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Abstract 

We show how one can measure the speed of gravity only using gravitational 
phenomena. Our approach offers several ways to measure the speed of gravity 
(light) and checks existing assumptions about light (gravity) in new types of 
experiments. The speed of light is included in several well-known gravita-
tional formulas. However, if we can measure this speed from gravitational 
phenomena alone, then is it the speed of light or the speed of gravity we are 
measuring? We think it is more than a mere coincidence that they are the 
same. In addition, even if it is not possible to draw strong conclusions now, 
our formulations support the view that there is a link between electromagnet-
ism and gravity. This paper also shows that all major gravity phenomena can 
be predicted from only performing two to three light observations. There is 
no need for knowledge of Newton’s gravitational constant G or the mass size 
to complete a series of major gravity predictions. 
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1. Introduction 

In 1890, Maurice Lévy [1] suggested that the speed of gravity is equal to the 
speed of light. Poincaré [2] argued in 1904 that the speed of gravity could not be 
larger than the speed of light in vacuum. The speed of gravity in Einstein’s gen-
eral relativity theory [3] is assumed to be the same as the speed of light [4] [5]. 
Still, there exist a series of alternative gravity theories assuming that the speed of 
gravity is much greater than the speed of light, see, for example, [6] [7] [8] [9] 
for such models and discussion on them. To measure the speed of gravity is 
therefore of great importance to find out which theories can be ruled out and 
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which ones are worth exploring further [10] [11]. 
There have been several indirect detections of the speed of gravity in the past. 

For example, [12], based on information from a rather complex set-up including 
quasar observations, concluded that the speed of gravity gwc  was between 0.8 
and 1.2 times the speed of light in vacuum. In more recent times, advanced ex-
perimental studies in relation to gravity waves claim to support the idea that the 
speed of gravity is in the ball park of the speed of light in a vacuum [13] [14] [15]. 
Clearly, these measurements give a very wide confidence interval for the speed of 
gravity, something to which we return later in this paper. These experiments are 
based on very complex set-ups and also, we would say, a complex set of assump-
tions. 

This paper will show how we can extract the speed of gravity (light) from a se-
ries of simple gravity observations. The approach explained is much simpler 
conceptually and experimentally than gravity wave experiments. Our theory also 
supports the concept that gravity is moving at the speed of light, and the expe-
riments suggested will likely give a very narrow confidence interval for the speed 
of gravity. It can be questioned if we are finding the speed of light or the speed of 
gravity in our method. Alternatively, they could perhaps be the same, if electro-
magnetism and gravity at a deeper level are connected, as they could be in a 
yet-to-be discovered unified theory. This will be discussed briefly in Section 6 of 
this paper. 

2. Extracting the Speed of Gravity (Light)—The Simple Way 

The speed of light is an input factor in several gravity formulas, such as the cal-
culation for the Schwarzschild radius 

2

2
s

GMr
c

=
                          

(1) 

The formula can also be found from Newton’s gravity theory [16] by setting 
the radius equal to the point where Newton’s escape velocity is the speed of light1. 
In addition, it can be derived from Einstein’s theory of general relativity [3] in 
combination with the Schwarzschild metric [17] [18] because the escape velocity 
there supposedly is the same [19]. In 1784, Michell first calculated what radius 
would give an escape velocity equal to the speed of light, see [20]. He also hy-
pothesized that the star would be dark. General relativity has a different inter-
pretation and a much wider theory on these objects, which are seen as black 
holes in that context. We will not discuss black holes versus dark stars and the 
possibilities of such objects, but it is important to keep in mind that when we 
talk about the Schwarzschild radius here, it is also linked to Newton’s gravity 
theory, since the same radius can be calculated from that theory. 

Further, the Schwarzschild radius is related to gravitational time dilation (gra-

 

 

1We will claim that the Newton method, as typically used, is not that sound because it involves a ki-

netic energy formula of the form 21
2

mv  in the derivation. This formula is clearly only valid when 

v c . 
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vitational time dilation was first suggested by Einstein) 
2
,
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where hT  is the time as measured at a radius of hR , LT  is the time measured 
at a radius of LR  from the center of the gravitational object ( )h LR R> , and 

,e Lv  and ,e hv  are the escape velocities at the two different altitudes. In other 
words, the speed of light is input from several gravitational phenomena that 
have been confirmed by observations. However, to our knowledge little has been 
written about working the calculation the other way around, namely using gra-
vitational observations to measure the speed of light. This is also interesting 
from a fundamental point of view. Why can we find the speed of light, as we will 
show, simply by observing gravitational phenomena? In undertaking this explo-
ration, we will gain some insight into how the gravity formulas were derived in 
the first place. 

