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SECTIONB 

Instructions for Section B 

Select one Detailed study and answer all questions within that Detailed study in pencil on the answer sheet 
provided for multiple-choice questions. 

Show the Detailed study you arc answering by shading the matching box on your multiple-choice answer sheet 
and writing the name of the Detailed study in the box provided. 

Choose the response that is correct for the question. 

A correct answer scores 2, an incorrect answer scores 0. 

Marks will not be deducted for incorrect answers. 

No marks will be given if more than one answer is completed for any question. 

Detailed study 1 - Einstein's special relativity 

Question 1 

The concept of an 'inertial frame' is widely used in physics. 

Which one of the following statements best describes an inertial frame? 

A. a frame in which relativistic effects do not occur

B. a frame in which Newton's first law of physics is always obeyed

C. a frame in which all time measurements result in proper time

D. a frame whose acceleration is small compared tog

Question 2 

A number of experiments have played a part in the history of the theory of relativity. 

Which one of the following is true about the Michelson-Morley experiment? 

A. More accurate versions of this experiment produced results that were significantly different from the original
results.

B. It was only ever interpreted as confirming Einstein ·s postulate regarding the speed of light.

C. It was designed lo prove Einstein's postulate regarding the speed of light.

D. It did not detect a difference between the speed of light in directions pa rallel lo Earth's motion through space
and in directions perpendicular to that motion.

Question 3 

A person moving parallel to the length of a 2.00 111 rnler observes the change of length of this rnlcr due lo relativity lo 
be 0.010111. 

What is the person's speed relative lo the ruler? 

A. 0.0050c

B. 0.010c

C. O.IOc

D. 0.90c

SECTION B - Detailed study l - continued 



45 2014 PHYSICS EXAM 

Use the.following information lo answer Questions 4-6. 

Two spacecraft travel in opposite directions, with spacecraft Ajax travelling at a speed of 0.5c and spacecraft Hector 
travelling al a speed of0.4c. Both are travelling relative to the inertial frame of the galaxy. The situation is shown in 
Figure I. 

0.5c ..,_. __ _ 0.4c 

<5 C> 
Aiax Hector 

Figure 1 

A radio signal is emitted by Ajax towards Hee/or. The navigator of Hee/or uses the classical physics understanding of 
radio waves travelling al a speed relative to a medium fixed with respect to the galaxy. 

Question .J 

Using this classical understanding, the speed of the radio signal relative to Hector is expected to be 

A. C 

B. 0.6c

C. 0.5c

D. 0.lc

Question 5 

Measured in the frame of Ajax, the radio signal reaches Hector 0.0 I 00 s after it is emitted by Ajax. 

According lo the navigator of Ajax, who is correctly using special relativity, how far did the radio signal travel 
between leaving Ajax and reaching Hector? 

A. 3000km

B. 300 km

C. 4200 km

D. 1500 km

Question 6 

How can proper time be measured for the interval between the radio signal being emitted on Ajax and the signal 
reaching Hector'/ 

A. Use measurements made by the crew on "1iax.

B. Use measurements made by the crew on Hector.

C. Use measurements made by an observer stationary al the point where the signal was emitted.

D. No single observer can measure proper time for this case.

SECTION B - Detailed study 1 - continued 
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Use the following i1iOrmalion lo answer Questions 7 --9. 

An astronaut takes a clock in her spacecraft and measures the clock's period while the spacecraft is stationary in the 
inertial frame of our galaxy. She then measures its period when the spacecraft is moving at a constant velocity of 
0.60c, relative to the galaxy ·s frame. 

Question 7 

The period of tlw clock as measured in the moving spacecraft 

A. is smaller than when the spacecraft \Vas stationary in our galaxy's inertial frame.

B. is the same as when the spacccrafi was stationary in our galnx)/S inertial frame.

C. is greater than when the spacecraft \vas stationary in our galaxy·s inertial frame.

D. depends on the particular details of the clock mechanism.

The clock was built using two mirrors between which a pulse of light is repeatedly reflected, as shown in Figure 2. 
The proper length between the two mirrors is 5.00 111. The spacecraft's velocity (0.60c relative to our galaxy; 
y = 1.25) is in the direction AB. 

Question 8 

velocity of spacecraft 

Figure 2 

observer in frame 
of galaxy 

According lo an observer in the frame of our galaxy, lhe distance between the mirrors is closest lo 

A. 7.25 111

B. 5.00 Ill 

C. 4.00 Ill 

D. 3.00 m

Question 9 

One period of this clock is the lime taken for light lo travel from A lo B and back to A. 

