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ETHER AND THE THEORY OF
RELATIVITY

OW does it come about that
Halongside of the idea of ponderable

‘matter, which is derived by abstrac-
tion from everyday life, the physicists
set the idea of the existence of another
kind of matter, the ether? The explana-
tion is probably to be sought in those
phenomena which have given rise to the
theory of action at a distance, and in the
properties of light which have led to the
undulatory theory. Let us devote a little
while to the consideration of these two
subjects.

Outside of physics we know nothing
of action at a distance. When we try
to connect cause and effect in the experi-
ences which natural- objects afford us,

it seems at first as if there were no other
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4 SIDELIGHTS ON RELATIVITY

mutual actions than those of immediate
contact, e.g. the communication of motion
by impact, push and pull, heating or induc-
ing combustion by means of a flame, etc.
It is true that even in everyday experi-
ence weight, which is in a sense action at
a distance, plays a very important part.
But since in daily experience the weight
of bodies meets us as something constant,
something not linked to any cause which
is variable in time or place, we do not
in everyday life speculate as to the cause
of gravity, and therefore do not become
conscious of its character as action at
a distance. It was Newton’s theory of
gravitation that first assigned a cause
for gravity by interpreting it as action
at a distance, proceeding from masses.
Newton’s theory is probably the greatest
stride ever made in the effort towards
the causal nexus of natural phenomena.
And yet this theory evoked a lively sense
of discomfort among Newton’s contempor-
aries, because it seemed to be in conflict
with the principle springing from the rest
of experience, that there can be reciprocal
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action only through contact, and not
through immediate action at a distance.

It is ‘only with reluctance that man’s
desire for knowledge endures a dualism
of this kind. How was unity to be pre-
served in his comprehension of the forces
of nature? Either by trying to look
upon contact forces as being themselves
distant forces which admittedly are obser-
vable only at a very small distance—
and this was the road which Newton’s
followers, who were entirely under the
spell of his doctrine, mostly preferred
to take ; or by assuming that the Newton-
lan action at a distance is only apparently
immediate action at a distance, but in
truth is conveyed by a medium permeat-
ing space, whether by movements or by
elastic deformation of this medium. Thus
the endeavour toward a unified view of
the nature of forces leads to the hypothesis
of an ether. This hypothesis, to be sure,
did not at first bring with it any advance
in the theory of gravitation or in physics
generally, so that it became customary
to treat Newton’s law of force as an axiom
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not further reducible. But the ether hypo-
thesis was bound always to play some
part in physical science, even if at first
only a latent part.

When in the first half of the nineteenth
century the far-reaching similarity was re-
vealed which subsists between the properties
of light and those of elastic waves in pon-
derable bodies, the ether hypothesis found
fresh support. Itappeared beyond question
that light must be interpreted as a vibratory
process in an elastic, inert medium filling
up universal space. It also seemed to
be a necessary consequence of the fact
that light is capable of polarisation that
this medium, the ether, must be of the
nature of a solid body, because transverse
waves are not possible in a fluid, but
only in a solid. Thus the physicists were
bound to arrive at the theory of the “ quasi-
rigid ” luminiferous ether, the parts of
which can carry out no movements
relatively to one another except the small
movements of deformation which corre-
spond to light-waves.

This theory—also called the theory of
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the stationary luminiferous ether—more-
over found a strong support in an experi-
ment which is also of fundamental import-
ance in the special theory of relativity,
the experiment of Fizeau, from which
one was obliged to infer that the lumini-
ferous ether does not take part in the
movements of bodies. The phenomenon
of aberration also favoured the theory
of the quasi-rigid ether.

The development of the theory of electric-
ity along the path opened up by Maxwell
and Lorentz gave the development of our
ideas concerning the ether quite a peculiar
and unexpected turn. For Maxwell him-
self the ether indeed still had properties
which were purely mechanical, although
of a much more complicated kind than
the mechanical properties of tangible solid
bodies. But neither Maxwell nor his
followers succeeded in elaborating a
mechanical model for the ether which
might furnish a satisfactory mechanical
interpretation of Maxwell’s laws of the
electro-magnetic field.- The laws were clear
and simple, the mechanical interpretations
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clumsy and contradictory. Almost imper-
ceptibly the theoretical physicists adapted
themselves to a situation which, from the
standpoint of their mechanical programme,
was very depressing. They were parti-
cularly influenced by the electro-dynamical
investigations of Heinrich Hertz. For
whereas they previously had required of
a conclusive theory that it should con-
tent itself with the fundamental concepts
which belong exclusively to mechanics
(e.g. densities, velocities, deformations,
stresses) they gradually accustomed them-
selves to admitting electric and magnetic
force as fundamental concepts side by
side with those of mechanics, without
requiring a mechanical interpretation for
them. Thus the purely mechanical view
of nature was gradually abandoned. But
this change led to a fundamental dualism
which in the long-run was insupportable.
A way of escape was now sought in the
reverse direction, by reducing the principles
of mechanics to those of electricity, and
this especially as confidence in the strict
validity of the equations of Newton’s
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mechanics was shaken by the experi-
ments with p-rays and rapid kathode
rays.

This dualism still confronts us in unex-
tenuated form in the theory of Hertz,
where matter appears not only as the
bearer of velocities, kinetic energy, and
mechanical pressures, but also as the
bearer of electromagnetic fields. Since
such fields also occur » vacuo—i.e. in free
ether—the ether also appears as bearer of
electromagnetic fields. The ether appears
indistinguishable in its functions from
ordinary matter. Within matter it takes
part in the motion of matter and in empty
space it has everywhere a velocity; so
that the ether has a definitely assigned
velocity throughout the whole of space.
There is no fundamental difference between
Hertz’s ether and ponderable matter (which
in part subsists in the ether).

The Hertz theory suffered not only
from the defect of ascribing to matter and
ether, on the one hand mechanical states,
and on the other hand electrical states,
which do not stand in any conceivable
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relation to each other ; it was also at vari-
ance with the result of Fizeau’s important
experiment on the velocity of the propaga-
tion of light in moving fluids, and with
other established experimental results.
Such was the state of things when H. A.
Lorentz entered upon the scene. He brought
theory into harmony with experience by
means of a wonderful simplification of
theoretical principles. He achieved this,
the most important advance in the theory
of electricity since Maxwell, by taking
from ether its mechanical, and from matter
its electromagnetic qualities. As in empty
space, so too in the interior of material
bodies, the ether, and not matter viewed
atomistically, was exclusively the seat
of electromagnetic fields. According to
Lorentz the elementary particles of matter
alone are capable of carrying out move-
ments ; their electromagnetic activity is
entirely confined to the carrying of electric
charges. Thus Lorentz succeeded in re-
ducing all electromagnetic happenings to
Maxwell’s equations for free space.

As to the mechanical nature of the
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Lorentzian ether, it may be said of it,
in a somewhat playful spirit, that im-
mobility is the only mechanical property
of which it has not been deprived by
H. A. Lorentz. It may be added that the
whole change in the conception of the
ether which the special theory of relativity
brought about, consisted in taking away
from the ether its last mechanical quality,
namely, its immobility. How this is to
be understood will forthwith be expounded.

The space-time theory and the kine-
matics of the special theory of relativity
were modelled on the Maxwell-Lorentz
theory of the electromagnetic field. This
theory therefore satisfies the conditions
of the special theory of relativity, but
when viewed from the latter it acquires
a novel aspect. For if K be a system
of co-ordinates relatively to which the
Lorentzian ether is at rest, the Maxwell-
Lorentz equations are valid primarily with
reference to K. But by the special theory
of relativity the same equations with-
out any change of meaning also hold in
relation to any new system of co-ordinates
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K’ which is moving in uniform trans-
lation relatively to K. Now comes the
anxious question :—Why must I in the
theory distinguish the K system above all
K’ systems, which are physically equivalent
to it in all respects, by assuming that the
ether is at rest relatively to the K system ?
For the theoretician such an asymmetry
in the theoretical structure, with no cor-
responding asymmetry in the system of
experience, is intolerable. If we assume
the ether to be at rest relatively to K,
but in motion relatively to K’, the physical
equivalence of K and K’ seems to me
from the logical standpoint, not indeed
downright incorrect, but nevertheless
inacceptable.

The next position which it was possible
to take up in face of this state of things
appeared to be the following. The ether
does not exist at all. The electromag-
netic fields are not states of a medium,
and are not bound down to any bearer,
but they are independent realities which
are not reducible to anything else, exactly
like the atoms of ponderable matter.. This
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conception suggests itself the more readily
as, according to Lorentz’s theory, electro-
magnetic radiation, like ponderable matter,
brings impulse and energy with it, and
as, according to the special theory of
relativity, both matter and radiation are
but special forms of distributed energy,
ponderable mass losing its isolation and
appearing as a special form of energy.

More careful reflection teaches us, how-
ever, that the special theory of relativity
does not compel us to deny ether. We
may assume the existence of an ether;
only we must give up ascribing a definite
state of motion to it, i.e. we must by
abstraction take from it the last mechan-
ical characteristic which Lorentz had still
left it. We shall see later that this point
of view, the conceivability of which I
shall at once endeavour to make more
intelligible by a somewhat halting com-
parison, is justified by the results of
the general theory of relativity.

Think of waves on the surface of water.
Here we can describe two entirely differ-
ent things. Either we may observe how
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the undulatory surface forming the bound-
ary between water and air alters in the
course of time; or else—with the help
of small floats, for instance—we can
observe how the position of the separate
particles of water alters in the course
of time. If the existence of such floats
for tracking the motion of the particles
of a fluid were a fundamental impos-
sibility in physics—if, in fact, nothing
else whatever were observable than the
shape of the space occupied by the water
as it varies in time, we should have no
ground for the assumption that water
consists of movable particles. But all
the same we could characterise it as a
medium.

We have something like this in the
electromagnetic field. For we may pic-
ture the field to ourselves as consisting
of lines of force. If we wish to inter-
pret these lines of force to ourselves as
something material in the ordinary sense,
we are tempted to interpret the dynamic
processes as motions of these lines of
force, such that each separate line of
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force is tracked through the course of
time. It is well known, however, that
this way of regarding the electromagnetic
field leads to contradictions.

Generalising we must say this :—There
may be supposed to be extended physical
objects to which the idea of motion can-
not be applied. They may not be thought
of as consisting of particles which allow
themselves to be separately tracked through
time. In Minkowski’s idiom this is ex-
pressed as follows :—Not every extended
conformation in the four-dimensional world
can be regarded as composed of world-
threads. The special theory of relativity
forbids us to assume the ether to consist
of particles observable through time, but
the hypothesis of ether in itself is not
in conflict with the special theory of
relativity. Only we must be on our guard
against ascribing a state of motion to the
ether.

