Becquerel Rays
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produce phosphorescence when they

fall on sensitive substances natural-
ly directed attention to the phesphores-
cence spontancously emitted by certain
substances of which the salts of uranium
are the most conspicuous examples. It
seemed possible that since these rays
showed such remarkable power of pro-
ducing phosphorescence, they might also
play a part in other long-known cases
of phosphorescence, such as that of ura-
nium salts placed in sunlight, and that
the phosphorescence might be caused by
Rontgen rays emitted by the uranium
itself.

The subject was taken up by Professor
Becquerel of Paris, one of a famous
family of physicists, three generations
having distinguished themselves by their
researches on phosphorescence. He took
a quantity of a salt of uranium, and
placing it mnear a photographic plate
protected from light by light-proof
screens, kept the uranium in a state of
phosphorescence by continued exposure to
sunlight. On developing the plate after
the experiment had lasted several hours, he
found a picture upon it, showing that
something similar to Rontgen rays had
been given out by the uranium. In all
the earlier experiments the uranium was
kept exposed to the sunlight, and was
thus phosphorescing during the whole
time of exposure. It happened, however,
one day, that after Becquerel had pre-
pared his uranium and photographic
plates and exposed ‘them to the sun, the
sky after a short time became clouded
over, and there was not light enough to
make the uranium phosphoresce. Becque-
rel put his apparatus away in a draw-
er, and waited for better weather. The
weather, however, did not improve, so
that after waiting for some days Becque-
rel developed the plate, expecting, as the
uranium had been phosphorescing for
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so very much shorter time than in the
earlier experiments, to get, if he got any-
thing at all, an exceedingly faint picture.
To his surprise, however, he found that
the picture excelled all those he had
previously taken. Tt thus appeared that
the uranium emitted the rays even when
it was not phosphorescing. The ura-
nium in this experiment had, however,
previously been exposed to light, and it
was possible that it might in consequence
continue to emit some kind of invisible
radiation long after the visible phospho-
rescence had ceased. To show that ex-
posure to light had nothing to do with
the effect produced by the uranium,
Becquerel took a salt of uranium, dis-
solved it in water in the dark, and then
recrystallized it, still keeping it in the
dark. He found that this salt was just as
active as salt which had not been shielded
from the action of light. In this way
he established that the emission of the
radiation is a property of the uranium
itself and is not dependent upon any
previous stimulation.

This radiation from uranium, which,
from 1its discoverer, is called Becquerel
rays, produces cffects very similar to
those produced by Réntgen rays; thus it
affects a photographic plate after pass-
ing through substances opaque to ordi-
nary light, and it makes a gas through
which it passes a conductor of electricity.
Beequerel at first thought that his rays,
like ordinary light, were refracted when
they passed from one medium to another,
and also that they could be polarized. Fur-
ther experiments, however, by himself and
others, showed that this is not the case.
The Becquerel rays are in fact a mix-
ture of Rontgen and cathode rays. The
cathode rays (which have already formed
the subject of an article in Harper’s) have
properties in some respects analogous to
those of the Roéntgen rays; thus they
affect a photographic plate, and make a
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gas through which they pass a conduct-
or of electricity. The most important
points in which the rays differ are, that
the cathode rays are bent when a mag-
net is brought near them, while the Rint-
gen rays are not in any way affected; and,
secondly, that the cathode rays carry with
them a charge of negative electricity.

Professor Rutherford of Montreal
showed many vears ago that the radium
emitted by uranium 1s of two types,
which he called @ and 3. The a rays
are easily stopped by thin layers of pa-
per or of aluminum, while the 3 rays
are much more penetrating. The 3 rays
have lately been shown by Beequerel to
be deflected by a magnet, and by Mon-
sieur and Madame Curie to carry a
charge of negative electricity; they are
thus cathode rays; the « rays, on the
other hand, are Rontgen rays.

