marked fashion ; neither the production
nor the cessation of this effect appear to be
absolutely instantaneous. Of all the actions
producing “N ” rays, this is the one which is
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most easily observed. The experiment is an
easy one to set up and to repeat. This property
of “N7” rays is analogous to that of the red
and infra-red rays discovered by Edmond
Becquerel. It is also analogous to the action
of heat on phosphorescence. Nevertheless, I
have not noticed as yet an increased rate of
exhaustion of the phosphorescent capacity under
the action of “N ” rays (see p. 74).

The kinship of “ N ” rays with known radia-
tions of large wave-length seems a certain
fact. As, on the other hand, the property
possessed by these rays of traversing metals
differentiates them from all known radiations,
it is very probable that they are comprised in
the five octaves of the series of radiations,
hitherto unexplored, between the Rubens rays
and electro-magnetic oscillations of very small
wave-length. This is what I propose to verify
(note 8).
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On the Existence of Solar Radiations capable
of traversing Metals, Wood, etc. ( June 15,

1903).

I have recently proved that the majority of
artificial sources of light and heat emit radia-
tions which are able to traverse metals and a
great number of bodies, opaque in regard to the
spectral radiations hitherto known (see p. 18).
It was desirable to ascertain whether radiations
analogous to the former—which, for brevity, I
call “ N ” rays—are also emitted by the sun.

As I have shown, “N ” rays act on phos-
phorescent substances by heightening or stimu-
lating the pre-existing phosphorescence, an
action similar to that of red and infra-red rays
discovered by Edmond Becquerel (see p. 74).
I utilized this phenomenon to find out whether
the sun sends us “ N ” rays.

A completely enclosed dark room has one
window exposed to the sun. This is shut by
interior, opaque panels of oak, 15 mms. thick.
Behind one of these panels, at any distance—
1 metre, for instance—a thin glass tube is
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placed, containing a phosphorescent substance,
say calcium sulphide, which has been pre-
viously exposed for a short time to solar rays.
If, now, on the path of the solar rays, which are
supposed to reach the tube through the wood,
a sheet of lead, or the hand simply, is inter-
posed, even at a great distance from the tube,
the phosphorescent glow is seen to diminish;
when the obstacle is removed, the glow re-
appears. The extreme simplicity of this experi-
ment will incite many persons, I hope, to
repeat it. The only precaution one need take
is to operate with a feeble preliminary phos-
phorescence (note ¢). It is advantageous to
arrange permanently a sheet of black paper,
so that the interposition of the screen does not
change the background on which the tube
stands out. The variations in glow are especi-
ally easy to catch near the contours of the
luminous patch formed by the phosphorescent
body on the dark background ; when the “N”
rays are intercepted, these contours lose their
sharpness, regaining the same when the screen
is removed. However, these variations in glow
do not appear to be instantaneous. Interposing
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between the shutter and the tube several sheets
of aluminium, cardboard, or an oak board
3 cms. thick, does not hinder the phenomenon ;
any possibility of an action of radiated heat, as
such, is consequently excluded. A thin film of
water completely arrests the rays; light clouds
passing over the sun considerably diminish
their action.

The “N” rays emitted by the sun can be
concentrated by a quartz lens; by means of
the phosphorescent substance, the existence of
several foci is ascertained. I have not yet
determined their positions with sufficient pre-
cision to speak of them here. The “ N ” rays
of sunlight undergo regular reflection by a
polished plate of glass, and are diffused by
ground glass.

The “N” rays issuing from the sun in-
crease the glow of a small spark and a small
flame in the same manner as those emitted by
a Crookes’ tube, by a flame, or by an incan-
descent body. These phenomena are easy to
observe, especially if use is made of an inter-
posed sheet of ground glass, as indicated by me
in a preceding communication. The use of a
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small flame is by far the most convenient and
precise of all processes for determining the
position of the foci. Operating with the small
spark is much harder, because the spark is
rarely very regular.

I feel bound to reproduce, textually, here a
passage in a letter which M. Gustave le Bon
has done me the honour of writing—

“ M. Gustave le Bon had indicated, as far back as
seven years ago, that flames emit, independently of
the radio-active emanations since observed by him,
radiations of large wave-length, capable of traversing
metals, and to which he had given the name of dlack
light ; but while assigning these a place intermediate
between light and electricity, he had not exactly
measured their wave-length, and the method he
had employed to reveal their presence was very un-
certain.”

The method referred to was the photo-
graphic method. Personally, I have not been
able to obtain any photographic effect of the
rays I have studied (see p. 16).
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On a New Action produced by “ N rays, and on
Several facts connected with these Radiations
(Fuly 20, 1903).

The action of “N ” rays on a small flame

gave me the idea of trying whether they did not
exercise an analogous action on a solid incan-
descent body. For this purpose a platinum
wire, about o'1 mm. diameter and 15 mms. long,
was heated to dull redness by an electric
current. A pencil of “N " rays, emitted by an
Auer burner, was directed through wood and
aluminium screens on this wire, and was con-
centrated by a quartz lens.

The wire was observed through a plate of
ground glass, fixed to the same support as the
wire itself, and about 3 cms. in front of it. On
displacing the wire, several foci were found, just
as with other processes employed to detect
“N ” rays. The wire being placed at one of
these foci, the luminous patch on the ground
glass is seen to diminish in brightness when
a lead screen, or merely the hand, is interposed ;
when the obstacle is removed, the light resumes
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its former brightness. These actions do not
appear instantaneous.

I have generalized the former experiments
by employing, instead of a wire heated by an
electric current, a sheet of platinum o1 mm.
thick, inclined at 45° on the horizontal plane,
partially heated to a dark red by a small gas
flame placed underneath. A horizontal pencil
of “N ” rays, concentrated by a lens, was made
to impinge on the under face of the sheet, so as
to produce a focus at the heated spot; on the
upper face the incandescent patch was observed
without interposing ground glass. The varia-
tions in brightness are exactly analogous to
those of the wire. When observing, through
ground glass, the intensity of illumination of
the bottom face of the sheet, due to the rays
and the flame together, quite similar variations
are found. Further, the same results are ob-
tained if, instead of making the rays fall on the
lower face, or the side on which the flame acts
directly, they are directed upon the upper face.

The different effects produced by “ N ” rays,
viz. their action on a spark or flame, and on
phosphorescent or incandescent bodies, would
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lead to the supposition that they might also have
a heating effect on the bodies subjected to their
action. To test the matter experimentally, I
installed a thermopile of Rubens’ connected to
an enclosed galvanometer. The action of “N”
rays on this apparatus was absolutely nil, even
in the most favorable conditions, though a candle
placed 12 metres away from the thermopile gave
a deflection of about 0's mm. on the scale. 1
conducted the experiment not only with “N”
rays proceeding from an Auer burner, but also
with those from the sun on the 3rd of July, 1904,
at midday. The rays were very intense, for
when I placed in front of the thermopile a tube
containing calcium sulphide, which had been
feebly excited by exposure to the sun, its glow
was greatly increased, but was diminished by
the interposition of a lead screen or the hand.
M. H. Rubens made the same observation, as
he was kind enough to write me, his apparatus
being much more sensitive even than mine. I
nevertheless thought it useful to determine
directly whether the incandescent platinum wire
was not heated by the action of “N7” rays.
To this end, I had recourse to the study of
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its electric resistance. The current flowing
through the wire is produced by five accumula-
tors ; with the aid of high-resistance rheostats,
the intensity is adjusted to make the platinum
wire a dull red. The wire is stretched between
two massive brass pliers, A and B, which are
connected to the terminals of a capillary electro-
meter ; on one of the connecting wires an
adjustable electromotive force is inserted,
obtained by shunting a portion of the circuit
of an auxiliary battery. This electromotive force
is regulated so that the electrometer is at zero.
Every variation in resistance of the platinum
wire produces a deviation of the electrometer.
Now, with “ N ” rays playing on the wire, no
deviation of the meniscus was observed. The
interposition of a lead or wet-paper screen
remained without effect on the electrometer,
though the wire underwent the usual varia-
tions in brightness. This certainly proves that
“N” rays do not raise its temperature. I,
moreover, assured myself that the method was
sufficiently sensitive by the following experi-
ments ; by means of a wire rheostat, an assis-
tant varied the resistance of a circuit containing
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the platinum wire and the accumulators, and
consequently the strength of the current, but
not sufficiently for the observer to perceive a
variation in the glow of the wire. In spite of
this, the electrometer was deflected three divi-
sions of the micrometer in the eye-piece. The
following is another verification: raising the
temperature of the wire one degree would
alter its resistance in the ratio of about 1'004 to
one ; the difference of potential between A and
B would alter in about the same ratio, since,
the resistance external to the wire being very
great, the current strength does not change.
In my experiments this variation would deflect
the electrometer by fifteen divisions. As abso-
lutely no deviation occurred, and as, moreover,
a quarter of a division could have been easily
observed, the rise in temperature is certainly
very inferior to 15 X 1 =45 of a degree, and,
consequently, quite insufficient to produce the
observed increase in glow. It is thus super-
abundantly established that the increase in
glow produced by the rays is not due to a rise
in temperature.

In the experiments with a plate of platinum,

S o el



NEW ACTION PRODUCED BY “N” RAYS 33

mentioned above, the increase in glow was
apparent on the two faces of the sheet. Given
that there is no rise in temperature, this seems
paradoxical; for since “N” rays do not go
through platinum, it seemed as if the action
should only appear on the side exposed to these
rays. To reconcile these results, it was neces-
sary to suppose that “N ” rays, which do not
traverse cold platinum, traverse it when incan-
descent. I then reverted to the apparatus which
was destined to show the action of “N ” rays
on a small flame, and behind the quartz lens
I arranged a platinum sheet larger than the
lens. The interposition of a lead screen be-
tween the platinum and the source produced
no effect on the small flame, which verifies the
opacity of platinum. The plate being then
heated to redness, interposing the screen was
seen to diminish the glow of the small flame.
“N ” rays issuing from an Auer burner traverse
therefore incandescent platinum.
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On New Actions produced by “N” rays—
Generalization of the Phenomena alveady
observed (November 2, 1903).

When a pencil of “N” rays is directed
either on a small spark, flame, or a phosphores-
cent substance previously exposed to the sun’s
rays, or, again, to a platinum plate heated to
dull redness, the light emitted by these various
sources is seen to increase in glow. In these
experiments, one operates on sources emitting
light spontaneously. 1 asked myself whether
one could not generalize these experiments by
using a body not emitting light itself, but
reflecting that which reaches it from an ex-
ternal source. I consequently carried out the
following experiment: a slip of white paper,
15 mms. long and 2 mms. broad, is fixed verti-
cally to a wire holder; the room being made
dark, the slip is dimly lighted by projecting
laterally on it a pencil of light, emitted by a
small flame shut up in a box, in which a vertical
slit is pierced.

On the other hand, the rays are produced
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by the following contrivance: an Auer burner,
provided with a sheet-iron chimney, in which a
rectangular orifice, 60 mms. high and 25 mms.
broad, has been cut, is enclosed in an iron
lantern pierced with an opening placed in front
of the chimney orifice, and stopped up by a
plate of aluminium. In front of this window
the small slip of paper is placed, illuminated
in the manner indicated above. If, now, the
rays are intercepted by interposing a sheet of
lead or the hand, the small paper rectangle is
seen to darken, and its contours to lose their
sharpness; the light diffused by the slip of
paper is thus increased by the action of “ N ”
rays.

The following idea then presented itself:
the diffusion of light is a complex phenomenon,
in which the elementary fact is regular reflection,
and consequently there is reason for ascertain-
ing experimentally whether the reflection of
light is, or is not, modified by the action of
“N” rays. For this purpose, a polished steel
knitting-needle was fixed vertically in place of
the slip of paper of the former experiment; at
the same time, in a box completely closed, with
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the exception of a vertical slit cut at the same
height as the Auer burner, and stopped up by
transparent paper, a flame was disposed so as
to light up the slit. By suitably placing the
eye and the slit, the image of this latter is seen
formed by reflection on the steel cylinder, and
simultaneously the reflecting surface is receiv-
ing the “ N ”rays. It was then easy to observe
that the action of these rays reinforces the
image, for if they are intercepted, the image
darkens, and turns to a reddish hue. 1 re-
peated this experiment with the same success
by employing, instead of the knitting-needle, a
plane mirror of bronze.

The same result is again obtained by reflect-
ing the light on the polished face of a block of
quartz. However, when the “ N ” rays fall
normally on the refracting face, their action on
reflected light disappears, whatever be the
incidence of this light, whether it be that their
action becomes zero, or simply inappreciable.
In order that the light reflected by the quartz
may be reinforced by the “N ” rays, it is not
necessary that the rays should be directed
towards the interior of the quartz; the action
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still occurs when the “N ” rays traverse the
reflecting surface from the inside towards the
outside.

All these actions of “N” rays on light
require an appreciable time-interval for appear-
ing and disappearing. [ was unable, although
I varied the experiment in a great many ways,
to observe any action of “N " rays on the
refracted light.

I will here make the following general
remark concerning the observation of “N”
rays. The aptitude for catching small varia-
tions in luminous intensity is very different
in different persons; some see from the outset,
and without any difficulty, the reinforcing action
produced by “N ” rays on the brightness of a
small luminous source ; for others, these pheno-
mena lie almost at the limit of what they are
able to discern, and it is only after a certain
amount of practice that they succeed in catch-
ing them easily, and in observing them with
complete certainty. The smallness of the effects
and the delicacy of their observation must not
deter us from a study which puts us in posses-
sion of radiations hitherto unknown. I have
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recently observed that the Auer burner can be
advantageously replaced by the Nernst lamp,
without a glass, this lamp giving more intense
“N " rays. With a 200-watt lamp, the pheno-
mena are marked enough to be, in my belief,
easily visible to any one at the first trial.

On the Storing-up of “N" rays by Certain
Bodies (November 9, 1903).

In the course of my researches on “N”
rays, I had occasion to note a very remarkable
fact. The “N7” rays were produced by an
Auer burner enclosed in a lantern, and after
passing through one of the sides of the lantern,
formed by a sheet of aluminium, were concen-
trated by a quartz lens upon phosphorescent
calcium sulphide.® The Auer burner having

1 This sulphide was tightly packed into a slit cut into a
sheet of cardboard 0'8 mm. thick ; the width of the slit was o'5
nd its length 15 mm. After exposure to sunlight, a small,
luminous source is thus obtained, which is very sensitive to
L NED rays.
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been extinguished and removed the phos-
phorescent glow, to my great surprise, remained
almost as strong as ever, but was darkened by
the interposition of lead, or wet paper, or the
hand, between the lantern and the sulphide.
Nothing was altered by the suppression of the
Auer burner, except that the observed actions
grew progressively weaker. At the end of
twenty minutes they still existed, but were
scarcely noticeable.

Studying closely the circumstances of the
phenomenon, I was not long in recognizing that
the quartz lens had itself become a source of
“N"” rays; for when this was removed, all
action on the sulphide ceased, whereas if it was
brought nearer the sulphide, even laterally, the
latter would become more luminous. I then
took a quartz plate 15 mms. thick, whose surface
formed a square of 5-cm. sides, and exposed this
to the “N” rays emitted by an Auer burner
through two sheets of aluminium and some
black paper. It became as active as the lens;
when brought nearer the sulphide, it seemed,
according to Bichat’s expression, as if a veil
darkening it was being removed, A still more
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marked effect was obtained by interposing
the quartz plate between the source and the
sulphide, quite close to the latter.

In these experiments, the secondary emis-
sion by the quartz is added to the “N " rays
directly emanating from the source. This
secondary emission has, indeed, its origin in the
whole mass of the quartz, and not at the surface
only, for if several plates of quartz be succes-
sively placed on top of each other, the effect
is seen to increase with each added plate. Ice-
land spar, fluor spar, barite, glass, etc., behave
like quartz. The filament of a Nernst lamp
remains active for several hours after the lamp
is extinguished.

A piece of gold, laterally brought near to
the sulphide while it is being subjected to “ N "
rays, increases its glow (note 10); lead, plati-
num, silver, zinc, etc., produce the same effects.
These actions persist after the extinction of
“N ” rays, as in the case of quartz. Neverthe-
less, the property of secondary ray emission
only permeates slowly through a metallic mass.
Thus, if one of the faces of a sheet of lead
2 mms. thick has been exposed to “ N ” rays for
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several minutes, this face alone shows activity ;
an exposure of several hours is necessary for
the activity to reach the opposite face.
Aluminium, wood, dry or wet paper, and
paraffin do not enjoy the property of storing
“N” rays. Calcium sulphide, on the other
hand, does possess this property. When I
put a few grams of sulphide in an envelope,
and then exposed the envelope to “N7”
rays, I found that its proximity was sufficient
to reinforce the phosphorescence of a small
mass of previously excited sulphide. This
property explains a constant peculiarity that
I have previously set forth, viz, that the
increase of phosphorescence under the action
of “N” rays takes an appreciable time
whether to appear or to disappear. For,
thanks to the storing-up of the “N ” rays, the
different parts of a mass of sulphide mutually
reinforce their phosphorescence ; but since, on
the one hand, this reinforcing is progressive, as
I have directly proved, and since, on the other
hand, the stored-up provision is not immediately
exhausted, the result is that when “N” rays
are made to fall on phosphorescent calcium
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sulphide, their effect must increase slowly, and
that when they are suppressed, their effect can
only disappear slowly.

Pebbles picked up at about four o’clock p.m,,
in a yard where they had been exposed to the
sun, spontaneously emitted “ N ” rays ; bringing
them near a small mass of phosphorescent
sulphide was sufficient to increase its luminosity.
Fragments of calcareous stone, brick, etc.,
picked up in the same yard, produced analogous
actions.

The activity of all these bodies still persisted
after four days, without any sensible diminution.
It is, however, necessary for the manifestation
of such actions that the surface of these bodies
should be quite dry; for we know that the
thinnest layer of moisture is sufficient to arrest
“N"” rays. Vegetable earth was found to be
inactive, doubtless on account of its moisture ;
pebbles taken from several centimetres under-
neath the surface of the soil were inactive,
even after being dried.

1 ] repeat here that, as a rule, when experimenting with
“ N ” rays, it is advantageous to replace the Auer burner by a
Nernst lamp absorbing about 200 watts.
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The phenomena of the storing-up of “N”
rays, which are the object of the present note,
ought naturally to be compared with those of
phosphorescence ; yet they present a quite
distinct feature, as I intend to show shortly.

On the Strengthening Action of a Beam of Light
on the Eyes, when the Beam ts accompanied
by “IN” Rays (November 23, 1903).

While studying the storing-up of “N ” rays
by different bodies, I had occasion to observe
an unexpected phenomenon. My eyes were
fixed on a small slip of paper, dimly lighted,
distant about 1 metre from me ; a brick, one of
whose faces had been sun-exposed, having been
brought near laterally to the luminous pencil,
with its sun-exposed face turned towards me,
and a few decimetres distant from my eyes, I
saw the slip assume a heightened glow; when
the brick was removed, or when its non-exposed
face was turned towards me, the paper grew
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darker. To remove all possibility of illusion,
I arranged permanently a box closed by a cover
and wrapped in black paper ; in this completely
enclosed box the brick was placed, and, in this
manner, the dark background on which the slip
stood out remained rigorously invariable, but
the observed effect remained the same. The
experiment can be varied in different ways.
For instance, the laboratory shutters being
almost closed, and the dial of the clock fixed to
a wall which was just sufficiently lighted for the
dial, at a distance of 4 metres, to be just per-
ceived as a grey patch with no defined contour,
if the observer, without changing his place,
directs towards his eyes the “N ” rays emitted
by a previously exposed brick or pebble, he sees
the dial whiten; he can trace distinctly its
circular contour, and even succeed in seeing
the hands. When the “N” rays are sup-
pressed, the dial again grows dark. Neither
the production nor the cessation of the
phenomenon are instantaneous.

As in these experiments the luminous object
is placed very far away from the source of “ N ”
rays, and as, on the other hand, in order that
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the experiment may succeed, the rays must
be directed, not towards the object, but towards
the eye, there can be no question here of an
increase in emission of a luminous body
influenced by “N” rays, but indeed of a
strengthening of the effect upon the eye, due to
the “N” rays which are superposed on the
luminous rays.