Certainly, from the standpoint of the
special theory of relativity, the ether
hypothesis appears at first to be an empty
hypothesis. In the equations of the
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electromagnetic field there occur, in addition
to the densities of the electric charge,
only the intensities of the field. The
career of electromagnetic processes t#-vacuo
appears to be completely determined by
these equations, uninfluenced by other phy-
sical quantities. The electromagnetic fields
appear as ultimate, irreducible realities,
and at first it seems superfluous to postu-
late a homogeneous, isotropic ether-
medium, and to envisage electromagnetic
fields as states of this medium.

But on the other hand there is a weighty
argument to be adduced in favour of the
ether hypothesis. To deny the ether is
ultimately to assume that empty space
has no physical qualities whatever. The
fundamental facts of mechanics do not
harmonize with this view. For the me-
chanical behaviour of a corporeal system
hovering freely in empty space depends
not only on relative positions (distances)
and relative velocities, but also on its
state of rotation, which physically may
be taken as a characteristic not apper-
taining to the system in itself. In order



ETHER AND RELATIVITY 17

to be able to look upon the rotation of
the system, at least formally, as some-
thing real, Newton objectivises space.
Since he classes his absolute space together
with real things, for him rotation relative
to an absolute space is also something
real. Newton might no less well have
called his absolute space ‘“ Ether ”’; what
is essential is merely that besides observ-
able objects, another thing, which is
not perceptible, must be looked upon as
real, to enable acceleration or rotation
to be looked upon as something real.

It is true that Mach tried to avoid
having to accept as real something which
is not observable by endeavouring to
substitute in mechanics a mean acceler-
ation with reference to the totality of the
masses in the universe in place of an
acceleration with reference to absolute
space. But inertial resistance opposed to
relative acceleration of distant masses
presupposes action at a distance; and
as the modern physicist does not believe
that he may accept this action at a dis-

tance, he comes back once more, if he
2
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follows Mach, to the ether, which has
to serve as medium for the effects of
inertia. But this conception of the ether
to which we are led by Mach’s way of
thinking differs essentially from the ether
as conceived by Newton, by Fresnel, and
by Lorentz. Mach’s ether not only con-
ditions the behaviour of inert masses,
but is also conditioned in its state by
them.

Mach’s idea finds its full development in
the ether of the general theory of relativity.
According to this theory the metrical
qualities of the continuum of space-time
differ in the environment of different points
of space-time, and are partly conditioned
by the matter existing outside of the
territory under consideration. This space-
time variability of the reciprocal relations
of the standards of space and time, or,
perhaps, the recognition of the fact that
‘“ empty space ”’ in its physical relation is
neither homogeneous nor isotropic, compel-
ling us to describe its state by ten functions
(the gravitation potentials g,), has, I
think, finally disposed of the view that
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space is physically empty. But therewith
the conception of the ether has again
acquired an intelligible content, although
this content differs widely from that of the
ether of the mechanical undulatory theory
of light. The ether of the general theory
of relativity is a medium which is itself
devoid of a// mechanical and kinematical
qualities, but helps to determine mechanical
(and electromagnetic) events.

What is fundamentally new in the ether
of the general theory of relativity as op-
posed to the ether of Lorentz consists in
this, that the state of the former is at
every place determined by connections with
the matter and the state of the ether in
neighbouring places, which are amenable
to law in the form of differential equations;
whereas the state of the Lorentzian ether
in the absence of electromagnetic fields is
conditioned by nothing outside itself, and
is .everywhere the same. The ether of
the general theory of relativity is trans-
muted conceptually into the ether of
Lorentz if we substitute constants for the
functions of space which describe the



20 SIDELIGHTS ON RELATIVITY

former, disregarding the causes which con-
dition its state. Thus we may also say,
I think, that the ether of the general theory
of relativity is the outcome of the Lorent-
zian ether, through relativation.

As to the part which the new ether is
to play in the physics of the future we are
not yet clear. We know that it determines
the metrical relations in the space-time
continuum, e.g. the configurative possi-
bilities of solid bodies as well as the gravita-
tional fields ; but we do not know whether
it has an essential share in the structure of
the electrical elementary particles consti-
tuting matter. Nor do we know whether
it is only in the proximity of ponderable
masses that its structure differs essentially
from that of the Lorentzian ether ; whether
the geometry of spaces of cosmic extent
is approximately Euclidean. But we can
assert by reason of the relativistic equations
of gravitation that there must be a depart-
ure from Euclidean relations, with spaces
of cosmic order of magnitude, if there
exists a positive mean density, no matter
how small, of the matter in the universe.
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In this case the universe must of necessity
be spatially unbounded and of finite magni-
tude, its magnitude being determined by
the value of that mean density.

If we consider the gravitational field and
the electromagnetic field from the stand-
point of the ether hypothesis, we find a re-
markable difference between the two. There
can beno space nor any part of space without
gravitational potentials; for these confer
upon space its metrical qualities, without
which it cannot be imagined at all. The
existence of the gravitational field is
inseparably bound up with the existence
of space. On the other hand a part of
space may very well be imagined without
an electromagnetic field ; thus in contrast
with the gravitational field, the electro-
magnetic field seems to be only secondarily
linked to the ether, the formal nature of
the electromagnetic field being as yet in
no way determined by that of gravitational
ether. From the present state of theory
it looks as if the electromagnetic field, as
opposed to the gravitational field, rests upon
an entirely new formal moiif, as though
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nature might just as well have endowed the
gravitational ether with fields of quite
another type, for example, with fields of a
scalar potential, instead of fields of the
electromagnetic type.

Since according to our present concep-
tions the elementary particles of matter
are also, in their essence, nothing else than
condensations of the electromagnetic field,
our present view of the universe presents
two realities which are completely separated
from each other conceptually, although
connected causally, namely, gravitational
ether and electromagnetic field, or—as
they might also be called—space and
matter.

Of course it would be a great advance if
we could succeed in comprehending the
gravitational field and the electromagnetic
field together as one unified conformation.
Then for the first time the epoch of theor-
etical physics founded by Faraday and
Maxwell would reach a satisfactory con-
clusion. The contrast between ether and
matter would fade away, and, through the
general theory of relativity, the whole of
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physics would become a complete system of
thought, like geometry, kinematics, and the
theory of gravitation. An exceedingly
ingenious attempt in this direction has
been made by the mathematician H. Weyl ;
but I do not believe that his theory
will hold its ground in relation to reality.
Further, in contemplating the immediate
future of theoretical physics we ought not
unconditionally to reject the possibility
that the facts comprised in the quantum
theory may set bounds to the field theory
beyond which it cannot pass.
Recapitulating, we may say that accord-
ing to the general theory of relativity space
is endowed with physical qualities ; in this
sense, therefore, there exists an ether.
According to the general theory of relativity
space without ether is unthinkable; for
in such space there not only would be no
propagation of light, but also no possibility
of existence for standards of space and
time (measuring-rods and clocks), nor there-
fore any space-time intervals in the physical
sense. But this ether may not be thought
of as endowed with the quality characteris-












GEOMETRY AND EXPERIENCE

NE reason why mathematics enjoys
special esteem, above all other

sciences, is that its laws are ab-
solutely certain and indisputable, while
those of all other sciences are to some
extent debatable and in constant danger
of being overthrown by newly discovered
facts. In spite of this, the investigator in
another department of science would not
need to envy the mathematician if the
laws of mathematics referred to objects of
our mere imagination, and not to objects
of reality. For it cannot occasion sur-
prise that different persons should arrive
at the same logical conclusions when
they have already agreed upon the funda-
mental laws (axioms), as well as the
methods by which other laws are to be

deduced therefrom. But there is another
27
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reason for the high repute of mathematics,
in that it is mathematics which affords the
exact natural sciences a certain measure
of security, to which without mathematics
they could not attain.

At this point an enigma presents itself
which in all ages has agitated inquiring
minds. How can it be that mathematics,
being after all a product of human thought
which is independent of experience, is so
admirably appropriate to the objects of
reality? Is human reason, then, without
experience, merely by taking thought, able
to fathom the properties of real things.

In my opinion the answer to this question
is, briefly, this:—As far as the laws of
mathematics refer to reality, they are
not certain ; and as far as they are certain,
they do not refer to reality. It seems
to me that complete clearness as to this
state of things first became common
property through that new departure in
mathematics which is known by the name
of mathematical logic or ‘ Axiomatics.”
The progress achieved by axiomatics consists
in its having neatly separated the logical-
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formal from its objective or intuitive con-
tent; according to axiomatics the logical-
formal alone forms the subject-matter of
mathematics, which is not concerned with
the intuitive or other content associated
with the logical-formal.

Let us for a moment consider from this
point of view any axiom of geometry, for
instance, the following:—Through two
points in space there always passes one
and only one straight line. How is this
axiom to be interpreted in the older sense
and in the more modern sense ?

The older interpretation :—Every one
knows what a straight line is, and what a
point is. Whether this knowledge springs
from an ability of the human mind or from
experience, from some collaboration of
the two or from some other source, is not
for the mathematician to decide. He
leaves the question to the philosopher.
Being based upon this knowledge, which
precedes all mathematics, the axiom stated
above is, like all other axioms, self-evident,
that is, it is the expression of a part of
this @ priori knowledge.
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The more modern interpretation :—
Geometry treats of entities which are
denoted by the words straight line, point,
etc. These entities do not take for granted
any knowledge or intuition whatever, but
they presuppose only the validity of the
axioms, such as the one stated above,
which are to be taken in a purely formal
sense, i.e. as void of all content of intuition
or experience. These axioms are {free
creations of the human mind. All other
propositions of geometry are logical infer-
ences from the axioms (which are to be
taken in the nominalistic sense only).
The matter of which geometry treats is
first defined by the axioms. Schlick in
his book on epistemology has therefore
characterised axioms very aptly as
“implicit definitions.”

This view of axioms, advocated by
modern axiomatics, purges mathematics
of all extraneous elements, and thus dispels
the mystic obscurity which formerly sur-
rounded the principles of mathematics.
But a presentation of its principles thus
clarified makes it also evident that mathe-
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matics as such cannot predicate anything
about perceptual objects or real objects.
In axiomatic geometry the words * point,”
“ straight line,” etc., stand only for empty
conceptual schemata. That which gives
them substance is not relevant to mathe-
matics.

