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Abstract 
Newton’s theory of gravitation has been outdated by relativity theory explaining specific phe-
nomena like perihelion precession of Mercury, light deflection and very recently the detection of 
gravitational waves. But the disappearance of the obvious gravitational force and the variation of 
time are arguable concepts difficult to directly prove. Present methodology is based on hypotheses 
as expressed in a previous article: a universal time and an inertial mass variable according to the 
Lorentz factor (which could not be envisioned at Newton’s age). Because this methodology is 
mainly stood on Newtonian mechanics, it will be called neo-Newtonian mechanics. This theory is 
in coherence with the time of the Quantum Mechanics. In Newtonian mechanics, all forces, includ- 
ing gravitational force, are deducted from the linear momentum. Introducing the variable inertial 
mass, the result of the demonstration is an updated expression of the net force at high velocity: F = 
γ3mga. If such a factor in γ3 can look a bit strange at first sight for a force, let us remind that the lost 
energy in a synchrotron is already measured in γ4. Next article will be on the perihelion preces-
sion of Mercury within neo-Newtonian mechanics. 
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1. Introduction 
1.1. Relativity Hypotheses 
For a century, hypothesis of a variable time is laid down by the special theory of relativity. This hypothesis can 
explain many Nature observations, experiments and formulas, for example, the demonstration of the Lorentz 
factor. Because of such good explanations, the hypothesis of a variable time has been validated. Nevertheless, it 
remains some paradoxes and some predictions which are difficult to measure directly, as a reversible time, an 
“imaginary” time or even the time variation itself. 
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And in developing his ideas about the consequences of the equivalence principle between gravitational mass 
and inertial mass, Einstein leads to a new vision of gravitation which is to replace that of Newton: the general 
theory of relativity. The most important aspect is the disappearance of gravitational force concept. For Einstein, 
the motion of a body is not determined by strength, but by the configuration of space-time [1]. For example, 
relativity theory explains the deflection of light and the perihelion precession of Mercury, and predicts the 
gravitational waves which have been very recently detected. 

But the absence of gravitational force and a variable time according to the reference frame remain concepts 
difficult to directly prove. 

1.2. The Purpose 
The question is: is it possible to explain such phenomena within another theory, i.e. using gravitational forces 
and a universal time? It is what we will try to do in this article. 

A universal time would give in coherence with the universal time of the Quantum Mechanics. 

1.3. Neo-Newtonian Hypotheses 
The basis has been laid down in a previous article [2]: Lorentz factor can be demonstrated without using a 
variable time! It is only necessary to consider a variable inertial mass, different of the gravitational mass, and the 
energy of the particle linked to the inertial mass. If Newton distinguished the concepts of gravitational mass 
from the inertial mass [3], he could not be envisioned a variation of the inertial mass only detected at very high 
velocity (let us remind in the 17th century, Huygens was only trying to estimate the light celerity [4]). We will 
call these hypotheses: the neo-Newtonian mechanics. We compare them in Chart 1. 

Now in this article, we will check the consequence of these hypotheses on force expression in general (which 
includes resultant gravitational force). 

2. Net Force Demonstration 
The linear momentum p is by definition the product of the mass of a body by its velocity [5]: 

p m v= ⋅                                             (1) 
It is a general formula, the mass m is the inertial mass (it is not the gravitational mass). 

So the linear momentum can be written more precisely 

ip m v= ⋅                                            (2) 
With im  the inertial mass 
According to neo-Newtonian demonstration [2], the inertial mass is linked to the gravitational mass gm  by 

the Lorentz factor γ 

i gm mγ= ⋅                                           (3) 

with 

2 2

1
1 v s

γ =
−

                                        (4) 

 
Chart 1. Comparison of hypotheses.                                                                             

Hypotheses Newtonian Relativity Neo-Newtonian 

Space Constant Variable Constant 

Time Universal Variable Universal 

Gravitational mass constantgm =  variableG gm mγ= =  constantgm =  

Inertial mass constanti gm m= =  variablei Gm m= =  variablei gm mγ= =  

Speed limit None Light celerity c Asymptote s ( )s c≈  
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By property of the net force F according to the second Newton’s law of motion: 
d
d
pF
t

=                                              (5) 

Because gravitational mass is constant: 
d

0
d

gm
t
=                                             (6) 

so 
d d
d dg g
vF m m v
t t

γγ= +                                         (7) 

d 1 d1 dd d
d

g
vF m vvt t

t

γγ
γ

 
 

= + 
  
 

                                   (8) 

d 1 d1
d dg
vF m v
t v

γγ
γ

 
= + 

 
                                     (9) 

And due to Equation (4): 

( )
1

2 221 v sγ
 − 
 = −                                          (4bis) 