This fact astonished me all the more because,
since the slightest film of water arrests “N”
rays, it seemed unlikely that they could pene-
trate into the eye, whose humours contain more
than 98°6 per cent. of water (Lohmeyer). The
small quantity of salt contained in these humours
must have rendered them transparent to “N”
rays. But, then, in all probability, salt water
must itself be transparent. Experiment shows
that this is the case, for while a sheet of
wet paper completely arrests “ N ” rays, a vase
of Bohemian glass, 4 cms. in diameter, filled with
salt water and placed in their path, lets them
pass without sensible weakening. A very small
quantity of sodium chloride is sufficient to
render water transparent. What is more, salt
water is capable of storing-up “N ” rays, and
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in the above-described experiments the brick
can be replaced by a vase of thin glass, filled
with salt water, and previously exposed to the
sun’s rays; the effect is very marked. It is
certainly due to the salt water, for the empty
vase is without effect. This is a unique example
of a phosphorescence phenomenon in a liquid
body. It is true that the wave-lengths of “ N ”
rays are very different from those of luminous
rays, as results from measurements which it is
my intention to describe very soon.

The eye of an ox, killed the day before, rid
of its muscles and the tissues adhering to the
sclerotic, proved to be transparent to “ N ” rays
in all directions, and became itself active by
sun-exposure ; it is the storing-up of the “N”
rays by the media of the eye which causes the
retardation observed in the appearance and
cessation of the phenomena which are the
subject of the present note.

Sea-water and the stones exposed to solar
radiation store up “N ” rays which they after-
wards restore. Possibly these phenomena play
some hitherto unperceived part in certain ter-
restrial phenomena. Perhaps, also, “N ” rays
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are not without influence on certain phenomena
of animal and vegetable life.

The following are further observations con-
cerning the strengthening action of “N " rays
on luminous rays.

It is sufficient for the production of the
phenomenon that the “ N ” rays reach the eye,
no matter how, even laterally. This seems to
indicate that the observer’s eye behaves like an
accumulator of “N ” rays, and that it is these
rays accumulated in the media of the eye which
act on the retina, jointly with luminous rays.

It matters little whether in these experiments
the rays are emitted by a body previously
exposed to the sun, or are primary rays, pro-
duced for instance by a Nernst lamp.

Sodium hyposulphite, whether solid or

dissolved in water, constitutes a powerful accu-
mulator of “ N ” rays.
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On the Property of emitting “IN> Rays, whick is
conferred on Certain Bodies by Compression,
and on the Spontancous and Indefinite Emis-
ston of “N” Rays by Hardened Steel,
unannealed Glass, and othey Bodies in a
State of Strained Molecular Egquilibrium
(December 47, 1903).

Professor A. Charpentier kindly undertook
to keep me informed with regard to the pro-
oress of certain researches of a physiological
nature which he is conducting in connection
with “N” rays, unpublished researches which
(note 11) promise highly interesting results.
These experiments led me to the idea of exam-
ining whether certain bodies did not acquire, by
compression, the property of emitting ““ N ” rays.
For this purpose I compressed, by means of a
carpenter’'s press, bits of wood, glass, rubber,
etc.,, and I immediately observed that these
bodies had in fact become, during the com-
pression, sources of “N ” rays; brought near a
mass of phosphorescent calcium sulphide, they
increased its luminosity ; and they can also be
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used for repeating the experiments which show
the strengthening of the action on the retina by
light when “ N ” rays are acting simultaneously
on the eye.

These last experiments may be made in a
very simple manner. The shutters of a room
should be closed so as to leave just enough
light for a white surface standing out on a dark
background—for instance, the dial of a clock—
to appear, before an observer 4 or 5 metres dis-
tant, like a grey patch with ill-defined contours.
If a cane stick placed before the eyes is bent,
the grey surface is seen to whiten ; if the cane
is allowed to straighten, the surface grows dark
again. Instead of the cane, a slip of plate-glass
can be used. This is bent either with the
press employed in lectures for showing the
doubly refractive property of glass acquired by
flexure, or simply with the hands. With a
suitable amount of light, which may be obtained
after a few trials, these phenomena are easily
visible. They are not instantaneous, as I have
already explained. It is of the utmost import-
ance that this retardation be taken into account
when one wishes to study these phenomena ;

E
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to this may doubtless be ascribed the fact that
they have remained so long undetected.

I was then led to ask myself whether bodies
which are themselves in a state of strained
internal equilibrium would not emit “N”
rays. That they do so is indeed confirmed by
experiment. Rupert’s drops, hardened steel,
hammer-hardened brass, melted sulphur of
crystalline structure, etc., are sponfancous and
permanent sources of “N " rays. One can, for
instance, repeat the experiments with the clock
dial, employing, instead of a compressed body,
a hardened steel tool, such as a chisel or file, or
even a pocket-knife, without in any way bending
or compressing them ; similarly, bringing near
to a small mass of phosphorescent calcium
sulphide a knife-blade or bit of unannealed
glass is sufficient to increase the phosphor-
escence. Non-hardened steel is without action ;
a chisel which is successively hardened and
softened in turn is active when hard and in-
active when the temper is taken out of it.
These actions traverse, without any notable
weakening, a plate of aluminium 1°5 cm. thick,
an oak board 3 cms. thick, black paper, etc.
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The emission of “N” rays by tempered
steel seems to last indefinitely. Some lathe-
tools and a stamp for leather of the 18th
century, which have been preserved in my
family, and have certainly not been rehardened
since the date of their manufacture, emit “N "
rays like freshly tempered steel. A knife,
found in a Gallo-Roman tomb, situated in
the district of Craincourt (Lorraine), and
dating from the Merovingian epoch, as is
attested by the objects found there (glass
and earthenware jars, fibule, belt-buckles,
swords of the kind called scramasax, etc.),
emits “N” rays just like a modern knife.
These rays originate exclusively from the blade ;
a test with a file showed that the blade alone is
tempered, and that the tailpiece intended to be
fixed in a handle is not tempered.*

The emission of “N” rays by this steel
blade has thus persisted for more than twelve
centuries, and does not appear to have abated.

! The primitive Gauls do not appear to have known steel, for,
from Polybius’ account, their iron swords did not stab, and bent
in combat at the very first blows. The knife alluded to here
is of Gallo-Roman origin, and the Gallo-Romans had doubtless
learnt from the Romans the art of making and tempering steel,
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The spontaneity and the indefinite duration
of the emission by steel suggests the idea of
assimilating it to the radiant properties of .
uranium, discovered by M. H. Becquerel, pro-
perties which the bodies since discovered by
M. and Mme. Curie, viz. radium, polonium,
etc.,, exhibit with so much intensity. Never-
theless, “ N ” rays are certainly spectrum radi-
ations ; they are emitted by the same sources
as spectrum radiations; they are reflected
and polarized, and possess well-defined wave-
lengths, which I have measured. The energy
which their emission represents is most likely
borrowed from the potential energy correspond-
ing to the strained state of tempered steel;
this expenditure is doubtless very slight, since
the effects of the “N ” rays are likewise slight,
which explains the apparently unlimited dura-
tion of the emission.

An iron plate, bent so as to impress on it a
permanent deformation, emits “N " rays ; but
the emission ceases after a few minutes. A
block of aluminium, fresh-hammered, behaves
in an analogous manner ; but the time of emis-
sion is even shorter. In these two cases the
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state of molecular strain is transitory, as is also
the emission of “ N ” rays.

Torsion produces effects analogous to
compression.

On the Dispersion of “N” Rays and on ther
Wave-léngth (Fanuary 18, 1904).

To study the dispersion and the wave-
lengths of “N ” rays, I used methods quite
similar to those employed for light. In order to
avoid complications which might have resulted
from the storing-up of “N ” rays, I used ex-
clusively prisms and lenses of aluminium, a
substance which does not absorb their rays.

The following is the method employed to
study dispersion. The rays are produced by a
Nernst lamp, enclosed in a lantern of sheet-iron,
pierced with an opening, which is shut by
aluminium foil ; the rays from the lamp which
pass through this opening are sifted by a deal
board 2 cms. thick, a second sheet of aluminium,
and two leaves of black paper, so as to eliminate
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radiations foreign to “N” rays. In front of
those screens, and at a distance of 14 cms. from
the lamp filament, a large screen of wet card-
board is arranged, in which a slit has been cut
5 mms. wide and 3'5 cms. high, exactly opposite
the lamp filament. In this way I obtain a well-
defined pencil of “N” rays; this pencil is
received on an aluminium prism whose refrac-
tive angle is 27° 15/, placed so that one of its
faces is normal to the incident pencil.

It is, then, possible to prove that from the
other refractive face of the prism several pencils
of “N” rays, horizontally dispersed, emerge.
For this purpose a slit 1 mm. broad and 1 cm.
high, cut in a sheet of cardboard, is filled with
calcium sulphide rendered phosphorescent ; by
displacing this slit, the position of the dispersed
pencils is determined without difficulty, and the
deviations being known, their refractive. indices
are deduced. This is the method of Descartes.
I thus established the existence of “N ” radia-
tions, whose indices are respectively 104, 1°19,
1°20, 1°36, 1°40, 1°48, 1°68, 1:85. In OrEcr W
measure with more exactness the first two in-
dices, I made use of another aluminium prism
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having an angle of 60°. I again found for one
of the indices the same value, 1'04 ; and for the
other, 1'15 instead of 1'19.

In order to control the results obtained by
the prisms, I determined the indices by produc-
ing, by means of an aluminium lens, images
of the lamp filament, and measuring their dis-
tances from the lens. The lens, which is plano-
convex, has a radius of curvature of 6'63 cms.,
and an aperture of 6'8 cms. Theslit of the wet
screen is widened so as to form a circular open-
ing 6 cms. in diameter ; the lens is placed at a
known distance (p cm.) from the incandescent
filament, and by means of the phosphorescent
sulphide, the position of the conjugate images
of the filament is determined. The following
table gives the values of the indices found, both
with the prism and the lens —

Prisms. Lens.

T T - T ———
27° 15/ 60° P=4 Pp=30 p=22
1'85 i 1-86 1'9I 1'gI
1'68 5 P2 s 1'67 1°66 1°67
1°48 - I'50 1'44 1°48
1°40 i . S 1°42 142 1°43
1'36 3 1'36 1'36 1°37
1'29 o 1'36 1'31 35
1'19 1'15 1'20 o -

I'U'.q. I‘D.q. 8w [TT] LL] 33 b
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Here is another verification of these results :
if for the fourth index the mean value 1°42 is
adopted, one works out that for an aluminium
prism of 60° the incidence giving the minimum
deviation is 45° 19/, and that this deviation is
30° 38'; the observed deviation was 31° 10"
With the same incidence, the calculated devia-
tion of the radiation, whose index is 1'67, is
57° 42" ; the observed deviation was 56° 30

I now pass on to the determination of
wave-lengths.

By means of the above-described arrange-
ment for studying dispersion by the prism of
27° 15/, refracted pencils are obtained, each of
which is sensibly homogeneous. If we make
the pencil we wish to study impinge on a second
screen of wet cardboard, pierced with a slit 1°5
mm. wide, we can isolate a narrow portion of
this pencil.

On the other hand, a piece of aluminium
foil is fixed to the moving radial arm of a
goniometer, so that its plane is normal to the
arm ; in this foil a slit is cut only 0’07 mm.
wide, and filled with phosphorescent calcium sul-
phide ; the goniometer is arranged so that its
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axis is exactly underneath the slit of the second
wet cardboard. By turning the arm, the path
of the pencil is exactly marked out, and one can
verify that it is quite unique, and is accom-
panied by no lateral pencil, such as diffraction
could eventually produce in the case of large
wave-lengths.

A grating is then placed in front of the slit
of the second wet cardboard (for instance, a
Brunner grating of 200 lines per mm.). If, now,
the emerging pencil is explored by turning the
arm which bears the phosphorescent sulphide,
the existence of a system of diffraction fringes
is confirmed, just as with light, only these
fringes are much closer together, and are
sensibly equidistant. This already indicates that
“N” rays have much shorter wave-lengths
than luminous radiations.

The angular distance of the fringes, or what
amounts to the same thing, the rotation of the
arm corresponding to the passage of the phos-
phorescent slit from one luminous fringe to
the next, is very small. It 1s therefore
determined by the method of reflection, with
the aid of a divided scale and telescope, a
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plane-mirror being fixed to the arm. Moreover,
one measures, not the distance between two
consecutive fringes, but that between two sym-
metrical fringes of a high order—for example,
that between the tenth fringe on the right,
and the tenth fringe on the left. From these
measures of angle, and from the number
of lines per millimetre of the grating, the
wave-length can be deduced by the known
formula.

Each wave-length has been determined by
three series of measures, effected with three
gratings, having respectively 200, 100, and 50
lines per millimetre.

The following table exhibits the results of
these measures :—

Wave-lengths.

Ll T

Grating employed.

=, Probable values

200 lines 100 lines so lines deduced from
Indices. per mm. per mm. per mm.  the preceding.
1'04 0'co813  0'00795 000839 000815
1'19 0°0093 0'0l02 o'o106 0°0099
I'4 00117 — — 00117
1'68 0'0146 — —- 0’0146

185 o'0176 Q0171 0’0184 0’0176

Being desirous of controlling these deter-
minations by the use of a quite different method,
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I had recourse to Newton’s rings. These
being produced, in yellow light, for instance, if
one passes from one dark ring to the following,
the variation of optical retardation in air is one
wave-length of yellow light. If, now, with the
same apparatus and the same incidence, rings
are produced by means of “N” rays, and the
number of these rings comprised between two
dark rings in yellow light is counted, we shall
obtain the number of times which the wave-
length of “N ” rays is contained in the wave-
length of yellow light. This method, applied
to rays of index 1'04, gave the values 0'0085
instead of o'co81 found by the gratings; and
for the index 1'85,the value o017 instead of
o'0176. Though the ring method is inferior to
the grating method, on account of the uncer-
tainty attending the exact position of the dark
rings in the experiment, an uncertainty which
is due to the necessity of rendering these rings
very wide, the concordance of the numbers
obtained by the two methods constitutes a
valuable control.

In the tables given above I have retained all
the decimals occurring in the calculation of the
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numbers deduced from observation. Although
I cannot with certainty indicate the degree of
approximation of the results, I believe, never-
theless, that the relative errors do not exceed
4 per cent.

The wave-lengths of “N ” rays are much
smaller than those of light. This is contrary
to what I had imagined for a moment, and con-
trary to the determinations which M. Sagnac
thought he had deduced from the position of
the multiple images of a source, obtained with
a quartz lens, images attributed by him to
diffraction. I had previously observed that
while polished mica lets “N” rays pass,
roughened mica stops them, and also that
whereas polished glass reflects them regularly,
ground glass diffuses them. These facts were
already an indication that “N ” rays could not
have large wave-lengths. If we desire to study
the transparency of a body, we must take care
that the surface is well polished. Thus I had
at first classed rock-salt amongst opaque sub-
stances, because the specimen I used, having
been sawn from a large block, had remained
unpolished ; in reality, rock-salt is transparent.



DISPERSION OF “N?" RAYS 61

The radiations of very small wave-length,
discovered by M. Schumann, are to a very
great extent absorbed by air; “N” rays are
not. This implies the existence of absorption
bands between the ultra-violet spectrum and
“N” rays. The wave-length of “N ” rays
increases with their refractive index, contrary
to what occurs with luminous radiations.

If the increase in brilliancy of a small
luminous source by the action of “ N ” rays is
to be attributed to a transformation of these
radiations into luminous radiations, this trans-
formation is in conformity with Stokes’ law.

Registration by Photography of the Action
produced by “ N Rays on a small Electric
Spark (February 22, 1904).

Though “N” rays have no intrinsic action
on the photographic plate, it is nevertheless
possible to utilize photography to reveal their
presence and study their action. This object
is attained, as I showed as long ago as May
i1, 1903, by making a small, luminous source
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act for a determined period on a sensitive plate,
whilst this source is subjected to the action of
“ N” rays, and then repeating the experiment
for the same interval of time and under the
same conditions, save that the “N” rays
are suppressed. The impression produced is
notably more intense in the first case than in
the second. As an example of the application
of this method, I gave at the time two photo-
engravings, whose comparison shows that
water, even when used in very thin films,
arrests “N” rays issuing from an Auer
burner (see page 16). Since then I have
extended the experiments to the registration
of actions produced by “N7” rays from
various sources, and I have perfected the pro-
cess, as will be shown.

A small, luminous spark is the most ap-
propriate luminous source for this kind of
investigation : for, on the one hand, it is very
actinic, and, on the other, it can be maintained
as long as necessary at the same intensity.
Although it is impossible to obtain absolute
steadiness of glow in the spark, since these
variations are not produced systematically,
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their influence should disappear in the total
impression received by the plate, even after
a very short exposure. I contrived, besides,
to eliminate even still more completely this
cause of perturbation, by repeatedly alterna-
ting the experiments, as I will proceed to
show.

Fig. 4 represents a horizontal section of
the apparatus employed. AB is the photo-
graphic plate, 13 cms. wide; E is the spark
enclosed in a cardboard box, FGHI, open
only on the side facing the plate, and allowing
the spark to act on one half, OB, of the plate
only; CD is a lead screen wrapped in wet
paper, rigidly connected with the frame which
holds the plate. The “N” rays, proceeding
from any source, form a pencil, having the
direction NN’ With this arrangement the
“N ” rays are arrested by the screen CD;
the spark, while it acts on half-plate OB, is
sheltered from the rays.

Now impart to the frame containing the
plate a translation to the right equal to half its
length (Fig. 5); the other half, AO, of the
plate takes the place formerly occupied by
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OB; and this time the screen CD, carried
along with the frame in this movement, is
no longer interposed in the path of the rays.
The half-plate AO therefore receives the
action of the spark while subjected to the
rays.

- This being understood, the experiment is
as follows: first the plate is kept in the
first of the above-indicated positions during
five seconds, then in the second position also
for five seconds ; it is then brought back to the
first position, and the double operation just
described is repeated several times.

After an interval of time equal to an even
multiple of five seconds—for instance, one
hundred seconds—each of the half-plates has
been exposed to the spark for an equal period,
only, while AO was exposed, “ N " rays were
in action, and while OB was exposed there
were none.

Thanks to an arrangement of guides and
buffer-stops, the to-and-fro motion of the frame
can be executed with perfect certainty and
regularity, in spite of the darkness. A metro-
nome is used to regulate the action.
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The spark is produced by a small induc-
tion-coil, known as du Bois-Reymond's chariot
apparatus ; it strikes between two blunt points
of platinum-iridium, carefully machined and
polished. These are fixed to the two jaws of a
pair of wooden pliers, which tend to close by
elasticity, and are kept apart by a micrometer
screw. At a distance of about 2 cms. from the
spark, and facing the plate, a plate of ground
glass is fixed. As I have previously mentioned,
the light of the spark produces on this glass an
extensive luminous patch, much easier to ob-
serve than the naked spark, and giving on the
photographic plate impressions of much more
regular form. The regulating of the spark is
the delicate part of the experiment. The
induced current must first be adjusted, by
modifying the primary current on the one
hand, and the position of the secondary coil
on the other, till the spark becomes very small.
The points are washed in alcohol, then a slip of
dry paper is drawn between them, for the
purpose of drying and repolishing their surface ;
then the micrometer screw is turned so as to
make the spark as short as possible, yet without

F
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incurring any risk of the points touching by
any chance vibration, which would make it
disappear intermittently. By a methodical pro-
cess of trial and error, which sometimes de-
mands much time and patience, one succeeds
in getting a spark both regular and very feeble;
it is then sensitive to the action of “N " rays.
If one directs on it a pencil of these radiations,
proceeding from any source, one sees the patch
on the ground glass increase in size and glow ;
at the same time its central part becomes more
luminous, appearing wrapped in a kind of nimbus.
One can then proceed with the photographic
experiment. I made about forty such ex-
periments, employing in turn, as sources of
“N " rays, a Nernst lamp, compressed wood,
hardened steel, Rupert’s drops, etc. 1 have
varied the experiments in different ways—
for example, by changing the side of the screen
CD, by using a zinc screen transparent to “ N ”
rays, etc. Several eminent physicists, who
have been good enough to visit my laboratory,
have witnessed them. Of these forty experi-
ments, one was unsuccessful : the rays were
produced by a Nernst lamp, and instead of
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the expected unequal impressions, two sensibly
identical images were obtained. I believe this
failure, unique, be it remarked, to be due to
an insufficient regulation of the spark, which,
doubtless, was not sensitive. Fig. 6 is a
photo-engraved reproduction of the prints
obtained with and without “N " rays issuing
from a Nernst lamp.

