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Mr. Simon and I have taken about 750 stereoscopic cloud expansion
photographs, using apparatus such as that shown diagrammatically in
figure 2. Our chief difficulty has been to eliminate stray X-rays, which
give rise to meaningless tracks often indistinguishable from those due to
scattered quanta. The results of the last 350 plates, in which these rays
were reduced to a relatively low intensity, are shown in figure 3. Here
I have plotted the deviation A of the observed tracks from the theoretical
angle. On the spreading wave theory, the values of A should be nearly
uniformly distributed between 0 and 180 degrees. On the quantum
theory they should be concentrated near 0, as is obviously the case. The
occurrence of tracks at other angles is explicable as due in part to stray
X-rays and in part to the method of plotting the results.

A more detailed account of the work will be published when further ex-
periments, which are now in progress have been completed. The results
already obtained, however, permit us to state, with very little uncertainty,
that the direction in which a quantum of scattered X-rays can produce an
effect is determined at the moment it is scattered, and can be predicted
from the direction of motion of the recoil electrons. In other words,
scattered X-rays proceed in directed quanta.

It is possible to clothe this statement in the language of the wave-theory,
if we keep in mind that a wave with a single quantum of energy can pro-
duce an effect in only one direction.?

1 W. Bothe and H. Geiger, Zeitschr. Physik., 26 (1924) 44.

2 Since this paper was read before the Academy, I have received a letter from Dr.
Bothe informing me that H. Geiger and he have also observed the coincidences demanded
by the quantum theory but contrary to the theory of Bohr, Kramers and Slater. Their
work will be described soon in die Naturwissens haften.

ETHER-DRIFT EXPERIMENTS AT MOUNT WILSON

By DavroN C. MILLER
CASE SCHOOL OF APPLIED SCIENCE

Read before the Academy April 28, 1925

_ The Michelson-Morley Experiment to determine the relative motion
of the earth and the luminiferous ether, “ether drift,” was first performed
in Cleveland, Ohio, in the year 1887.! The experiment is based upon the
argument that the apparent velocity of light should be slightly different
according to whether the observer is carried by the earth in the line in
which the light is travelling, or at right angles to this line. The inter-
ferometer devised by Michelson is capable of showing very minute changes
in the relative velocities of two beams of light. Simple theory shows that
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if the velocity of the earth’s motion were directly effective in observations

made with the interferometer EEEG—_G—G—

G The actual motion of the earth in space is the
resultant of its oribital motion and of the motion of translation of the solar

Systemyasiaiwhole) The latter component motion being unknown, it is
impossible to predict any ‘“‘expected” relative motion of the earth and
ether.

Michelson and Morley -floated the interferometer on mercury, so that
the instrument could be turned to all azimuths of the horizontal plane of
observation in the effort to find the direction of the presumed ether-drift.
A drift perpendicular to the plane of the interferometer would produce
no effect whatever. The rotation of the earth on its axis would cause the
plane of the interferometer to move as around the surface of a cone, and
thus to take many different space orientations. ‘Therefore the apparent
azimuth of the drift should change with the time of observation. In
November 1887, Michelson and Morley announced their conclusion as
follows:

At the International Congress of Physics, held in Paris in 1900, Lord
Kelvin expressed the conviction that the experiment should be repeated
with a more sensitive apparatus.

In this instrument a relative
velocity of the earth and ether equal to the earth’s orbital velocity would
be indicated by a displacement of the interference fringes equal to 1.5
fringes.
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2
®

herewasImojdirectievidenceiofithis) A plan was made for putting this

surmise to the test after a summer’s vacation. We had erected the inter-
ferometer on land owned by a friend; during our vacation absence, the
land was sold and the new owner ordered the immediate removal of the
interferometer.

It seemed desirable that further observations should be carried out at
a much higher altitude, but numerous causes prevented the immediate
resumption of observations.

Through the kindness of President Merriam of the Ca:negle Institution
of Washington and of Directors Hale and Adams the experiments were
resumed by the writer in March and April 1921, at the Mount Wilson
Observatory in California where the elevation above sea level is about 6000
feet. The apparatus was substantially the same as that used by Morley
and Miller in 1904, 1905 and 1906.

At the Mount Wilson station, about 5000 single measures of the ether-
drift have been made at various times of day and night. These have been
reduced in 204 different sets, each set conmsisting of observations made
within one hour’s time

I. Between April 9 and April 21, 1921, over 1300 single measures of
the ether-drift were made. ‘These were recorded in 117 sets of measures.
By combining the sets made at nearly the same hour on different days,
the number was reduced to six principal observations

Since the light in the interferometer travels along one arm and back again,
' the observation indicates only the line in which the drift occurs, but does
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not indicate whether it is in the positive or negative direction. @l

only criterion for determining the direction in the given line is the con-
sistency of observations made at different epochs.

