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1. In 1905, Einstein explained that the Michelson-Morley experiment had

(a)

not been carried out correctly

(b) shown that a preferred frame of reference must exist
(c) shown that the speed of light is constant in all inertial reference frames
(d) shown that the speed of light is constant in all direction in one inertial frame
(e) the ether was difficult to detect
Answer
2. A body moving with a relativistic gamma factor of 4 in some frame must be travelling relative
to that frame at a speed of
(a) 80.5 % of the speed of light
(b) 90.2 % of the speed of light
(c) 96.8 % of the speed of light
(d) 99.3 % of the speed of light
(e) 99.95 % of the speed of light
Answer
3. A javelin in flight is seen in some frame to be length contracted to 96% of its proper length. Its
speed in this frame must be
(a) 0.28 ¢
(b) 0.44 ¢
(©) 0.16 ¢
(d) 0.62 ¢
(e) 0.88 ¢
Answer

The distance to a star as seen by a fast moving spaceship appears to be length contracted to 4

light-years. If the ship is travelling at a speed of 0.8c, the proper distance to the star is

(a)
(b)
(c)
(d)
(e)

2.33 light-years
3.67 light-years
4 light-years

6.67 light-years
8.33 light-years

Answer

CONTINUED ON NEXT PAGE
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5. Two events take place on Earth and the Moon, which are 4 x 10° km apart. An observer on
Earth measures the proper time between the two events to be one second, with the Earth event
earlier. A second observer, moving at a speed of 0.6¢ relative to the first sees

(a)
(b)
(c)
(d)
(e)

the Earth event 0.25 secs before the Moon event
the Earth event 1.25 secs before the Moon event
the Earth event 0.25 secs after the Moon event
the Earth event 4 secs before the Moon event

the Earth event 2 secs after the Moon event

[You may use the Lorentz Transformation At" = )/(At —v,Ax / cz) N

Answer

6. A source of light with frequency fj is travelling away from an observer at a speed of 0.9¢. The
observer will see it receding with a relativistically Doppler shifted frequency of

(@) 4.36 f,
(b) 3%
(c) 0.125 f,
(d) 0.053f,
(e) 0.23f,
Answer
7. For a subatomic particle of rest mass m,, travelling at half the speed of light, the non-relativistic
value of its momentum will be in error by
(a) 25 %
(b) 13.4 %
(©) 15.4 %
(d) 333 %
(e) 56.7 %
Answer

CONTINUED ON NEXT PAGE
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8. The relativistic kinetic energy of a proton, of rest mass m,, is 6mpc2 . It must therefore be
travelling at a speed of
(a) 0.986 ¢
(b) 0.9897 ¢
(c) 0.9798 ¢
(d) 0.9676 ¢
(e) 0.9989 ¢
Answer
9. In order that the kinetic energy of a body to be exactly half its total energy, it must be
travelling at a speed of
V8
a —c
(a) 3
V5
b —c
(b) 3
V3
C —c
(c) 5
2
d —c
(d) 3
V3
e —c
(e) >
Answer

10.  Two rockets are travelling at speeds of 80% and 90% the speed of light towards each other
according to an independent observer. On board either rocket, the other will be seen
approaching at a speed of

(@  0.143c
(b)  0.998¢
(©  0.988¢
d  0.908¢
(e) 1.7¢
Vi +v
[Hint: for Q10 you may use the velocity trransformation equation V, = W y
Answer
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