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BADIO-ACTIVE SUBSTANCES AND THEIR
RADIATIONS,

Durine the past five years many physi-
cists, attracted by the freshness of the field
- and the promise of important discoveries,

have turned their attention to the study of
the newly discovered radio-active sub-
stances.
crease in knowledge of and interest in the
phenomensa, until now the main facts are
known to all scientists, but, since the
knowledge of the subject is increasing so
fast, a short review is now and then accept-
"able and necessary, especially to those
whose chief interests lie along other lines,
In this article an attempt is made to point
out the more interesting features of the

subject.

The real discovery of the persistent radi-
ations from the uranium compounds was

made by M, Henri Becquerel in 1896. It

had been stated by M. Niewenglowski that

under the action of sunlight certain phos- .

phorescent salts emit radiations which can
penetrate black paper. In testing whether
this applies to uranium salts, M. Becquerel
discovered to his surprise that with uraninm
salts exposure to sunlight is unnecessary ;
uranium compounds are all the time giving
off- radiations which can pass through
opaque bodies and affect a photographic
plate on the other side. It wassoon found
that the uraninm radiations discharge elec-
trified bodies in the neighborhood by ioniz-
ing the surrounding air after the manner
of kathode and X-rays.  Naturally, about
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the first hypothesis was that the radiations

. are ether vibrations, perhaps of very short

wave-length, and many attempts were made

to find evidence of reflection, refraction or

polarization, with the result that none of

these properties nor any of the properties

peculiar to wave motion has yet been .
shown to belong to these radiations.

A few months after the discovery of the.
uranium radiations Professor Schmidt and
Mme. Curie, a Polish physicist working in
Paris, independently discovered the radio-
activity of thorium compounds. An elab-

‘orate study of thorium radiations has since

been made at MecGill University by Pro-
fessors Rutherford and Owens. :

A greater discovery, however, was in
store for Mme. Curie; for observing that
many speeimens of pitchblende, the princi-
pal ore of uranium, were more strongly
radio-active than the pure uranium salts,
she and her husband attempted a chemical
separation of the suspected more active
element. The result is well known; they
succeeded in isolating two substances hav-
ing at least 100,000 times the radio-activity
of uranium. The first of these substances,
which they named polonium, follows the
bismuth in the separation from pitchblende,

- The separation from the bismuth is effected

by taking advantage of the fact that polo-
nium sulphide is more volatile than bis-
muth sulphide. Thesecond substance they
named radium. It follows the barium in
its chemical reactions, but its chloride is
less soluble in water than barium chloride,
which affords a means of separation from.
the barium. Another very active sub-
stance has been obtained from pitchblende
by M. Debierne. Hehas named it actinium.
Chemically it is closely allied to titanium.

No one of these three substances has
been obtained free from impurity, and the
amounts obtained are exceedingly small,
only a few centigrams from’a thousand ki-
lograms of pitchblende.
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The spectrum of radium has been care-
fully examined by M. Demarcay, who as-
signs to it several new lines, the strongest
having wave-lengths 4,683 and 3,814.7, and
twobands. No characteristic spectrum has
yet been found for polonium or actinium.
On account of the small quantities of these
substances available, no accurate atomic
weight determinations have yet been made,
but from what has been done it appears
that radium has a higher atomic weight
than barium.

At first it was supposed that the uranium
itself was the source of the radio-activity of
the uranium salts, since often the activity
of the compounds seemed to depend on the
amount of uranium present, but after the
discovery of radium and polonium the ra-
dio-active power of uranium began to come
under suspicion. Professor Crookes found
that often differert specimens of the same
uranium salt would have very different
radio-active strength, which difference in
strength could be very little changed by
changes in chemical or physical conditions,
the strongly active salt remaining so and
the less active salt never gaining strength.
Suspecting that the radio-activity was due
to something other than the uranium, Pro-
fessor Crookes set about separating this
irrepressible element. Such was his suc-
cess that, starting with active uranium ni-
trate, he was able to obtain from it ura-
nium nitrate which had mno effect on a
photographic plate even with an exposure
of seven days. At the other end of the
separation he had a substance many times
as active as the original salt. The best
and simplest of several methods of separa-
tion makes use of ether as a solvent. The
ether dissolves the uranium nitrate and

- leaves undissolved most of the radio-
active substance. This substance Professor
Crookes calls UrX, the X testifying to
our present ignorance of its real nature.
Professor Crookes has also tried to separate
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the active material from the thorium com-
pounds, but has so far met with only par-
tial success. It seemsnot unlikely, though,
that it may yet be done as completely as in
the case of uranium. Meanwhile it is con-
venient still to speak of uranium and tho-
rium radiations.

