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1 7 What is the speed of light in glass of refractive index 1.42? 
[1 mark] 

A 4.26  × 107 m s–1

B 2.11 × 108 m s–1

C 3.00 × 108 m s–1

D 4.73  × 108 m s–1

1 Which is a scalar quantity? 
[1 mark] 

 A momentum 
 B weight 
 C power 

 D moment 

matt

matt
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 2 The velocity–time graph for a falling object is shown. 

 

Which of the following shows the corresponding acceleration–time graph? 
[1 mark] 

 A 
 B 

 C 
 D 

matt
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3 A girl jogs at 2.0 m s–1 in a straight line for 30 seconds, turns around and returns 
to her starting point 20 seconds later.  

What is her average velocity and average speed? 
[1 mark] 

Average velocity/m s–1 Average speed/m s–1 
  A 0 m s–1  2.4 m s–1 

  B 0 m s–1  2.5 m s–1 

  C            1.0 m s–1 2.0 m s–1 

  D            2.5 m s–1 2.5 m s–1 

2 1 A golf ball was hit from the surface of the Moon. The time of flight was 4.0 s. 

What is the best estimate for the maximum height reached by the ball? 
[1 mark] 

acceleration due to gravity on the Moon = 1.6 m s–2

A 3 m 

B 15 m 

C 40 m 

D 80 m 

2 2 A deep-space probe travelling forward at constant speed is briefly acted on by a 
force at right angles to its motion.

What is the effect of this force on the forward speed and sideways speed of this 
probe? 

[1 mark] 

A Its forward speed increases and sideways speed increases. 

B Its forward speed decreases and sideways speed increases. 

C Its forward speed is unchanged and sideways speed increases. 

D Its forward speed decreases and sideways speed is unchanged. 

matt

matt

matt
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 4 The mass of fuel in a racing car decreases during a race.  As a result the lap 
time decreases. 

Which of the following could explain this decrease? 
[1 mark] 

 A There is less friction on the race track. 

 B The maximum speed of the car has increased. 

 C The maximum acceleration and deceleration are greater. 
 D The engine is more efficient. 

2 4 What is represented by the area under a force–displacement graph?
[1 mark] 

A rate of change of kinetic energy 

B change in momentum

C work done 

D acceleration 

2 5 Which of the following is not a unit of power? 
[1 mark] 

A N m s–1

B J s 

C W 

D kg m2 s–3

matt

matt

matt
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2 3 The mass of fuel in a racing car decreases during a race. As a result the lap 
time decreases. 

Which of the following could explain this decrease?
[1 mark] 

A There is less friction on the race track. 

B The maximum speed of the car has increased. 

C The maximum acceleration and deceleration are greater. 

D The engine is more efficient. 

 5 What is represented by the area under a force–displacement graph? 
[1 mark] 

 A rate of change of kinetic energy 

 B change in momentum 
 C work done 
 D acceleration 

2 5 Which of the following is not a unit of power? 
[1 mark] 

A N m s–1

B J s 

C W 

D kg m2 s–3

matt
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2 3 The mass of fuel in a racing car decreases during a race. As a result the lap 
time decreases. 

Which of the following could explain this decrease?
[1 mark] 

A There is less friction on the race track. 

B The maximum speed of the car has increased. 

C The maximum acceleration and deceleration are greater. 

D The engine is more efficient. 

2 4 What is represented by the area under a force–displacement graph?
[1 mark] 

A rate of change of kinetic energy 

B change in momentum

C work done 

D acceleration 

 6 Which of the following is not a unit of power? 
[1 mark] 

A N m s–1 
 B J s 
 C W 
 D kg m2 s–3 
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7 A roller coaster car is raised to a height of 65 m and released from rest. 

What is the maximum possible speed of the car? 
[1 mark] 

 A 11 m s–1

 B 25 m s–1

 C 36 m s–1

 D 130 m s–1

2 7 In a test a 500 kg car travelling at 10 m s–1 hits a wall. The front 0.30 m of the car
crumples as the car is brought to rest. 

What is the average force on the car during the impact? 
[1 mark] 

A 830 N 

B 7500 N 

C 8300 N 

D 83 000 N 

2 8 The current in a wire is 20 mA.

How many electrons pass a point in the wire in 2 minutes?
[1 mark] 

A 2.5 × 1017

B 1.5 × 1019

C 2.5 × 1020

D 1.5 × 1022

matt

matt

matt
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0 8 When a nucleus of the radioactive isotope Ni 28
65 decays, a β‾ particle and an electron

antineutrino are emitted. 

How many protons and neutrons are there in the resulting daughter nucleus?
[1 mark] 

Number of protons Number of neutrons 

A 28 65 

B 29 65 

C 29 36 

D 30 35 

 8 A bullet of mass 10 g is fired with a velocity of 100 m s–1 from a stationary rifle of mass 
4.0 kg.  Consider the rifle and bullet to be an isolated system. 

What are the recoil velocity of the rifle and the total momentum of the rifle and bullet just 
after firing? 

