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PROBLEMS OF PHYSICS*

My predecessor in office a year ago re-
minded you that the theoretical researches
of Einstein and Weyl suggest that not merely
the material universe but space itself is per-
haps finite. As to the probabilities I do not
wish to express an opinion; but the statement
is significant of the extent of the revolution
in the conceptions and fundamental prin-
ciples of physics now in progress. That space
need not be infinite has, I believe, long been
recognized by geometricians, and appropriate
geometries to meet its possible limitations
have been devised by ingenious® mathe-
maticians. I doubt, however, whether these
inventive gentlemen ever dreamed that their
schemes held any objective validity such as
would assist the astronomer and the physicist
in understanding and classifying material
phenomena. It is not certain that they will;
but the possibility is definite. Apart from
this, the whole development of relativity is
an extraordinary triumph for pure mathe-
matics. Had Einstein not found his entire
calculus ready to hand, owing to the purely
mathematical work of Christoffel, Riemann,
and others, it seems certain that the develop-
ment of generalized relativity would have
been much slower. It is a pleasure to be able
to acknowledge this indebtedness of physics
and astronomy to pure mathematics.

Relativity 1s the revolutionary movement

in physics which has caught the public eye,
perhaps because it deals with familiar concep-
tions in a manner which for the most part
is found pleasantly incomprehensible. But it
is only one of a number of revolutionary
changes of comparable magnitude. Among
these we have to place the advent of the quan-

1 Address of the President of Section A—Mathe-
maties and Physics, British Association for the

Advancement of Science, Edinburgh, September,
1921,
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tum, the significance of which I hope we shall
thoroughly discuss early next week. The vari-
ous consequences of the electronic structure
of matter are still unfolding themselves to us,
and are increasing our insight into the most
varied phenomena at a rate which must have
appeared incredible only a few decades ago.

The enormous and far-reaching importance
of the discoveries being made at Cambridge
by Sir Ernest Rutherford can not be over-
emphasized. These epoch-making discoveries
relate to the structure and properties of the
nuclei of atoms. At the present time we have,
I think, to accept it as a fact that the atoms
consist of a positively charged nucleus of mi-
nute size, surrounded at a fairly respectful
distance by the number of electrons requisite
to maintain the structure electrically neutral.
The nucleus contains all but about one two-
‘thousan'dth part of the mass of the atom, and
jts electric charge is numerically equal to that
©of the negative electron multiplied by what
is called the atomic number of the atom, the
atomic number being the number which is
obtained when the chemical elements are
enumerated in the order of the atomic weights;
thus, hydrogen =1, helium=2, lithium=3,
and so on. Consequently the number of ex-
ternal electrons in the atom is also equal to
the atomic number. The evidence, derived
from many distinet and dissimilar lines of
inquiry, which makes it necessary to accept
the foregoing statements as facts, will be
familiar to members of this Section of the
British Association, which has continually been
in the forefront of contemporary advances in
physical science. But I would remind you
in passing that one of the important pieces
of evidence was supplied by Professor
Barkla’s researches on the scattering of X-rays
by light atoms.

The diameters of the nuclei of the atoms
are comparable with one millionth of one
millionth part of a centimeter, and the prob-
lem of finding what lies within the interior
of such a structure seems at first sight almost
hopeless. It is to this problem that Ruther-
ford has addressed himself by the direct
method of bombarding the nuclei of the dif-
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ferent atoms with the equally minute high-
velocity helium nuclei (alpha-particles) given
off by radioactive substances, and examining
the tracks of any other particles which may
be generated as a result of the impact. A
careful and critical examination of the results
shows that hydrogen nuclei are thus expelled
from the nuclei of a number of atoms such
as nitrogen and phosphorus. On the other
hand, oxygen and carbon do not eject hydro-
gen under these circumstances, although there
is evidence in the case of oxygen and nitrogen
of the expulsion of other sub-nuclei whose
precise structure is a matter for further in-
quiry. :

