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In special relativity, this paper presents the definition of center of
mass-energy for a system of particles (massive and non-massive)
Consequently, a new principle of conservation is obtained, which
depends on the temporal variation of the relativistic energy (power)
and the position vector of the particles of the system.

Introduction

In special relativity, this paper is obtained starting from the essential definitions of intrinsic
mass ( or invariant mass ) and relativistic factor ( or frequency factor ) for massive particles
and non-massive particles.

The intrinsic mass ( m ) and the relativistic factor ( f ) of a massive particle, are given by:

m
.= mo (1)

f
.=

(
1− v · v

c2

)−1/2

(2)

where (mo ) is the rest mass of the massive particle, (v ) is the velocity of the massive
particle, and ( c ) is the speed of light in vacuum.

The intrinsic mass ( m ) and the relativistic factor ( f ) of a non-massive particle, are given by:

m
.=

h κ

c2
(3)

f
.=

ν

κ
(4)

where ( h ) is the Planck constant, ( ν ) is the frequency of the non-massive particle, ( κ ) is
a positive universal constant with dimension of frequency, and ( c ) is the speed of light in
vacuum.

According to this paper, a massive particle (mo 6= 0 ) is a particle with non-zero rest mass
( or a particle whose speed v in vacuum is less than c ) and a non-massive particle ( mo = 0 )
is a particle with zero rest mass ( or a particle whose speed v in vacuum is c )

Note : The rest mass (mo ) and the intrinsic mass (m ) are in general not additive, and the
relativistic mass ( m ) of a particle ( massive or non-massive ) is given by : ( m .= m f )
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The Einsteinian Kinematics

The special position ( r̄ ) the special velocity ( v̄ ) and the special acceleration ( ā ) of a particle
( massive or non-massive ) are given by:

r̄ .=
∫

f v dt (5)

v̄ .=
dr̄
dt

= f v (6)

ā .=
dv̄
dt

= f
dv
dt

+
df

dt
v (7)

where ( f ) is the relativistic factor of the particle, (v ) is the velocity of the particle, and ( t )
is the ( coordinate ) time.

The Einsteinian Dynamics

If we consider a particle ( massive or non-massive ) with intrinsic mass (m ) then the
linear momentum (P ) of the particle, the angular momentum (L ) of the particle, the net
Einsteinian force (FE ) acting on the particle, the work ( W ) done by the net Einsteinian
force acting on the particle, and the kinetic energy ( K ) of the particle, are given by:

P .= m v̄ = m f v (8)

L .= r×P = m r× v̄ = m f r× v (9)

FE =
dP
dt

= m ā = m

[
f

dv
dt

+
df

dt
v

]
(10)

W .=
∫ 2

1

FE · dr =
∫ 2

1

dP
dt

· dr = ∆ K (11)

K .= m f c2 (12)

where (f, r, v, v̄, ā ) are the relativistic factor, the position, the velocity, the special velocity
and the special acceleration of the particle, ( t ) is the ( coordinate ) time, and ( c ) is the
speed of light in vacuum. The kinetic energy ( Ko ) of a massive particle at rest is (mo c2 )
since in this dynamics the relativistic energy ( E .= mo c2 ( f − 1 ) + mo c2 ) and the kinetic
energy ( K .= m f c2 ) are the same ( E = K) [ 1 ]

Note : E2−P2c2 = m2 f2 c4 (1−v2/c2 ) [ in massive particle : f2 (1−v2/c2 ) = 1 → E2 −P2c2 = mo
2c4

and m 6= 0 ] & [ in non-massive particle : v2 = c2 → (1−v2/c2 ) = 0 → E2 −P2c2 = 0 and m 6= 0 ]
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System of Particles

A massive system is a system composed of massive particles, non-massive particles, or both
at the same time.

A non-massive system is a system composed only of non-massive particles ( all with the same
vector velocity c )

A massive system is a system with non-zero rest mass ( or a system whose speed in vacuum
is less than c ) and a non-massive system is a system with zero rest mass ( or a system whose
speed in vacuum is c ) [ 2 ]

Center of Mass-Energy

The center of mass-energy of a massive or non-massive system, is given by:

Rcm
.=

∑
mi fi ri∑
mi fi

(13)

Rcm =
∑

Ei ri∑
Ei

(14)

where (m, f, r,E) are the intrinsic mass, the relativistic factor, the position and the relativistic
energy of the i -th massive or non-massive particle of the massive or non-massive system.

The Copernican Frame

The linear momentum (P ) and the center of mass-energy (Rcm ) of a massive system are
always zero relative to the reference frame called the Copernican frame.

P =
∑

mi fi vi = 0 (15)

Rcm =
∑

mi fi ri∑
mi fi

= 0 (16)

Therefore, the center of mass-energy of a massive system always coincides with the origin of
the Copernican frame.

According to this paper, if a massive system is an isolated system relative to the Copernican
frame then the Copernican frame is an inertial reference frame.

Note : The equation ( Rcm =
P

mi fi ri /
P

mi fi ) is always zero relative to the Copernican frame

only if (
P

mi fi ri ) is always zero relative to the Copernican frame.
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Principle of Conservation

The power position (Q ) of an isolated massive system ( relative to the Copernican frame )
remains constant relative to the Copernican frame.

Q =
∑

mi
dfi

dt
c2 ri = constant (17)

Q =
∑ dEi

dt
ri = constant (18)

where ( f, r, E) are the relativistic factor, the position and the relativistic energy of the i -th
massive or non-massive particle of the massive system relative to the Copernican frame, (m )
is the intrinsic mass of the i -th massive or non-massive particle of the massive system, ( t )
is the ( coordinate ) time of the Copernican frame, and ( c ) is the speed of light in vacuum.

Note : d(
P

mi fi ri)/(dt) =
P

mi fi vi +
P

mi (dfi/dt) ri. (
P

mi fi vi = 0 ) & ( d(
P

mi fi ri)/(dt) = 0 )

relative to the Copernican frame, therefore : (
P

mi (dfi/dt) ri = 0 ) relative to the Copernican frame.

General Observations

According to this paper, the equations of the special relativity take a simpler form in the
Copernican frame when the Copernican frame is an inertial reference frame. Therefore, in
special relativity, the Copernican frame is a privileged reference frame ( among the inertial
reference frame ) for the study of an isolated massive system.

Additionally, if the Copernican frame is an inertial reference frame and is also considered as
the auxiliary system, then the equations valid in the Copernican frame can be generalized
to the other inertial reference frames and also to the non-inertial reference frames [ 1 ]
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