Fig. 7, similarly, shows the result of an
experiment with “N " rays, produced by two
large files.

Though the photogravures are far from
rendering in a satisfactory manner the aspect
of the originals, they nevertheless show the
influence of “N” rays on a photographic
impression.

[ give further (Figs. 8 and 9) the reproduc-
tion of photographs, showing that “N " rays,
issuing from a Crooke’s tube, are polarized.

These photographs date from the month
of April, 1903. They were not obtained by
the method of reiterated alternation of exposure,
as this method is difficult to apply to this
case; but the experiments have been repeated
a great number of times with the most minute
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precautions, and the constancy of the results
is an absolute guarantee of their worth.

From my communication of May 11, 1903,
and from what precedes, it is clear that, from
the beginning of my researches on “ N ” rays,
I had succeeded in recording their action on the
spark by an objective method.

On a New Species of “N 7 Rays (February 29,
1904).

Observations made during a very complex
experiment, which I owe to Dr. Th. Guidloz,
led me to suspect the existence of a variety of
“ N ” rays, which, instead of increasing, on the
contrary, diminished the glow of a feeble lumi-
nous source. | undertook to search for rays of
this type amongst those emitted by a Nernst
lamp. While previously studying the spec-
trum of this emission, produced by an aluminium
prism, I had not met with such radiations. 1
consequently thought that there were reasons
for studying anew, and still more minutely, the
feebly deviated part of the spectrum. On
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exploring this region, by means of a narrow slit
filled with phosphorescent calcium sulphide, I
ascertained, without any difficulty, that, in
certain azimuths, the glow of the spark
diminished under the action of the rays, and
increased, on the contrary, when they were
intercepted by a wet screen. These were, in
fact, the looked-for radiations; I will call
them “ N, ” rays.

Although the aluminium prism of 27° 15" I
used previously is suitable for these experi-
ments, nevertheless, in order to increase the
dispersion, I used an aluminium prism of 60°,
and afterwards another of go°. With the help
of the latter, I very carefully studied the feebly
deviated part of the spectrum. The prism was
arranged so that the angle of incidence was 20°;
for each radiation, the deviation was measured
and the refractive index deduced; then the
wave-length was determined by means of a
Brunner grating of 200 lines to the millimetre,
by the process already described (see p. 57).
The following table gives the numbers which
result from this study, and were used for
constructing the diagram (Fig. 10), in which
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the abscissee stand for the wave-lengths and
the ordinates for the indices diminished by
unity.

Nature of 4

the rays. Indices. Wave-lengths.
b T 1'004 0003
N 1'0064 0'0048
Mg o 1'0096 0"'c056
N 1'011 0'0067
N, 1’0125 00074
N 1'029 0'0083
N 1'041 0'0081

Each of the divisions marked on the axis
of abscisse corresponds to o'0o1, and each
of the divisions marked on the ordinate axis
corresponds to an excess over unity equal
to 0'OI.

In spite of all the care with which the
experiments were executed, the deviations are
so small, and, consequently, the indices so near
to unity, that the table and diagram can only
be regarded as a preliminary indication of the
behaviour of the dispersion in the very slightly
deviated part of the spectrum. An important
consequence arises from these measures, viz.
points corresponding to “N” rays, and those
corresponding to N, rays, are all situate on the
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same curve, within the limits of experimental
error. The study of radiations still less
refrangible than those I have dwelt on appeared
to me impracticable. To avoid confusion, I
was obliged to adopt a very large scale for the
ordinates ; this is why I could not plot on the
diagram the results of my former measure-
ments of the more refrangible “ N ” rays (Joc.
czt.). These results give points situated on a
branch of the curve, starting from the topmost
point on the right, and rising almost vertically,
with a feeble inclination, from bottom to top,
and from right to left, and a slight convexity
turned upwards.

Certain sources seem to emit N, rays ex-
clusively, or, at least, these rays predominate
in the emission. This is the case with copper
and silver wire, and with hard-drawn platinum
wire. M. Bichat has observed that ethylic
ether, when brought to the state of forced
extension, by the process discovered by M.
Berthelot, emits N, rays. When this state of
strain ceases, whether spontaneously or under
the action of a slight blow, the emission of N,
rays immediately disappears.



72 “N" RAYS

N, rays can be stored up like “N  rays.
For instance, one need only bring a bit of
stretched copper wire in proximity to a lump of
quartz to make the quartz emit N, rays for
some time after.

On  Peculiarities presented by the Action
exercised by “N" Rays on a Dinly
Lighted Surface (February 2, 1904).

Consider a phosphorescent screen, or, more
generally, a dimly lighted surface. If this sur-
face is viewed mormally, one notices that the
action of “ N ” rays is to render it more Jumin-
ous ; if, on the contrary, the surface is viewed
very obliquely, nearly fangentially, the action
of “N ” rays is to render it less luminous. In
other words, the action of “N7” rays in-
creases the quantity of light normally emitted,
while it diminishes the light emitted in a
very oblique direction. If one looks at it in
an intermediate position, no appreciable effect
is observed. This explains the fact, observed
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in all “N” ray experiments, that only the
observer placed exactly in front of the sensitive
screen perceives the effect of these rays. Italso
shows how illusory it would be to try to make
an audience witness these experiments: the
effects perceived by different persons, depending
as they do on their positions with regard to the
screen, would certainly be contradictory or im-
perceptible. The rays I have called N, rays
have an inverse action in all cases to that of
“N” rays; they diminish the light emitted
normally, and increase the light emitted tan-
gentially. M. Mace de Lepinay (see C. R. t.
cxxxviil. p. 77, January 11, 1902) has found that
sound vibrations increase the glow of a phos-
phorescent screen as seen by an observer view-
ing it normally. I have noticed that if the
screen is viewed tangentially, the phosphor-
escence is seen to decrease under the action of
the sound-waves. The action of a magnetic
field or of an electromotive force on a feebly
luminous surface, discovered by M. C. Gutton
{see . & tg cxxzvili. po 268, Febryary '3,
1904 ), presents the same particularities.

To sum up, in all the above-mentioned
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actions, the modification undergone by the
luminous emission consist in a change in its
distribution along the different directions com-
prised between the normal and the tangent
plane to the luminous surface.

On the Comparative Action of Heat and N
Rays on Phosphorvescence (March 14, 1904).

I have recently indicated that, whilst the
action of “ N " rays increases the quantity of
light emitted by a phosphorescent screen in a
normal direction, it diminishes the quantity of
light emitted very obliquely (see the pre-
ceding communication). As is well known,
heat also acts on phosphorescence, whose
brilliancy it temporarily increases. When in-
vestigating whether this action of heat offered
the same peculiarities as that of “ N” rays,
with regard to the direction of the emitted
light, I found that, on the contrary, heat pro-
duces an increase in brilliancy in all direc-
tions comprised between the normal and the
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tangent plane. Hence we are in a position
to distinguish between the effects produced
on phosphorescence by heat on the one hand,
and by “N” rays, sound-waves, magnetic and
electric fields on the other.

The following is another case in which the
effects are different. Take a rectangular card-
board screen, 5 cms. high and 12 cms. long, for
instance, coated very uniformly with calcium
sulphide, and rendered very feebly phosphor-
escent. If the temperature of a portion of
the screen is raised, this part becomes more
luminous than the rest. If, instead of this,
we let fall on one half of the screen a pencil
of “N ” rays, proceeding, for example, from a
Nernst lamp, we find no sensible increase in
its glow; but if in front of this half-screen
a small opaque object is placed, for instance,
a small key or a bit of metal foil, cut off
by daylight, this is seen to come out very
strongly on the luminous background, while if
it is placed on the half not receiving the “ N ”
rays, its outline is vague and indeterminate,
and seems even to disappear at times. By
shifting slowly the object on the screen, its






Complementary Notes.

(1) As mentioned in the Preliminary Nofice, and as will be
seen in the later communications, the properties attributed in the
present paper to “ X” rays, belong not to these rays, but to a new
kind of rays, to which I have given the name of “N ¥ rays.
The experiments are correct, and the rectification only applies
to the nature of the rays which have been studied.

(2) What I attributed then to “S?” rays is, in reality, due
to diffused “ N ” rays. The rotation of the plane of polarization
of “ N ” rays by active substances is perhaps very great, since
their wave-lengths are very small. It may be, then, that the
angles I have observed are merely the remainders obtained by
subtracting 360° once or several times from the real rotations.
For the same reason, the rotations in a contrary direction could
be apparent only. Investigation on this point remains still to
be carried out ; the operations should be conducted successively
on each of the homogeneous pencils resulting from the dis-
persion of a pencil of “N * rays by an aluminium prism. The
existence of magnetic rotatory polarization has recently been
shown by M. H. Bagard, whose investigations are still in
progress. (C. A. t. cxxxviii.)

(3) Unpolished mica arrests a pencil of “N” rays ; these
are not, however, absorbed, but only diffused, as in the case
of light.

(4) Rock-salt is in reality transparent. What had at first
misled me was that the plate of salt I used, having been sawn
out of a large block, had remained unpolished. In this state it
was only translucent, whether for “ N ” rays or for light. When
polished with wet paper, it becomes transparent both for
“N* rays and light ; when the polish disappears, it becomes
translucent again.
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(5) As I state in the text, these'rough data on the trans-
parency of different substances will have to be completed by
new experiments methodically conducted. I have since found
that copper continues to transmit “ N ” rays emitted by a Nernst
lamp, even when used in thicknesses of 65 cms. ; that, similarly,
glass is very transparent, etc. M. Bichat has studied the trans-
parency of various bodies; in particular, he has ascertained
that the opacity of a sheet of lead is due to the fact that it is
superficially covered with oxide and carbonate. Metallic lead
lets pass certain of the “ N ” radiations. (See C. R. t. cxxxviii.
p- 548, February 29, 1904.)

(6) See the communications of May 25 and June 15, 1903.

(7) I have since found that, on the contrary, “N " rays
have much shorter wave-lengths than those of light. (See my
communication of January 18, 1904 (p. 53 of the present
volume). )

(8) See note above (7).

(9) The phosphorescence may be intense, provided it be not
at its maximum,

(10) The piece of gold must of course be also receiving the
113 N N m}rs'

(11) These researches have since been communicated to the
Academy of Sciences. (See C. R.t. cxxxvil. p. 1049, December
24, 1g03.)

(12) According to some experiments which I have made
with an aluminium lens on rays issuing from a knife-blade,
these should have very large indices. M. Charpentier has
found that wet cardboard transmits these rays. These questions
remain to be studied.



Instructions for Making Phosphorescent Screens
adapted for the Observation of “N” Rays

(1) If one proposes only to ascertain the
production of “N” rays in given circum-
stances, a phosphorescent screen, made as
follows, may be used with advantage: some
powdered calcium sulphide is mixed with col-
lodion, diluted with ether, so as to form a very
thin paste; then, with a water-colour brush,
drops of this paste are painted on blackened
cardboard, so as to produce stains several milli-
metres in diameter, close to each other. The
screen then presents the aspect of a spotted
fabric. If, after being exposed to light, it is
examined in a dark room, and in perfect silence,
some of the spots will appear less luminous
than the others. Usually, some will not seem
to be sharply separated from their neighbours,
but will form a sort .of confused nebula less
visible than the rest. Now, if one speaks aloud
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or whistles, or if a knife, or a slightly bent stick,
or the clenched fist, etc., be brought near to the
cardboard, all the spots will become distinct
and move lununous; the nebula resolves itself.
When the rays are suppressed, the screen
resumes its former aspect.

(2) To obtain large, uniformly luminous
screens, the process is similar to the one
adopted for painting in Indian ink; a coating
of the mixture of sulphide and collodium, made
very thin by the addition of ether, is spread
out as uniformly as possible with a water-colour
brush. When this layer is dry, a second is
applied, and so on until the screen appears
uniformly luminous. The thinner the coatings,
and the greater their number, the better the
result.

(3) To measure the refractive indices and
wave-lengths, I use very narrow slits filled
with calcium sulphide. Two rectangular plates
of aluminium are placed side by side on a small
board, so that their edges are in contact. A
little of the metal was previously filed off one
plate, so that when the plates were in position,
a slit was formed between them 2 cms. long and
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only about +% mm. broad. A recess has
first been made in the board, just where the
slit lies, so that the latter is free on both sides.
The two plates being first brought within a
small distance of each other, some powdered
calcium sulphide is packed in between them,
after which they are pressed against each other,
and maintained with screws, which keep them
in contact with the board. The compressed
sulphide remains in the slit, and is exposed to
sunlight, after the excess has been removed.
An extremely narrow phosphorescent slit is

thus obtained.



How the Action of “N"” Rays should be
observed

It is Zndispensable in these experiments to
avoid all strain on the eye, all effort, whether
visual or for eye accommodation, and in no
way to try to fix the eye upon the luminous
source, whose variations in glow one wishes to
ascertain. On the contrary, one must, so to
say, see the source without looking at it, and
even direct one’s glance vaguely in a neigh-
bouring direction. The observer must play
an absolutely passive part, under penalty of
seeing nothing. Silence should be observed
as much as possible. Any smoke, and es-
pecially tobacco smoke, must be -carefully
avoided, as being liable to perturb or even
entirely to mask the effect of the “N”
rays. When viewing the screen or luminous
object, no attempt at eye-accommodation
should be made. In fact, the observer should









A SELECT LIST OF BOOKS

NATURAL AND PHYS[CAL SCIENGE
MATHEMATICS AND TECHNOLOGY

PUBLISHED EY

Mgzssks. LONGMANS, GREEN, & CO.

LONDON : 39 PATERNOSTER ROW, E.C.
NEW YORK: g1 & g3 FIFTH AVENUE.
BOMBAY: 8 HORNBY ROAD.

PAGE PAGE
ADVANCED SCIENCE MANUALS - - 38 | MENSURATION - - - - PR
ALGEBRA - - - - - - 0 METALLURGY : - - : - 10
AGRICULTURE - - - - - 35 | MINERALOGY - - - E - 19
ARCHITECTURE - - - - - 14 | MINING - - - - - - 19
ASTRONOMY - - - - - z0 | NATurar. History anp GENERAL
BACTERIOLOGY - = =33 SCIENCE - - - - - 23
BioLogy - - - - . - 32 NAvaL ARCHITECTURE : - - 18
Borany - - - - - - 34 | NavigaTioN - - - - ST
BuiLping CONSTRUCTION - - - 14| OPTICS .| - 2 - . - I2
CarLcuLus - - - - - - 10|PHOTOGRAPHY - : : : - 12
CHEMISTRY - : - - - A% | PHysiCS - - e - - o
ConNIC SECTIONS - - . - - 10 | PHYSIOGRAPHY - - - : - 22
DyNamics - - - - - - 6| PaysioLoGY s - - - 32
ELECTRICITY - - - - - 16 PracticAal. ELEMENTARY SCIENCE
ELEMENTARY ScIENCE Manu4ALs - 38 SERIES - - - - - - 40
ENGINEERING - - - - - I?iPRﬂETﬂR'S (#. A.) Works - - - 21
EvcLip - - - - - - IL | SOUND - - - - - - I3
GARDENING - - - - - - 35| STATICS = - = - - - 6
GEOLOGY - - - - : - 22 |Steam, O1L, anp Gas ENGINES,
GEOMETRY - - - - - - II AND MoTORS - - - - I5
HearLTH AND HYGIENE - - - 25 | STRENGTH OF MATERIALS - - = 17
Heat - - - - : - - 13 | SURVEYING - - - - - - 8
HYDROSTATICS - = - - - 6| TECHNOLOGY . - 2 : - 24
LIGHT - : E - - . - 13 | TELEGRAPHY - - - - - 17
LoGARITHMS - - - - - 10| TELEPHONE - . 4 - - N i)
LoNDoN ScIENCE CLASS-BOOKS - - 40| 7EXT-BOOKS OF SCIENCE - - - 37
LoNGMANS' CIvIL ENGINEERING SERIES 18 | THERMODYNAMICS . - - 213
MAcHINE DrAWING AND DESIGN - 16 | TRIGONOMETRY - - - - - 13
MAGNETISM - - - - - - 10 | TyNDALL'S (FoHN) WORKS - - 36
MANUFACTURES - - - - - 24 | VETERINARY MEDICINE, ETC. - e
MECHANICS - - - - - - 6 WORKSHOP APPLIANCES . - - 18

MEDICINE AND SURGERY - . » 26 | ZQOLOGY - . s . . + 22



2 Scientific Works published by Longmans, Green, & Co.

— ——— —~- — - -

CHEMISTRY.
ADDYMAN—AGRICULTURAL ANALYSIS. A Manual of Quanti-

tative Analysis for Students of Agriculture. By FrRANK T. ADDYMAN, B.Sc. Lond.,
F.I.C. With 4o Illustrations. Crown 8vo., 55 net.

ARRHENIUS—A TEXT-BOOK OF ELECTROCHEMISTRY. By

SVANTE ARRHENIUS, Professor at the University of Stockholm. Translated from the
German Edition by JoHN McCRrAE, Ph.D. With 58 Illustrations. 8vo., gs. 64. net.

COLEMAN anvp ADDYMAN—PRACTICAL AGRICULTURAL
CHEMISTRY. By ]. BERnNARD CoLEMAN, A.R.C.5¢c., F.L.C., and FRANK T. ADDY-
MAN, B.Sc. Lond., F.I.C. With 24 Illustrations. Crown 8vo., 15. 6d. net.

CROOKES—SELECT METHODS IN CHEMICAL ANALYSIS,

chiefly Inorganic. By Sir WiILL1AM CrooOKES, F.R.5., etc. Third Edition, Rewritten
and Enlarged. With 67 Woodcuts. &vo., 215. net.

FURNEAUX.—ELEMENTARY CHEMISTRY, Inorganic and Organic.
By W. Furneaux, F.R.G.5., Lecturer on Chemistry, London School Board. With
65 Illustrations and 155 Experiments. Crown 8vo., 25. 64.

GARRETT avp HARDEN—AN ELEMENTARY COURSE OF
PRACTICAL ORGANIC CHEMISTRY. By F. C. GARRETT, M.Sc. (Vict, et
Dunelm.), Assistant Lecturer and Demonstrator in Chemistry, the Durham College
of Science, Newcastle-on-Tyne; and ARTHUR HARDEN, M.Se. (Viet.), Ph.D.,
Assistant Lecturer and Demonstrator in Chemistry, Manchester University. With
1g Illustrations, Crown 8vo., 3s.

JAGO.—Works by W. JAGO, F.C.S,, F.I.C.

INORGANIC CHEMISTRY, THEORETICAL AND PRACTICAL.

With an Introduction to the Principles of Chemical Analysis, Inorganic and Organic.
With 63 Woodcuts and numerous Questions and Exercises. Fep, 8vo., 25 6d.

AN INTRODUCTION TO PRACTICAIL INORGANIC CHEMIS-
TRY., Crown 8vo,, 15, 64,

INORGANIC CHEMISTRY, THEORETICAL AND PRACTICAL.

A Manual for Students in Advanced Classes of the Science and Art Department.
With Plate of Spectra and 78 Woodcuts. Crown 8vo., 45. 64,

KLOCKER—FERMENTATION ORGANISMS : a Laboratory Hand-

book. By ALB. KLOCKER. Translated by G. E. ALLAN, B.Sc., and J. H. MILLAR,
F.I.C. With 146 Illustrations in the text. 8vo., 125 net.

MELLOR. — HIGHER MATHEMATICS FOR STUDENTS OF
CHEMISTRY AND PHYSICS. With Special Reference to Practical Work. By
J. W. MELLOR, D.Sc., late Senior Schelar, and 1851 Exhibition Scholar, New Zealand

University ; Research Fellow, the Owens College, Manchester. With 142 Diagrams.
Bvo, 125 6d4. net.

MENDELEEFF—Works by D. MENDELEEFF, Professor of Chemis.
try in the University of St. Petersburg.
THE PRINCIPLES OF CHEMISTRY. Third English Edition.

Translated from the Russian (Seventh Edition) by GEORGE KAMENSKY, A.R.S.M.,
of the Imperial Mint, St. Petersburg ; and Edited by THomas H. Porg, B.Sc., F.I.C.
With 110 Diagrams and Ilustrations. 2z vols. 8vo., 325 net,

AN ATTEMPT TOWARDS A CHEMICAL CONCEPTION OF

THE ETHER. Translated from the Russian by GEQRGE KAMENSKY, A.R.S.M.
8vo., 2s5. net. - s ;




Scientific Wowks published by Longmans, Green, & Co. 3

CHEMISTRY—Conlinued.
MEYVER—OUTLINES OF THEORETICAL CHEMISTRY. By

LoTHAR MEYER, Professor of Chemistry in the University of Tiibingen. Translated
by Professors P. PHILLIPS BEDsoN, D.Se., and W. CARLETON WILLIAMS, B.Sec.
Bvo., gs.

