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Abstract: This paper is the theory for the speed of gravitational waves and comparison of it with the speed of light. The GW 
(Gravitational Waves) have been observed [1] and the role of dark energy and cold dark matter are being studied [2, 3], but the 
key role of gravitational waves speed (���) in the stability of cosmic formations has not been studied much. LIGO discovered 
the gravitational waves (2015). General relativity predicts for a strong gravitational lens that light and GW travel at the same 
speed. Blas et al. (2016) showed that the ratio of the speeds of gravitational waves and of light is ��� ��� < 1.7. Moore and 

Nelson (2001) showed that: 1 − ��� ��� < 10
��, etc. [2]. As is discussed here gravitational waves speed should be much 
more than the speed of light. Nowadays, almost all of the instruments that are used for studying in Astronomy and 
Astrophysics are some how related to the applications of radio frequency rays, infra red, visible light, ultra violet rays, X-rays 
and Gama rays that in general name are called electromagnetic waves. The light speed in vacuum; �� ≅ 3 × 10� � �⁄  is the 
highest speed that so far has been known in Physics [4]. Comparing the speed of light to the cosmic distances and using it as a 
communication tool, it looks like the speed of snail on the ground. Gravity is one of important forces responsible for relative 
stability of galaxies, solar systems, planetary systems, etc. By discovering, producing, transmitting and receiving the 
gravitation waves like the knowledge that exists about electromagnetic waves now, it could be a great help for very fast 
communication tool and also new big and clear window, etc. to the Universe. But before that, at first it should be studied 
whether the speed of gravity field propagation is much more that the speed of light or not. 
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1. Introduction 

The distances in the most cosmic ranges are so huge that 
the scientists introduced light-year unit and also the cosmic 
distance scale, 1 �� ≈ 1.5 × 10��� as the astronomical unit 
[5]. Newton (1642-1727) discovered the law of gravity [6] 
that attracts the masses to each other. Watching the images of 
stars and the other space formations like cluster of galaxies 
about 3 billion light-year away [7] brings us the doubt that: If 
very huge masses and very far distances from each other are 
controlled by gravity forces and the signal speed of gravity is 
as the same speed of light, The very low speed of light 
compared to the sizes of cosmic distances is not enough for 
maintaining such formations not to collapse. As it is shown in 
this paper, the speed of light is indirectly compared with the 
speed of gravitational field. Then the role of gravitational 

waves speed for relative stability of the galaxies mentioned. 
By reviewing this paper, we will consider that ��� ≫ ��. 

2. Procedure 

For discussion of the subject, it is mentioned three reasons. 
In the first reason the Doppler Effect [8, 9] is reviewed, and 
then based on that effect the speed of light is compared to the 
speed of gravitational waves. The conclusion is that, the ��� 
should be more that the speed of light. In the Reason two, by 
mentioning the Black Holes [10] that they do not let the light 
rays to be emitted and comparing again the two speed of light 
and gravitational waves based on the Doppler Effect it is 
concluded that ��� should be more that the speed of light. In 
the reason three, the relative stability of a galaxy less, more 
similar to our galaxy is discussed and the exchange number 
of gravitons per unit of masses per unit of time N, is 
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introduced for the first time: 

� =  !"!
���#$ 

Where  ! , is the total number of gravitons exchange 
between the two masses at the time of t and "! is ���. As it 
is considered here if  ��� ≤ �� , then they galaxies could 
collapse so faster compared to their life span and there should 
not be conservation of galaxy system any more. Every place 
that the word of speed used, it means the abstract velocity 
relative to the mentioned point. 

2.1. Reason One 

Comparing the speed of gravitational waves to the speed 
of light using the Doppler Effect, as we already know, 

According to the Doppler Effect: 
The observed frequency of a sound is raised if the 

separation distance, that is, the distance between an observer 
and the source of the sound, is shortening, and is lowered if 
the separation distance is increasing [8]. 

