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exceptional training and the many years of acecumu-
lated aequaintance with that difficult subject abso-
lutely essential even to trying to do anything with it.
But, for the present, at least, that most hopeful
promise is lost to us, and I see nothing on the horizon
just now that offers any real prospect of the early
thawing out of these vast, frozen, mathematical assets
of meteorology.

Perhaps some one may ask, and it would be a per-
fectly proper and natural question, what use could
be made of this wilderness of symbols if we had it—
this strange and difficult language that very few
meteorologists can read, or ever, in their daily work,
have any occasion to read.

For one thing, and a more than sufficiently im-
portant one, it could be presented to our leading
educational institutions as convineing proof that
meteorology is, indeed, a difficult branch of physies
worthy to take rank among the intellectual nobles,
instead of being a little kitchen seullion, as so many
-now seem to regard it, in that most populous house-
hold called geography. Having thus established both
its respectability as a college subject, and difficulty
of mastery, it inevitably would attract some of the
better students, who in turn would advance it to still
higher stages. Thus the service of meteorology would
become recruited, in part, from that hardworking
upper 10 per cent., and not, as otherwise necessarily,
from those who, in this particular at least, only toy
with studying by taking a mere descriptive subjeet
of juvenile grade.

Of course it is not suggested that only such as
have had advanced training (whether in college or
out makes no difference) be admitted to a meteorolog-
ical service. Those who are mentally capable of
aequiring such training seldom are temperamentally
adapted to the necessary task of hewing wood and
drawing water; and, besides, whatever their tempera-
ment, the training in question would but make them
fretful, discontented and inefficient in mentally
cramped quarters from which no speedy relief was in
sight. But on the other hand knowledge is power,
and the adequately trained man, however and wher-
ever he got his training, can make many a position
intellectually respectable that to the untrained affords
only a daily grind of routine tasks. Furthermore,
and this is especially to the point, the chief advances
in any subject come almost wholly from the better
trained in that subject, just as almost every sugges-
tion during the World War, worthy of trial and
adoption, came from a small number of trained scien-
tists, and hardly any from all the other patriots—
earnest and anxious, but impotent for lack of knowl-
edge of the principles involved.
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In order, then, that the seience of the atmosphere
may become truly worthy of a respectable place at
college, a place that would enable meteorological
services, aerodromes, airways and the whole growing
field of aeronautics, and other interests besides, to
draw from the upper levels of college and not from
the lower—or lower still—it is imperative that we
somehow make easily accessible meteorology’s vast
mathematical and physical assets. In great measure
they are frozen, terribly frozen, but they must be
made liquid. It ean be done and must be done. This
is meteorology’s greatest opportunity and most urgent
need.

W. J. HUMPHREYS

U. S. WEATHER BUREAU,

‘WASHINGTON, D. C.

HIGH FREQUENCY RADIATION OF
THE X-RAY TYPE!

IN my address last year, I referred to recent ad-
vances in the production of very high voltages for
technieal purposes, and the application of these volt-
ages to highly exhausted tubes in order to obtain a
copious supply of high-speed electrons and atoms and
It is of interest to note
how rapidly in recent years our ideas have widened
as to the possibilities of produection of very high-
frequency radiation of the X-ray type, both by arti-
ficial and natural processes. .

In my address this afternoon, I shall briefly consider
the present state of our experimental knowledge on
this subject, and the various directions of attack by
which we may hope to get further information. On
the quantum theory, the energy associated with a
quantum of radiation of frequency v is given by hv,
where % is the well-known constant of Planck. When
swift electrons impinge on matter, radiation of an
X-ray type is generated over a wide range of fre-
quencies, and it has been verified experimentally that
the maximum frequency of the radiation obtainable
in this way is limited by the relation E = v, where E
is the energy of motion of the electron, a result in
accordance with energy considerations.

