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Abstract. A mn::otu series of measurements with the JILAG-5
absolute gravimeter was made in order to look for variation in
gravity, due to FH%OﬂFoﬁwnDH;mrhcwmwﬂﬂ of the Sun's attraction by
the Moon during the aclipsa. The standard deviation of 507 six-
minute aversages, each consisting of 50 dropa, was 3.7 ngal, and
after long-pericd phenomena was removed, 2.5 pgal. No anomalous
variation was detected.

1. Introduction,

In order to explain apparent irregularities in the motion of the
Moon, Bottlinger in 1912 proposed that gravitational attraction
betwean two point masses might be weakened by absorption by
intervening matter according to the law

F = F,exp(~ {Ap dr)

also called Majorana gravitational shielding (see e.g. the review
paper by Caputo, 1977}. Here F, is the attractive force :wnr no
shielding, ¢ is the density of the matter, A is the “coefficient
of abasarption" and the integral is taken along the line joining
the two points. Bottlinger found that . the valuel
L= 3 x 10-1% g-lcm? would explain the irregularities, which,
however, were just errors in the time standard based on Earth
rotation (Caputo, 15%77).

1. In accordance with previous literature cgs-units are used here
throughout.

Since then, most empirical inveatigationa of gravity absorption
have brought null results, i.e., no detactable absorption. The
outcome is then a bound on the absorptien coefficient A, based on
the " estimated accuracy of the experiment. Three main types of
observations have been used: laboratory experiments, variation in
apparent gravity (magnitude and direction) during solar eclipses,
and the motion of celestial bodies. Gillies (1987) gives an ex-

tensive bibliography.

In. laboratory experiments, Majorana (1920) found a positive
effect, % = 2...7 x 10-12 g-lcm?, depending on the material of
the shield. The latest laboratory-scale measurement is apparently
that of Braginsky and Martynov (1968), yielding a null result
A <1 x 10°12 g-lem?.

If the absorption law is valid, the moon acts as a shield during
an eclipse and the attraction of the Sun decreases in the zone
where the Sun is at least partially cobscured. Were the whole
Earth' " uvnifdrmly -subjected to the same decreased attraction, the
earth-bound observer would only see the effect in the solar tide.
It' would be modified in the same proportion as the solar attrac-
tion, i.e. extremely little in absolute terms. However, since the
decrease hits a .relatively small slice of the Earth, to firat
order the " plain ' decrease itself should be cbserved {excluding
e.g. secondary atmospheric attraction effects due to tempserature
changes) . This should work independently whether the Sun is below
or above ﬂrouSOwao: of the observation site. So far all experi-
mental work seems to have been done with “visible" eclipses. Then
gravimeters should show a Increase in gravity. The plumb line
{down) should be pushed away from the sun, whether below or above

the horizon.

To give an idea of the magnitudes involved: One pgal is about
1.7 .x 10-¢ of the total solar attraction. For the February 15,
1961 eclipse Slichter et al. {(1965) calculated that the ‘decrease
§a (in pgal) "in attraction towards the Sun at totality and the
absorption coefficient lambda {in ﬂ-uns- were related by

o= 1,42 % 10-'% Ba
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S0 in order to constrain A below 1 x 10-15 g-lcm? it suffices to
conatrain ﬂnu<wn% change below -0.7 pgal for a zenithal (or
nadiral} eclipse, or to constrain the change in plumb line below
0.14 milliseconds of arc for an eclipse close to the horizon.

Tidal gravimeters were first used by Brein {1957) and Tomaschek
(1955) during the June 30, 1954 eclipse. Results from the
february 15, 1961 eclipse were reported by Caputo (1962, 1977},
who found A < 0.6 x 10-15 g-lcm?, by Sigl and Eberhard (1961) who
only state that A is certainly below Bottlinger‘'s value
3 x 10-1'% g-lcm?, and by Tomaschek and Groten {1963) who give
A < 0.7 x 10-1% g-lcm?, They all used horizontal pendula.
Dobrokhotov et al, (1961}, Slichter et al. (1965), and Venedikov
{1961) used tidal gravimeters. The moat detailed analysis seems
to be that by Slichter et al, (1965), who found for the vertical
component 8a, < 0.471 ygal on the 95% level. 'The elevation of the
Sun was 15° which put only 26% of the attraction on the vertical,
so A € 2.6 x 1013 g-lcm? on the 95% confidence level.

Arnautov et al. {1983) show a plot of absolute gravity messure-
menta during the July 31, 1981 total eclipse in Novosibirak, but
do not comment it. The standard error is about 2 ugal, and no
apecial effect can be seen.

In a different vein {(no eclipses), Harrison (1963) noted that
shielding of the Sun’s attraction by the Earth itself should show
up in the tidal amplitude at the period of the molar day, and be
discernible in observations made close to the equator, where the
tide at this period is very small. His null result was that the
amplitude is less than 2 pgal, or A < 1 x 10-15 g-lcm?. With the
wealth of tidal cbservationss accumulated since it should now be
posaible to improve considerably on that.

