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We analyze the proposed Stanford experiment (precession cf the spin of a gyroscope in
an Earth satellite} tc test the Lense-Thirring effect. We show that the sun also makes a
contribution to the precession which must be mcluded, particularly if one wishes to dis-
tinguish between the Einstein and Brans-Dicke theories.

Modern technology ls making possible new
tests of Einstein's general theory of relativity.
One of these is Schiff's" proposed gyroscope
experiment. Everitt and Fairbanks and Fairbank
expect to carry out this experiment in the near
future by launching a satellite containing two
palx's of supel conducting gyroscopes into a polar
orbit around the Earth; the spin of one pair
(gyro No. 1) will be parallel to the Earth's axis
and the spin of the other pair (gyro No. 2) will
be perpendicular to the plane of the orbit. 2 ~ Not
only is this test capable of distinguishing' be-
tween the gravitational theories of Einstein and
of Brans and Dicke' (BD), but it is the only ex-
periment which is sensitive to the off-diagonal
terms in the metric tensor. The latter terms
result from the Earth's x'otation and were calcu-
lated by Lense and Thirxingv soon after Einstein's
work.

The angular velocity of precession of the spin
axis f of a gyroscope in Einstein theory, 0z say,
may be written as'2'

6~ = QT+ QD, + 6„T+Qo, (l)
w11eI'e QT ~Ds ~1 T aIld Qg aI'e tile so-called
Thomas, de Sitter, I ense-Thirring, and quadru-
pole-moment" contributions, respectively.
From henceforth, we will regard the 0's as
being averaged over a period of the motion. It
is possible to have Dr essentially zero~ by put-
ting the gyroscope in a satellite. The importance
of selecting a polar ox'bit results from the fact
that 6Ds and QL T are at right angles' ' for such
an oxbit. For definiteness, consider the Earth' s
angular velocity to be in the z dixection and the
polar orbit to be in the xz plane so that the orbit-
al angular momentum of the satellite points in
the y direction, Then QDs lies along y and QL T
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along z. Thus gyro No. 1 (with spin along z)
will be affected only by ~Ds, and gyro No. 2

(with spin along y) only by Q„~. Since we are
interested here in a test of the Lense-Thirr-
ing effect, henceforth we consider only gyro
No. 2.

The magnitude" of QL T for a satellite in a cir-
cular polar orbit 300 miles above the Earth is
43.8 &&10 ' sec/yr (at this altitude the magnitude
of 5Ds is the oft-quoted value of 7.0 sec/yr). Us-
ing BD theory, this value is reduced' by a factor
of h, i.e., to 2.7 &&10 ' sec/yr. As before, ' we
take w =6, where & is the dimensionless coupling
constant which appears in BD theory. ' This is
the usual value taken for (o but of course it is a
trivial matter to calculate the various quantities
for different + values. Thus to distinguish be-
tween the Einstein and BD theories the experi-
ment should be capable of measuring such small
precession angles. In fact, measurement ac-
curate to 10 ' sec/yr will be possible' by use of
the London moment readout technique. The ques-
tion we wish to consider here is whether there
are any perturbations of magnitude greater than
10 sec/yr along the z axis, in addition to Q„T.
With regard to 6o, this contribution turns out
to be in the same direction as 6Ds for a polar
orbit' (though this is not true in general') and

thus it has no component along z.
Consider now the precession of the gyroscope

due to its journey in space around the sun. The
only contribution of significance is the de Sitter
contribution due to the sun, which we call QDs .
The magnitude of this term is easily shown to be
19.2 &&10 ' sec/yr! Since the Earth's equator is
inclined at an angle 0 of 23.44' to the ecliptic,
the z component is 0.917 QDs, i;e., 17.6 &&10 '
sec/yr. It is more than 6 times as large as the
difference between the Lense- Thirring contribu-
tions arising from the Einstein and BD theories
and 17.6 times larger than what can be measured~
It is important to note that this de Sitter contri-
bution due to the sun is different' in Einstein and
BD theories. Thus the z components of the total

in both Einstein' (Oz, ) and BD' (Qso, ) theo-
ries, are

&E, =&LT+cos8&Ds =61.4&&10 s sec/yr (2)

BD. z zo L T 8 (cosHODs )

=57.2&&10 ' sec/yr.
It should be noted that 5» also has a compo-

nent in the x direction, to which gyro No. 2 is
responsive. The magnitude of this component is
sin8cosu &Ds, i.e., 7.64&&10 'cosu sec/yr,
where u is the angle between the autumnal equi-
nox and the y direction. In conclusion, we note
that it is important that the satellite orbit should
not deviate from the polar axis by more than 30"
since, for deviations greater than this, ODs
(which we saw above has the relatively large
magnitude of about 7 "/yr) will contribute more
than 10 ' sec/yr to the precession of gyro No. 2.
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The value of ~~1 z is usually calculated by assuming

that the Earth is homogeneous in density. However,
for our present purposes, it is necessary to use a val-
ue for the angular momentum of the Earth which is
based on a more realistic mass distribution for the
Earth [see C. W. Allen, Astrophysical Quantities
(Athlone, London, 1963), 2nd ed. , p. 108]. This is a
significant modification because it reduces &L z by a-
bout 17%which is considerably large. r than the approx-
imately 6%difference between the Einstein and Brans-
Dicke predictions, the quantity which the experiment
proposes to measure.

Allen, Ref. 10.

1512


