Special Relativity Review

Multiple Choice
Identify the letter of the choice that best completes the statement or answers the question.

____	1.	Time is
a.
dependent on the observer
d.
simultaneous in all cases
b.
absolute
e.
never changing
c.
the same for different observers


____	2.	Newtonian mechanics are valid
a.
in all frames of reference
d.
on Earth only
b.
in relativistic frames of reference
e.
both b and c
c.
in inertial frames of reference


____	3.	In Newtonian mechanics, the speed of light
a.
is 3 ´ 108 m/s
d.
will be faster than c
b.
can be infinite
e.
none of the above
c.
will be slower than c


____	4.	Simultaneous events in one frame of reference mean that the event will be
a.
simultaneous in all frames of reference
b.
only simultaneous if both frames are moving in the same direction
c.
only simultaneous if both frames are moving in the opposite direction
d.
only simultaneous in the same frame of reference
e.
simultaneity cannot be determined


____	5.	Michelson-Morely proposed that when Earth was moving opposite to the ether wind it would
a.
slow the speed of light
b.
make the speed of light increase
c.
not be detectable
d.
be massless, and therefore would not affect the speed
e.
be nonexistent


____	6.	A beam of light is shone forward from a moving vehicle. The speed of light leaving the vehicle will be
a.
dependent on the speed of the vehicle
b.
the addition of the speed of light plus the speed of the vehicle
c.
constant at the speed of light
d.
slower so that the addition of the vehicle’s speed corrects it
e.
none of the above


____	7.	The length of a horizontal metre stick moving at 0.75c is
a.
1.00 m
d.
0.56 m
b.
0.66 m
e.
1.51 m
c.
0.44 m


____	8.	The pendulum of a grandfather clock in a ship moving at 0.6c was set to have a period of 1.0 s. What period did it appear to have to an observer on the ground?
a.
1.67 s
d.
1.00 s
b.
0.64 s
e.
0.80 s
c.
1.25 s


____	9.	The Lorentz contraction will apply to which of the following dimensions of an object:
a.
height relative to direction
d.
all dimensions equally
b.
length relative to direction
e.
no contraction occurs
c.
width perpendicular to direction


____	10.	As an object approaches the speed of light, the relativistic momentum of the object
a.
will increase, depending on velocity
d.
cannot be determined separately
b.
will decrease, depending on velocity
e.
none of the above
c.
will not change


____	11.	A scientist in a very fast spaceship wants to do an experiment to determine whether he is moving. Which quantity can be measured to find out whether the scientist is moving or at rest?
a.
Time can be measured accurately.
b.
Length can be measured accurately.
c.
Time and length can be measured together.
d.
An object can be observed going by the window.
e.
Nothing can be measured which would indicate this.


____	12.	What length will a vertical metre stick moving sideways at 0.99c appear to be?
a.
100 cm
d.
1 cm
b.
99 cm
e.
0.01 cm
c.
14 cm


____	13.	An astronaut flying at 0.65c takes a 3-h sleep period. How long does mission control think that the astronaut has slept?
a.
4.61 h
d.
3 h
b.
3.90 h
e.
2.28 h
c.
3.58 h


____	14.	A computer can make a calculation in 0.25ms. If the computer is in a ship moving at 0.95c, how long will each calculation take relative to Earth?
a.
0.80 ms
d.
0.18 ms
b.
0.24 ms
e.
0.08 ms
c.
0.26 ms


____	15.	Mission control would like an cosmonaut to check her heart rate. She is flying at 0.50c. If a normal heart rate is 72 beats/min, what would a normal heart rate appear to be for the cosmonaut?
a.
288 beats/min
d.
72 beats/min
b.
62 beats/min
e.
18 beats/min
c.
83 beats/min


____	16.	A ship flies by at 0.82c and is observed by ground-based radar to be 55 m in length. What is the ship’s proper length?
a.
96 m
d.
43 m
b.
73 m
e.
31 m
c.
45 m