For purposes of discussion, it is very convenient
to express the energy of a quantum not in ergs but
in terms of a potential difference in volts, through
which an electron must fall to acquire an equal energy.
Expressed in this way, the energy of a quantum of
green light corresponds to 2 electron-volts or 2 volts

1From the address of the president of the Royal
Society, London, given at the anniversary meeting,
November 30, 1928, and printed in the Proceedings of
the society.
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for brevity. Before the advent of X-rays, the highest
frequencies examined were confined to the ultra-violet
part of the light spectrum, corresponding to less than
10 volts. Following the discovery of X-rays and the
application of methods for determining their fre-
quency, we have been enabled to study radiations over
a wide range of individual energy, varying from a few
hundred volts to 300,000 volts or more. By the use
of special gratings and other methods, the gap in
frequency between ordinary ultra-violet light and soft
X-rays has been bridged in the last few years. There
appears to be no limit to the maximum frequency that
can be obtained by the bombardment of matter with
electrons, execept the practical difficulty of obtaining
streams of the requisite high-velocity electrons. In
some recent experiments in the Institute of Tech-
nology, Pasadena, about 1 million volts has been suc-
cessfully applied for a short time to a suitably de-
signed X-ray tube. It is stated that the X-rays ob-
tained were of such intensity and penetrating power
that they could easily be observed by the luminosity
on a phosphorescent sereen 100 feet away.

So far our experiments in this direction have been
limited to about 1 million volts, and we havé not yet
been able to produce X-rays in the laboratory of
penetrating power equal to that shown by the gamma-
rays spontaneously emitted by radioactive bodies.
The highest frequency observed in their transforma-
tions corresponds to between 3 and 4 million volts.
Some recent experiments indicate that the gamma-rays
which accompany the weak radioactivity of potassium
are of still greater penetrating power than the rays
from radium, but no definite estimate of the maximum
frequeney has so far been made.

There is, in addition, another general method of
estimating the frequency of radiation that may arise
in certain fundamental atomic proecesses of a simple
type. Aeccording to modern views energy and mass
are closely connected, and the relation between the
energy E resident in a mass m is given by the well-
known equation of Einstein E =mc?, where ¢ is the
veloeity of light. Aececording to this view, if any sys-
tem decreases in mass by internal rearrangement, the
total energy lost in the process is given by the product
of the change of mass multiplied by ¢2. If this energy
is emitted in the form of a radiation of one definite
frequeney v, then hv=c*dm, where dm is the acecom-
panying change of mass of the system. On account
of the very small change of mass even for a large
emission of energy, it is diffieult to give a ‘direct ex-
perimental proof of this relation, but there seems
to be little doubt of its general validity. Even for
the radioactive bodies, which in their successive trans-
formations spontaneously emit a very large amount
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of energy per atom, in the form of alpha-, beta- and
gamma-rays, the effect to be expected is small and
diffieult to measure. The atom of uranium, of mass
about 238, after successive transformations involving
the loss of eight alpha-particles changes into an
isotope of lead, of mass about 206. It is to be an-
ticipated, that, if the methods of positive ray analysis
could be applied to these elements, the difference be-
tween the atomic masses of uranium and the resulting
lead would include not only the mass of 8 helium
nuelei in the free state, but also about 0-05 unit of
atomie mass corresponding to the total emission of
energy of about 46 million electron-volts per disinte-
grating atom of uranium. This difference—about 1 in

" 4,000—should be just detectable by the methods em-

ployed by Aston in his study of isotopes. Similarly
the change in mass in each transformation can be de-
duced if the energy released during the process is
known experimentally.

‘We shall now consider the application of these ideas
to certain nuclear processes. It is now generally ac--
cepted that the nuclei of all the elements are com-
posed of protons (hydrogen nuclei) and electrons.
While it is, of course, difficult to give a definite proof
of this hypothesis, we know that it is strongly sup-
ported by the work of Aston on the atomiec masses of
the isotopes of the elements, and by the experiments
on the liberation of protons from certain light ele-
ments when bombarded by swift alpha-particles. It
is generally supposed that the helium nueleus is com-
posed of a close combination of four protons and two
electrons. The mass of the helium atom is 4- 00216
(0=16), while the mass of four hydrogen atoms in
the free state is 4x1-0078. There is in consequence
a loss of mass of 0029 units in the formation of the
helium atom. This indicates a loss of energy of 27
million electron-volts in the process of building a
helium nueleus from free protons and electrons. If
it be possible to imagine that in some way this energy
is emitted catastrophically, in a single quantum of
radiation, the energy of the quantum would corre-
spond to 27 million volts. The energy emitted per
atom is thus very large, and it has been suggested
by Eddington and others that the formation of helium
from hydrogen nuclei and electrons may be one of
the sources of the energy radiated from the stars.

In a similar way the total energy emitted during the
formation of any atom of known mass from free
protons and electrons may be estimated. Since the
proton in a free state has a mass 1- 0073, and a mass
about 1-000 in the average nuclear combination, the
energy released per proton is about 7 million volts.
For example the atomic weight of the most abundant s
isotope of mercury (atomic number 80) is 200 - 016,
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and this presumably contains 200 protons, of mass
nearly unity, and the 120 electrons. Disregarding the
small mass due to the electrons, we may conclude that
the total energy emitted during the formation of a
mereury atom from free protons and electrons is
about 1,400 million electron-volts.