Yet on the other hand it is certain that
mathematics generally, and particularly
geometry, owes its existence to the need
which was felt of learning something about
the relations of real things to one another.
The very word geometry, which, of course,
means earth-measuring, proves this. For
earth-measuring has to do with the possi-
bilities of the disposition of certain natural
objects with respect to one another, namely,
with parts of the earth, measuring-lines,
measuring-wands, etc. It is clear that
the system of concépts of axiomatic
geometry alone cannot make any assertions
as to the relations of real objects of this
kind, which we will call practically-rigid
bodies. To be able to make such asser-
tions, geometry must be stripped of its
merely logical-formal character by the
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co-ordination of real objects of experience
with the empty conceptual frame-work of
axiomatic geometry. To accomplish this,
we need only add the proposition :—Solid
bodies are related, with respect to their
possible dispositions, as are bodies in
Euclidean geometry of three dimensions.
Then the propositions of Euclid contain
affirmations as to the relations of practi-
cally-rigid bodies.

Geometry thus completed is evidently a
natural science; we may in fact regard it
as the most ancient branch of physics.
Its affirmations rest essentially on
induction from experience, but not on
logical inferences only. We will call this
completed geometry “ practical geometry,”
and shall distinguish it in what follows
from “ purely axiomatic geometry.” The
question whether the practical geometry
of the universe is Euclidean or not has a
clear meaning, and its answer can only
be furnished by experience. All linear
measurement in physics is practical geo-
metry in this sense, so too is geodetic
and astronomical linear measurement, if
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we call to our help the law of experience
that light is propagated in a straight line,
and indeed in a straight line in the sense
of practical geometry.

I attach special importance to the view
of geometry which I have just set forth,
because without it I should have been
unable to formulate the theory of rela-
tivity. Without it the following reflection
would have been impossible :—In a system
of reference rotating relatively to an inert
system, the laws of disposition of rigid
bodies do not correspond to the rules of
Euclidean geometry on account of the
Lorentz contraction; thus if we admit
non-inert systems we must abandon Eucli-
dean geometry. The decisive step in the
transition to general co-variant equations
would certainly not have been taken if
the above interpretation had not served
as a stepping-stone. If we deny the
relation between the body of axiomatic
Euclidean geometry and the practically-
rigid body of reality, we readily arrive at
the following view, which was entertained
by that acute and profound thinker,

3
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H. Poincaré :—Euclidean geometry is dis-
tinguished above all other imaginable
axiomatic geometries by its simplicity.
Now since axiomatic geometry by itself
contains no assertions as to the reality
which can be experienced, but can do so
only in combination with physical laws,
it should be possible and reasonable—
whatever may be the nature of reality—to
retain Euclidean geometry. For if con-
tradictions between theory and experience
manifest themselves, we should rather
decide to change physical laws than to
change axiomatic Euclidean geometry. If
we deny the relation between the practi-
cally-rigid body and geometry, we shall
indeed not easily free ourselves from the
convention that Euclidean geometry is to
be retained as the simplest. Why is the
equivalence of the practically-rigid body
and the body of geometry—which suggests
itself so readily—denied by Poincaré and
otherinvestigators? Simply because under
closer inspection the real solid bodies in
nature are not rigid, because their geo-
metrical behaviour, that is, their possi-
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bilities of relative disposition, depend upon
temperature, external forces, etc. Thus
the original, immediate relation between
geometry and physical reality appears
destroyed, and we feel impelled toward
the following more general view, which
characterizes Poincaré’s standpoint.
Geometry (G) predicates nothing about
the relations of real things, but only
geometry together with the purport (P)
of physical laws cando so. Using symbols,
we may say that only the sum of (G) +
(P) is subject to the control of experience.
Thus (G) may be chosen arbitrarily, and
also parts of (P); all these laws are con-
ventions. All that is necessary to avoid
contradictions is to choose the remainder
of (P) so that (G) and the whole of (P)
are together in accord with experience.
Envisaged in this way, axiomatic geometry
and the part of natural law which has been
given a conventional status appear as
epistemologically equivalent.

Sub specie aceterni, Poincaré, in my
opinion, is right. The idea of the
measuring-rod and the idea of the clock
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co-ordinated with it in the theory of
relativity do not find their exact corre-
spondence in the real world. It is also
clear that the solid body and the clock do
not in the conceptual edifice of physics
play the part of irreducible elements, but
that of composite structures, which may
not play any independent part in theo-
retical physics. But it is my conviction
that in the present stage of development
of theoretical physics these ideas must
still be employed as independent ideas ;
for we are still far from possessing such
certain knowledge of theoretical principles
as to be able to give exact theoretical
constructions of solid bodies and clocks.
Further, as to the objection that there
are no really rigid bodies in nature, and
that therefore the properties predicated of
rigid bodies do not apply to physical
reality,—this objection is by no means so
radical as might appear from a hasty
examination. For it is not a difficult task
to determine the physical state of a measur-
ing-rod so accurately that its behaviour
relatively to other measuring-bodies shall
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be sufficiently free from ambiguity to allow
it to be substituted for the “ rigid *’ body.
It is to measuring-bodies of this kind that
statements as to rigid bodies must be
referred.

All practical geometry is based upon a
principle which is accessible to experience,
and which we will now try to realise. We
will call that which is enclosed between two
boundaries, marked upon a practically-
rigid body, a tract. We imagine two
practically-rigid bodies, each with a tract
marked out on it. These two tracts are
said to be ‘““equal to one another ” if the
boundaries of the one tract can be brought
to coincide permanently with the bound-
aries of the other. We now assume
that :

If two tracts are found to be equal
once and anywhere, they are equal always
and everywhere.

Not only the practical geometry of
Euclid, but also its nearest generalisation,
the practical geometry of Riemann, and
therewith the general theory of rela-
tivity, rest upon this assumption. Of the
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experimental reasons which warrant this -
assumption I will mention only one. The
phenomenon of the propagation of light
in empty space assigns a tract, namely,
the appropriate path of light, to each
interval of local time, and conversely.
Thence it follows that the above assump-
tion for tracts must also hold good for
intervals of clock-time in the theory of
relativity. Consequently it may be formu-
lated as follows:—If two ideal clocks
are going at the same rate at any. time
and at any place (being then in immedi-
ate proximity to each other), they will
always go at the same rate, no matter
where and when they are again compared
with each other at one place.—If this
law were not wvalid for real clocks, the
proper frequencies for the separate atoms
of the same chemical element would not
be in such exact agreement as experience
demonstrates. The existence of sharp
spectral lines is a convincing experimental
proof of the above-mentioned principle
of practical geometry. This is the ulti-
mate foundation in fact which enables
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us to speak with meaning of the mensura-
tion, in Riemann’s sense of the word,
of the four-dimensional continuum of
space-time.

The question whether the structure of
this continuum is Euclidean, or in accord-
ance with Riemann’s general scheme, or
otherwise, is, according to the view which
is here being advocated, properly speaking a
physical question which must be answered
by experience, and not a question of a
mere convention to be selected on prac-
tical grounds. Riemann’s geometry will
be the right thing if the laws of disposi-
tion of practically-rigid bodies are trans-
formable into those of the bodies of
Euclid’s geometry with an exactitude
which increases in proportion as the dimen-
sions of the part of space-time under
consideration are diminished.

It is true that this proposed physical
interpretation of geometry breaks down
when applied immediately to spaces of
sub-molecular order of magnitude. But
nevertheless, even in- questions as to the
constitution of elementary particles, it
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retains part of its importance. For even
when it is a question of describing the
electrical elementary particles constitut-
ing matter, the attempt may still be
made to ascribe physical importance to
those ideas of fields which have been
physically defined for the purpose of des-
cribing the geometrical behaviour of bodies
which are large as compared with the
molecule. Success alone can decide as
to the justification of such an attempt,
which postulates physical reality for the
fundamental principles of Riemann’s geo-
metry outside of the domain of their
physical definitions. It might possibly
turn out that this extrapolation has no
better warrant than the extrapolation of
the idea of temperature to parts of a body
of molecular order of magnitude.

It appears less problematical to extend
the ideas of practical geometry to spaces
of cosmic order of magnitude. It might,
of course, be objected that a construc-
tion composed of solid rods departs more
and more from ideal rigidity in propor-
tion as its spatial extent becomes greater.
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But it will hardly be possible, I think,
to assign fundamental significance to this
objection. Therefore the question whether
the universe is spatially finite or not
seems to me decidedly a pregnant ques-
tion in the sense of practical geometry.
I do not even consider it impossible that
this question will be answered before
long by astronomy. Let us call to mind
what the general theory of relativity
teaches in this respect. It offers two
possibilities :—

1. The universeis spatially infinite. This
can be so only if the average spatial
density of the matter in universal space,
concentrated in the stars, vanishes, i.e.
if the ratio of the total mass of the stars
to the magnitude of the space through
which they are scattered approximates
indefinitely to the value zero when the
spaces taken into consideration are con-
stantly greater and greater.

2. The universe is spatially finite. This
must be so, if there is a mean density
of the ponderable matter in universal
space differing from zero. The smaller
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that mean density, the greater is the
volume of universal space.

I must not fail to mention that a theo-
retical argument can be adduced in favour
of the hypothesis of a finite universe.
The general theory of relativity teaches
that the inertia of a given body is
greater as there are more ponderable
masses in proximity to it; thus it seems
very natural to reduce the total effect
of inertia of a body to action and reac-
tion between it and the other bodies in
the universe, as indeed, ever since New-
ton’s time, gravity has been completely
reduced to action and reaction between
bodies. From the equations of the general
theory of relativity it can be deduced that
this total reduction of inertia to reciprocal
action between masses—as required by
E. Mach, for example—is possible only if
the universe is spatially finite.

On many physicists and astronomers
this argument makes no impression.
Experience alone can finally decide which
of the two possibilities is realised in
nature. How can experience furnish an



GEOMETRY AND EXPERIENCE 43

answer ? At first it might seem possible
to determine the mean density of matter
by observation of that part of the universe
which is accessible to our perception.
This hope is illusory. The distribution
of the visible stars is extremely irregular,
so that we on no account may venture
to set down the mean density of star-
matter in the universe as equal, let us
say, to the mean density in the Milky
Way. In any case, however great the
space examined may be, we could not
feel convinced that there were no more
stars beyond that space. So it seems
impossible to estimate the mean density.