____	17.	The relativistic momentum of an atomic particle of mass 1.62 ´ 10–27 kg moving at 0.92c is
a.
1.14 ´ 10–18 kg·m/s
d.
3.81 ´ 10–27 kg·m/s
b.
1.75 ´ 10–19 kg·m/s
e.
5.84 ´ 10–28 kg·m/s
c.
3.29 ´ 10–19 kg·m/s


____	18.	The rest energy, in joules, of an electron of mass 9.11 ´ 10–31 kg is
a.
5.1 ´ 105 J
d.
3.0 ´ 10–39 J
b.
8.2 ´ 10–14 J
e.
1.0 ´ 10–47 J
c.
2.7 ´ 10–22 J


____	19.	The equation E = mc2 illustrates that
a.
travelling at the speed of light converts matter into energy
b.
rest mass and energy are equivalent
c.
energy can be converted into mass
d.
matter can be converted into energy
e.
both b and d


____	20.	The total energy of a particle
a.
can never increase or decrease
b.
will increase due to the speed of light
c.
will decrease due to the speed of light
d.
will reach a limit before the speed of light
e.
none of the above


____	21.	If a particle has a rest energy of 3 ´ 10–15 J, it has an equivalent energy of
a.
3 ´ 10–15 MeV
d.
18750 MeV
b.
4.8 ´ 10–34 MeV
e.
1.875 ´ 10–34 MeV
c.
18.750 MeV


____	22.	The total energy, in joules, of a 0.01-kg object moving at 0.55c is
a.
7.38 ´ 1014 J
d.
4.13 ´ 1015 J
b.
1.08 ´ 1015 J
e.
6.58 ´ 10–3 J
c.
4.34 ´ 1014 J


____	23.	As the sun “burns” in a nuclear fusion reaction, it is
a.
gaining mass
d.
recycling mass as energy cools
b.
losing mass
e.
none of the above
c.
neither gaining nor losing mass


____	24.	How will the total amount of energy of a particle change as the particle is accelerated to the speed of light?
a.
The total energy will not change.
b.
The total energy will increase.
c.
The total energy will decrease.
d.
The total energy will be constant until c, then it will increase.
e.
none of the above


Completion
Complete each sentence or statement.

	25.	A frame of reference in which the law of inertia holds is called a(n) ______________________________.

	26.	A(n) _________________________ frame of reference is a frame of reference that is accelerating relative to an inertial frame.

	27.	All laws of physics are the _________________________ in all frames of reference.

	28.	The Michelson–Morley interferometer experiment was performed to prove the existence of a(n) _________________________.

	29.	The slowing of a clock on a moving object is called _________________________.

	30.	The relativistic contraction of length is also called the _________________________ contraction.

	31.	The mass of a stationary object is known as the _________________________.

	32.	The mass-energy equivalence is better known by the equation _________________________.

	33.	The only form of mass used in relativistic calculations is the _________________________.

	34.	The energy equivalent to the rest mass is the _________________________.

Short Answer

	35.	A plane is dropping medical supplies to a village. Describe the path of the supplies relative to an observer on the ground watching the plane travel from left to right.

	36.	Looking out a train window, you see a train on the adjacent track. Explain why you think it might be the other train moving when it is really your train that has started to move.

	37.	Suppose that an ether wind did exist. What would happen to the speed of light if it were projected into an oncoming ether wind?

	38.	A car moving forward at 0.5c turns on its headlights. What would the speed of light appear to be to the driver and to a pedestrian in front of the car?

	39.	If a scientist looks out the window while flying by a clock on Earth at nearly the speed of light, how would she perceived time on Earth?

	40.	A spacecraft is travelling between two stars at 0.9c. Would the pilot of the ship notice any changes to the shape or length of the ship?

	41.	A person sees an UFO fly by at 0.9c and describes the ship to be the classic “flying saucer” shape. What shape of ship would you look for if the ship had landed on the ground?

