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PREFACE

Experiments in space afford new opportunities for testing
theories of relativity and gravitation. Numerous proposals for
such experiments have been received by the NASA, NSF, and other
government organizations. Such proposals are difficult to
evaluate except by those who have devoted long study to these
subjects. To cope with this problem, the NASA Office of Space
Sciences sponsored a conference on Experimental Tests of Theories
of Relativity. The suggestion that such a conference be held wes
made by Prof. W. A. Fowler of the California Institute of Technology.
The conference was arranged by R. T. Jones of NASA Ames Research
Center and Dr. N. G. Roman of the Office of Space Sciences.

The conference was held at Stanford University on July 20-21,
1961 and was attended by more then 30 well-known authorities.
Professor H. P. Robertson of the Californis Institute of Technology
served as chairman. The meeting produced stimulating discussions
of the types of experiments that might be performed and various
aspects of current theories that might be tested by new techniques.
A rather thorough record was kept of the proceedings of the con-
ference, and is included in the present document.

I wish to thank Mrs. Helen Drew for her effort in securing
an accurate transcript of the conference and Mrs. Claire Barskey
for assisting with the arrangements. Thanks are also due Mrs.
Carol Tinling for her assistance in editing the rather difficult
transcript and to Mrs. Nancy Thomasson, Mrs. Sarah Ogata and Mrs.
June Zyskowski for preparing the manuscript.

R. T. Jones
Ames Research Center



SUMMARY

A conference on experimental tests of theories of relativity,
sponsored by the National Aeronautics and Space Administration, was
held at Stanford University on July 20 and 21, 1961. The chairmen
of the conference was H. P. Robertson (California Institute of
Technology), and arrangements were managed by R. T. Jones (NASA).
There were about 35 attendees from half as many different institu-
tions, a small enough group so that all sessions could be handled
quite informally. Only six papers were prepared in advance, and
most of those present participated in discusslon of these and related
matters. A brief account of the six papers 1is given below, together
with an equally brief mention of a few of the points that were brought
out in the discussion.

In his introductory remarks, Robertson stated that NASA had
asked those interested in the possible uses of satellites and rockets
for testing theories of relativity to hold a conference and advise
NASA on the value of various proposals. He expressed the opinion
that with present techniques, tests of the special theory of rela~
tivity could best be performed on the surface of the earth, and that
rockets would be more useful for tests of the general theory of
relativity and other possible theories of gravitation. He then
reviewed the present experimental basis of general relativity: the
red shift follows from more elementary considerations and i1s not
really a test of general relativity, and the deflection of 1light by
the sun has not been measured with great precision; only the pre=-
cession of the perihelion of the orbit of the planet Mercury provides
an accurate test of Einstein's theory, and fortunately this includes
the lowest order nonlinearity.

The first prepared paper was given by R. V. Pound (Harvard
University), who described his now-famous terrestrial experiments
which measured the gravitational shift of Mossbauer radiation. For
the available vertical height of 70 ft, the fractional shift is
2.3X10"'5 in each direction, whereas the fractional line width is
agbout 1072, 1In spite of this disparity, the ratio of the observed
t0 the theoretically expected shift now stands at 0.97 * 0.035. He
remerked that the cost of the entire series of experiments was about
one percent of that of the fuel for a single large rocket; but he
hopes to improve the accuracy by an order of magnitude in any event
without interfering with the satellite program.
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Tn the discussion, O. H. L. Heckmann (Universities of California

and Hamburg) said that solar red shift measurements cannot be
expected to be reliable for the present because of large violet
shifts from granulations. On the other hand, terrestrial observa-
tions of 40 Eridani B and Sirius B are improving, and satellite
observations, both of the red shifts from these stars and of the
solar deflection of starlight, offer great promise. J. G. King
(Massachusetts Institute of Technology) reviewed the studies that
had been made of a possible satellite measurement of the conmbined
gravitational and Doppler shifts. This work stopped about a year
ago, and his group has no plans for a proposal for a satelllte
experiment. N. G. Roman (NASA) mentioned the status of the similar
experiments considered by Hughes Aircraft and the National Bureau
of Standerds, and stated that neither of these is now being funded
by NASA. There was general agreement with Robertson!s conclusion
that a satellite effort is not worthwhile for this experiment.

R. H. Dicke (Princeton University) described various ways in
which current ideas about gravitetion, which are based on Einstein's
theory, might be modified. He stressed the importance of null
experiments, such as those of EStvOs on the equivalence of gravita-
tional and inertial mass, which are now being improved at Princeton.
He then referred to Dirac's cosmology, with its possible connection
between the values of natural "constants" and the age of the universe.
A possible new theory, similar to one proposed by Jordan, would
replace the Newtonian gravitational "constant" by a scalar field
that would depend on the proximity of matter. Some of the predic-
tions made by these theories might be subject to experimental test;
however, numerical estimates of the effects to be expected cannot be
made with definiteness, since the theoretical parameters are not
determined in advance. In the discussion, W. A. Fowler (California
Institute of Technology) and Heckmann questioned some of the esti-
mates that had been used for the age of the universe; no conclusion
was reached on the connection between the theoretical parameters and
existing cosmological observations.

In the third paper, J. Siry (Goddard Space Flight Center)
described the minitrack (radio) and optical methods for tracking
satellites. The optical system has errors of ebout 7 inches of arc
along the track, and about 2 inches at right angles. The minitrack
system can be of comparable accuracy when freshly calibrated and,

in addition, gives altitude errors of a few hundred meters and radial ;

velocity errors of about 10 cm/sec. C. W. Sherwin (Aerospace Corpora-
tion) suggested in the discussion that the motion of a satellite be
slaved to a freely falling test object so that the latter is always

at the center of the satellite. In principle, this test object could
be free of all forces except that arising from the gravitational
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