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HE study of the effects which occur
when a current of electricity pass-
cs through gas at a very low press-

ure has rccently led to results having a
very direct bearing on our ideas of mat-
ter and electricity. The phenomena known
to physicists as the “ cathode rays” have
played such an important part in these
developments that a short account of
them may not be without general in-
terest, especially as the phenomena are
of singular beauty, and many of them
can readily be observed by any one with
access to the usual appliances for pro-
ducing Rontgen rays.

When a current of electricity is sent
between two wires fused in a glass tube
from which the air has been exhausted
until the air pressure is only an exceed-
ingly small fraction, say one - ten - thou-
sandth, of the atmospherie pressure, the
tube presents a very striking and varied
appearance, of which the general nature
may be gathered from TFigs. 1 and 2.
Confining our attention to the neighbor-
hood of the wirec by which the current
leaves the tube (this wire is called the
cathode; it is the one marked — in the
figure), we find (see Tig. 2) a velvety
glow spreading over the surface of the
wire; next to this comes a space called
the dark space, which is almost dark,
and whose boundaries run parallel to the
surface of the wire forming the cathode;
outside the dark space the gas is lumi-
nous for some distance, this luminous
portion forming what is known as the
negative glow.

So far we have been describing the
appearance of the gas left in the tube,
but the gas is not the only source of
light, for the glass in the part of the
tube near the cathode glows with a vivid
phosphorescence, the color of which de-
pends upon the kind of glass of which
the tube is made. If the glass is soda

glass, the light given out is a bright yel-
lowish-grcen, while with lead glass the
light is blue. It is to the cause of this
phosphorescence that we wish to call at-
tention in this article. This phosphores-
cent glow is a striking example of the
important discoveries in physies which
often immediately follow improvements
in the apparatus; for it was Geissler’s
improvements in air-pumps, by which air
could be much more efficiently extracted
from the tubes, which led to the discov-
ery of the glow on the glass, and render-
ed its investigation possible.

The study of the cause of the phos-
phorescence on the glass was commenced
by Pliicker in 1859, and carried on with
great vigor by Hittorf (1869) and Gold-
stein (1876) in Germany, by Crookes
(1879) in England, and by Puluj in Aus-
tria. It was soon found that the phos-
phorescence was produced by something
coming from the mneighborhood of the
cathode, for a solid placed between the
cathode and the walls of the tube cast a
shadow on the tube; an example of this
effect is shown in Fig. 8, where the shad-
ow is caused by a Maltese cross made of
mica (Fig. 3), placed between the cath-
ode and the tube: the shape of the shad-
ow shows that the cause of the phos-
phorescence travels in straight lines, and
that these lines are, approximately at any
rate, at right angles to the surface of the
cathode, so that if the cathode is shaped
like a bowl, there is a great concentration
of the effect at the centre (Fig. 4). The
name “cathode rays” for the agent pro-
ducing the phosphorescence is due to
Goldstein; and although now, in conse-
quence of the universal acceptance of
the undulatory theory of light, a ray is
generally associated in the minds of
physicists with an undulatory motion in
the ether, this association is only acci-
dental, and there is no necessary con-
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nection between a ray and undulatory
motion; indeed, Nelson uses the term
in connection with his corpuscular the-
ory of light, and the cathode rays, as
we shall see, have an extraordinary re-
semblance to the conditions
postulated in that theory for a
ray.

The cathode rays have many
very Interesting properties.
They heat up a body on which
they fall, and by concentrat-
ing them by using a bowl-
shaped cathode like that shown
in Fig. 4, a picce of platinum
foil may be raised to a white
heat, glass melted, and cven a
diamond charred. Again, the
rays, when they strike against
an object, tend to push it
away, the object behaving just
as 1f it were struck by a
stream of particles coming
from the ecathode. This is
prettily shown in the cxperiment due
to Sir William Crookes, represented
in Fig. 5, when the impact of the
rays makes the little carriage move
from one end to the other of the rails.
The phosphorescence of the glass of the
tube is an example of a very general phe-
nomenon, for very many substances when
struck by the rays phosphoresce brightly,
giving out a light peculiar to the sub-
stance: for example (Fig. 6), the rare
earth yttria emits when exposed to these
rays light having a peculiar eitron band
on its spectrum, and it was by the charac-
teristie light given out under these rays
that Sir William Crookes was able to
study and isolate some of the rarer ele-
ments. Again, some substances, such as
common salt,experience a peculiar change

