
E. Yu. Aleshkina, G. A. Krasinskii, E. V. Pit'eva, and
M. L. Sveshnikov. Experimental check of relativistic effects
and evaluation of the magnitude of the change in the gravita-
tional constant from observations of the inner planets and the
moon. The rapid development of the technology for per-
forming positional observations of the planets over the last
ten years has made it urgent to make a new check of relativis-
tic effects in the motion of the inner planets and the moon. A
substantially new element here is the introduction, in 1959,
of the atomic time scale into astronomical practice, which
has made it necessary to determine simultaneously the mag-
nitude of the secular disagreement between the atomic time
scale, in which the observations are performed, and the dy-
namic time scale, in which the equations of motion of GTR
are valid. According to Canute' the secular disagreement
between these scales can be interpreted in terms of the vari-
ation of the magnitude of the gravitational constant G, ex-
pressed in atomic units of time. The directly observed effect
in planetary longitudes depends on the time interval quadra-
tically, as a result of which the quantity G /G is determined
already with an error of the order of 10~' '/yr. This is exact-
ly the level at which G is expected to vary, according to some
physical arguments (for example, Dirac's large number hy-
pothesis).2 The observed effect is proportional to the orbital
angular velocity and is largest for the moon. However, it is
difficult to observe variations of G from lunar observations
because of the fact that the secular decrease «M of the mean
angular velocity of the moon's orbital motion makes a con-
tribution to the moon's longitude which is analogous in form
but much larger in magnitude. This effect is due to terrestrial
tides and cannot be predicted theoretically accurately
enough. According to an idea of Van Flandern3 this uncer-
tainty can be determined from classical lunar observations of
the 18th-20th centuries, performed in the universal time
scale; the estimate of «M obtained in this manner will not be
distorted by the possible variations of G. However «M can be
determined from observations performed in the 18th-20th
centuries only if the accuracy of the universal time scale is
increased at the same time, which, in its turn, requires the
use of planetary observations. Thus there arises a complicat-
ed complex of interrelated problems, whose solution re-
quires the analysis of an enormous number of planetary and
lunar observations, performed over the last two and a half
centuries. The detailed execution of this program is still a
task for the future, but some preliminary results have al-
ready been obtained. On the basis of the work performed in
this program at the Institute of Theoretical Astronomy of

the USSR Academy of Sciences a numerical theory of the
motion of large planets and the moon in the interval 1715-
2000 has been constructed, both modern planetary and lunar
observations (radar and laser) and an extensive series of
classical observations (meridians, passages of Mercury and
Venus along the sun's disk, lunar eclipses) have been ana-
lyzed, and some results4 on the experimental observation of
the effects of GTR and the determination of the magnitude
of G /G have been obtained. In particular, from an analysis of
more than 5000 radar observations in 1961-1982 (per-
formed, primarily, at the Institute of Radioelectronics of the
USSR Academy of Sciences) the parameters of the PPN
formalism,5 which have turned out to agree with the GTR
within the limits of their random errors, have been deter-
mined. For convenience we shall present the results, ex-
pressed below in terms of the observed deviation of the secu-
lar motion of the perihelion of Mercury from the theoretical
value of GTR:

dn = — OM5 ± 0".12.

The good agreement with the predictions of GTR re-
quires an explanation, since there exist modern data indicat-
ing that the sun has a nonzero quadrupole moment J2-
Namely, from an analysis of helioseismic observations Hill6

obtained the value

/2 = (5.5 ± 1.5)-10-6,

which corresponds to an additional motion of Mercury's
perihelion of 0".7 per century, which contradicts the esti-
mate of dir presented above. If Hill's data are confirmed,
then this could indicate that the observations agree best not
with GTR but rather with the PPN model with a parameter
13 whose value differs from unity:

P = 1.057 ± 0.009.

Unfortunately the extremely sparse observational data
on radar observations of Mercury (namely, the fact that
there are no observations from 1965 to 1980) does not make
our determination very reliable, in spite of the smallness of
the formal estimate of the error involved.