2.1. Speed of Gravity/Light from a Gravitational  
Red-Shift Experiment 

If we shoot a laser beam of light from the top of a tower to the bottom of the 
tower, we can measure the redshift, with respective radii of hR  and LR  to the 
center of the Earth. The gravitational redshift is then given by 

2 2
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(3) 

where ev  and ov  are the escape velocity and the orbital velocity at these two 
radii, and Lλ  and hλ  are the wavelengths at the two altitudes. Solved with re-
spect to c, this gives 
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−                      
(4) 

In a weak gravitational field, ov c  and this can be well-approximated as 
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Solved with respect to c, this gives 
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And since 
2
ov

g
R

= , we can also find the speed of the light from measuring the  

gravitational acceleration at the two altitudes instead of using the orbital veloci-
ties; this gives 

2 2

2 2
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−
=

−                      
(7) 

We can also do the weak field approximation 

h L L L h h
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c
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−
≈

−                      
(8) 

If the redshift is measured from two altitudes on Earth, then the gravitational 
acceleration field is naturally preferable. But we could also send a laser beam 
between two satellites orbiting the Earth at different altitudes and then we could 
just as well use the orbital velocities. 

2.2. Speed of Gravity from Orbital Velocity and Two Atomic Clocks 

If we have two atomic clocks sitting at different altitudes, then we have 
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Solved with respect to the speed of light, we get 
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Obviously the Earth is rotating, so if the work is not done at the poles then we 
must take the different rotational speeds of the Earth at different altitudes into 
account (see [21] for an introduction on the topic). Therefore, we have 
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Solved with respect to the speed of light, we have 
2 2 2 2
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Table 1 below summarizes ways to extract the speed of light (gravity) from 
gravitational observations alone. 

Figure 1 illustrates some of the ways we can find the speed of gravity (or just 
light) by only doing gravity observations. In Figure 1(a), we have two orbiting 
satellites, we send light between them and measure the redshift. In addition, we 
measure the orbital velocity of the satellites and from this we know the speed of 
light. In Figure 1(b), we measure the gravitational time dilation at two altitudes, 
as well as the Earth’s gravitational acceleration field at each altitude, and from  

 
Table 1. Ways to measure (extract) the speed of light/gravity from gravitational observa-
tions. 

 Prediction Easily applicable in practice? 
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Figure 1. Illustrations of two set-ups where we can measure the speed of light only from 
gravity observations. In the figure, we also see what observations need to be done at each 
location. 

 
this we know the speed of light (gravity). 

3. No Need to Know G or the Mass Size or Even the Speed of 
Light to Find the Schwarzschild Radius and to Predict 
Other Gravity Phenomena 

The past scientific literature does not seem to mention the fact that one can eas-
ily find the Schwarzschild radius (for example of the Earth) without any prior 
knowledge of the Newton gravitational constant or any knowledge of the mass 
size. This can be done by using the following relation 

2

22 L
s L

Rr g
c

=
                         

(14) 

where Lg  is the gravitational acceleration that on Earth’s surface can be ob-
served with no knowledge of gravitational theory. Further, the speed of light and 
the radius of the Earth can be found without any knowledge of gravitational 
theory. We have found that a long series of gravitational phenomena can be pre-
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dicted when one first has found the Schwarzschild radius without knowledge of 
G or the mass size, as clearly shown by [22] [23]. 