But there is another road, which seems
to me more practicable, although it also
presents great difficulties. Forif weinquire
into the deviations shown by the conse-
quences of the general theory of relativity
which are accessible to experience, when
these are compared with the consequences
of the Newtonian theory, we first of all
find a deviation which shows itself in
close proximity to gravitating mass, and
has been confirmed in the case of the planet
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Mercury. But if the universe is spatially
finite there is a second deviation from
the Newtonian theory, which, in the lan-
guage of the Newtonian theory, may be
expressed thus:—The gravitational field
is in its nature such as if it were produced,
not only by the ponderable masses, but
also by a mass-density of negative sign,
distributed uniformly throughout space.
Since this factitious mass-density would
have to be enormously small, it could
make its presence felt only in gravitating
systems of very great extent.

Assuming that we know, let us say,
the statistical distribution of the stars
in the Milky Way, as well as their masses,
then by Newton’s law we can calculate
the ‘gravitational field and the mean
velocities which the stars must have, so
that the Milky Way should not collapse
under the mutual attraction of its stars,
but should maintain its actual extent.
Now if the actual velocities of the stars,
which can, of course, be measured, were
smaller than the calculated velocities, we
should have a proof that the actual attrac-
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tions at great distances are smaller than
by Newton’s law. From such a deviation
it could be proved indirectly that the
universe is finite. It would even be possible
to estimate its spatial magnitude.

Can we picture to ourselves a three-
dimensional universe which is finite, yet
unbounded ?

The wusual answer to this question is
“No,” but that is not the right answer.
The purpose of the following remarks is
to show that the answer should be ““ Yes.”
I want to show that without any extra-
ordinary difficulty we can illustrate the
theory of a finite universe by means of a
mental image to which, with some practice,
we shall soon grow accustomed.

First of all, an obervation of episte-
mological nature. A geometrical-physical
theory as such is incapable of being directly
pictured, being merely a system of concepts.
But these concepts serve the purpose of
bringing a multiplicity of real or imaginary
sensory experiences into connection in the
mind. To ‘ visualise ”’ a theory, or bring
it home to one’s mind, therefore means to
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give a representation to that abundance
of experiences for which the theory supplies
the schematic arrangement. In the present
case we have to ask ourselves how we can
represent that relation of solid bodies with
respect to their reciprocal disposition (con-
tact) which corresponds to the theory of
a finite universe. There is really nothing
new in what I have to say about this;
but innumerable questions addressed to
me prove that the requirements of those
who thirst for knowledge of these matters
have not yet been completely satisfied.
So, will the initiated please pardon me,
if part of what I shall bring forward has
long been known ?

What do we wish to express when we
say that our space is infinite? Nothing
more than that we might lay any number
whatever of bodies of equal sizes side by
side without ever filling space. Suppose
that we are provided with a great many
wooden cubes all of the same size. In
accordance with Euclidean geometry we
can place them above, beside, and behind
one another so as to fill a part of space of
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any dimensions; but this construction
would never be finished; we could go
on adding more and more cubes without
ever finding that there was no more room.
That is what we wish to express when we
say that space is infinite. It would be
better to say that space is infinite in
relation to practically-rigid bodies, assum-
ing that the laws of disposition for these
bodies are given by Euclidean geometry.

Another example of an infinite continuum
is the plane. On a plane surface we may
lay squares of cardboard so that each side
of any square has the side of another
square adjacent to it. The construction
is never finished; we can always go on
laying squares—if their laws of disposition
correspond to those of plane figures of
Euclidean geometry. The plane is there-
fore infinite in relation to the cardboard
squares. Accordingly we say that the
plane is an infinite continuum of two
dimensions, and space an infinite con-
tinuum of three dimensions. =~ What is here
meant by the number of dimensions, I
think I may assume to be known.
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Now we take an example of a two-
dimensional continuum which is finite,
but unbounded. We imagine the surface
of a large globe and a quantity of small
paper discs, all of the same size. We
place one of the discs anywhere on the
surface of the globe. If we move the disc
about, anywhere we like, on the surface
of the globe, we do not come upon a
limit or boundary anywhere on the journey.
Therefore we say that the spherical surface
of the globe is an unbounded continuum.
Moreover, the spherical surface is a finite
continuum. For if we stick the paper
discs on the globe, so that no disc overlaps
another, the surface of the globe will
finally become so full that there is no
room for another disc. This simply means
that the spherical surface of the globe
is finite in relation to the paper discs.
Further, the spherical surface is a non-
Euclidean continuum of two dimensions,
that is to say, the laws of disposition
for the rigid figures lying in it do not
agree with those of the Euclidean plane.
This can be shown in the following way.
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Place a paper disc on the spherical surface,
and around it in a circle place six more
discs, each of which is to be surrounded
in turn by six discs, and so on. If this
construction is made on a plane surface,
we have an uninterrupted disposition in
which there are six discs touching every
disc except those which lie on the outside.

Fig. 1.

On the spherical surface the construction
also seems to promise success at the outset,
and the smaller the radius of the disc
in proportion to that of the sphere, the
more promising it seems. But as the
construction progresses it becomes more
and more patent that the disposition of
the discs in the manner indicated, without
interruption, is not possible, as it should
be possible by Euclidean geometry of the
the plane surface. In this way creatures
4
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which cannot leave the spherical surface,
and cannot even peep out from the spherical
surface into three-dimensional space, might
discover, merely by experimenting with
discs, that their two-dimensional ’* space "
is not Euclidean, but spherical space.

From the latest results of the theory

of relativity it is probable that our three-
dimensional space is also approximately
spherical, that is, that the laws of dis-
position of rigid bodies in it are not given
by Euclidean geometry, but approximately
by spherical geometry, if only we consider
parts of space which are sufficiently great.
Now this is the place where the reader’s
imagination boggles. “ Nobody can imagine
this thing,” he cries indignantly. “ It can
be said, but cannot be thought. I can
represent to myself a spherical surface
well enough, but nothing analogous to it
in three dimensions.”

We must try to surmount this barrier
in the mind, and the patient reader will
see that it is by no means a particularly
difficult task. For this purpose we will
first give our attention once more to
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the geometry of two-dimensional spherical
surfaces. In the adjoining figure let K
be the spherical surface, touched at S
by a plane, E, which, for facility of pre-
sentation, is shown in the drawing as a
bounded surface. Let L be a disc on the
spherical surface. Now let us imagine
that at the point N of the spherical surface,

diametrically opposite to S, there is a
luminous point, throwing a shadow L’
of the disc L upon the plane E. Every
point on the sphere has its shadow on
the plane. If the disc on the sphere K
is moved, its shadow L’ on the plane E
also moves. When the disc L is at S, it
almost exactly coincides with its shadow.
If it moves on the spherical surface away
4*
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from S upwards, the disc shadow L’ on
the plane also moves away from S on the
plane outwards, growing bigger and bigger.
As the disc L approaches the luminous
point N, the shadow moves off to infinity,
and becomes infinitely great.

Now we put the question, What are
the laws of disposition of the disc-shadows
L’ on the plane E? Evidently they are
exactly the same as the laws of disposition
of the discs L on the spherical surface.
For to each original figure on K there
is a corresponding shadow figure on E.
If two discs on K are touching, their
shadows on E also touch. The shadow-
geometry on the plane agrees with the
the disc-geometry on the sphere. If we
call the disc-shadows rigid figures, then
spherical geometry holds good on the plane
E with respect to these rigid figures. More-
over, the plane is finite with respect to the
disc-shadows, since only a finite number
of the shadows can find room on the
plane.

At this point somebody will say, ‘“ That
is nonsense. The disc-shadows are not
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rigid figures. We have only to move a
two-foot rule about on the plane E to con-
vince ourselves that the shadows constantly
increase in size as they move away from
S on the plane towards infinity.” But
what if the two-foot rule were to behave
on the plane E in the same way as the
disc-shadows L’? It would then beimpos-
sible to show that the shadows increase
in size as they move away from S ; suchan
assertion would then no longer have any
meaning whatever. In fact the only ob-
jective assertion that can be made about
the disc-shadows is just this, that they
are related in exactly the same way as
are the rigid discs on the spherical surface
in the sense of Euclidean geometry.

We must carefully bear in mind that
our statement as to the growth of the
disc-shadows, as they move away from
S towards infinity, has in itself no objec-
tive meaning, as long as we are unable
to employ Euclidean rigid bodies which
can be moved about on the plane E for
the purpose of comparing the size of the
disc-shadows. In respect of the laws of
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disposition of the shadows L’, the point
S has no special privileges on the plane
any more than on the spherical surface.

The representation given above of spheri-
cal geometry on the plane is important
for us, because it readily allows itself to
be transferred to the three-dimensional
case.

Let us imagine a point S of our space,
and a great number of small spheres, L’,
which can all be brought to coincide with
one another. But these spheres are not
to be rigid in the sense of Euclidean geo-
metry; their radius is to increase (in
the sense of Euclidean geometry) when they
are moved away from S towards infinity,
and this increase is to take place in exact
accordance with the same law as applies
to the increase of the radii of the disc-
shadows L’ on the plane.

After having gained a vivid mental
image of the geometrical behaviour of our
L’ spheres, let us assume that in our space
there are no rigid bodies at all in the sense
of Euclidean geometry, but only bodies
having the behaviour of our L’ spheres.
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Then we shall have a vivid representation
of three-dimensional spherical space, or,
rather of three-dimensional spherical geo-
metry. Here our spheres must be called
“rigid ” spheres. Their increase in size
as they depart from S is not to be detected
by measuring with measuring-rods, any
more than in the case of the disc-shadows
on E, because the standards of measure-
ment behave in the same way as the
spheres. Space is homogeneous, that is
to say, the same spherical configurations
are possible in the environment of all
points.! Our space is finite, because,
in consequence of the ‘‘ growth” of the
spheres, only a finite number of them
can find room in space.

In this way, by using as stepping-stones
the practice in thinking and visualisation
which Euclidean geometry gives us, we
have acquired a mental picture of spheri-
cal geometry. We may without difficulty

1 This is intelligible without calculation—but
only for the two-dimensional case—if we revert once
more to the case of the disc on the surface of the
sphere.


















A SELECTION FROM

MESSRS. METHUEN’'S
PUBLICATIONS

This Catalogue contains only a selection of the more important books

published by Messrs. Methuen.
may be obtained on application.

A complete catalogue of their publications

Bain (F, W.)—

A Dicit oF THE Moon: A Hindoo Love
Story, THE DESCENT OF THE SUN: A
Cycle of Birth. A HEIFER OF THE DAawN.
IN THE GREAT Gop’s HAIR. A DRAUGHT
oF THE BLUE. AN EssENCE o¥ THE Dusk.
AN INCARNATION OF THE SNow. A MINE
oF FaurLrs. THE AsHEs oF A Gob.
BuBBLES OF THE FoAM. A SVRUP OF THE
Begs. THE Liverv oF EvE. THE Sus-
STANCE OF A DREAM. A/l Fcap. 8vo. ss.
net. AN ECHO OF THE SPHERES. Wide
Demy. 125. 6d. net.

