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ANNOUNCEMENT
Although the existence of Radium has been discovered
not much more than a decade ago its possibilities scientifically,
medicinally and commercially, have already become so vast,
that it is very difficult to keep abreast of all these developments. For this reason the publishers of this journal have
decided to issue from month to month a publication, called
"Radium", in which it is intended to chronicle all the important advances in Radio-activity and Radiumtherapy. \Vc propose to cover thisfieldas completely as possible, and no efforts
or expenses will be spared in making this journal a publication of value to the physician, to m e n of science, to scientific
schools, to hospitals, clinics, etc., in fact to anyone interested
in Radium, its orogress and development.
W e have been fortunate in securing for this work the
collaboration of some of the authorities on Radium in this
country, as well as from abroad, w h o will contribute articles
to this journal.
Radium applications and its effects in therapeutics
will form a department in this journal to receive the fullest
attention, and for this reason alone w e confidently believe
"Radium" will become to the medical m a n a source of information, as well as an adjunct of immense practical importance
in his profession.
THE RADIUM PUBLISHING COMPANY.
Pittsburgh, Pa., April. 1913.

Radium

a n d its c R a y s .

C. H. Viol, Ph. D.
bike so many of the great discoveries, the discovery of that properly of matter called "radio-activity" was the result of an accident.
In 1896, the French physicist, Bccquerel, was investigating the effect
of thefluorescentlight of uranyl potassium sulfate upon photographic
plates enclosed in a light proof cover. O n e cloudy day the uranium
salt was laid upon the covered plate in a drawer to await a day, w h e n
the salt might be excited to fluorescence by the action of sunlight.
Several days later, when a n e w plate was put into the holder and the
old one developed, to his great surprise, Bccquerel found that in the
closed dark drawer the unexposed salt had strongly affected the photographic plate, causing a very dark spot. Numerous experiments convinced Bccquerel that he had discovered a n e w property of matter, and
careful investigation showed, that this property of affecting the photographic plate was peculiar to the element uranium, the effect being
proportional, ordinarily, to the uranium content of the various salts
which were used.
This property of spontaneously sending out energy in the form
of rays which, like the X rays, pentrate through matter and cause
such changes, has been called radio-activity, and the rays of these
substances sometimes are called Bccquerel rays. Later Bccquerel found
that the rays of uranium cause also the discharge of electrically charged
bodies, and Bui herford showed this to be due to the ionization of the
gas through which the rays pass. These phenomena were most remarkable as they seemed to be due to a substance being able to give
energy in the form of these rays without undergoing any change or
receiving energy in any ordinary form.
The photographic effect and the ionization of gases furnish very
delicate tests of radio-activity, the photographic being a qualitative
lest, whereas the electrical method m a y be quantitive. Gases ordinarily
are nonconductors of the electric current, but when acted on by the
Bccquerel rays, the molecules of the gas are split into electrically
charged parts or aggregates called ions. The simplest form of instrument for measuring the intensity of the ionization of gas, which is a
measure of the intensity of the radiations of a radio-active substance,
is some form of a leaf electroscope. A very thin narrow strip of metal
foil, gold, silver or aluminum, is attached by its upper end to a well
insulated vertical metal support which is contained in a metal case,
suitably provided with windows for observing the leaf. W h e n a charge
of electricity is communicated to the leaf system, the charge on the leaf
is repelled by the charge on the metal support and the leaf moves out
towards a horizontal position like an inverted L. This repulsion is
proportional to the charge on the leaf system. If a radio-active substance causes the air in the electroscope to be ionized, that is, to become
a conductor, the charge leaks away and the leaf moves back to a vertical
position. B y means of a reading microscope and scale, the rate of
movement of the leaf m a y be observed. This rate is proportional to
the intensity of ionization of the gas. If the instrument is calibrated,
the result m a y lie expressed as a current, since a current is the rate
of passage of a quantity of electricity. These ionization currents are

