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Anomalous gravity data during the 1997 total solar eclipse do not support the hypothesis
of gravitational shielding
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We present arguments that rule out the recent suggestion by Wanget al. that their observations of anoma-
lous gravity data during the 1997 total solar eclipse in China could be evidence for shielding of gravity of the
Sun by the Moon, or could be pointing to some new property of gravitation. In fact, we are able to use their
stretch of data obtained before and after the eclipse to constrain the characteristic shielding parameter to the
lowest bound ever from a terrestrial experiment.
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In a recent paper Wanget al. have made the suggestio
that the anomalous gravity data obtained in their gravime
experiments during the total solar eclipse of 1997 in Ch
could be evidence for the shielding of the Sun’s gravity
the eclipsing Moon@1#. They also suggest that the anoma
might be pointing to some new property of gravitation. T
purpose of this brief paper is to point out the several circu
stances that rule out, with certainty, these suggestions
Wanget al. Strong constraints from previous laboratory e
periments as well as from astronomical and planetary ob
vations, including well known gravimetric observations du
ing total solar eclipses, convincingly reject the hypothesis
gravitational shielding as the cause of anomalous gravime
data in their experiments. Also, the details and structure
the data obtained by Wanget al. are not consistent with the
hypothesis of gravitational shielding in any reasonable e
pirical model for gravitational shielding.

Interestingly, and perhaps ironically, we are able to obt
a new lower limit—the lowest ever from a terrestri
experiment—on the Majorana shielding parameter@2# using
the data obtained by Wanget al. over a week’s duration
bracketing the solar eclipse. For this we use an argument
to Harrison @3# regarding an additional tidal force on
gravimeter on Earth, with a diurnal period, observable dur
night if there is gravitational shielding.

The hypothesis of gravitational shielding or absorption
gravity by intervening matter has been of empirical and fu
damental interest for over a century@4#. There have been
many laboratory experiments to test the hypothesis of gr
tational shielding@4,5#, inspired by the experiments an
positive claims by Majorana in the 1920s@2#. In a weak
shielding model, the change in gravity due to shielding
matter can be modeled as
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g
52hE r~r !dr, ~1!

whereh is a phenomenological parameter introduced by M
jorana. *r(r )dr is the column density of the intervenin
matter andg is the gravitational acceleration without shiel
ing. The constraints on parameters of gravitational shield
from the modern experiments are very reliable since the
periments are done in well controlled and repeatable co
tions. The best limit from these experiments is the recent
by Unnikrishnan and Gillies@6#, obtained from an analysis
of the experiment at the Universita¨t Zürich to measure the
gravitational constant@7#, and it constrains the shielding co
efficient to less than about 4310214 cm2/g. Using this
number, we can estimate the upper limit on the signal
servable in a gravimetric experiment during a total so
eclipse. As discussed in the later sections, the anoma
data in Wanget al.’s experiments imply two orders of mag
nitude more shielding than allowed by this constraint, clea
ruling out the possibility that their observations could be d
to gravitational shielding. There are also constraints
gravitational shielding from previous gravimetric observ
tions during total solar eclipses. These constraints, m
stringent than the laboratory limits, are in contradiction w
the claim by Wanget al., and were not discussed in the
report.

The following table~Table I! lists information on two of
the gravimetric observations during solar eclipses in the p
that yielded constraints on gravitational shielding. The c
responding limits on the Majorana parameter are in the
column. In the same table we also include a limit obtained
Harrison@3# by considering the shielding of the Sun’s fie
on the gravimeter by the Earth, when the Sun goes below
horizon ~see details in the later sections!. All three used
gravimetric observations with noise level of about 1mgal.
The numbers listed in the third column are the limits
©2001 The American Physical Society02-1
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detectable signal during the eclipse and not the statis
error on a long stretch of data, which is smaller. The imp
tant summary of the table is that the observed residual ac
erations during total solar eclipses were smaller than
corresponding to a value of the Majorana parameter
10214–10215 cm2/g at the 95% confidence level.

