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During the last few years there have been several
theoretical discussions of Mach's principle and its
relation, or lack of relation, to the general theory of
relativity and to cosmology. References 1 through 5
are a sample of these discussions. Very little, how-

ever, has been written about the quantitative obser-
vational basis of Mach's principle. The purpose of
the present paper is to quote the only pertinent state-
ment of which the writer is aware, and to review

briefly the evidence on one particular aspect of
Mach's principle in the hope of stimulating a more
expert study of the matter.

The general concept embodied in Mach's principle
is that the inertial properties of matter on the local
scene derive in some way from the existence of the
distant masses of the universe and their distribution
in space. Inertia may be defined in terms of Newton's
second law of motion, and this in turn implies the
existence of a coordinate system with respect to
which undisturbed objects move uniformly in straight
lines. Thus if Mach's principle is to have any mean-

ing, this inertial coordinate system must be one in
which some average of the motions of the distant
Inasses is uniform.

While it is dificult to be quantitative in regard to
a possible small linear acceleration of one coordinate
system with respect to another, it has been pointed
out' that the value of g at the surface of the earth is
a very large acceleration on an astronomical scale,
since (without regard for the restrictions imposed by
special relativity) it is almost exactly what is re-
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quired to produce a velocity change of e in one year.
Thus an average linear acceleration of the earth, sun,
and galaxy that would be dificult or impossible to
detect through a violation of Newton's laws would,
in the course of astronomical time intervals, lead to
an anisotropy of nebular red shifts which is not
observed.

Our main point, however, has to do with the
specification of the local inertial system with respect
to rotation. Here there is the clear possibility of
precise measurement of the angular velocity of
rotation of the local inertial coordinate system with
respect to the coordinate system in which the distant
extragalactic nebulae are at rest. Bondi, ' Sciama, '
and Hoyle and Narlikar' remark that these co™
ordinate systems agree within the experimental
error, without however indicating the nature of the
experiments or specifying their accuracy. On the
other hand, in a different connection not related to
a discussion of Mach's principle, Clemence states':
"It turns out experimentally that if there is any
rotation of one [frame of reference] with respect to
the other, the integrated effect during a century is
less than 0.1 second of arc." He also describes in a
general way the observations on which this con-
clusion is based.

The situation here may perhaps prove to be similar
to that with regard to the equality of gravitational
and inertial mass. The assumption of true equality
(which can never be established experimentally) is
one of the bases of the general theory of relativity,
and hence of profound theoretical significance. But
even the experimental demonstration of approximate
equality, within some stated margin of accuracy,
can be of importance. It could not have been foreseen
by Eotvos and his collaborators that the precision
of their experiments' would be such as to make
possible, half a century later, a demonstration that
antiparticles possess normal gravity. ' " Quite apart
from this example, it is always of importance to know
the uncertainty associated with an experimental or
observational result, a null result as well as any
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other. And there is always the exciting possibility
that a non-null effect can be established.

The local inertial coordinate system can in princi-
ple be defined with respect to rotation by a terrestrial
experiment with a Foucault pendulum or a gyro--

scope. The errors incurred in this way are, however,
far greater than those inherent in astronomical
observation of nearby celestial objects. From a corre-
lation of the motions of the inner planets of the solar
system, it is possible to find a unique coordinate
system (with respect to rotation) in which Newton's
laws with no centrifugal or Coriolis terms, but in.-

cluding general relativity corrections, are satisfied.
The uncertainty in the rate of rotation of this system
is of the order of 0.4 second of arc per century. '
Another dynamical method for establishing a local
inertial system is based on the motions of stars in the
neighborhood of the sun. The uncertainties in these
motions" suggest that the rotation rate of this
inertial system cannot be known to better than about
1 second/century. Although there is no disagreement
between the two systems, the second is evidently not
as useful as the first.

In astronomical discussions of the coordinate
system in which the "fixed stars" are at rest, it is not
customary to distinguish between the coordinate
system derived from observations of the more
distant stars of our galaxy, and that derived from
observations of the distant extragalactic nebulae. In
neither case would proper motions be expected to be
significant. The dispersion in proper motion of a staI
would correspond to a tangential velocity dispersion
of about 20 km/sec at a distance of about 2 kilo-

parsecs, or 0.2 second/century. For a galaxy with the
random nebular velocity of about 100 km/sec at a
distance of 20 megaparsecs, the angular velocity
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dispersion would be 10 ' second/century, which is
far too small to observe. However, the angular sizes
of these galaxies, which have linear diameters of the
order of 10 kiloparsecs, would be a few seconds of arc
even at the greatest distances, and so might be ex-
pected to limit the accuracy of specification of a co-
ordinate system based on them. This limitation is
actually not a severe one, since many galaxies have
a well-defined nucleus of starlike appearance, and
since only a change in the position of a galaxy, rather
than the position itself, is significant. The distant
stars and galaxies between them define a coordinate
system with an uncertainty in rotation rate of about
0.1 second/century, and this system agrees with the
inertial coordinate system discussed in the preceding
paragraph. "

A few very distant galaxies, recently discovered io
conjunction with strong radio sources, have angular
diameters that are less than 1 second. " A large
number of these objects will however have to be
identified, and observed over a period of years, in
order to improve on the precision of the "fixed-stars"
coordinate system. Thus it appears at present that
the observational basis for Mach's principle rests on
a comparison between the rotation rates of the inner-

planet inertial system and the "fixed-stars" co-
ordinate system, and that the two systems agree
within an uncertainty of about 0.4 second/century.

The writer is indebted to Dr. W. A. Fowler and
Dr. T. Gold for an informative conversation, and
especially to Dr. G. M. Clemence for discussions and
correspondence on these matters during the past fev

years. He also thanks the Physics Department of the
University of California, San Diego for hospitality
during the summer of 1963, when this paper was
written.
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