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Abstract 
Gravitational interaction among objects of all sizes from subatomic particles 
(matters) having nonzero mass to clusters of galaxies in the universe whether 
at rest or in non-relativistic or relativistic motion tends to interact with each 
other. To understand the nature at deeper level, the study of gravitational in-
teraction, theory of relativity and quantum mechanics is of great importance 
and is an active field of research these days. In the present work, an attempt is 
made to understand the gravity, quantum theory and theory of relativity to-
gether, and study the mass of an object under gravitational interaction with 
another object in relativistic motion. We compute the change in the mass of 
the two objects, total change in mass of the system of the two objects, and the 
energy released in the process. We find that in a closed system, the mass of an 
object (matter) decreases due to increase in mass of another object in relati-
vistic motion and under gravitational interaction with the first object. This 
model thus in a way reveals theoretically and mathematically a relationship 
between gravity, quantum theory, and theory of relativity. 
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1. Introduction 

To study the variation of mass of a particle (matter) and a system of particles has 
been and is a very active and exciting field of research in science. According to 
the theory of relativity [1], mass of an object increases when it speeds up relati-
vistically, and acquires infinite energy and thus infinite mass when its speed ap-
proaches the speed of light in free space (c). The object thus attains the maxi-
mum attainable speed by a particle which is the speed of light in free space. It is 
pertinent to mention here that in the literature all moving objects are catego-
rized into three groups, namely tachyons, luxons and tardyons and they respec-
tively have speed greater than, equal to and less than the speed of light in free 
space. First in 1962, E.C.G. Sudarshan along with Bilaniuk and Deshpandey have 
suggested [2] the possibility of particles (matters) moving faster than the speed 
of light in free space, and the questions arising from the assumption that a par-
ticle may move faster than the speed of light in free space in the framework of 
classical (nonquantum) theory of special relativity have been studied [3] [4] [5]. 
Feinberg in 1967 coined the word “tachyon” meaning swift, quick, rapid, fast, 
and the possibility of the tachyonic particles have been discussed [6]. It has been 
proposed that tachyonic particles have quanta of quantum field with negative 
squared mass and several researchers have studied [7]-[26] these moving objects 
in cosmic rays and in laboratories. In 1980, Edward A. Puscher [18] has dis-
cussed an interesting potential relationship between tachyons and anti-gravity, 
and has presented a review about some of the characteristics that must be pos-
sessed by tachyons if they have to exist without violating the special theory of 
relativity. In 2000, D. Mugnai, A. Ranfagni and R. Ruggeri have experimentally 
demonstrated [20] the possibility of observing superluminal behavior in the prop-
agation of localized micro waves over distances of tens of wavelengths. Ashoke 
Sen [21] has discussed the construction of classical time dependent solutions in 
open string theory as well as in an effective field theory, and has described the 
motion of the tachyon on unstable D-branes. M. Skalsey et al. [22] have discussed 
a viable superluminal hypothesis about the tachyon emission from orthopositro-
nium (o-Ps), and have described the possibility of finding the existence and non-
existence of tachyons in the measurement of the orthopositronium decay. In 2019, 
Roman Szostek has discussed [23] the derivation method of numerous dynamics 
in the special theory of relativity. On the other hand, Frank R. Tangherlini [24] 
has briefly discussed the possible unification of quantum theory and gravitation, 
and has described the Galilean-like transformation allowed by general cova-
riance and consistent with the special theory of relativity. Reza Ahangar [25] [26] 
has discussed a unifying approach for the foundation of complex matter space 
and special theory of relativity, and has described the complex matter, complex 
energy and complex momentum. Necati Demiroglu has considered first [27] [28] 
the quantum right angled triangles and has discussed moving objects having 
speed greater (tachyons) than, equal (luxons) to and less (tardyons) than the 
speed of light in free space. The mass (real/imaginary), momentum, energy, and 
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quantum probability state for tachyons and tardyons have been computed [27] 
[28] [29] [30] and they have found some interesting new equations in this con-
text. It is to mention here that in these works mass is considered as a function 
of speed. However, in the present work, we have made an attempt to study the 
variation of mass of a particle (matter) under gravitational interaction with 
another object in relativistic motion. It is pertinent to mention here that re-
cently quantum experiments at space scale (QESS) [31] have managed to per-
form a meaningful quantum optical experiment to test the fundamental physics 
between quantum theory, gravity and theory of relativity. Such experiments are 
expected to shed light on the supposed relationship between quantum theory, 
gravity and theory of relativity. On the other hand, the present model in a way 
theoretically and mathematically reveals a relationship between gravity, quan-
tum theory, and theory of relativity. In the next section, we compute the varia-
tion of mass of an object due to interaction with another object using the law of 
gravitation and the theory of relativity. In Section 3, we present the discussion 
and summary of the result. 