The artificial transmutation of the chemica
elements is thus an established fact. The
natural transmutation has, of course, been
familiar for some years to students of radio-
activity. The philosopher’s stone, one of the
alleged chimeras of the medimval alchemists,
is thus within our reach. But this is only
part of the story. It appears that in some
cases the kinetic energy of the ejected frag-
ments is greater than that of the bombard-
ing particles. This means that these bom-
bardments are able to release the energy which
is stored in the nuclei of atoms. Now, we
know from the amount of heat liberated in
radioactive disintegration that the amount of
energy stored in the nuclei is of a higher
order of magnitude altogether, some millions
of times greater, in fact, than that generated
by any chemical reaction such as the combus-
tion of coal. In this comparison, of course,
it is the amount of energy per unit mass of
reacting or disintegrating matter which is
under consideration. The amounts of energy
which have thus far been released by artificial
disintegration of the nuclei are in themselves
small, but they are enormous in comparison
with the minute amounts of matter affected.
If these effects can be sufficiently intensified
there appear to be two possibilities. Either
they will prove uncontrollable, which would
presumably spell the end of all things,? or they

?To reassure the nervous I would, however,
interpolate the comforting thought that this planet
has held considerable quantities of radiocactive
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will not. If they can be both intensified and
controlled then we shall have at our disposal
an almost illimitable supply of power which
will entirely transcend anything hitherto
known. It is too early yet to say whether the
necessary conditions are capable of being
realized in practise, but I see no elements
in the problem which would justify us in
denying the possibility of this. It may be
that we are at the beginning of a new age,
which will be referred to as the age of sub-
atomic power. We can not say; time alone
will tell.

THERMIONIC EMISSION

With your permission, I will now descend
a little way from the summit of Mount Olym-
pus, and devote the rest of my address to a
sober review of the present state of some of
the questions with which my own thoughts
have been more particularly occupied. At
the Manchester meeting of the Association
in 1915 I had the privilege of opening a dis-
cussion on thermionic emission—that is to
say, the emission of electrons and ions by in-
candescent bodies. I recall that the opinion
was expressed by some of the speakers that
these phenomena had a chemical origin. That
view, I venture to think, is one which would
find very few supporters now. It is not that
any new body of fact has arisen in the mean-
time. The important facts were all estab-
lished before that time, but they were insuffi-
ciently appreciated, and their decisiveness was
inadequately realized. )

Tt may be worth while to revert for a mo-
ment to the issues in the controversy, already
moribund in 1915, because it has been closely
paralleled by similar controversies relating to
two other groups. of phenomena—namely,
photoelectric emission and contact electromo-
tive force—which, as we shall see, are inti-
mately connected with thermionic emission.
The issue was not as to whether thermionic
emission may be looked upon simply as a type
of chemical reaction. Such an issue would
have been largely a matter of nomenclature.
matter for a very long time without anything very
serious happening so far as we know.
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Thermionic electron emission has many feat-
ures in common with a typical reversible
chemical reaction such as the dissociation of
calecium carbonate into lime and carbon dioxide
There is a good deal to be said for the point
of view which regards thermionic emission as
an example of the simplest kind of reversible
chemical action, namely, that kind which con-
sists in the dissociation of a mneutral atom
into a positive residue and a negative elec-
tron, inasmuch as we know that the negative
electron is one of the really fundamental ele-
ments out of which matter is built up. The
issue in debate was, however, of a different
character. It was suggested that the phenom-
enon was not primarily an emission of elec-
trons from the metallic or other source, but
was a secondary phenomenon, a kind of by-.
product of an action which was primarily a
chemical reaction between the source of elec-
trons and some other material substance such
as the highly attenuated gaseous atmosphere
which surrounded it. This suggestion carried
with it either implicitly or explicitly the view
that the source of power behind the emission.
was not the thermal energy of the source, but
was the chemical energy of the postulated
reaction. '

This type of view has never had any suc-
cess in elucidating the phenomena, and I do
not feel it necessary at this date to weary you.
with a recital of the facts which run entirely
counter to it, and, in fact, definitely exclude
it as a possibility. They have been set forth
at length elsewhere on more than one occa-
sion. I shall take it to be established that the
phenomenon is physical in its origin and re-
versible in its operation.