We also derived dir from an analysis of all passages of
Mercury across the sun's disk since 1723.7 The best estimate
obtained is

which is not nearly as good as the estimate presented above,

TABLE I. Determination of the variation in the gravitational constant G/G from observations (in
units of 10~' Vyr).

Mercury

6,0 ±4

—0,9 ± 5,2
—0,9 ± 5,2
—2,6 ± 5,2
—1,2 ±5,2

Venus

6,0 ±6

3,7 ±0,8
3,8 + 0,8
2,8 -i- 0,6
3,2 -+- 0,6

Mars

25,0 ± 33

16,1 ± 2,4
3,6 ± 2,4

13,4 ± 2,4
3,1 ± 2,4

Weighted
mean

6,2 ±3,3

4,8 ± 2,0
3,7 ± 0,6
3,3 ±1,8
3,2 ±0,5

General
solution

15,0 ± 9
14,2 ±1,2
0,2 ± 0,4
4,1 ± 0,8a

3,7 ± 0,86
3,1 ± 0,6a

3,1 ±0,66

Source

11
12

8
4
4

This
work

a) Theory of the Institute of Theoretical Astronomy b) JPL theory
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FIG. 1. Observed discrepancies in the longitudes of the planets owing to
the secular variations of the gravitational constant G.

which was based on modern observations.
The combined analysis of radar observations yielded a

statistically significant nonzero estimate for G /G4

|L= (3.7+0.8). 10- "/yr.

If the results are interpreted in accordance with Canu-
te's approach, then the sign of this quantity must be re-
versed. We performed the calculations twice—on the basis
of the planetary theory, constructed at the Institute of Theo-
retical Astronomy, and on the basis of the theory of motion
constructed at the Jet Propulsion Laboratory (JPL); the re-
sults turned out to depend slightly on the theory (see Table I,
where the results obtained by other authors are also present-
ed).

The data in the last two lines were obtained from a rean-
alysis of the results of Ref. 4 using the new observations of
Venus performed in 1985.

We note that our results agree qualitatively with the
American results, which were also obtained from radar ob-
servations (the first determinations gave unrealistically high
values for G, apparently as a result of the shortness of the
time interval). We note, however, that preliminary results of

the analysis of high-precision observations by Mariner-9
space probe and the Viking landers indicate that the devi-
ation of (7 from zero is statistically insignificant (third row
of Table I). In order to make a better judgment of the degree
of reliability of our estimate of G, Fig. 1 shows the residual
discrepancies in the planetary longitudes, arising without
taking into account the secular variations of G. The parabola
in Fig. 1 corresponds to the value G /G = 3.7-10" "/yr. The
parabolic trend in the discrepancies is quite reliable, though
the fact that it could be caused by systematic errors in the old
observations (prior to 1966) has not been excluded.

We also tried to estimate G from an analysis of observa-
tions of lunar eclipses of the inner planets and Aldebaran,
and also the solar eclipses since 1730, and in addition the
time scale was preliminarily corrected based on the passages
of Mercury and Venus across the solar disk. The results
turned out to agree very well with the classical determina-
tion made by Spenser Jones,9 but were inconsistent with a
series of observations performed in recent years. We assume,
however, that our estimate for «M (in the UT time scale)

«M= — 22".9±0".9

is the most accurate estimate of this type. Comparing it with
the value of nM derived from an analysis of the lunar laser
observations10 (on an atomic scale) we obtain the estimate

|- = (-0.5±0.5).lo-"/yr,

which, as one can see, does not agree with the estimate of G /
G presented above. It should be kept in mind here that the
method used to find G from lunar observations is very indi-
rect and is therefore not very promising. On the contrary,
one can expect with a high degree of confidence that in the
next few years the accuracy with which G /G is determined
from radar observations of the inner planets will be im-
proved by approximately an order of magnitude.
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