A different situation exists if the source is stationary and 
the listener moving. Suppose that the listener is moving 
towards the source. Because of the motion, the listener will 
run into some of the crests which would not otherwise have 
yet reached the listener’s ears. As a result, a listener 
approaches the source will hear a frequency larger than&. Or, 
if the listener is running away from the source, a frequency 
less than f will hear will be heard. Indeed, if the listener is 
moving away with the speed of sound, only the 
accompanying crest will influence the listener’s ear. In effect, 
the frequency heard is reduced to zero. 

Let us examine this phenomenon from a quantitative point 
of view. We define the following: 

'� =velocity of wave 
'( =velocity of listener 
') = velocity of source 
&* = Frequency heard when listener is moving respect 

with to the source 
& = Frequency heard when listener is still respect with to 

the source 

+,
+ = -.
-/

-.
-0 = �
(-/ -.⁄ )
�
(-0 -.)⁄                             (1) 

+,
+ = 23445 67 89:4 ;4<9=>:4 =6 <>2=4?4; 

23445 67 89:4 ;4<9=>:4 =6 26@;A4                    (2) 

This form shows clearly that &* is increased if the listener 
is moving against the waves and is decreased if the source is 
moving in the direction of the waves. This general effect is 
called the Doppler Effect after Christian Johann Doppler, 
who showed in 1842 that this effect should be observed for 
sound and light waves [8]. However, that (2) is not correct 
for light waves when the source or observer is moving with 
speeds close to the speed of light. The difficulty arises 
because of the relativity principle, which states that the speed 
of light in vacuum is independent of the motion of the 
observer or the light source.) For light the result of 

calculation from [9] is: 

&* = & B�
CD
ED

�
C
E

                                (3) 

The conclusion is that if the relative velocity of observer 
be more that the speed of the sound wave, the source of the 
sound has no transferring mechanical energy or force to the 
observer. In the simple words, if the relative speed of 
observer and the sound source │'( − ')│ be more than the 
velocity of wave '�, the observer will be free from any effect 
of upcoming waves. One of the results is: If there exists a 
sound source with the conditions of: 

1) The power of the sound is enough to reach to the 
stationary observer with the distance of x. 

2) There is not any obstacle like sound absorber between 
the sound source and observer. 

3) The observer has instruments to receive the sound 
energy from the source at distance of x. But, there is no 
sound reception. 

We can conclude that the relative speed of observer and 
the sound source │ '( − '�│  is more than the velocity of 
waves '). 

Now we examine that conclusion, for comparing the speed 
of light 'G  waves and the speed of gravitational waves ���. 

We can arrange (1) to the new form of: 

+*
+ = -HIJCKLM
-NK0LOPOI

-HIJCKLM
-0QRISO = �
(-NK0LOPOI -HIJCKLM⁄ )
�
(-0QRISO -HIJCKLM)⁄          (4) 

Defining the following: 

'!TUVWXY Z ��� 

'GW)X[\[T Z  velocity of object or listener travelling with 
speed of light 

')]^T_[ Z  velocity the source or mass that emits gravity 
waves 

&′
& =  speed of gravitational waves relative to the speed of light

speed of gravitational waves relative to the object  

Imagine an object or an observer travels with the speed of 
light relative to another object (It is a science fiction case 
now). According to the above conclusion, if its speed 
(observer speed) that is the speed of light be more than 
���emitting from another object as a source, then there could 
not be any effect of interaction between the object 
(gravitational source) and observer (light). 

In reality there exists effect or interaction between light 
and gravitation force. 

The deflection of a ray of straight by the sun’s 

gravitational field happens during a total solar eclipse, when 

the sun’s glare does not blind the observers. The star can be 

viewed and displaced from its true position. The deviation is 

attributed to the bending of the light rays by sun [11]. When 

the hunter chases the hunt, he can catch it, only if his speed 

is more than it has. In another words the speed of light that is 

influenced by gravity, is less than the speed of gravitational 

waves. 
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2.2. Reason Two 

Black Holes: The correct criterion for a star to be a black 
hole turns out to be tu �#v� ≥  �

#. The Schwarzschild radius 

v) of a body of mass M is defined as: v) = #�x
_D   [12]. 