Since only a small part of the Earth is geometrica
shielded from the Sun by the Moon during the eclipse,
effective acceleration of the Earth does not change sig
cantly due to shielding during the eclipse. But the gravime
is partially or completely shielded from the Sun and th
gives rise to the possibility of a differential acceleration th
could be measured by the gravimeter.

In the crudest estimate, without considering the variat
of density of the Sun and the Moon, the maximum change
gravity of the Sun that can be expected at the location of
gravimeter is given bydg/g(5hrmdmcos(u), whererm is
the average density anddm is the diameter of the Moon.u is
the ~slowly varying! angular position of the Sun and th
Moon from the zenith during eclipse. The Sun’s gravity
Earth, g( , is approximately 0.6 cm/s2. Using u569° for
the 1997 eclipse at the location of the gravimeter, we ge

dg<h•0.6 cm/s2•3.3 g/cm3
•3.53103 km•cos~69°!

.h32.53108cm/s2. ~2!

Using the limits onh from the past experiments@6# we get
the value of themaximumallowed differential acceleration
due to gravitational shielding as

dg 10 mgal using h<4.3310214 cm2g

from laboratory experiments,

dg,0.5 mgal using h<2310215cm2/g,

from earlier gravimetric observations during eclipse.
Clearly, the results from earlier gravimetric observatio

already rule out with good confidence the hypothesis
gravitational shielding as the cause of anomalous data in
observations by Wanget al. Note that thesign ofdg is posi-
tive, indicating an apparent increase of local gravity. Sin

TABLE I. Limits on the Majorana parameter~last column! from
gravimetric observations during solar eclipses in the past. The l
obtained by Harrison by considering the shielding of the Sun’s fi
on the gravimeter by the Earth itself is also listed.

Experiment Reference
Detection

limit h cm2/g (2s)

Total eclipse 1954 Tomaschek 1.4mgal ,10214

Unst, Shetlands @8#

Total eclipse 1965 Slichter 0.47mgal ,2310215

Florence, Italy @9#

Gravimeter at equator Harrison 2mgal ,10215

Bunia, Congo, 1963 @3#
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the acceleration~towards the Sun! of the gravimeter mass
element ~suspended as a nearly free mass from a w
spring! decreases if part of Sun’s gravity is shielded, where
the average acceleration of the Earth towards the Sun is m
or less unaffected, one should see a gravimeter signal co
sponding to anincrease in the local gravitytowards the
Earth~this fact is noted earlier in Ref.@7#!. But the anomaly
observed by Wanget al. has its sign opposite to what i
expected from shielding.

The following detailed analysis shows that the magnitu
of the anomaly seen by Wanget al. is actually two orders
larger than what is allowed by the laboratory limits, a
more than three orders larger than what is allowed by c
straints from past eclipse observations. This leaves no ro
for the hypothesis of gravitational shielding.

A detailed numerical calculation of the expected sign
under the hypothesis of shielding can be done, along
lines of the treatment by Slichteret al. @9# ~their calculation
in 1965 had used overestimated values for the densitie
the Sun in the central part, and this needs correction!. But in
the present case this detail is not required since the obse
anomaly is confined to the early and late fractions of
eclipse where simple approximate estimates of the expe
signal can be made.~The only detail we want to note here
that the expected shape of the signal inany reasonable
model of shieldingwould be a bell shaped curve, with it
maximum absolute value close to the totality of eclipse. T
expectation is grossly violated in the anomalous signal
served by Wanget al. @1#.! The density of the Sun varie
sharply from center outwards, with its maximum value
about 155 g/cm3 at the center, and dropping to 10% of th
maximum forr /r ( less than 0.28. Forr /r ( .0.5, the den-
sity has already dropped to 1% of the central density@10#.
This means that the eclipsing Moon can have significant
fects on shielding only after the eclipse has progressed w
Even at about 25%~in terms of elapsed time! of the total
eclipse from first contact, the gravitational mass that
shielded from the gravimeter is less than 1% of the to
mass of the Sun. Also the shielding matter of the Moon
that stage is effectively only about 1/3 in length along t
line from the gravimeter to the Sun. Using the relatively le
constraining, but most reliable laboratory limit ofh<4.3
310214 cm2/g the allowed gravimeter signal then is on
about 431022mgal when the eclipse has progressed to 2
of totality. Such a signal is far less than the noise of the b
gravimeters.