PHOTOGRAPHIC AND CHEMICAL EFFECTS OF
THE RADIATIONS.

The photographic effect was the one
first discovered and it remains the most
delicate test for radio-activity, for the
effect is cumulative, and the exposure may
be made as long as desired. Any one can
obtain very good radiographs from any of
the ordinary uranium salts by using rapid
dry-plates and an exposure of two days,
while visible effects can be obtained with
a much shorter exposure. Polonium and
radium affect a photographic plate in a
few minutes if sufficiently close to it. Even
with a distance of a meter between the
radium and the plate, radiographs have
been obtained after a few days’ exposure.
These are very sharp, showing thus the
rectilinear propagation of the radiations.
Polonium radiations are so rapidly ab-
sorbed by the air that no effect is pro-
duced with & greater distance than a few
centimeters.

Under the action of the radium ra-
diations glass takes a permanent brown
or violet tint. The haloid salts of the
alkali metals become colored just as
under the action of the X-rays. Paper is_
sometimes discolored and under certain
conditions ozone may be formed in the
neighborhood of the very active sub-
stances. Barium platino-cyanide is colored
brown..

The action of the radium rays on the
skin is the same as that of the X-rays.
At first there is a slight reddening of the
skin, but after three or four weeks’ exposure
severe inflammation sets in.
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FLUORESCENCE.

Most of the substances that show fluor-
escence under the action of ultra-violet
light or the X-rays also fluoresce under the
action of the radium radiations, while
those that fluoresce under ordinary light
do not fluoresce under the radium radia-
tions ; but there are numerous exceptions
to these rules.

It is a very interesting fact that when
freshly prepared the radium salts are
faintly self-luminous; and this property
seems to be retained as long as the salt
does not absorb moisture. It is this prop-
erty that has excited much of the popular
interest in the radium salts, for it is a case
of the longed-for light without heat. In
fact, it is light with no apparent source of
energy whatever. If radium chloride ever
becomes cheap we may be given an op-
portunity to court fortune by investing in
preferred stock of some ¢International
Radium Illuminating Company.’ Just at
present gold is dirt cheap in comparison
with these radium salts. The self-lumines-
cence is due to the fact that under the
action of its own rays either the salt itself,
or some of the unavoidable impurities,
fluoresces. _

Some of the tissues of the eye fluoresce
under the radium rays,so a sensation of light
is felt when someof the salt is brought before
the closed eyelids or placed on the temple.

IONIZATION OF GASES.

Any gas traversed by the Becquerel rays,
as Mme. Curie has named the new radia-
tions, is made capable of conducting elec-
tricity. This conductivity is of the same
nature as that produced in gases by the
kathode and X-rays. According to theac-
cepted hypothesis, the positive and negative
particles or ions of the gas are knocked
apart- by the radiations, and the motion of
these free charged ions when directed by an
electric field constitutes the electric current.
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If an ionized gas is left to itself the-positive
and negative particles soon reunite, and, in
fact, the reuniting process goes on all the
time in proportion to the number of free
ions in the gas, so that under any given in-
tensity of ionizing radiation a condition of
equilibrium is soon reached in which the
reuniting goes on as fast as the ionizing.
Since the amount of ionization may be
measured by measuring the electrical con-
ductivity of the gas, this affords a conven-
ient means of comparing the relative
strengths of radio-active substances, and
one which is much more rapid and accurate
than the photographic one. It is by no
means certain, however, that the radiations
most effective for ionization will therefore
produce most effect on a photographic plate.
Ionization is proportional to the absorption
of the radiations by the gas, so that if a bit
of radio-active substance be placed between
two metal plates a greater current may be
sent between them when they are two centi-
meters-apart than when they are only one,
the greater thickness of the air in the first
case absorbing more of the radiations.

