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Abstract: During this time, I have been thinking about whether the space-time structure and
gravitational constant are variables. Because many mistakes are unavoidable in the thinking process,
the conclusions often change. In addition, in the process of thinking, I also discussed with some
scholars and kept getting new ideas. Relevant theories and models are gradually determined. So, I
wrote this paper to make a summary. I feel that what is relatively certain at present is the new space-
time structure. This can be confirmed by correcting the change of the gravitational constant for the
precession of Mercury's perihelion and the three-layer structure of the Milky Way. Although not
strong, it is logically self-consistent. This article re-analyzes the data with specific time records such
as BIPM-01, BIPM-14, JILA-10, UCI-14, HUST-09, HUST-18. The analysis results show that the
experimental results have improved to a certain extent after considering the influence of the earth's

orbit and Jupiter.
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1 Introduction

What is space-time? This is a basic question in physics. But what is the matter composition of space-
time? Physics seems to be difficult to answer. The "ether" hypothesis a hundred years ago believed
that space-time is an elastic substance. However, because it could not meet the covariance

requirements of the theory of relativity, it was finally abandoned by people.

The article inferred in the paper'!! that in fact the energy distribution range of the electrostatic field
of this electron and proton is what we usually call "space-time".

The measurement of the gravitational constant is very difficult. Nevertheless, with the development
of various related technologies since 2000, the measurement accuracy of the gravitational constant
has been significantly improved. Therefore, some systematic errors that could not be considered in
the past can also be taken into consideration, thereby effectively improving data consistency.

In order to explore the influence of various factors on the gravitational constant, a basic assumption
is needed, that is, space-time compression will change the gravitational constant. The specific
analysis is explained in detail in one of my papers ['l. The basic idea is to assume that space-time
compression will result in a shortening of the spatial measurement scale. However, it is observed in
the distant flat space-time observation system that the mass should not be changed, otherwise the
law of conservation of energy is violated. In this way, the Schwarzschild radius of the mass



measured in the flat space-time reference frame should also remain unchanged. Now switch to the
compressed space-time reference system. As the space measurement unit is reduced, the measured
Schwarzschild radius should become longer. Regardless of the frame of reference, the mass cannot
be changed. The speed of light is constant and cannot be changed. Therefore, what can be changed
when space-time is compressed is the gravitational constant. The scale of the space-time
compression is related to the position of the space-time structure of all masses at that point (1],

With the assumption that space-time compression will increase the gravitational constant, we can

specifically calculate the Earth's perihelion and aphelion, as well as the influence of Jupiter's
position on the gravitational constant measured on the earth.

2 The influence of the change of space-time

structure on the gravitational constant

Taking into account the conclusion of the paper ['!], the relationship between the changes in the
space-time structure of the solar system and the changes in the gravitational constant measured on
the earth can be summarized as the following two situations:

2.1 The influence of the Earth's perihelion and aphelion on

the gravitational constant

The calculation formula can be expressed as:
Ab
G’ zG(1+T>=G(1+a)

Where 7 is approximately the space-time radius of the solar system
r~10%m

And Ab is the semi-major axis of the earth's orbit minus the distance between the earth and the sun.
G is the gravitational constant of the aphelion position of the earth. G' is the gravitational constant
measured at any position in the earth's orbit.

According to the data of the change in the distance between the earth and the sun in a one-year time
span, the changes in the gravitational constant shown in Table 1 can be obtained.

In Table 1, the following formula is used to approximate the calculation [1?]

d =1-0.01672cos [0.9856(day — 4)]



Table 1: The influence of the change of the earth's orbit on the gravitational constant