2. Present Model 

Consider gravitational interaction between two particles (matters) with mass M 
and m placed at a distance X from their centers of gravity and mass M is greater 
than m (i.e., M > m). Consider the two objects form a closed system and F is the 
gravitational force between them, G the gravitational constant, E the energy, ‘v’ 
the velocity, ‘t’ the time and ‘a’ the acceleration. Initially, the velocity (v0) and 
time (t0) are zero. According to the law of gravitation, we have  

2 2 2F GMm X mv X X GM v= = ⇒ =                (1) 

We know that 

( ) 2
0 1 2X t atν= +                       (2) 

Initially, 0 0t =  and 0 0v = . Therefore from Equation (2), we have 

( ) 21 2X at=                           (3) 

We know that  

F ma a F m= ⇒ =                       (4) 

Substituting the value of ‘a’ from Equation (4) in Equation (3), we get 

( )( ) 21 2X F m t=  

( )( ) 21 2m F X t⇒ =                       (5) 

Equation (4) implies that d
d

F ma m
t
ν

= = . Therefore, we have 

d dF t m ν=                              (6) 

Substituting the value of ‘m’ from Equation (5) in Equation (6), we have 

( )( ) ( )( )2 2d d d 1 d1 2 1 2F t F X t t t Xν ν= ⇒ =           (7) 
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Substituting the value of X from Equation (1) in this equation, we get 

( )( ) ( )( )2 2 2 2d d 2 d1 d2t t v GM v GM t t v v= ⇒ =          (8) 

Integrating both sides, we get 

( ) 2 22 d dGM t t v v⋅ =∫ ∫  

( )( ) ( )3 32 1 3 1 6GM t M G tvν⇒ − = ⇒ = −              (9) 

Initially 0 0t =  and 0 0v = , therefore ( ) ( )0 0a t t tν ν ν= − − = , and 

( ) ( )( ) ( )2 21 2 1 2 1 2 2X at v t t t tv Xν= = = ⇒ =           (10) 

Therefore, substituting the value of tνfrom Equation (10) and Equation (9), 
we have  

( ) ( )( )3 21 6 1 6M G t G t vν ν= − = −  

( )( ) ( )2 21 6 2 1 3M G X G Xvν⇒ = − = −              (11) 

We know the energy, E FX X E F= ⇒ =  and ( )F ma m tν= = , there-
fore, Equation (11) becomes 

( )( ) ( ) ( )( )2 21 3 1 3M G E F G E m t vν ν= − = −          (12) 

According to special theory of relativity, the energy E, the momentum p, and 
the mass m of a relativistic particle is respectively given by 

( )2 2
0

1 2
, , ; 1E pc p mc m m c cγ γ ν

−
= = = = −            (13) 

Therefore, we have 

( ) ( )( ) ( )( )2 21 3 1 3M G pc m t G pct mν ν ν ν= − = −  

( )( )1 3M G ctp mν⇒ = −                  (14) 

Negative sign in Equations (9) to (12) and (14) and henceforth shows that the 
two objects with mass M and m form a closed system. Considering quantum 
right angled triangle, N. Demiroglu [27] [28] has computed 