( )
3

2 2
2

2d 1 2 1
d 2

v
s

sv
v
γ  − 

 
− − = − 

 
                                 (10) 

( )3
2

d
d

v
v s
γ γ =  

 
                                             (11) 

So, with Equation (9): 
3

2
d 11
dg
v vF m v
t s

γ γ
γ

 
= + 

 
                                    (12) 

2
2

2

d 1
dg
v vF m
t s

γ γ= +
 
 
 

                                       (13) 

And again due to Equation (4): 

( )
1

2 221 v sγ
 − 
 = −                                           (4ter) 

( )2 2 12 1 svγ − = −                                             (14) 

( )22 21 1 svγ= −                                             (15) 
2

2 21
²

v
s
γ γ+ =                                               (16) 

And so, with Equation (13) 
( )2d

dg
vF m
t

γ γ=                                             (17) 

3 d
dg
vF m
t

γ=                                                (18) 

By definition, the acceleration a is: 
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d
d
va
t

=                                                 (19) 

So the updated property of the net force is: 
3

gF m aγ=                                              (20) 

3. Comments 
3.1. Comparison 
This expression in 3γ  can look a bit strange at first sight. 

Let us remind the synchrotron radiation. The cyclotron is used for particles, and the synchrotron is used for 
particles at velocities close to light celerity. The loss of energy per turn by synchrotron radiation can be mea- 
sured as follows [6]-[8]: 

32
4 4π

3
Ke VW
r c

γ
 


 = 







                                     (21) 

formula which can also be written: 
2 2

3
3

4π
3
Ke V VW

rc
γ γ=                                      (21bis) 

or 
2 2

3
3

4π
3

V KeW V
r c

γγ
   

=    
   

                                (21ter) 

And let us remind a work is a force by a length, and a length is a velocity by a time. So 
W F l′ = ⋅                                                (22) 

( ) ( )3W ma Vtγ′ = ⋅                                         (23) 

( )
2

3 VW V mt
r

γγ
 

′ =  
 

                                     (24) 

Then, the work W ′  of a 3γ  force [Equation (24)] appears to be homogeneous with the measure in a 
synchrotron of the loss of energy W [Equation (24ter)] of particles at very high velocity. This synchrotron effect 
can be checked not only in a laboratory but also in pulsed emission gamma-ray radiation from pulsar [9]. 

3.2. Numerical Application 
This 3γ  factor can be detected only at very high velocity. At very high velocity, it is of course easier to mea- 
sure when the body stays close, i.e. on a constant periodic movement, as the circular motion. For example: 
• Planet revolution (Mercury is the fastest planet of our solar system). 
• Particle in a cyclotron. 
• Particle in a synchrotron. 

Let us check the value of 3γ  at various velocities. See Chart 2 and/or Figure 1. 
It confirms 

- Variation of 3γ  could not envisioned at Newton’s age when the higher motion known was Mercury velocity 
(with a 3 1.00000004γ = ). 

- Expression of the net force with 3γ  can be checked with a synchrotron. 

3.3. Meaning 
That means that, at very high velocity, 
- For a same variation of velocity (or acceleration), the net force will be slightly higher than traditionally ex- 

pected. 
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Chart 2. Value of γ3 according to the velocity.                                                                      

 
Velocity 

3γ  
[km/h] [m/s] [v/c] 

Planet (Mercury) 170,000 47,000 0.01% 1.00000004 

Cyclotron 15,000,000 4,000,000 1% 1.0003 

Synchrotron 700,000,000 200,000,000 67% 2.4 

 

 
Figure 1. Value of 3γ  according to the velocity.                                              

 
- For a same net force, the variation of velocity (or acceleration) will be slightly lower than traditionally ex- 

pected and at usual velocity, 1γ ≈ , and we find back the usual formula: 
gF m a=                                           (25) 

4. Conclusions 
First, we remind results of a previous article: Lorentz factor can be demonstrated without using a variable time, 
but using a variable inertial mass. Such a hypothesison time, called neo-Newtonian theory, is in coherence with 
the Quantum Mechanics. 

Then in present article, consequence of this hypothesis has been checked on net force expression. Deducted 
and demonstrated from the linear momentum, net force is so expressed to: 3

gF m aγ= . 
This 3γ  factor can be detected only at very high velocity. At very high velocity, it is of course easier to mea- 

sure on a constant periodic movement, as the circular motion. For example, the synchrotron radiation (in 
synchrotron laboratory or in pulsed emission gamma-ray radiation from pulsar): the electromagnetic energy 
emitted by electrons or protons at circular velocity close to light celerity is done with the factor 4γ . 

Application of such a neo-Newtonian hypotheses on the perihelion precession of Mercury (the faster of the 
planets of our solar system), the deflection of light or the Doppler Effect will be done in next articles. 
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