Fig. 2.—Showing The Cathode Wire

in color when exposed to these rays; crys-
tals of rock-salt become a pretty violet-
blue, looking almost like gems—the color
is unfortunately somewhat fugitive if the
crystals are exposed to a moist atmos-

Fig. 1—General Nature Of The Phenomeion

phere.  Some, however, in my possession,
which have been kept dry, are still blue,
although they are now nearly four years
old. An even more subtle change is pro-
duced by the rays in some mixtures of
salts, such as a mixture of sulphate of
calcium with a little sulphate of man-
ganese. This mixture is not altered in
appearance by the rays, but for some time
after its exposure it bursts into a vivid
greenish glow when slightly heated; this
effect, which was discovered by Professor
E. Wiedeman, is called thermo-lumines-
cence. Glass, too, is changed by a long
exposure to the rays; it gets as it were
tired, and loses to a considerable extent
its powers of phosphorescing. A piece of
tarnished copper is rapidly cleaned by the
rays. They produce, too, a very remark-
able change in the rare-
fied gas in the tube as
they pass through it;
for this gas, which,
when the rays are not
passing through it, is
an insulator, becomes a
conductor of electricity
as soon as it is trav-
ersed by them; the
path of the rays is
marked by luminosity
in the gas, and can thus
be followed by the eye.
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Fig. 3—Illustrating Cause Of Phosphorescence On The Glass

By means of this luminosity, or by the
phosphorescence on the glass, it can easi-
ly be proved that although under ordina-
ry circumstances the path of the cathode
rays is a straight line, it is not so when
the rays are exposed to the action of a
magnet; this makes the path curved, and
bends it up or down, to one side or the
other, according to the direction of the
magnetic force. This effect 1s illustrated
in Fig. 7, where the straight horizontal
beam shows the path when therc is no
magnet ncar the rays, the curved beam
the path when the rays travel between
the poles of a horseshoe magnet, produ-
cing a magnetic force at right angles to
the path of the ray: the bending of the
rays is always at right angles to the mag-
netic force. A practical application, due
to Braun, of the bending of the rays un-
der magnetic force is coming into cxten-
sive use in electrical engincering, where
it is sometimes necessary to study mag-
netic forces which are rapidly changing.
Ordinary magnets are useless for this pur-
pose, as they are much too heavy to fol-
low the vagaries of the magnetic foree,
but the cathode rays, having practically
no mass, are able to follow the changes
in the force no matter how rapid they
may be, and by watching the movements
of the rays we can deduce the behavior
of this force.

The most widely known property of
the cathode rays is that of producing
Riéntgen rays; the cathode rays are the
parents of the Rintgen rays, for the lat-
ter are produced whenever the cathode
rays strike against a solid obstacle. The
cathode and Réontgen rays have many
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points of resemblance;
they both affect a photo-
graphic plate, they both
cause substances against
which they strike +to
phosphoresce, and they
both make gas through
which they pass a con-
ductor of electricity.
The cathode rays, too, as
we shall see, have some
power of penetrating
opaque solids, though
this is small compared
with that possessed by
the Réntgen rays; the
essential differences be-
tween the two rays are that the Rént-
gen rays are not deflected by a magnet,
nor by an electric force, nor do they carry
with them a charge of electricity.
Physicists until three or four years ago
were very much divided in opinion as to
the nature of the cathode rays; the Ger-
man physicists, with very few exceptions,
held that these were something of the
nature of waves in the ether, with which
matter had nothing to do. The English
physicists were, I think, unanimous in
regarding the cathode rays as due to par-
ticles of gas charged with negative elce-
trieity, and projected with great velocity
from the cathode: they pointed out how
readily this view explained the mechan-
jcal and thermal cffects produced by the
rays, and their deflection by a magnet.
Varley in 1870 seems to have been the
first to suggest the occurrence of such
particles in the electric discharge, though
it is perhaps doubtful whether he was
referring specifieally to the eathode rays.
The charged particles were used by
(lrookes to explain and co-ordinate the

Fig. 4—Concentration Of Cathode Raps
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very striking results ob-
tained by him in his ex-
periments on this sub-
ject.