Time (Month) d(AU) 1+a Errors (x10"'m3kg1s?)
0.5 0.983578436 1.000049417 0.00032982
1 0.98492459 1.000047403 0.000316379
1.5 0.987268895 1.000043896 0.000292972
2 0.990456135 1.000039128 0.000261149
2.5 0.994275281 1.000033415 0.000223017
3 0.998473463 1.000027134 0.000181099
3.5 1.002772719 1.000020703 0.000138173
4 1.006888391 1.000014546 9.708E-05
4.5 1.010547979 1.000009071 6.05405E-05
5 1.013509178 1.000004641 3.09742E-05
5.5 1.015575926 1.000001549 1.03386E-05
6 1.016611382 1 6.43173E-13
6.5 1.016546988 1.000000096 6.42946E-07
7 1.015387008 1.000001832 1.22249E-05
7.5 1.013208244 1.000005091 3.39789E-05
8 1.010154954 1.000009659 6.44647E-05
8.5 1.006429298 1.000015232 0.000101664
9 1.002277955 1.000021443 0.000143113
9.5 0.997975786 1.000027879 0.000186069
10 0.993807642 1.000034114 0.000227686
10.5 0.990049498 1.000039737 0.000265209
11 0.986950183 1.000044373 0.000296155
11.5 0.984714904 1.000047717 0.000318473
12 0.983491662 1.000049547 0.000330686
12.5 0.983361446 1.000049742 0.000331987




2.2 The influence of Jupiter's position on the gravitational

constant measured on Earth

Figure 1. The position between the earth, Jupiter and the sun

In Figure 1, O is the position of the sun, £ is the position of the earth, J is the position of Jupiter,
and D is the position of the center of mass between Jupiter and the sun. Since Jupiter's orbital period
reaches 11.8 years, Jupiter and the sun can be regarded as stationary.

OE is the orbital radius of earth, DF' is the radius of the solar system's space-time structure ». Here,

Jupiter's orbit is approximately regarded as a circle. then

X
2EOD =0 =€T[

Where x is the time when the earth leaves Jupiter’s opposition position, the unit is "month"
And
0D =c

Here

DE = +/a? + ¢ — 2ac - cos6



And

DH=a-c
Then
Ab = DE — DH
Where
a=15x%x10"1m
c=15%10m
So
o~ 20 _DE-DH
r r

Then according to the paper [11], the change in the gravitational constant caused by the deviation
from Jupiter’s opposition point every half month is calculated, namely

G'=1+a)G

Where G is the value of the gravitational constant measured at the position of the earth when
Jupiter's opposition to the sun. G' is the value of the gravitational constant measured at other

locations.
The results are shown in Table 2

Table 2 The errors of the gravitational constant caused by the time
deviation from Jupiter opposition

Time (month) 1+a Errors (x10""m3kg1s?)
0.5 1.000001 3.44512E-06
1 1.000002 1.35388E-05
1.5 1.000004 2.95744E-05
2 1.000008 5.04337E-05
2.5 1.000011 7.46699E-05
3 1.000015 0.000100613
3.5 1.000019 0.00012649
4 1.000023 0.000150543
4.5 1.000026 0.000171152
5 1.000028 0.000186937
5.5 1.000029 0.000196847
6 1.000030 0.000200226




3 Analysis of some time-recorded
measurement values of gravitational

constant

Since Cavendish measured the gravitational constant, humans have measured the gravitational
constant many times. However, considering that the relative error of the measurement of the
gravitational constant before 2000 is close to 150ppm. Such a relative error exceeds the estimation
results of this article and my previous days, so these data are not suitable for analyzing the
gravitational measurement data of Jupiter's orbit on the earth. influences. For example, for the
measurement result of TR&D-96 2], the accuracy is too low, about 6.6730 (90), it can be seen that
the gravitational constant measured before 2000 has no obvious correlation with the specific month.
Therefore, below this accuracy, the changes in the positions of Jupiter and the Earth have little effect

on the results.

Since 2000, the accuracy of the measurement of the gravitational constant has been improved to a
certain extent. By 2018, the accuracy of the measurement of the gravitational constant has been
increased to 12ppm [*]. Such a relative error exceeds the influence of Jupiter on the measurement of
the gravitational constant. Therefore, some common changing laws should be found from these data

and considered as systematic errors.

In addition, at present, the systematic error caused by different measuring devices is indeed
relatively large. For example, the measurement accuracy of BIPM-011 and BIPM-140-% are very
high, but their results are very different from the measurement results of the HUST series, which is
difficult to explain by the influence of Jupiter. Therefore, it can be determined that the difference of
the measuring device will cause a large systematic error. Therefore, to compare the data and
understand the influence of Jupiter on the measurement of gravitational constant on the earth, the

same device should be mainly used.