MILLER —INTRODUCTION TO THE STUDY OF INORGANIC
CHEMISTRY. By W. ALLEN MILLER, M.D., LL.D. With 71 Illustrations. Fep.
8vo., 3s5. ba.

MUIR.—A COURSE OF PRACTICAL CHEMISTRY. By M. M. P.

Muir, M.A,, Fellow and Przelector in Chemistry of Gonville and Caius College,
Cambridge, (3 Parts,)

Part I. Elementary. Crown 8vo., 4s5. 64d.
Part II. Intermediate. Crown 8vo., 45. 6d.
Part I1I. [fn preparation.
NEWTH —Works by G. 5. NEWTH, F.I.C., F.C.S.,, Demonstrator
in the Royal College of Science, London.
CHEMICAL LECTURE EXPERIMENTS. With 230 Illustrations

Crown 8vo,, 65,

CHEMICAL ANALYSIS, QUANTITATIVE AND QUALITATIVE.

With 1oo Illustrations, Crown 8vo., 65, 6d.

A TEXT-BOOK OF INORGANIC CHEMISTRY. With 155 Illus-

trations, Crown 8vo., 8s5. 6.

ELEMENTARY PRACTICAL CHEMISTRY. With 108 Illus-

trations and z54 Experiments. Crown 8vo., zs5. 6d.

PERKIN—QUALITATIVE CHEMICAL ANALYSIS (ORGANIC
AND INORGANIC). By F. MoLLwo PERKIN, Ph.D., Head of the Chemistry
Department, Borough Polytechnic Institute, London. With g Illustrations and
Spectrum Plate. 8vo., 3s. 64.

PLIiMMER. — THE CHEMICAL CHANGES AND PRODUCTS
RESULTING FROM FERMENTATIONS. By R. H. ADErRS PLIMMER. 8vo.,
6s. net.

REYNOLDS—EXPERIMENTAL CHEMISTRY FOR JUNIOR
STUDENTS. By ]J. EMERSON REYNOLDS, M.D., F.R.S., Professor of Chemistry,
University of Dublin. Fep. 8vo., with numerous Woodcuts,

Part I. Introductory. Fcp. 8vo., 15. 6.

Part II. Non-Metals, with an Appendix on Systematic Testing for
Acids. Fep. 8vo., 25, 64d.

Part I1II. Metals, and Allied Bodies. Fcp. 8vo., 35. 64.
Part IV. Carbon Compounds. Fcp. 8vo., 4s.

SHENSTONE.—Works by W. A. SHENSTONE, F.R.S., Lecturer on
Chemistry in Clifton College.

THE METHODS OF GLASS-BLOWING AND OF WORKING

SILICA IN THE OXY-GAS FLAME. For the Use of Physical and Chemical
Students. With 43 Illustrations. Crown 8vo., 25 6d.

A PRACTICAL INTRODUCTION TO CHEMISTRY. Intended

Intended to give a Practical acquaintance with the Elementary Facts and Principles
of Chemistry. With 25 Illustrations. Crown 8vo., 2s,



4 Scientific Works published by Longmans, Green, & Co.

CHEMISTRY —(untineued. .

SMITH avp HALL—THE TEACHING OF CHEMISTRY AND
PHYSICS IN THE SECONDARY SCHOOL. By ALEXANDER SMITH, B.Sc.,
Ph.D., Associate Professor of Chemistry in the University of Chicago, and EpwIN
H. HarLy, Ph.D., Professor of Physics in Harvard University. With 21 Woodcuts,
Bibliographies, and Index, Crown 8vo., 6s, net.

TEXT-BOOKS OF PHYSICAL CHEMISTRY.
Edited by Sir WILLIAM RAaMsAy, K.C.B., F.R.S

THE PHASE RULE AND ITS APPLICATIONS. ' By " Aiex.
FinprLay, M.A., Ph.D., D.Sec., Lecturer and Demonstrator n (;hemistl'y, Uni'l.rersit.}r of
Birmingham. With 118 Figures in the Text, and an INTRDDLTCTIDN TO PHYSICAL
CHEMISTRY by Sir WM. Ramsay, K.C.B., F. R.S. Cr. 8vo.,

AN INTRODUCTION TO PHYSICAL CHT*MIS TRY. ‘Being a
General Introduction to the Series. By Sir WiLLiam Ramsay, K.C.B., F.R.S.
Crown Bvo., 15 net.

ELECTRO-CHEMISTRY. Part I. General Theory. By R. A, LEH-
FELDT, D.Sc., Professor of Physics at the East L.ondon Technical College. Including
a Chapter on the Relation of Chemical Constitution to Conductivity. By T. S. MOORE,
F.A., B.Sc., Lecturer in the University of Birmingham. Crown 8vo., 55

Part 1I. Applications to Electrolysis, Primary and Secondary Batteries,
ete. [{7n preparation.

CHEMICAL STATICS AND DYNAMICS, including the Theories
of Chemical Change, Catalysis, and Explosions. By ]J. W. MELLOR, D.Se. (N.Z.),
B.Sc. (Vict.). Crown 8vo., 7s5. 64.

Lhe following Veolumes are also in preparation :—

STOICHIOMETRY. By SyDrREY Young, |SPECTROSCOPY. By . C. C. BALY,

D.Se., F.E.5. o) e
RELATIONS BETWEEN CHEMICAL | THERMODYNAMICS. By F. G. DosNARN,
CONSTITUTION AND PHVYSICAL M.A. Ph.D.
PROPERTIES. By SAMUEL SMILES,
D.Se.

THORNTON anp PEARSON.—~NOTES ON VOLUMETRIC AN-

ALYSIS., By ARTHUR THORNTON, M.A., and MARCHANT PEARSON, B.A., Assistant
Science Master, Bradford Grammar School. Medium 8vo., 25,

THORPE—Works by T. E. THORPE, C.B., D.Sc. (Vict.), Ph.D,
F.R.S., Principal of the Government Laboratory, London. Assisted

by Eminent Contributors.
A DICTIONARY OF APPLIED CHEMISTRY. 3 vols. 3vo.
Vols. 1. and II., 425 each. WVol. IIl., 63s.
QUANTITATIVE CHEMICAL ANALYSIS. With 88 Woodcuts
Fep. 8vo., 4s5. 6d.
THORPE avp MUIR—QUALITATIVE CHEMICAL ANALYSIS

AND LABORATORY PRACTICE. By T. E. THogrrE, C.B., Ph.D., D.Se., F.R.5.,
and M. M. PATTISON MUIr, M.A. With Plate of Spectra and 57 Illustrations. Fep.
8vo., 35 6d.

TILDEN.—Works by WILLIAM A. TILDEN, D.Sc. London,' F.R.S.,
Professor of Chemistry in the Royal College of Science, South

Kensington.
A SHORT HISTORY OF THE PROGRESS OF SCIENTIFIC
CHEMISTRY IN OUR OWN TIMES. Crown 8vo., 55 net,

INTRODUCTION TO THE STUDY OF CHEMICAL PHILO-

SOPHY. The Principles of Theoretical and Systematic Chemistry. With g Ilius-
trations. p. 8vo., 55. With ANSWERS to Problems. Fcp. 8vo., 55 64.

PRACT ICAL CHEMIS'I RY. The Principles of Qualitative Analysis.
Fep. 8vo., 15. 64d.




Scientific Works published by Longmans, Green, & Co. 5

e - - —_— e

CHEMISTRY—oniinued.

WATTS DICTIONARY OF CHEMISTRY. Revised and entirely

Rewritten by H. FORSTER MORLEY, M.A., D.Sec., Fellow of, and lately Assistant Pro-
fessor of Chemistry in, University C-::llege, London; and M. M. PATTISON MUIR,
M.A., F.R.5.E., Fellow, and Przlector in Chemistw of Gonville and Caius College,
Camhndge Assmted b}f Eminent Contributors. 4 vols. 8vo., [5 net.

WHITELEY.—Works by R. LLOYD WHITELEY, F.I.C., Principal

of the Municipal Science School, West Bromwich.
CHEMICAL CALCULATIONS. With Explanatory Notes, Problems

and Answers, specially adapted for use in Colleges and Science Schools. With a
Preface by Professor F. CLowEgs, D.Se. (Lond.), F.I.C, Crown 8vo., =2s.

ORGANIC CHEMISTRY : the Fatty Compounds. With 45 Illus-

trations. Crown 8vo., 35. 6d4.

PHYSICS, ETC.

BIDGOOD—ELEMENTARY PHYSICS AND CHEMISTRY FOR
THE USE OF SCHOOLS. (In Three Books.) By JoH~N Bipcoop, B.Sc., Head-
master of the Gateshead Secondary Day School.

Book I. Elementary Physics. With 120 Illustrations. Crown 8vo.,

I5. 64
Book II. Physics and Chemistry. With 122 Illustrations. Crown
8vo., 15 64.

Book III. Chemistry. With 108 Illustrations. Crown 8vo., 2s.
BLONDLOT — N’ RAYS. A Collection of Papers communicated to

the Academy of Sciences. With additional Notes and Instructions for the Construction
of Phosphorescent Screens. By R. BLoNDLoOT, 'rofessor in the University of Nancy.
Translated by J. GArcIiN. With Diagrams. Crown 8vo., 3s. 6d. net.

BOSE.—RESPONSE IN THE LIVING AND NON-LIVING. By
Jacapis CHUNDER Bosg, M.A, (Cantab.), D.Sc. (Lond.), Professor, Presidency
College, Calecutta. With 117 Illustrations. 8vo., 105. 64

GANOT.—Works by PROFESSOR GANOT. Translated and Edited
by E. AtkinsoN, Ph.D., F.C.S., and A. W. RemworLp, M.A., F.R.S.

ELEMENTARY TREATISE ON PHYSICS, Experimental and

Applied. With g Coloured Plates and Maps, and 1048 Woodcuts, and Appendix of
Problems and Examples with Answers. Crown 8vo.,

IS5,
NATURAL PHILOSOPHY FOR GENERAL READERS AND
YOUNG PEOPLE. With 7 Plates, 632 Woodcuts, and an Appendix of Questions.
Crown 8vo., 7s. 6d.

GLAZEBROOK axp SHAW.—PRACTICAL PHYSICS. By R. T.
%:Ia?EBRé]EE M.A., F.R.S5.,, andW N. Suaw, M.A., With 134 Illustrations. Fcp.
VO, , 7S

GUTHRIE. —MOLECULAR PHYSICS AND SOUND. By F.
GuTHRIE, Ph.D. With g1 Diagrams. Fcp. 8vo., 15. 6d.

AELIMHAOLTZ—POPULAR LECTURES ON SCIENTIFIC SUB-

JECTS. By HERMANN voN HELMHoOLTZ. Translated by E. ATxinsoN, Ph.D.,
F.C.S., formerly Professor of Experimental Science, Staff College. With 68 Illustra-
tions. 2 vols., crown 8vo., 35. 64. each.

HENDERSON.—ELEMENTARY PHYSICS. By Joun HENDERSON,

EELSE- {Eéi{jin.}. A.LLE.E., Physics Department, Borough Road Polytechnic. Crown
vO., 25. 6d.



6 Scientific Works published by Longmans, Green, & Co.

PHYSICS, ETC.—Conlinwted.
MACLEAN —EXERCISES IN NATURAL PHILOSOPHY. By

MacnUus MAcCLEAN, D.Sc., Professor of Electrical Engineering at the Glasgow and
Woest of Scotland Technical College. Crown 8vo., 45 6d.

MEYER—THE KINETIC THEORY OF GASES. Elementary

Treatise, with Mathematical Appendices. By Dr. OskAr EMIL MEYER. 8vo., 155 net.

VAN 'tTHOFF—THE ARRANGEMENT OF ATOMS IN SPACE.
By J. H. vax 'THorr. With a Preface by JoHANNES WISLICENUS, Professor of
of Chemistry at the University of Leipzig; and an Appendix, * Stereo-chemistry among
Inorganic Substances,” by ALFRED WERNER, Professor of Chemistry at the University
of £iirich. Crown 8vo., 65. &/ ;

IWATSON.—Works by W. WATSON, F.R.S., D.Sc., Assistant Professor
of Physics at the Royal College of Science, London.

ELEMENTARY PRACTICAL PHYSICS: a Laboratory Manual

for Use in Organised Science Schools. With 120 Illustrations and 193 Exercises.
Crown 8vo., 25. 6d.

A TEXT-BOOK OF PHYSICS. With 568 Diagrams and Illustra-

tions, and a Collection of Examples and Questions with Answers. Large crown
Bvo., 105 64,

WATTS. — AN INTRODUCTION TO THE @ STUD¥ OF
SPECTRUM ANALYVYSIS. By W. MARsHALL WaTTs, D.Sc. (Lond.), B.Se.
(Vict.), F.I.C., Senior Physical Science Master in the Giggleswick School. With
135 Illustrations and Coloured Plate. 8vo., 1os. 64, net.

WORTHINGTON—A FIRST COURSE OF PHYSICAL LABORA-

TORY PRACTICE. Containing 264 Experiments, By A, M. WORTHINGTON,
C.B., F.R.S5. With Illustrations. Crown 8vo., 4s5. 6d.

WRIGHT.—ELEMENTARY PHYSICS. By Mark R. WrIGHT, M. A,

Professor of Normal Education, Durham College of Science. With 242 Illustrations.
Crown 8vo., 2s5. 6d.

MECHANICS, DYNAMICS, STATICS,HYDROSTATICS, ETC.

BALL—A CLASS-BOOK OF MECHANICS. By Sir R. S. BaLL,
LL.D. 8g Diagrams. Fcp. 8vo., 1s. 6d

GOODEVE.—Works by T. M. GOODEVE, M.A., formerly Professor
of Mechanics at the Normal School of Science, and the Royal School
of Mines.

THE ELEMENTS OF MECHANISM. With 357 Illustrations.

Crown 8vo., 65

PRINCIPLES OF MECHANICS. With 253 Illustrations and

numerous Examples. Crown 8vo., 6s.

A MANUAL OF MECHANICS: an Elementary Text-Book for

Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 188
Examples taken from the Science Department Examination Papers, with Answers.
Fcp. 8vo., =5, 64.

GOODMAN—MECHANICS APPLIED TO ENGINEERING. By
JOHN GOODMAN, Wh.Sch,, M.I.C.E., M.I.M.E., Professor of Engineering in the Uni-
versity of Leeds, With 714 Illustrations and numerous Examples. Crown 8vo., gs5. net.




Scientific Works published aﬁy Longmans, Green, & C(Co. 7

MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.- Conlinued.
GRIEVE. —LESSONS IN ELEMENTARY MECHANICS. By

W. H. GRrIEVE, late Engineer, R.N., Science Demonstrator for the London School
Board, ete.

Stage 1. With 165 Illustrations and a large number of Examples. Fcp. 8vo., 15 64,
Stage 2. With 122 Illustrations. Fep. 8vo., 15 6d.
Stage 3. With 1oz Illustrations. Fep. 8vo., 15, 6d,

MAGNUS.—Works by SIR PHILIP MAGNUS, B.Sc.,, B.A.

LESSONS IN ELEMENTARY MECHANICS. Introductory to the

study of Physical Science. Designed for the Use of Schools, and of Candidates for
the London Matriculation and other Examinations. With numerous Exercises,
Examples, Examination Questions, and Solutions, etc., from 1870-18g5. With
Answers, and 131 Woodcuts. Fep. 8vo., 35 64.

Key for the use of Teachers only, price 55. 34d.

HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., 1s5. 64.; or,

with Answers, 25. The Worked Solutions of the Problems, 2s.

PULLEN—MECHANICS : Theoretical, Applied, and Experimental.
By W, W. F. PuLLeEN, Wh.5ch., M.LLM.E., AM.I.C.E, With 318 Diagrams and
numerous Examples, Crown 8vo., 45 6d.

ROBINSON—ELEMENTS OF DYNAMICS (Kinetics and Statics).

With numerous Exercises. A Text-book for Junior Students. By the Rev, [. L.
RopinNsoN, M.A. Crown 8vo., 6s.

SMITH —Works by J. HAMBLIN SMITH, M.A.
ELEMENTARY STATICS. Crown 8vo., 3s.
ELEMENTARY HYDROSTATICS. Crown 8vo., 3s.

KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6s.

TARLETON—AN INTRODUCTION 10 THE MATHEMATI-
CAL THEORY OF ATTRACTION. By Francis A. TARLETON, LL.D., Sc.D.,

Fellow of Trivity College, and Professor of Natural Philosophy in the University of
Dublin. Crown 8vo., 105 64

7AYLOR.—Works by J. E. TAYLOR, M.A,, B.Sc. (Lond.).
THEORETICAL MECHANICS, including Hydrostatics and Pneuma-

tics. With 175 Diagrams and Illustrations, and 522 Examination Questions and
Answers. Crown 8vo., 25 6.

THEORETICAL MECHANICS—SOLIDS. With 163 Illustrations,

120 Worked Examples and over goo Examples from Examination Papers, etc.
Crown 8vo., 25. 6d.

THEORETICAL MECHANICS.—FLUIDS. With 122 Illustrations,

numerous Worked Examples, and about oo Examples from E»amination Papers,
etc. Crown 8vo., zs. 6d.

THORNTON. —THEORETICAL MECHANICS—SOLIDS. In-
cluding Kinematics, Statics and Kinetics. By ARTHUR THORNTON, M.A., F.R.A.5.
With zco Illﬁtmtiﬂns 130 Worked Examples, and over goc Examples from Examina-
tion Papers, etc. Crown 8vo., 45. 64,



8 Scientific Works published by Longmans, Green, & Co.

e ———— e — = = — = — —

MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.— Conlinued,

TWISDEN.—Works by the Rev. JOHN F. TWISDEN, M.A.

PRACTICAL MECHANICS; an Elementary Introduction to their
Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 8vo., 1os 6d.

THEORETICAL MECHANICS. With 172 Examples, numerous

Exercises, and 154 Diagrams. Crown 8vo., 8s5. 64.

WILLITAMSON—INTRODUCTION TO THE MATHEMATI-
CAL THEORY OF THE STRESS AND STRAIN OF ELASTIC SOLIDS. By
BENJAMIN WILLIAMSON, D.Sc., F.R.S. Crown 8vo., 5s.

WILLIAMSON avp TARLETON. — AN ELEMENTARY
TREATISE ON DYNAMICS., Containing Applications to Thermodynamics, with
numerous Examples. By BENJAMIN WILLIAMSON, D.Sc., F.R.5., and FRANCIS A,
TARLETON, LL.D. Crown 8vo., 105 64.

WORTHINGTON.—DYNAMICS OF ROTATION: an Elementary

Introduction to Rigid Dynamics. By A. M. WorTHINGTON, C.B., F.R.S, Crown
8vo., 45. 6d.

MENSURATION, SURVEYING, ETGC.

BRABANT.—THE ELEMENTS OF PLANE AND SOLID MENSU-
RATION. With Copious Examples and Answers. By F. G. BRABANT, M.A,
Crown 8vo., 35 6d.

CHIVERS.—ELEMENTARY MENSURATION. By G.T. CHIVERS,
Head Master of H.M. Dockyard School, Pembroke. With Answers to the Examples.
Crown 8vo , gs.

GR/BBLE—PRELIMINARY SURVEY AND ESTIMATES. By
THEODORE GRAHAM GRIBBLE, Civil Engineer. Including Elementary Astronomy,
Route Surveying, Tacheometry, Curve Ranging, Graphic Mensuration, Estimates,
Hydrography and Instruments. With 133 Illustrations, Quantity Diagrams, and
a Manual of the Slide-Rule. Fcp. 8vo., 75. 6d.

HILE YV —EXPLANATORY MENSURATION. By the Rev. ALFRED
HiLEy, M.A. With a Chapter on Land Surveying by the Rev. JonN HUNTER, M.A.
Containing numerous Examples, and embodying many of the Questions set in the Local
Examination Papers. With Answers. 1z2mo., 25 6d.

HUNTER. — MENSURATION AND LAND SURVEYING. By

the Rev. Joux HUNTER, MLA. 18mo., 15. KEY, 15

LODGE.—MENSURATION FOR SENIOR STUDENTS. By
ALFRED Lobce, M.A., late Fereday Fellow of St. John's College, Oxford ; Professor
of Pure Mathematics at the Royal Indian Engineering College, Cooper's Hill. With
Answers, Crown 8vo., 4. 6d.

