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does not refer to maximum propagation 
speed of the interactions such as some 
authors suggest; c   is just a speed limit 
which remains the same in any inertial 
frame. 
           The temporal coordinate 0x  of 

space-time is now tVx max=0  ( ctx =0  

is then obtained when cVmax →  ). 

Substitution of ( )lH
~

nnVVmax ==  into this 

equation yields ( )( )lxH
~

nVxt max
00 1== . 

On the other hand, since lH
~

V = and 
nVV max=  we can write that 

nH
~

Vl max
1−= .Thus ( ) ( ) maxtH

~
ntH

~
lx ==0

.  Therefore we can finally write 

( )( ) ( )371 0 ntlxH
~

nt max==
which shows the quantization of time. 
          From Eqs.(27) and (37) we can 
easily conclude that the spacetime is 
not continuous it is quantized.  
          Now, let us go back to Eq. (20) 
which will be called the gravitational 
Hamiltonian to distinguish it from the 
inertial Hamiltonian iH :  

( )3822
0

2 .cmpcH ii +=
Consequently, the Eq. (18) can be 
rewritten in the following form: 

( )392 igi HHH ∆=−
where iH∆ is the variation on the 

inertial Hamiltonian or inertial kinetic 
energy. A momentum variation p∆  

yields a variation iH∆  given by: 

( ) ( )4042
0

2242
0

22 cmcpcmcppH iii +−+∆+=∆
          By considering that the particle is 
initially at rest ( )0=p . Then Eqs. (20), 
(38) and (39) give 

respectively: 2cmH gg = , 2
0cmH ii =  and 

2
0

2

0

11 cm
cm

p
H i

i
i 













−







 ∆+=∆

By substituting gH , iH and iH∆  into 

Eq.(39) we get 
 

( )41112 0

2

0
0 .i

i
ig m

cm

p
mm














−







 ∆+−=

This is the general expression of 
correlation between the gravitational 
and inertial mass. Note that 

for ( )250cmp i>∆ , the value of gm  

becomes negative.  
          Equation (41) shows that gm  

decreases of gm∆  for an increase of 

p∆ . Thus, starting from (4) we obtain 

( )
( )21 cV

Vmm
pp gg

−

∆−
=∆+

By considering that the particle is 
initially at rest ( )0=p , the equation 
above gives  

( )
( )21 cV

Vmm
p gg

−

∆−
=∆

From      the      Eq.(16)     we  obtain:  
( ) iiiiiiig EEEEEEEE ∆∆ −=+−=−= 0000 22

However, Eq.(14) tells us  that 

gi EE ∆∆ =− ; what leads to gig EEE ∆+= 0  

or gig mmm ∆+= 0 . Thus, in the expression 

of   p∆  we   can replace ( )gg mm ∆−    

by 0im , i.e., 

( )2

0

1 cV

Vm
p i

−
=∆

We can therefore write 

( )
( )42

1 2
0 cV

cV

cm

p

i −
=∆

By substitution of the expression above 
into Eq. (41) we thus obtain: 

( ) ( )43112 0
22

0
2
1

iig mcVmm




 −−−=

−

For 0=V  we obtain 0ig mm = . Then 

( ) ( )minmin 0ig mm =
Substitution of ( )mingm  into the 

quantized expression of gM (Eq. (33)) 

gives 

( )min0
2

ig mnM =
Where ( )min0im  is the elementary 
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quantum of inertial mass to be 
determined.   
For 0=V , the relativistic expression 

221 cVmM gg −= becomes

00 ggg mMM == . However (43) shows 

that 00 ig mm = . Thus, the quantized 

expression of gM  reduces to 

( )min0
2

0 ii mnm =
Then, we can write 

( )
22

02

22

0

11 cV

m
n

cV

m ii

−
=

−
min

 
or 

( ) ( )440
2

miniii mnM =
Which shows the quantization of 
inertial mass ; in  is the inertial 
quantum number . 
      We will change n in the 
quantized expression of gM by gn in 

order to define the gravitational 
quantum number. Thus we have 

( ) ( )amnM igg 440
2

min=
          Finally, by substituting gm  

given by Eq. (43) into the relativistic 
expression of gM , we readily obtain 

( ) ( )45112

1

2
1

22

22

ii

g
g

McVM

cV

m
M





 −−−=

=
−

=

−

          The Lorentz's force is usually 
written in the following form: 

BVqEqdtd
rrrr

×+=p

where 22
0 1 cVVmi −=
rr

p . However, 

Eq.(4) tells us that 221 cVVmp g −=r . 

Therefore, the expressions above 
must be corrected by multiplying its 
members by 0ig mm ,i.e., 

p
cV

Vm

cV

Vm

m

m

m

m gi

i

g

i

g r

rr
r

=
−

=
−

=
2222

0

00 11
p

and 

( ) ( )46
00 i

g

i

g

m

m
BVqEq

m

m

dt

d

dt

pd rrrr
r

×+=








= p

That is now the general expression for 
Lorentz's force. Note that it depends 
on gm . 

         When the force is perpendicular 
to    the    speed,    the    Eq.(5)  gives 

( ) 221 cVdtVdmdtpd g −=
rr

.By comparing 

with Eq.(46) we thus obtain 

( )( ) BVqEqdtVdcVmi

rrrr
×+=− 22

0 1
 Note that this equation is the 
expression of an inertial force. 
          Starting from this equation, well-
known experiments have been carried 
out in order to verify the relativistic 

expression: 221 cVmi − .          In 

general, the  momentum variation p∆  

is expressed by tFp ∆∆ =  where F  is 
the applied force during a time interval 

t∆ . Note that there is no restriction 
concerning the nature of the force F , 
i.e., it can be mechanical, 
electromagnetic, etc. 
          For example,  we can look on the 
momentum  variation  p∆   as  due  to 
absorption or emission of 
electromagnetic energy by the particle ( 
by means of radiation and/or by means 
of Lorentz's force upon the charge of 
the particle).  
          In the case of   radiation  (any 
type), p∆  can be obtained as 
follows. It is known that the radiation 
pressure , dP , upon an area 

dxdydA =  of a volume 
dxdydzd =V  of a particle( the 

incident radiation normal to the 
surface dA )is equal to the 
energy dU  absorbed per unit 
volume ( )VddU .i.e.,  

( )47
dAdz

dU

dxdydz

dU

d

dU
dP ===

V

Substitution of vdtdz =  ( v  is the 
speed of radiation) into the equation 
above gives 
 
  


