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Abstract :Generalized special relativity is one of the most promising models that is found to cure many defects
of special relativity. These defects include un capability of explaining gravitational red shift and satisfaction of
the Newtonian limit.

Despite these successes generalized special relativity suffers from noticeable setbacks. First of all its way of
derivation make it restricted to weak fields only. Although recent derivation make it applicable to fields other
than the weak and gravitational field, but this derivation needs to be strengthen.

In this work a light clock is used to derive a useful expression for time, length, in General special relativity.
These expressions are typical to that derived before by using curved space. Time, but they are not restricted
gravitational and weak fields. The expressions for time, length holds for all fields.
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I.  Introduction

Einstein theory of special relativity (GR) is one of the biggest achievements in physics. It changes
radically the classical concept of space and time. The GR theory is based on two postulates. One of them is
concerned with the homogeneity of space and time the other is concerned with the constancy of speed of light
[1].The theory of GR succeeds in explaining a large number of experimental observations, like meson decay,
pair production and nuclear mass defect [2].

Unfortunately GR suffers from noticeable setbacks. First of all, it cannot explain the change of neutrino
mass, it does not satisfy correspondence principle, since its expression of relativistic energy does not satisfy
Newtonian limit since it does not consist of a term representing the potential energy.

It cannot explain also the gravitational red shift which indicates that the photon mass as well as its periodic time
change with the gravitational field [3].

Il.  Set backs of the Theory of Special Relativity
In GR theory the expression of timet , mass ™ ,space! and energy E .

t

——
\
VT
C

t =

2
E = mc (4)
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Wheret_,I ,m _ stands for time, length, and mass in arrest frame While t, |, ,and m represents time, length

and mass in frame moving with velocity v with respect to the rest frame.
The expression of relativistic energy in the Newtonian limit , where the light speed is law is given by [4,5,6,7].
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This is not typical to the Newton expression of energy[8].
E —imov2 +V =T +V
2 (6)

Since it does not consist of an expression representing the potential energy.
The gravitational red shift phenomenon is also related to GR. It is concerned with the change of photon

frequency from f to f' when it enters a gravitational field of potentialv . According to the principle of
Newtonian energy conservation

hf = hf +V @
Since the photon energy is also given by (4) it follows that
hf =mec®
, (8
hf = mc
Thus
mc?=mc?+V
. v (9
Am =m —m = —
c

Equation (9) indicates that the photon mass changes with the potential which is in direct conflict with the
equation (3) , which states that the mass does not change with the potentialVv [9].

I1l.  General Expression for Kinetic and Potential Energy
The ordinary relation between mass m, velocity v, force F, and potential v is given by

dv oV
m—F - _vv = - 2¥ (10)
dt oX

For m independent of x and ¢ dependenton x only [9].

When
V = m¢g
dv dx dg
m-——=—-m—
dx dt dx (11)
v 4
mJ'vdv =—mJ'd¢
Vo [o] (12)
Hence
1
“mlv? —voz]: -mg
2 (13)

Eliminating m form both sides of equation (13) yields
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2 2

Vi =V, —2¢(14)

This can be also be derived from the relation

vi=v,’ - 2ay (5

V = potential = Fy (16)
may = m ¢
¢ = ay
For particles moving down ward, we replace v by V- to get

2

\ =vf2—2¢(l7)

o

I\VV.  Derivation of Time Dilation in the presence of Fields
Consider an attractive field like gravitational field. Let a light mirror of length 1. move down ward with initial

speed v_ .

NANNANNN

Figure (1) a clock in free space
When clock moving up its speed be comes v at a timet .

For the clock in free space the time to is given by

p

X

Figure (2) For a clock moving under the action of the field

y = vt

1

° (19)
The velocity v, and the vertical displacement y can be expressed in terms of the initial velocity v_and
acceleration a as follows

v . = Vv_ + at
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1 " 1
Yy = Vv_t + —at = (v, + —at )t

2

Since the average velocity v is given by

VvV =
2
2v_ + at
2
1
= vVv_ + —at
2 (20)
It follows that
y =vt
%)
ct
}!
pl ]
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Figure (3) light moving with speed ¢ form p, to p,

Assuming the light moving with speed ¢ form p, to p,inatrajectory inclined to the vertical plane one can get

But

cz[l—vz/cz]t2 =c’t,’

° (21
Using relations (17) and (20) , one gets
) (v0+vf) V, +V, +2v, v,
v = = (22)
4 4
. 4v, -8 ,
voo= =v, —-2¢ (23)
4
t = tO = to
\/1— vi/c? 2 v’
/ 1.2 v
2 2
c o
(24)

This expression holds for any field [10].
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V.  Derivation of Length Contraction in the presence of Fields
Consider a rod moving down ward with respect to a clock with speed v.