Interest in this con-
troversy was much stim-
ulated by a discovery
made by Hertz in 1892.
Hertz showed that solids
were not, as had been
supposed, absolutely im-
penetrable by  these
rays; for he proved that
the rays could pass
through gold - leaf and
produce phosphorescence on  glass  be-
hind it. This secemed a formidable objec-
tion to the view that the cathode rays
were charged particles, for though exam-
ples of the penetration of solids by gases
arc not wanting—for instance, hydrogen
can readily pass through red-hot plat-
inum, and even a liquid like water can
be forced by great pressure through gold
—vet Iertz’s discovery was undoubtedly
much more favorable to the cther view
than to the particle one, as no person
had suggested that these particles were
other than the molecules or atoms of the
gas in the tube. Ilertz’s result received
a very beautiful extension by Lenard,
who made a tube which had in it a small
window of very thin aluminium foil.
Shooting the cathode rays against this
window, he found that they penetrated
it and got outside the tube, where they
could be much more easily investigated.
Lenard was thus the first physicist to
cross the Rubicon between the inside and

*

Fig. 6.— Phosphorescence Of Object Struck By Cathode Rays

Fig. 5—

Cathode Rays Pushing Away An Object

the outside of the tube, and for this rea-
son the cathode rays outside the tube are
generally called Lenard rays.

From this time, however, all the evi-
dence began to go in favor of the par-
ticle theory. In 1896 a young ¥rench
physicist, M. Perrin, showed that the
cathode rays carried a charge of negative
electricity with them, and in 1897 the
writer showed that they were deflected
by an electric force just as if they were
negatively electrified. After these results
it could hardly be doubted that the cath-
ode rays were really negatively electri-
fied particles, and the difficulty in the
way of this view, duc to the penetration
of solids by the rays, was explained by
some experiments made by the writer in
1897, in which the masses of the charged
particles, the charge carried by them, and
their velocity were measured. These
measurements showed that the particles
in the cathode rays are mnot ordinary
atoms or molecules at all, but something
very much smaller, for
the mass of cach of
these particles 1is only
about  one - thousandth
part of that of the atom
of hydrogen, the smallest
mass hitherto recognized.
Investigations made by
Wiechert, Kaufmann,
and Lenard have led to
the same conclusion.
Nor is this extreme
smallness the only re-
markable feature about
these particles; for it
was found that what-
ever might be the nature
of the gas in the tube,
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or whatever metal was used for the
cathode, the mass of the particles re-
mained the same. Thus in these par-
ticles we have something possessing
the properties of ordinary matter, hav-
ing a definite mass, which is yet ex-
ceedingly small compared with the mass
of any known element; the particles of
this new kind of matter thus correspond
to a very much finer state of subdivision
than that of ordinary matter into its
molecules. The speed with which these
particles move is also a feature of great
interest. These speeds have been mea-
sured, and are found to be so enormous
that the velocity of the swiftest bullet
i1s quite insignificant in comparison: the
speed of the particles depends upon the
clectric force which can be applied to the
tube, and this changes with the amount
of gas left in it; but a particle which
did not move with a velocity more than

Fig. 7—~Showing Rays Deflected By Horseshoe Magnet

a thousand times that of the swiftest
cannon ball, which is about two thousand
miles per hour, would be one of the slow-
est of its species. The only velocity with
which we can compare that of these par-
ticles is the velocity of light, which is
about 186,000 miles per second—and cath-
ode particles have been observed in the
tube having a velocity as much as one-
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third of this. Thus in the tube near the
cathode we have bodies smaller than
atoms moving with prodigious velocities,
a state of things which recalls Newton’s
corpuscular theory of light, according to
which light consists of very small par-
ticles (corpuscles) moving at the rate of
186,000 miles per second. Although this
theory of light has long since been aban-
doned, Newton’s conception is realized
in the cathode rays; and 1 have ventured
to call the small particles which consti-
tute these rays corpuscles.