Establishing the primary character of the
phenomenon does not, however, determine its
nature or its immediate cause. Originally I
regarded it as simply kinetic, a manifesta-
tion of the fact that as the temperature rose
the kinetic energy of some of the electrons
would begin to exceed the work of the forces
by which they are attracted to the parent sub-
stance. With this statement there is, I think,
no room for anyone to quarrel, but it is per-
missible to inquire how the escaping electrons
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obtain the necessary emergy. Omne answer is
that the electrons have it already in the in-
terior of the substance by virtue of their
energy of thermal agitation. But thermal
agitations now appear less simple than they
used to be regarded, and in any event they
do not exhaust the possibilities.

‘We know that when light of short enough
wave-lengths falls on matter it causes the ejec-
tion of electrons from it—the so-called photo-
electric effect. Since the formula for the
radiation emitted by a body at any given tem-
perature contains every wave-length without
limitation, there must be some emission of
electrons from an incandescent body as the
result of the photoelectric effect of its own
luminosity. Two questions obviously put them-
selves. WIill this photoelectric emission caused
by the whole spectrum of the hot body vary
as the temperature of the incandescent body
is raised in the way which is known to char-
acterize thermionic emission? A straightfor-
ward thermodynamic calculation shows that
this is to be expected from the theoretical
standpoint, and the anticipation has been con-
firmed by the experiments of Professor W.
Wilson. Thus the autophotoelectric emission
has the correct behavior to account for the
thermionic emission. The other question is:
Is it large enough? This is a question of fact.
I have considered the data very carefully.
There is a little uncertainty in some of the
items, but when every allowance is made there
seems no escape from the conclusion that the
photoelectric effect of the whole spectrum is
far too small to account for thermionic emis-
sion.

This question is an important one, apart
from the particular case of thermionic emis-
sion. The same dilemma is met with when
we seek for the actual modus operandi of evap-
oration, chemical action, and a number of
other phenomena. These, so far as we know,
might be fundamentally either kinetic or
photochemical or a mixture of both. In my
judgment the last alternative is the most prob-
able. (I am using the term photochemical
here in the wide sense of an effect of light in
changing the composition of matter, whether
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the parts affected are atoms, groups of atoms,
ions, or electrons.) For example, the approxi-
mation about boiling points known as Trou-
ton’s rule is a fairly obvious deduction from
the photochemical standpoint. The photo-
chemical point of view has recently been put
very strongly by Perrin, who would make it
the entire motisf of all chemical reaction, as
well as of radioactivity and changes of state.
In view of the rather minor part it seems to
play in thermionic emission, where one would
a priori have expected light to be especially
effective, this is probably claiming too much
for it, but the chemical evidence contains one
item which is certainly difficult to compre-
hend from the kinetic standpoint. The speed
of chemical decomposition of certain gases is
independent of their volume, showing that the
decomposition is not due to molecular col-
lisions. The speed does, however, increase very
rapidly with rising temperature. What the
increased temperature can do except increase
the number and intensity of the collisions, fac-
tors which the independence of volume at con-
stant temperature shows to be without effect,
and increase the amount of radiation received
by the molecules, is not too obvious. It seems,
however, that, according to calculations by
Langmuir,® the radiation theory does not get
us out of this difficulty; for, just as in the
ordinary photoelectric case, there is nothing
like enough radiation to account for the ob-
served effects. It seems that in the case of
these mono-molecular reactions the phenomena
can not be accounted for either by simple
collisions, or by radiation, or by a mixture of
both, and it is necessary to fall back on the
internal structure of the decomposing mole-
cule. This is complex enough to afford ma-
terial sufficient to cover the possibilities; but,
from the standpoint of the temperature energy
relations of its parts, it can not at present be
regarded as much more than a field for specu-
lation. ,
CONTACT ELECTRICITY

A controversy about the nature of the con-

tact potential difference between two metals,

¢ Journ. Am. Chem. Soc., Vol, XLIIL, p. 2190
(1920).
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similar to that to which I have referred in
connection with thermionic emission, has ex-
isted for over a century. In 1792 Volta wrote:
“The metals . . . can by themselves, and of
their own proper virtue, excite and dislodge
the electric fluid from its state of rest.” The
contrary position that the electrical manifes-

tations are inseparably connected with chem-

ical action was developed a few years later by
Fabroni. Since that time electrical investi-
gators have been fairly evenly divided between
these two opposing camps. Among the sup-
porters of the intrinsic or contact view of
the type of Volta we may recall Davy, Helm-
holtz, and Kelvin. On the other side we have
to place Maxwell, Lodge, and Ostwald. In
1862 we find Lord Kelvin 4 writing:

For nearly two years I have felt quite sure that
the proper explanation of voltaic action in the com-
mon voltaic arrangement is very near Volta’s,
which fell into discredit beeause Volta or his fol-
lowers neglected the principle of the conservation
of force.