Figure 1 shows the observations of April 1921, in which the arrows )
indicate the observed direction and the magnitude of the drift, the arrows
being located around a circle at points corresponding to the sidereal times

of observation.
In order to eliminate any periodic effect of radiant heat, the metal parts

of the interferometer were completely covered with large plates of cork
about one inch thick. About fifty sets of observations were made under

these conditions. The periodic displacement of the fringes due to the

II. In the summer of 1921, the steel frame of the interferometer was

0
FIGURE 2

dismounted.
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The entire apparatus was returned to the laboratory at Cleveland;
-during the years 1922 and 1923, many trials were made under various con-
ditions which -could be controlled, and with many modifications in the
arrangement of parts of the apparatus.

This method has been used in the regular observations
-of epochs IIT and IV. A further arrangement of mirrors, rather compli-
cated in practice, was tried, for observing the fringes from a stationary
telescope; the necessity for frequent adjustment of the fringes in the field
of view made this method impracticable.

‘both from the fixed observing station, and by means of a motion-picture
ameracantiedionthieinterierometer Fven with an arc light as the source,

there was not sufficient illumination to produce a satisfactory photographic
record, and the necessity for frequent adjustment of the fringes also made

this method unsuitable. (IEEDENIOREISIPHOREENCNEHOMND

“Trials were made with various sources of light; with electric arc and in-
candescent lamps, the mercury arc, acetylene lamp, and also with sun
light. The interchange between sun light and laboratory sources in no
‘‘way altered the results. The final choice for the stationary source placed
outside of the interferometer room (or house, on the mountain) was a large
acetylene lamp of the kind commonly used for automobile head-lights.

An extended series of experiments was made to determine the influence

of inequality of temperature in the interferometer room, and of radiant

heat falling on the interferometer. Several electric heaters were used, of

the type having a heated coil near the focus of a concave reflector. In-

equalities in the temperature of the room caused a slow but steady drifting
of the fringe system to one side, but caused no periodic displacement.
Even when two of the heaters were placed at a distance of three feet from
the interferometer as it rotated, and were turned to throw the heat directly
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on the uncovered steel frame, there was no periodic effect that was meas-
ureable. When the heaters were turned on to the light-path which had a
covering of glass, a periodic effect could be obtained only when the glass
was covered with opaque material in a very non-symmetrical manner, as
when one arm of the interferometer was completely protected by a cover-
ing of corrugated paper-board while the other arms were unprotected.
‘These experiments proved that under the conditions of actual observation,
the periodic displacement could not possibly be produced by temperature
effects.

As an indication of the reliability of the readings made with the inter-
ferometer, a series of observations are shown in figure 3, taken in the labora-
tory at Cleveland in July 1924. Two of these N §
sets. were made with sunlight as the source, the | | ]
third and fourth lines from the top. 7The uncer- ..i [ T11
tainty of reading is less than 0.01 of a fringe, and |
the displacement is zero. ’ ]

l
1

y

The investigation in the laboratory demon-
strated that the full period effect mentioned in
the preliminary report on the Mount Wilson ob-
servations,? is a necessary geometrical result of the
adjustment of the mirrors in producing fringes of
finite width. Under poor temperature conditions,
such as existed at Mount Wilson in April 1921,
it was necessary to use narrow fringes, in which
case the full period effect is relatively large; as
the width of fringes is increased, this effect decreases and vanishes only
when fringes of infinite width are used as is presumed is the simple theory
of the experiment.

ITI. After the conclusion of the expenments just described, the mter-
ferometer was taken again to Mount Wilson. In 1921, the apparatus had
been located on the very edge of a deep canyon; it was feared that the air
currents up and down the face of the canyon might produce a disturbance,
and also that the unsymmetrical distribution of the rock of the mountain
itself might be undesirable. In August 1924, a new site was chosen, on a.
very slightly rounded knoll, removed from the canyons. The interferom-
eter house was erected with its orientation, as regards the ridge of the
roof and the location of the door, changed by 90° from that of 1921.
In every detail, the interferometer was the same as had been used in
Cleveland in July 1924. On September 4, 5 and 6, 1924, 275 measures
of the drift were made, in 10 sets of observations. ‘The actual observations
are plotted in Fig. 4. This shows a pesitive displacement of the fringes,
in contrast with the small result obtained in Cleveland, shown in Fig. 3.
The corresponding ether-drift is consistent in direction and magnitude