Matter in the corpuscular state is not
confined to the cathode rays in an ex-
hausted tube, for when a metal wire is
made white hot in a good vacuum, mat-
ter in this state is given off. It is also
given off when the metal, instead of being
made red hot,is cxposed to a bright light.
In both these cases we get negative elec-
tricity in the gas round the wire; in faet,
whenever we have
negative clectricity in
a gas at a very low
pressure, where there
is very little matter in
the ordinary state for
it to stick to, we find
the clectricity is car-
ried by the corpuscles.
When the pressure of
the gas is not low, the
corpuscles get entan-
gled with and ulti-
mately adhere to the
molecules of the gas,
so that if we wish
to  get matter in
this corpuscular state
we must remove as
much of the gas as
we can; then we find
that the mnegative
clectricity is always
carried by these cor-
puscles, which are of
the same kind how-
ever the electricity may have been pro-
duced.

The case is very different with positive
electricity, for when the mass of the car-
riers of the positive clectricity in a gas
at a low pressure is measured, it is found
to be the same as that of an ordinary
molecule, and to depend upon the kind
of gas in the tube; thus positive elec-
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tricity is always found on matter in the
ordinary state, while negative electricity
is found on corpuscles. This difference
between the two electricities is just that
which ought to exist on the one - fluid
theory of electricity due to Benjamin
Franklin. According to that theory, elec-
tricity was supposed to be a fluid; when
matter in the ordinary state contained
a certain quantity of this fluid, it was
said to be saturated, and not electri-
fied; if some of the fluid left it so that
it contained less than the normal quan-
tity, it was charged with electricity of
one sign; if some fluid came into itsothat
it contained more than the normal quan-
tity, it was charged with clectricity of
the opposite sign. Now, if we suppose
that the electric fluid consists of a collec-
tion of our corpuscles, the results of our
experiments would be exactly expressed
by Franklin’s one - fluid theory, and it
would thus seem that there is some war-
rant for the somewhat discredited “elec-
tric fluid.”

If the material of the cathode rays
forms negative clectricity, it is evident
that it must be very widely spread; we
have seen that it occurs frce near white-
hot metals and metals exposed to the
light.

We may suppose that it forms a part
of all kinds of matter in the normal state,
and that the heat and light which have
to be applied to metals are only required
to get the corpuscles out of the metal,
and that in the metal itself, even under
normal conditions, there are corpuscles
moving frecly about, and able to carry
heat as well as electricity from one part
of the metal to another. There are some
substances which are perpetually emit-
ting cathode rays without the mneed of
any stimulus from heat or light. This, as
has been shown by Becquerel, is the case
with uranium and its compounds; the
property is, however, possessed to an enor-
mously greater extent by a new substance
discovered by Professor and Madame
Curie, and called by them radium, which
is obtained from the mineral pitchblende.
Its preparation is very difficult and la-
borious, as from several tons of pitch-
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blende only a few grammes of radium
can be obtained. This substance has
been shown by its discoverers to emit
corpuscles, and it is very remarkable that
the velocity with which the corpuscles
are emitted is about two-thirds of that
of light, which is double the highest ve-
locity we have hitherto been able to give
(even with the most powerful induction
coils) to the corpuscles in an exhaust-
ed tube. It is one of the romances of
science that a harmless - looking white
powder like radium should be perpetual-
ly bombarding its neighbors with projec-
tiles of this velocity —a bombardment
which is not always harmless, as I believe
there are instances of sores being caused
by too lavish an exposure to the radium
attack.

Since corpuscles are emitted by hot
metals, it seems not improbable that that
very hot body, the sun, may be cmit-
ting corpuscles, some of which would
strike the earth, where, stopped by the
carth’s atmosphere, and deflected by the
earth’s magnetic force, they would pro-
duce luminosity in the upper region of
the earth’s atmosphere, which they would
make a conductor of electricity. The
consequences of such a bombardment of
the carth by corpuscles driven from the
sun have been investigated by Paulsen,
Birkeland, and especially by Arrhenius,
who has shown that very many of the
propertics of the aurora borealis can be
explained as the result of such a bombard-
ment.

