International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

Derivation of Einstein Generalized Special
Relativity Using Lorentz Transformation

M. D. Abd Allah?, K. G. Elgaylani', K. M. Haroun®, M. H. Eisa" 2, M. A. Al Rajhi 2 A. EI-Tahir*, F. Madani'
Physics Department, College of Science, Sudan University of Science technology, Khartoum 11113, Sudan
?physics Department, College of Science, Al Imam Mohammad Ibn Saud Islamic University, Riyadh 11642, KSA
3Physics Department; College of Education; Alzaiem Alazhari University; Omdurman 1115; Sudan
“Physics Department, Faculty of Science, Khartoum University, Khartoum 11115, Sudan
Abstract: Lorent; transformation is utilized to derive a useful expression for space, time in the presence of any field. This expression

reduces to that of special relativity and compete with that of the Einstein generalized special relativity and Savickas. These expressions
indicate that the space and time are affected by the field as well as by velocity. Unlike the old Einstein generalized special relativity

model. This new model is not restricted to weak fields only, but holds for all fields including strong fields.
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1. Introduction

Einstein theory of special relativity (SR) is one of the
biggest achievements in modern. It changes radically the
classical concept of space and time. The SR theory is based
on two postulates, one of them is the homogeneity of space
and the other one is the constancy of the speed of light in
vacuum [1]. By considering Lorenz transformation and the
above postulates, the ordinary expressions for time, length,
mass and energy were obtained [2]. The SR theory
succeeded in explaining a large number of physical
phenomena, like meson decay, pair production and nuclear
binding energy. Despite of these successes SR suffers from
noticeable setbacks. First of all, at low particle speed its
expression of energy consists only two terms, one
representing mass energy and the other one stands for the
kinetic energy.

There is no term representing the potential energy [3]. Thus,
this energy expression does not satisfy correspondence
principle, for it does inconformity with Newton expression
for energy which consists of kinetic energy expressions.
Moreover, SR cannot explain the gravitational red shift,
which states that the gravitational field changes the photon
frequency [4]. The mass of photon is directly proportional to
its frequency and the periodic time is affected by the
gravitational field as well. The basic shortcomings of special
theory of relativity and general theory of relativity are
presented elsewhere [5]. However, Einstein’s general
relativity is a generally covariant theory of gravity. The laws
of Nature are relativistic, and one of the main motivations to
develop quantum field theory is to reconcile quantum
mechanics with special relativity. The purpose of this paper
is to derive Einstein generalized special relativity using
Lorentz transformation.

2. Special  Relativity and its

Disadvantages

Theory

The rigid rod is shorter when in motion in the direction of its
length than when at rest, and the more quickly it is moving,
the shorter is the rod. As a consequence of its motion the
clock goes more slowly than when at rest. The most famous

formula in theory of relativity, E =mc®. Where, m
is ym' .Where}, - - 1% Suppose the system S is
C

absolutely at rest, then we have l‘x = ty = l‘z = tr =t .

According to time formula of special theory of relativity, the
time ¢, spatial coordinate x, mass m and energy £ for a
particle moving with speed v is given by [5];

t= }/[t' +%} , x=y(x"+vt") )
c

For the theory of relativity, suppose system S' is transmitted
along x-axis, then the time transformation formula in

!
. VX
Lorentz transformation reads, ¢’ = 7[1‘ - —2} .
c

Conservation of energy yields the fact that the sum of the
kinetic and potential energies is a constant. However, the
kinetic energy of a photon is given by % f, where h is
Planck’s constant and f'is the frequency of the photon. If the
mass-energy relation £ = mc?, which relates the kinetic
energy to the product of mass and the square of the speed of
light, is introduced, then an ‘effective mass’ for the photon
may be deduced and is given by m= h f/% The equation
expressing conservation of energy then becomes hf - GMm/r
= hf - GMhf/rc2 = constant. This equation immediately
allows the well established expression for the gravitational
red-shift to be deduced. The derivation of the expression for
the gravitational red-shift, no appeal has been made to any
aspect of the theory of general relativity, not even the
principle of equivalence. The gravitational red shift of