[LONGMANS SCHOOL MENSURATION. By ALFRED J. PEARCE,
B.A. (Inter.), Hons. Matric. {London). With numerous Diagrams. Crown 8vo. With
or without Answers, zs, 6d,
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MENSURATION, SURVEYING, ETC.—Conlinued.
LONGMANS’ JUNIOR SCHOOL MENSURATION. To meet the

Requirements of the Oxford and Cambridge Junior Local Examinations, the College
of Preceptors, etc. By W, 5. BEArD, F.R.G.S., Head Master of Fareham Modern
School. With Answers to lixercises and Examination Papers. Crown 8vo., 1s.

LUPTON—A PRACTICAL TREATISE ON MINE SURVEYING.

By ARNOLD LuUPTON, Mining Engineer, Certificated Colliery Manager, Surveyor,
Member of the Institution of Civil Engineers, etc. With 216 Illustrations. Medium
8vo., 125 net.

NESBIT—PRACTICAL MENSURATION. By A. Neseit. Illus-

trated by 700 Practical Examples and 700 Woodecuts. 12mo., 35. 64 KEY, 5.

SMITH—CIRCULAR SLIDE RULE. By G. L. SmitH. Fep.

8vo., Is. net.

ALGEBRA, ETC.

* X For other Books, see Longmans & Co.'s Calalogue of Educational and School Books.

ANNALS OF MATHEMATICS. (FusLisgep UNDER THE AUSPICES
oF Harvarp UNIVERSITY.) Issued Quarterly. 4to., 25 net.

CONSTABLE anvp MILLS—ELEMENTARY ALGEBRA UP TO
AND INCLUDING QUADRATIC EQUATIONS. By W. G. CoNSTAELE, B.Sc.,
B.A., and J. MiLLs, B.A. Crown 8vo., 25, With Answers, 25. 6d.

Also in Three Parts. Crown 8vo., cloth, limp, od. each. ANsSwWERs. Three Parts.
Crown 8vo., paper covers, 6. each.

CRACKNELL — PRACTICAL MATHEMATICS. By A. G

CRACKNELL, M.A., B.Sc., Sixth Wrangler, etc. With Answers to the Examples.
Crown 8vo., 35 6d. :

LONGMANS' JUNIOR SCHOOL ALGEBRA. By WiLLiam S.
BEARD, F.R.(5.5., Head Master of the Modern School, Fareham. Crown 8vo., 1s. 6d.
With Answers, 2s,

SMITH.—Works by J]. HAMBLIN SMITH, M.A.
ELEMENTARY ALGEBRA. New Edition, with a large number

of Additional Exercises. With or without Answers. Crown 8vo., 3¢ 64. Answers
separately, 6d. KEY, Crown 8vo., gs.

*o' The Original Edition of this Book is still on Sale, price 2s. 6d.
EXERCISES IN ALGEBRA. With Answers. Fcap. 8vo., 25. 64.

Copies may be had without the Answers.

WELSFORD anp MAYO.—ELEMENTARY ALGEBRA. By ]. W.

"l-}fELsFDRD, M.A., formerly Fellow of Gonville and Caius College, Cambridge, and
C. H. P. Mayo, M.A., formerly Scholar of St. Peter’s College, Cambridge ; Assistant
Masters at Harrow School. Crown 8vo., 35. 64., or with Answers, 4s5. 6d.
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CONIC SECTIONS, ETC.
CASEY —A TREATISE ON THE ANALYTICAIL GEOMETRY

OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS. By Joun CASEY,
LL.D., F.E.S. Crown 8vo., 12:

SALMON.—A TREATISE ON CONIC SECTIONS, containing an

Account of some of the most Important Modern Algebraic and Geometric Methods,
By G. SaLmon, D.D., F.R.5. 8vo., 125

SMITH—GEOMETRICAL CONIC SECTIONS. By J. HaMpLIN
SMiTH, M.A. Crown 8vo., 35 6d.

- THE CALCULUS, LOGARITHMS, ETC.

BARKER —GRAPHICAL CALCULUS. By ArTHUR H. BARKER,

B.A., B.5c. With an Introduction by Joun Goopman, AM.LC.E., With 61
Diagrams. Crown 8vo., 45, 6d.

MELLOR. — HIGHER MATHEMATICS FOR STUDENTS OF
CHEMISTRY AND PHYSICS. With special reference to Practical Work. By

J. W. MELLOk, D.Sc., Research Fellow, The Owens College, Manchester. With
142 Diagrams, 8vo., 12s5. 64. net.

MURRAY.—Works by DANIELL ALEXANDER MURRAY, Ph.D.

AN INTRODUCTORY COURSE IN DIFFERENTIAL EQUA-
TIONS, Crown 8vo., 4s5. 6d.

A FIRST COURSE IN THE INFINITESIMAL CALCULUS.
Crown 8vo., 75 6d.

ODEA—AN ELEMENTARY TREATISE ON LOGARITHMS,
EXPONENTIAL AND LOGARITHMIC SERIES, UNDETERMINED CO-

EFFICIENTS, AND THE THEORY OF DETERMINANTS. By JaMes J.
O'DEa, M.A. Crown 8vo., 2s.

TATE.—PRINCIPLES OF THE DIFFERENTIAL AND INTEGRAL
CALCULUS., By THoMAsS TATE. 12mo., 45. 6d.

TAYLOR.—Works by F. GLANVILLE TAYLOR.
AN INTRODUCTION TO THE DIFFERENTIAL AND IN-
TEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS. Crown 8vo., gs.

AN INTRODUCTION TO THE PRACTICAL USE OF LOGA-

RITHMS, WITH EXAMPLES IN MENSURATION. With Answers to
Exercises. Crown 8vo., 1s. 6d.

WILLIAMSON.—Works by BENJAMIN WILLIAMSON, D.Se.
AN ELEMENTARY TREATISE ON THE DIFFERENTIAL

CALCULUS; containing the Theory of Plane Curves, with numerous Examples.
Crown 3vo., 1os 64.

AN ELEMENTARY TREATISE ON THE INTEGRAL CALCU-

LUS; containing Applications to Plane Curves and Surfaces, and also a Chapter en

the Caleulus of Varations, with numerous Examples. Crown 8vo., 10s. 6d.
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GEOMETRY AND EUCLID.

* o For other Works, see Longmans & Co.’s Catalogue of Educational and School Books.

ALIMAN.—GREEK GEOMETRY FROM THALES TO EUCLID.
By G. J. ALLMAN. 8vo., 105. b6d.

BARRELL—ELEMENTARY GEOMETRY. By Frank R. BARRELL,

M.A., B.5c., Professor of Mathematics, University College, Bristol.
Section I. Part I., being the subject-matter of Euclid, Book I. Crown 8vo., 1=

Section I. Part II., containing the subject-matter of Euclid, Book III. 1-34, and Book IV,
4-9. Crown 8vo., 1.

Section I. complete. Crown 8vo., z2s.

Section II., containing the remainder of Euclid, Books III. and I'V., together with the subject-
matter of Books II. and VI. With explanation of Ratio and Proportion, Trigono-
metric Ratios and Measurement of Cireles. Crown 8vo., 1s5. 64d.

Sections [. and II. in one volume. Crown 8vo., 35. 6d.

Section IIL., containing the subject-matter of Euclid, Book XI., together with a full treat-
ment of volume and surface of the cylinder, cone, sphere, etc. Crown 8vo., 1s5. 64,

Sections I., II. and III. complete in one volume. Crown 8vo., 45. 6d.

CASEY.—Works by JOHN CASEY, LL.D., F.R.S.

THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Propositions,
[.-XXI1. of Book XI., and an Appendix of the Cylinder, Sphere, Cone, etec. With
Copious Annotations and numerous Exercises. Fep. 8vo., 45 64. KEY to Exercises.
Fep. 8vo,, 6s.

A SEQUEL TO THE ELEMENTS OF EUCLID. PartI. Books
I.-VI. With numerous Examples. Fecp. 8vo., 3s. 64. '

A TREATISE ON THE ANALYTICAL GEOMETRY OF THE
POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing an Account of
its most recent Extension. Crown 8vo,, 125,

HAMILTON. — ELEMENTS OF QUATERNIONS. By the late

Sir WiLLIAM RowaN HamirtoN, LL.D., M.R.ILA. Edited by CHARLES JASPER
JoLy, M.A., Fellow of Trinity College, Dublin. =2 vols. 4to. 215 net each.

LONGMANS’ LIST OF APPARATUS FOR USE IN GEO-
METRY, ETC.

1. LONGMANS' ENGLISH AND METRIC RULER. Marked on one edge in Inches,
Eighths, Tenths and Five-fifths. Marked on the other edge in Centimetres. Price 14, net.

LOW’S IMPROVED SET SQUARES. Designs A & B.  45° to 60°.

5

Ax 458° 4" Br 45° 4" each1/- net. | A 1 60° 4" ‘I B 1 60° 4" each 1/- net,
Az 456" tor{ Bz 45°6” , 1,-‘3 w | A260°6 2 or{' B 2:60%6" .. 1/3 .
A 3 45° 61" B 3 45° 8} ,, | A 3 60° B”‘j B 3 60 8§ 5, 2]- -,

3. LOW'S IMPROVED PROTRACTORS (Celluloid). Protractor No. 2. 3" radius,
marked in degrees, 64, net. Protractor No. 3. 4" radius, marked in {-degrees, ga. net.

. LOW'S ADJUSTABLE PROTRACTOR SET SQUARE. =zs. 64. net,

. LONGMANS' BLACKBOARD ENGLISH AND METRIC RULE. One Metre;
marked in decimetres, centimetres, inches, half-inches and quarter-inches. 2s. 64.
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GEOMETRY AND EUCLID—Continued.

LOW —TEXT-BOOK ON PRACTICAL, SOLID, AND DESCRIP-

TIVE GEOMETRY. By DAviD ALLAN Low, Professor of Engineering, East London
Technical College. Crown 8vo.

Part I. With 114 Figures, 2s. Part II. With 64 Figures, 3s.
THE DIAGRAM MEASURER. An Instrument for measuring the

Areas of Irregular Figures and specially useful for determining the Mean Effective

Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by
D. A. Low. With Full Instructions for Use. 1s net,

MORRIS anp HUSBAND.—PRACTICAL PLANE AND SOLID

GEOMETRY. By l. HaMmmonDp Morris and JosErH HuUsBAND. Fully Illustrated
with Drawings. Crown &vo., 25, 6d.

MORRIS—GEOMETRICAL DRAWING FOR ART STUDENTS.

Embracing Plane Geometry and its Applications, the Use of Scales, and the Plans and

Elevations of Solids as required in Section I. of Science Subjects. By I. HAMMOND
Mogrris. Crown 8vo,, 25

SMITH—ELEMENTS OF GEOMETRY. By J. HAMBLIN SMmITH,

M.A. Containing Books 1 to 6, and portions of Books 11 and 12, of Euclid, with
Exercises and Notes. Cr. 8vo., 35. 64. KEY, crown 8vo,, 8. 64,

Books 1 and 2, limp cloth, 1s. 6., may be had separately.
SPOONER—THE ELEMENTS OF GEOMETRICAL DRAWING :

an Elementary Text-book on Practical Plane Geometry, including an Introduction to
Solid Geometry. Written to include the requirements of the Syllabus of the Board of
Education in Geometrical Drawing and for the use of Students preparing for the Military
Entrance Examinations. ; By HENRY |. SPOONER, C.E., M.Inst.M.E. Cr. 8vo., 35. 64.

WILSON—GEOMETRICAL DRAWING. For the use of Candidates

for Army Examinations, and as an Introduction to Mechanical Drawing. By W. N.
Wirson, M.A. Parts I. and II. Crown 8vo., 45 64, each.

WINTER.— ELEMENTARY GEOMETRICAL DRAWING. By

S. H. WINTER. Partl. Including Practical Plane Geometry, the Construction of Scales,
the Use of the Sector, the Marquois Scales, and the Protractor. With 3 Plates and
1000 Exercises and Examination Papers. Post 8vo., gs.

OPTICS, PHOTOGRAPHY, ETC.
ABNEY.—A TREATISE ON PHOTOGRAPHY. By Sir WiLLiAM DE

WIVELESLIE ABNEY, K.C.B., F.R.5., Principal Assistant Secretary of the Secondary
Department of the Board of Education. With 134 Illustrations. Fcp. 8vo., s

DRUDE.—THE THEORY OF OPTICS. By PauL DRUDE, Professor

of Physics at the University of Giessen. Translated from the German by C. RIBORG
MANN and ROBERT A. MILLIKAN, Assistant Professors of Physics at the University of
Chicago. With 110 Diagrams. 8vo., 155 net.

GLAZEBROOK —PHYSICAL OPTICS. By R. T. GLAZEBROOK,
M.A., F.R.S,, Principal of University College, Liverpool. With 183 Woodcuts of
Apparatus, ete. Fep. 8vo., 65,

VANDERPOEL—COLOR PROBLEMS: a Practical Manual for the

Lay Student of Color, By EmiLy Noves VANDERPOEL. With 1x7 Plates in Color.
Square 8vo., 215, net.
WRIGHT—OPTICAL PROJECTION : a Treatise on the Use of the

Lantern in Exhibition and Scientific Demonstration. By LEwis WRIGHT, Author of
*Light : a Course of Experimental Optics'. With 232 Illustrations. Crown 8vo., 6s.
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TRIGONOMETRY,

CASEY—A TREATISE ON ELEMENTARY TRIGONOMETRY.

By Joun Casey, LL.D., F.R.S,, late Fellow of the Royal University of Ireland. With
numerous Examples and Questions for Examination. 12mo., 35

GOODWIN—PLANE AND SPHERICAL TRIGONOMETRY. By

H. B. GoopwinN, M.A. In Three Parts, comprising those portions of the subjects,
theorctical and practical, which are required in the Final Examination for Rank of
Lieutenant at Greenwich. 8vo., 85 64,

JONES. —THE BEGINNINGS OF TRIGONOMETRY. By A.
CLEMENT JonES, M.A., Ph.D., late Open Scholar and Senior Hulme Exhibitioner

of Brasenose College, Oxford ; Senior Mathematical Master of Bradford Grammar
School. Crown 8vo., zs.

MAYO.—ELEMENTARY TRIGONOMETRY. By C. H. P. Mavo,

M.A., late Scholar of 5t. Peter's College, Cambridge; Assistant Master at Harrow
School. With Examples and Answers. Crown 8vo., 35 6d.

SMITH. — ELEMENTARY TRIGONOMETRY. By J. HamBLIN
SmiTH, M.A. Crown 8vo., 4. 64. Key, 7s5. 6d.

SOUND, LIGHT, HEAT, AND THERMODYNAMICS.

DEXTER—ELEMENTARY PRACTICAL SOUND, LIGHT AND
HEAT. By JosepH S. DEXTER, B.Sc. (Lond.), Physics Master, Technical Day
School, The Polytechnic Institute, Regent Street. With 152 [llustrations. Crown
Bvo., 25. b4

EMTAGE —LIGHT. By W. T. A. EMTacE, M.A., Director of Public

Instruction, Mauritius. With 232 Illustrations. Crown 8vo., 6s.

HEIMHACOLTZ — ON THE SENSATIONS OF TONE AS A
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By HERMANN
vON HELMHOLTZ Royal 8vo., 28s,

MAXWELL—THEORY OF HEAT. By J. CLErk Maxwerr, M.A,,
F.R.S8S,, L. and E. With Corrections and Additions by Lord EaviLEIGH, With 38
Illustrations. Fep. 8vo., 45 6d.

PLANCK.—TREATISE ON THERMODYNAMICS. By Dr. Max

PLANCK, Professor of Theoretical Physics in the University of Berlin. Translated,
with the Author's sanction, by ALEXANDER OGG, M.A., B.Sc., Ph.D., late 1851 Ex-
hibition Scholar, Aberdeen University; Assistant Master, Royal Naval Engineering
College, Devonport. 8vo., 7s. 64, net.

SMITH —THE STUDY OF HEAT. By J. HameLin SmitH, M.A,,
of Gonville and Caius College, Cambridge. Crown 8vo., 35

TYNDALL.—Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 36.

WORMELL—A CLASS-BOOK OF THERMODYNAMICS. By
RiCHARD WoORMELL, B.Sc., M.A, Fcp. 8vo., 1s. 64,

WRIGHT.—Works by MARK R. WRIGHT, M.A.
SOUND, LIGHT, AND HEAT. With 160 Diagrams and Illus-

trations. Crown 8vo., 25, 64.

ADVANCED HEAT. With 136 Diagrams and numerous Examples

and Examination Papers. Crown 8vo., 45. 64,
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ARCHITECTURE, BUILDING CONSTRUCTION, ETC.
ADVANCED BUILDING CONSTRUCTION. By the Author of

* Rivingtons' Notes on Building Construction’. With 385 Illustrations. Crown 8vo.,
45, 64,

BENN.—STYLE IN FURNITURE. By R. Davis Benx. With

102 Plates by W. C. BALDOCK. 8vo., 215 net.

BOOKER. — ELEMENTARY PRACTICAL BUILDING CON-
STRUCTION. Stagel. By F, W. BookEr. With 727 Illustrations. Crown 8vo.,
a5, 64,

BURRELL. — BUILDING CONSTRUCTION. By Ebpwarb
BURRELL, Second Master of the People’s Palace Technical School, London. With
303 Working Drawings. Crown 8vo., 25 6d.

GWILT.—AN ENCYCLOPADIA OF ARCHITECTURE. By
Josepn GwiLT, F.5.A. Revised (1888), with Alterations and Considerable Additions
by WYATT PAPWORTH. With 1700 Engravings. 8vo., 215 net.

HAMLIN.—A TEXT-BOOK OF THE HISTORY OF ARCHITEC-
TURE. By A. D. F. HAMLIN, A.M. With 22g Illustrations. Crown 8vo., 75 64.

PARKER anvp UNWIN—THE ART OF BUILDING A HOME :

A Collection of Lectures and Illustrations. By BArRRY PARKER and RAYMOND
UnwiN, With 68 Full-page Plates. 8vo., 105 6d. net.

RICHARDS.—BRICKLAYING AND BRICKCUTTING. By H.W.

RICHARDS, Examiner in Brickwork and Masonry to the City and Guilds of London
Institute, Head of Building Trades Department, Northern Polytechnic Institute,
London, N. With over zoo Illustrations. 8vo., 35. 6d.

ROWE~—THE LIGHTING OF SCHOOLROOMS: a Manual for
School Boards, Architects, Superintendents and Teachers. By STUART H. ROWE,
Ph.DD. With 32 Illustrations. Crown 8vo., 35 64, net.

SEDDON.—BUILDER’S WORK AND THE BUILDING TRADES.
By Col. H, C. SEppoN, R.E. With numerous Illustrations. Medium 8vo., 165,

THOMAS—THE VENTILATION, HEATING AND MANAGE-

MENT OF CHURCHES AND PUELIC BUILDINGS. By J. W. THOMAS,
F.I.C., F.C.S. With 25 Illustrations. Crown 8vo., 2s5. 6d.

VALDER—BOOK OF TABLES, giving the Cubic Contents of from

One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually imported or
used in the Building Trades, together with an Appendix showing a large number of
sizes, the Contents of which may be found by referring to the aforesaid Tables. By
THomAS VALDER. Oblong gto., 6s. net.

RIVINGTONS' COURSE OF BUILDING CONSTRUCTION.

NOTES ON BUILDING CONSTRUCTION. Medium 8vo.
Part I. With 695 Illustrations, 10s5. 64. net.
Part II. With 496 Illustrations, 1os. 6. net.
Part III. Materials. With 188 Illustrations, 18s. net.

Part IV. Calculations for Building Structures. With 551 Illustra-
tions, 135 net. .
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STEAM, OIL, AND GAS ENGINES, AND MOTORS.
BALE.—A HAND-BOOK FOR STEAM USERS; being Rules for

Engine Drivers and Boiler Attendants, with Notes on Steam Engine and Boiler
Management and Steam Boiler Explosions. By M. Powis BaLg, M.LM.E.,
A M.I.C.E. Fcp. 8vo., 25. 64.