‘When we consider the extreme complication of such
a heavy nuecleus and the number of its component
parts, it is difficult to believe that this emission of
energy can take place in one single catastrophie act.
It is so much more likely that the energy is emitted
in a step by step process during the organization of
the nucleus. Except for light atoms, where the
nuclear structure is simple, it is to be expected that
the radiation of energy from all complex nuclei would
oceur in suecessive stages.

On the other hand, there is one possibility to con-
sider, which was first put forward by Jeans to account
for the long lives of the hot stars. He supposes that
even the protons and electrons are not indestructible,

but may under unknown conditions be transformed’

into radiation. The total internal energy of the elec-
tron is about 500,000 volts, but of the proton 1,840
times greater, or about 940 million volts. If we sup-
pose the proton and electron to disappear together
in the form of radiation, there must be an enormous
liberation of energy. If this energy be emitted in a
single quantum, we should expect to obtain a gamma-
radiation corresponding to about 940 million volts.
Such a hypothesis is admittedly of a very specula-
tive nature and may be very difficult of direet proof
or disproof.

Apart from the radioactive bodies, we have no
definite experimental evidence of the emission of pene-
trating radiations, either in the formation of atoms
or destruction of protons, and it may be that the
processes considered do not take place under the con-
ditions of our experiments on the earth. On the other
hand, the long life of the hot stars indicated by gen-
eral astronomical evidence does seem to demand some
such process or processes, in which the liberation of
energy is enormous compared with the mass involved.

It is thus of very great interest to examine whether
any direct experimental evidence can be obtained of
the existence of such extraordinarily energetic gamma-
rays. This interest is heightened by the experiments
in recent years which have shown the existence of an
extremely penetrating type of radiation, sometimes
called the “cosmic” rays, in our atmosphere—a radia-
tion much more penetrating than the gamma-rays
from the radioactive bodies. This radiation has been
detected and measured by the small ionization pro-
duced in a closed electroscope. The initial observa-
tions were made by Hess and by Kolhorster, and we
owe much to the admirable experiments of Millikan
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and Cameron, who have earefully examined the ab-
sorption of this radiation by the water of mountain
lakes, which are practically devoid of ordinary radio-
active matter.

It is clear from these experiments that the radia-
tion is complex in character, and that there are present
radiations which are able to pass through 17 meters of
water for a reduction of intensity to one half value.
It is natural to suppose that this radiation is of a
gamma-ray type, but it should be borne in mind that
the effects so far observed would be equally explicable
if the radiations consisted not of high-frequency
gamma-rays, but of high-energy electrons entering our
atmosphere.

Assuming, however, that the radiation is of the
gamma-ray type, it is neeessary to consider the fae-
tors that determine the absorption of such a radia-
tion by matter. During the past 20 years, the problem
of the nature of the absorption of X-rays and gamma-
rays by matter has been the subject of detailed in-
vestigations, and there is now a general consensus of
opinion on the main features of the processes involved.
In the case of the heavier elements, the absorption of
ordinary X-rays is mainly due to the interaction be-
tween the radiation and the electrons in the atom,
whereby the energy of the quantum of radiation is
transferred to the electron. This is generally known
as the “photoelectric’” effect. In addition there is a
relatively small loss of energy due to the scattering
of the incident radiation by the electrons; but in
general, except for very high-frequency X-rays and
light elements, the absorption due to the photoelectric
effect predominates. The case is quite different when
we deal with penetrating gamma-rays, where the loss
of energy due to the process of scattering becomes
relatively much more important, and for radiation of
energy of the order of 100 million volts almost com-
pletely governs the absorption.

The main features of this scattering, known as the
Compton effect, are now well understood. There is
an occasional interaction between the quantum of
radiation and the electron in an atom, whereby the
radiation is scattered and the electron set in motion.
The scattered radiation is always of lower frequency
than the incident radiation, the difference depending
on the angle of scattering. In this type of encounter
between radiation and an electron, both momentum
and energy are conserved, and consequently the energy
given to the electron depends on the nature of the
encounter, and thus on the angle of scattering of the
radiation. The essential correctness of this theory
has been verified by several distinet methods.