Volume 3 Issue 6, June 2014
WWW.ijsr.net

Paper ID: 02014273

Licensed Under Creative Commons Attribution CC BY

622




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

photon of frequency /' leads to change its frequency to f
according to the relation;

hf =hf'—=V O]
Where V is potential. But, since; if = mc>, hf' =m'c?,
f=T"and f'=T"".
It follows that equation (2) reads;

(m—m')c? = Amc® =V, (ﬁ—ij =V

T T
S it PN U et IS
T’ T’ h
Thus; AT =T —T" = %TT' ©)

Moreover, the definition of force in terms of potential
V requires that;

W:K.E:jﬁ.df:—jVV.df:—V. But,

K.E =mc® —m'c®. Hence;
V =(m'—m)c® = Amc® 4)
Expressions (2), (3) and (4) indicates that the potential

changes mass and time which is in direct conflict with
equation (1) in which potential effect is absent.

3. Potential-Kinetic Energy Relation

A useful expression which relates kinetic to potential energy
can be obtained by using the definition of force F' for a
particle of mass m moving in a field with potential
V dependent on the position xonly. According to the
Newton’s second law we can use to describe its motion [6];

~ dv 0 d

F :m—:—VVz—mV¢:—m—¢:—m—¢ (5)

dt ox dx

Where @is a potential assumed to be dependent on the
position x only.

Thus; mﬂﬁ = —md—(o . Then; mv@ = —md—(o (6)
dx dt dx dx dx

The dependence of ¢ on position is obvious as far as

gravity, electromagnetic and strong nuclear force is position
dependent. Integrating two sides, and assuming the initial

velocity to be v, , one gets;
v 4
m.[vdv: —Id(p:%m[vz —voz]: —m[p—0]=¢
v, 0

LV =4y, =29 @)
By replacing 0 by ¢ in equation (7) one gets;

L p—
2 2 o ol
KE-KE =-mlp-¢,]

KE+mp=KE, +mgp, E=E, (®)

Where, K.E and E stand for kinetic energy and total energy.
This represents the principle of energy conservation. This

relation can also be obtained by using ordinary Newton’s
second law relation for a linear motion, where;

vi=v 2 —2ax ©)
V =me = Fx =max,
V. =m,p, =Fx, =max,. It follows that; ¢ =ax.
Hence;

But since;, F=ma |,

vi=v?-2¢ (10)
Consider a particle moving with constant acceleration in a

direction opposite to the field acceleration. The velocity
takes form;

v=-at+c, v:—jadtJrco

Sinceat t=0 v=v_, it follows that; v, = c, . Thus;
v=v, —at (11)
Similarly X is given by
1
X = J-vdtJrc1 = vut—Eatz +c.
At t=0,x=x, .Thus; x, =¢.
Hence;
1 2
X =v0t—5at +x, (12)
In view of (11) and (12);
1 1 1
X=X +E(V” - at)+5v0t =X, +E(v +v, )t (13)

Or one can write;

x=x"+v,t (14)
Where the mean velocity is defined to be;
1
v, ==(v+v,) (15)
2
4. General Lorenz Transformation in the
presence of Motion and Field
The Lorenz transformation which makes Maxwell’s

equations invariant was utilized by Einstein to construct SR.
This transformation is based on the fact that the space is
homogeneous, which means that;
x=y(x +v,t') and x" = y(x +v,1) (16)
Assuming that the speed of light is constant one gets;
x=ct, x'=ct (17)

Inserting equation 17 in (16) yields;
! ’ v !
ct= }/(ct +v,t ): cy[l + —’"}t . Therefore,
c
t= 7[1 + V—’”}t' (18)
c
, v
ct'=ylct—v, t)= c;{l— —’"}t
c
{ = }/[l - v—’"}t (19)
c

Incorporating relation (18) in relation (19) yields;
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Thus;
_ ) )
2 m
1=y°1- 2}
c
Hence;

1

1—Vm7
c2

If one consider the relation for a particle moving in a field
which increases its velocity;

v= (20)

2
vVi=v "+ 20
And by assuming v and v, to represent the average values

which are related to the maximum values v andv,

X

V2

v
, v, =—2 |t follows

2

according to the relations; v =

that;
2 2
v, =v," +4¢. Hence;