On the other hand, in 1896 we find Ostwald 5
referring to Volta’s views as the origin of the
most far-reaching error in electrochemistry,
which the greatest part of the scientific work
in that domain has been occupied in fighting
almost ever since. These are cited merely as
representative specimens of the opinions of the
protagonists.

Now, there is a close connection between
thermionic emission and contact potential dif-
ference, and I believe that a study of ther-
mionic emission is going to settle this little
dispute. In fact, I rather think it has already
settled it, but before going into that matter
I would like to explain how it is that there
is a connection between thermionic emission
and contact potential difference, and what the
nature of that connection is.

Imagine a vacuous enclosure, either imper-
vious to heat or maintained at a constant tem-
perature. Let the enclosure contain two dif-
ferent electron-emitting bodies, 4 and B. Let

‘Papers on Electrostatics and Magnetism, p.
318.

§¢¢ Elektrochemie, IThre Geschichte und Lehre,’’
p. 65, Leipzig (1896).
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one of these, say 4, have the power of emitting
electrons faster than the other, B. Since they
are each receiving as well as emitting elec-
trons, 4 will acquire a positive and B a nega-
tive charge under these circumstances. Owing
to these opposite charges A and B will now
attract each other, and useful work can be
obtained by letting them come in contact.
After the charges on A and B have been dis-
charged by bringing them in contact, let the
bodies be quickly separated and moved to their
original positions. -This need involve no ex-
penditure of work, as the charges arising from
the electron emission will not have had time
to develop. After the charges have had time
to develop the bodies can again be permitted
to move together under their mutual attrac-
tion, and so the cycle can be continued an
indefinite number of times. In this way we
have succeeded in imagining a device which
will convert all the heat energy from a source
at a uniform temperature into useful work.

Now, the existence of such a device would
contravene the second law of thermodynamiecs.
We are therefore compelled either to deny the
principles of thermodynamies or to admit that
there is some fallacy as to the pretended facts
in the foregoing argument. We do not need
to hesitate between these alternatives, and we
need only look to see how the alleged behavior
of A and B will need to be modified in order
that no useful work may appear. There are
two alternatives. Either A and B necessarily
emit equal numbers (which may include the
particular value zero) of electrons at all tem-
peratures, or the charges which develop owing
to the unequal rate of emission are not dis-
charged, even to the slightest degree, when the
two bodies are placed in contact.

The first alternative is definitely excluded
by the experimental evidence, so I shall pro-
ceed to interpret the second. It means that
bodies have natural states of electrification
whereby they become charged to definite poten-
tial differences whose magnitudes are inde-
pendent of their relative positions. There is
an intrinsic potential difference between 4 and
B which is the same, at a given temperature,
whether they are at a distance apart or in con-
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tact. In the words of Volta, which I have
already quoted, “ the metals can by themselves,
and of their own proper virtue, excite and dis-
lodge the electric fluid from its state of rest.”

Admitting that the intrinsic potentials ex-
ist, a straightforward calculation shows that
they are intimately connected with the magni-
tudes of the thermionic emission at a given
temperature. The relation is, in fact, gov-
erned by the following equation: If 4 and B
denote the saturation thermionic currents per
unit area of the bodies A and B respectively,
and V is the contact potential difference be-
tween them at the absolute temperature T,
then V=FkT /e log A/B where k is the gas
constant calculated for a single molecule
(Boltzmann’s constant), and e is the electronic
charge.