In the article on cathode rays (Har-
per’s, September, 1901) evidence was
given that the cathode rays consisted of
exceedingly small particles called cor-
puscles (very much smaller than the
atoms of any known substance), charged
with negative electricity, and moving at
the rate of many thousand miles per sec-
ond (the method of finding the specd
of the corpuscles was explained in that
article). When the cathode rays are pro-
duced in the usual way by sending an
electric discharge through a vessel from
which the air has been extracted (such
as is used for producing Réntgen rays),
the speed of the cathode rays depends
upen the extent to which the air has been
removed from the vesscl. The highest
veloeity recorded for rays produced in
this way is about 70,000 miles per sec-
ond. Large as the velocity is, 1t is great-
ly exceeded by the velocity of the cath-
ode rays spontaneously given out by
uranium; while another substance, radi-
um, emits rays moving at a still greater’
speed, velocities of over 120,000 miles per
second having been recorded by Becquerel
for the cathode rays given out by radium;
a particle travelling with this velocity,
and starting from the earth, would reach
the moon in two seconds. Among all the
mysteries associated with matter, few, if
any, are more striking than that afforded
by these substances, in no way remark-
able in appearance, which, without provo-
cation and without intermission, emit
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projectiles which travel at a rate com-
pared with which that of the fastest
bnllet is absolutely insignificant.

After the discovery of the ‘peculiar
property possessed by uranium all the
known chemical elements were tested to
see whether there were any others which
possessed similar powers; one and only
one was found to do so; this is thorium,
a substance largely used in the manufac-
ture of incandescent gas-mantles.  This
property of thorium was discovered by
Schmidt.

The activity of artificially prepared
calts is strictly proportional to the
amount ¢f uranium they contain. Mon-
sieur and Madame Curie, who examined
a large number of native minerals con-
taining uranium, found, however, that
several of these, and especially the pitch-
blendes (although only a fraction of their
bulk consisted of uranium), were much
more active than pure uranium itself;
one of the minerals tested—chaleolite—
was prepared artificially by Monsieur
and Madame Curie, and the activity of
the product was found to be normal-—. e.,
propoertional to the amount of uranium
it contained, and very far below that of
the native mineral. It seemed, there-
fore, probable that these minerals con-
tained some unknown substance much
more active than uranium itself. It was
to the problem of separating this un-
known substance that the Curies applied
themselves. The mineral they selected
for this purpose was pitchblende, and
their method was to separate from this
substance by chemical means one con-
stituent after another, and then test the
portion thus separated for radio-activity.
In this way Madame Curie found that
along with the bismuth separated from
the pitchblende there comes away a very
radio-active substance, which, in honor of
her native country, she called poloninm;
while, with the barium taken from the
pitehblende, the Curies, in collaboration
with Monsieur Bemont, showed that there
was an intensely radio-active substance,
which they ecalled radium. TLater, Mon-
sieur Debierne has obtained a third sub-
stance, which seems closely to resemble
thorium, and which is called actinium.
The amount of these substances in the
pitchblende is exceedingly small; it is
probable that there is far less in propor-
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tion of any of these substances in pitch-
blende than there is gold in sea-water,
and it is only through indefatigable zeal
and great experimental skill that the
Curies have been able to obtain their
marvellously interesting results.

The separation of these substances
from pitehblende would have been im-
possible had it not been for the mar-
vellously delicate test of radio-activity,
and therefore of the presence of radio-
active substances, afforded by the elec-
trical conductivity produced by them in
gases. Making use of this property, it
is possible to detect quantities of these
substances millions of times less than
could be detected by chemiecal analysis,
and thousands of times less than could
be detected by spectrum analysis; in-
deed, of the three substances, radium,
polonium, and actinium, obtained from
pitchblende, radium is the only one which
has been detected by chemieal or spectro-
gcopie means, and the Curies found that
they could not detect radium by the
spectroscope until they had more than
five thousand times the amount which
gave very appreciable indications on
the electrometer. It may confidently
be hoped that the possession of a test of
such marvellous delicacy will enable us
to follow out and study the details of
the changes which take place in these
radio-active bodies when exposed fo the
effects of physical and chemical agents
with a thoroughness which has not been
possible with other substances, for which
only the older and much less delicate
methods have been available. We shall
see directly that this hope has already,
to a considerahle extent, been realized.