According to an observer in lhe frame of our galaxy, the period of this clock is closest to 

A. 42 ns

B. 27 ns

C. 21 ns

D. 13 ns

SECTION B - Detailed study l - continued 
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Use the following information to answer Questions JO and Ji. 

A pion and its antiparticle, each al rest, annihilate to produce two photons whose total energy is 4.5 x 10-11 J. Apart 
from the two photons, nothing else is produced in this process. The masses of a pion and its antiparticle are the same. 

Question 10 

The rest mass of the pion is 

A. 1.3 x 10-28 kg

B. 2.5 x 10-23 kg

C. 5.0 x 10-28 kg

D. 7.5 X 10-20 kg

Question 11 

The pion is now accelerated from rest before colliding with its antiparticle. 

What work must be done on one pion so that il has)' equal lo 3.00? 

A. 4.5 x 10-11 J

B. 2.2 X 10-ll J

C. I.] X JO~II j

D. 9.0 x 10-11 J

Encl of Detailed study 1 
SECTION B - continued 
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SECTIONB 

Instructions for Section B 

Select one Detailed study and answer all questions within that Detailed study in pencil on the answer sheet 
provided for multiple-choice questions. 

Show the Detailed study you are answering by shading the matching box on your multiple-choice answer sheet 
and vmting the name of the Detailed study in the box provided. 

Choose the response that is correct for the question. 

A correct answer scores 2, an incorrect answer scores 0. 

Marks will not be deducted for incorrect answers. 

No marks will be given if more than one answer is completed for any question: 

Detailed study 1-Einstem's special relativity 

Question 1 

One key postulate of Einstein's special theory of relativity can be described as 

A. E= mc2 .

B. nothing can travel faster than the speed of light.

C. the laws of physics are the same in all inertial (non-accelerated) frames ofreference.

D. all inertial observers obtain the same result when measuring the time and position of an event.

Question 2 

TI1e following statements reflect views held before Einstein proposed the special theory of relativity. 

Which one of these views is now still considered to be true? 

A. The observed speed oflight in a medium depends on the speed of an observer--relative to that medium.

B. The speed of light in a region depends only on the values of electric and magnetic properties of that region.

C. Light is a wave comprising oscillating electric and magnetic fields that cannot travel through empty space.

D. The inertial frame of a medium in which light is travelling is a special frame and, in that frame, the speed of
light is c.

Question 3 

A star moving directly away from Earth at speed v emits light at a particular wavelength. This light is measured on 
Earth and the wavelength is found to have increased. 

Which one of the following is trne? 

A. The speed of the light leaving the star is c v, causing the frequency of the light source to decrease.

B. The speed of the light received by the observer on Earth is c · v, causing the observed wavelength to.increase.

C. The observed change of wavelength is not due to a change in the speed of light, but relative motion of the source
and observer. 

D. The observed,_change of wavelength is due to length contraction resulting from the relative movement of the star
with respect to Earth.

SECTION B- Detailed study 1-continued 
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Question 10 

A particle of rest mass m0 is accelerated from rest to 0.6c relative to Earth's frame. 
Which one of the following statements is true? 
A. In its own frame, the mass of the particle is now l .25m

0
. 

The work done to accelerate the particle is equal to the kinetic energy of the particle. 

The kinetic energy of the particle in Earth's frame is 
2 

m0 (0.6c)2.
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B. 

C. 

D. The increase in total energy of the particle (measured in Earth's frame) is due to an increase in both the kinetic
energy of the particle and the rest energy of the particle.

Question 11 

According to Einstein's relativity theory, the rest energy is m0c
2 for a particle of rest mass m0 and the kinetic 

energy of the particle is (y-d) moe', where r = g. 
1-� 

c
2 

A

B 

ratio 2

( � ) 
C 

moc2 
1 D 

speed 
l.Oc

Figure 3 

Which one of the curves in Figure 3 best gives the relationship of kinetic energy to rest energy 

( EK ) as a function of speed v?
rest energy 

A. curve A
B. curve B
C. curve C
D. curve D

End of Detailed study 1 

SECTION B - continued 
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' SECTIONB 

Instructions for Section B 
Select one Detailed study and answer all questions within that Detailed study in pencil on the answer sheet 

provided for multiple-choice questions. 

Show the Detailed study you are answering by shading the matching box on your multiple-choice answer sheet 

and writing the name of the Detailed study in the box provided. 

Choose the response that is correct for the question. 

A correct answer scores 2; an incorrect answer scores 0. 

Marks will not be deducted for incorrect answers. 

No marks will be given if more than one answer is completed for any question. 