T have recently, with the help of Mr. F. S.
Robertson, obtained a good deal of new inform-
ation on this question from the experimental
side. We have made measurements of the con-
tact potential difference between heated fila-
ments and a surrounding metallic cylinder,
both under the high-vacuum and gas-free con-
ditions which are now attainable in such appa-
ratus, and also when small known pressures
of pure hydrogen are present. As is well
known, both contact potentials and thermionic
emission are very susceptible to minute traces
of gas, but we find that under the best condi-
tions as to freedom from gas there is a con-
tact potential of the order of one volt between
a pure tungsten filament and a thoriated fila-
ment. We have also been able to measure the
thermionic emissions from the filaments at
the same time, and we find that the contact
potential calculated from them with the help
of the foregoing equation is within 20 per
cent. of the measured value. Considering the
experimental difficulties, this is a very substan-
tial agreement. Whilst the evidence is mnot
yet as complete as I hope to make it, it goes
a long way towards disproving the chemical
view of the origin of contact potential differ-
ence.

From what has been said you will realize
that the connection between contact potentials
and thermionic emissions is a very close one.
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I would, however, like to spend a moment in
developing it from another angle. To account
for the facts of thermionic emission it is nec-
essary to assume that the potential energy of
an electron in the space just outside the emit-
ter is greater than that inside by a definite
amount, which we may call w. The existence
of this w, which measures the work done when
an electron escapes from the emitter, is re-
quired by the electron-atomie structure of
matter and of electricity. Its value can be
deduced from the temperature variation of
thermionic emission, and, more directly, from
the latent heats absorbed or generated when
electrons flow out of or into matter. These
three methods give values of w which, allow-
ing for the somewhat considerable experimen-
tal difficulties, are in fair agreement for any
particular emitter. The data also show that
in general different substances have different
values of w. This being so, it is clear that
when uncharged bodies are placed in contact
the potential energies of the electrons in one
will in general be different from those of the
electrons in the other. If, as in the case of
the metals, the electrons are able to move
freely they will so move until an electric field
is set up which equilibrates this difference of
potential energy. There will thus be an in-
trinsic or contact difference of potential be-
tween metals which is equivalent to the differ-
ence in the values of w and is equal to the
difference in w divided by the electronic
charge.®

PHOTOELECTRIC ACTION

We have seen that there is a connection
on broad lines between thermionic emission
and both contact potentials on the one hand
and photoelectric emission on the other. The
three groups of phenomena are also related in
detail and to an extent which up to the present
has not been completely explored. In order
to understand the present position, let us re-

¢ This statement is only approximately true. In
order to eondense the argument certain small effects
connected with the Peltier effect at the junction
between the metals have been left out of consid-
eration.



SEPTEMBER 30, 1921]

1

view briefly some of the laws of photoelectric
action as they have revealed themselves by
experiments on the electrons emitted from
metals when illuminated by visible and ultra-
violet light.

Perhaps the most striking feature of photo-
electric action is the existence of what has been
called the threshold frequency. For each metal
whose surface is in a definite state there is a
definite frequency n, which may be said to
determine the entire photoelectric behavior of
the metal. The basic property of the thresh-
old frequency n, is this: When the metal is
illuminated by light of frequency less than =,
no electrons are emitted, no matter how in-
tense the light may be. On the other hand,
illumination by the most feeble light of fre-
quency greater than n, causes some emission.
The frequency n, signalizes a sharp and abso-
lute discontinuity in the phenomena.

Now let us inquire as to the kinetic energy
of the electrons which are emitted by a metal
when illuminated by monochromatic light of
frequency, let us say, n. Owing to the fact
that the emitted electrons may originate from
different depths in the metal, and may undergo
collision at irregular intervals, it is only the
maximum kinetic energy of those which escape
which we should expect to exhibit simple prop-
erties. As a matter of fact, it is found that
the maximum kinetic energy is equal to the
difference between the actual frequency n and
the threshold frequency m, multiplied by
Planck’s constant A. In mathematical sym-
bols, if v is the velocity of the fastest emitted
electron, m its mass, e its charge, and 7 the
opposing potential required to bring it to rest,

eV =imv’=h(n—mn,).

From this equation we see that the threshold
frequency has another property. It is evi-
dently that frequency for which kinetic energy
and stopping potential fall to zero. This sug-
gests strongly, I think, that the reason the elec-
tron emission ceases at n, is that the electrons
are not able to get enough energy from the
light to escape from the metal, and not that
they are unable to get any energy from the
light.
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The threshold frequencies have another
simple property. If we measure the threshold
frequencies for any pair of metals, and at the
same time we measure the contact difference
of potential K between them, we find that K
is equal to the difference between their thres-
hold frequencies multiplied by this same con-
stant A divided by the electronic charge e.