Chr

|

A4
Figure (4) A rod moving down ward
For observer at rest with respect to a rod, this rod is at rest with respect to him.

Thus its length is equal to |_ . But the clock is moving with respect to him. Hence the time is given according to
equation (22)

t = b
2 v’
1+7?_ 2
Cc C (25)

Thus the speed for him is given by
L

[e]

t (20

Vv =

For observer at rest with respect to clock. The clock is at rest with respect to him .
Thus the time ist_. But the rod is moving with respect to him .Thus the rod length is | . The speed is given by

Thus the length in the presence of the field is given by

t 2 v?
L:LO( °W=LO\/1+ f— 5

Lt

This expression holds for any fields.

VI.  Discussion
A useful expression for time and length Contraction were found in equations (24) and (28). These
expressions were derived by considering a light mirror clock moving in a field. The motion of this clock is
obeys the ordinary equations of motion in any arbitrary field. Fortunately the two expressions are found to be
typical to that obtained in GSR.

VIl.  Conclusion
The expressions for time and length by using a light clock to derive GSR, shows that the GSR can hold
for any field, gravitational or non-gravitational, this derivation holds for any fields

DOI: 10.9790/4861-08116974 www.iosrjournals.org 73 | Page



Deriving of the Length Contraction in the Presence of the Gravitation in General Special Relativity ...

[11.
[21.
[3].
[4].
[5].
[6].
[71.
8.
[9].
[10].

References
O.D Jefimenko ,"Electromagnetic Retardation , and theory and Relativity “2nd Edition , Electret Scientific, ISBN 0917406214
9780917406218, 1997.
F.L. Derek "an Introduction to Tensor Calculus and Relativity "3rd Edition Jon Wily &Sons Ltd , New York 1982, ISBN 0.486-
42540-1(plk).
M .H. M Hilo, etal , "Using of Generalized Special Relativity .in Estimating the Proton (Nuclear) Mass to Explain the Mass
Defect ,"Natural science Vo | .3, No.2, 141-144 (2011).
R.F. Evens and J. Dunning — Davies "The Gravitational Red-Shift "University of Hull , England , arXiv:gr-qc/0403082Vv12004.p.3.
Rohrlich, F. An elementary derivation of E=mc2 .Am. J. Phys. 58: 348-349. 1990.
Thomas, E.G. What’s so special about E=mc2 . Eur. J. Phys. 26: 125- 130, 2005.
Sharma, A. The Origin of the Generalized Mass-Energy Equation E=mc2 and Its Applications in General Physics and Cosmology.
Physics Essays . 17: 195-222 . 2004.
R.C. Tolman ,"Relativity, Thermodynamic- and Cosmology 1s Edition Oxford university press, oxford 1934. LCCN 340-32023.
Reissued (1987) New York: Dover ISBN 0-486-65383-8..p.591.
H. I. Hamza ,Mubarak .Dirar. Abdalla. Speed of Light and Momentum within the frame work of Generalized Special Relativity,
University of Africa Journal of Sciences ,volume No 3 —2013.
H. I. Hamza ,Mubarak .Dirar. Abdalla ,Deriving the Useful Expression for Time Dilation in the Presence Of the Gravitation by
means Of the Gravitation by means of a Light Clock,OSR Journal of Applied Physics (IOSR-JAP) e-ISSN: 2278-4861.Volume 7,
Issue 2 Ver. Il (Mar. - Apr. 2015), PP 107-111.

DOI: 10.9790/4861-08116974 www.iosrjournals.org 74 | Page


http://en.wikipedia.org/wiki/Special:BookSources/0486653838