Interestingly, we can even find (measure) the Schwarzschild radius by replac-
ing the speed of light with our extracted speed of light, as shown in the sections 
above. The Schwarzschild radius can be found based on the following formula 
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where Lλ  and hλ  are the wavelengths of a light beam moving out from or towards 
Earth, as measured from radius LR  and hR  respectively (where h LR R> ). In 
other words, it is directly linked to the gravitational redshift of light. For exam-
ple, one can measure the wavelength of a light beam at the top of a tower (tall 
building) and the bottom of a tower (see Pound and Rebka Jr. [24]). This is all 
that is needed to know the Schwarzschild radius of the Earth. The important 
point is that we can extract the Schwarzschild radius without the Newton gravi-
tational constant and with no knowledge of the speed of light (gravity) or the 
mass size. All we need to know is the gravitational redshift at two points. Thus 
we may question if the Schwarzschild radius really is a radius related to black 
holes, or if it represents something more profound and linked to all (or most) 
gravity phenomena. 

Table 2 shows how a series of major gravity phenomena can be predicted 
simply from two observations of a light beam plus a measurement of the speed 
of light. This is done by measuring the wavelength of two distant points and 
knowing the radii where the measurements are taken relative to the gravity ob-
ject (for example the Earth). This seems to provide a clear proof that gravity is 
directly linked to light and therefore, the speed of gravity must be exactly the 
speed of light. 

General relativity theory has not been able to link its theory to quantum physics;  
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Table 2. The table shows that all major gravity phenomena can be predicted by only two (or three) observations from a light beam 
in the gravitational field of the gravity object. We need to measure the wavelength at two altitudes of a light beam plus the speed of 
light. There is no need to know the Newton gravitational constant or the mass of the gravity object. This also strongly supports the 
ideas that there is a direct connection between electromagnetism and gravity and that the speed of gravity is actually the speed of 
light. The radius R is where we want to perform the gravity prediction, and LR  and hR  are the radii where we perform the 
wavelength (or frequency) observations. 

What to measure or predict Formula How Is it easy to do? Knowledge of G or M 

Exact solution (strong and weak fields): 

Schwarzschild radius ( )2 2
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Weak field approximations: 
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in spite of many efforts in the physics world, a unified theory is still missing. We think 
the Schwarzschild radius plays an important role in gravity, but that it is related to 
some quite different aspects of matter than those assumed by standard theory. The 
Schwarzschild radius is, in our view, the reduced Compton frequency per Planck  
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second multiplied by the Planck length, that is 2

2 2 2 p
s p p

p

c
lGMr l l

cc
l

λ
λ

= = = , be  

aware that both pl  and λ  can be measured independent of GR and without 
any knowledge of big G, see [25] [26]. For any known elementary particle, such 
as the electron, the reduced Compton wavelength is much larger than the Planck 
length. We will suggest that this means the Schwarzschild radius for particles 
with mass smaller than the Planck mass should be interpreted as a probabilistic 
Schwarzschild radius. In our view, all elementary particles have a Schwarzschild 
radius equal to the Planck length, but this comes in and out of existence at the 
Compton frequency of the particle. This means the Schwarzschild radius of an 
elementary particle smaller than the Planck mass simply is the Planck length  

multiplied by a probability that is given by: pl
λ

. So, the Schwarzschild radius is 

twice the Planck length multiplied by this probability. 
When λ  is smaller than the Planck length, something we claim only can 

happen for a composite mass, then we will have 1pl
λ
> ; the integer part of this  

number means certainty, that is the number of whole Planck length, while the 
remaining fraction should be viewed as a probability. Here the Schwarzschild 
radius holds from the smallest elementary particle, such as an electron, to the 
largest mass. Particles with a Schwarzschild radius smaller than the Planck 
length simply means the Schwarzschild radius comes in and out of existence. We 
do not think there exists an physical Compton wavelength shorter than the 
Planck length, but the Compton wavelength from different particles can be  

added, based on the following rule, 
1

1

1
1 1 1N

ii

i i n

m c
λ

λ λ λ
=

+

= =
+ +∑

 , something  

that means any mass has a Compton wavelength, even if a composite particle 
does not have one physical Compton wavelength, but many. Still, the Compton 
wavelength of the composite mass will lead to the correct Compton frequency. Fur-
ther, recent research seems to directly link matter to Compton time, see [27] [28]. 

In our view, the Schwarzschild radius itself can never be smaller than the 
Planck length; a smaller radius, as is the case for any observed elementary par-
ticle, does not mean such particles do not have a Schwarzschild radius, it means 
their Schwarzschild radius comes in and out of existence and that gravity is 
probabilistic below the Planck mass scale. That is to say, probability should be 
dominant in gravity for masses much smaller than the Planck mass, which 
would hold for all observed elementary particles. 

