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We have found that the current practical Newtonian formula for the gravity tide of the Earth implies a hypothesis that gravity 
travels at the speed of light; furthermore, we have derived and solved the propagation equation of gravity using the observation 
data of Earth tides from Shiquanhe and Wushi, after correction of phase lag due to the anelasticity of the Earth, and found that the 
speeds of gravity are from 0.93 to 1.05 times the speed of light with a relative error of about 5%. This provides first set of strong 
evidences to show that the speed of gravity is the same as the speed of light.  
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1  Introduction of gravitation and Earth tide 

Although the theory of gravity was proposed much earlier 
than the theory of electromagnetism, the latter is much more 
clearly understood by the scientific community whereas 
many questions remain on the nature of the former. It is 
well known that Newton’s law of gravitation is a theory of 
action at a distance, i.e. gravity can be instantaneously 
transmitted to any place, or the speed of gravity is infinite. 
However, Einstein’s special relativity theory states that the 
speed of light is the upper limit for all physical speeds; 
therefore the speed of the gravity should be finite. Further-
more general relativity assumes that disturbing gravity such 
as gravitational waves should travel at the speed of light 
[1–4]. These theories are clearly at odds with each other. To 
resolve such a significant theoretical puzzle, we need sound 

experimental or observational results rather than pure logical 
debate. Since gravity cannot be shielded, and because our 
Earth is relatively small, it is nearly impossible to measure 
the speed of gravity inside a laboratory. So far, physicists 
have not found any widely recognized method to measure 
the propagation speed of gravity, nor measured the speed of 
gravity.  

Since March of 1997, we had carried out 6 observations 
of the total or annular solar eclipse, including observations 
of the gravity tide of the Earth. The Earth tides are essen-
tially the motions in the solid earth induced by the lunar and 
solar tidal forces. These tidal forces act on the anelastic sol-
id Earth and cause distortions of Earth or the mass redistri-
bution of Earth; this mass redistribution produces an addi-
tional force. The vector sum of the lunar tidal force, solar 
tidal force and this additional force creates the phase lag of 
Earth tide, i.e. the phase of the observational curves lags 
that of the theoretical curve of Earth tide [5,6]. 

Practical Newtonian formula of solar tidal force.  Based 
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on the classical Newtonian gravitation, geophysicists and 
astrophysicists construct the Earth tide model. For example, 
the solar tidal field is 

 * * * *3 3
* * * *

( , ) ( )+ ( ),
( ) ( )

s sGM GM
S O t r t R t

r t R t
 

 
 (1) 

where r


 and R


 are the position vectors from the center 
of the Sun to the observing station and the center of Earth 
respectively; the first term on the right side of eq. (1) is the 
difference between the two terms, the first rerm is the New-
tonian gravitational field of the Sun acting on the observa-
tion point, and the second term is the Newtonian gravita-
tional field of the Sun acting on the center of the Earth. So 
the solar tidal field is equivalent to the acceleration of the 
test mass at the observation point relative to the center of 
the Earth under the gravitational action of the Sun. In eq. (1), 
all positions with subscript ‘*’ indicate that the positions are 
all the apparent positions. Since the true positions of the 
Sun cannot be observed directly, geophysicists and astro-
physicists have to use the apparent positions of the Sun in-
stead of corresponding true positions in the Newtonian for-
mula of solar tidal force [5,6], i.e. the solar tidal force that 
gets calculated is actually the tidal force of the Sun as it was 
issued from its apparent position and at a retarded time 
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 rather than the observation time t [7,8]. 

Hence we realized that the practical Newtonian formula of 
solar tidal force has included the influence of the propaga-
tion of the gravity, and then proposed the following propo-
sition: the current practical Newtonian formula of gravity 
tide of the Earth actually implies a hypothesis that gravity 
travels at the speed of light [9–11]. 

Eq. (1) shows us that the time of gravity issued from the 
Sun, and the time of gravity received at ground station are 
not the same! This is contradictory to the classical Newto-
nian gravitational law which states the time of gravity is-
sued from the source of gravity and the time of gravity re-
ceived at observation point are the same. The time elapsed 
corresponds exactly to the time interval during which light 
travels from the Sun to the ground observation point. This is 
also correct for the lunar tidal formula. So, the current prac-
tical tidal formula actually implies a hypothesis that gravity 
travels at the speed of light.  