3.1 BIPM-01 f1 BIPM-14

The first measurement by Quinn et al. was from October 1 to October 30, 2000 [4l. The result of the
measurement is 6.67559 X 10™11m3kg~1s72. In 2000, Jupiter’s opposition time was November
28,2000, and there was a one-month difference between the two. It shows that the earth and Jupiter
are basically on the same side.

The second measurement was from August 7th to September 7th, 2007 3¢, The result of the
measurementis 6.67545 X 10~11m3kg~1s~2. Jupiter will oppose the sun in 2007 on June 5, 2007.
There is a difference of two months between the two, and the earth has already begun to leave

Jupiter. The measured result is slightly smaller.



The relative position between the Earth and Jupiter during these two measurements can be shown
in Figure 2. Since the A position measured for the first time is closer to Jupiter, the measured
gravitational constant will be larger. .

Figure 2. A: BIPM-01; B: BIPM-14

According to Table 2, the first measurement is 0.000002G smaller than Jupiter’s opposition point.
Now add 0.000002G to the first measurement result to get

6.67560 X 10~ 11m3kg=1s~2

The second measurement is 0.000008G smaller than Jupiter's opposition. Now add 0.000008G to
the result of the second measurement, we can get:

6.67550 X 10~ 11m3kg=1s~2

It can be seen that after considering the influence of Jupiter, the results of the two experiments have
improved to a certain extent.

Considering the influence of the earth’s orbit again, the first measurement was in 10.5 months,
which was relatively close to the perihelion, so from Table 1, you can see that the measured value
of the gravitational constant at this time is relatively large, so the influence of about 0.000040G
needs to be subtracted. The value of the gravitational constant after such correction is:

6.67533 X 10~ 11m3kg=1s~2

The second measurement was about 8.5 months, and the influence of the Earth’s orbit was slightly
smaller than that of 10.5 months. From Table 1, it can be seen that about 0.000015G can be
subtracted, so that the corrected gravitational constant value is:

6.67540 X 10" 11m3kg=1s~2
This data is significantly better than the original data.
Table 3 lists the corrected results for easy comparison.

Table 3. The corrections to BIPM data
Time J. oppsition Experiment Jupiter Earth
Oct. 1 — Oct. 30,2000 | Nov. 28, 2000 6.67559 6.67560 6.67533




Aug.7 - Sept.7,2007 | Jun. 5, 2007 ‘ 6.67545 ‘ 6.67550 6.67540

Where, the unit of gravitational constant is (x10''m’kg's?).

“Jupiter” means that considering the influence of the Jupiter’s position.
“Earth” means that considering the influence of the earth's orbital position.
“J. opposition” means the time of Jupiter opposition.

3.2 JILA-10

The experiment of JILA-10 was mainly completed from May to June 2004 ], and their measurement
results are (6.67234 4+ 0.00014) x 1071*m3kg~1s~2 . Considering that Jupiter’s opposition in
2004 is March 4th. Therefore, during the measurement process from May to June, the earth is
gradually moving away from Jupiter, so the measured value will gradually decrease. In the paper by
Parks et al., Figure 2 shows the series of data measured during this time ["l. It can be seen that the
value of the gravitational constant measured in June has dropped significantly.

Although there is no specific data, it can be roughly seen from the figure that the average difference
between the data in May and the data measured in June is about 0.00001G.

3.3 UCI-14

The measurement time of UCI-14 is 9-11/2000, 12/2000, 3-5/2002, 3-5/2006[%. Among them, the
measurement in 2004 was discarded due to too much noise signal. Newman et al. used three types
of fibres. Among them, 9-11/2000 used the first fibre, 12/2000, 3-5/2002 used the second fibre, and
3-5/2006 used the third fibre.

Although the second fibre was used in 12/2000, the number of experiments was only more than one
hundred, so the second fibre was mainly used in 3-5/2002.