X

) , v —4p+2v° 1—4—(€
2 (Vox—‘rvxj _[vox +Vx +2voxvxj_ ) VX

2 4 4
(21)
L
2
For weak field; [ —4—(§j ~ —2—(2
vx vx
Thus;
2 2 2
vmz _ 2v " —dp+2v° 4o _ 4v ~ -8p :vxz 2
4 4
1
. Hence; y =

20 v 2
‘/1+— -
c? P

This reduces to Einstein Generalized Special Relativity for a
weak field. In view of equation (21) and (21) it follows that;

1

}/ =
\/1 [v? —dp+2v,v2 —4p)
2¢?
It is very striking to find that when no field exists ¢ =0
then;

(22)

1

2
1- v/
cZ
Thus the model reduces to ordinary SR. Inserting (22) in
(16) it follows that;

y= (23)

' vx2_2¢+vxvvx2_4¢ tr

X +

2
X = (24)
. V2 —4p+2v v —4p
4c?

It is clear that the position is dependent on potential as well
as on speedv. The expression for ¢'can be obtained by
eliminating x' from the two relations in (16) to get;

, \/vx2—2g0+vx1/vx2—4¢)
- X

2
t'= (25)
[2\/)(2 —4¢ + 2wa/"x2 - 4(0]
1—
4c?

Again time is affected by the field potential.

5. Discussion

The derivation of space-time relations according to Lorenz
transformation for a particle moving with speed vin a field
of potential ¢@in equation (11), indicates that such

transformation reflects the pace-time homogeneity under
these conditions. Equation (12) shows also that the speed of
light in the presence of any field is assumed to be that of free
space. The expressions for space and time obtained in
equations (17) and (18) indicate that the space time are
affected by field potential per unit mass @as well as

velocity v. These expressions reduce to that of SR and
compete with M. Dirar [7] and Savickas models [8]. The
advantage of this derivation compared to the two models
reflects in the fact that this relation is not restricted to
gravitational field only, but applies to any field. This fact is
true as far as equation (7) is a general relation. Moreover,
this model is not restricted to weak field since it shows that
the expression for effects of field and speed on space and
time holds for strong as well as weak field. Thus it is unlike
M. Dirar Model which holds only for weak field.

6. Conclusion

The new derivation of EGSR is more general than other
models in many respects. First of all it holds for any field
including gravity, electromagnetic, weak and strong nuclear
fields. The derivation is not restricted to weak fields but
holds for all fields including strong fields. The derivation is
based on homogeneity of space, constancy of light speed,
and a general relation between speed and potential. Thus, it
is more general than the other derivations of EGSR.

7. Acknowledgement

The authors would like to express their gratitude to all those
who gave them the possibility to complete this work.

Volume 3 Issue 6, June 2014
WWW.ijsr.net

Paper ID: 02014273

Licensed Under Creative Commons Attribution CC BY

624




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

References

[1] Derek, F. Lowden, “An introduction to tensor calculus
and relativity (chap.5, 6)”, John Wiley and sons, New
York, (1982).

[21Y. Z. Zhang, Special Relativity and its Experimental
Foundations, world scientific, Singapore (1998).

[3] R. Serway, Physics, Saunders, college company, U. S. A,
(1996)

[4]S. Weinberg, Gravitational and cosmology, John Wiley
and Sons, New York, (1972)

[5]1 R. Adler, M. Bazin, M. Schiffer, Introduction to General
Relativity, McGraw-Hill, New York, 1965

[6] Lavish, B. G., Theoretical Physics, John Wiley and sons,
New York (1969)

[7] M. Dirar, et al, Neutrino Speed can Exceed the Speed of
Light within the Framework of the Generalized Special
Relativity, and Savickas Model, Natural Science Vol.5,
No.6, 685-688 (2013)

[8] D. Savichas, Relations Between Newtonian mechanics,
General Relativity and Quantum mechanics, Am. J. Phy.
70(8), (August 2002)

Volume 3 Issue 6, June 2014

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 02014273

625