CLERK.—THE GAS AND OIL ENGINE. By DvucaLp CLERK,
Member of the Institution of Civil Engineers, Fellow of the Chemical Society, Member
of the Royal Institution, Fellow of the Institute of Patent Agents. With 228 Illus-
trations. 8vo., 155,

DIPLOCK. —A NEW SYSTEM OF HEAVY GOODS TRANSPORT
ON COMMON ROADS. By BraMmAH JoseErH DipLock. With 27 Illustrations and
Diagrams. Medium 8vo., 6s. 64, net.

FLETCHER—ENGLISH AND AMERICAN STEAM CARRIAGES
AND TRACTION ENGINES. By WILLIAM FLETCHER, M.Inst. Mech.E. With
250 lllustrations. 8vo., 155 net.

HOLMES.—THE STEAM ENGINE. By George C. V. HoLMEs,
C.B., Chairman of the Board of Works, Dublin. With 212 Illustrations. Fep. 8vo., 6s.

LOW—THE DIAGRAM MEASURER. An Instrument for measur-

ing the Areas of Irregular Figures and specially useful for determining the Mean Effective
Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by
D. A. Low, Professor of Engineering, East London Technical College, London. With
Full Instructions for Use. 1s. net.

NEILSON.—THE STEAM TURBINE. By Roeert M. NEILsON,

Associate Member of the Institute of Mechanical Engineers, etc. With 28 Plates
and 212 Illustrations in the Text. B8vo., 1os. 64. net.

NORRIS.—A PRACTICAL TREATISE ON THE ‘OTTO’ CYCLE

GASEENGINE. By WiLLiAM Norris, M.I.Mech.E. With zo7 Illustrations. 8vo..
103, .

PARSONS.—STEAM BOILERS: THEIR THEORY AND DESIGN.

By H. pE B. Parsons, B.S., M.E., Consulting Engineer ; Member of the American
Society of Mechanical Engineers, American Society of Civil Engineers, etc. ; Professor
of Steam Engineering, Rensselaer Polytechnic Institute. With 170 Illustrations. 8vo.,
105 6d. net.
RIPPER.—Works by WILLIAM RIPPER, Professor of Engineering in
the Technical Department of University College, Sheffield.
STEAM. With 185 Illustrations. Crown 8vo., 2s. 6d.

STEAM ENGINE THEORY AND PRACTICE. With 441 Illus-

trations. 8vo., gs.

SENNETT avp ORAM.—THE MARINE STEAM ENGINE: A

Treatise for Engineering Students, Young Engineers and Officers of the Royal Navy
and Mercantile Marine. By the late RICHARD SENNETT, Engineer-in-Chief of the
Navy, etc.; and HENRY J. Oram, Deputy Engineer-in-Chief at the Admiralty,
Engineer Rear Admiral in H.M. Fleet, etc. With 414 Diagrams. 8vo., 215

STROMEYER —MARINE BOILER MANAGEMENT AND CON-

STRUCTION. Being a Treatise on Boiler Troubles and Repairs, Corrosion,
Fuels, and Heat, on tEe properties of Iron and Steel, on Boiler Mechanics, Work-
shop Practices, and Boiler Design. By C. E. STROMEYER, Chief Engineer of the
Manchester Steam Users’ Association, Member of Council of the Institution of Naval
Architects, ete. With 452 Diagrams, etc. 8vo., 125 net.

WHITE—PETROL MOTORS AND MOTOR CARS: A Hand-

book for Engineers, Designers and Draughtsmen. By T. HyLER WHITE, A.M.LM.E.
With 44 [llustrations. Crown 8vo., 45 64. net.
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ELECTRICITY AND MAGNETISM.
ARRHENIUS.—A TEXT-BOOK OF ELECTROCHEMISTRY. By

SVANTE ARRHENUIS, Professor at the University of Stockholm. Translated from the
German Edition by JouN McCrAE, Ph.D. With 58 Illustrations. 8vo., gs. 6. net.

CARUS-WILSON —ELECTRO-DYNAMICS : the Direct-Current

Motor. By CHARLES ASHLEY CARUsS-WILsoN, MLA. Cantab. With 71 Diagrams,
and a Series of Problems, with Answers. Crown 8vo., 75 64. .

CUMMING—ELECTRICITY TREATED EXPERIMENTALLY.
By LinngEUs CuMMING, M.A, With 242 [llustrations. Cr. 8vo., 45. 6d.

GORE.—THE ART OF ELECTRO-METALLURGY, including all
known Processes of Electro-Deposition. By G. Gorg, LL.D., F.R.S8. With g6 Illus-
trations. Fep. 8vo., 6s.

HENDERSON.—Works by JOHN HENDERSON, D.Sc.,, F.R.S.E.

PRACTICAL ELECTRICITY AND MAGNETISM. With 157

INlustrations and Diagrams. Crown 8vo., 75 64,
PRELIMINARY PRACTICAL MAGNETISM AND ELEC-
TRICITY. Crown 8vo., I1s

HIBBERT—MAGNETISM AND ITS ELEMEN FTARY MEASURE-
MENT. By W. HigeRT, F.I.C., AM.LE.E. With g5 Diagrams. Crown 3vo., 25.

JENKIN. — ELECTRICITY AND MAGNETISM. By FLEEMING
JENEIN, F.R.S,, M.I.C.E. With 177 Illustrations. Fcp. 8vo., 35. 64.

JOUBERT. __ELEMENTARY TREATISE ON ELECTRICITY AND
MAGNETISM. By G. CArey FosTER, F.R.S.; and ALFRED W. PORTER, B.Sc.
Founded on JOUBERT'S ° Traité Elémentairé d'Electricité’. With 374 Illustrations
and Diagrams. 8vo., 105 6d. net

JOYCE. E,KAMPLES IN ELECTRICAL ENGINEERING. By
SaMuEL Jovce, A.LLE.E. Crown 8vo., gs.

LARDEN—ELECTRICITY FOR PUBLIC SCHOOLS AND
COLLEGES., By W. LARDEN, M.A. With 215 Illustrations, and a Series of
Examination Questions ; with Answers. Crown 8vo., 65

MERRIFIELD. — MAGNETISM AND DEVIATION OF THE
COMPASS, By Joun MEeRRIFIELD, LL.D., F.R.A.S., 18mo., 2. 64d.

PARR—PRACTICAL ELECTRICAL TESTING IN PHYSICS AND
ELECTRICAL ENGINEERING. By G. D. AsPINALL PARR, Assoc. M.I.E.E,
With 231 Illustrations. 8vo., 8s5. 6d4.

POYSER.—Works by A. W. POYSER, M.A.
MAGNETISM AND ELECTRICITY. With 235 Illustrations.
Crown 8vo., 2s5. 6d.
ADVANCED ELECTRICITY AND MAGNETISM. With 317

Illustrations. Crown 8vo., 45 64

RHODES.
CURRENTS. By W. G. RHoDESs, M.Sc. (Vict.), Consulting Engineer. With
8o Diagrams. 8vo., 75 64. net.

SLINGO awp BROOKER. —Works by W. SLINGO and A.

BROOKER.

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT j

ARTISANS AND STUDENTS. With 383 Illustrations. Crown Bvo.,

PROBLEMS AND SOLUTIONS IN ELEMENTARY LLEC~
TRICITY AND MAGNETISM. With g8 Illustrations. Cr. 8vo., 2s.

TYNDALL—Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 36.
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TELEGRAPHY AND THE TELEPHONE.
HOPKINS.—TELEPHONE LINES AND THEIR PROPERTIES.

By WiLLIAM ]. HoPKiNs, Professor of Physics in the Drexel Institute, Philadelphia.
Crown &vo., 6.

PREECE anvp SIVEWRIGHT.— TELEGRAPHY. By Sir W.
H. Preecg, K.C.B., F.R.5., V.P.Inst.,, C.E., etc., Consulting Engineer and
Electrician, Post Office Telegraphs; and Sir ]J. SivEwricHT, K.C.M.G., General
Manager, South African Telegraphs. With 267 Illustrations. Fcp. 8vo., 6s.

ENGINEERING, STRENGTH OF MATERIALS, ETC.
ANDERSON.—THE STRENGTH OF MATERIALS AND STRUC-
TURES: the Strength of Materials as depending on their Quality and as ascertained

by Testing Apparatus. By Sir . ANDERsON, C.E., LL.D., F.R.S. E. With 66 Illus-
trations. Fcp. 8vo., 34. 6d.

BARRY —RAILWAY APPLIANCES: a Description of Details of
Railway Construction subsequent to the completion of the Earthworks and Structures.
By Sir JouNy WoLre Bagrry, K.C.B., F.R.5., M.LC.E. With 218 Illustrations.
Fep. Bvo., 45 64,

DIPLOCK.—A NEW SYSTEM OF HEAVY GOODS TRANSPORT
ON COMMON ROADS. By Branam JossEpH DirLock. With 27 Illustrations.
8vo., 6s. 6d. net.

GOODMAN. —MECHANICS APPLIED TO ENGINEERING. By
JoHN Goopman, Wh.Sch.,, M.I.LC.E., M.I.M.E., Professor of Engineering in the
University of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo,,
gs. net.

(:ffﬁ GORY.—A SHORT INTRODUCTION TO THE THEORY
OF ELECTROLYTIC DISSOCIATION. By J. C. GREGORY, B.5c. (Lond.)
AT C. Crown 8vo., Is. bd.

LOW.—A POCKET-BOOK FOR MECHANICAL ENGINEERS.
By Davip ALLAN Low (Whitworth Scholar), M.I. Mech.E., Professor of Engineering,
FEast London Technical College (People's Palace), London. With over 1000 specially
prepared Illustrations. Fep. 8vo., gilt edges, rounded corners, 7s. 64.

PARKINSON. — LIGHT RAILWAY CONSTRUCTION. By
RicHARD MAaRrION PARKINSON, Assoc.M.Inst.C.E. With 85 Diagrams. 8vo.,
10s. 64. net,

SMITH.—GRAPHICS, or the Art of Calculation by Drawing Lines,
applied especially to Mechanical Engineering. By ROBERT H. SMITH, Professor of
Engineering, Mason College, Birmingham. Part I. With separate Atlas of 29 Flates
containing g7 Diagrams. 8vo., 155

STONEY —THE THFDRY OF STRESSES IN GIRDERS AND
SIMILAR STRUCTURES ; with Practical Observations on the Strength and other
Properties of Materials. By Bixpon B. StonNey, LL.D., F.R.8.,, M.I1.C.E. With
5 Plates and 143 Illust. in the Text. Royal 8vo.,

365

UNWIN.—THE TESTING OF MATERIALS OF CONSTRUCTION.
A Text-book for the Engineering Laboratory and a Collection of the Results of
Experiment. By W. CAWTHORNE UnwiN, F.R.S., B.Se. With 5 Plates and 188
Illustrations and Diagrams. 8vo., 165, net

WARREN.—ENGINEERING CONSTRUCTION IN IRON, STEEL,
AND TIMBER., By WiLLiaM HENRY WARREN, Challis Professor of Civil and
Mechanical Engineering, University of Sydney. With 13 Folding Plates and 375
Diagrams. Royal 8vo., 165 net,

WHEELER. —THE SEA COAST: Destruction, Littoral Drift,

Protection. By W. H. WHEELER, M.Inst. C.E. With 38 Illustrations and Diagram.
Medium Bvo., 1os. Ad. net,
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LONGMANS’ CIVIL ENGINEERING SERIES.

CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION.

By LEviEson FraNcis VERNON-HARcourT, M.A., M.Inst.C.E. With 368 Illus-
trations. Medium 8vo., net. 14s.

ConTENTs.—Materials, Preliminary Works, Foundations and Roads—Railway Bridge and Tunnel
Engineering — River and Canal Engineering — Irrigation Works — Dock Works and Maritime En-
gineering—Sanitary Engineering.

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C.
Corson, C.B., M.Inst. C.E. With 365 Illustrations. Medium 8vo., 215. net.

CALCULATIONS IN HYDRAULIC ENGINEERING: a Practical

Text-Book for the use of Students, Draughtsmen and Engineers. By T. CLAXTON
FipLER, M.Inst.C.E.
Part I. Fluid Pressure and the Calculation of its Effects in Engineering
Structures. 'With numerous Illusins. and Examples. 8vo., 6s. 64. net.

Part II. Calculations in Hydro-Kinetics. With numerous Illustrations
and Examples. 8vo., 75 6d. net.

RAILWAY CONSTRUCTION. By W. H. Mmnis, MICE,

Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illustrations
and Diagrams. 8vo., 185 net,

PRINCIPLES AND PRACTICE OF HARBOUR CONSTRUCTION.
By WiLLiAM SHIELD, F.E.5.E., M.Inst.C.E. With g7 Illustrations. Medium 8vo,,
I5S. net.

TIDAL RIVERS: their (1) Hydraulics, (2) Improvement, (3) Navigation.
By W. H. WHEELER, M.Inst.C E. With 735 Illustrations. Medium 8vo., 16s. net.

NAVAL ARCHITECTURE. :
ATTWOOD.—Works by EDWARD L. ATTWOOD, M.Inst.N.A.,
Member of the Royal Corps of Naval Construction.

WAR SHIPS: A Text-book on the Construction, Protection,

Stability, Turning, etc., of War Vessels. With numerous Diagrams. Medium
8vo., 105, 64, net,

TEXT-BOOK OF THEORETICAL NAVAlL ARCHITECTURE:

a Manual for Students of Science Classes and Draughtsmen Engaged in Shipbuilders’
and Naval Architects’ Drawing Offices. With 114 Diagrams. Crown 8vo., 75. 6d.

HOLMS. — PRACTICAL SHIPBUILDING: a Treatise on the

Struc ural Design and Building of Modern Steel Vessels, the work of construction,
from the making of the raw material to the equipped vessel, including subsequent
up-keep and repairs. By A. CAMPBELL Horms, Member of the Institution of Naval
Architects, ete. In 2 vols, (Vol. I., Text, medium 8vo.; Vol. II., Diagrams and
Illustrations, oblong 4to.), 485. net.

LOVETT—A COMPLETE CLASS-BOOK OF NAVAL ARCHI-
TECTURE, PRACTICAL, LAYING-OF, THEORETICAL. By W. ]. LovEIT.
With numerous Ilustrations, and nearly zco worked out answers to recent Board of
Education Examination Questions. 8vo , 7s. 64. net.

WATSON.—NAVAL ARCHITECTURE: A Manual of Laying off
Iron, Steel and Composite Vessels, By THoMmMas H. WaTson, Lecturer on Naval
Architecture at the Durham College of Science, Newcastle-upon-Tyne. With numerous
Illustrations. Royal 8vo., 155 net.
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WORKSHOP APPLIANCES, ETC.

NORTHCOTT.—LATHES AND TURNING, Simple, Mechamcal
and Ornamental. By W. H. NorTHCOTT. With 338 Illustral‘.iﬂns. 8vo., 185,

PARR—MACHINE TOOLS AND WORKSHOP PRACTICE FOR
ENGINEERING STUDENTS AND AFPPRENTICES. By ALFRED PARR,
Instructor in Fitting and Machine Shop and Forge, University College, Nottingham.
With an Introduction by WiLLIAM Hﬂlﬂ‘\‘:ﬁ‘\ M.E., M.Inst.C.E, With 462
[Nlustrations. 8vo., 1ov. 6l

SHELLE Y —WORKSHOP APPLIANCES, including Descriptions

of some of the Gauging and Measuring Instruments, Hand-cutting Tools, Lathes,
Drilling, Planeing, and other Machine Tools used by Engineers. By C. P. B. SHELLEY,
M.LC.E. With an additional Chapter on Milling by R. R. LLi1sTER. With 323 Illus-
trations. Fcp. 8vo., gs,

MACHINE DRAWING AND DESIGN.
DUNKERLE Y—MECHANISM. By 5. DUNKERLEY, M.Sc,
Assoc. M.Inst.C.E., M.Inst.C.E., Professor of Applied Mechanics in the Royal Naval
College, Greenwich. With numerous Diagrams. 8vo., gs. net.

LONGMANS’ LIST OF APPARATUS FOR USE IN GEOMETRY,
ETC.
. LONGMANS ENGLISH AND METRIC RULER. Marked on one edge in Inches,
nghths Tenths and Five-fifths. Marked on the other edige in Centimetres. Price
. net.
2, LDWS IHPRDVED SET S(_}UART:.S Designs A & B 45° to 60°.

Arx 45° B 1 45° 4" each 1/- net. A1 60° 4" B 1 60° 4" each 1/- net.
Az 45° 5’ or< Ba 4626 .. zf3 ., Az 60°6" Gor Bz&c“ﬁ” SN
A 3 457 617 B3 45° 81" ,, 2/- A 3 60° 85" B3 60°8Y" ,, 2/~ ,,

3. LOW'S IMPROVED PROTRACTORS (Celluloid). Protractor No. 2. 3" radius,
marked in degrees, 64, net. Protractor No. 3. 4" radius, marked in %-degrees, gd.
net.

4. LOW'S ADJUSTABLE PROTRACTOR SET SQUARE. 2s 64. net.

5. LONGMANS' BLACKBOARD ENGLISH AND METRIC RULE. One Metre;
marked in decimetres, centimetres, inches, half-inches and quarter-inches. =27 64.
*oF A Detailed and [llustrated Prospectus will be sent on application.

LOW.—Works by DAVID ALLAN LOW, Professor of Engineering,
East London Technical College (People’s Palace).

AN INTRODUCTION TO MACHINE DRAWING AND DESIGN.

With 153 [llustrations and Diagrams. Crown 8vo., 2s5. 64d.

THE DIAGRAM MEASURER. An Instrument for measuring the

Areas of Irregular Figures and specially useful for determining the Mean Effective
Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by
D. A. Low. With Full Instructions for Use. 1s. net.

LOW anvp BEVIS—A MANUAL OF MACHINE DRAWING AND

DESIGN. By Davip ALLax Low and ALFRED WiLLiAM Beves, M.I.Mech.E.
With 7o0 Illustrations. 8vo., 7s5. 6d.

UNWIN.—THE ELEMENTS OF MACHINE DESIGN. By W.
CAWTHORNE UNWIN, F.R.S. 3
Part I. General Principles, Fastenings, and Transmissive Machinery.
With 345 Diagrams, etc. Fcep. 8vo., 75. 64.
Part II. Chiefly on Engine Details. Witk 259 Illustrations. Fcp.
&vo., 6s.
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MINERALOGY, MINING, METALLURGY, ETC.

BAUERMAN —Works by HILARY BAUERMAN, F.G.S.
SYSTEMATIC MINERALOGY. With 373 Illustrations. Fcp.

8vo., Os.
DESCRIPTIVE MINERALOGY. With 236 Illustrations. Fep.
Bvo., 6s.

BREARLEY anvp [BBEOQTSON. —THE ANALYSIS OF STEEL-
WORKS MATERIALS., By HARRY BREARLEY and FRED IeBOoTSON, B.Se. (Lond. ).

Demonstrator of Micrographic Analysis, University College, Sheffield. "With 83 Illus-
trations, 8vo., 145 net.

GORE.—THE ART OF ELECTRO-METALLURGY. By G. Gorek,
LL.D.,, F.R.5. 'With g6 Illustrations. Fep. 8vo., 6s.

HOSKOLD.—ENGINEER'S VALUING ASSISTANT : being a prac-
tical Treatise on the Valuation of Collieries and Other Mines, ete. By H. D. HosEOLD.
With an Introductory Note by the late PETER GRAY. 8vo., 75 6d. net.

HUNTINGTON anvp M MILLAN, —METALS: their Properties and

Treatment. By A. K. HUNTINGTON, Professor of Metallurgy in King's College,
London, and W. G. M'MiLLAN, late Lecturer on Metallurgy in Mason's College,
Birmingham. With 122 Illustrations. Fep. 8vo., 7s5. 6d.

LUPTON. — Works by ARNOLD LUPTON, M.I.C.E.,, F.G.S., etc.

MINING. An Elementary Treatise on the Getting of Minerals. With

a Geological Map of the Briush Isles, and 596 Diagrams and Illustrations. Crown
8va., gs. net,

A PRACTICAL TREATISE ON MINE SURVEYING. With

zog [llustrations. 8vo., 12s. net.

MACFARLANE. — LABORATORY NOTES ON PRACTICAL
METALLURGY : being a Graduated Series of Exercises. Arranged by WALTER
MACFARLANE, F.LI.C. Crown 8vo., 25 64,

RAEAD—METALLURGY. By E. L. RuEAD, Lecturer on Metal-
lurgy at the Municipal Technical School, Manchester. With g4 Illustrations. Fep.
8vo., 35. 6d4.