These results, as well as others which I have
not time to enumerate, admit of a very simple
interpretation if we assume that when illumi-
nated by light of frequency n the electrons
individually acquire an amount of energy hn.
‘We have seen that in order to account for ther-
mionic phenomena it is necessary to assume
that the electrons have to do a certain amount
of work w to get away from the emitter. There
is no reason to suppose that photoelectrically
emitted electrons can avoid this necessity. Let
us suppose that this work is also definite for
the photoelectric electrons and let us denote’
its value by hn,. Then no electron will be
able to escape from the metal until it is able
to acquire an amount of energy at least equal
to hn, from the light—that is to say, under
the suppositions made—until n becomes at
least as great as n,. Thus n, will be identical
with the frequency which we have called the
threshold frequency, and the maximum en-
ergy of any electron after escaping will be
h (n—n,).

The relation between threshold frequencies
and contact potential difference raises another
issue. We have seen that the contact poten-
tial difference between two metals must be
very nearly equal to the difference between
the amounts of work w for the electrons to
get away from the two metals by thermionic
action, divided by the electronic charge e. The
photoelectric experiments show that the con-
tact electromotive force is also mnearly equal
to the differences of the threshold frequencies
multiplied by *»/,. It follows that the photo-
electric work hn, must be equal to the ther-
mionic work w to the same degree of accuracy.
‘We have to except here a possible constant
difference between the two. I do not see, how-
ever, how any value other than zero for such
a constant could be given a rational interpre-
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tation, as it would have to be the same for all
substances and frequencies. The photoelectric
and thermionic works are known to agree to
within about one volt. To decide how far they
are identical needs better experimental evi-
dence than we have at present. The indirect
evidence for their substantial identity (that
is to say, within the limits of accuracy re-
ferred to above) is stronger at the moment
than the direct evidence.

I do not think that the complete identity of
the thermionic work w and the photoelectric
hn, is a matter which can be inferred a priori.
‘What we should expect depends to a consider-
able extent on the condition of the electrons
in the interior of metals. We can not pretend
to any real knowledge of this at present; the
various current theories are mere guesswork.
Unless the electrons which escape all have the
same energy when inside the metal we should
expect the thermionic value to be an average
taken over those which get out. The photo-
electric value, on the other hand, should be
the minimum pertaining to those internal elec-
trons which have most energy. The apparent
sharpness of the threshold frequency is also
surprising from some points of view. There
seems to be scope for a fuller experimental
examination of these questions.

I have spoken of the threshold frequency as
though it were a perfectly definite quantity.
No doubt it is when the condition of the body
is or can be definitely specified, but it is ex-
traordinarily sensitive to minute changes in
the conditions of the surface, such as may be
caused, for example, by the presence of ex-
tremely attenuated films of foreign matter.
For this reason we should accept with a cer-
tain degree of reserve statements which appear
from time to time that photoelectric action is
gsome parasitic phenomenon, inasmuch as it
can be made to disappear by improvement of
vacuum or other change in the conditions.
‘What has generally happened in these investi-
gations is that something has been done to
the illuminated surface which has raised its
threshold frequency above that of the shortest
wave-length in the light employed in the test.
Unless they are accompanied by specific in-
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formation about the changes which have taken
place in the threshold frequency, such state-
ments are of little value at the present stage
of development of this subject.

Interesting calculations have been made by
Frenkel which bring surface tension into close
connection with the thermionic work w.
Broadly speaking, there can be little doubt
that a connection of this nature exists, but
whether the relation is as simple as that given
by the calculations is open to doubt. It should
be possible to answer this question definitely
when we have more information about the dis-
position of the electrons in atoms such as the
continuous progress in X-ray investigation
seems to promise.