When a pure radiation of definite frequency is
passed through matter, there always remains some
transmitted radiation which has not been transformed,
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but mixed with it are degraded radiations of much
lower frequency and swift electrons set in motion by
the process of seattering. The ionization observed in
a closed vessel is probably mainly due to the electrons
liberated by scattering in the medium and the walls of
the containing vessel. )

Assuming that the laws of the Compton process of
scattering are valid for high-frequency radiation, there
still remains the difficulty of estimating the probability
of such seattering encounters, for on this probability
depends the actual magnitude of the absorption co-
efficient. Different methods of calculating this prob-
ability have been given by A. H. Compton, Dirae, and
recently by Klein and Nishina. The theory of Comp-
ton is based mainly on classical analogies, and that
of Dirac on the earlier quantum mechanics. Recently
the problem has been attacked again by Klein and
Nishina (Nature, Sept. 15, 1928), using the later
relativistic form of wave-mechanics formulated by
Dirac. The calculated absorption coefficients for
high-frequency radiations differ materially from one
another on these three theories, and in particular the
theory of Klein and Nishina gives a greater absorp-
tion coefficient for a given high-frequency radiation.
For radiations of individual energy more than 100
million volts, the coefficient is about five times greater
than that given by the formula of Dirae.

Unfortunately the experimental evidence available
from a study of the absorption of the most penetrat-
ing gamma-rays from radioactive bodies is not ecom-
plete enough to give a definite test of the validity of
these theories. However, Mr. Gray, of the Cavendish
Laboratory, who has made a careful examination of
existing data on the absorption of gamma-rays,
informs me that the evidence as a whole is more in
sccord with the theory of Klein and Nishina than
with the earlier theories of Compton and Dirac. It
is evident, however, that in view of the importance
of the question, a careful determination is required
of the absorption and scattering of gamma-rays, of
as definite frequeney as possible, in order to distin-
guish between the various theories.

It is of interest to note that the absorption coeffi-
cient of the most penetrating type of radiation,
deduced by Millikan and Cameron from their experi-
ments, is in exeellent accord with that to be expected
on the Klein-Nishina theory for a_quantum of energy
940 million volts—the energy demanded for the trans-
formation of the internal energy of the proton into
radiation. Although this agreement is suggestive, our
theories of absorption are at present too uncertain
to place much weight upon it. Even if subsequent
experiment should prove the correctness of an absorp-
tion formula within a certain range of frequency
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corresponding to the gamma-rays there would still
be the need of extrapolating the formula over a very
wide range, say from quantum energies of 3 million
volts to 1,000 million volts, to include the ultra-
penetrating rays observed in our atmosphere.

In addition there are a number of new factors
which may have to be taken into consideration when
we are dealing with the passage of very high-fre-
quency radiation through matter. In the ordinary
theories, the scattering of the radiation is supposed
to be confined to the extra-nuclear electrons, but if
we are dealing with a quantum of energy corre-
sponding to the order of 100 million volts, it is not
unlikely that the nuclear electrons may be effective
in seattering as well as the outer electrons. Such
an effect is to be expected if the energy of the quan-
tum is large compared with the energy required to
release an electron from the nucleus. In addition
there is always the possibility, and even the probabil-
ity, that such energetic radiations or the swift elec-
trons liberated by them may be able occasionally to
disintegrate the nucleus of the atom in their path.

For all these reasons, it is evident that much more
information is required before we can draw any but
tentative conclusions as to the nature of the penetrat-
ing radiations in our atmosphere. So far, experi-
ments have been mainly confined to measuring the
ionization produced in a sealed electroscope. Further
experiments are required, which will give us definite
indieation of the energy of the swift electrons present
in the atmosphere, for this will give us valuable infor-
mation on the maximum frequency of the radiation
present, quite independently of the exact aceuracy of
our theories of absorption. ~

Continued observation made in a Wilson expansion
chamber should throw much light on the nature of
the particles which produce the ionization in a closed
vessel, and with the addition of a magnetic field of
sufficient intensity the curvature of the tracks of
beta-rays should enable us to determine their indi-
vidual energy. Experiments of an analogous kind
have already been made with an expansion chamber
by Skobelzyn, in order to determine the relative
intensities of the main gamma-rays emitted by
radium C. In the course of these” experiments he
has observed on several ocecasions the trails of very
energetic beta-particles, probably arising from the
ultra-penetrating radiation in our atmosphere.