By successive purification of the ba-
rium obtained from pitchblende, the
Curies have obtained radium of extraor-
dinary radio-activity—more than 100,000
times that of uranium—and which, even
when enclosed in lead a quarter of an
inch thick, can produce greater effects
than uncovered uranium. The radium
is self-luminous, shining with a bluish
light; it, like Réntgen rays, makes a
sensitive screen phosphoresce; it shows
the bones in the hand, and is so vigorous
that it has produced sores on those who
have incautiously carried it about their
persons. The radium emits negatively
electrified particles with a velocity in
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some cases approaching that of light.
This continued emission of particles from
the radium of course implies that the
radium is losing mass and energy. The
loss of mass is exceedingly small; from
the results given by Curie for the amount
of wmegative electricity emitted by the
radium it follows that the loss of mass
would only amount to about one-thou-
sandth of a milligram in a million years
for each square centimetre of surface.
In consequence of the tremendous ve-
locity with which the particles are pro-
jected, the amount of energy radiated is
quite an appreciable amount, being suf-
ficient, if converted into heat, to melt in
a million years a layer of ice of the same
area of the radium and more than a quar-
ter of a mile thick. This loss of energy
goes on without intermission, and has
been going on—as far as we know—for
whatever number of millions of years the
radium may have existed.

There must have been some very con-
siderable store of energy at the disposal
of the radium to enable it to keep up this
rate of radiation, and the very interesting
question arises, what is the nature of this
cnergy, and how 1s it stored? A satisfac-
tory answer to this question has, T think,
been given by some quite recent researches
made by Professors Rutherford and Sod-
dy of Montrcal. Before describing their
experiments, it will be well to consider
two investigations which led up to them.
The first of these was made by Sir Wil-
liam Crookes. By chemical means he
obtained from ordinary uranium two
constituents, one of which affected a
photographic plate, while the other did
not. The second investigation was made
by Becquerel, who took a radio-active so-
lution of a salt of uranium and dissolved
in it a salt of barium. He then pre-
cipitated the barium from the solution,
and found that by so doing he had trans-
ferred the radio-activity from the solu-
tion (which still contained the uranium)
to the precipitated barium: fortunately
he kept his solutions, and on examining
them about twelve months later he found
that the uranium solution, which he had
made inactive, had recovered all its for-
mer activity; while the barium, which
had appropriated the radio-activity of
the uranium, had not been able to retain
it, and had become absolutely inert. The
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explanation of this remarkable occur-
rence is given by the experiments of
Rutherford and Soddy on another radio-
active substance—thorium. They were
able to separate from thorium its active
constituent, and obtained two produects,
one exceedingly minute in quantity, but
intensely active, which they called tho-
rium X; the other, which contained prac-
tically the whole of the thorium, was al-
most inert.

This was the state of things when
the products were separated. It did
not, however, continue for long, for the
active thorium X began at once to lose
its activity, and the other product to
regain it. After a few days the tho-
rium X had become quite inert, while
the thorium had regained its old activity,
and afforded fresh supplies of the tho-
rium X. It seems evident from this ex-
periment that thorium X is continually
being produced from the original tho-
rium, but as its radio-activity is not per-
manent, the radio-activity of this mix-
ture does not increase beyond a certain
point; the gain derived from the produc-
tion of fresh thorium X being balanced
by the loss due to the death of some of
that previously produced. We may il-
lustrate this by simple analogy. Suppose
radio-activity were a property possessed
by all infants less than one year old, and
by no one else: then, though fresh in-
fants are continually being born, the
radio-activity of the community will not
increase beyond a certain point, as” the
gain from the new children will be bal-
anced by the loss of those who get too
old to be radio-active. If the birth-rate
of this community were constant, its
radio - activity would evidently be pro-
portional to the number of children born
in one year. Now suppose that all the
infants were suddenly removed to a
gigantic créche in another district: the
effect of this would be to deprive the
original community of all its radio-
activity, while the créche would be in-
tensely radio-active in proportion to its
population. The birth of fresh children
would gradually restore radio-activity to
the community, while the superannuation
of those in the créche would make its
radio-activity decay. In six months half
the children in the créche will be over-
age, so that its radio-activity will be
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reduced to ome-half; in the same time
the original community will have recov-
ered half its radio-active population, and
therefore half its original radio-activity.
Thus the time taken for the separated
substance to lose half its activity ought,
if this analogy is correct, to be equal to
the time taken by the original substance
to recover half its activity. This very
simple test has been applied by Ruther-
ford and Soddy, and found to be sat-
isfied with great exactitude. We see now
the source from which the energy re-
quired to sustain the radiation is derived;
the radio-active substance is undergoing
a continuous transformation into a state
in which it has less energy. There is thus
a continuous loss of energy by the sub-
stance, the energy being carried off by the
radiation.