Based on the practical Newtonian formula of solar tidal 
force, if we add the time interval t defined above to the 
retarded time t* for calculating the apparent position, we 
arrive at the true position of the Sun. In other words, this is 
equivalent to constructing a real instantaneous propagation 
formula for the solar tidal force.  

2  The propagation equation of gravity of the Sun  

For the solar tidal force, let us consider the difference of 

arrival times between the observation curve and the practi-
cal Newtonian formula at each curve’s zero-tide points. The 
time difference has two origins: the first is the phase lag due 
to the delayed response of anelastic Earth to solar tidal force, 
and the second is the time difference caused by the travel 
speed from the Sun to the ground station, if the real travel 
speed u is different from the speed of light c. Then we ar-
rive at the propagation equation of gravity [10,11], after 
separating the solar tide from the observation of the Earth 
tide. The propagation equation of gravity of the Sun should 
be  

 obse theo * *
corr prac .

r r
t t

u c
    (2) 

On the left side of the eq. (2), obse
corrt  is the time at the in-

tersection of observation curve with the zero-tide line after 
phase lag correction, and theo

pract  is the time arriving to the 

zero-tide point for the practical Newtonian formula of solar 
tide force, so the left side of the eq. (2) is the time differ-
ence between the corrected observation curve and theoreti-
cal curve; on the right side of the eq. (2), the first term is 
time interval during which the gravity travels from the Sun 
to the ground station by real speed u, the second term is 
time interval during which gravity travels from the Sun to 
the ground station by the theoretical speed, the speed of 
light c, so the right side is also the time difference between 
travelling via the actual speed and the theoretical speed de-
rived from the practical formula. If the observation data and 
data correction are correct, then both sides of eq. (2) have 
the same physical meaning, and they should equal each oth-

er [10,11]. If we write obse theo
corr prac= ,t t   u c  and *=

r

c
 , 

eq. (2) becomes  
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3  Methods and preliminary results 

We have chosen observational data recorded by the PET 
gravimeters with rubidium-clocks from the Shiquanhe (ab-
breviated as SQH) station in Tibet and the Wushi (abbrevi-
ated as WS) station in Xinjiang. The two stations are both 
located inside the western border of China, and are very far 
away from the Pacific, Indian, Arctic and Atlantic oceans, 
so the influences of ocean tides to the Earth tide at these two 
stations are very weak [10–12].  

First, we filtered out high frequency disturbances using a 
low-pass filter with the cutoff frequency of 0.01 Hz; sec-
ondly, we applied a phase lag correction of 37 s, which is 
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averaged from 38 s [13], 48 s [14] of Ray et al. and 25 s of 
Arabelos [15]; thirdly, we calculated the tidal factor , the 
amplitude ratio of the corrected observational curve to prac-
tical Newtonian formula of the Earth tides (according to 
J2000, JPL), and to normalize the observational curve, i.e. to 
reduce the amplitude of the observational curve by dividing 
the tidal factor ; fourthly, we constructed a quasi-solar tide 
curve by subtracting Newtonian lunar tidal force from above 
normalized and corrected observational data; fifthly, we com-
pared the arriving times between the red lines to the blue 
line, to get the time difference ; finally, we calculated the 
travel time  of light from the Sun to the Earth, and calculated 
the speed ratios of gravity to light  according to the eq. (3).  

Given that the influence of ocean tide on tidal observa-
tions in the deep inland areas of China is very weak, after 
filtering, drift and relaxation corrections, we are able to 
compare the observation curves to the curves of the practi-
cal Newtonian formula. We have found that there are large 
phase differences between the observation curve and the 
curve of the classical Newtonian formula. In contrast, there 
exists very little phase differences between the observation 
curve and the curve of the practical Newtonian formula. 
Now we have a preliminary conclusion that the concept of 
instant action at a distance seems to be flawed, and the 
practical formula is probably correct.  