Baker (C. H. Colling). CROME. Illus-
trated. Quarto. £s. s5s. net.

Bailfour (S8ir Graham). THE LIFE OF
ROBERT LOUIS STEVENSON. ZFZif~
teenth Edition. [n one Volume. Cr. 8vo.
Buckram, 7s. 6d. net.

Belloc (H.)—
Paris, 8s. 6d. net. HiLLs AND THE SEA, 6s.
net. dN NoTHING AND KINDRED SUBJECTS,
6s. net. ON EVERYTHING, 6s. nef. ON SOME-
THING, 6s. n¢/. FIRST AND LAsT, 6s. nef.
Tuis AND THAT AND THE OTHER, 6s. nef.
MARIE ANTOINETTE, 18s. #¢Z. Tug PYRrE-
NEES, 105. 6d. 7n2¢t.

Blackmore (S. Powell). LAWN TENNIS

UP-TO-DATE. Illustrated. Demy 8vo.
125. 6d. net.
Campbell (Norman R.) WHAT IS

SCIENCE? Cr. 8vo. ss. net.

Chandler (Arthur), D.D,, late Lord Bishop of

Bloemfontein—
Ara CaLi: An Essayin Mystical Theology,
5s5. #el. FaiTH AND EXPERIENCE, 55. nef.
THe CuLT OF THE PASsING MOMENT, ss.
net. THE ENGLISH CHURCH AND REUNION,
* §5. nef. ScALA MUNDI, 4s. 6d. net.

Ohesterton (G. K.)—

THE BALLAD oF THE WHITE HORSE.
ALL THINGs ConsiDERED. TREMENDOUS
TRIFLES. ALARMS AND Discursions. A
MisceLLany oF MEN. TeHeE Uses oF
DiversiTY. AN Feup. 8vo. 6s. net.
WINE, WATER, AND SONG. JFcap. 8vo.
1s. 6d. net.

Clutton-Brock (A.). WHATIS THE KING-
DOM OF HEAVEN? Fifth Edition.
Feap. 8vo. 5s. net.

ESSAYS ON ART. Second Edition. Fcap.
8vo. 5s. net.

ESSAYS ON BOOKS. T7kird Edition.

Feap. Bvo. 6s. net.

MORE ESSAYS ON BOOKS. Fcap. 8vo.
65s. net.

Cole (G. D. H.. SOCIAL THEORY.
Second Edilion, revised. Cr. 8vo. 6s. net.

Conrad (Joseph)) THE MIRROR OF
THE SEA: Memories and Impressions.

Fourth Edition. Fcap. 8vo. 6s. net.
Drever (James). THE PSYCHOLOGY
OF EVERYDAY LIFE. Cr.8vo. 6s. net.

THE PSYCHOLOGY OF INDUSTRY.
Cr. 8vo. ss. nel.

Elnstein (A.). RELATIVITY : THE
SPECIAL ND THE GENERAL
THEORY. Translated by RoBerT W.
LawsoN. Sixth Edition. Cr. 8vo. ss.
net.

Other Books on the Einsteln Theory.

SPACE—TIME—MATTER. By HERMANN
WEevL. Demy 8vo. 21s. nel.

EINSTEIN THE SEARCHER : His Work
EXPLAINED IN DIALOGUES WITH EINSTEIN.
By ALEXANDER Moszrowski. Demy 8vo.
125, 6d. net.

AN INTRODUCTION TO THE THEORY
OF RELATIVITY. By Lvnpon BoLToN.
Cr. 8vo. 5s. net.

RELATIVITY AND GRAVITATION. By
various Writers. Edited by J. MavrcoLm
Birp., Cr. 8vo. 9s.6d. net.

RELATIVITY AND THE UNIVERSE.

By Dr. HarrRY ScHMIDT. Cr. 8vo. ss.
+ mel.
Fyleman (Ross). FAIRIES AND CHIM-
NEYS. Fcap. 8vo. Ninth Edition.

3s. 6d. net.

THE FAIRY GREEN. Fourth Edition.
Feap. 8vo. 3s. 6d. net.

THE FAIRY FLUTE. Fcap. 8vo. 3s. 6d.
net.

Gibbins (H. de B.), INDUSTRY IN
ENGLAND: HISTORICAL OUT-
LINES. With Maps and Plans. Zentk
Edition. Demy 8vo. 12s. 6d. net.

THE INDUSTRIAL HISTORY OF
ENGLAND. With s Mazps and a Plan.
Twenty-seventh Edition. « 8vo.  ss.

Gibbon (Edward). THE DECLINE AND
FALL OF THE ROMAN EMPIRE,
Edited, with Notes, Appendices, and Maps,
by J. B. Burv. Seven Volumes. Demy 8vo.
Ilustrated. Eack 12s. 6d. net. Also in
Seven Volumes. Unillustrated. Cr. 8o,
Each 7s. 6d. net.



2 MESSRS. METHUEN’S PUBLICATIONS

Glover (T. R.)—

‘THE CONFLICT OF RELIGIONS IN THE EARLY
RoMAN EMPIRE, 10s. 64. net. POETS AND
PURITANS, 105, 6d. nef. FrROoM PERICLES
To PHILIP, 105. 64. 7¢Z. VIRGIL, 105. 6d.
net. THr CHRISTIAN TRADITION AND ITS
VeriricATION (The Angus Lecture for 1912),
6s. net.

Grahame (Kenneth)) THE WIND IN
THE WILLOWS Eleventh Edition. Cr.
8wo. 7s.

Hail (H. R. ) 'IHE ANCIENT HISTORY
OF THE NEAR LEAST FROM THE
BEARLIEST TIMES TO THE BATTLE
OF SALAMIS. Il]ustrated Fifth  Edi-
tion. Demy 8vo. 21s.

Hawthorna(ﬂathanlel) 'l‘IlE SCARLET
LETTER. With 31 IHlustrations in Colour
by Huga THOMSON. Wide Royal! 8uo.

31s. 64. net.

Harbert (A&. P). THE WHEREFORE
AND THE WHY : NEw RevMES FOR OLD
CHILDREN. Illmtrated by GEORGE MORROW.
Feap. 4to. 3s. 6d. n

LIGHT ARTI(,LE‘S ONLY.
GEORGE MoORROW. Cr. Bvo. 6s. nel.

Holdsworth (W. 8.). A HIS’IORY OF
ENGLISH LAW, Vol 1., I1., IIl.
Fach Stcand Edition. Demy 8vo. Each

InGe(W R) CHRISTIAN MYSTICISM.
(The Bampton Lectures of x899) Fifth
Fdition. Cr.8vo. 7s.6d. ne

Jenks (E.. AN OUTLINE OF ENG-
LISH LOCAL GOVERNMENT. Fourtk
Lidition. Revlsed by R. C. K. ENsor. C7r.
8v0. 5s. 7

A SHORT HISl‘ORV OF ENGLISH
LAW: From THE EARLIEST TIiMEsS ToO
THE END OF THE YFAR 1911. Second
Edition, revised. Demy 8vo. 12s. 6d. net.

Julian (Lady) of Norwich. REVELA-
TIONS OF DIVINE LOVE. Ednedcpy
7.

Illustrated by

GRrRACE WARRACK. Seventh Edition.
8vo.

Keats (.Slohn) POEMS. Edited, with Intro-
duction and Notes, by E. pE SELINCOURT.
With a Frontispicce in Photogravure.,
Fourth Edition. Demy 8vo. 12s. 6d. net.

Kidd (Benjamin). THE SCIENCE OF
POWER. Nint/ Edition. Crown 8vo.

75. 6d. net.
SOCIAL EVOLUTION. Demy 8vo. 8s. 6d.
Z,
A”lPHILOSOPHER WITH NATURE.

5. 6d. nei
Kipling (Rudya.rd), BARRACK-ROOM
ADS. 215tk Thousand. Cr. 8vo.
Bucleram, 7s. 6d. net. Also Feap., 8vo.
Cloth, 6s. net; leather, 7s. 6d. net.
Also a Service Edition. Zwo Volumes.
Sguare fecap. 8vo, Eack 3s. net.

THE SEVEN SEAS. 1572% Thousand.
Cr. 8vo. Buckram, 7s. 6d. net. Also Feap.
8vo. Cloth, 6s. net; leather, 7s. 6d. net.
Also a Service Edition. Two Volumes.
Square feap. 8vo. Each 35. nel.

Kipling (Rudyard)—continued.

THE FIVE NATIONS. 126t% Thousand.
Cr. 8vo, Buck:am, js. 6d, net. Also Feap.
8vo. Cloth, bs. net; leather, 7s. 6d. net.
Also a Service Edition. Two Volumes.
Square fcap. Soo. Each 3s. net.

DEPARTMENTAL DITTIES 10271
Thousand. Cr.8vo. Buckram, 7s. 6d. net
Also Feap. 8vo. Cloth, 6s. net; leather,

7s. 6d. net.
Also a Service Edition. Y‘wo Volumes
95t/z Thou-

uarz cap. 8vo. Each 3s
ARS BETWEEN
:and Cr. 8v0. Buckram, 7s. 6d. net.
Feap., 8vo. Blue cloth, 6s. ‘net; Limp
lambskin, 7s. 6d. net.
Also a Service Edition. 7Two Volumes.
Square feap. 8vo. Eack 3s. net.

HYMN BEFORE ACTIO\T Illuminated.
. 4f0. 1s. 6d. ne

RECG{?SIONAI“ Illummated Feap. 4to

15

TWENTY POEMS FROM RUDYARD
KIPLING. 360tk Thousand. Feap. Svo.

18, nel.

SELECTED POEMS. Cr. 8vo. ss. set.

Knox (E. Y. G.). (‘Evoe’ of Pwnch.)
PARODIES REGAINED. Illustrated by
GEORGE MORROW.  #cap. 8vo. 6s. net.

Lamb (Charles and Mary). THE COM-

PLETE WORKS. Ednedbyl: V. Lucas.
A New and Revised FEdition in Sizx Volumes.
With Frontispieces. Feap. 8vo. Eack 6s. net.
The volumes are :—
1. MISCELLANEOUS PROSE. 1. ELIA AND
THE LAsT Essay oF Eria. 11 Books
FOR CHILDREN. 1v. PLAYVS AND POEMS.
v. and vI, LETTERS.