Ordinary thorium is thus steadily be-
ing transformed into the active thorium
X, while this is continually passing into
some inactive form. What this inactive
form is we do not know, and its elucida-
tion offers a most interesting problem,
rich in possibilities. This inactive form
must be continually accumulating, and
although its rate of formation is probably
exceedingly slow, we may hope that there
may be enough of it in the minerals in
which thorium occurs to be detected by
ordinary chemical means; a careful ex-
amination of these minerals to see
whether there is any other substance in-
variably present with the thorium might
lead to its detection. It would also be
interesting to see whether artificially
prepared compounds of thorium change
in any way as they get older. We have
every reason te believe that radium goes
through changes analogous to those of
thorium, as when radium is freshly pre-
pared it is not nearly so active as it
subsequently becomes.

Rutherford found that thorium, be-
sides giving out Rontgen and cathode
rays, gave out a radio-active gas, which
he called the thorium “ emanation.” The
radio - activity of this emanation only
lasts for a few minutes. Rutherford and
Soddy have shown that it is only given
out by the active thorium X, and not by
thorium when in its normal state. This
emanation in its inertness resembles the
new gases argon and helium; it has not
yet been made to combine with any other
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element. It is remarkable that the
minerals in which helium occurs in-
variably contain radio-active substances,
and the idea naturally suggests itself
that helium may be very closely con-
nected with the gaseous emanation which
these radio - active substances are con-
tinually giving out. Radium also gives
out a gaseous radio-active emanation,
whose activity lasts much longer than
that from thorium.

Rutherford and Monsieur and Madame
Curie have shown that these emanations
are not only radio-active themselves, but
that they possess the remarkable property
of making radio-active any substance
with which they have for some time been
in eontact. If the substance is negative-
ly electrified whilst in contact with the
emanation, the radio-activity induced in
it is very much increased. The inten-
sity of this induced radio-activity does
not depend to any great extent on the
nature of the substance. A 7plece of
paper can be made as strongly radio-
active as a piece of metal. This induced
radio-activity only lasts for a few hours
—the induced radio-activity due to the
emanation from thorium lasting longer
than that due to radium, although the
activity of the emanation from thorium
is much less durable.

Elster and Geitel made the very re-
markable discovery that substances could
be made radio-active without the aid of
thorium or radium; all that is necessary
is to hang them up in the open air, or
in a very large room, and charge them
strongly with negative electricity; after
a few hours they become radic-active.
Elster and Geitel have taken photographs
with the scrapings of a copper rod, which
had been treated in this way. The
earth itself is negatively electrified, and
the natural electrification on pointed con-
ductors connected with the earth is suf-
ficient to make them radio-active without
further electrification. Thus the points
of lightning - conductors, the pointed
leaves and spines of trees, are always
radio-active, and C. T. R. Wilson has
lately shown that freshly fallen rain is
so too, and that it retains this property
for about an hour. FElster and Geitel
thought that this induced radio-activity
indicated the presence of yet another
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constituent in that already very mixed
body the air, the new constituent being,
like thorium or radium, radio-active.

The writer has, however, recently made
some experiments which show that we
can account for this induced radio-
activity without having recourse to such
an hypothesis, and that radio-activity
may be produced by suitable treatment
without the help of radio - active sub-
stances. It is to be remarked that this
radio - activity is produced when the
body is negatively electrified; its origin
can, I think, be explained in the follow-
ing way: We know that the air always
contains small bodies, called ions, charged,
some with positive, others with negative
electricity. When a negatively electri-
fied body is placed in the air the positive-
ly electrified ions are attracted towards
it. Some of these, but not all, will give
up their electric charge to the body; those
that do not will accumulate close to the
surface of the body, forming a layer
of positive electricity round it, This
layer of positive electricity will attract
the negative electricity in the body, and
when the attraction is very great the
negative electricity 7ill be pulled so
vigorously that it w..l shoot out from
the body with great velocity. Now nega-
tive electricity moving with great ve-
locity is cathode rays, hence the hody
will give out cathode rays, and will thus
be radio-active. Thus to make a body
radio-active all that is mecessary is to
get a layer containing a large quantity
of positive electricity close to the surface
of the body. We can, in this way, make
radio-active substances without the use
of any material that is intrinsically
radio-active.

