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Answer all questions

Assume, velocity of Light (¢) = 3 x 10° ms™




01. Write short notes on,

(i)  Michelson Morley Experiment and

(i) Twin Paradox
in special theory of relativity (STR). (25 Marks)

movable mirror

Michelson-Morley experiment, an attempt to detect the velocity of
Earth with respect to the hypothetical luminiferous ether, a medium in
space proposed to carry light waves. First performed in Germany in
1880—81 by the physicist A.A. Michelson, the test was later refined in
1887 by Michelson and Edward W. Morley in the United States.

The procedure depended on a Michelson interferometer, a sensitive
optical device that compares the optical path lengths for light moving in
two mutually perpendicular directions. Michelson reasoned that, if the

speed of light were constant with respect to the proposed ether through
which Earth was moving, that motion could be detected by comparing
the speed of light in the direction of Earth’s motion and the speed of
light at right angles to Earth’s motion. No difference was found. This
null result seriously discredited the ether theories and ultimately led to
the proposal by Albert Einstein in 1905 that the speed of light is a

universal constant.



01. Write short notes on,
(i) Michelson Morley Experiment and

(i) Twin Paradox
in special theory of relativity (STR). (25 Marks)

In physics, the twin paradox is a thought experiment in
spectal relativity involving identical twins, one of whom
makes a journey into space in a high-speed rocket and
returns home to find that the twin who remained on Earth
has aged more. This result appears puzzling because each
twin sees the other twin as moving, and so, as a
consequence of an incorrect and natve application of time
dilation and the principle of relativity, each should
paradoxically find the other to have aged less.




Write down two main Einstein’s Postulates in Special Theory of
Relativity (STR).
Obtain the following relativistic time equation, starting from the

above Postulates in STR.

b = ;2 (Symbols have their usual meanings)

1—V
C2

The first human trip to the Moon took about three days
(approximately 3x10° seconds) each way. The distance from the Earth
to the Moon is roughly 4 x 10° m.

(a) Find the velocity of the space ship.

(b) When they returned, how much younger were the astronauts
than their twin brother who remained on the Earth ?
(25 Marks)




02. (i) Write down two main Einstein’s Postulates in Special Theory of

Relativity (STR).



(i) Obtain the following relativistic time equation, starting from the
above Postulates in STR.

(Symbols have their usual meanings)




(iii) The first human trip to the Moon took about three days
(approximately 3x10° seconds) each way. The distance from the Earth
to the Moon is roughly 4 x 10° m.

(a) Find the velocity of the space ship.

Velocity of the ship

v — dis tan ce
time

B 4%10%°m
3x10°s
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(iii) The first human trip to the Moon took about three days
(approximately 3x10° seconds) each way. The distance from the Earth
to the Moon is roughly 4 x 10° m.

(a) Find the velocity of the space ship.

(b)) When they returned, how much younger were the astronauts
than their twin brother who remained on the Earth ?

sing relativistic time equation :




Derive an expression for the length contraction (7, =/ I—VZZ)

starting from the relativistic time equation (Symbols have their usual
meanings).

A rod of length 20 em is held at an angle of 45° to the horizontal.
It’s now projected with a velocity of 0.9¢ along the horizontal such
that the rod always keeps the same angle of 45° during the motion.
What will be the length of the rod as seen by,

(a) an observer stationary on the ground ?

(b) an observer moving with the rod ?

(25 Marks)




03. (i) Derive an expression for the length contraction (/= 1—‘-% >)

starting from the relativistic time equation (Symbols have their usual
meanings).




A rod of length 20 em is held at an angle of 45° to the horizontal.
It’s now projected with a velocity of 0.9¢ along the horizontal such

that the rod always keeps the same angle of 45° during the motion.
What will be the length of the rod as seen by,
(a) an observer stationary on the ground ?

20 Sil} 45°
20 20
09c 09c
45° 45° .
20 cos 45°

2
|."= 20 cos45°,|1- (0.9¢)

|,'= 20sin 45°

Length as seen by Sta; Obs; =




(i) A rod of length 20 cm is held at an angle of 45° to the horizontal.
It’s now projected with a velocity of 0.9¢ along the horizontal such
that the rod always keeps the same angle of 45° during the motion.

What will be the length of the rod as seen by,
(a) an observer stationary on the ground ?
(b) an observer moving with the rod ?




What 1s the Doppler Effect in Relativity for a moving light source ?
You are given the following mathematical equation for the Doppler
effect,

Js _Y
f, = y (1—,8 cos&)' Where =/\/ﬁ, ,8—; and other symbols

have their usual meanings.

A blue coloured vehicle appears as a purple coloured vehicle to a

stationary observer on the Earth due to its speed.
(a) Find the velocity of the vehicle. (Wavelengths of blue and
purple light are 450 nm and 400 nm respectively.)
(b) Is the above incident practically possible ? Briefly explain
your answer.
(25 Marks)




04. (i) Whatis the Doppler Effect in Relativity for a moving light source ?




What 1s the Doppler Effect in Relativity for a moving light source ?
You are given the following mathematical equation for the Doppler
effect,

_ Js Where 7 = | _Y and oth bol
f. m ere  y /N, S ; and other symbols

have their usual meanings.




(i) A blue coloured vehicle appears as a purple coloured vehicle to a

stationary observer on the Earth due to its speed.
(a) Find the velocity of the vehicle. (Wavelengths of blue and

purple light are 450 nm and 400 nm respectively.)