If this view is sustained by future
investigations, we shall have to regard
the corpuscles as playing an important
part in cosmical as well as in terrestrial
physics. The possibility of such a wide-
spread scope for their action lends in-
creased interest and importance to the
investigation of their properties.

It is a striking instance of the unity of
physical phenomena on the smallest and
largest scale that an occurrence appar-
ently so exceptional as the glowing of
the glass in a small tube should be
closely connected with some of the most
widespread phenomena in nature, and
give the clew to their explanation.



The Surrender of Sister Philomene

BY ELIZABETH G. JORDAN

rival of the baby.

He was brought to the convent
in the form of a large and feverishly
active bundle, which, being unrolled, re-
vealed to the eyes of the Mother Superior
and her secretary a small boy.

He was about two years old, and had
blue eves, yellow curls, and a constant
and radiant smile, which disclosed six
absurdly small teeth. He had also very
fat legs, a large dimple in cach cheek,
and a manner which was familiar to the
last degree.

Having thrown aside his wrappings and
pushed them out of the way with the
toec of his buttoned boot, he calmly
walked over to the Mother Superior,
climbed inte her lap, laid his yellow
head against the stiff linen that covered
her bosom, and, with a smile of swecet
content, dropped into a restful slumber.

This incident led to his acceptance as
an inmate of the institution. Notwith-
standing the pathos of his position, so
young an orphan, and the fact that the
mother who had just died had herself
been brought up in the convent, the nuns
had decided that they could not take him
even for the few months during which
his guardian wished him to remain with
them. They had intended to convey this
information to the trained nurse who
had hrought him, but the easc and as-
surance of his manner, his little black
dress, and his air of having reached home
after a weary journey, checked the words
upon their lips. The Mother Superior
hastily deposited her unusual burden on
a hair-cloth “sofa” that stood in the
corner, but she was observed to turn a
fascinated gaze upon it even while she
retired to the other end of the reception-
room for a hurried consultation with her
secretary.

The nurse glanced from the sleeping
child to the two black-veiled heads so
close together, and smiled to herself. She

! | ‘ITE whole matter dated from the ar-

knew full well the fascinations of Fred-
erick Addison Maleolm, aged two. ITad
he not turned the battery of them upon
her since his mother’s death; and was
not her heart even now wrung at the
prospect of parting from him? Of course
the nuns would keep him. Who ecould
help it? She rose to her feet as the
Superior eame toward her.

“You may leave him,” said the nun,
gravely—“ for a time, at least; we can
do no less in memory of his mother.”

The nurse kissed the sleeping baby and
went away with tears dimming her brown
eyes.

The secrctary bent and lifted the
sturdy figure in her thin arms. It was
no light weight, and the effort she made
woke Frederick Addison Maleolm from
hig slumbers. He turned one slcepy blue
eye on her, then the other, and a look
of supreme discontent settled upon his
brow. He sat up with a ruffled coun-
tenance and beat his small heels upon
the secretary’s stomach. She put him
hastily on the floor.

“Tweddie tan yalk hisself,” he re-
marked with dignity. He toddled over
to the door where the Superior stood
surveying him with interest and awe. He
looked up into her face and bobbed his
head with ingratiating friendliness.

“ Fweddie tan yalk,” he repeated. Then
he slid his dimpled hand into her soft
cool one, buried his curls in her black
robe, and thought better of his proposi-
tion. “But Fweddy would like oo to
cawwy him,” he added, with a little gur-
gle of delight over the happy thought.

A slow pink flush stole up to the nun’s
forehead. She glanced uncasily at her
secretary and down at the small auto-
crat whose hands held her a prisoner.
He removed them and lifted his arms to
her with a shade of surprise in his blue
eyes. Never before had any one held
out against them. The baby’s little world
for a moment reeled under his feet. Then