RHEAD anvp SEXTON—ASSAYING AND METALLURGICAL
ANALYSIS for the use of Students, Chemists and Assayers. By E. L. RHEAD, Lecturer
on Metallurgy, Municipal School of Technology, Manchester; and A. HUMBOLDT
Sexton, F.I.C., F.C.S5., Professor of Metallurgy, Glasgow and West of Scotland
Technical College. 8vo., 10s. 64, net.

RUTLEY —THE STUDY OF ROCKS: an Elementary Text-book of
Petrology. By F. RutLEY, F.G.5. With 6 Plates and 88 other Illnstrations Fep.
8vo., 45, 64,

ASTRONOMY, NAVIGATION, ETC.
ABBOTT. — ELEMENTARY THEORY OF THE TIDES: the

the Fundamental Theorems Demonstrated without Mathematics and the Influence on
the Length of the Day Discussed. By T. K. Assott, B.D., Fellow and Tutor, Trinity
College, Dublin. Crown 8vo., 2s.
BALL—Works by Sir ROBERT S. BALL, LL.D.,, F.R.S.
ELEMENTS OF ASTRONOMY. With 130 Figures and Diagrams.
Fep, 8vo., 65 64.
A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. Fep.
8vo., 15 bd.
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ASTRONOMY, NAVIGATION, ETC.—Conlinued.

GILL—TEXT-BOOK ON NAVIGATION AND NAUTICAL AS-
TRONOMY. By J. GiLL, F.R.AS. New Edition Augmented and Re-arranged by
W. V. MERRIFIELD, B.A. Medium 8vo., 105 64, net.

HERSCHEL —OUTLINES OF ASTRONOMY. By Sir Joun I W.

HERSCHEL, Bart., K.H., etc. With g Plates and numerous Diagrams. 8vo., 125,

LAUGHTON —AN INTRODUCTION TO THE PRACTICAL
AND THEORETICAL STUDY OF NAUTICAL SURVEYING. By Jou~y Knox
LavcHTON, M.A., F.R.A.5. With 35 Diagrams. Crown 8vo., 6=

MARTIN, — NAVIGATION AND NAUTICAL ASTRONOMY.
Compiled by Staff Commander W. R. MaArTIN, R.N. Royal 8vo., 185

MERRIFIELD.—A TREATISE ON NAVIGATION. For the Use
of Students. By J. MEeRrRIFIELD, LL.D., F.R.AS., F.M.S. With Charts and
Diagrams. Crown 8vo., 5.

PARKER —ELEMENTS OF ASTRONOMY. With Numerous Ex-
amples and Examination Papers. By GeEorcE W. PArRkER, M.A., of Trinity College,
Dublin. With 84 Diagrams. 8vo., g5 64, net.

WEBB—CELESTIAL OBJECTS FOR COMMON TELESCOPES.
By the Rev. T. W. WEBB, M.A., F.R.A5 Fifth Edition, Revised and greatly
Enlarged by the Rev. T. E. Esrin, M.A., F.R.A.5. (Two YVolumes.) Vol. 1., with
Portrait and a Reminiscence of the Author, 2 Plates, and numerous Illustrations.
Crown 8vo,, 65, Vol. I1., with numerous Illustrations. Crown 8vo., 6s. 64.

WORKS BY RICHARD A. PROCTOR.
THE MOON : Her Motions, Aspect, Scenery, and Physical Condition.

With many Plates and Charts, Wood Engravings, and 2 Lunar Photographs. Crown
8vo., 35. bd.

OTHER WORLDS THAN OURS: the Plurality of Worlds Studied

Under the Light of Recent Scientific Researches. With 14 Illustrations; Map, Charts,
etc. Crown 8vo., 35 64,

OUR PLACE AMONG INFINITIES: a Series of Essays contrasting

our Little Abode in Space and Time with the Infinities around us. Crown 8vo., 35. 64.

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 3s. 64.
LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays on

Scientific Subjects, Natural Phenomena, etc.  Crown 8vo., 35 6d.

THE ORBS AROUND US; Essays on the Moon and Planets,

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo., 35. 6d.

THE EXPANSE OF HEAVEN: Essays on the Wonders of the

Firmament. Crown 8vo., 35 6d.

OTHER SUNS THAN OURS: a Series of Essays on Suns—Old,

Young, and Dead. With other Science Gleanings. Two Essays on Whist. and Corre-
spondence with Sir John Herschel. With g Star-Maps and Diagrams. Crown 8vo.,

35. 6d.
HALF-HOURS WITH THE TELESCOPE: a Popular Guide to the

Use of the Telescope as a means of Amusement and Instruction. With 7 Plates. Fep.
8vo., 25 64,
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WORKS EY RICHARD A. PROCTOR—Conltinred,

NEW STAR ATLAS FOR THE LIBRARY, the School, and the

Observatory, in Twelve Circular Maps (with Two Index-Plates). With an Introduction
on the Study of the Stars. [llustrated by g Diagrams. Crown 8vo., ss.

THE SOUTHERN SKIES: a Plain and Easy Guide to the Con-

stellations of the Southern Hemisphere. Showing in 12 Maps the position of the
principal Star-Groups night after night throughout the year. With an Introduction
and a separate Explanation of each Map. True for every Year. 4to., 5.

HALF-HOURS WITH THE STARS: a Plain and Easy Guide to the
Knowledge of the Constellations. Showing in 12 Maps the position of the principal
Star-Groups night after night throughout the year. With Introduction and a separate
Explanation of each Map. True for every Year. g4to., 35. net,

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS.
In Twelve Circular Maps, showing 6oco Stars, 1500 Double Stars, Nebulae, ete.  With
2 Index-Plates. Folio, 15s.

THE STARS IN THEIR SEASONS: an Easy Guide to a Knowledge
of the Star-Groups. In 12 Large Maps. Imperial 8vo., 5s.

ROUGH WAYS MADE SMOOTH. Familiar Essays on Scientific
Subjects. Crown 8vo., 35 64.

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3s. 6d.
NATURE STUDIES. By R. A. Proctor, GrRaNT ALLEN, A. WILSON,
T. FOSTER, and E. Crobp. Crown 8vo., 31 64.

LEISURE READINGS. By R. A. Procror, E. Ciopp, A WiLsoN,

T. FosTER, and A. C. RANYARD. Crown 8vo., 35. 64.

PHYSIOGRAPHY AND GEOLOGY.
BIRD.—Works by CHARLES BIRD, B.A.
ELEMENTARY GEOLOGY. With Geological Map of the British

Isles, and 247 Illustrations. Crown 8vo., zs5 6d.

ADVANCED GEOLOGY. A Manual for Students in Advanced

Classes and for General Readers. With over zoo Illustrations, a Geological Map of
the British Isles (coloured). and a set of Questions for Examination. Crown 8vo.,
25, bd.

GREEN.—PHYSICAL GEOLOGY FOR STUDENTS AND GENE-
RAL READERS. By A. H. GReeN, M.A,, F.G.S. With 236 Illustrations. 8vo.,
215,

MORGAN.—Works by ALEX. MORGAN, M.A., D.Sc., F.R.5.E.

ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. With
4 Maps and 243 Diagrams. Crown 8vo., 25 6d.

ADVANCED PHVYSIOGRAPHY. With 215 Illustrations. Crown
8vo., 45. 64.

READE.—THE EVOLUTION OF EARTH STRUCTURE: With
a Theory of Geomorphic Changes. By T. MeLLARD Reapg, F.G.S., F.R.LB.A,,
AM.LC.E., ete. With 41 Plates. 8vo., 215, net.

ROGERS—AN INTRODUCTION TO THE GEOLOGY OF CAPE
COLONY. By A. W. Rocers, M.A., F.G.S., Director of the Geological Survey
of Cape Colony. With a Chapter on the Fossil Reptiles of the Karroo Formation by
E. BrooM, M. D., B.5c., C.M.Z.5. Crown 8vo., gs. net.
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PHYSIOGRAPHY AND GEOLOGY —cConiineed.
THORNTON.—Works by J. THORNTON, M.A.

ELEMENTARY PRACTICAL PHYSIOGRAPHY.
Part I. With 215 Illustrations. Crown 8vo., 2s5. 64.
Part II. With ¢8 Illustrations. Crown 8vo., 25, 64.

ELEMENTARY PHYSIOGRAPHY: an Introduction to the Study

of Nature., With 13 Maps and 295 Illustrations. With Appendix on Astronomical
Instruments and Measurements. Crown 8vo., 25 6d.

ADVANCED PHYSIOGRAPHY. With 11 Maps and 255 Illustrations.
Crown 8vo., 4+ 64.

NATURAL HISTORY AND GENERAL SCIENCE.
FURNEAUX.—Works by WILLIAM FURNEAUX, F.R.G.S.
THE OUTDOOR WORLD; or, The Young Collector’'s Handbook,

With 18 Plates, 16 of which are coloured, and 549 Illustrations in the Text. Crown
8vo., bs. net,

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates

and 331 Illustrations in the Text. Crown 8vo., 6s. net.

BUTTERFLIES AND MOTHS (British). With 12 Coloured Plates

and 241 [llustrations in the Text. Crown 8vo., 65 net,

THE SEA SHORE. With 8 Coloured Plates and 3oo Illustrations in

the Text. Crown 8vo., 65 net.

HUDSON.—Works by W. H. HUDSON, C.M.Z.S.
BRITISH BIRDS. With 8 Coloured Plates from Original Drawings

by A. THORBURN, and 8 Plates and roo Figures by C. E. LobGe, and 3 Illustrations
from Photographs. Crown 8vo., 65. net.

BIRDS AND MAN. Large Crown 8vo., 6s. net.

MILLALS—Works by JOHN GUILLE MILLAIS, F.Z.S.

THE NATURAL HISTORY OF THE BRITISH SURFACE-

FEEDING DUCKS. With 6 Photogravures and 56 Plates (41 1n colours) from

Drawings by the AUTHOR, ARCHIBEALD THORBURN, and from Photographs. Royal
4to., £6 6s. net.

THE MAMMALS OF GREAT BRITAIN AND IRELAND. 3

vols, Quarto (13 in. by 12 in.}), cloth, gilt edges.

Volume I. With 18 Photogravures by the AUTHOR ; 31 Coloured Plates by the AUTHOR,
ARCHIBALD THORBURN and G. E. LODGE ; and 63 Uncoloured Plates by the AUTHOR
and from Photographs. /6 6s. net.

*&* Only 1,025 copies printed for England and America,

NANSEN.—THE NORWEGIAN NORTH POLAR EXPEDITION,
1893-18g6 : Scientific Results. Edited by FRIDTJOF N ANSEN.
Volume I. With 44 Plates and numerous [llustrations in the Text. Demy 4to., 405 net.
Volume II. With 2 Charts and 17 Plates. Demy 4to., 30s5. net.
Volume III. With 33 Plates. Demy 4to., 325 net,
Volume IV. With 33 Plates. Demy 4to., 215 net,

STANLEY —A FAMILIAR HISTORY OF BIRDS. By E. StanLey,
STANLEY, D.D., formerly Bishop of Norwich. With 160 Illustrations. Cr. 8vo., 35. 64.
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MANUFACTURES, TECHNOLOGY, ETC.
ASHLE Y —BRITISH INDUSTRIES: A Series of General Reviews

for Business Men and Students. Edited by W. J. AsHLEY, M.A., Professor of Com-
merce in the University of Birmingham. Crown 8vo., 55. 64. net.

BELL—JACQUARD WEAVING AND DESIGNING. By F. T.

BELL. With 1gg Diagrams. 8vo., 125 net.

BROWN—LABORATORY STUDIES FOR BREWING STUDENTS:
a Systematic Course of Practical Work in the Scientific Principles underlying the Processes
of Malting and Brewing. DBy AbDriax |. Brown, M.Sc., Director of the School of
Brewing, and Professor of the Biology and Chemistry of Fermentation in the University
of Birmingham, ete. With 36 [llustrations. 8wvo., 75. 64. net.

CROSS anp BEVAN.—Works by C. F. CROSS and E J. BEVAN.

CELLULOSE : an Outline of the Chemistry of the Structural Elements
of Plants. With reference to their Natural History and Industrial Uses, (C. F.
Cross, E. ]. BEvan and C. BEADLE.) With 14 Plates. Crown 8vo., 125. neL

RESEARCHES ON CELLULOSE, 18g5-19co. Crown 8vo., 6s. net.

JACKSON.—A TEXT-BOOK ON CERAMIC CALCULATIONS

with Examples. By W. Jackson, A R.C.S., Lecturer in Pottery and Porcelain Manu-

facture for the Staffordshire Education Committee and the Hanley Education Committee.
Crown 8vo., 35. 64. net.

MORRIS avp WILKINSON.—THE ELEMENTS OF COTTON
SPINNING. By JounN MorrIs and F, WiLKINSON. With a Preface by Sir B. A.
Dogson, C.E., M.LLM.E. With 16g Diagrams and [llustrations, Cr 8vo., 75 64, net.

RICHARDS —BRICKLAYING AND BRICK-CUTTING. By H.W,

RicHARDS, Examiner in Brickwork and Masonry to the City and Guilds of London
Institute, Head of Building Trades Department, Northern Polytechnic Institute,
London, N. With over 200 [llustrations. Med. 8vo., 35. 6d.

T'A YVLOR.—COTTON WEAVING AND DESIGNING. By Joux T.

TavrLor, With 373 Diagrams. Crown 8vo., 75. 6d. net.

WATTS.—AN INTRODUCTORY MANUAL FOR SUGAR GROW-
ERS. By Francis WatTs, F.C.S., F.I.C, With 2o Illustrations. Crown 8vo., 6.
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HEALTH AND HYGIENE.
ASHEBY.—HEALTH IN THE NURSERY. By Henry AsHpy, M.D.,
F.R.C.P. With 2g Illusirations. Crown 8vo., 35. net.

BUCKTON. — HEALTH IN THE HOUSE. By Mrs. C. M.

BuckToN. With 41 Woodeuts and Diagrams. Crown 8vo., 2s.

CORFIELD.—THE LAWS OF HEALTH. By W. H. CorriELD,
M.A., M.D. Fcp. 8vo., 1s. 6d.

FURNEAUX. — ELEMENTARY PRACTICAL HYGIENE.—

Section I. By WILLIAM S. FURNEAUX. With 146 Illustrations. Cr. 8vo., 25 6d.

NOTTER anp FIRTH—Works by J. L. NOTTER, M.A., M.D., and
R. H. FIRTH, F.R.CS.

HYGIENE. With g5 Illustrations. Crown 8vo., 3s. 64.
PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations.

Crown 8vo., 2s5. 6d.

POORE.—Works by GEORGE VIVIAN POORE, M.D.

ESSAYS ON RURAL HYGIENE. With 12 Illustrations. Crown
Bvo., 65 6d.

THE DWELLING-HOUSE. With 36 Illustrations. Crown 8vo.,
3. 6d.

COLONIAL AND CAMP SANITATION. With 11 Illustrations.

Crown 8vo., zs, net.

THE EARTH IN RELATION TO THE PRESERVATION AND

DESTRUCTION OF CONTAGIA : being the Milroy Lectures delivered at the
Royal College of Physicians in 18gg, together with other Papers on Sanitation,
With 13 Illustrations. Crown 8vo., 5.

WILSON.—A MANUAL OF HEALTH-SCIENCE. By ANDREW
WiLson, F.R.S.E., F.L..5,, etc. With 74 Illustrations, Crown 8vo., 25 64.
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ASHBY avp WRIGHT. — THE DISEASES OF CHILDREN,
MEDICAL AND SURGICAL. By HeENRY As#sy, M.D., Lond., F.R.C.P.,
Physician to the General Hospital for Sick Children, Manchester; and G. A. WRIGHT,
B.A., M.B. Oxon., F.R.C.5., Eng., Assistant-Surgeon to the Manchester Royal In-
firmary, and Surgeon to the Children’s Hospital. Enlarged and Improved Edition.
With 1g2z Illustrations. 8vo., 25s.

BAIN—A TEXT-BOOK OF MEDICAL PRACTICE. By Various

Contributors. Edited by WiLLiam Bamn, M.D., M.R.C.P. With 75 Illustrations.
Royal 8vo., 255 net.

BENNETT. — Works by Sik WILLIAM BENNETT, K.C.V.O,
F.R.C.S., Surgeon to St. George's Hospital ; Member of the Board
of Examiners, Royal College of Surgeons of England.

CLINICAL LECTURES ON VARICOSE VEINS OF THE
LOWER EXTREMITIES. With 3 Plates. 8vo., 6s.

ON VARICOCELE; A PRACTICAL TREATISE. With 4 Tables
and a Diagram, 8vo., 55

CLINICAL LECTURES ON ABDOMINAL HERNIA: chiefly

in relation to Treatment, including the Radical Cure. With 1z Diagrams in the
Text. 8vo., 85 64,

ON VARIX, ITS CAUSES AND TREATMENT, WITH ESPECIAL
REFERENCE TO THROMBOSIS. 8vo., 3s. 6d.

THE PRESENT POSITION OF THE TREATMENT OF
SIMPLE FRACTURES OF THE LIMBS. 8vo., 25 64.

LECTURES ON THE USE OF MASSAGE AND EARLY PASSIVE
MOVEMENTS IN RECENT FRACTURES AND OTHER COMMON
SURGICAL INJURIES: The Treatment of Internal Derangements of the Knee
Joint and Management of Stiff Joints. With 17 Illustrations. 8vo., 6s.

CABOT—A GUIDE TO THE CLINICAL EXAMINATION OF
THE BLOOD FOR DIAGNOSTIC PURPOSES. By RicHarD C, CaBoT, M.D.,
Physician to Out-patients, Massachusetts General Hospital. With 3 Coloured Plates
and 28 Illustrations in the Text. 8vo., 165,

CARR, PICK, DORAN, anvp DUNCAN—THE PRACTITIONER'’S
GUIDE. By ]. WaLTer CARrr, M.D. (Lond.), F.R.C.P.; T. PICKERING PICK,
F.R.C.S. ; ALeaN H. G. DoraN, F.R.C.5. ; ANDREW DUNCAN, M.D., B.Sc. (Lond.),
F.R.C.5., M.R.C.P. 8vo., 21s. net.

COATS.—A MANUAL OF PATHOLOGY. By JosepH Coats,
M.D., late Professor of Pathology in the University of Glasgow. Fifth Edition.
Revised throughout and Edited by LeEwis R. SUTHERLAND, M.D., Professor of
Pathology, University of St. Andrews.  With 72g Illustrations and 2 Coloured
Plates. 8vo., 28s net.
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CHEVNE anxp BURGHARD.—A MANUAL OF SURGIGAL

TREATMENT. By W. WaATsoN CHEYNE, C.B.. M.B., F.R.C.S,, F.R.5., Professor
of Clinical Surgery in King's College, London, Surgeon to King's College Hospital,
ete. ; and F. F. BURGHARD, M.D. and M.S. (Lond.), F.R.C.S., Teacher of Practical
Surgery in King’s College, L.ondon, Surgeon to King's College Hospital (Lond. ), ete.

Part I. The Treatment of General Surgical Diseases, including In-
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Complications,
Infective Diseases and Tumoeurs ; the Admimstration of Anzesthetics. With 66 Illus-
trations. Royal 8vo., 105 6d.

Part II. The Treatment of the Surgical Affections of the Tissues,
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic Vessels
and Glands, the Fasciae, Bursae, Muscles, Tendons and Tendon-sheaths, Nerves,
Arteries and Veins. Deformities. With 141 Illustrations. Royal 8vo., 14s.

Part III. The Treatment of the Surgical Affections of the Bones.
Amputations. With 100 Illustrations. Royal 8vo., 125

Part IV. The Treatment of the Surgical Affections of the Joints (in-
cluding Excisions) and the Spine. With 138 [llustrations. Royal 8vo,, 14s.

Part V. The Treatment of the Surgical Affections of the Head, Face,
Jaws, Lips, Larnyx and Trachea; and the Intrinsic Diseases of the Nose, Ear and
Larynx, by H. LAMBERT LAck, M.D. (Lond.), F.R.C.5., Surgeon to the Hospital
for Diseases of the Throat, Golden Square, and to the Throat and Ear Department,
The Children’s Hospital, Paddington Green. With 145 Illustrations. Royal 8vo.,
18s.