LIGHT AND X-RAYS

One of the great achievements of experi-
mental physics in recent years has been the
demonstration of the essential unity of X-rays
and ordinary light. X-rays have been shown
to be merely light of particularly high fre-
quency or short wave-length, the distinction
between the two being one of degree rather
than of kind. The foundations of our knowl-
edge of X-ray phenomena were laid by Barkla,
but the discovery and development of the crys-
tal diffraction methods by v. Laue, the Braggs,
Moseley, Duane, and de Broglie have estab-
lished their relations with ordinary light so
clearly that he who runs may read their sub-
stantial identity. The actual gap in the spec-
trum of the known radiations between light
and X-rays is also rapidly disappearing. The
longest stride into the region beyond the ultra-
violet was made by Lyman with the vacuum
grating spectroscope which he developed. For
a short time Professor Bazzoni and I held the
record in this direction with our determina-
tion of the short wave limit of the helium
spectrum, which is in the neighborhood of 450
Angstrom units. More recently this has been
passed by Millikan, who has mapped a number
of lines extending to about 200 Angstrom units
—that is to say, more than four octaves above
the violet limit of the visible spectrum. I am
not sure what is the longest X-ray which has
been measured, but I find a record of a Zine
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L-ray by Friman 7 of a wave-length of 12.346
Angstrom units. There is thus at most a mat-
ter of about four octaves still to be explored.
In approaching this unknown region from the
violet end the most characteristic property of
the radiations appears to be their intense ab-
sorption by practically every kind of matter.
This result is not very surprising from the
quantum standpoint. The quantum of these
radiations is in excess of that which corre-
sponds to the ionizing potential of every known
molecule, but it is of the same order of magni-
tude. Furthermore, it is large enough to reach
not only the most superficial, but also a num-
ber of the deeper-seated electrons of the atoms.
There is evidence, both theoretical and experi-
mental, that the photoelectric absorption of
radiation is most intense when its quantum
exceeds the minimum quantum necessary to
eject the absorbing electron but does not ex-
ceed it too much. In the simplest theoretical
case the absorption is zero for radiations whose
frequencies lie below the minimum quantum,
rigses to a maximum for a frequency compar-
able with the minimum, and falls off to zero
again at infinite frequency. This case has not
been realized in practise, but, broadly judged,
the experimental data are in harmony with it.
On these general grounds we should expect in-
tense absorption by all kinds of matter for the
radiation between the ultra-violet and the
X-ray region.

The closeness of -the similarity in the prop-
erties of X-rays and light is, I think, even
yet inadequately realized. It is not merely a
similarity along broad lines, but it extends
to a remarkable degree of detail. It is per-
haps most conspicuous in the domains of
photoelectric action and of the inverse phenom-
enon of the excitation of radiation or spectral
lines by electron impacts. Whilst there may
still be room for doubt as to the precise inter-
pretation of some of the experimental data,
the impression I have formed is that each im-
portant advance tends to unify rather than to
disintegrate these two important groups of
phenomena.

0. W. RICHARDSON

* Phil. Mag., Vol. XXXII. p. 494 (1916).
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SCIENTIFIC ABSTRACTING 1

Is it worth while for scientific journals to
provide abstracts at the beginning of their
articles?

The answer to this question depends, of
course, on the nature of the abstracts. If they
are sketchy, incomplete and unreliable, as
many abstracts published at present are, they
may be worse than useless. But suppose each
abstract describes the contents of the article
so completely and precisely that any reader can
tell with assurance whether the article containg
any results of interest to him, and suppose it
summarizes the methods, conclusions and
theories so as to give all the information any
reader not a specialist in the narrow field in-
volved needs; that is, suppose each is the
result of a careful analysis of the article by a
competent abstractor, would not such abstracts
enable the reader to grasp the significant re-
sults in the articles not only more quickly but
more completely and clearly than by skim-
ming through the articles?

Such abstracts would save much time for
the scientist not only as a reader of current
literature but also as an investigator. For
when he desires information on a certain nar-
row subject, such abstracts would help him to
determine more quickly than otherwise which
of the articles referred to in a bibliography or
other list contain what he needs; and fre-
quently the abstracts would give him the in-
formation directly and make a search through
the articles unnecessary. Finally, such ab-
stracts would save his time as an abstractor
at home and abroad. For abstract journals
are recognized to be such useful, almost in-
dispensable guides to scientific literature that
most sciences have one or more in each of the
great scientific languages. At present, then,
most of the articles in the fields of astronomy,
physies, chemistry, biology, and medicine are
abstracted from three to six times each, while
if an abstract suitable for reprinting in an ab-

1 The method of analytlc abstracting described
in this paper was developed by the writer during
1919-20 while on the staff of the Research In-

formation Service of the National Research
Couneil. -