Further, we solve the propagation eq. (3) with the obser-
vational data of July 7, July 22 and August 5 of 2009 from 
SQH station and WS station. After the drift and phase lag 
corrections, we have the speed ratios of gravity to light as 
presented in Table 1.  

The figures and related data are shown in the Figures 
1–3.  

In Figures 2 and 3 black curves denote the filtered curve 
after 37 s phase lag correction; red curves denote the fitted 
curve of the black curves; blue lines denote the practical 
Newtonian curve; green lines denote the classical Newtonian 
curve; the time differences between the practical Newtonian 
curve and the classical Newtonian curve indicate the travelling  

 

Figure 1  The observational data of SQH station, July 22, 2009. The 
black curve denotes the original observation curve; the white curve denotes 
the filtered curve with 0.01 Hz low pass filter. 

 

Figure 2  Observational curve, classical and practical Newtonian curves, 
enhanced near the zero-tide point for WS station, July 22, 2009. 

 

Figure 3  Observational curve, classical and practical Newtonian curves, 
enhanced near the zero-tide point for SQH station, July 22, 2009. 

time of light from the Sun to ground station, i.e.  in Table 1; 
the time differences between the red lines and blue lines 
indicate the time difference between travelling by the speed 
of light and by the speed of gravity from the Sun to the 
ground station, i.e.  in Table 1.  

Furthermore, Table 1 shows us the speed ratios of gravity 
to light, calculated according to the observational data from 
two stations across three different days.  

In Table 1,  is the time duration during which the light 
travels from the apparent position of the Sun to the ground 
station;  is the time difference between the corrected ob-
servational curve and the practical Newtonian curve; and 
the speed ratio  of gravity is the ratio of the speed of grav-
ity to the speed of light. The two stations, WS and SQH, are 
two deep inland stations with little disturbance from the 
oceans. From Table 1, we can see that the speed ratios of 
gravity to light are from 0.93 to 1.05. 

Error estimation.  The major errors may have three origins: 
(1) Observation error, ε, less than 1 s, could be ne-

glected;  
(2) Mean fitting error, |1|, the time difference between  
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Table 1   The travel speeds of the gravity according to the data of Earth tides 

Date Station  (s)  (s)  

2009.07.07 WS 507.1 +5.9 0.99 
2009.07.22 WS 506.6 24.0 1.05 
2009.08.05 WS 505.9 36.6 0.93 
2009.07.07 SQH 507.1 +8.6 0.98 
2009.07.22 SQH 506.6 18.2 1.04 
2009.08.05 SQH 505.9 14.2 1.03 

Mean  506.5 0.9 1.00+ 

 

the smoothed curve and real curve, about 5 s;  
(3) Phase lag correction error for solar tide |2| is about 

0.09° or 21.6 s, according to Ray et al. [13]. 
We can get the approximate mean relative error of the 

speed factor of solar gravity as  
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where   and   are the mean values of  and  respec-
tively. From Table 1, we can see that the speed ratios of 
gravity to light are from 0.93 to 1.05, with the approximate 
mean relative error of 5%. 

4  Conclusion and discussion 

From the Earth tide data of WS and SQH stations, we found 
the first set of observational evidences to show that gravity 
travels at the speed of light. The reason why we chose the 
three days shown in Table 1 is because during those days 
the phases of the moon are either ‘new moon’ or ‘full 
moon’; in those days the Sun, the Earth and the Moon are 
almost collinear, and therefore the geometry between the 
Sun, Earth and Moon is much simple and reliable than other 
days during which the Moon is at other phases. In recent 
years, Xu et al. [16] investigated the translational oscillation 
of the solid inner core of the Earth through gravity data rec-
orded with superconducting gravimeters (SG); especially, 
they studied the tidal gravity change in Lhasa with SG 
measurements [17]. Obviously, the tidal gravity data from 
SG are more stable and accurate than those from the spring 
gravimeters; if using SG data in Lhasa, we may find the 
speed of gravity more accurately. Furthermore, if we have 
more abundant data of Earth tide from those stations, we 
may be able to deduce the specific phase lags and the cor-      

rection for each station. 
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