In 2000, Jupiter opposed the sun on November 28. Therefore, the 9-11/2000 experiment differs from
Jupiter's opposition time by about 2 months. The 12/2000 experiment coincided with Jupiter’s
opposition to the sun. The opposition of Jupiter in 2002 was January 1st. Thus, the time difference
between the 3-5/2002 experiment and Jupiter's opposition is about 4 months. Jupiter’s opposition
in 2006 was May 4th. It can be seen that in 3-5/2006, the Earth was closest to Jupiter, a difference
of about half a month. At this time, the maximum gravitational constant value should be measured.
Although the earth was very close to Jupiter at the time of 12/2000, considering that the data
measured in this month was relatively small and averaged by the data of 3-5/2002, the measurement
result of fibre 2 was mainly affected by the measurement data of 3-5/2002. Considering that the
earth began to move away from Jupiter in 3-5/2002, the value of the gravitational constant measured
during this period should be relatively small.

Through the above analysis, we can conclude that the order of the experimental measurement results

1s:



Fibre 3 > Fibre 1 > Fibre 2
The actual measurement result is
Fibre 1: 6.67435(10) X 10~ 11m3kg=1s72,
Fibre 2: 6.67408(15) X 10" 11m3kg=1s72
Fibre 3: 6.67455(13) x 107 11m3kg=1s72

It can be seen from the results of UCI-14 that the first result in 2000 was greater than that in 2002,
and 2006 was closer to Jupiter, and the result was the largest.

Therefore, according to Table 2, adding the data of Fibrel to the effect of two months, that is, the
difference of 0.000008G, you can get

6.67440(10) x 10~ 1m3kg=ts2

Add the data of Fibre2 to the impact of four months, that is, the difference of 0.000023G, you can
get

6.67423(15) X 10 11m3kg=1s72

Adding the Fibre3 data to the impact of half a month, a difference of about 0.000001G, you can
get

6.67455(13) X 107 11m3kg=1s72
It can be seen that the three sets of data have improved to a certain extent.
Consider the influence of the earth's orbit.

The measurement time of Fibrel is about October. As can be seen from Table 1, the influence of
about 0.000034G needs to be subtracted, so that the corrected gravitational constant value is

6.67417(10) X 10" 11m3kg=1s72

The measurement time of Fibre2 is about 4 months. As can be seen from Table 1, the influence of
about 0.000015G needs to be subtracted, so that the corrected gravitational constant value is:

6.67413(15) X 10~ 1m3kg~ts2

The measurement time of Fibre3 is also about 4 months. As can be seen from Table 1, the influence
of about 0.000015G needs to be subtracted, so that the corrected gravitational constant value is:

6.67445(13) x 10~ 11m3kg1s2



It can be seen that the values of the above three gravitational constants have also been significantly
improved. All results are listed in Table 4, which can be used for comparison.

Table 4. The corrections of UCI-14

Time Method J. oppsition | Experiment | Jupiter | Earth
9-11/2000 Fibrel 28/11/2000 6.67435 6.67440 | 6.67417
12/2000, 3-5/2002 Fibre2 1/1/2002 6.67408 6.67423 | 6.67413
3-5/2006 Fibre3 4/5/2007 6.67455 6.67455 | 6.67445

Where, the unit of gravitational constant is (x10''m’kg's?).
“Jupiter” means that considering the influence of the Jupiter’s position.
“Earth” means that considering the influence of the earth's orbital position.

“J. opposition” means the time of Jupiter opposition.

3.4 HUST-09

The first experiment of HUST-09 was from March 21, 2007 to May 20, 2007, and from April 19,
2008 to May 10, 2008 [ 191, The time of Jupiter’s opposition in 2007 and 2008 are June 5, 2007 and
July 9, 2008.

The second experiment was from August 25, 2008 to September 28, 2008, and from October 8, 2008
to November 16, 2008.

It can be seen that the first experiment is closer to the time of Jupiter opposition. The time interval
is about 2 months. The second experiment was a little farther away from Jupiter’s opposition, about
two and a half months on average. Therefore, theoretically, the result of the first experiment

measurement will be larger than the result of the second experiment.

The reality is that the gravitational constant measured by Luo’s team in the first experiment is:
(6.67352 + 0.00019) x 10~ *'m3/kg - s?

The gravitational constant measured in the second experiment is:
(6.67346 + 0.00021) x 10~ *m3/kg - s?