It is thus, I think, that the leaves
of trees and the countless objects on the
surface of the earth which are radio-
active acquire this property; they are,
in fact,cathodes,discharging cathode rays
into the air. Thus cathode rays, which
have only comparatively recently been
discovered, and then by the help of most
elaborate apparatus, are in all proba-
bility so widely distributed and occur
so frequently that there is hardly a
patch of ground on the earth’s sur-
face which does not contain an active
source of these rays.



The Quarrel

BY GRACE LATHROP COLLIN

laws of Putnam Place was one

which pronounced that a certain
formality was involved in paying a visit
across the street. To drop in on a neigh-
bor across an adjacent yard was a mani-
fest informality; but the roadway was a
sort of Rubicon whose passage required
greater elaboration of costume than were
represented by shawls and slippers.

The edict would have been especially
inconvenient for Miss Lattimer and Mrs.
Hooper had not they had their expedient.
Their friendship was bound by ties of
common experience of love and of loss
in the years gone by; and even as they
had consulted then with each other in
matters of moment, so now they found
comfort in discussing the trivialities
which contributed so pleasantly to fill
the quiet afternoon of their lives. In
those days of long ago, when Mr. Hooper
was the newly called minister, and his
doctrines and his wife’s manners were
yet under consideration, the problem of
the two ladies visiting each other had
been ingeniously settled by means of
utilizing the meadow, their common
property, which lay across the end of
the Place, on the farther side of their
vards. Wherefore each household had a
little gate cut in the meadow fence; and
on the meadow side of its pickets each
lady of each house scuttled to and fro,
without transgression of the roadway
mandate. So that close to the fence was
worn a little path, traversed in bygone
vears in joy and in anguish, traversed
now in all the petty interests which serve
to occupy the lives of those from whom
the great tides of human activities and
emotions have receded.

In this informality it was a tradi-
tion, nevertheless, that mno intimacy
should transcend a certain degree of
ceremoniousness. Theoretically, this
consideration for each other’s dignity
was very charming. Practically, it was
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a great nuisance, and now and then es-
tranged the best of friends as no brusque-
ness could have done.

It was in aceordance with these vari-
ous articles of the Place code that when,
one fall day, Mrs. Hooper took her week’s
mending, by way of the little path, to
spend the morning with Miss Helena
Lattimer, her hostess should produce her
hem-stitching, and sit and rock the hours
away as If she had designed that par-
ticular morning for that particular pur-
pose. Whereas Miss Helena had laid
her plans to spend those very hours in
“going through” the attic, and had ex-
pected by noon to be just so far and no
farther in that dread rite. At the very
moment of Mrs. Hooper’s arrival, the
“extra woman ” was in the kitchen, and,
armed with broom and pail, about to
charge up the stairs. But she was or-
dered to beat a hasty retreat—for no
“extra woman ” should be trusted alone
in such dread precincts—and, as has been
related, Miss Helena busied herself with
untimely hem-stitching. All would have
gone well had it not been for the Judge.
He, being a man, failed to comprehend
the inwardness of the situation when he
returned at noon.

“Well, Helena,” he blandly remarked,
“and so the attic’s all done? A good
morning’s work. We're to be congratu-
lated, Mrs. Hooper.”

After that, of course, although every-
thing that could be said was well said,
there was little to say. The fact re-
mained. And when Mrs. Hooper wad-
dled her way back through the grassy
path, it was with a flushed face, com-
pressed lips, and the determination that
it chould be a long time before “ Helener
Lattima ” should again be given the op-
portunity thus to mortify her. While, in
the vet unransacked attie, her friend was
thinking that ¢ Agather Hoopa ” might
have shown more consideration than to
come on that particular morning.
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