4. When Using Gravity Observations (Only) Are We  
Measuring the Speed of Light or the Speed of Gravity? 

We have shown a series of ways to extract the speed of gravity from observations 

https://doi.org/10.4236/ijaa.2019.92008


E. G. Haug 
 

 

DOI: 10.4236/ijaa.2019.92008 106 International Journal of Astronomy and Astrophysics 

 

normally only linked to gravity. But is it “just” the speed of light we can extract 
in this way? If we claim it is the speed of light we are extracting and not the 
speed of gravity, then why should the speed of light be hidden in a series of grav-
ity phenomena such as time dilation and gravitational acceleration fields, as well 
as gravitational redshift? Doesn’t this indicate that electromagnetism is linked to 
gravity? Or we could claim it is only the speed of gravity we have extracted, as it 
is only from gravity phenomena. It does appear that the speed of light and the 
speed of gravity are one and the same thing, and align with the case where, at a 
deeper level, we expect to find a unification of electromagnetism and gravity; 
this is obviously an old, but ongoing debate [29]-[35]. We would strongly sug-
gest that such unification of electromagnetism and gravity is also observable at 
the macroscopic scale, not only at the quantum scale. There are many opinions 
here and we will not draw conclusions prematurely, but encourage more physic-
ists to study this, both theoretically and experimentally. 

It is well known that the Coulomb electrostatic force [36] and the Newton 
gravity force theoretically are the same for Planck mass particles,  

2 2 2
p p p p

e

q q m m cF k G
R R R

= = =
 , where pq  and pm  are the Planck charge and  

the Planck mass, see also [37]. Is it not a bit strange that the speed of light sud-
denly shows up in Newton’s gravity theory when working at the Planck scale and 
otherwise it is assumed by many physicists that Newtonian gravity is instanta-
neous? We know the speed of light is linked to the Coulomb electrostatic force 
as 2 710ek c −= × . Recently, it has also been suggested that the speed of light is 
embedded in Newton’s gravitational constant. Haug has [38] [39] [40] suggested  

that Newton’s gravitational constant is a composite constant 
2 3
pl c

G =


. McCul-

loch [41] [42] has suggested 2
p

cG
m

=


, which basically is identical to our composite  

gravity constant, but he has pointed out that this leads to a circular problem, as 
he has followed the common assumptions in modern physics on this point, e.g., 
that one needs to know G to know pm  and that his composite G then cannot 
be known without G. We, on the other hand, have shown that the Planck length 
can be found with no knowledge of G, see [25] [26] [43]. Then all the parts of 
this composite constant can be found independent of existing gravity theories. If 
this view is correct, then the speed of light, which likely is the same as the speed 
of gravity, is embedded in almost all gravity phenomena and it is not surprising 
that we can extract the speed of gravity from a series of gravity phenomena, 
without detecting gravity waves, and in a much simpler way. The Planck length 
is something we logically can relate to—it is a minimum length. The speed of 
light is how fast the fastest particle (photons) can move, and it is the longest dis-
tance something can travel in any given time interval. The gravitational constant, 
on the other hand, does not seem to correspond to anything logically or physi-
cally, as its dimensions are m3∙kg−1∙s−2. Newton’s gravitational constant is clearly 
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a universal constant, but in our view, it is a composite constant that consists of 
more fundamental constants. In particular, we think the Planck length and the 
speed of light (gravity) are essential for all gravity phenomena, even at the cos-
mological scale. 

We are in no way indicating that Newton had any idea that gravity moved at 
the speed of light; the speed of gravity is often assumed to be infinite in Newto-
nian theory. But the speed of gravity in that theory is not truly reflected in the 
formula. It is indeed the lack of any speed in Newton’s gravity formula and 
Newton’s speculations that gravity was infinite that led many others to think it  

must be infinite. Newton’s gravity formula is simply 2

MmF
R

= . To get it to fit  

experiments, the formula had to be calibrated, that is, one had to introduce an 
unknown parameter, today know as big G (or simply the Newton gravity con-
stant). The gravity constant is today experimentally found from what we can call 
gravitational model calibration. What exactly the gravity constant represents is 
diffuse, at best. If the speed of gravity plays a central role in all gravity pheno-
mena, then it must be embedded in the Newton formula, even if it simply is as 
part of a composite constant calibrated to observations. If not, Newton would 
not have been able to predict the simplest gravity phenomena accurately. The 
fact that Newton theory does not predict the perihelion of Mercury correctly 
could simply be due to relativistic effects that not have been taken into account 
properly, see [44] for a recent discussion on this. 