According to the calculation in Table 2, if the data of the first experiment plus the influence of
0.000008G of Jupiter, the result of the first experiment is

(6.67357 + 0.00019) x 10~11m3 /kg - 52

The second experiment took two and a half months longer than Jupiter’s opposition to the sun.
According to Table 2, it can be seen that the result of the second experiment is 0.000011G less than
the gravitational constant of Jupiter's opposition point. So, the second experiment data plus the
Jupiter influence of 0.000011G, the second data will become



(6.67354 + 0.00021) x 10~ m3 /kg - s2
It can be seen that the experimental data has been significantly improved.

If you consider the influence of the earth's orbit, the average measurement time for the first experiment
is about April, and the average measurement time for the second experiment is about October.

According to Table 1, the corrected value after the first experiment is
(6.67347 £ 0.00019) x 10~ 1 m?3/kg - s2
The corrected value for the second experiment is:
(6.67331 + 0.00021) x 10~ 1m3 /kg - 52

Table 5. The corrections to HUST-09

Time J. oppsition Experiment Jupiter Earth
21/3 —20/5/2007 5/6/2007
6.67352 6.67357 6.67347
19/4 — 10/5/2008 9/7/2008
25/8 —28/9/2008 9/7/2008
6.67346 6.67354 6.67331
8/10 —16/11/2008 9/7/2008

Where, the unit of gravitational constant is (x10-''m?kg-'s?).

“Jupiter” means that considering the influence of the Jupiter’s position.
“Earth” means that considering the influence of the earth's orbital position.
“J. opposition” means the time of Jupiter opposition.

Among the three data, if only the influence of Jupiter is considered, the data has improved significantly.

But if the influence of the earth’s orbit is taken into consideration, the data deteriorates.

3.5 HUST-18

HUST-18 is the latest measurement result. Among them, the angular acceleration feedback method

(AAF) is divided into three years for measurement, and the measurement time is

Table 6. The time and data of HUST-18 (Estimated from the Fig. 2 of paper [3])

Time Method Value (x10""'m3kg's%) (Estimated)
12/2014 - 01/2015 AAF-I 6.67452
04/2016 — 06/2016 AAF-II 6.67438
09/2017 — 11/2017 AAF-III 6.67455

Considering the influence of Jupiter, AAF-I is one and a half months away from Jupiter's opposition

time on February 6, 2015, and the G measurement value is the largest.

AAF-II is two months away from Jupiter’s opposition on March 8, 2016, and the measured value of



G is slightly smaller.
AAF-III is six months away from Jupiter's opposition time on April 7, 2017, and G is the smallest.

Table 7. The corrections to HUST-18

Time Method J. oppsition Experiment Earth Jupiter
12/2014 - 01/2015 AAF-1 06/02/2015 6.67452 6.67419 6.67422
04/2016 — 06/2016 AAF-II 08/03/2016 6.67438 6.67435 6.67440
09/2017-11/2017 AAF-III 07/04/2017 6.67455 6.67422 6.67442

Where, the unit of gravitational constant is (x10''m’kg's?).
“Jupiter” means that considering the influence of the Jupiter’s position.
“Earth” means that considering the influence of the earth's orbital position.

“J. opposition” means the time of Jupiter opposition.

It can be seen that considering the influence of the orbital position of Jupiter and the earth, the
improvement is not very obvious, mainly because the data after AAF-I correction is obviously smaller.
But its advantage is that it can better explain why the measured value of AAF-II is the smallest.
Because during this period the position of the earth's orbit is the farthest from the sun. It is shown in

Figure 3.
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Figure 3. The AAF results of HUST-18 [

4 The influence of the change of gravitational

constant on the perihelion of Mercury

From the calculation in the paper [13], it can be seen that considering the influence of parameterized
post-Newtonian parameters, the theoretical calculation has a certain error range, so the theoretical
value calculated according to the general relativity is in the range: (42.9779+0.0009) [14]

The results currently extracted by Pireaux from the EPM2001 star map are now more accurate ['> 161,

and the range of observation values reaches 43.0005°-43.0200”.



It can be seen from the above that there is still a certain error between the very high-precision

theoretical calculation and the observed value.