	42.	What would happen to the relativistic momentum of any object with mass as it approached the speed of light?

	43.	What happens to the total energy of an object as the speed of the object increases?

Problem

	44.	Bonus:    Two 30 m long spaceships are flying toward each other. One ship is travelling at 0.30c and the other at 0.42c. What do each of the pilots observe the others ship’s length to be?

	45.	Bonus:   For an electron with speed 0.880c, calculate its kinetic energy if its total energy is 0.980 MeV.
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MULTIPLE CHOICE

	1.	ANS:	A	OBJ:	11.1

	2.	ANS:	C	OBJ:	11.1

	3.	ANS:	B	OBJ:	11.1

	4.	ANS:	D	OBJ:	11.1

	5.	ANS:	A	OBJ:	11.1

	6.	ANS:	C	OBJ:	11.2

	7.	ANS:	B	OBJ:	11.2

	8.	ANS:	C	OBJ:	11.2

	9.	ANS:	B	OBJ:	11.2

	10.	ANS:	A	OBJ:	11.2

	11.	ANS:	A	OBJ:	11.2

	12.	ANS:	A	OBJ:	11.2

	13.	ANS:	B	OBJ:	11.2

	14.	ANS:	A	OBJ:	11.2

	15.	ANS:	D	OBJ:	11.2

	16.	ANS:	A	OBJ:	11.2

	17.	ANS:	A	OBJ:	11.2

	18.	ANS:	B	OBJ:	11.3

	19.	ANS:	E	OBJ:	11.3

	20.	ANS:	B	OBJ:	11.3

	21.	ANS:	C	OBJ:	11.3

	22.	ANS:	B	OBJ:	11.3

	23.	ANS:	B	OBJ:	11.3

	24.	ANS:	A	OBJ:	11.3

COMPLETION

	25.	ANS:	inertial frame of reference	OBJ:	11.1

	26.	ANS:	noninertial			OBJ:	11.1

	27.	ANS:	same			OBJ:	11.1

	28.	ANS:	ether			OBJ:	11.1

	29.	ANS:	time dilation			OBJ:	11.2

	30.	ANS:	
Lorentz
Lorentz–Einstein

OBJ:	11.2

	31.	ANS:	rest mass			OBJ:	11.2

	32.	ANS:	E = mc2			OBJ:	11.3

	33.	ANS:	rest mass			OBJ:	11.2

	34.	ANS:	rest energy			OBJ:	11.3

SHORT ANSWER

	35.	ANS:	
The medical supplies would travel in a parabolic arch down and to the right relative to an observer on the ground.

OBJ:	11.1

	36.	ANS:	
With no other clues available, your internal environment is stable and therefore not moving. The only thing that appears to be moving is the other train relative to yourself.

OBJ:	11.1

	37.	ANS:	
The light would be slowed down due to the oncoming direction of the ether wind.

OBJ:	11.1

	38.	ANS:	
Both the driver and the pedestrian would see the light moving at c, the speed of light.

OBJ:	11.2

	39.	ANS:	
She would see that time on Earth would be moving slower.

OBJ:	11.2

	40.	ANS:	
No, the pilot would not notice any length or other changes.

OBJ:	11.2

	41.	ANS:	
The ship would appear to be “longer” but no change in height would occur.

OBJ:	11.2

	42.	ANS:	
The relativistic momentum would increase exponentially as the speed increased.

OBJ:	11.2

	43.	ANS:	
The amount of total energy is increased.

OBJ:	11.3

PROBLEM

	44.	ANS:	
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The other ship would appear to be 20.8m in length.

N.B. The relative velocities have been added as if they were Newtonian vectors. This is not the case in reality. Even if both objects were approaching c, the combined velocities would never exceed c. The following is the method of combining relativistic velocities; and the corrected answer.
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 (the negative is a direction vector)

Therefore substituting into the original equation Lm = 23.05 m.

OBJ:	11.2

	45.	ANS:	
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The electron has a kinetic energy of 0.468 MeV.

OBJ:	11.3