In 1798, the gravity constant was first measured indirectly when Cavendish 
wanted to weight the Earth with a torsion balance. And it was likely first in 1873 
that the Newton gravity constant was mentioned explicitly by Cornu and Baille 
[45]. Again, it is still a mystery what the gravity constant truly represents. How-
ever, returning to recent measurements of the speed of gravity, based on the re-
cent gravitational wave detection Cornish, Blas, and Nardini [14] claim 

“using a Bayesian approach that combines the first three gravitational wave 
detections reported by the LIGO Scientific and Virgo Collaborations we 
constrain the gravitational waves propagation speed gwc  to the 90% credi-
ble interval 0.55 1.42gwc c c< < , where c is the speed of light in vacuum.” 

we are not questioning their measurements or predictions here, but it also inter-
esting if we can measure the speed of gravity in a much simpler way using the 
methodology suggested in this paper. 

5. Isotropic or Anisotropic? 

It has been suggested that the speed of gravity could be anisotropic [46]. It is 
therefore of interest to know if our extraction of the speed of gravity (light) from 
the experiments suggested in this paper could be helpful in this respect. To dis-
cuss this, we will address an old and ongoing debate related to the question of 
whether the one-way speed of light is isotropic or anisotropic. The idea that the 
one-way speed of light is constant and the same in every direction, e.g., isotropic, 
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was likely first introduced by Poincaré. In the year of 1898, Poincaré [47] pub-
lished a philosophical paper titled: The Measure of Time. In this article, Poincaré 
points to how astronomers often assume the speed of light is constant and the 
same in every direction: 

When a astronomer tells me that a stellar phenomenon, which his telescope 
reveals to him at this moment, happened, nevertheless, fifty years ago, I 
seek his meaning, and to that end I shall ask him first how he knows it, that 
is, how he had measured the velocity of light. 
He has begun by supposing that light has a constant velocity, and in partic-
ular that its velocity is the same in all directions. That is a postulate without 
which no measurement of this velocity could be attempted. This postulate 
could never be verified by direct experiment. 

Poincaré here indicates that it would be impossible to detect the true one-way 
speed of light in any type of experiment. The problem with this method is that to 
measure the one-way speed of light, we need to synchronize two clocks, and to 
synchronize two clocks we need to know the one-way speed of light. We end up 
with a circular problem. This is likely the reason Poincaré assumed that we could 
never measure the one-way speed of light and thereby assumed that the one-way 
speed of light was isotropic for synchronization purposes. In 1905, Einstein [48] 
goes one step further and simply abandons the ether and by this he also assumes 
that the one-way speed of light is isotropic. It can also be shown that slow clock 
transportation synchronization basically corresponds to Einsten-Poincaré syn-
chronization, so this synchronization procedure cannot, in general, be used to 
set up experiments to detect the one-way speed of light, see [49] [50]. 

However, it is worth mentioning that a series of experiments have attempted 
to circumvent the Einstein-Poincaré synchronization procedure in order to 
detect whether the one-way speed of light is isotropic or anisotropic. A series of 
experiments have claimed to have detected anisotropic one-way speed of light, 
see [51]-[57], but many of these experiments have also been criticized, see, for 
example, [58] [59]. The debate around the one-way speed of light continues to 
this day [60] [61] [62] [63] and it also remains an open question whether the 
one-way speed of gravity is isotropic or anisotropic as well. 