An ionized gas is in many respects similar
to an ordinary liquid electrolyte, and Lord
Kelvin has shown that when a plate of
copper and a plate of zinc are connected by
a wire and the air between the plates ex-
posed to radiations from uranium com-
pounds, a current flows through the con-
necting wire just as if the plates were im-
mersed in a liquid electrolyte. It has
recently been shown that the Becquerel
rays decrease the resistance of selenium,
just as light and the X-rays do.-

PENETRATING POWER.

The radiations from the various sub-
stances are not at all homogeneous, some
being very penetrative, others being easily
stopped by any substance. Polonium radi-
ations, while intense, are of the non-pene-
trating kind, being stopped by even the
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thinnest metal foil. Uranium radiations,
and therefore Crookes’ UrX radiations, are
much more penetrating, passing through
metals, glass and in fact all substances,
but with considerable loss of intensity.
Thorium compounds emit radiations of
at least two very different penetrating pow-
ers, one part only feebly penetrating, an-
other as penetrating as the UrX radia-
tions. Radium and actinium also emit
both penetrating and non-penetrating rays,
some of the radium rays being the most
penetrating of all. Screens of sheet metal
act as sieves for the rays, soon cutting
off the less penetrating rays and allowing
the more penetrating kind to go through
with but little diminution in intensity.
One sheet of tin, 0.0025 mm. thick, trans-
mitted 449 of the radiations from one
radium specimen, two sheets of the same
thickness transmitted 31%, and 15 sheets
169%. A sheet of glass 0.16 mm. thick
transmitted 269, and ten plates 16%.
Aluminum 0.16 mm. thick transmitted
289, six sheets 16%. On account of the
non-homogeneity of the radiations it has
been very difficult to determine the law of
absorption, but it appears that for the rays
of the most penetrating type, at least, the
absorption is proportional only to the den-
sity and thickness of the absorbing screen,
the kind of material, whether platinum,
paper, glass, air or other substance, making
but little difference. Because some of the
less penetrating rays are absorbed by the
salt itself, there is a larger proportion of
the very penetrating rays in the radiations
from a thick layer of the salt than in those
from a thin layer.

DEFLECTION IN A MAGNETIC FIELD.

Several experimenters discovered about
the same time that some of the Becquerel
rays are affected by a magnetic field. This
brought out strongly their resemblance to
the kathode rays, and further experiment-
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ing proved that if a beam of radium radia-
tions is made to pass through a magnetic
field which is perpendicular to the direc-
tion of the beam, then the beam is deflected
just as a beam of kathode rays would be,
that is, just as a stream of negatively
charged atomic projectiles would be deflect-
ed. This fact furnished the basis for the
present accepted hypothesis, namely, that
the deviable rays consist of a stream of
rapidly moving particles, charged with
negative electricity, The deflection in a
magnetic field gives further proof of the
non-homogeneity of the radiations. The
experiment is as follows : A vertical beam
is obtained by placing the radio-active salt
at the bottom of a narrow hole in a block
of lead, which is then placed on a hori-
zontal photographic dry-plate or a fluores-
cent screen, in the horizontal field of a large
electro-magnet. When the magnet is en-
ergized the vertical beam of rays is deflect-
ed in a direction always perpendicular to
its direction of propagation, and also per-
pendicular to the magnetic lines of force,
so that it is finally bent over until it fallg
upon the plate or screen. The impression
produced is not a spot, but a band or mag-
netic spectrum, which could not be the case
if the beam were composed of homogeneous
radiations. According to the electrified-
projectile hypothesis this can be explained
by saying that the particles do not all have
the same velocity, in which case those hav-

ing the highest velocity would be the least

deflected. This view has support in the
fact that of the deviable rays, the least de-
viable are the most penetrating, as we
should expect from the higher velocity of
the particles. Becquerel found that for the
rays from a sample of radium the product
of the strength of the field into the radius
of curvature of the path varied from 350
to 8,000.