THE ESSAYS OF ELIA. With an Intro-
duction by E. V. Lucas, and 28 Illustration
by A. GARTH JONES. Fcap. 8vo. ss. mel.

Lankestel‘ (S8ir Ray). SCIENCE FROM

ASY CHAIR. Illustrated Thirteenth
fdzlzan. Cr. 8v0. 7s. 6d. n

SCIENCE FROM AN EASY CHAIR.
Second Series. Wustrated. Third Edition
Cr. 8vo. 7s. 6d. net.

DIVERSIONS OF A NATURALIST.
Illustrmed Third FEdition. Cr. 8vo.

75. 6d. n

SECRETS OF EARTH AND SEA. Cr.
8v0. 8s. 6d ne

Lodge (8ir Oliver). MAN AND THE
UNIVERSE : A STUDY OF THE INFLUENCE
OF THE ADVANCE IN ScCIENTIFIC KNOw-
LEDGE UPON OUR UNDERSTANDING OF
CHRIST!AN!TY. Ninth Edition. Crown 8vo.

s. 6d. net.

T;IE SURVIVAL OF MAN: A Stubv IN
UNRECOGNISED HUuMAN FACULTY. Seventh
Edition. Cr.8vo. 7s.64. n

MODERN PRORBRLEMS. Cr “820. 7s. 6d.

Ilus-

RAYMOND; orR LIFE AND DEATH.
trated. Zwelfth Edition. Demy 8vo. 1ss.
net
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Lucas (E. Y.)—

THe Lire o CHARLES LAMB, 2 90/s., 21s.
nef. A WANDERER IN HOLLAND, 10s. 6d, #ef.
A WANDERER IN LONDON, 10s. 6. #et.
LoNDON REVISITED, 1ov. 6d. nef. A WAN-
DERER IN PARIS, 105, 6d. nef and 6s. net. A
WANDERER IN FLORENCE, 10s. 6d. el
A WANDERER IN VENICE, 10s. 64, #¢f, THE
OrEN Roap: A Little Book for Wayfarers,
6s. 6d. net and 215. met. THE FRIENDLY
Town : A Little Book for the Urbane, 6s
net. FIRESIDE AND SUNSHINE, 6s. nel.
CHARACTER AND COMEDY, 6s. mef. THE
GENTLEST ART: A Choice of Letters by
Entertaining Hands, 6s. net. THE
SeEconnp Post, 6s. nef.  HeR INFINITE
VARIETY : A Feminine Portrait Gallery, 6s.
#net. Goop Company: A Rally of Men, 6s.
nef. ONE DAY AND ANOTHER, 6s. nel.
OLp Lamps ForR NEwW, 6s. nef. LOITERER'S
HARVEST, 6s. #¢Z. CLOUD AND SILVER, 6s.
net. A BOSWELL OF BAGHDAD, AND OTHER
Essavs, 6s. nef. 'Twixt EAGLE AND
DovE, 6s. s#ef. THE PHANTOM JOURNAL,
AND OTHER Essays AND DIVERSIONS, 6s.
net. SpeciaLLy SELECTED: A Choice of
Essays. 7s, 6d. nef, TuE BRITISH SCHOOL ¢
An Anecdotal Guide to the British Painters
and Paintings in the National Gallery, 6s. »e?.
Roving EAst anp Roving WEST: Notes
gathered in India, Japan, and America.
55. net. UrBANITIES. Illustrated by G. L.
STAMPA, 75. 6d. nef. VERMEER.

M.(l.). AN ANTHOLOGY OF MODERN

RSE. With Introduction by ROBERT

LVND Third Edition. Fcap. 8vo. 6s. net.
Thin paper, leather, 7s. 6d. net.

HcDougall (Willlam). AN INTRODUC-
TION TO SOCIAL PSYCHOLOGY.
Sixteenth Edition. Cr.8vo. 8s. 6d. net.
BODY AND MIND: A HiSTORY AND A
DEFENCE OF ANIMISM.
Demy 8vo. 125, 6d. net.

Maclver (R. M.). THE ELEMENTS OF
SOCIAL SCIENCE. Cr. 8vo. 6s. net.

Maeteriinck (Maurice)—
THE BLUE Birp: A Fairy Play in Six Acts,
6s. net. MARY MAGDALENE; A Play in
Three Acts, 5s. net. DEATH, 35, 6d. net.
Our ETERNITY, 6s. n#ef. THE UNKNOWN
GUEST, 6s. nef. Poewms, ss. met. THE
WRACK OF THE STORM, 6s. nef. THE
MIRACLE OF ST. ANTHONY ¢ A Play in One
Act, 35. 6d. nef. THE BURGOMASTER OF
STiLEMONDE : A Play in Three Acts, ss.
nef. THE BETROTHAL; or, The Blue Bird
Chooses, 6s. nef£. MOUNTAIN PATHS, 6s.

net. THE STORY OoF TyLTVYL, 215, 202,
Milne (A. A.), TuHeE Dav’s Prav. THE
Horipay Rounp. Once A WEEk., AN

Cr.8v0. 75.6d.net. NOT THATIT MATTERS.
Feap. 8v0. 6s. net. Iv I MaY. Feap. Bvo.
6s, net, THE SunNY SIDE. Feap. 8vo.
6s. ne

Fifth Edition. |

Oxenham (John)—
BEEs 1N AMBER 3 A Little Book of Thought-
ful Verse. ArLL's WELL: A Collection of
War Poems. THE King's High Wav. THE
Vision Serenpip, THE Fiery Cross.
Hicu ALtars: The Record of a Visit to
the Battlefields of France and Flanders,
Hearts COURAGEOUS. ALL CLEAR!
Al Small Pott 8vo. Paper, 1s. 3d. net;
cloth boards, 2s. net. WINDS OF THE
DawN. GeNTLEMEN—THE KING, 25. #et.

Petrle (W. M. Flinders). A HISTORY

OF EGYPT. Ilustrated. Six Polumes.
Cr. 8vo. Each gs. net.
Vor. I. From THE Ist To THE XVITH

DyNasTY. Ninth Edition. (10s. 6d. net.)

Vor. II. Tue XVIITH anp XVIilITH
DvyNASTIES., Sixth Edition.

Vor. III. XIXTH TOo XXXTH DVNASTIES,
Second Edition.

Vor. IV. EGvrT UNDER THE PTOLEMAIC
DynastV, J.P. MAHAFFY. Second Edition.

Vor. V. EGyrT UNDER RomaNn RuLE. J. G.
MILNE., Second Edition.

Vor. VI. Eever IN THE MIDDLE AGEs.
STANLEY LANE POOLE. Second Edition.
SYRIA AND EGYPT, FROM THE TELL

EL AMARNA LETTERS. Cr. B8wo.

55, net.

EGYPTIAN TALES. Translated from the
Papyri. First Series, 1vth to xiith Dynasty.
Illustrated. Third Edition. Cr. 8vo.

5o nel,
E(S}YPTIAN TALES. Translated from the

Papyri. Second Series, XVIIITH to XIXTH
Dynasty. Hlustrated.  Second Edition.
Cr. 8vo. ss. net.

Pollard (A. F.). A SHORT HISTORY
OF THE GREAT WAR. With 19 Maps.
Second Edition. Cr.8vo. 10s. 6d. net.

Pollitt (Arthur W.). THE ENJOYMENT
OF MUSIC. Cr. 8vo. 5. nél.

Price (L. L). A SHORT HISTORY OF
POLITICAL ECONOMY IN ENGLAND
FROM ADAM SMITH TO ARNOLD
TOYNBEE. Zenth Edition. Cr.
55. nel.

Reld (G. Archdall) THE LAWS OF
HEREDITY. Second Edition. Demy 8vo.
A1 15, net.

Robertson (C. Grant). SELECT STAT-
UTES, CASES, AND DOCUMENTS,
1660-1832. Thivd Edition. Demy 820,
155. nel.

Selous (Edmund)—

TomMy SMITH'S ANIMALS, 3s5. 6d. mel.
Tommy SMiTH'S OTHER ANIMALS, 35. 64.
net. ToMmy SMITH AT THE Z0O, 25. 9d.
ToMMY SMITH AGAIN AT THE Z00, 25. 9d.
ACK’s INSECTS, 35. 6d. Jack’s OTHER
NSECTS, 35. 6d.

Shelley (Percy Bysshe)) POEMS. With
an Introduction by A. CLuTTON-BROCK 2and
Notes by C. D. Locock. Two Volumes.
Demy 8vo. A1 15. net.

8vo.
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Smith (Adam%:: . THE WEALTH OF
NATIONS. Edited by Epwin CANNAN.
Two Volumes. Second Edition. Demy
8zo. A1 105, net.

Smith (8. C. Kalnes). LOOKING AT
PICTURES. Illustrated. Fcap. 8wo.
6s. net.

Stevenson (R. L). THE LETTERS OF
ROBERT LOUIS STEVENSON. Edited
by Sir SIDNEY COLvIN. A New Re-
arranged Edition in four volumes. Fourth
Edition. Fcap.8vo. Eack 6s. net.

Surtees (R. 5.)—

HanpLey Cross, 7s. 6d. mel. MR.
SPONGE's SrorTING TOUR, 7s. 6d. net.
Ask_MamMa: or, The Richest Commoner
in England, 7s. 6d. mef. JorRROCKS'S
JAuNTs AND Jou.rrms, 6s. net. MR.
Facev RomrorD’'s HouNnDs, 7s. 6d. net.
Hawsuck GRANGE; or, The Sporting
Adventures of Thomas Scott, Esq., 6s.
net. PLaIN OR RINGLETS? 7s. 6d. net.
HiLringooN HALL, 75. 6d. net,
Tilden (W. T.) THE ART OF LAWN
TENNIS. Illustrated. Zhird Edition.
Cr. 8vo. 6s. net.

Tileston (Hary W.). DAILY STRENGTH
FOR DAILY NEEDS. TZwenty-scventh
Eelu‘mn. Medium 16mo. 3s. 6d. net.

Townshend (R. B.). INSPIRED GOLF.
Feap. 8vo. 2s. 6d. net.

Turner (W. J.). MUSIC AND LIFE,
Crown 8vo. 7s. 6d. net.
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Underhill (Evelyn). MYSTICISM. A
Study in the Nature and Development of

Man’s Spiritual Conscxousness Eighth
Edition, Demy 8vo. 15s.

Yardon (Harry), HOW TO PLAY GOLF.
Illuggated. Fourteenth Edition. Cr. 8vo.
55, 6d.

Waterhouse (Eliznbeth). A LITTLE
BOOK OF LIFE AND DEATH.
Twenty-first Edition.
Clotk, as. 6d. net.