( ) ( ) 0

12 2
0 0

2
arcsin ; 1p m c c m m v c mν γ

−
= = = −            (15) 

Substituting the value of ‘p’ from Equation (15) in Equation (14), we get 

( ) ( )( )0 01 3 arcsinM G ct m c c mν ν γ= −  

( )( ) ( )21 3 arcsinM G c t cν γ ν⇒ = −               (16) 

We consider that the two objects with mass M and m form a closed system 
and the event is measured from reference systems which are outside the closed 
system. Consider the event is measured with respect to two such reference sys-
tems ∑ and ∑' where the reference system ∑ is at rest and the other reference 
system ∑' is moving uniformly w.r.t. the reference system ∑. We know that in 
the reference system ∑, 

( )2t t X cγ ν′ ′= +                      (17) 
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Substituting the value of ‘t’ from Equation (17) in Equation (14), we have 

( ) ( )( )21 3M G c t X c p mγ ν ν′ ′= − +                (18) 

Substituting the value of ‘t’ from Equation (17) in Equation (16), we get 

( ) ( )( ) ( )2 21 3 arcsinM G c t X c cνγ ν γ ν′ ′= − +  

( ) ( )( ) ( )2 21 3 arcsinM G c t X c cν ν ν′ ′⇒ = − +           (19) 

Moreover, when cν = ; ( ) ( )arcsin arcsin 1 2cν = = π , and therefore, Equa-
tion (19) becomes 

( )( ) 26M G X t c c′ ′π= − +                   (20) 

Now, it is to mention here that the right hand side (RHS) of Equation (14) 
denotes the mass of the first object due to relativity and the gravitational interac-
tion with the second object having mass m. We denote M by M1 and the mass 
expressed by RHS of Equation (14) by M2. Similarly we denote mass of the second 
object m by m1 and its mass due to relativity and gravitational interaction be-
comes m2. Due to the relativistic effect and gravitational interactions, the speed 
of the second object v is denoted by v2 and speed of the first object by v1. The 
momentum of the second object p is denoted by p2 and momentum of the first 
object by p1. With these notations, from Equation (14), we have 

( )( )2 2 2 21 3M G ctp mν= −                    (21) 

Using Equation (15), the momentum of the second object is written by  
( )2 1 2arcsinp m c v c=  and mass of the first object is given by 

( ) ( ) ( )( )2
2 2 1 2 21 3 arcsinM G c t m m cν ν= −              (22) 

The difference of mass of the first object, 

( ) ( ) ( )( )2 2 1 2 21 3 arcsinM M M G ctc m m cν ν∆ = − = −        (23) 

Similarly, the mass of the second object is given by 

( )( )2 1 1 21 3m G ctp Mν= −                    (24) 

As ( )1 1 1arcsinp M c cν= , the mass of the second object becomes 

( ) ( ) ( )( )2 1 1 2 11 3 arcsinm G ctc M M cν ν= −             (25) 

The difference of mass of the second object, 

( ) ( ) ( )( )2 1 1 1 2 11 3 arcsinm m m m G ctc M M cν ν∆ = − = − −       (26) 

Thus, the total change in mass is given by 

( ) ( ) ( ) ( ){{
( ) ( )}}

2
1 1 2 1 2 2

1 1 2 1

1 3 arcsin

arcsin

M m M m G c t m m c

M M c

ν ν

ν ν

∆ + ∆ = + − −

+
    (27) 

This is the expression describing the variation of mass due to the relativistic 
effect and the gravitational interactions between the two objects. 