During the present year Professor Hans Geiger has
developed a modified form of beta-ray counter, which
records each beta-particle entering a vessel of consid-
erable volume in any direetion. This new method is
so delieate that it may prove very useful in counting
and even recording the number of beta-particles pro-
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duced by the penetrating radiation. While it is to
be hoped that in the years to come we may have
available for study in our laboratories swifter beta-
rays and higher-frequency radiation than we have
to-day, we can hardly hope in the near future to
produce artificially radiations, atoms and electrons
which have an individual energy of the order of 100
million to 1,000 million volts, such as are present in
our atmosphere.

It is thus of great interest and importance to use
every promising method of attack to throw light on
the nature and origin of these penetrating radiations
and the effects arising in their transmission through
matter. The magnitude of the effects to be observed
is small and not easy to measure with accuracy; but
with the ever-increasing delicacy of methods of attack
we may hope to gain much further information. The
study of these extraordinarily penetrating radiations
is not only of great interest in itself, but also for its
promise of throwing new light on fundamental proe-
esses in our universe connected with the building up
and destruction of atoms. It may take many years
of faithful experiment before the evidence is sufficient
to test the correctness of the numerous interesting
speculations that have been advanced to account for
the origin and nature of these radiations.

ErNEST RUTHERFORD

SCIENTIFIC EVENTS

THE NATIONAL RESEARCH COUNCIL OF
ITALY

Tue National Research Council of Italy held its
inaugural meeting on February 2 in the presence
of Signor Mussolini and of the president, Sena-
tor Mareoni. Modern scientific research, said Signor
Maussolini, aeccording to the London Times, required
an adequate organization and vast means. It was the
lack of these in the past that had led to the present
decadence of research and to the paucity of research
workers in Italy. To remedy this situation individual
research workers needed to be assured that they could
“live by science and for science.”

The National Research Council, added Signor Mus-
solini, must keep in living contact with the industrial-
ists, agriculturists, the business men and the admin-
istrative authorities, and in particular with the differ-
ent confederations of employers and workers, since
scientific research ultimately resulted in improvement
and increase of production. The Seamen’s and Air-
men’s Confederation had already offered 100,000 lire
to the council for research into ways of life-saving at
sea and the better utilization of fuel by ocean craft.

The inadequacy of individual and unorganized re-
search was also laid stress upon by Senator Marconi,
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who referred to the need of coordination and disei-
pline among research workers. It was important, he
said, that a disecovery made or piece of research work
begun in Italy should mature and develop so far as
possible in Ttaly. At the same time, means should be
found for a rapid development and application in
Italy of inventions made abroad. Twelve national
research committees had already been formed in Italy
in the fields, respectively, of agriculture, astronomy,
biology, medicine, chemistry, physies, geodetics, geog-
raphy, geology, engineering, mathematics and wireless
telegraphy. Research in agriculture was for Italy of
capital importance, as also was every application of
science destined to make Italy less dependent on for-
eign imports. In conclusion, Senator Marconi re-
called for the inspiration of Italian researchers the
motto of Galileo, the greatest of their scientists: “Try
and try again.”

A BELGIAN ROYAL COLONIAL INSTITUTE

TrE Journal of the American Medical Association
reports that a royal decree has established a Belgian
Royal Colonial Institute. Similar institutes exist in
all large countries possessing colonies. Partieularly
the royal colonial institution of Amsterdam has
awakened appreciation of the important services that
a central colonial institute can render when it carries
on scientific researches and serves as a clearing house
of practical information in conneection with the eco-
nomie problems that affect the colonies. Many organ-
izations in Belgium are engaged in the study of
colonial problems, such as native politics and juris-
prudence; agricultural and industrial colonization;
transportation problems and equipment for the eolo-
nies. Now their activities will be concentrated and
a unity of direction will be established. It is desirable
that interest in the colonies be developed in the uni-
versities and in other institutions of higher learning.
The young people of the country should become
familiar with colonial needs and eolonial services, for
that would aid later in procuring physicians, eivil
engineers, magistrates and administrators whose
knowledge and experience would contribute to the
efficient administration of the colonies and to the
prosperity of colonial enterprise.

The Institut Royal Colonial Belge is divided into
three sections. The first section, of moral and
political sciences, deals particularly with questions
pertaining to history, native politics, colonial legis-

.lation, ethnology, languages, literature and inissions.

The second section, of natural and medical sciences,
deals with questions of physical and commercial
geography, geology, chemistry, botany, zoology and
entomology, hygiene and medicine, agriculture and