They do not let the light rays to be emitted and the 
conclusion could be that ��� > ��, because: 

The follower never reaches to the escaper if the follower 
speed is less than the latter. In the sound example, a listener 
that travels with the speed more than the speed of sound, 
from the sound source could never hear the sound signals 
emitting from the sound source. 

Suppose the light is escaper and the gravitation force be 
the follower. If the speed of gravitational waves be less than 
or equal to the speed of light, then if a mass moves with ��, it 
would not be affected by field of gravity (Although by 
Physics laws it is impossible that particles with non zero 
masses at rest could move with the speed of light). Light 
quantum mass at rest is zero. Even if their stationary 
quantum masses were not zero, they could not be affected by 
field of gravitational force. 

If the propagation speed of gravity waves was less than or 
equal to the speed of light, then according to the Doppler 
Effect the Black Hole gravity field could not have influence 
to the emitting of light. Result: 

The speed of gravitational waves is more than the speed of 
light. 

2.3. Reason Three: Conservation and Relative Stability of 

Galaxies System 

In the universe for large system of objects and materials 
like galaxies, Newton Gravity Law z{{| = −t }~}D

T� �{|  is not 
enough to maintain the relative stability of system, but also 
speed of communications has a big role. Let us consider an 
example for sound speed and relation between the source and 
the receiver. 

2.3.1. The Role of Communication Speed 

Referring to the figure 1, suppose we have a sound source 
of A that emits towards to receiver of B with enough distance 
that could receive mechanical energy from the source. The 
receiver of B could reflect a part of energy as the form of: 

△ ��,T[+G[_XW]\ = �0QRISO
���D �� ∙ �T                          (5) 

It is defined the following:  
△ ��,T[+G[_XW]\ = Some part of mechanical sound 
power that reflects by object of B 
�)]^T_[ = The sound power of source A 
R = Distance of B from A 
�� = Cross-sectional area of B perpendicular to R 
�T = Sound reflection coefficient by B between 0 to 1 
Supposing the reflection and the absorption coefficient be 

the same. Some part of this energy that will be received again 
by the source of A could be as the form of: 

△ ��⟶� = △ ��,T[+G[_XW]\ ∙ U�
���D =  �)]^T_[ ∙ U�∙U�∙�I

(���D)D   (6) 

Where: 
��= Cross-sectional area of body of A perpendicular to R 
If the source of A could recognize this amount of energy 

then it could “feel” or “hear” the object of B. The equation 
shows that △ ��⟶� is reverse proportional to the quadratic 
(1 v��   of R, the distance between two bodies. In the above 
example with doubling the distance of two bodies the 
reflecting power decreases to the 1/16 of power source of A 
body. If body of A is on Moon and body of B is on Earth, for 
very low speed of sound with compare to such distance, the 
messages are almost dead. (In reality, first, there is not such 
powerful loudspeaker and second, the sound for propagation 
needs media that does not exist between Earth and Moon, 
etc.). For maintaining the communication between two 
bodies not only all mentioned parameters have roles, but 
also: 

The speed of communication has a big role for maintaining 
the mass formations especially when the distances among 
them increase. 

H. Yukawa believes attractive and repulsive forces can 
both arise from particle exchange [12]. Graviton has been 
named as particle exchange for gravity force. 

2.3.2. The Relation Between the Acting Force of Gravity 

and the Speed of Gravitational Field 

The formula is given here for the first time is defined as 
below: 

 ! = �u��                           (7) 

In SI System, where: 
 ! = Total exchange number of gravitons for the period 

time of t is needed to maintain the body of � at a certain 
orbit with radius of r. 

N = The exchange number of gravitons per unit of masses 
per unit of time that is needed to maintain the body of � at a 
certain orbit with radius of r. 

u, the bigger mass, �, smaller mass and t is the time. 
Equation (7) may be rewritten to the form of: 

� =  \H
x}X                                     (8) 

Assuming gravitational waves has constant speed, "! in 
vacuum, since $ is given by: 

$ =  "!�                                        (9) 

Substituting t from (9) into (8) yields: 

� =  \H
x} I

CH
                                 (10)  

or: 

� = \HVH
x}T                                      (11) 

"! = The gravitational waves speed in vacuum 
Equation (11) shows relation between gravitons exchange 
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and the speed of gravitational waves. 