For the total solar eclipse of 1997, the duration from fi
contact to total eclipse is about 68 min. Curiously, t
anomalous data of the Chinese observations peak almost
an hour before the first contact. The signal drops to zero
about 20 min from the first contact and remains close to z
till about 20 min before the last contact. Then the sign
increases, and peaks again at about 30 min after the
contact. This structure in the data is already suggesting
the anomaly cannot be due to gravitational shielding. T
constraints we have described do not allow the slightest m
gin to accommodate even the possibility that a componen
the data might be due to shielding. Our constraints limit
observable signal at about 15 min into eclipse to less t
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ANOMALOUS GRAVITY DATA DURING THE 1997 TOTAL SOLAR . . . PHYSICAL REVIEW D 63 062002
1022mgal, and the observed anomaly is reported to be ab
1mgal, with the wrong sign. Thus the observed signal is
least two orders of magnitude too large to be arising fr
gravitational shielding. The constraints from previous eclip
observations are another 50 times more stringent. This m
that the hypothesis of shielding as the cause of the anom
can be ruled out with certainty. The argument can be
verted, and the fact that Wanget al. do not see any anoma
lous signal during the totality can be used to constrain
shielding parameter to be less than 10215cm2/g, similar to
the constraints from previous gravimetric observations d
ing eclipses.

We note further that we can do much better than this
obtaining new constraints on the Majorana shielding para
eter using the data obtained by Wanget al.This is ironical to
some extent, but the good quality of the data for a stretch
about one week bracketing the eclipse turns out to be us
in obtaining this new limit. The idea is originally due t
Harrison@3# who obtained a constraint on the Majorana p
rameter by observing that gravitational shielding of the Su
field at the gravimeter by the Earth itself would give rise to
differential force to which the gravimeter responds~in fact,
any hypothetical effect that is attributed to the eclipse of
Sun, and not specific to the properties of the Moon, can
tested by monitoring the effect of this pseudoeclipse by
Earth itself on the detector!.

Without shielding, the gravimeter responds to the tid
forces~the difference between the force on the Earth’s cen
of mass and the force on the gravimeter mass element! and
this has a magnitude~for the Sun’s field! of

ua2vu5
2GM(

D(
2

RE

D(

.50 mgal.

M ( andD( are the mass of the Sun and the average dista
from the Earth to the Sun.RE is the radius of the Earth
GM( /D(

2 5g( . At equator the tide is at the second ha
monic of the diurnal cycle. Nowadays, this component
well as the diurnal component arising from observatio
away from equator can be subtracted out accurately to a l
of about 1mgal. Indeed the long stretch of data from th
Chinese observations after subtractions show that these
tractions were effected good to an rms level of ab
0.2–0.3 mgal @1#. If the gravitational field is shielded to firs
order as

ge f f5g($12hrE~r !l ~uz!%, ~3!

then the field at the gravimeter mass element changes du
the additional effect of shielding by the Earth, and th
should show up as anomalous acceleration in the gravim
signal.rE(r ) is the density of the Earth anduz is the zenith
position of the Sun. Clearly, the effect begins when the S
goes below the horizon, and peaks when the Sun is at
‘‘midnight’’ position, and drops to zero when the Sun com
up at the other horizon. So, this signal is diurnal, but it is
periodic wave that is truncated to zero for about half
period.~Note that the Moon’s gravity is insignificant for thi
calculation since the effect is proportional to the field and
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to its gradient.! The length through the Earth on the lin
connecting the Sun and the gravimeter isl (u)
.2RE cos(uz). We use the average density for the calcu
tion. The signal along the local vertical from shielding
then

av.2g(hrERE cos2~uz!.2h333109 cos2~uz! cm/s2.
~4!