Wells (J.). A SHORT HISTORY OF

OME. Seventtmtk Edition. With 3
ps. Cr. 8vo. 6s.

Wilde (Oscar). THE WORKS OF OSCAR

LDE. Fcap. 8vo. FEack 6s. 6d. net.
l. LorD ARTHUR SAVILE's CRIME AND
THE PorTRAIT oF Mr. W. H. 1. THE
DucHrss oF Papua. 1. Poems. 1v.
Lapy WiNDERMERE'S FAN. v. A WoMmaAN
oF No IMPORTANCE. vI. AN IpEAL Hus:

Small Pott 8vo.

BAND. viI. THE IMPORTANCE OF BEING
Earnest. vin. A House ofF PoMe-
GRANATES. IX. INTENTIONS. Xx. DE Pro-

FUNDIS AND PrisoN LETTERs. XI. Essavs.
x11. SaLomg, A FLOReENTINE TRAGEDY,

and La SaINTE COURTISANE. Xxm. A
CriTic IN PALL MALL. X1V. SELECTED
Prose oF OscAr WILDE. XV. ART AND

DEecora rion.

A HOUSE OF POMEGRANATES. Hlus-
trated. Cr. 4lo. 21s. nel.

Yoats (W. B.). BOOK OF IRISH
VERSE. Fourth Edition. Cr.8vo. 7s.nel.

Part I1.—A SELECTION OF SERIES

Ancient Cities
General Editor, Sir B. C. A. WINDLE

Cr. 8vo.

6s. net eack volume

With Illustrations by E. H. NEw, and other Artists

BrisToL.
LIN.

CANTERBURY. CHESTER. Dva-l EDINBURGH. LINCOLN. SHREWSBURY.

The Antiquary’s Books

Demy 8vo.

108, 6d. net eack wvolume

With Numerous Illustrations

ANCIENT PAINTED GrLAss IN ENGLAND.
ARCHZAOLOGY AND FALSE ANTIQUITIES.
Tue BeLLs oF ENGLAND. THE BRASSES
oF ENGLAND, THE CASTLES AND WALLED
Towns OF ENGLAND. CELTIC ART IN
Pacan AND CHRISTIAN TiMes. CHURCH-
‘WARDENS’ Accounts. THE DoMEsSDAY
INQuEsT. EnNGLISH CHURCH FURNITURE.
EncLisB CosTUME. ENGLISH MONASTIC
Lire. ENcuisH SeEaLs. FoLK-LoRE As
AN HisToricAL SCIENCE. THE GILDS AND
CompaniEs oF Lonpon. THE HERMITS
AND ANCHORITES OF ENGLAND. THE

MaNOR AND MaNORIAL REcOrDS. THE
MepirevaL HospiTaLs oF ENGLAND.
OLp ENGLISH INSTRUMENTS oF Music.
OLp EnGLISH LiBRARIES. OLD SERVICE
Books oF THE EnGLiSH CHURCH. PARISH
Lire IN MEebp1EvAL ENGLAND. THE
ParisH REGISTERs OF ENGLAND. RE-
MAINS OF THE PREHISTORIC AGE IN ENG-
LAND. THE RoMAN ErA IN BRITAIN.
RoMANO-BRITISH BUILDINGS AND EARTH-
workS. THE RovaL ForesTs or ENG-
LAND, THE SchHooLs oF MEDIEVAL ENG
LAND. SHRINES OF BRITISH SAINTS.
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The Arden Shakespeare
General Editor, R. H. CASE
Demy 8vo. 6s. net each volume

An edition of Shakespeare in Single Plays ; each edited with a full fntroduction,
Textual Notes, and a Commentary at the foot of the page.

Classics of Art
Edited by Dr. J. H. W. LAING

With numerous [llustrations.

THE ART OF THE GREEKS, 155. #¢ef. THE
ART OF THE ROMANS, 16s. #e?. CHARDIN,
155. nef. DONATELLO, 16s. mef, GEORGE
ROMNEY, 15s. nef. GHIRLANDALO, 155, net.
LAWRENCE, 255, ¢/, MICHELANGELO, 155.

Wide Royal 8vo

nef. RAPHAEL, 155. me/. REMBRANDT'S
ETCcHINGS, 31s. 6d. net. REMBRANDT'S
PAINTINGS, 425. nef. TINTORETTO, 165. net.
TITIAN, 165. n¢f. TURNER'S SKETCHES AND
DRAWINGS, 155. #¢f. VELAZQUEZ, 15s. nef.

The ‘Complete’ Series
Fully lllustrated. Demy 8vo

THE COMPLETE AIRMAN, 16s. nef. THE
CoMPLETE AMATEUR BOXER, 10s. 64, nef.
Tue CoMPLETE AssociATIiON Foor-
BALLER, 10s. 6d. ne/. THE COMPLETE
ATHLETIC TRAINER, 105. 64. net. THE
CoMPLETE BILLIARD PLAVER, 125, 6.
net. THE CompLETE CoOK, 105, 6d. net.
THE CoMPLETE CRICKETER, 105. 6d. snef.
THe CoMmMpPLETE FOXHUNTER, 16s. nel.
THE CoMmPLETE GOLFER, 125. 6d. nel.
THE CompPLeETE HOCKEYV-PLAYER, 105, 6d.
net. THE CoMpLETE HORSEMAN, 125, 6d.

net. THE COMPLETE JUJITSUAN. C7. 8vo. 5s.
net. THE ComPLETE LAWN TENNIS PLAYER,
125, 6d. nef. THE CoMPLETE MOTORIST,
105. 6d. net. THE ComMPLETE MOUNTAIN-
EER, 16s. n¢f. THE CoMPLETE OARSMAN,
155. ne. THE COMPLETE PHOTOGRAPHER,
135. net. THE CoMpLETE Rusy Foort-
BALLER, ON THE NEW ZEALAND SYSTEM,
125. 6d. net. THE COMPLETE SHOT, 16s.

net. THE COMPLETE SWIMMER, 10s. 6d.
net. THE COMPLETE YACHTSMAN, 18s.
net.

The Connoisseur’s Library

With numerous Illustrations.

EnGLisH CoLourep Eooks. KETCHINGS.
EuroPEAN ENAMELs. FiNne Books.
GLASS. GOLDSMITHS' AND SILVERSMITHS'
‘WORK. ILLUMINATED MANUSCRIPTS.

Wide Royal 8vo.

255. net eack volume

IvoRIES. JEWELLERY. MEZZOTINTS.
MINIATURES. PORCELAIN. SEALS.
Woop SCULPTURE.

Handbooks of Theology
Demy 8vo

THE DOCTRINE OF THE INCARNATION, 155,
nel. A HisTory oF EARLY CHRISTIAN
DOCTRINE, 16s. mef. INTRODUCTION TO
THE HisTORY OF RELIGION, 12s. 6d. nef.
AN INTRODUCTION TO THE HISTORY OF

THE CREEDS, 125. 6d. nnet. THE PHiLosoPHY
oF RELIGION IN ENGLAND AND AMERICA,
125. 6d. net. TheE XXXIX ARTICLES OF
THE CHURCH OF ENGLAND, 15s. n¢ef.

Health Series

Feap. 8Svo.

THE Basv. THE CARE oF THE Bopv. THE
CARe or THE TEETH. THE EvES OF OUR
CHILDREN. HEALTH FOR THE MIDDLE-
AceEp. THE HEALTH OF A WoMmAN. THE
HeaLTH or THE SkiN. How To LivE

2s. 6d. net

LoNG. THE PREVENTION oF THE COMMON
CoLD. STAYING THE PLAGUE. THRoAT
AND EAR TRouBLEs. Tupercurosis. Tug
HEALTH OF THE CHILD, 25. e,
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The Library of Devoiion

Handy Editions of the great Devotional Books, well edited.
With Introductions and (where necessary) Notes

Swall Pott 8vo, cloth, 3s. net and 3s. 6d. net

Little Books on Art

With many Ililustrations, Dewmy 16mo. 5s. net eack volume

Each volume consists of about 200 pages, and contains from 30 Lo 40 Illustrations,
including a Frontispiece in Photogravure

ALBRECHT DURER. THE ARTS OF JAPAN. BoucHER. HovsEIN. ILLUMINATED
BoOKPLATES. BOTTICELLI, BURNE-JONES. MANUSCRIPTS. JEWELLERY. JoHN Hopp-
CeLLINI. CHRISTIAN SYMBOLISM. CHRIST NER. Sir JosHuA REyNOLDS, MILLET.
IN ART. CLAUDE. CONSTABLE. COROT. MINIATURES. OURLADY IN ART. RAPHAEL.

EarLy ENGLISH WATER-COLOUR. ENa- Ropin. TURNER. VANDYCK. VELAZQUEZ.
MELS.  FREDERIC LEIGHTON. GEORGE WATTS.
RoMnEY., GREEK ART. GREUZE AND

The Little Guides
With many Illustrations by E. H. NEw and other artists, and from photographs
Small Pott 8vo. 4s. net, §s. net, and 6s. nel
Guides to the English and Welsh Counties, and some well-known districts

The main features of these Guides are (1) a handy and charming form ; (2)
illustrations from photographs and by well-known artists ; (3) good plans and
maps ; (4) an adequate but compact presentation of everything that is interesting
in the natural features, history, archzology, and architecture of the town or
district treated.

The Little Quarto Shakespeare
Edited by W. J. CRAIG. With Introductions and Notes

Pott 16mo. 40 Volumes. Leather, price 1s. 9d. net eack volunie
Clotk, 1s. 6d.

Plays
Feap. 8vo, 3s. 6d. net

MiLesTONES. Arnold Bennett and Edward | TypHooN., A Play in Four Acts. Melchior

Knoblock. Ninth Edition. Lengyel. English Version by Laurence
IpEaL HusBanD, AN. Oscar Wilde. Acting Irving. Second Edition.

Edition. WARE Casg, THE. George Pleydell.
Kismer. Edward Knoblock. Fowrth Edi- | GENBRAL Post. J.E. Harold Terry. Second

tion. KEdition.

Tue GREAT ADVENTURE. Arnold Bennett. | THE HoNEYMOON. Arnold Bennett. ZV/uird
Fifth Edition. Edition.
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Sports Series

Illustrated.
Arr ABouT FLVING, 3. 7. GoLF Do’s
AND DoONT’s, 25. 6d.”net. THE GOLFING

Quick Cuts 10 Goop

SWING, 25, 6d. nel.
INsPIRED GOLF, 2s. 6d.

GOLF, 25. 6d4. net.

