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more reduction profiles by Robert Sandy, Independ-
ence, MO. o.n. 3 (10) is scheduled tentatively for
late November.

MORE ON THE GRAVITATIONAL CONSTANT
David W. Dunham

The statements which I made about the non-variabili-
ty of the gravitational constant in o.n. 3 (6), 118,
based on analysis of the Martian lander radio rang-
ing data, appear to be an oversimplification of the
actual situation. When small effects due to general
relativity are studied, the natures of the observed
quantities become important. The various cosmologi-
cal theories predict different results if the ob-
servables are "space-like" (predominantly measure-
ments of distance) or "time-like." For example, Di-
rac's large-numbers hypothesis predicts a changing
gravitational constant for "time-1ike" measurements
but not for "space-like" measurements.

Lunar occultation timings are "time-1ike" measure-
ments. Hundreds of revolutions of the moon have
been observed, and the observed quantity of in-
terest is n, the rate of change of the lunar mean
motion, or more precisely, the mean angular motion
in ecliptic longitude. There are both tidal and
cosmological contributions to the lunar n, but the
two can be separated using different types of obser-
vations, as explained by Van Flandern in his arti-
cle, "Is the Gravitational Constant Changing?", in
the 1981 September 1 issue of astrophysical Journal
248, pp. 813-816. He gives a value for the excess
rate of change in Tunar mean motion of possible cos-
mological origin as

n/n = (+3.2 £2.2) x 10~!! per year,
which results in
G/G = (~6.4 +2.2) x 10711 per year,

when interpreted with the scalar covariant cosmology
of Canuto and Hsieh,

The accurate Viking ranging data primarily measure
distances, and are consequently predominantly
"space-1ike." The data were accurate enough to mea-
sure a cosmological change in the mean motion in
spite of only about four revolutions being observed.
This also could give a "time-1ike" measurement, ex-
cept for one problem. The change is so small over
the interval that it can be absorbed in the deter-
mination of the masses of the asteroids, whose long-
period perturbations also appear as a constant
change in the Martian mean motion over the time in-
terval of the Viking data. Since the transmitters
on the Viking landers are dead, the observation in-
terval can not be extended. Hence, the Viking re-
sult is almost entirely "space-like."

Although lunar laser ranging measures distance, the
relatively fast lunar motion results in laser data
giving a more "time-1ike" measurement of G via de-
termination of h. Mean motion can be measured since
the moon's right ascension and declination are ef-
fectively determined from the laser data due to the
changing distance resulting from the motion of the
ranging observatory around the earth's axis of rota-
tion. A program of regular lunar laser ranging has
resumed using the 107-inch reflector at McDonald Ob-

servatory, TX. There was a gap in the laser obser-
vations when -problems were encountered with the ded-
icated ranging facility at Haleakala, HI, and a new
smaller system at McDonald. As the electronics are
improved, it should be possible to make regular lu-
nar laser ranging observations with telescopes with
apertures smaller than 1 meter, which will permit
more observatories to participate in this important
program. That also will result in more accurate de-
termination of earth polar motion and U.T.

Time is on the side of lunar occultation and laser
ranging observations, since n is proportional to
time squared. Hence, the determination will become
much more accurate in the future. A good determina-
tion of the "space-1ike" rate of change of the semi-
major axis (mean distance) of the lunar orbit will
be made from the laser data during the next several
years. Lunar laser ranging probably will have the
final word in the gravitational constant controver-
sy, as good "time-1ike" and "space-1ike" determina-
tions of cosmological parameters are obtained.

I thank Tom Van Flandern and lunar laser ranging pi-
oneer Carroll Alley, Department of Physics, Univer-
sity of Maryland, for discussions which were most
valuable for preparing this article.

ASTEROIDAL OCCULTATIONS OF UNCATALOGED STARS, AND
SOME NEMAUSA A.C. EVENTS, DURING 1984

Robert L. Millis, Lawrence H. Wasserman, Otto G.
Franz, Edward Bowell, Arnold Klemola, and David W.
Dunham

An earlier version of this article was published as
part of rora Special Bulletin Number 8, which was
distributed to all o.~. subscribers. Events before
August will not be included in the more legible list
published with this article, since they already have
taken place, and none of them were observed, as far
as we know.

Additional occultations of uncataloged stars by sev-
en of the largest asteroids during 1984 have been
found by scanning photographic plates at Lowell QOb-
servatory. The techniques were the same as those
used for a similar 1ist of 1983 events published in
0.N. 3 (2), 25, except that the star positions have
been improved using plates taken at Lick Observa-
tory. The 1984 events have been published by the
first four authors in astronomical Journal 89 (5),
698. All events involving these large asteroids
were found by the first five authors at the Lowell
and Lick observatories, but the predictions listed
here were calculated by Dunham. One of the events
found at Lowell, an occultation by (65) Cybele on
July 13, was found by Dunham and published in o.n. 3
(6), 124. The A.C. and newly measured positions of
the star, and consequently the predicted paths, are
in good agreement.

Bob Millis has photoelectrically observed the stars
to be occulted on August 5, 19, and 20, and on No-
vember 17, to assess the observability of these
events, which will be marginal even photoelectrical-
ly. The identification number of the star to be oc-
culted by (704) Interamnia on Sept. 2 is a B.D. num-
ber, not a Lowell reference number. After the as-
tron. J. article was published, another occultation
was found at Lowell. An 11th-mag. star will be oc-
(Text continues in second column, next page)