Moreover, the energy released in the process is given by 
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( )
( ) ( ) ( ) ( ){{
( ) ( )}}

2

2
1 1 2 1 2 2

2
1 1 2 1

1 3 arcsin

arcsin

E M m c

M m G c t m m c

M M c c

ν ν

ν ν

= ∆ + ∆

= + − −
+ 

        (28) 

In Equation (28), 1 2M M M∆ = − , ( )1M M=  is the mass of the first object, 
M2 is the mass of the first object due to relativistic effect and gravitational inte-
raction with the second object, 1 2m m m∆ = − , ( )1m m=  is the mass of the second 
object, m2 is the mass of the second object due to relativistic effect and gravita-
tional interaction with the first object, c is the speed of light in free space, G is 
the Gravitational constant, v1 is the speed of the first object, v2 (=v) is the speed 
of the second object. This equation gives the amount of energy released between 
the two objects due to the relativistic effect and the gravitational interactions. It 
is pertinent to mention here that according to the law of gravitation, c.f. Equa-
tion (1), 2F GMm X= . This equation implies that the two masses M and m are 
inversely proportional to each other i.e., M ∝ (1/m) and vice versa. According to 
special theory of relativity, c.f. Equation (13), the mass 0m m cγ= ; 

 ( )2 2 1 2
1 cγ ν

−
= − . This equation implies that the mass m increases with the re-

lativistic speed v. When the mass m increases, according to the law of gravitation 
the two masses M and m are inversely proportional to each other i.e., M ∝ (1/m) 
and the mass M decreases. Therefore, we find that the mass of an object (matter) 
decreases due to increase in mass of another object in relativistic motion and 
under gravitational interaction with the first object. The energy released from a 
closed system due to gravitational interaction of the first object (matter) with 
another object in relativistic motion is given by Equation (28). 

3. Discussion and Summary 

In recent years the study of gravity, quantum physics and relativity together is an 
exciting area of research giving a new progress to understand at deeper level a 
number of connected open problems in physics these days and is expected to re-
main vibrant in coming decades. It is to mention here that the variation of mass 
of a particle (matter) with relativistic speed is well studied and verified. In the 
present work, we have made an attempt to study the variation of mass of an ob-
ject under gravitational interaction with another object in relativistic motion and 
the energy released in the process. For this we consider two objects which form a 
closed system due to gravity. The mass of the first object under gravitational in-
teraction with another object in relativistic motion is studied by using the gravi-
tational law, quantum mechanics and the theory of relativity. We have computed 
the change in the mass of the two objects, total change in mass of the system of 
the two objects, and the energy released in the process. We find that in the 
closed system, the mass of an object (matter) decreases due to increase in mass 
of another object in relativistic motion and under gravitational interaction with 
the first object. This model thus in a way theoretically and mathematically re-
veals a relationship between gravity, quantum theory, and theory of relativity. 
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However, a more rigorous theoretical and experimental works are required to 
study in depth the relationship between gravity, quantum theory, and theory of 
relativity. The work is in progress and we hope to address it in our next work. 

Acknowledgements 

No funds or financial grants was received for the work. 
The author Prof. S K Karn wishes to thank Indian National Science Academy 

(INSA), New Delhi for providing him INSA visiting scientist/fellow during which 
a part of this work has been done. He also wishes to thank the lifelong founder 
chancellor, New Delhi, IGTMS University, Arunachal Pradesh, India and the 
Dean Academics, Sharda University, Greater Noida, NCR-Delhi for their sup-
port and encouragement. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Einstein, A. (1956) Relativity: The Special and General Theory. Translated by Law-

son Crown, R.W., Publishers Inc., New York. 

[2] Bilaniuk, O.M.P., Deshpande, V.K. and Sudarshan, E.C.G. (1962) Meta Relativity. 
American Journal of Physics, 30, 718-723. https://doi.org/10.1119/1.1941773 

[3] Arons, M.E. and Sudarshan, E.C.G. (1968) Lorentz Invariance, Local Field Theory, 
and Faster-than-Light. Physical Review, 173, 1622.  
https://doi.org/10.1103/PhysRev.173.1622 

[4] Dhar, J. and Sudarshan, E.C.G. (1968) Quantum Field Theory of Interacting Ta-
chyons. Physical Review, 174, 1808. https://doi.org/10.1103/PhysRev.174.1808 