When the orbit of the body of � changes from the radius 
of $�  to the orbit with the radius of $# , assuming that the 
number of gravitons to be exchanged is proportional to the 
reverse of  $ . If the number of gravitons to be exchanged 
would be proportional of $or higher power of $ , then the 
radius of solar systems or galaxies would be infinitive that in 
reality they are not. Therefore: 

\~
\D � TD

T~                                        (12) 

Therefore, we have: 

 � �  ��u� T~
VH                              (13) 

 # �  �#u� TD
VH                                 (14) 

Dividing the sides of (13) to the sides of (14) yields: 

\~
\D � �~

�D
T~
TD                                     (15) 

Now, substituting from (12) into (15) 
We have: 

�~
�D � TDD

T~D                                       (16) 

From (11) for the radiuses of $� and $# we can have: 

�� � \~HVH
x}T~                                     (17) 

�# �  \DHVH
x}TD                                     (18) 

Right side of equation of (16) is familiar for us, because it 
is the same as the ratio of two gravity forces on two different 
radiuses: 

�� � t x}
T~D                                     (19) 

�# � t x}
TDD                                    (20) 

Dividing the sides of (19) to the sides of (20) yields us: 

�~
�D � TDD

T~D                                       (21) 

Comparing (21) and (16) gives that: 

�~
�D � �~

�D                                          (22) 

This shows that assumption of (7) gives familiar gravity 
formula form and the conclusions could be that: 

The gravity force has relation with the speed of 
gravitational waves, because exchange number of gravitons 
has relation with the speed of gravitational waves (22), (17) 
and (18). 

The farer masses receive lesser number of gravitons per 
unit of masses per unit of time (17) and (18). 

The gravity force exerting between two masses is 
proportional to the numbers of gravitons exchange (22). 

2.3.3. One of the Results of Communication Low Speed is 

the Longer Time for the Signal Receipt 

For the forces like gravity it is needed the bodies 

continuously evaluate each other. In the sound example, if 
the sound was communication tool between Earth and Moon, 
for sending and receiving any message between them, we 
should wait about 36 days. This time is more than the time is 
needed for full revolution of Moon (about 29 days) around 
Earth. 

 

Figure 1. Body of A sends an acoustic signal to the surrounding area (crests 

are shown by the red circles). It spreads to the spherical surface of 4�v# to 
reach B. Energy received by B is small fraction of sound energy emitted by 

A. The reflection of sound by body of B (crests are shown by the blue circles) 

comes back to A, spreads again to the spherical surface of 4�v#. From (6), 
the energy received by A from the sound reflection of B is very small fraction 

of primary energy of signal A and proportional to 1 v�� . 

2.3.4. Gravitation Field Speed and Conservation of the 

Galaxies 

Based on consideration of this part, it is concluded again 
that the gravity force responsible for maintaining the galaxies 
not to collapse like Milky Way galaxy [13] with about 50,000 
light-years radius should have the speed much more than the 
speed of light. 

In galaxies, based on our existing knowledge, the 
gravitation force of black hole in the center is responsible for 
maintaining the galaxy not to collapse. Assuming the radius 
of our galaxy be about 50,000 light-years. This is the distance 
of the most far stars or masses from black hole. 

At first, assuming that the speed of the gravity force waves 
be (less or) equal to speed of light in the vacuum. 
Considering a star at the edge of the galaxy (Figure 2) and we 
have advance technology to trace the beam of the 
gravitational wave. For the forces like gravity it is needed the 
bodies continuously evaluate each other. Supposing the 
precise clock has been adjusted to zero when the black hole 
send a signal of gravitation to evaluate (The amount of force 
should exert to hold that star on its orbit.) and then sending 
enough gravitons ( particles responsible for gravitation field) 
to that star on the circle or ellipsoid orbit of the edge of the 
galaxy. When signal reaches to star, the clock shows the 
passage time of 50,000 years. The star also sends a signal 
that returned back to black hole after another 50,000 years. 
Since exchanging of each message in this example takes 
about 100,000 years, it is expected that at least two processes 
will happen at this long period of time: 

(1) The masses especially, the mass of black hole and star 
will be decreased because of changing the matter based on 
Conservation of Mass and Energy Law for any closed system 
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to different kinds of energy of (radiation, electromagnetic, 
thermal, mechanical, gravity, etc.) 

