The influence of the spacetime compression

on the gravitational constant

Zhi Cheng

Abstract: If spacetime are considered as an elastic medium, this elastic medium will be able to be compressed. The
analysis in this paper shows that if spacetime is compressed, it will cause a change in the gravitational constant.
From the theory of general relativity, it is mass that can compress this elastic medium. In the solar system, 99% of
the mass is concentrated in the sun. However, about one thousandth of the mass of the sun is concentrated in Jupiter.
The position on the same side of the Sun and Jupiter, that is, near the center of mass of the two bodies of the Sun
and Jupiter, is the position where the mass of the solar system is most concentrated in spacetime. Therefore, this part
of spacetime will be compressed the most. If a planet like the earth moves to this position, it means that the
gravitational constant measured by the experimental device on the earth's surface will change. The estimates in this
article show that the gravitational constant of the earth moving between Jupiter and the sun is greater than that of the
earth on the other side of the position of the sun and Jupiter. The specific estimated increased value is about 53ppm
of the gravitational constant, which is higher than the uncertainty of many current measurements. This paper analyzes
the results published by Luo in 2010 with the results of theoretical estimates, and believes that this method can

explain the difference between the two experimental results.
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1 Theoretical model and estimation

Due to the great success of Newton's law and the geometrical processing of gravity by general
relativity, people think that the gravitational constant should be as precise as other physical constant.
However, the actual experimental measurement results are just the opposite. The current
experimental measurement values of various gravitational constants have the lowest accuracy
among all other physical constants. The measurement error is more than several orders of magnitude
of some other physical constants [!]. This prompts us to think about why this problem is caused.
According to the general theory of relativity, this article believes that spacetime is an elastic
substance, so it can be bent and compressed. What can bend and compress spacetime is mass.
Therefore, the existence of mass will squeeze the surrounding spacetime, which directly leads to the
change of the measurement scale of spacetime. Taking into account the principle of conservation of
energy and the constant speed of light, this change in the measurement scale of spacetime will

directly lead to a change in the gravitational constant.

Let us now consider the relationship between the degree of compression of spacetime caused by the
change in position between the sun and Jupiter. Figure 1 shows the position between the sun and

Jupiter.
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Figure 1. The position of Sun and Jupiter

In Figure 1, the small circle Jupiter represents planet Jupiter, and the large circle Sun represents the
star sun. A and B respectively mark two positions on the earth. It can be seen from the figure that
position B is located near the center of mass of the sun and Jupiter. Since the gravitational forces of
Jupiter and the sun can cancel each other, the curvature of this spacetime is not as good as that of
point A. However, due to the squeezing of the masses of Jupiter and the Sun, the spatial density of
point B is greater than that of point A.

The larger the spatial density of point B, it means that the spatial measurement scale of this location
is shorter. Although the spacetime of point A is more severely curved, the spatial density is not as
large as that of point B. Therefore, the space measurement scale at point A is longer. Consider here
that the distance between A and B is large enough from the sun, so that the time is basically flat.

Believe that we only need to consider the density of space, and ignore the impact of time changes.

Then we consider the Schwarzschild radius corresponding to a mass. Consider that in Figure 1,
points A and B are two different positions of the earth’s orbit. The mass of the earth is ..

In this way, we can express the Schwarzschild radius of the earth as

2GM
Tearth = — 5

c2
We can notice that in the flat spacetime observation system far away from the position of the sun
and Jupiter, the observed Schwarzschild radius of the earth should not change, otherwise the solution
of the Schwarzschild radius cannot be derived from the Einstein field equation. The problem now
is that if you use the position of the earth at point B as the frame of reference, you will actually find
that the Schwarzschild radius of the earth becomes longer. This is because the spatial scale used to
measure the Earth's Schwarzschild radius has shrunk. Due to the conservation of energy, the mass
of the earth cannot be changed regardless of whether it is at position A or at position B in Figure 1.
According to the requirements of relativity, the speed of light is a constant. Therefore, an increase

in Schwarzschild's radius means an increase in the gravitational constant G.

This explains why the gravitational constant measured at position B is slightly larger than the
gravitational constant measured at position A.

Let's make a simple estimate below.