[5] Bilaniuk, O.M.P. and Sudarshan, E.C.G. (1969) Particles beyond the Light Barrier. 
Physics Today, 23, 43. https://doi.org/10.1063/1.3035574 

[6] Feinberg, G. (1967) Possibility of Faster-than-Light. Physical Review, 159, 1089.  
https://doi.org/10.1103/PhysRev.159.1089 

[7] Clay, R.W. and Crouch, P.C. (1974) Possible Observation of Tachyons Associated 
with Extensive Air Showers. Nature, 248, 28-30. https://doi.org/10.1038/248028a0 

[8] Murthy, P.V.R. (1968) On Some New Production Processes for ~ 1012 eV Muons. 
Physics Letters B, 28, 38-40. https://doi.org/10.1016/0370-2693(68)90536-4 

[9] Alvager, T. and Kreisler, M.N. (1968) Quest for Faster-than-Light Particles. Physical 
Review, 171, 1357-1361. https://doi.org/10.1103/PhysRev.171.1357 

[10] Davis, M.B., Kreisler, M.N. and Alvger, T. (1969) Search for Faster-than-Light Par-
ticles. Physical Review, 183, 1132-1133. https://doi.org/10.1103/PhysRev.183.1132 

[11] Baltay, C., Feinberg, G., Yeh, N. and Linsker, R. (1970) Search for Uncharged Fast-
er-than-Light Particles. Physical Review D, 1, 759-770.  
https://doi.org/10.1103/PhysRevD.1.759 

[12] Ben-Abraham, S.I. (1970) Simple Model for Tachyons. Physical Review Letters, 24, 
1245-1246. https://doi.org/10.1103/PhysRevLett.24.1245 

[13] Danburg, J.S., Kalbfleisch, G.R., Borenstein, S.R., Strand, R.C., VanderBurg, V., Cham-

https://doi.org/10.4236/oalib.1109741
https://doi.org/10.1119/1.1941773
https://doi.org/10.1103/PhysRev.173.1622
https://doi.org/10.1103/PhysRev.174.1808
https://doi.org/10.1063/1.3035574
https://doi.org/10.1103/PhysRev.159.1089
https://doi.org/10.1038/248028a0
https://doi.org/10.1016/0370-2693(68)90536-4
https://doi.org/10.1103/PhysRev.171.1357
https://doi.org/10.1103/PhysRev.183.1132
https://doi.org/10.1103/PhysRevD.1.759
https://doi.org/10.1103/PhysRevLett.24.1245


S. K. Karn, N. Demiroglu 
 

 

DOI: 10.4236/oalib.1109741 8 Open Access Library Journal 
 

pan, J.W. and Lys, J. (1971) Search for Ionizing Tachyon Pairs from 2,2-GeV/c K-p 
Interactions. Physical Review D, 4, 53-65. https://doi.org/10.1103/PhysRevD.4.53 

[14] Bartlett, D.F. and Lahana, M.D. (1972) Search for Tachyon Monopoles. Physical Re-
view D, 6, 1817-1823. https://doi.org/10.1103/PhysRevD.6.1817 

[15] Fox, R. (1972) Tachyons and Quantum Statistics. Physical Review D, 5, 239.  
https://doi.org/10.1103/PhysRevD.5.329 

[16] Mendes, R.V. (1976) Faster-than-Light Particles and T Violation. Physical Review D, 
14, 600. https://doi.org/10.1103/PhysRevD.14.600 

[17] Robinett, L. (1978) Do Tachyons Travel More Slowly than Light? Physical Review 
D, 18, 3610. https://doi.org/10.1103/PhysRevD.18.3610 

[18] Puscher, E.A. (1980) Faster-than-Light Particles: A Review of Tachyon Characteris-
tics. Rand Corporation, Indiana University, Bloomington, Digitized in 2009, 1-37. 