FIGURE 3
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with that previously obtained at Mount Wilson. Part of these observa-
tions were made with the glass case over the light path, covered with cor-
rugated paper which had been found in the Cleveland experiments to ex-
\r § , clude all effects of radiant heat. This covering

:i |r pENNy produced no effect whatever, showing that there

111 ~| was no disturbance of this kind.
| B IV. Observations on Mount Wilson were re-
T sumed on March 27, 1925, and continued until
A | April 9, during which time 1600 measures of the
| N drift, in 35 sets, were made. The interferometer

| was as used in September 1924, excepting that
new mirrors were provided for bringing in the
acetylene light. During the first half of the ob-
servations for this epoch, the acetylene lamp was
stationary and outside of the house; during the
last half of the series, the lamp was placed on
the cover of the interferometer, near the axis of
rotation, which simplified some of the adjust-
D amihN || ments. There was not the slightest difference in

- 1 the results obtained with the two positions of the

Y

// g/
i

// light. ‘The position of the assistant in the house
\\/ was changed by a quadrant, with no effect on the
"'{/\L\ result.

RERRS Throughout epoch IV the conditions of obser-
- | vation were exceptionally gocd; some of the time
l 1 there was a fog, which rendered the temperature

FIGURE 4

very uniform. Four precision thermometers were
hung on the outside walls of the house; on numerous occasions the ex-
treme variation of temperature was not more than 0.1°, and usually it
was less than 0.4°; however, a variation of several degrees, while causing
a constant drift of the fringe system, did not change the periodic dis-
placement either in azimuth or magnitude.

The observations made at about the same time of day (or night) being
combined, the 35 sets have been averaged in thirteen groups, and the re-
sulting ether-drifts are shown in figure 2. ‘The agreement between the re-
sults for 1921 and 1925 is striking, especially when it is recalled that the
interferometer has been rebuilt as to its details, has a different system of
illumination and observation, and has been changed to a new site, in a
house differently oriented, and that many variations in observational pro-
cedure have been tried.

" The interferometer readings being plotted, give directly, by harmonic
analysis (carried out with the mechanical harmonic analyzer) the azimuth
and magnitude of the ether-drift. There are no corrections of any kind
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w

The test of these observations is whether they lead to a rational and
wholly consistent indication of a constant motion of the solar system in
space, combined with the orbital motion of the earth and the daily rotation
on its axis..

R I T ST S TN NN SO SN WU S
Lo et 1B 200 2 24"
o Sidereal Time.
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FIGURE 5

@given'epochi) The 1600 observations of the ether-drift made in April -
1925, consisting of 35 sets made on different days, have been combined
into eleven sets at different sidereal times and are charted in azimuth with
respect to sidereal time in figure 5.

(complexityy Prof. J. J. Nassau of the Department of Mathematics and
Astronomy of Case School of Applied Science, and Dr. G. Stromberg of
the staff of the Mount Wilson Observatory, have given very great assistance
in the mathematical analysis, and have developed solutions of various parts
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of the-problem, and also a complete least-squares solution of the general
problem. A definitive numerical calculation will require several months
of continuous work, and is now in progress.

A complete calculation of the observa-

tions, now in progress, together with further experiments to be made in
.the immediate future, should give definite indications regarding the ab-
solute motion of the solar system in space.

1 Michelson and Morley, Relative Motion or the Earth and the Luminiferous Ether,
Amer. J. Sci., 34, 333 (1887); Phil. Mag., 24, 449 (1887); J. Physique, T, 444 (1888).

2 Morley and Miller, An Experiment to Detect the FitzGerald-Lorentz Effect, Phil.
Mag., 9, 680 (1905); On the Theory of Experiments to Detect Aberrations of the Second
Degree, Phil. Mag., 9, 669 (1905). An Experiment to Detect the FitzGerald-Lorentz
Effect, Proc. Amer. Acad. Arts Sci., 41, 321 (1905).

3 Miller, Ether-Drift Experiments at Mount Wilson Observatory, Physic. Rev., 19
407 (1922); Science, 55, 496 (1922).

THE INTENSITIES OF LINES IN MULTIPLETS. 1. THEORY

By HENRY NORRIS RUSSELL
MouNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated May 8, 1925

It appears probable that the relative intensities of spectral lines belong-
ing to the same multiplet group are determined by quantum conditions.
This note presents formulae recently developed by the writer, which closely '
represent all the available data.

1. Notation.—From the standpoint of multiplet structure, a spectro-
scopic term may be completely specified by three integers, one of which
defines the system to which the term belongs, the second the series, and
the third distinguishes between the components of a multiple term. The
most natural definition of these integers appears to be that which makes
the first equal to the maximum number of components possessed by any
term of the system: the second to the maximum number of components
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