If the influence of the change of the gravitational constant is taken into account, the corrected data is
43.0174”, which is exactly the same as the observed value. Of course, the introduction of EPM2017
has greatly improved the accuracy of the observed value of Mercury's perihelion precession, from
the original +£0.0085" to +0.008" '], that is, the latest observation range is 43.0010"-43.0195 ". It is

still consistent with theoretical calculations.

5 The movement of dwarf galaxies outside

the Milky Way

Clark M. Thomas pointed out that there are many ancient dwarf galaxies outside of large galaxies. If
it is considered that these dwarf galaxies will be attracted by the gravity of large galaxies, the motion
of these dwarf galaxies will be random ['®8), However, this is not the case. For example, the dwarf
galaxies that have been observed on the periphery of the Milky Way galaxy have basically the same
motion modes as other stars inside the Milky Way, and their speeds are about 2044m/s.

Therefore, the motion of these dwarf galaxies cannot be explained by the gravity vortex model based
on Newton or general relativity '8, However, if we analyze the three-layer structure of the Milky Way
proposed in the paper [19], we can find that the status of these dwarf galaxies on the periphery of the
Milky Way is the same as that of other stellar systems inside the Milky Way, and their movement
should be the same.

6 Conclusion

What exactly is "space-time" is a basic physics question. The new model will help us understand
some problems and phenomena that were difficult to explain in the past.

One problem that has been ignored for a long time in the past is the electrostatic field energy of
electrons and protons. Although the field strength of the positive and negative electrostatic fields
can cancel each other, the energy of the electrostatic field seems unable to cancel each other. After
all, the radius of the electron is much smaller than the radius of the proton. As a result, the
electrostatic field energy possessed by electrons exceeds the electrostatic field energy possessed by
protons. So where does the electrostatic field energy go? The new space-time structure model
believes that these electrostatic field energies have not disappeared, but have become the "space-

time" on which various substances need to depend on their existence.

With this new "space-time" model, some problems become easier to understand, that is, space-time,

like mass, is also a form of energy. Space-time itself can also be squeezed by mass, forming gravity.



If we can learn more about the nature of space-time in this new model, it may be used to uncover
the relationship between gravity and electromagnetic interaction.

Another conclusion brought by the new space-time model is that the gravitational constant may not
be a constant, but constantly changes with the degree of space-time compression.

There are two main factors in the solar system that affect the gravitational constant measured on the
earth. One is the influence of the distance between the earth and the sun. The other is the influence
of Jupiter. The distance between the earth and the sun has a greater influence. If some of the
measured values of the gravitational constant in the past take these two factors into account, the
accuracy of the measured values can be improved to a certain extent. Of course, we have also noticed
that there are some situations that have not improved and even worsened the results. The existing

problems are worthy of in-depth discussion, and may help to improve the new space-time model.

Another evidence that can be used to prove that the gravitational constant may be constantly
changing is the correction of Mercury's perihelion precession. If it is considered that the
gravitational constant of Mercury's orbital position may be different from the gravitational constant
of Earth's position, some relatively minor corrections will be brought to the theoretical analysis
value of Mercury's perihelion precession. So that the theoretical calculation and the actual
observation value are in good agreement.

Thanks

During my period of thinking about the change of the gravitational constant and the new space-time
model, I had a very useful discussion with Dr. Rupert Sheldrake on this topic. Under his prompt, I
reconsidered other factors that affect the change of the gravitational constant. In addition, we also
discussed that more precise and original data may be needed to obtain strong evidence to support
the change of the gravitational constant. I also want to thank Lev Verkhovsky from Russia. I
discussed with him about the change of the frame of reference and found that some of his ideas are
closer to mine. The discussion with Mr. Lev Verkhovsky was very pleasant. After these days of
thinking, I think his use of the Doppler effect to explain the changes in the frame of reference of the
special theory of relativity is also very creative. In addition, I think some of the literary content
discussed on his website is also very enlightening.
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Table 1: The influence of the change of the earth's orbit on the gravitational constant