Source frequency = true colour of the vehicle For E-M Waves :

f = [frequency of the blue colounr
8 el C
f o >xd0°mS f, = 6.67x10" Hz
450 <107 m

f=—
A
Observed frequency = appeared colour of the vebicle
fr = [requency of the purple colour

f =750x10"Hz > f, =6.67x10"Hz

f, = 7.50 x10" Hz [ NI Trey 1+ 5
f=f, | F
Then, the frequency appears to increase! -5




(i) A blue coloured vehicle appears as a purple coloured vehicle to a
stationary observer on the Earth due to its speed.
(a) Find the velocity of the vehicle. (Wavelengths of blue and

purple light are 450 nm and 400 nm respectively.)

75x10% —6.67x10% |-t#
1-p

v =3.6x10' ms™



(b) Is the above incident practically possible ? Briefly explain

your ansSwer.
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Assume, velocity of Light (c) = 3 x 10° ms™




Write down the two main Einstein’s Postulates in Special Theory of Relativity (STR).

Obtain the following relativistic time equation, starting from the above Postulates in
STR.

2

1 1%

)5
t =yt, where, y ={1—2J ; (Symbols have their usual meanings)
C

An alpha particle and a beta particle, which are created in a particle accelerator, travel
a total distance of 10.0 m between two detectors in 50 ns and 40 ns respectively, as
measured in the laboratory frame.

(a) What is the lifetime of the alpha particle as measured in its own frame?

(b)  What 1s the lifetime of the alpha particle as measured in the frame of the beta

particle?




01.  Write down the two main Einstein’s Postulates in Special Theory of Relativity (STR).




Obtain the following relativistic time equation, starting from the above Postulates in
STR.

Vv

2

; (Symbols have their usual meanings)

t' =y t, Wwhere, ¥ =[l—



An alpha particle and a beta particle, which are created in a particle accelerator, travel
a total distance of 10.0 m between two detectors in 50 ns and 40 ns respectively, as
measured 1n the laboratory frame.

(a)  What is the lifetime of the alpha particle as measured in its own frame?

v — dis tan ce
time




An alpha particle and a beta particle, which are created 1n a particle accelerator, travel

a total distance of 10.0 m between two detectors in 50 ns and 40 ns respectively, as

measured in the laboratory frame.
(a) What 1s the lifetime of the alpha particle as measured 1n its own frame?

(b) ~ What is the lifetime of the alpha particle as measured in the frame of the beta

particle?



Derive an expression for the length contraction ([, =/.[1-V/,) starting from the
: c

relativistic time equation (Symbols have their usual meanings).

A star known as Alfa-Centauri 1s about 4.0 light years (1 light year = 9.4608 x

1015m) distant from the Earth. If suppose a rocket from the Earth is to reach it in five
years, how fast would it have to go?

What 1s the length of the trip (from the Earth to Alpha-Centauri) according to an
observer 1n the rocket?




02. Derive an expression for the length contraction (/, =/, 1—172 ) starting from the
- c

relativistic time equation (Symbols have their usual meanings).




A star known as Alfa-Centauri 1s about 4.0 light years (1 light year = 9.4608 x
1015m) distant from the Earth. If suppose a rocket from the Earth 1s to reach it in five
years, how fast would 1t have to go?




What 1s the length of the trip (from the Earth to Alpha-Centauri) according to an
observer in the rocket?




Derive the equation,
Ez_pz c? =m§ 64,
starting from the Einstein's energy equation, £ =m c¢”. (Symbols have their usual

meanings)

Hence, obtain the equation,

2\ )
v
m=ym,, where,y:{l——zj :
C

for mass variation in relativistic dynamics. (Symbols have their usual meanings)

A proton 1s accelerated to a velocity 0.95¢ by using a particle accelerator. Rest mass

of the proton is 1.67x10™> kg. Calculate the mass of the moving proton.




03. Derive the equation,

2 .2 2 _ 2 4
Ef—p°c"=m)c

b

starting from the Einstein's energy equation, £ =m c¢’. (Symbols have their usual

meanings)




Hence, obtain the equation,

m=y m,, where, y =(

for mass variation 1n relativistic dynamics. (Symbols have their usual meanings)




A proton is accelerated to a velocity 0.95¢ by using a particle accelerator. Rest mass

of the proton is 1.67x10™" kg. Calculate the mass of the moving proton.




What 1s meant by the Doppler Effect in Relativity for a moving light source?

You are given the following mathematical equation for the Doppler effect,

J
fo = y (1—)8 COSQ)' Where y =W, ,6=K and other symbols
— c

have their usual meanings.

A spacecraft moves towards the Earth with a constant velocity % as viewed from

the Earth's frame. The spacecraft emits light of wave length A4 as measured in its
own frame. The wave length of the light as seen by an observer on the Earth is

6000 4. (1 4=10""m)

Find the value of A.




04. What is meant by the Doppler Effect in Relativity for a moving light source?




You are given the following mathematical equation for the Doppler effect,

_ /s ,,
fo - y 1—/8 COSQ’ Where y =%/ﬁ’ ﬁ=% and other symbols

have their usual meanings.




A spacecraft moves towards the Earth with a constant velocity % as viewed from

the Earth's frame. The spacecraft emits light of wave length A as measured in its
own frame. The wave length of the light as seen by an observer on the Earth 1s

6000 4. (1 4=10""m)

Find the value of 4.




Thank You !




