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Chapter - 8

Speed Theory of Relativity: Constancy of speed of light. Postulates of special theory
of Relativity. Length contraction. Time dilation. Relativistic addition of velocities.

Q. Write a Shortnote on Constancy of speed of light.
Ans.

The speed of light is measured to be about 1,079,253,000 km/hr, and presumably
this is its speed relative to the ether. Presumably the ether is stationary with respect
to the fixed stars. This section investigates these two presumptions.

Galileo attempted to measure the speed of light around 1600. He and a colleague
each had a lantern with a shutter, and they went up on neighboring mountains.
Galileo opened the shutter on his lantern and when his colleague saw the light from
Galileo's lantern he opened the shutter on this lantern. The time delay between
when Galileo opened the shutter on his lantern and when he saw the answering
light from his colleague's lantern would allow him to calculate the speed of light.
This is absolutely correct experimental procedure in principle. However, because
of our human reaction times the lag between when the colleague saw the light from
Galileo's lantern until when he could get the shutter of his lantern open is so long
that the light could have circled the globe many many times.

In 1676 Romer successfully measured the speed of light, although his results
differed from the accepted value today by about 30%

Q. What are the basic postulates of Special Theory of Relativity? Explain
Length contraction and Time Dilation.
Ans.

Einstein in 1905, formulated this special theory of relativity on the basis of following
postulates:

e« The laws of physics are same in all inertial frames. This is the principle of
relativity.

e« The speed of light in vacuum is constant and same as observed from all
inertial frames. This is known as the principle of constant of speed of light.

The first postulate implies that not only the laws of mechanics but also that of
electrodynamics and optics should be same for all inertial reference systems. There
is no privileged frame like ether or absolute space.

Length Contraction:



Two dramatic results of the special theory of relativity are
that a meter stick is shorter when moving than at rest and =
the moving clock runs slow. These results are quite real. “A |

Consider a stick at rest in the 5 system lying

along the x' axis with its ends at “4and “2. The length
of the stick is,

fy = xp - Xy (1

I3

b is called the rest or proper length of the system.

Now let us determine the length of the stick in 5 system, where the observer is at rest.
According to the observer in the S system, the stick moves with velocity ¥ towards right. The
length of the stick is distance between its ends at the same instant of time. According to Lorentz
transformation

Xy = Flxg—wi) . ()
g o= plxg—wey {3
from(2)and(3),

Xp — Xy T ¥(xp—xy)

I is shorter than 0 - ag T E L2230

This shortening is known as length contraction or Lorentz contraction and it occurs only along the

direction of motion. If the stick lay along the Y _axis we would use ¥ =¥ and f:"?ﬂ

Time Dilation :

Let us investigate the effect of motion on time. Consider a clock at rest in the & system and two

’

events A and B both occurs at the same point o
A=zt
B = x. i,

the time interval © by 74 is the time interval between two events in 5" system or rest system.
It is called the proper time. The corresponding time interval in laboratory system can be
calculated as follows:



T,

tg = Plty - —7)
¢
, VX
tp = yliy -~ _333'
¢
’ vx_:ll - ’ — ’ — .
or iy = ?’(f’_.ll-l_c_g} T Xy T X T X
v I,

tp= vity + —)
c

The last two equations are written based on the argument that for an observer at o system, it
would appear that =) system moves with velocity - 7.

(fg — £4) = F"':f:a - 5;1:'

Therefore, the time interval in the laboratory system is greater than that of rest system (5 r). The
moving clock runs slower and this effect is known as time dilation.

Q. How to Add Relative Velocities?
Ans.

5. The Relativistic Addition of Velocity :

In classical physics, if we consider a casa of a train moving with velocity v with y
respect to ground and a passenger on the train moving with a velocity " with S| —v
respect to train, Then the velocity of passanger with respect to the ground is,

¢

= PR (1) -—-r!’

This is simply Galilean or classical velocity addition theorem. Let us discuss how -
the velocities are added according to special theory of relativity. Train

Consider for a special case, all velocities are along x - x* direction of two inertial

frames 5 and 57, 5-isthe laboratory frame and 57 - is moving frame with ¥
constant velocity ¥. A body moves in 5° frame with a velocity »' and its position g
can be written as x° = &'t The speed of the body with respect to 5 frame can be
calculated as follows, ’

=yl -wey (2)

. Vil " s
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here 2 = x/{is the velocity of body with respect to 5 frame. This is the relativistic or Einstien velocity addition
heorem.

If &'and v are small compared to ¢, x =wu'+v, which is the classical result. On the other hand, if &' =¢, & would
also be equal to <, irmespective of the value of v.

[Hence, when &' — ¢

cty cty 2
= = LEEE
s €5 cler)
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hus any velocity relativistically added to ¢ gives a resultant value ¢. In this sense, ¢ plays the same role in relativity
hat an infinite velocity in classical case.

Let us calculate the velocities perpendicular to the relative motion of frames. Let yand y; are the positions of
|the body at ¢; and # in 5 system. So the velocity in 5 system is,

LA
s
lWe can use Lorentz transformation for the calculation of corresponding velocities in 5 frame.
VT S VATH (5
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=t = AL = ?l(%_fl) - %(xz_xl)l



u;‘ = &If = ﬁx
W
M- —Ax 1 - =
2
u i, 1- v_g
or, 1, = L = L {7
ou, v LA
We can write the comesponding inverse transformation by changing v to -v,
, v
Syl
w, =—4+ — ®
|+ B
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2
u, | 1- ?—2
Similady, 1, = W g (93
15057

From equation(3),
i,

+
M, =
[

: A 2m long stick, when it is at rest, moves past an observer on the ground with a speed of 0.5¢.

(a) What is the length measured by the observer ?
(b} If the same stick moves with the velocity of 0.05¢ what would be its length measured by the observer ?

Example

Solution: vz
L=Ll-—
(@) L =1L 1-025 = 2x0866
L =1732m

L J1-(2sx0t)
2% 09987 = 19%7m

(8) L

Thus if the velocity of the stick is very small compared to ¢, the result is close to that of classical theory.



Example : A cubical shape of body with 1m length on each side when it is at rest, moves with a velocity 0.6¢ along
X - direction. What is the shape and dimension of the body noted by an observer on ground.

Selution: =y =z =1lm
v = 06
&
xR fgl-— . y=n 275
!

1.41-036 = 038m

X

It would be a parallelepiped shape with dimension 0.8 x 13 1

Example : Calculate the momentum and kinetic energy of & - particle moving with a velocity of
(@) 0.01 ¢
{by 01¢ and
{c) 04c

Solution: & -particle is bassically a He lon with mass number A=4.

BV
2
W
o
c

pyp = 4% 167 x10% kg = 668 %10 kg

Momentum p =
'1_

[c;t) v = 001z
_ #2001

d 1/1—104

(B) v =01lec, p = 20121077 Kgm/ s*

= 2.0x107™ kgm/ &

#y ¥ 0 4e

5 A1-016

(c) v = 04, = 8.75%107" kgm/ &°