Time (Month) d(AU) 1+a Errors (x10""m3kg1s?)
0.5 0.983578436 1.000049417 0.00032982
1 0.98492459 1.000047403 0.000316379
1.5 0.987268895 1.000043896 0.000292972
2 0.990456135 1.000039128 0.000261149
2.5 0.994275281 1.000033415 0.000223017
3 0.998473463 1.000027134 0.000181099
3.5 1.002772719 1.000020703 0.000138173
4 1.006888391 1.000014546 9.708E-05
4.5 1.010547979 1.000009071 6.05405E-05
5 1.013509178 1.000004641 3.09742E-05
5.5 1.015575926 1.000001549 1.03386E-05
6 1.016611382 1 6.43173E-13
6.5 1.016546988 1.000000096 6.42946E-07
7 1.015387008 1.000001832 1.22249E-05




7.5 1.013208244 1.000005091 3.39789E-05
8 1.010154954 1.000009659 6.44647E-05
8.5 1.006429298 1.000015232 0.000101664
9 1.002277955 1.000021443 0.000143113
9.5 0.997975786 1.000027879 0.000186069
10 0.993807642 1.000034114 0.000227686
10.5 0.990049498 1.000039737 0.000265209
11 0.986950183 1.000044373 0.000296155
11.5 0.984714904 1.000047717 0.000318473
12 0.983491662 1.000049547 0.000330686
12.5 0.983361446 1.000049742 0.000331987
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Figure 1. The position between the earth, Jupiter and the sun
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Table 2 The errors of the gravitational constant caused by the time
deviation from Jupiter opposition

Time (month) 1+a Errors (x10""m3kg's?)
0.5 1.000001 3.44512E-06
1 1.000002 1.35388E-05
1.5 1.000004 2.95744E-05
2 1.000008 5.04337E-05
2.5 1.000011 7.46699E-05




3 1.000015 0.000100613
3.5 1.000019 0.00012649
4 1.000023 0.000150543
4.5 1.000026 0.000171152
5 1.000028 0.000186937
5.5 1.000029 0.000196847
6 1.000030 0.000200226
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Figure 2. A: BIPM-01; B: BIPM-14
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Table 3.
Time J. oppsition Experiment Jupiter Earth
Oct. 1 —Oct. 30,2000 | Nov. 28, 2000 6.67559 6.67560 6.67533
Aug.7 —Sept.7,2007 | Jun. 5, 2007 6.67545 6.67550 6.67540
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Table 4.
Time Method J. oppsition | Experiment | Jupiter | Earth
9-11/2000 Fibrel 28/11/2000 6.67435 6.67440 | 6.67417
12/2000, 3-5/2002 Fibre2 1/1/2002 6.67408 6.67423 | 6.67413
3-5/2006 Fibre3 4/5/2007 6.67455 6.67455 | 6.67445
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Table 5.
Time J. oppsition Experiment Jupiter Earth
21/3 —20/5/2007 5/6/2007
6.67352 6.67357 6.67347
19/4 — 10/5/2008 9/7/2008
25/8 —28/9/2008 9/7/2008
6.67346 6.67354 6.67331
8/10 —16/11/2008 9/7/2008
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Time Method Value (x10""'m3kg's%) (Estimated)
12/2014 - 01/2015 AAF-1 6.67452
04/2016 — 06/2016 AAF-II 6.67438
09/2017 - 11/2017 AAF-III 6.67455

FIEAREE, AAF-1 BB AREMHNE 2015 4 02 H 06 HZE—MEH, GIMEHER KA.
AAF-II PEEARE i H A 2016 45 03 A 08 HZEMWANH, G HITIEEIE /.

AAF-TII JE B A 2P HIETR] 2017 42 04 H 07 HZEATMH, G &b

Table
Time Method J. oppsition Experiment Earth Jupiter
12/2014 - 01/2015 AAF-1 06/02/2015 6.67452 6.67419 6.67422
04/2016 — 06/2016 AAF-II 08/03/2016 6.67438 6.67435 6.67440
09/2017 - 11/2017 AAF-II 07/04/2017 6.67455 6.67422 6.67442

Where, the unit of gravitational constant is (x10-''m?kg-'s?).
“Jupiter” means that considering the influence of the Jupiter’s position.
“Earth” means that considering the influence of the earth's orbital position.
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Figure 3. The AAF results of HUST-18 [
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