Feap. 8vo

net,. How To SwiM, 25. nel. Lawn
TENNIS, 35. #ef. SKATING, 3s. nef. CRoss-
COUNTRY SKI-ING, 55. n¢f, WRESTLING,
2s. net. HOCKEY, 45. nel.

The Westminster Commentaries
General Editor, WALTER LOCK

Demy 8vo
THE ACTS OF THE APOSTLES, 16s. #nel. 16s. nef. JoB, 8s. 64. net. THE PASTORAL
Awmos, 8s. 6d. nef. 1. CORINTHIANS, 8s. EPISTLES, 8s. 64. nef. THE PHILIPPIANS,
6d. net. Exopus, 15s. nef. EzZEKIEL, 8s. 6d. nef. ST. JAMES, 8s. 64. nef. Sr.

¥25. 6d. net. GENESIS, 16s. nef. HEBREWS,
8s. 6d. met. 1SAlAH, 16s. nef. JEREMIAH,

MATTHEW, 155. nef.

Methuen’s Two-Shilling Library
Cheap Editions of many Popular Books
Freap. 8vo

Part III.—A SerLecTiON oF WORKS oF FIcTION

Benrett (Arnold)—
CLAVHANGER, 8s. #ef. HiLpa LEsswavs,
8s. 6d. net. TueEsE Twain. THE Carp.
Tue ReGenT: A Five Towns Story of
Adventure in London. THE PrICE OF

Love. BURIED ALIVE. A MAN FROM THE |
NorrH. TuHE MaTavor oF THE FIve
Towns. WHOM Gob HATH JOINED. A

GREAT MaN: A Frolic. A 7s. 6d. net.
Birmingham (George A.)—
Spantsi  GoLb. THE SearcH Party.
Larace's Lovers. THE Bap Times. Up,
THE REBELS. Al 7s. 6d. nef. INISHEENY,
8s. 6. net. THE LosT LAWYER, 75. 6d. nef.
Burroughs (Edgar Rice)—
TARZAN OF THE APES, 6s. nef. THE
RETURN OF TARZAN, 6s. #ef. THE BEASTS
oF TARZAN, 6s. #ne£. THE SoN or TARrzAN,
6s. net.
net. TARZAN AND THE JEWELS OF OPAR,
6s. nef. 'TARzAN THE UNTAMED, 7s. 64. ne?.
A PrinceEss OF MARS, 6s. nef. HE Gobs
oF Mars, 6s. #e£. THE WARLORD OF
MARS, 6s. nef. ‘I'Huvia, MAID oF MARS,
6s. net. FArzAN THE TERRIBLE, 25, 6. net.
TheE MAN WITHOUT A SOUL. 6s. 7ef,
Conrad (Joseph). A SET oF S1x, 75. 6d. net.
VicTorv: An Island Tale. Cr. 8wo. .
net. THE SECRET AGENT: A Simiple Tale.
Cr. 8vo. gs. nef. UNDER WESTERN EVYES.
C7. 8vo. gs.met. CHANCE, C7.8vs. 9s. net,

JunGLE TaLEs or Tarzan, 6s. |

Corelil (Marie)—
A Romance oF Two WORLDS, 7s. 6d. net.
VENDETTA: or, The Story of One For-
gotten, 8s. net. THELMA: A Norwegian
Princess, 8s. 64. ne?. ArDATH: The Story
of a Dead Self, 75. 6d. ne?. THE SouL OF
LILITI-.I, 75. 6d. net. WorMwooD : A Drama
of Paris, 8s. n#ef. BArABBAS: A Dream of
the World’s Tragedy, 8s. #e2. THE SorRROWS
OF SATAN, 7s. 6d. nef. THE MASTER-
CHRISTIAN, 8. 6d. nef. TEMPORAL POWER ;
A Study in Supremacy, 6s. nef. Gob's
Goop Man: A Simple Love Story, 8s. 62.
net, HoLv OrvERs: The Tragedy of a
Quiet Life, 8s. 64. mez. Tur MiGH1Y ATom,
7s. 6d. net. Bov: A Sketch, 7s. 6d. net.
CAMEoS, 6s. #e?. THE Lirk EVERLASTING,
8s. 64. net. THE LovVE or LoNG AGo, aAND
OTHER STORIES, 8s. 6d. nef. INNOCENT,
s. 6d. net. TuE SECRET Power: A
omance of the Time, 7s. 64. nez.

Hichens (Robert)—
ToONGUES OF CONSCIENCE, 7s. 6d. nef.
FeL1x : Three Years in a_Life, 7s. €2, nef.
THE WOMAN WiTH THE FAN, 7s. 6d. nef.
BvEwayvs, 75. 6d. nef. TueE GARDEN oF
ALLAH, 85. 6d. nef. Tue CALL OF THE
BLoop, 8s. 64. net. BakBARV SHEEP, 6s.
#net. THE DWELLER ON THE THRESHOLD,
75, 6d. nef. Tur WAY oF AMBITION, 7::
6d. nef. In THE WILDERNESS, 75. 6d. #nef,
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Hope (Anthony)—
Ap C(HANGE oF AIR. A Man orF MARK.
Tue CHRONICLES OF COUNT ANTONIO.
Simon Daie. Tue Kineg’s MIRROR.
QUISANTE. Tue DorLry DIALOGUES.
TarLes ofF Two PropLE. A SERVANT OF
THE PuBLic. Mgs. MAXON PROTESTS.
A YounG Man’s YEAR. BEAUMAROY
HomME FROM THE WARS. A 7s. 6d. net.

Jacobs (W. W.)—
MANY CARGOES, 5s. #nef. SEA URCHINS,
gs. met and 3s. 6d. nef. A MASTER OF
CRAFT, s5s. #2f. LIGHT FREIGHTS, s5. nel.

THE SKIPPER’S WOOING, 5s. #¢/. AT SUN-
wicH PORT, 55. #¢f. DIALSTONE LANE,
gs. #net. ODD CRAFT, 55, nef. THE Lapv
OF THE BARGE, 5s. #¢f. SALTHAVEN, 5.
net.  SAILORS’ KNOTS, 35. #ef.  SHORT
CRUISES, 6s. net.

London (Jack). WHITE FANG. WNinth
Edition. Cr. 8vo. 7s.6d. net.

Lucas (E. V.)—

LiSTENER'S LURE : An Oblique Narration,
6s. net. OveEr BEMERTON's: An Easy-
going Chronicle, 6s. neZz. MR. INGLESIDE,
6s. #nef. LoONDON LAVENDER, 6s. »nel.
LANDMARKS, 75, 6d. nef. THE VERMILION
Box, 7s. 6d. net. VERENA IN THE MIDST,
8s. 6d. nef. RoSE AND ROSE, 75. 64. net.

McKenna (Stephen)—
Sonia ¢ Between Two Worlds, 8s. nef.
NineETY-Six Hours’ LEAVE, 75. 6d. nef.
THE SIXTH SENSE, 6s. #ef. Mipas & SoN,
8s. net.

Malet (Lucas)—
Tue HisTOorvY oF Sir RicHARD CALMADY$
A Romance. 1os. n#ef. THE CARISSIMA,
THE GATELESS BARRIER. DEADHAM
HARD. AU 7s. 6d. net. THE WAGES oF
SIN. 8s. met.

Mason (A. E. W.) CLEMENTINA.

INlustrated. Ninth Edition. Cr. 8vo. 9s.
6d. net.

Maxwell (W. B.)—
Vivien. Tue Guarpep Frame. Obp
Lencgtas. HitL Rise. THE Rest CURE.
All 7s. 6d. net.

Oxenham (Joha)—
ProriT AND Loss. THE SonGg oF Hva-
cinTH, and Other Stories. Ture CoiL or
CArNE. THE QUEST OF THE GOLDEN RoSE.
Mary ALL-ALONE. BROKEN SHACKLES.
“1914.” AN 7s. 6d. net.

Methuen’s Two-

Parker (Glibert)—
PIERRE AND HIS PEOPLE. MRs. FALCHION.
Tue TRANSLATION OF A SAVAGE. WHEN
VALMOND CAME TO PoNTiAc : The Story of
a Lost Napoleon. AN ADVENTURER OF THE
NorTh: The Last Adventures of ‘Pretty
Pierre.'! THE SEATS OF THE MiguTY. THE
BATTLE OF THE STRONG: A Romance
of Two Kingdoms. THE PoMmMp oF THE

LAVILETTES. NORTHERN LIiGHTS. Al
75. 6d. net.

Phillpotts (Eden)—
CuILDREN OF THE MisT. TuE RIVER.

DeMETER’S DAUGHTER. THE Human Bov
AND THE WAR. A 7s. 6d. net.

Ridge (W. Pett)—

A SON OF THE STATE, 7s. 6d. nef. THE
REMINGTON SENTENCE, 7. 6d. #nef.
MADAME PRINCE, 75. 6d. nef. Tor SPEED,
7s. 6d. nef. SPECIAL PERFORMANCES, 6s.
net. Tue Bustring Hours, 7s. 6d. nef.
BANNERTONS AGENCY, 7s. 6J. nef. WELL-
TO-DO ARTHUR, 7s. 64. net.

Rohmaer (8ax)—

Tue DeviL DocTor. TALES OF SECRET
EGcvpr. THE ORrRCHARD Of TEARs. THE
GOLDEN SCORPION. A/ 7s. 6d. net.

Swinnerton (F.)) SHOPS AND HOUSES.

Third Edition. Cr.8vo. 7s. 6d. net.
SEPTEMBER. Third Edition. Cr. 8vo.
7. 6d. net.
THE HAPPY FAMILY. Second Edition.
75. 6d. net.

ON THE STAIRCASE. Third Edition.

s. 6d. net.
C(SQUETTE. Cr. 8vo. 7s. 6d. net.

Wells (H. @.). BEALBY. Fourth Edition.
Cr. 8vo. 7s. 6d. net.

Williamson (C. N. and A. M.)—

THE LiGHTNING CoNpucTOR ¢ The Strange
Adventures of a Motor Car. Lapv BETTY
Across THE WATER. Lorp LoVELAND
DISCOVERS AMERICA. THE GUESTS oOF
HercuLes. It HarpENED IN EgveT. A
SoLpiEr oF THE LEGION. THE SHoF
GIrL. THE LiGHTNING CONDUCTRESS.
SEcReT HisTorv. THE LovE PIRATE.
All 7s. 6d. net. CruciFix CORNER. 6s.
nel.

Shilling Novels

Cheap Editions of many of the most Popular Novels of the day
Write for Complete List
Freap. 8vo





















