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HE ether-drift experiment first suggested by
Maxwell in 1878 and made possible by
T
Michelson’s invention of the interferometer in
1881, though suitable for the detection of the
general absolute motion of the earth, was actually
applied for detecting only the known orbital
component of the earth’s motion. For the first
time, in 1925 and 1926, I made observations at
Mount Wilson of such extent and completeness
th at they were sufficient for the determination of
the absolute motion of the earth. These observa
tions involved the making of about 200,000 single
readings of the position of the interference fringes.
The ether-drift observable in the interferometer,
as is well known, is a second order effect; and the
observations correctly define the line in which
the absolute motion takes place, but they do not
determine whether the motion in this line is
positive or negative in direction.
At the Kansas City meeting of the American
Association for the Advancement of Science, in
December, 1925, before the completion of the
Mount Wilson observations, a report was made
showing th at the experiment gives evidence of
a cosmic motion of the solar system, directed
towards a northern apex ; but the effects of the
orbital motion were not found, though it seemed
th at the observations should have been quite
sufficient for this purpose1.
The studies of the proper motions and of the
motions in the line of sight of the stars in our
galaxy have shown th at the solar system is
moving, with respect to our own cluster, in the
general direction of a northern apex in the con
stellation Hercules. This apex is near th at indi
cated by the ether-drift observations as just
reported, and seemed to be confirmatory evidence
of its correctness. Probably it was this that caused
the continuation of the analysis of the problem,
on the supposition th at the absolute motion was
to the northward in the indicated line. All possible
combinations and adjustments failed to reconcile
the computed effects of combined orbital and
cosmic motions with the observed facts.
In the autumn of 1932, a re-analysis of the
problem was made, based upon the alternative
possibility th at the motion of the solar system
is in the cosmic line previously determined, but
is in the opposite direction, being directed south
ward. This gives wholly consistent results, leading
for the first time to a definite quantitative deter
mination of the absolute motion of the solar
system, and also to a positive detection of the
effect of the motion of the earth in its orbit.
The absolute motion of the earth may be pre
sumed to be the resultant of two independent
component motions. One of these is the orbital
* Paper read before Section A (Mathematical and Physical Sciences)
of the British Association meeting at Leicester on September 13 ,1933.

motion around the sun, which is known both as
to magnitude and direction. For the purposes of
this study, the velocity of the orbital motion is
taken as 30 kilometres per second, and the direction
changes continuously through the year, at all
times being tangential to the orbit. The second
component is the cosmical motion of the sun and
the solar system. Presumably this is constant
in both direction and magnitude, but neither
the direction nor magnitude is known ; the deter
mination of these quantities is the particular
object of this experiment. The rotation of the
earth on its axis produces a velocity of less than
four tenths of a kilometre per second in the
latitude of observation and is negligible so far
as the velocity of absolute motion is concerned ;
but this rotation has an im portant effect upon
the apparent direction of the motion and is an
essential factor in the solution of the problem.
Since the orbital component is continually changing
in direction, the general solution is difficult; but
by observing the resultant motion when the earth
is in different parts of its orbit, a solution by trial
is practicable. For this purpose it is necessary
to determine the variations in the magnitude and
in the direction of the ether-drift effect throughout
a period of twenty-four hours and at three or
more epochs of the year. The observations made
at Mount Wilson correspond to the epochs April 1,
August 1 and September 15, 1925, and February 8,
1926.
The point on the celestial sphere towards which
the earth is moving because of its absolute motion
is called the apex of its motion. This point is
defined by its right ascension and declination, as
is a star, and the formulae of practical astronomy
are directly applicable to its determination from
the interferometer observations. The theoretical
consideration of the determination of the apex
of the motion of the earth has been given in a
paper by Prof. J. J. Nassau and Prof. P. M.
Morse2.
Table 1 gives the right ascensions and declina
tions of the apexes of the earth’s cosmical motion
as obtained from the interferometer observations
for the four epochs on the presumption of a
southward motion, together with the right ascen
sions and declinations calculated upon the theory
of an ether-drift.
Table I.
Epoch
Feb.
April
Aug.
Sept.

8
1
1
15

Location of resultant apexes

a (Obs.)

a (Calc.)