[19] Wang, L.J., Kuzmich, A. and Degariu, A. (2000) Gain-Assisted Superluminal Light 
Propagation. Nature, 406, 277-279. https://doi.org/10.1038/35018520 

[20] Mugnai, D., Ranfagni, A. and Ruggeri, R. (2000) Observation of Superluminal Be-
haviors in Wave Propagation. Physical Review Letters, 84, 4830-4833.  
https://doi.org/10.1103/PhysRevLett.84.4830 

[21] Ashoke, S. (2002) Tachyon Matter. JHEP, 7, 65.  
https://doi.org/10.1088/1126-6708/2002/07/065 

[22] Skalsey, M., et al. (2000) A Viable Superluminal Hypothesis: Tachyon Emission from 
Orthopositronium. American Institute of Physics, College Park.  
https://doi.org/10.1063/1.1290916 

[23] Szostek, R. (2019) Derivation Method of Numerous Dynamics in the Special Theory 
of Relativity. Open Physics, 17, 153-166. https://doi.org/10.1515/phys-2019-0016 

[24] Tangherlini, F.R. (2014) Galilean-Like Transformation Allowed by General Cova-
riance and Consistent with Special Relativity. Journal of Modern Physics, 5, 230-243. 
http://www.scirp.org/journal/jmp  
https://doi.org/10.4236/jmp.2014.55033 

[25] Ahangar, R. (2014) Foundation of Complex Matter Space and Special Theory of Re-
lativity, a Unifying Approach. Journal of Nuclear and Particle Physics, 4, 147.  
https://doi.org/10.5923/j.ijnpp.201404045.03  

[26] Ahangar, R. (2014) Quantum Complex Matter Space. International Journal of Theo-
retical and Mathematical Physics, 4, 159-163.  
https://doi.org/10.5923/j.ijtmp.20140404.04  

[27] Demiroglu, N. (2013) Kuantum Mekanigi Ve Yeni Metodlar. Karina Kitap Yayinci-
lik Pub., Istanbul, 1-64. 

[28] Demiroglu, N. (2019) Fields and Particles. Scholar Journal of Engineering and Tech-
nology, 7, 215-217. 

[29] Demiroglu, N., Yalcin, O. and Ozum, S. (2015) A Simple Methodology for Quan-
tum Mechanical Theory of Tardyons and Tachyons. International Journal of Scien-
tific & Technology Research, 1, 31-36. 

[30] Brown, J.T. and Demiroglu, N. (2019) Forms of Time: Fields and Particles. Applied 
Science and Innovative Research, 3, 106-109.  
https://doi.org/10.22158/asir.v3n3p106 

[31] Xu, P., et al. (2019) Satellite Testing of a Gravitationally Induced Quantum Deco-
herence Model. Science, 366, 132-135. https://doi.org/10.1126/science.aay5820 

https://doi.org/10.4236/oalib.1109741
https://doi.org/10.1103/PhysRevD.4.53
https://doi.org/10.1103/PhysRevD.6.1817
https://doi.org/10.1103/PhysRevD.5.329
https://doi.org/10.1103/PhysRevD.14.600
https://doi.org/10.1103/PhysRevD.18.3610
https://doi.org/10.1038/35018520
https://doi.org/10.1103/PhysRevLett.84.4830
https://doi.org/10.1088/1126-6708/2002/07/065
https://doi.org/10.1063/1.1290916
https://doi.org/10.1515/phys-2019-0016
http://www.scirp.org/journal/jmp
https://doi.org/10.4236/jmp.2014.55033
https://doi.org/10.5923/j.ijnpp.201404045.03
https://doi.org/10.5923/j.ijtmp.20140404.04
https://doi.org/10.22158/asir.v3n3p106
https://doi.org/10.1126/science.aay5820

	A Study of the Behavior of Mass of a Particle (Matter) under Gravitational Interaction with Another Particle in Relativistic Motion and the Mathematical Model
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Present Model
	3. Discussion and Summary
	Acknowledgements
	Conflicts of Interest
	References