(2) The positions of masses specially, the stars at the edge 
of galaxy change respect with black hole. They continue to 
move in straight lines based on Newton’s Fist Law. 

Let us r� be the first distance at the time of reaching the 
first signal, then the next signal should reaches to the distant 
of $# (figure 3) that the latter is bigger that the first distant: 

$# � B$�# � d�#                             (23),  

Where: 
$# � The second distant of star to the center of the galaxy 

after period time of 100,000 years 
�� � The distant that star travels at the straight line free of 

gravity force perpendicular to $� within the period time of 
100,000 years 

The third distance $�will be bigger than $#: 

$� �  B$## � �##                          (24),  

Where: 
$� � The third distant of star to the center of the galaxy 

after another period time of 100,000 years 
�# � The distant that star travels at the straight line free of 

gravity force perpendicular to $#  within the period time of 
100,000 years 

Considering the Figure 2, it is concluded that: 

$\ y $\
� y � y $� y $# y $�                (25) 

The radius of the galaxy rapidly becomes more longer than 
it normally happens for the life span of the galaxy. Its shape 
instead of the approximate circle will be like a cyclone. 

 

Figure 2. A star at the edge of the galaxy needs maximum time to reach it 

the gravitational waves from black hole at the center. Drawing shows the 

result of low speed of gravitational waves speed (the speed of light or less 

than of it). The radius of galaxy rapidly becomes more longer than it 

normally happens for the life span of the galaxy. Its shape instead of the 

circle will be like the cyclone. 

The result of such low speed of gravitational waves (speed 

of light or less than it) will be the fast expanding and 
collapsing the galaxies. 

 

Figure 3. Painted by author Ensan, Comparison for the speed of light and 

gravitational waves speed. The left figure is the approximate shape of an 

existing elliptical galaxy; right is the imaginary shape of the same galaxy, if 

the gravitational propagation speed be low like the speed of light or less. In 

that case, gravity force can not properly hold the galaxy masses from 

preventing to expand fast, and then the destruction of galaxy will occur. 

If that condition would exist, the space images of the 
galaxies should show almost homogeny of mix stars at the 
remaining of old galaxies. The observation of super cluster 
galaxies at 3 billions light-year away does not show such 
destructions or collapses (Figure 4). 

 

Figure 4. Abell 2218 is a cluster of galaxies some 3 billion light-years away. 

It is so massive that the gravity of its galaxies is bending the light of galaxies 

behind it into a series of arcs – an effect known as gravitational lensing [7]. 

Therefore, if the stars moving around the outer orbits that 
remain almost the circle shape, then based on the above 
example, it yields that the speed of gravity force field with 
the dimensions of galaxies should be so higher than the speed 
of light to maintain such stability. 

3. Summary and Conclusion 

In this paper by mentioning 3 reasons is shown that: The 
speed of gravitational propagation speed should be much 
more than the speed of light. In the reason one; ��� has been 
compared with �� by using Doppler Effect and the bending 
effect of light beam near the massive objects like our sun. In 
the reason two, by mentioning Black Holes that they do not 
let the light beam emit from conservation of galaxies 
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mentioned and explained that one of the reasons for 
preventing the light not to escape from them is the higher 
speed of gravitational waves respect with to light speed. In 
reason three, it is shown that for maintaining the 
communication between two bodies not only all mentioned 
parameters have roles, but also the speed of communication 
has a key role, especially when the distance between them 
increases. A new formula is introduced for indirect relation 
between gravity force and its speed: N� \HVH

x}T . Finally the 
relative stability of galaxies is reviewed and it is resulted the 
much higher speed of gravitational waves ( ��� ��� ≫ 1) 
compared to the speed of light. 
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