When it comes to our extraction of the speed of gravity (light) from gravity 
observations, these often involve two very precise clocks, atomic or optical 
clocks placed a distance apart. These clocks need to be synchronized, which in-
tuitively suggest that our methods cannot be used to detect if the speed of gravity 
(light) is isotropic or anisotropic. On the other hand, in experiments where we 
only need to detect the redshift, then no clock synchronization should be neces-
sary and this could possibly be used to measure the one-way speed of light 
(gravity). The main challenge would be to attain the degree of accuracy required, 
as we would also need to measure the gravitational acceleration at each altitude. 

If it is the speed of gravity we actually are extracting and not only the speed of 
light, then the approaches in this paper are still very interesting. This means one 
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does not need to rely on very sophisticated theories, such as gravity waves de-
tectors, to detect the speed of gravity, but instead we can use much simpler ex-
periments. However, if this is not giving us the speed of gravity, then we need 
good arguments to address why the speed of light is hidden in so many gravita-
tional phenomena and how we can predict all major gravity phenomena, such as 
orbital velocity, gravitational time dilation, gravitational acceleration, and the 
Schwarzschild radius, all without any knowledge of G, c, or the gravity mass, but 
simply from a beam of light in the gravity field. 

6. Conclusions 

We have shown how one can, in a simple way, extract the speed of light (gravity) 
from gravitational observations alone. Even if it only seems to consist of a rear-
rangement of existing formulas, the exercise and analysis can lead to new in-
sights. We would note some things are so simple that they seem obvious when 
first pointed out, but they may have deeper implications and certainly deserve 
further examination. 

It is, at present, an open question on whether or not there is a link between 
gravity and electromagnetism, and there is a renewed interest in the link be-
tween the two. We have shown how a series of major gravity phenomena can be 
predicted by some simple observations of a light beam, namely its velocity and 
its wavelength at two altitudes in a gravitational field. This may provide a small 
breakthrough in the current insights around gravity. A unified theory between 
electromagnetism and gravity is still missing, but hopefully this takes us one step 
further in the right direction. 
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Appendix 

In this appendix, we show the cases where we want to measure/predict the gravitational phenomena at one of the 
same radii from which we measured the wavelength of the beam; see Table 3. 
 
Table 3. The table shows that all major gravity phenomena can be predicted by only two (or three) observations from a light beam 
in the gravitational field of the gravity object. We need to measure the wavelength at two altitudes of a light beam plus the speed of 
light. There is no need to know the Newton gravitational constant or the mass of the gravity object. This also strongly supports the 
ideas that there is a direct connection between electromagnetism and gravity and that the speed of gravity is actually the speed of 
light. 

What to measure or predict Formula How Is it easy to do? Knowledge of G or M 

Exact solution (strong and weak fields): 

Schwarzschild radius ( )2 2

2 2

L h h L
s

h h L L

R R
r

R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Gravitational acceleration ( )2 2 2

2 2 2

1
2

h h L
L

h h L L L

c R
g

R R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Gravitational acceleration ( )2 2 2

2 2 2

1
2

L h L
h

h h L L h

c R
g

R R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Orbital velocity ( )2 2

, 2 2

1
2

h h L
o L

h h L L

R
v c

R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Orbital velocity 
( )2 2 2

, 2 2

1
2

L h L
o h

h h L L

c R
v c

R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Escape velocity ( )2 2

, 2 2

h h L
e L

h h L L

R
v c

R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Escape velocity ( )2 2

, 2 2

L h L
e h

h h L L

R
v c

R R
λ λ

λ λ
−

=
−

 Light observations only Yes No 

Time dilation ( )2 2

2 1 2 21 h h L

h h L L

R
t t

R R
λ λ

λ λ
−

= −
−

 Light observations only Yes No 

GR bending of light ( )2 2

2 22 h h L
L

h h L L

R
R R
λ λ

δ
λ λ

−
=

−
 Light observations only Yes No 

GR bending of light ( )2 2

2 22 L h L
h

h h L L

R
R R
λ λ

δ
λ λ

−
=

−
 Light observations only Yes No 

Gravitational redshift ( ) ( )2 2

2 2

1lim
2h

h h L
R L

h h L L

R
z R

R R
λ λ

λ λ→∞

−
=

−
 Light observations only Yes No 

Gravitational redshift ( ) ( )2 2

2 2

1lim
2h

L h L
R h

h h L L

R
z R

R R
λ λ

λ λ→∞

−
=

−
 Light observations only Yes No 
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