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THE DISPLACEMENTS OF THE CAPILLARY ELEC TROMETER,
FOR PROGRESSIVE DILUTIONS OF THE ELECTROLYTE

By CArL Barus

DEPARTMENT OF PHYSsICS, BROWN UNIVERSITY

Communicated, March 23, 1923

1. ‘The attached graphs, obtained incidentally, seem to be of sufficient
interest to be recorded. The capillary electrometer is shown in diagram -
in the inset, the mercury thread being about 1 mm. in diameter. The
meniscus below d is in contact with the electrolyte, while a platinum
wire dips into the broad meniscus at ¢, so that but one meniscus is in
question. The displacements were observed with a microscope provided
with an ocular scale, of which 1 scalepart y corresponded to .041 mm. of
depression, at the meniscus. They are recorded as observed with an
inversion, so that a rise of meniscus corresponding to a 4 charge happens
to be laid off downward and a depression of meniscus (negative charge)
upward. The ordinates therefore are —y. Ome (ZnSO,) Daniell cell
and a commutator were .used for chargmg, the electrodes being alternately
earthed.

2. In the graphs, figure 1, the electrolyte (inset d) was distilled water,
to which a drop of dilute sulphuric acid had previously been added and
mixed. The observations were made in seconds, after closing and .
after opening, the cycles given (points distinguished) are the 4th, 5th,
and 6th. The equivalent of the Daniell cell is here about Ay = 60 scale-
parts. .



‘VoL. 9, 1923 . PHYSICS: C. BARUS 157

3. 'The whole of the electrolyte in d was now removed and replaced by
distilled water, the mercury thread being left in place. The three new
cycles, figure 2, show a somewhat enhanced displacement, Ay; but the
featurg of the results is the much more rapid displacement of the negative
meniscus, as compared with the positive meniscus. Graphs in the latter
case are always doubly inflected; not so in the former.

4. 'The electrolyte was now again removed and replaced by distilled
water. The cycles obtained after this second rinsing are shown in figure 3.
There has been further and now very marked retardation of the whole

phenomenon; nevertheless the discharge of the negative surface is still
strikingly rapid as compared with the discharge of the positive surface.
The total displacement Ay is possibly larger than before. '

5. Correspondingly progressive results were obtained in the 3rd rinsing.
1 shall therefore only give the record for the 4th rinsing, in figure 4. The
phenomenon has now been so far retarded, that a time scale of minutes
is necessary. Even this does not suffice, so that the long intervals are
indicated by broken lines. The supply of ions (presumably proportional
to the fall of potential per second) is now very meager; still the mercury
surface parts with its positive ions appreciably more reluctantly than
with its negative ions, and the latter graphs, as heretofore, are not doubly
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inflected. Al this fits in very well with the theory of Helmholtz and Lipp-
mann based on the 2nd law of thermodynamics. One may regard the
kinetic pressure of the negative ions within the metal as continually in
excess of the pressure of the positive ions; so that in hke fields of the double
layer, the former escape sooner.

THE TRANSFER IN QUANTA OF RADIATION MOMENTUM
TO MATTER

- By WiLL1aM DUANE
DEPARTMENT OF PHvsics, HARVARD UNIVERSITY

Communicated, March 2,. 1923

1. The reflection by a crystal of X-radiation characteristic of the atoms
in the crystal itself, which Dr. G. L. Clark and the writer discovered
(these PROCEEDINGS, May, 1922 and April, 1923), does not appear to be
explainable in a simple manner by the theory of interference of waves.
This note describes an attempt to formulate a theory of the reflection of
X-rays by crystals, based on quantum ideas ‘without reference to inter-
ference laws.

2. The fundamental hypothesis of the theory now presented is that
the momentum of radiation is transferred to and from matter in quanta,
and further, that the laws of the conservation of energy and of momentum
apply to these transfers.

3. In order to illustrate the meaning of this hypothesis, let us take a
particular example, namely, that of the reflection of an X-ray by a crystal.
For the sake of simplicity, let us assume that the axes of the crystal lie
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at right angles to each other and take the particular case in which the
X-ray strikes the crystal in a direction parallel to one set of principal
planes. The problem thus becomes a two-dimensionable one. Suppose