6
3
3
5

5n 40m
4
0
4
10
5
0

0m
42
57
5

5 (Obs.)
-7 7 ° 27'
76 48
64 47
62
4

(Calc.)
-7 8 °
77
63
62

25'
50
30
15

Apex of cosmic component a = 4h 56m, 5 = —70° 33'

From these resultant apexes are determined four
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values for the apex of the cosmic component,
which is the apex of the motion of the solar
system as a whole. This apex has the right
ascension 4h 56m and the declination 70° 33' south.
Continuing the astronomical description, having
found the elements of the ‘aberration orbit’, these
are used to compute the apparent places of the
resultant apexes for the four epochs of observation.
On the accompanying chart of the south circumpolar region of the celestial sphere (Fig. 1), the
large star indicates the apex of the cosmic motion,
and the four circles show the locations of the
calculated apexes. These apexes necessarily lie on
the closed curve representing the calculated aber
ration orbit, the centre of which is the apex of the
cosmic component of the earth’s motion. This
aberration orbit is the projection
of the earth’s orbit on the celestial
sphere, which in this case is
approximately a circle.
The
observed apexes for the four
epochs are represented by the
small stars. The locations of the
pole of the ecliptic and of the star
Canopus are also shown. The
close agreement between the cal
culated and observed apparent
apexes would seem to be con
clusive evidence of the validity of
the solution of the ether-drift
observations for the absolute
motion of the earth and also for
the effect of the orbital motion of
the earth, which hitherto has not
been demonstrated.
I t may seem surprising th a t
such close agreement between
observed and calculated places
can be obtained from observations
of such minute effects, and effects
which are reputed to be of such
difficulty and uncertainty. P er
haps an explanation is the fact
th a t the star representing the
final result for the February epoch
is, in effect, the average of 8,080 single deter
minations of its location ; the star for the August
epoch represents 7,680 single determinations, th at
for September, 6,640, and th a t for April, 3,208
determ inations.
The location of the apex of the solar motion is
in the southern constellation Dorado, the SwordFish, and is about 20° south of the star Canopus,
the second brightest star in the heavens. I t is in
the midst of the famous Great Magellanic Cloud of
stars. The apex is about 7° from the pole of the
ecliptic and only 6° from the pole of the invariable
plane of the solar system ; thus the indicated
motion of the solar system is almost perpendicular
to the invariable plane. This suggests th a t the
solar system m ight be thought of as a dynamic
disc which is being pulled through a resisting
medium and therefore sets itself perpendicular to
the line of motion.

.
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I t is presumed th a t the earth’s motion in space
is projected on to the plane of the interferometer,
and the direction of this motion is determined by
observing the variations produced in the projected
component by the rotation of the earth on its axis
and by the revolution around the sun. Both the
magnitude and the direction of the observed effect
vary in the manner and in the proportion required
by an ether-drift, on the assumption of a stagnant
ether which is undisturbed by the motion of the
earth through it. B ut the observed magnitude of
the effect has always been less than was to be
expected, indicating a reduced velocity of relative
motion, as though the ether through which the
interferometer is being carried by the earth’s
motion were not absolutely a t rest. The orbital
0*

velocity of the earth being known, 30 kilometres
per second, the cosmical velocity of the solar
system, determined from the proportional varia
tions in the observed effects, is found to be 208
kilometres per second.
Table I I gives the observed periodic displace
ment of the fringe system as the interferometer
rotates on its axis, and the corresponding velocity
of relative motion of the earth and ether.
Table II.
Epoch
Feb.
April
Aug.
Sept.

8
1
1
15

Displacements and velocities

Fringe Shift
0-104 I
0-123
0-152
0-110

Velocity (Obs.)
9-3 km./sec.
10-1
11-2
9-6

Velocity (Calc.)
195-2 km./sec.
198-2
211-5
207-5

The last column gives the velocity to be expected
in the stagnant ether theory on the presumption
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th a t the cosmic component and the orbital com
ponent are both reduced in the same proportion
in the interferometer. The mean factor of reduc
tion is &=0-0514. The azim uth of the observed
effect is subject to a diurnal variation, produced
by the rotation of the earth on its axis. The ob
served oscillations of the azimuth are in accordance
with theory as to magnitude and time of occur
rence, but for some unexplained reason, the axis
of the oscillations is displaced from the meridian.
In order to account for the results here presented,
it seems necessary to accept the reality of a modi
fied Lorentz-FitzGerald contraction, or to postulate
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a viscous or dragged ether as proposed by
Stokes.
The results here reported are, notwithstanding
a common belief to the contrary, fully in accord
ance with the original observations of Michelson
and Morley of 1887, and with those of Morley and
Miller of 1904-5. The history of the ether-drift
experiment and a description of the method of
using the interferometer, together with a full
account of the observations and their reduction,
has been published elsewhere3.
1 Science, 63, 433 ; 1926.

