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ered and put into order in such a form that an
original thinker who would encompass all of
them would find it possible to do so in a life-
time and still have left that energy which is nee-
essary to fuse and unite the whole material in
the fire of his intelleet and mould it into a
great (even though tentative) synthesis of
scientific truth.

Such a work ean not be done once for all.
Science continues to grow and novel thoughts
arise occasionally in its progress. These will
ever require new syntheses if they are to be
comprehended properly. No such work of phil-
osophic interpretation can ever be final, for
science itself can never reach a final and com-
pleted stage. KHach generation or century will
need to do it again; but this lack of finality
does not make the work of any the less im-
portance.

It is important that the great scientific ideas
of each generation should come out of their
technical dress and be set forth in a literary
form which makes them pleasingly accessible to
all cultivated persons with a tendency to phil-
osophic interpretation. To this double work of
the synthesis of truth and the putting of it into
an accessible form the editors of Scientia have
committed that journal, and it is going forward
with inereasing success towards the realization
of this high aim.

R. D. CaARMICHAERL
UNIVERSITY OF ILLINOIS

SPECIAL ARTICLES
PARAMAGNETISM AND THE THEORY OF
_ QUANTA
Tue last issue of the Journal de Physique
contains an interesting and meritorious review
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by B. Cabrera of the extensive work done by
different observers on the magnetism of salts
of metals of the iron group. A conspienous
part of this work is due to Professor Cabrera
himself and to his pupils and was heretofore
outside the reach of most of the scientific read-
ers, because it was published in Spanish jour-
nals.

I wish to draw the attention of the physicists
engaged in magnetic research to an interpreta-
tion of which the material presented by Pro-
fessor Cabrera is susceptible, and which seems
to me to be a strong support of the quantum
theory of magnetism. It is well known that
the theory of electrons gives a simple relation
between the magnetic moment of an atom m
and its chief moment of momentum G
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e/u. being the ratio of the charge of an elec-
tron to its mass. On the other hand, the theory
of quanta admits only certain disereet values
of the moment of momentum G, to wit, whole
multiples of the value h/2x=, where h denotes
Planck’s universal constant of action. The re-
sult is that the magnetic moment of an atom
(or ion) is also a whole multiple of an elemen-
tary value
(2
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so that
(2) m = jm,

where m, is called the “Bohr-Magneton” and
the integer j (in Sommerfeld’s terminology)
the “internal quantic number” of the atom.

The conception that the atomic magnetic
moment is a multiple of a “magneton” was
origirially introduced empirically by P. Waeiss.
However, the empirical “Weiss-Magneton”

m m’ m’ v . 104 v . 104
Ton in W.-M. J in W.-M. in M, cale. obs.
Cr+++ 19.0 3 15.2 3.04 4.8 5.0
Cr++ 24.0 4 20.2 4.04 7.7 7.9
Mn++ 29.0 5 25.2 504 11 116
Fe++ 28.9 ( 25.1 5.02 : 11.5
4 22-24.4 4.4-4.9 7.7
Ferr | 26.0-20.0 | 5 22.6-25.2 45.5.04 113 } 9.3-11.6
Co++ 24,0 4 20.2 4.04 7.7 7.9
Ni++ 16.0 3 12.9 2.6 4.8 3.5
saturated
Ni++ 13.0 2 9.5 1.9 2.5 2.3
unsaturated
Cu++ 9.1 1 5.26 1.05 1.0 11
Cu+ 0 0 0 0 0 0
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(W.-M.) has a value almost exactly five times
smaller than the theoretical “Bohr-magneton.”
Weiss obtained his values for the atomic mag-
netic moments of ions in solutions from the
measured susceptibilities y by means of Lan-
gevin’s formula based on eclassical statisties
Nm2

3) i =
Where N denotes the number of atoms (or
ions) in unit space, & Boltzmann’s constant
and T the temperature. Cabrera uses the same
method of theoretical analysis and derives
values of m in Weiss-magnetons as units.

It has been, however, pointed out by W.
Pauli (Phys. Zeitschr. 1920, xxi, p. 615) that
the statistics of the quantum theory lead to a
different result and that Lamgevin’s formula
must be replaced by the new one

G+1) (@ +1) Nm2
) =y = 6;2 kT

We see that from the point of view of the
quantum theory the values m derived by Cab-
rera need a correction, and that the new value

m’ will be m" = am, where the correction fac-
tor a has the form
B) a= J
VG + 1) (G + %)
ir 1 2 3 4 5 6

0.577' 0.730 0.802 0.842 0.870  0.890

The application of these considerations to
Cabrera’s material is contained in a following
table. The second column gives the values of
m in Weiss-magnetons, which this author con-
siders as the best mean of the results of differ-
ent observers. It may be remarked that some
of the authors find values lying rather far from
whole numbers, so that the integral nature of
this quantity does not seem quite assured to
the unprejudiced observer. In order to find
the corrected value m’, it is necessary to make
a hypothesis as to the number j of Bohr-Mag-
nefons in the atom. This hypothetical j is
given in the third column, while the fourth
contains the result of the correction in Weiss-
Magnetons, from which the value of m’ in
Bohr-Magnetons is obtained by dividing by five
(fifth column). The agreement of the final
result of the fifth column with the hypothetical
Jj of the third gives a measure of the extent to
which the hypothesis was justified. It will be
remembered that j represents the number of
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Bohr-Magnetons m, contained in an atom, so
that the third column gives our hypothesis as
to this number, while the fifth contains the same
number as derived from Cabrera’s experimental
material. We see that there exists an apparent
diserepanecy in Ni** in saturated salts and for
Fetr, However, the case of Fe** is without
any significance, because the uncertainty of the
experimental values is here so large as to pre-
vent any conclusions. The rest of the para-
magnetic salts shows an excellent agreement
with the quantum theory.

There may be suggested still another and
more convenient method for checking these re-
sults. By means of formula (3) we can com-
pute the susceptibilities (referred to the gram-
matom of material) corresponding to the in-
dividual integer j. We have tabulated these
values of the susceptibility in the sixth column,
while in the seventh the actually measured
values are given for comparison.

Again we see that a discrepancy larger than
the limits of experimental error exists only
for Ni. Physicists engaged in magnetic re-
search would therefore promote the develop-
ment of the theory of quanta by paying par-
ticular attention to the ions Fe** and Ni**.

Paur S. EPSTEIN
NorMAN BrIDGE LABORATORY OF PHYSICS,
CALIFORNIA INSTITUTE OF TECHNOLOGY
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Studies by a new method of analysis of complex
crystal structures and mnormally and abnormally
reflected secondary X-rays characteristic of chem-
ical elements in crystals: GEORGE L. CLARK. (1)
A new ionization spectrometer method of ana-
lyzing erystals has been designed to be applicable
to variable parameter systems (triclinie, mono-
clinie, orthorhombic), and to be independent of
previous determinations of structure, number of
molecules per unit, wave-length and densities.
Wave-lengths producing particular effects are ac-
curately evaluated by an experimental determina-
tion of the critical voltage in the quantum law
Ve = he/j. (2) By this method crystals and
powders of the following compounds have been