exceedingly small, that due to a square centimeter of metallic uranium
being 0,00000000000026 ampere. But activities of the order of l-100th
that of uranium m a y readily be detected by this method.
Uranium is not the only radio-active element, for soon after, in
1898. Schmidt and independently Curie found that the clement thorium
was radio-active, its activity being a little less than that of uranium.
M a d a m e Curie in studying the activity of various minerals by an electric method found that certain of these were more active than metallic
uranium, which was supposed to be the most highly radio-active substance. O n separating the uranium from these minerals, it was found
to have its normal activity, and so they concluded that the minerals
must contain a more highly active substance. In a chemical investigation of the residues from the most active of these minerals, a pitchblend from St. Joachimsthal in Bohemia, M a d a m e Curie discovered that
the bismuth in the mineral, when separated, possessed a considerable
activity. To this new substance she gave the n a m e polonium. Shortly
afterwards. Professor and M a d a m e Curie and G. Brmonl found that
there was another radio-active substance, which remained with the
barium from the pitchblend. This barium salt was converted into
barium chloride and subjected to a process of fractional crystallization.
resulting in a concentration of this radio-active substance, which was
found to possess (in a pure state) an activity several million times
that of uranium. This substance was called radium. I^ater Dcbierne
obtained another active product from pitchblend, which he called actinium. Working with the rrfdio-aetive substances, other interesting properties were discovered. O n e is their ability to cause m a n y substances,
such as barium-platinocyanidc and Sidol's hexagonal blende (a form
of zine sulfide) to become luminous. Curie and Labordc found that
radium salts are continuously giving off heat in sufficient quantity
to keep the salt several degrees warmer than the surroundings. In
one hour one gram of radium evolves sufficient heat to w a r m 134
grams of water through one degree centigrate (134 calories'. Walkhoff,
Giesel, Curie, Bccqucnl and others, found that radium rays produce
burns on the skin, m u c h the same in character as those caused by X
rays, and it is well known what important and wide application this
property, carefully controlled, has found in dermatology.
It may easily be shown by means of an electroscope that the
radiation from uranium, polonium, radium and actinium is not homogeneous. A very thin layer of a radium salt exposed in an electroscope
produces a very intense ionization, so that the charged leaf moves
rapidly. If the salt is covered with a thin metal sheet, (say 0.006 cm.
of aluminum) or mica, or a sheet of ordinary writing paper, the ionization is found to be only a few per cent, of that due to the freely exposed salt. If a second sheet is applied, the ionization is only a little
less than that with one sheet. With ten such sheets, the ionization is
reduced to about one-half that observed with one sheet. This is due
to the fact that thefirstsheet cuts off completely some rays which have
a greater ionizing effect. The residual ionization is due to a penetrating type of rays. With very great thickness of metal screening the
radium preparation, there is found to he a very penetrating radiation
which produces an ionization of the order of one ten thousandth of
that due to the freely exposed salt. The readily absorbed rays have

been called the Alpha ( a ) rays, those of intermediate penetrating
power the Beta ((#) rays, and the very penetrating radiation the G a m m a
(y) rays.
The Alpha rays produce by far the greatest ionizing effects in
gases, although after passing through a few centimeters of air, they
arc completely absorbed. They have been shown to be positively charged
helium atoms, shot out with a velocity of about 12,000 miles per second
(l-15th the velocity of light). D u e to this high velocity and the comparatively great mass of the particles, it is only with the most intense
electric and magnetic fields that deviations of these rays could be produced. T h e deviations, however, proved that the particles are electrically charged, for a moving charged hotly will always be deflected
from its path w h e n passing through a sufficiently intense electric or
magneticfield,whereas an uncharged body docs not change the direction of its motion. Crookes, using a lens, found that the light of phosphorescent zinc sulfide m a d e luminous by the rays of radium, consisted of numerous flashes of light. T h e spinthariscope is an instrument which he devised to show these scintillations. A small speck of
radium or other highly radio-active material is supported a few millimeters above a zinc sulfide screen fixed in one end of a tube, which
contains a lens at the other end. In a dark room, the screen is seen
as a dark field dotted with brilliant flashes of light, which come and
go rapidly. This experiment very vividly impresses the observer with
the fact that the radio-active material is continually shooting out
particles, whose impact with the screen is marked by a spark of light.
This effect was found to be due to the Alpha particles; for, if the radium
was moved away a few centimeters or if it was screen with a very thin
paper, the scintillations ceased. T h e length of a path through which an
Alpha particle produces its characteristic effects of ionization, photographic effect, scintillations, etc., is called its range. T h e ranges of
the Alpha particles of the various active substances have been measured
and are found to he different for the different elements. T h e range
of the Alpha rays of radium is 3.3 cm. in air. This'means that at a
distance greater than 3.3 cm. from a radium preparation, there will
be no ionization in air, so far as the Alpha rays are concerned, and no
scintillations on a phosphorescent screen.
T h e great energy, with which the rays are shot out, is the source
of the heat that all radio-active bodies produce, for. on stopping the
Alpha rays, their extra energy finally is converted into heat. T h e
Alpha particles produce the greatest heating effect, furnishing 123.6
calories of the 134 calories which one gram of radium produces in an
hour. The effect of Alpha rays on the skin, because of their ready
absorption, is confined to a thin surface layer, and depending upon the
activity of the preparation and the time of exposure, the effect varies
from a faint reddening to an intense necrosis.
T h e Beta rays are ahout a hundred times as penetrating as the
Alpha rays and have been found to be of the same type as the cathode
rays. They are negatively charged particles, having a mass 1/6800th
that of Alpha particles, and their velocity is of the order of that of
light. The total ionization which the Beta rays of radium produce in
gases is about 3 % of that due to the Alpha rays, the heating effect
being also of this order, since the Beta rays furnish 4.3 calories of
the 134 calories given off per hour by one gram of radium. T h e Beta