Let the distance between point A and Sun be a; the distance between Sun and B as b; and the distance

between B and Jupiter as c.

Suppose the mass of the earth is m.. For the earth at point B, the sum of the gravitational potential
energy of the sun and Jupiter is:

M m
Vo = ~6me (5 +7)

In the same way, for the earth at point A, the sum of the gravitational potential energy of the sun and
Jupiter is
M m ]

Vy=—G [—+—
A Mel g a+b+c

Here, we assume that the magnitude of the spatial measurement scale change is proportional
to the gravitational potential energy, then

M, _m
rearthzgza a+b+C:£
r’earth VB M+m G’
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For convenience, suppose the earth moves around the sun in a circular orbit, then a=b

such

14772
1 _ C
G = G
1417
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Then substitute various parameters into the above formula, where
M =2 x103%kg
m=2x10"kg

a=b=15x10"m
c=78x%x10"1m

It can be calculated
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G' = = 1.000053G = (1 + 5.3 x107°)G



It can be seen that the biggest system uncertainty of the gravitational constant measured on the earth
due to the different orbital position of Jupiter is about 53ppm. This uncertainty range is larger than
the current most accurate measurement accuracy of the gravitational constant 21, Therefore, the
variation range of the gravitational constant can be roughly determined as

(6.674184 + 0.00035) X 10~ 1m3 /kg - 52

2 Analysis of actual gravitational constant

measurement data

In 2007, Jupiter's closest approach to Earth was about June 5th, and in 2008 it was July 9th.
Therefore, if the gravitational constant is measured around these few days, the gravitational constant
measured by the same experimental device should be able to reach the maximum value. In another
period of time, such as the experiment of measuring the gravitational constant in December 2007,
the value of the gravitational constant measured during this period of time should theoretically be
the smallest.

I noticed that in the 2010 paper ¥ of Luo’s group, two experiments to measure the gravitational
constant have detailed time records. The first experiment was from March 21,2007 to May 20, 2007,
and from April 19, 2008 to May 10, 2008. It can be seen that this period is relatively close to the
position where the Earth and Jupiter are in the same side of the Sun. The earth is in the position of

point A in Figure 2.

The second experiment was from August 25, 2008 to September 28, 2008, and from October 8, 2008
to November 16, 2008. The earth is in the position of point B in Figure 2.

Figure 2. A: Experiment 1; B: Experiment 2

Since A is closer to Jupiter, theoretically the result of the first experiment measurement will be larger
than the result of the second experiment.

The actual situation is that the gravitational constant value measured by Luo's group in the first

experiment is:
(6.67352 + 0.00019) x 10~ *'m3/kg - s?

The gravitational constant measured in the second experiment is:

4



6.67346 £+ 0.00021) x 1071 m3/kg - s?
g

It can be seen that the gravitational constant measured in the first experiment is slightly larger than
the value in the second experiment. Considering that the points A and B in Fig. 2 deviate from the
minimum and maximum values of the model in this paper, the calculated system uncertainty will be
smaller. Therefore, if the experiment can take the systematic uncertainty proposed in this article into
account, it can be found that the result is still within the experimental error range.

3 Discussion

The measurement of the gravitational constant is very difficult. On the one hand, it is very difficult
to improve the accuracy of experimental measurements. On the other hand, judging from the results
currently available, the gap between the results of measurements at different times and locations is
also very large. This also shows that the factors affecting the gravitational constant may far exceed
the various factors we already know.

When a planet is in motion, due to the squeezing effect of mass on spacetime, the spacetime density
around it also changes accordingly. One result of the change in spacetime density is the change of
gravitational constant.

This article further infers that, for the earth, Jupiter's motion will cause changes in the spatial density
around the earth's orbit. Therefore, the difference of Jupiter's position directly leads to different
gravitational constants measured on the earth's surface.

At present, judging from the very limited results of the papers with specific experimental dates,
there are no results that contradict the theoretical speculations of this article. One of the most typical
examples is the results measured by Luo's group at two different times from 2007 to 2008. The
theory of this article can explain the difference between the two experimental results to a certain
extent.
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Figure 1. The position of Sun and Jupiter
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Figure 2. A: Experiment 1; B: Experiment 2
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