There are, however, certain rays that are
not deflectable in a magnetic field, and
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these are of the least penetrating kind,
which, according to the charged-particle
hypothesis, should, on the contrary, be
most deflected by the field. A satisfactory
hypothesis as to the nature of these non-
deflectable, non-penetrating radiations has
not yet been put forth. Perhaps they con-
sist of particles of much larger mass than
those of the deflectable rays. M. Villard
finds also in the radium radiations a small
proportion of very penetrating, non-deflect-
able rays, quite similar to the X-rays.

ELECTROSTATIC EFFECTS.

Now a stream of charged particles de-
flectable by a magnetic field should also be
deflected by an electrostatic field. This is
found to be the case. TFurthermore, a
shower™ of negatively charged particles
ought to impart a negative charge to-an in-
sulated conductor. Of course in this case
air would not act as an insulator, for it be-
comes a conductor under the action of the
rays. M. and Mme. Curie got around
this difficulty by insulating a conductor with

a thin layer of wax over its surface, then -

exposed it to radium radiations and found
that it became highly charged negatively.
Insulating some of the radium salt in the
same manner with wax, they found that it
became highly charged positively, a beauti-
‘ful corroboration of the theory that there is
a separation of the atomic particles with
their charges. If, as now seems almost
certain, the negatively charged part of the
atom has a mass only a small fraction, a
thousandth perhaps, of that of the positive
part, it is very reasonable that the negative
-particles would be the ones to be shot out in
case of interatomic commotions. The rate
of charging in the experiment was about 4 x
107" amperes per sq. cm. of the radium salt.

VELOCITY, MASS AND ENERGY OF THE
RADIATIONS.

The velocity of a charged particle and
the ratio of the charge to the mass may be
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found by comparing its path in a magnetic

field with its path in an electrostatic field,
Then assuming the charged-particle hy-
pothesis it should be possible to calculate the
velocity of the particles in the deflectable
rays from the radio-active substances.
This has been done by M. Becquerel. The
curvature of the path in the magnetic field
can be measured without much difficulty,
but the deflection in the electrostatic field
is very small. The difficulty of the experi-
ment is also increased by the complex
character of the radiations, making it un-
certain if rays of just the same kind are be-
ing observed in the two fields. Some con-
fidence, however, must be placed in the re-
sults, though they give for the velocity of the
particles an astounding figure, about half
the velocity of light. How from a quiet,
peaceful bit of white salt particles can be
shot off with such a velocity as this remains
for explanation. The ratio of the charge
to the mass of the particles is of the same
order as in the case of the kathode rays,
another evidence that the atomic charges
are invariable and inseparably connected
with the particles.

By measuring the rate at which a charge
is imparted to a conductor, and then using
the values of the velocity and of the ratio
of the charge to the mass determined as
above, the kinetic energy per second of the
particles emitted may be calculated. For
a sq. cm, surface of a very active radium
preparation it has been found to be 5.1 ergs
per second, or five ten-millionths of a watt.

‘The mass of the particles, calculated from

the same data, is exceedingly small, the
loss from a sq. cm. of surface being some-
thing like a milligram in a thousand mil-
lion years. M. Becquerel observes that it

is of the same order as the evaporation of
certain odorous bodies. , .
Professor Rutherford and Mr. McClung
made last year some interesting experiments
on the energy required to produce ionization




b8

of gases by kathode and X-rays. Assuming
that the same energy is required to produce
ionization by the Becquerel rays, they esti-
mate that a sq. cm. surface of a thick layer
of uranium oxide gives off energy at a rate
not less than 10— calorie per second, which
is sufficient to raise the temperature of 1
gram of water 1° C. in 3,000 years. In the
case of radium, 100,000 times as active as
uranium oxide, the energy given off is not
less than 3,000 calories per year for a gram
of substance. This value for the energy is
40 or 50 times as large as the value men-
tioned above, obtained by the other method.
That the amount of energy concerned is
so small emphasizes the extreme delicacy
of the photographic and ionization tests.

SECONDARY RADIATIONS.