For estimates onh we will drop the factor 2 since the
signal is active only for half the time during a period. A
approximate limit is obtained by noting visually that the am
plitude of any periodic signal in the Chinese data is less t
about 0.3 mgal, corresponding toh<10216 cm2/g.

A Fourier analysis~without a phase analysis! of the data
for a diurnal signal was done to obtain a more reliable lim
For this, we made enlarged photocopies of the published
~Fig. 2 of Ref.@1#! and digitized it with an accuracy bette
than 0.05 mgal, at intervals of approximately 50 min, resu
ing in about 220 data points. The timing error for each d
point is about 10 min, and the accumulated timing error
less than 30 min for the data extending for 11000 min~mul-
tiple references for timing is available in the publish
record!. The anomaly near the eclipse, was filtered out a
the rest of the data was smoothed with a time constan
approximately 200 min. This low pass filtered data was th
subjected to a fast Fourier transform~FFT! analysis. There is
no detectable feature above noise near the diurnal perio
diurnal signal of

uav524hrsu>0.06 mgal ~5!

would have been detected at the 2s level. This corresponds
to a limit on h of

h<0.0631026/33109<2310217 cm2/g. ~6!

This represents the best limit on the Majorana parame
from any terrestrial experiment. ~We note that Eckhardt@11#
has set a still more stringent limit on the effect, based o
possible violation of the equivalence principle, by analysis
the lunar laser ranging data, as have Crowleyet al. who as-
sessed the internal heating of the planetary bodies@12#. A
direct analysis of the lunar laser ranging data during lu
eclipses also leads to a new limit comparable to the geop
ical limits @13#.!

Before we end, it may be useful to speculate on what
observed gravity anomaly might be due to. It could easily
a secondary signal generated from unaccounted environm
tal changes. The Chinese data can be reproduced direc
we model the gravimeter base as being subjected to a l
number of small impulses, possibly seismic disturbance
to human activity, during the first and last phase of t
eclipse~this need not be very close to the gravimeter!. These
unidirectional impulses, possibly arising from large numb
of people and vehicles moving into the eclipse zone j
before the start of the eclipse would shift the mean equi
rium separation between the mass element and the refer
point on the base of the gravimeter. During the eclipse, th
will be comparatively less activity, especially close to t
2-3
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totality, and then after the eclipse again there will be la
number of impulses to the ground while people are disp
ing. Of course, it is impossible to model this quantitative
without knowing in detail the properties of the ground a
the magnitude of the human activity during the eclipse. B
such effects are important and easy to miss while analyz
the data. Though Wanget al. state that care was taken
avoid man-made gravitational disturbances near th
gravimeter~within 200 m!, this need not ensure that the c
mulative effect of small impulses generated farther is sm
enough to be neglected.

We can also model the Chinese data remarkably wel
conjecturing that the observed signal is proportional to
magnitude or to the square of the temporal gradient of so
physical quantity that started changing before the ecli
started, then saturated to a nearly constant value during m
of the eclipse, and then changed slowly back to the orig
values towards the end of the eclipse. When the parame
of such a model is chosen to reproduce the two uneq
anomalies in the gravity data, the modelpredicts that the
gravity values during most of the eclipse should be sligh
smaller than the long term average. This is indeed wha
observed. Though such a model is not suggested strongl
ig
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the known circumstances of the experiment, it has empir
importance in the absence of any definitely identified ca
for the observed anomaly.

It is difficult to pinpoint the exact cause of the observ
anomaly without knowing many more details of the expe
ment and the environment during the eclipse. But our spe
lations will help in taking precautions during future expe
ments.

In summary we have shown that gravity anomaly o
served by Wanget al. during the total solar eclipse is no
gravitational shielding. It does not point to any new prope
of gravitation. We have suggested two models that can
produce the main features in their data. We have analy
their data collected for about a week and obtained a sign
cant new lower bound ofh,2310217 cm2/g, two orders
better than the existing limits from any terrestrial expe
ment, on the Majorana shielding parameter.

C.S.U. thanks D. Suresh for useful discussions on p
sible environmental effects in the Chinese eclipse data.
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ence and Technology, Government of India.
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