The tightest bounds for A come from cbservations on the movements
of c¢elestial bodies. mcnnoww.awumwu pointed out that because of
self-shielding the ratio of gravitational to inertial masa would
not ba& the same for the Earth and the Moon. This should show up
as an influence of the Sun on the Earth-Moon system. Eckhardt

(1990) used the results of lunar laser ranging to show that
A = 0.0 £1.0 x 1021 g-lcm?,

I report here briefly on absolute gravity measurements made in
Finland during the July 22, 1990 total solar eclipse. The eclipse
was not favorable for gravimetric ohservations: it took place at
gunrisze. The altitude of the Sun at totality was only 4.7° at the
observation asite. That was about the highest one could get in
Finland. On the other hand, two permanent tidal stations with
clinometers were in the zone of totality. Their results will be

published elsewhere.

2. The experiment and results

The absolute gravimeter JILAG-S5 of the Finnish Geodetic Institute
belongs to the series of six instruments built by J.E. Faller and
his associates at the Joint Institute of Laboratory Asatrophysics
(JILA), National Institute of Standards and Technology and
University of Colorado, Boulder (USA). For a description asee
Faller et al. {1983), Niebauer et al. (1986}, NWiebauer (1987),
Zumberge et al, (1982).

The approximate eclipae statistics are shown below:

Observation site lat = §2°40’' N, long = 30°56' E, h = 160 m
First contact at 01:02:04 UT

Totality from 01:52:45 to 01:54:11 UT

Maximum at 01:53:28: UT

Altitude of the Sun at awxwap_u@

Fourth contact at 02:46:50 UT; duration 1 h 44 min 46 s

At totality only 8% of the Sun’s attracticon is on the vertical. I
have not calculated the shielding effect for the present eclipse.
Using the value of Slichter et al. (1965) for the February 21,
1961 eclipse as an estimate, the absorption coefficient i (in
g-lem?) and apparent gravity increase 8a, {in pgal) at totality




are related by
A = 17 x 10715 3a,

We would need to fix &a, below 0.15 pgal in order to equal
‘the . -bound of Slichter. et al. {1965) for A, obviously an impossi-
ble task. . The . experiment, . however,. .was a ugeful exercise in
taking a  masajive .amount of absolute gravity data over a short
periocd. Those aspeacts will be commented in more detail elsewhere.

The gravimeter ‘was-set up in the: basement of a achool on concrete
floor {no pier). Drops were made in sets of 50. Fach lasted 302
seconds. including’  the - -reading: of meteorological equipment and
computing.  and displaying - the - results. = The measurements were
‘started - 25 hours before the eclipse and continued for another 25
hours after it. Before the start the gravimeter had been running
on: the  site . fdr'*'a ‘day and a half. Room temperature variation
during - the - ‘meries . was 0.5° and atmospheric pressure variation
8 hPa (Figure 1,a). Drop-to-drop scatter in the sets was mostly
12 to 20 pgal, " in .. a few sets up to 27 ugal when pecple were
running ‘dround ‘upstairs. :‘The gquadratic mean for 507 sets was
17.4 pgal. The raw set means are shown in Figure 1, (b). Altoget-
her 507 aeta, 25350 individual drop were made. The on-line com-
puter program -had réjected 4 drops. These aseemed to be associated
with banging doors and the like.

The results were ‘corrected for atmospheric pressura variations
using the ‘locally: ~observed pressure and the coefficient
0.3 pgal/hPa: “A provisional tidal correction was made using the
program by Heikkinen (1978), gravimetric factor 1.164 and zero
phase lag. This -‘left "a. considerable diurnal aignal in the
obmaarvations (Fiqure 1,¢). The standard deviation of one set mean

is 3.7 pgal.

There is a 6-minutae gap w:”ﬂra obaservations at 192:00 UT, June 21,
when the controlling microcomputer stopped because of a disc
write ‘error, and‘a 30-minute ‘gap at 15:09 UT, June 22, when the
isolation device (the super spring) had to be rezerced because of
drift and needed time to ring down. This latter event seems to

have caused a jump in the results (Figure 1l,¢). Possibly the
spring had already drifted outside its proper working range
before adjustment.

After the variations at the diuvrnal and at the semidiurnal period
and the Jjump are eliminated, the residval standard error of one
set mean is 2.5 pgal {Figure 1, d). Neither Figure 1, (d) nor the
enlarged section (4 12 hours.around the eclipse) in Figure 2 show
any anomalous gravity variation during the eclipse.
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Figure 1. Results.

(a} Room temperature variations (solid line) and atmospheric
.pressure variations {(dashed line) during the experiment.

{b) The absolute gravity record. Each data point represents
the mean of 50 drops.

{c}) Record ({b} corrected for tides and variations in stmo-
epheric pressure. There isa still conaiderable variation
at the tidal periods. The jump at abscissa 5.1 is com-
mented in the text.

(d) Reeiduals of (c) after removing the jump and the tidal
periods. The two vertical bars point at the beginning and
the end of the aclipse. No anomalous variation in gravity
can bae seen.

Figure 2. Absolute gravity residuals after removing the tidal
pericda. This is the same as the central part of Figure
1,(d). Time is centered at eclipse maximum. No anomalous
variation in gravity is visible.
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