N ature , 116, 49 ; 1925.
• Astrophys. J., March, 1927.

3 Rev. Mod. Phys., 5, 203, July, 1933.

Treasures of Carniola*
By C h r i s t o p h e r H a w k e s , British Museum
charge their manifest obligation to publish their
H E work which has given this brief essay
lots, with their documentation behind them , in
its inspiration and its title stands for three
detail and w ithout delay. The Mecklenburg sale
things of outstanding importance to all interested
m ay thus become an international precedent of
in the application of science to hum an history.
the first importance in many scientific spheres.
First, the unique value of the prehistoric treasures
The Duchess of Mecklenburg was born Princess
of Carniola and the surrounding provinces them 
of Windischgratz, and came of a family long
selves, both in the narrower world of archaeology
distinguished for services to archaeology no less
and the broader one of m an’s history a t large.
than to the Austro-Hungarian crown. By the
Second, the devotion by the late Duchess of
greatest good fortune, their oldest estates in
Mecklenburg of her great resources to their
Carniola and Styria coincided with one of the
methodical excavation from 1905 to 1914, after
richest and most im portant archaeological centres
the district had for many decades been pillaged
in Europe. She deserved well of her heritage. For
by indiscriminate fossickers, and so amassing ,a
it is safe to say th a t her excavations form one of
collection not only of enormous wealth, but also
the greatest single contributions ever made to the
of unspotted scientific purity. Third, the un
early history of man in this Continent. How this
paralleled feat of co-operation by which an
is so is ably expounded in the long introduction
American sale-room, acting for the late Duchess’s
to the catalogue by Dr. Adolf Mahr, who, it is
daughter, has commissioned an international com
needless to say, went to his present post in Dublin
m ittee of prehistorians to work over the entire
from Vienna.
collection and perpetuate its authentic archaeo
The Early Bronze Age saw the birth of a round
logical groupings as lots in a free public sale in
half-dozen of great cultural groupings in Europe,
New York, at which it has been laid down th a t
each lot is accompanied by its original inventory,
growing up in the earlier centuries of the second
millennium B.C .
Of these, Minoan civilisation
excavation-records, plans, and other documents,
the publication rights in each being reserved solely
dominated the iEgean from Crete. Italy received
a Bronze Age culture linked through the Alpine
to its purchasers. The volume now before us is
lakes with the barrow-builders of west-central
the catalogue which embodies the archaeological
Europe ; and north and east of these three a
committee’s work, and in enabling its publication
civilisation of many provinces but a single broadlythe American A rt Association Anderson Galleries
have caused an outstanding contribution to be
conceived character stretched from the Balkan
and Dinaric mountains to Saxony and Silesia.
made to prehistoric science.
The sale took place on January 26, and its
Equilibrium a t last grew into tension, and rather
before 1000 B .C . the tension snapped. The aspect
results are still unknown to us. I t is evident th a t
much of the collection will never re-cross the
of Europe was in a short time transformed. The
Minoan-Mycenaean civilisation crumbled to its
Atlantic, and it is known th a t of the European
downfall, accompanying upheaval in the Near
countries whose national museums m ay be enriched
E ast and all over south-eastern Europe. The
by shares, Great Britain has decided not to be
Etruscans thereafter left Asia Minor for Italy, to
one. B ut it is to be hoped th a t the purchasers,
lay the foundations of its fu tu re ; while from the
whatever their nationalities, will faithfully dis
great E ast European culture-area beyond the
*
Treasures of Carniola : Prehistoric Grave Material from Carniola m ountains migrating tribes had come pouring out,
Excavated in 1905-14 by H .H . the late Duchess Paul Friedrich of
Mecklenburg (me Princess Marie of Windischgratz). Sold by Order
pressing into the Balkan highlands, and down
of her Daughter, H.H. the Duchess Marie Antoinette of Mecklenburg.
to the iEgean, debouching on to the head of the
Catalogue compiled under the direction o f Dr. Adolf Mahr (Dublin),
assisted by Prof. Raymond Lantier (St. Germain), Dr. Gero von
Adriatic, penetrating the Swiss and south German
Merhart (Marburg a.d.L.), Mr. J. M. de Navarro (Cambridge), Prof.
Balduin Saria (Ljubljana), Prof. Ferenc de Tompa (Budapest), Dr.
plains and valleys, and absorbing their peoples in
Emil Vogt (Zurich) and others. Pp. x + 1 3 1+ 33 plates. (New York :
a varied but essential continuum reaching to
American Art Association, 1934.)
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