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Answering the questions will help you to
build your skills and meet the three assessment
objectives, AO1 (knowledge and understanding),
AO2 (application) and AO3 (analysis, interpretation
and evaluation).

For each topic there are:
• stimulus materials, including key terms and
concepts
• short-answer questions
• long-answer questions
• multiple-choice questions
• questions that test your mathematical skills
• spaces for you to write your answers

You still need to read your textbook and refer
to your revision guides and lesson notes.
Marks available are indicated for all questions
so that you can gauge the level of detail required
in your answers.
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This workbook will help you to prepare for
A-level Physics Paper 3. The paper is 2 hours
long, worth 32% of your A-level and includes a
range of questions. The paper is divided into two
sections. In Section A you answer short- and
long-answer questions worth 45 marks. In Section
B you answer short- and long-answer questions
(worth 35 marks) on your optional topic.
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Timings are given for the exam-style questions
to make your practice as realistic as possible.
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Answers are available at
www.hoddereducation.co.uk/workbookanswers
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experiment. (AO1)

SECTION 12

12 State and explain which of Einstein’s postulates is supported by the Michelson–Morley
l

2 marks

TOPIC 3
Inside the spaceship, Beth sees that the light travels a
distance 2L and measures the time taken as 2L/c. This
is called the proper time t0:
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There is also no absolute time against which we can
measure events. Two astronauts, Anna and Beth, are
moving parallel to each other. Beth is in a spaceship,
and Anna is on a space-station. Beth has two parallel
mirrors, a distance L apart, and a clock on board her
spaceship to measure the time taken for a pulse of light
to travel from one mirror to the other and then back
again, as in Figure 20(a).

t0 =

2L

Time dilation

Time dilation

c

Direction of
spaceship moving
at speed n

L

A

(a) Beth’s view inside
the spaceship
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Figure 20

L

s

m

s

nt
2

B

nt
2

(b) Anna’s view from the
space-station

Anna sees the beam of light on Beth’s spaceship
travel a different path than Beth does, because Beth’s
spaceship is moving relative to the space-station at
a speed v. During the light beam travel time, the two
mirrors change position, relative to Anna, as shown in
Figure 20(b). The closer mirror moves from A to B and
the further mirror is at the position shown when the
beam reflects off it. Anna times how long it takes for the
beam to move between the two mirrors, as seen from
the space-station, using her clock. If the beam of light
travels at the speed of light, the light appears to travel a
further distance in (b) than it does in (a). The two clocks
will not read the same time interval, and Anna will
measure a longer time than Beth.

From the space-station, Anna sees the light travel
further and the distance measured is 2s, where:
s=

2 2

2

L +

v t
4

Rearranging and substituting for the proper time t0, the
time t measured by Anna is given by:
t =

t0
1−

v

2

c

2

For objects, v is always less than c, so t is always longer
than t0. Objects moving at speed relative to an observer
therefore have longer ‘event’ times, and this is known as
time dilation.
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13 a In the laboratory, π mesons are unstable and decay with a mean lifetime of 26 ns.
l
mesons produced by collisions of cosmic rays and gas molecules in
+

High-energy π
the upper atmosphere can be travelling at a speed of 0.95c. Calculate the mean
lifetime of π+ mesons moving in the upper atmosphere. (AO2)
+

2 marks

1 mark
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b Explain the difference between ‘proper’ time and ‘event’ time. (AO1)

Length contraction

For an observer moving with the rod, the proper length
of the rod, l0, is equal to vt. Combining these equations
and substituting for the time dilation equation, we get
length contraction given by:

m

In a similar argument to time dilation, if the proper
length of a rod is l0 (i.e. its length as measured by an
observer moving with the rod) and the rod is moving
parallel to an observer with a velocity v, then the time
measured by the observer for the rod to pass is t0, so the
length of the rod as measured by the observer is l = vt0,
and it appears to shrink or contract.

v

2
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l = l0 1 −

14 The Helios-B satellite is the fastest recorded man-made object. It had a measured
l
. The length of the satellite was 4.2250 m

speed relative to Earth of 252 792 km h−1
as measured in the assembly room. Calculate its observed length when travelling at its
3 marks
maximum speed. (AO2)
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Mass also shows relativistic effects. The proper (or rest)
mass m0 of an object is its mass at rest within its own
frame of reference. This produces a rest energy E0 = m0 c2
and a relativistic energy E = mc2.

m0 c

E=

1−

2

v

2

c

2

E 5
E0

TOPIC 3

The relationship between relativistic energy E and the
rest mass of an object, m0, is given by:

Figure 22 shows the change in energy (relative to the
rest energy) of an object as its velocity (in units of c)
increases. At v = 0, the energy is equivalent to the rest
energy, E0 = m0 c2.
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Kinetic
energy
1
Proper or
rest energy
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Mass and energy

As an object’s velocity increases, so:
■■ its mass increases (as measured by an observer)
■■ it requires more energy to increase the velocity of the
object
Figure 21 shows a graph of the ratio of mass/relativistic
mass (m/m0) against velocity (in units of c). At low
velocities (v = c), the effects of relativity are very small
and m/m0 = 1.
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Figure 21

At about v = 0.5c, the relativistic mass starts to increase
relative to the rest mass. Einstein’s equations were tested
by William Bertozzi in 1964. He accelerated electrons up
to speeds close to the speed of light, before travelling a
distance of 8.4 m and crashing into an aluminium target.
The electron flight time was measured, as was the
thermal energy produced on impact with the aluminium
target (allowing him to calculate the kinetic energy of
the electrons). Bertozzi’s results were within 10% of the
relativistic predictions of the flight times and kinetic
energy of the electrons.
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SECTION 12

Mass and energy

15 a When particles are travelling at very high speeds, close to the speed of light,
l

their kinetic energy can be increased further, but their speed remains almost
unchanged. State and explain how this can occur. (AO1)

b Explain why relativistic effects can be ignored for speeds less than about 0.5c. (AO1)

2 marks

1 mark
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16		 Cosmic rays are extremely high-energy radiation that comes from outside the solar system.
l

They are composed primarily of high-energy protons and atomic nuclei. They are thought to
originate from the supernovae of massive stars and active galactic nuclei.

a Some of the very high-energy cosmic rays are thought to be iron-56 nuclei with
2 marks
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a rest mass of 55.935 u. Calculate the rest energy of an iron-56 nucleus, in
electronvolts (eV). (AO2)

b One such iron-56 cosmic ray is observed to be travelling at a velocity of 99.9999%

3 marks

sa

m

of the speed of light. Calculate the relativistic energy of this cosmic ray, in
electronvolts (eV). (AO2)

c A toy air gun has a mass of 0.12 g. Calculate the speed of an air-gun bullet with
the same relativistic energy as one of these cosmic rays. (AO2)

3 marks
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