Unless otherwise indicated, the diagrams in this book are not drawn to scale. 

-

Detailed study 1- Einstein's special relativity 

., 

Use the following information to answer Questions 1 and 2. 

Anna and Bari)' have identical quartz clocks that use the precise period of vibration of quartz Cl)'Stals to determine 

time. Bafl)' and his clock are on Earth. Anna accompanies her clock on a rocket travelling at constant high velocity, v, 
past Earth and towards a space lab (which is stational)' relative to Earth), as shown in Figure 1. 

Earth 

□ 
-space lab

Figure 1

Question 1

Which one of the following statements correctly describes the behaviour of these two clocks? 

A. The period of vibration in Anna's clock (as observed by Anna) will be shorter than the period of vibration in

BaTl)''s clock (as observed by BaTI)').

B. The period of vibration in Anna's clock (as observed by Anna) will be longer than tl1e period of vibration in
Bafl)''s clock (as observed by BaTI)').

C. The period of vibration in Anna's clock (as observed by Anna) will be the same as the period of vibration in
BaTl)''s clock (as observed by BaTI)'). •·

D. Only the time on Bafl)''s clock is reliable because it is in a frame that is not moving.

SECTION B- Detailed study 1 - continued 
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V 

---+ 

(( V) )) radio Anna radio 
signal signal 

Figure 2 
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space lab 

When Anna is halfway between Earth and the space lab, she sends a radio pulse towards Earth and towards the space 
1 lab, as shown in Figure 2. 

As observed by Anna, which one of the following statements correctly gives the order in which this signal is received 
by Barry and by the space l�? 
A. Barry receives the signal first.
B. The space lab receives the signal first.
C. The signal is received by Barry and the space lab at the same time.
D. It is not possible to predict since special relativity applies to light but not to radio signals.

Question 3 
Figure 3 shows Carla moving towards a loudspeaker at a speed of veand Han running towards a light source at 

1 
speed vH 

light 

loudspeake,

) ) ) 

Figure 3 

Which of the following correctly shows the speed of sound relative to Carla and the speed of light relative to Han? 
(The speed of sound in air is v5.) 

A. 

B. 

C. 

D. 

Speed of sound relative to Carla 

V5 

V5 + Ve 

V5 + Ve 

vs - ve 

Speed of light relative to Han 

C 

c+ VH 

C 

C- VH 
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Figure 4 
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Earth 

A space lab travelling at u = 0.8c (y = 1.67) away from Earth can record high-energy charged particles passing 
through its detectors. One particle is travelling towards Earth at v= 0.9lc(y = 2.4) relative to the space lab.

Two detectors, numbered 1 and 2 in Figure 4, are 2.0 m apart in the space lab's frame. 

1 How far apart are the two detectors in this particular particle's frame? 
A. 0.83 m
B. 1.2 m
C. 3.3 m
D. 4.8 m

Question 8 

A linear accelerator is used to increase the speed of a charged particle from rest. The particle is accelerated between 
two electrodes in a time of 40 ns. The particle reaches a speed at which y = 1.6 
What is the time taken for this acceleration in the particle's own frame of reference? 
A. 40 ns
B. 40 ns divided by the mean value of y during the trip between the two electrodes

1 C. 64 ns 
D. cannot be determined using special relativity as it does not apply to accelerated frames of reference

Question 9 

When a proton is accelerated from rest, it gains a kinetic energy of 1.20 x 10-10 J.
What value of y is reached? (The rest mass of a proton is 1.67 x 10 27 kg.) 
A. 2.2
B. 1.8

C. 1.5
D. 1.3

SECTION B - Detailed study 1 - continued 
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Question 10 

44 

A high-energy proton with y = 3 collides with a stationary nucleus and rebounds in the opposite direction to its 
original motion. The kinetic energy of the proton after the collision is m0c2-, where m0 is the rest mass of a proton. 
The nucleus gains kinetic energy and there is no other change to the energy of the nucleus. 
Which one of the following is the kinetic energy of the nucleus after the collision? 
A. 0.5 m0c2-
B. 1.0 m

0
c2-

C. 1.5 m0c2-
D. 2.5 m0

c2-
., 

Question 11 

Which statement best describes the speed of light in various media, including a vacuum? 
A. The speed of light in a 1�terial will vary if the material is moved at a high speed relative to a light source.
B. The speed of light in a material depends only on the amount of length contraction of the material.
C. The speed of light in a medium depends only on the electrical and magnetic properties of the medium.
D. The speed of light in a medium depends directly on the mass density of the material.

-- --' 

End of Detailed study 1 
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