X-rays impinging on some substances in-
duce secondary radiations, and it was soon
found that the Becquerel rays also possess
this power, with the important difference
that the secondary radiations induced by
the Becquerel rays continue after the action
of the primary rays has ceased, which is
not the case with those induced by the X-
rays. These secondary radiations affect
photographie plates and ionize gases. The
radium preparations are the most active in
producing secondary radiations, and the ef-
fect is produced equally well in the case of
such different substances as platinum, zinc,
bismuth and even paper. TUp to a certain
limit the intensity of the secondary rays
increases with the time of exposure to the
radium ; after the removal of the radium
the intensity gradually weakens, disappear-
ing altogether after some hours. The source
of the secondary rays was thought to be a
fine dust which escapes from the radium
and settles. on neighboring bodies, but it
cannot be removed by washing, and the
radium rays have the power of imparting it
even after passing through metal screens.
It ‘seems too that this power of emitting
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radiations may even be imparted to gases.
A number of substances may be made
strongly radio-active by precipitation from
solutions containing small amounts of the
most active substances, and several times
these temporarily active substances have
been mistaken for compounds of new ele-
ments. It is not yet known to what extent
the secondary radiations are like the
primary, for their intensity is so small that
a comparison is difficult.

Thorium oxide gives off a remarkable
vapor or ‘emanation’ which causes a
strong secondary radio-activity. This ema-
nation can pass through paper and even
very thin metal. It gradually diffuses itself
throughout the air and is carried about
by air currents. Air containing the ema-
nation retains its electrical conductivity for
as long as ten minutes after the thorium
oxide is removed, though ordinary ionized
air loses its conductivity in a few seconds.
The emanation is not removed from the air
by drawing it through wool or bubbling it
through water or sulphuric acid. Any sub-
stance charged with negative electricity
collects and concentrates the emanation,
becoming very radio-active after a few
hours in the presence of thorium oxide.
Sand-papering or treatment with sulphuric
acid removes the emanation from a platinum
wire on which it has been concentrated.
On afterwards evaporating the acid a radio-
active residue may be obtained. The
thorium emanation much resembles a fine
radio-active dust.

NATURE OF THE RADIATIONS AND SOURCE OF
THEIR ENERGY. )

We may say then that for one com-
ponent of these complex radiatiohs a satis-
factory explanation is offered. This com-
ponentis of the same nature as the kathode
rays, and consists of a rapidly moving
stream of minute material particles each
baving its charge of negative electricity.
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Another component is similar to the X-
rays, and is probably a phenomenon of
the ether rather than of ordinary matter.
Perhaps this component is produced by the
action of the first component, as the X-rays
are produced by the action of the kathode
rays. For the rest no satisfactory explana-
tion has been given. Many of the secon-
dary effects seem to result from a fine dust
emitted from the radio-active substance.
Possibly there is only a single primary
radiation, the rest being secondary effects,
as the kathode rays generate the X-rays
and these in turn generate their complex
secondary radiations.

The chemical nature of the radio-active
substances or elements is still little under-
stood, nor ig it surprising when one con-
giders the difficulty of working with sub-
stances occurring in such minute quantities
as these. Only one new element, radium,
is definitely established. Hofmann and
Strauss thought they had isolated another
new radio-active element, but while still
claiming the new element, they now ad-
mit that it is not radio-active.

The question of the source of energy in
these radiations is yet unanswered. Is the
energy potential in an unstable molecular
or atomic structure, or is it supplied con-
tinuously by outside sources? In the first
case, how long will the energy last? In
either case, is it a property that matter in
general may under proper conditions as-
sume, or is it, as it seems, restricted to a
very few peculiar elements? Heat or cold,
high or low pressure, has little influence on
the emission of the rays. Mme. Curie once
put forth the hypothesis that perhaps the
radiation is induced in the radio-active ele-
ments by a sort of transcendental radia-
tion more penetrating than the X-rays and
pervading all our space. Professor Geitel
found that if so the exciting radiations
penetrate easily hundreds of yards of rock,
for radium was still active at the bottom of
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the deepest mine to which he had access.
Finally, the study of the radio-active sub-
stances will surely lead to a better knowl-
edge of that which is the subject of much
of the physical research of to-day, the
intimate structure of matter.

Geo. B. PEGrAM.

~ CoLUMBIA UNIVERSITY,
June 21, 1901.
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