Part VI. Section I. The Treatment of the Surgical Affections of the
Tongue and Floor of the Mouth, the Pharynx, Neck, (Esophagus, Stomach and
Intestines. With 124 Illustrations. Royal 8vo., 185,

Section II. The Treatment of the Surgical Affections of the
Rectum, Liver, Spleen, Pancreas, Throat, E'.reast and Genito-urinary Organs. With
113 Ilustrations, Royal 8vo., 215

COOKE.—Works by THOMAS COOKE, F.R.C.S. Eng, B.A., B.Sc,
M.D., Paris.

TABLETS OF ANATOMY. Being a Synopsis of Demonstrations

given in the Westminster Hospital Medical School. Eleventh Edition in Three
Farts, thoroughly brought up to date, and with over 700 I[llustrations from all the
best Sources, British and Foreign. Post 4to.

Part I. The Bones. 7s. 64. net.
Part 1I. Limbs, Abdomen, Pelvis. 10s. 64. net.
Part 1I1I. Head and Neck, Thorax, Brain. 10s5. 64. net.

APHORISMS IN APPLIED ANATOMY AND OPERATIVE

SURGERY. Including roo Typical z#vd woce Questions on Surface Marking, ete.
Crown 8vo., 35. 64

DAKIN.—A HANDBOOK OF MIDWIFERY. By WiLLiam RaprorD

Darkin, M.D., F.R.C.P., Obstetric Physician and Lecturer on Midwifery at St. George's
Hospital, etc.  'With 304 Illustrations. Large crown 8vo., 185,
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DICKINSON.—Works by W. HOWSHIP DICKINSON, M.D. Cantab.,
] Fi] o, @]

ON RENAL AND URINARY AFFECTIONS. With 12 Plates
and 122 Woodcuts. Three Parts. 8vo., £3 45 6d.

THE TONGUE AS AN INDICATION OF DISEASE: being
the Lumleian Lectures delivered March, 1888. 8vo., 75 64.

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855-18g6.

8vo., 125,

ERICHSEN.—THE SCIENCE AND ART OF SURGERY ; a Treatise
on Surgical Injuries, Diseases, and Operations. By Sir JoHN ERic ERICHSEN, Bart,,
F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. Illustrated by nearly 1000
Engravings on Wood. 2vols. Royal 8vo., 485,

FOWLER avo GODLEE—THE DISEASES OF THE LUNGS.
By JaMmes Kingston FowLEr, M.A,, M.D,, F.R.C.P,, Physician to the Middlesex
Hospital and to the Hospital for Consumption and Diseases of the Chest, Brompton,
ete. ; and RICKMAN JoHN GODLEE, Honorary Surgeon in Ordinary to His Majesty,
M.S., F.R.C.5., Fellow and Professor of Clinical Surgery, University College, London,
etc. With 160 Illustrations, 8vo., 25s.

GARROD.—Works by Sik ALFRED BARING GARROD, M.D.,
F.R.S., etc. :

A TREATISE ON GOUT AND RHEUMATIC GOUT (RHEU-
MATOID ARTHRITIS). With 6 Plates, comprising 21 Figures (14 Coloured), and
27 Illustrations engraved on Wood. 8vo., 215

THE ESSENTIALS OF MATERIA MEDICA AND THERA-
PEUTICS. Crown 8va., 125 Ad.

GOADEBY —THE MYCOLOGY OF THE MOUTH : a Text-Book
of Oral Bacteria. By KENNETH W. Goappsy, L.D.S. (Eng.), D.P.H. (Camb.),
L.R.C.P., M.R.C.S,, Bacteriologist and Lecturer on Bacteriology, National Dental
Hospital, ete. With 82 Illustrations. 8vo., 8s. 64. net.

GOODSALL awvp MILES.—DISEASES OF THE ANUS AND
RECTUM. By D. H. GoobpsaLL, F.R.C.5., Senior Surgeon, Metropolitan Hospital ;
Senior Surgeon, St. Mark's Hospital ; and W. ErNesT MILES, F.R.C.5., Assistant
Surgeon to the Cancer Hospital, Surgeon (out-patients), to the Gordon Hospital, ete.
(In Two Parts.] Part I. With gr Illustrations. 8vo., 75. 64, net.

GRAY. — ANATOMY, DESCRIPTIVE AND SURGICAL. By
Henry Gray, F.R.5., late Lecturer on Anatomy at St. George's Hospital Medical
School. The Fifteenth Edition Enlarged, edited by T. PICKERING PICK, F.R.C.5,,
Consulting Surgeon to St. George's Hospital, etc., and by ROBERT HOWDEN, M.A.,
M.B., C.M,, Professor of Anatomy in the University of Durham, etc. With 772
Illustrations, a large proportion of which are Coloured, the Arteries being coloured
red, the Veins blue, and the Nerves yellow. The attachments of the muscles to the
bones, in the section on Osteclogy, are also shown in coloured outline. Royal 8vo.,
325. net.
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HALLIBURTON.—Works by W. D. HALLIBURTON, M.D,, F.R.S,,
Professor of Physiology in King’'s College, London.

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND PATHO-
LOGY. With 104 [llustrations. 8vo., 28

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 83 Illustra-

tions. Bvo., 45. 64. net.

HARE. — A COMMON HUMORAL FACTOR OF DISEASE.
Being a Deductive Investigation into the Primary Causation, Meaning, Mechanism and
Rational Treatment, Preventive and Curative, of the Paroxysmal Neurose (Migrains,
Asthma, Epilepsy, etc.), Gout, High-blood Pressure, Circulatory, Renal and other
Degenerations. By Frawcis EVERARD Harg, M.D., late Consulting Physician to
the Brisbane General Hospital ; Visiting Physician to the Diamantina Hospital for
Chronic Diseases, Brisbane.

HILLIER.—THE PREVENTION OF CONSUMPTION. By ALFRED
HILLIER, B.A., M.D., Secretary to the National Association for the Prevention of Con-
sumption (England), Visiting Physician to the London Open-Air Sanatorium. Revised
by Professor R. KocH. With 14 Illustrations. Crown 8vo., 5s. net.

LANG.—THE METHODICAL EXAMINATION OF THE EYE.
Being Part I. of a Guide to the Practice of Ophthalmology for Students and Practi-
tioners. By WiLLiaAM LANG, F.R.C.S. Eng., Surgeon to the Royal London Ophthalmic
Hospital, Moorfields, etec. With 15 Illustrations. Crown 8vo., 35. 64.

LUFF—TEXT-BOOK OF FORENSIC MEDICINE AND TOXI-
COLOGY. By ArTHUR P. Lurr, M.D., B.Sc. (Lond.), Physician in Charge of Out-
Patients and Lecturer on Medical Jurisprudence and Toxicology in St. Mary's Hospital.

With 13 full-page Plates (1 in colours) and 33 Illustrations in the Text. =2 vols. Crown
8vV0., 2475.

PAGET.—Edited by STEPHEN PAGET.
SELECTED ESSAYS AND ADDRESSES. By Sir JAMES PAGET.

Bvo., 125 64, net,

MEMOIRS AND LETTERS OF SIR JAMES PAGET, Barrt.,

F.R.S,, D.C.L., late Sergeant-Surgeon to Her Majesty Queen Victoria. With Portrait.
&vo., 65, net.

PHILLIPS. —MATERIA MEDICA, PHARMACOLOGY AND
THERAPEUTICS : Inorganic Substances. Ry CHARLES D. F. PHiLrirs, M.D.,
LL.D., F.R.5. Edin., late Lecturer on Materia Medica and Therapeutics at the West-
minster Hospital Medical School ; late Examiner in the University of Edinburgh. 8vo., 21s.

POOLE.—COOKERY FOR THE DIABETIC. By W. H. and
Mrs. PooLE, With Preface by Dr. PAvy. Fcap. 8vo., 25 64.

PROBYN-WILLIAMS.—A PRACTICAL GUIDE TO THE AD-
MINISTRATION OF ANASTHETICS. By R. ]J. Proeyn-WiLLiaMs, M.D.,
Anzsthetist and Instructor in Angesthetics at the London Hospital; Lecturer in

Angzesthetics at the London Hospital Medical College, etc. With 34 Illustrations.
Crown 8vo., 45. 64. net,

QUAIN.--QUAIN’S (Sir Riciarp) DICTIONARY OF MEDICINE.
By Various Writers. Third Edition. Edited by H. MoNTAGUE MURRAY, M.D.,
F.R.C.P., Joint Lecturer on Medicine, Charing Cross Medical School, and Physician,
Charing Cross Hospital ; assisted by Joun HaroLp, M.B., B.Ch., B.A.O., Physician
to St. John’s and St. Elizabeth’s Hospital ; and W. CeciL BosanQueT, M.A., M.D.,
M.R.C.P., Assistant Physician to Charing Cross Hospital, etc. With 21 Plates (14 in
Colour) and numerous Illustrations in the Text. 8vo., 215 net, buckram ; or 3os net,
half-morocco.
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QUAIN.—QUAIN’S (JONES) ELEMENTS OF ANATOMY. The

Tenth Edition. Edited by EDWARD ALBERT SCHAFER, F.R.S., Professor of Physiclogy
in the University of Edinburgh ; and GEORGE DANCER THANE, Professor of Anatomy
in University College, London.

VoL. 1., ParT I. EMBRYOLOGY. By | Voi. IIl., PaArRT II., THE NERVES. By |
E. A. ScHAFER, F.R.S. With 200 G. D. THANE. With 102z Illustra-
Illustrations. Royal 8vo., gs. | tions. Royal 8vo., g5 |

VoL. I., PArT II. GENERAL ANA- | .
TOMY OR HISTOLOGY. ByE. A, | Vou. IIL, Part III. THE URI.':":‘AHS OF %
ScHAFER, F.R.5. With 491 Ilustra- | THE SENSES' By E. ‘E}‘ SCHAFER,
tions. Royal 8vo., 125 6d ;T.R.S. With 178 Illustrations. Royal

vO., g5

Vor. II., ParT 1. OSTEOLOGY — |

With 224 Ilustrations, Rﬂ}’al 8vo., 115, - LOGY. B}r E. A. SCHEFER, F.R.S.. k|

and JOHNSON SYMINGTON, M.D.

Vor. 1II., Part II. MYOLOGY— : : : ?

ANGEIOLOGY. By G. D. THANE, ‘:g;th 337 Illustrations. Royal 8vo., ]

With 1gg Illustrations. Royal 8vo,, p |
16,

| ArpENDIX : SUPERFICIAL AND SUR- %

VoL. I11,, ParT I. THE SPINAL CORD | GICAL ANATOMY. By Professor

AND BRAIN. By E. A, SCHAFER, G. D. THANE and Professor R. J. §

F.R.5. With 139 Illustrations. Royal | GoDLEE, M.S, With 29 Illustrations, _ll

8vo., 125 64. | Royal 8vo., 6s. 6d. g
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SCHAFER. —Works by E. A. SCHAFER, F.R.S., Professor Ofi‘

Physiology in the Umiversity of Edinburgh. %

THE ESSENTIALS OF HISTOLOGY: Descriptive and Practical.

For the Use of Students. With 463 Illustrations. 8vo., gs. net.

Pt L

DIRECTIONS FOR CLASS WORK IN PRACTICAL PHYSIO-
LOGY : Elementary Physiology of Muscle and Nerve and of the Vascular and
Nervous Systems. With 48 Diagrams and 24 pages of plain paper at end for Notes.
8vo., 35 net.

SMALE anvp COLYER.—DISEASES AND INJURIES OF THE
TEETH, including Pathology and Treatment. By MorTON SMALE, M.R.C.S., L.S.A.,
L.D.S.,, Dental Surgeon to St. Mary's Hospital, Dean of the School, Dental Hospital
of London, etc. ; and J. F. CoLYER, L.R.C.P., M.R.C.S., L.D.S., Dental Surgeon to
Charing Cross Hospital and to the Dental Hospital of London. Second Edition,
Revised and Enlarged by J. F. CoLyEr. With 640 Illustrations. Large crown 8vo.,

255, net.

SMITH (H. F).—THE HANDBOOK FOR MIDWIVES. By
HeENrY FLY SMmITH, B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Crown 8vo., 55
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STEVENSON.—WQOUNDS IN WAR : the Mechanism of their Pro-

duction and their Treatment. By Surgeon-General W, F. STEVENsoN, C.B. (Army
Medical Staft), B.A., M.B., M.Ch. Dublin University, Professor of Military Surgery,
Royal Army Medical College, London. With 127 Illustrations. 8vo., 155 net.

TAPPEINER. —INTRODUCTION TO CHEMICAL METHODS
OF CLINICAL DIAGNOSIS. By Dr. H. TAPPEINER, Professor of Pharmacology
and Principal of the Pharmacological Institute of the University of Munich. Translated

by EDMOND J. MCWEENEY, M.A_, M.D. (Royal Univ. of Ireland), ..R.C.P.1., etc.
Crown 8vo., 35 6d.

WALLER—Works by AUGUSTUS D. WALLER, M.D., Lecturer
on Physiology at St. Mary’s Hospital Medical School, London ; late
External Examiner at the Victorian University.

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third Edi-

tion, Revised, With 314 Illustrations. 8vo., 18s.

LECTURES ON PHYSIOLOGY. First Series. On Animal Electricity

8vo., 5+ net,

VETERINARY MEDICINE, ETC.
HITZW YGRAM.—HORSES AND STABLES. By Lieut.-General Sir

F. FiITewyGRAM, Bart. With 56 pages of Illustrations. 8vo., 35 net.

STEEL—Works by JOHN HENRY STEEL, F.R.C.V.S.,, F.ZS,,
A.V.D., late Professor of Veterinary Science and Principal of Bombay
Veterinary College.

A TREATISE ON THE DISEASES OF THE DOG; being a

Manual of Canine Pathology. Fspecially adapted for the use of Veterinary
Practitioners and Students. With 88 Illustrations. 8vo., 105. 6d.

A TREATISE ON THE DISEASES OF THE OX; being a

Manual of Bovine Pathology. Especially adapted for the use of Veterinary
Practitioners and Students. With 2 Plates and 117 Woodcuts. 8vo., 155,

A TREATISE ON THE DISEASES OF THE SHEEP; being a

a Manual of Ovine Pathology for the use of Veterinary Practitioners and Students.
With Coloured Plate and gg Woodcuts. 8vo., 125

YOUA IT.—Works by WILLIAM YOUATT.

THE HORSE. With 52 Wood Engravings. 8vo., 7s5. 64
THE DOG. With 33 Wood Engravings. 8vo., 6s,
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ASHEBY—NOTES ON PHYSIOLOGY FOR THE USE OF
STUDENTS PREPARING FOR EXAMINATION. By HENRY AsHBY, M.D.
Lond,, F.R.C.P., Physician to the General Hospital for Sick Children, Manchester.
With 148 Illustrations. 18mo., 55,

BARNETT.—THE MAKING OF THE BODY : a Children’'s Book
on Anatomy and Physiology. By Mrs. S. A. BARNETT. With r1r3 Illustrations.
Crown 8vo., 15. gd.

BEDDARD. — ELEMENTARY PRACTICAL ZOOLOGY. By

FrRANK E. BEDDARD, ML.A. Oxon. With g3 Illustrations. Crown 8vo., 25. 64.

BIDGOOD.—A COURSE OF PRACTICAL ELEMENTARY BIO-
LOGY. By Jonn BipGooD, B.Sc., F.L.5. With 226 Illustrations. Crown 8vo., 45. 64.

BOSE—RESPONSE IN THE LIVING AND NON-LIVING. By
Jacapis CHUNDER Bosg, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presidency
College, Calcutta, With r17 Illustrations. 8vo., 1os 6d.

BRODIE—THE ESSENTIALS OF EXPERIMENTAL PHYSIO-

LOGY. For the Use of Students. By T. G. BroDig, M.D., Lecturer on Physiology,
St. Thomas's Hospital Medical School. With 2 Plates and 177 Tllustrations in the Text.
8vo., G5 64,

CHAPMAN—THE FORAMINIFERA : An Introduction to the Study
of the Protozoa. By FrREDERICK CHAPMAN, A.L.S., F.R.M.5. With 14 Plates
and 42 Illustrations in the Text, 8vo., gs. net.

FURNEAUX.—HUMAN PHYSIOLOGY. By W. FURNEAUX,
F.R.G.5. With 218 Illustrations. Crown 8vo., 25 64,

HUDSON avp GOSSE.—THE ROTIFERA, or ‘WHEEL-ANIMA-

CULES'. By C. T. Hupson, LL.D., and P. H. Gossg, F.R.5. With g0 Coloured
and 4 Uncoloured Plates. In 6 Parts. g4to., 105. 64. each. Supplement 12s5. 6d4.
Complete in 2 vols., with Supplement, g4to., £4 4s.

LLOYD—THE TEACHING OF BIOLOGY IN THE SECONDARY
SCHOOIL. By Francis E. Lrovp, A.M. and Mauvrice A. BiceELow, Ph.I)., Pro-
fessors i Teachers College, Columbia University. Crown 8vo., 6s. net.

MACALISTER.—Works by ALEXANDER MACALISTER, M.D.
AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY AND

MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 Diagrams. 8vo.,10s.6d.

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 77
Diagrams. Fep. 8vo., 15. 64.

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 59 Diagrams.
Fep. 8vo., 1s. 64,

MACDOUGAL —Works by DANIEL. TREMBLY MACDOUGAL,
Ph.D., Director of the Laboratories of the New York Botanical Garden.

PRACTICAL TEXT-BOOK OF PLANT PHVYSIOLOGY. With 159

Illustrations. 8vo., 7s. 64. net.

ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustrations.

Crown 8vo., 34
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MORGAN.—ANIMAL BIOLOGY : an Elementary Text-Book. By

C. LLo¥YD MORGAN, F.R.S,, Principal of University College, Bristol. With 103 Illustra-
tions. Crown 8vo., 85, 6d.

SCHAFER.—DIRECTIONS FOR CLASS WORK IN PRACTICAL
PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the Vascular and
Nervous Systems. By E. A. ScHAFER, LL.D., F.R.S., Professor of Physiology in the
University of Edinburgh. With 48 Diagrams. 8vo., 35 net.

THORNTON —Works by JOHN THORNTON, M.A.
HUMAN PHYSIOLOGY. With 284 Illustrations, some coloured.

Crown Bvo., &g,

ELEMENTARY BIOLOGY, Descriptive and Experimental. With

numerous Illustrations. Crown 8vo., 3s. 64

ELEMENTARY PRACTICAL PHYSIOLOGY. With 178 Illustra-

tions (6 of which are Coloured). Crown 8vo., 35 6d.

BACTERIOLOGY.

CURTIS. —THE ESSENTIALS OF PRACTICAL EBACTERI-
OLOGY : An Elementary Laboratory Book for Students and Practitioners. By H. ]
CurTIS, B.S. and M.D. (Lond.), F.R.C.8. With 133 Illustrations. 8vo., gs.

DHINGRA. — ELEMENTARY BACTERIOLOGY. By M. 1

DHINGRA, M.D., C.M. Edin., Diplomate in State Medicine, University of Cambridge,
ete. With Coloured Frontispiece and 26 Illustrations in the Text. Crown 8vo., 35 net.

FRANKLAND. — MICRO-ORGANISMS IN WATER. Together

with an Account of the Bacteriological Methods involved in their Investigation.
Specially designed for the use of those connected with the Sanitary Aspects of Water-
Supply. By Percy FrRaNKLAND, Ph.D., B.Sc. (Lond.), F.R.5., and Mrs. PERCY
FRANKLAND. With 2z Plates and Numerous Diagrains. 8vo., 165 net.

LFRANKIAND —BACTERIA IN DAILY LIFE. By Mrs. PErcy

FRANKLAND, F.R.M.5. Crown 8vo., 5& net.

GOADBY —THE MYCOLOGY OF THE MOUTH: A Text-Book

of Oral Bacteria. By KENNETH W. Goapgy, L.D.S. Eng., etc. ; Bacteriologist and
Lecturer on Bacteriology, National Dental Hospital, etc. With 8z Illustrations.
8vo., 85 64, net,

KLOCKER—FERMENTATION ORGANISMS: a Laboratory Hand-
book. By ALe. KLGCKER, Translated by G. E. ALLAN, B.Sc., Lecturer in l_hf: University
of Birmingham, and J. H. MiLLAR, F.I.C., formerly Lecturer in the British School of
Malting and Brewing, and Revised by the Author. With 146 Illustrations. 8vo.,
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PLIMMER—THE CHEMICAL CHANGES AND PRODUCTS
RESULTING FROM FERMENTATION. By R. H. Apers PLIMMER, D.Sc.,
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