 [1 mark] 

Recoil velocity 
/ m s–1 

Total momentum 
/ kg m s–1 

A 0.25 0 

B 0.25 1.0 

C 0.40 0 

D 0.40 1.0 

1 0 Which row correctly shows electromagnetic radiations in order of decreasing 
wavelength? 

[1 mark] 

A gamma > ultraviolet > microwave 

B ultraviolet > gamma >  microwave 

C microwave > ultraviolet > gamma

D gamma >  microwave >  ultraviolet

matt

matt

matt
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 9 Which row correctly states whether momentum, mass and velocity are scalar or vector 
quantities? 

 [1 mark] 

Momentum Mass Velocity 

A scalar scalar vector 

B vector scalar scalar 

C scalar vector scalar 

D vector scalar vector 

1 6 The diagram shows a uniform metre ruler of weight 1.5 N pivoted 15 cm from one end 
for use as a simple balance. 

A scale pan of weight 0.5 N is placed at the end of the ruler and an object of unknown
weight is placed in the pan. The ruler moves to a steady horizontal position when a 
weight of 2.5 N is added at a distance of 60 cm from the pivot as shown. 

What is the weight of the object? 
[1 mark] 

A 9.5 N 

B 10.0 N 

C 13.0 N 

D 13.5 N 

matt

matt
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1 0 The graph shows how the force F applied to an object varies with time t. 

What is the momentum gained by the object from t = 0 to t = 10 s? 
 [1 mark] 

A 18 kg m s–1 

B 32 kg m s–1 

C 40 kg m s–1 

D 58 kg m s–1 

Turn over for the next question 

matt
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2 6 What cannot be used as a unit for the Young modulus?
[1 mark] 

A N m–2

B Pa 

C kg m–2 s–2

D kg m–1 s–2

2 7 Light of wavelength 500 nm is passed through a diffraction grating which has  
400 lines per mm.   

What is the angular separation between the two second-order maxima? 
[1 mark] 

A 11.5° 

B 23.1° 

C 23.6° 

D 47.2° 

1 1 Two identical balls, X and Y, are at the same height and a horizontal distance of 25 cm 
apart.   

X is projected horizontally with a velocity of 0.10 m s–1 towards Y at the same time that Y 
is released from rest.  Both X and Y move freely in the absence of air resistance. 

What is the distance between the balls 1.0 s later? 
 [1 mark] 

A 0.15 m 

B 0.25 m 

C 2.4 m 

D 4.9 m 

matt

matt

matt



Which row gives two features of graphs that provide the same information? 
[1 mark] 

Feature 1 Feature 2 

A 

B 

C 

D 

Gradient of a 
displacement–time graph 

Gradient of a 
displacement–time graph 

Gradient of a 
velocity–time graph 

Gradient of a 
velocity–time graph 

Area under a 
velocity–time graph 

Area under an 
acceleration–time graph 

Area under a 
displacement–time graph 

Area under an 
acceleration–time graph

1 2



Which graph best represents the velocity–time graph for a ball that is dropped from rest and 
bounces repeatedly? 

[1 mark] 

A 

B 

C 

D

1 3
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The car of mass 950 kg is moving up a hill at a steady speed.  
The slope of the hill is 12° to the horizontal.  Resistive forces on the car are negligible. 

What is the steady speed of the car? 
 [1 mark] 

A 7.0 m sí1 

B 12 m sí1 

C 34 m sí1 

D 68 m sí1 

2 2 A girl is bouncing on a trampoline. 

Assuming that air resistance is negligible, her acceleration 
[1 mark] 

A is zero when she is at maximum height. 

B is constant when she is in the air. 

C changes direction as she rises and then falls.

D is maximum just before she lands on the trampoline. 
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The car of mass 950 kg is moving up a hill at a steady speed. 
The slope of the hill is 12° to the horizontal. Resistive forces on the car are negligible. 

What is the steady speed of the car? 
[1 mark] 

A 7.0 m sí1

B 12 m sí1

C 34 m sí1

D 68 m sí1

1 5 A girl is bouncing on a trampoline.  

Assuming that air resistance is negligible, her acceleration 
[1 mark] 

A is zero when she is at maximum height. 

B is constant when she is in the air. 

C changes direction as she rises and then falls. 

D is maximum just before she lands on the trampoline. 
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maximum strain energy stored in the wire when extended to the breaking point. 

Assume each wire has the same initial dimensions and obeys Hooke’s law.

Which wire extends the least before reaching the breaking point? 
[1 mark] 

Stiffness / N m−1 Maximum strain 
energy / J 

A 4.0 1 

B 9.0 1 

C 16 3 

D 25 3 

1 6 Two spheres, P and Q, have the same volume but P has a greater mass.  The spheres fall 
in air at their terminal velocities vP and vQ respectively.  

Which row states the relationship between vP and vQ and the reason? 
 [1 mark] 

Relationship 
between 
vP and vQ 

Reason 

A vP = vQ Terminal velocity is unaffected by 
mass 

B vQ > vP The mass of Q is less and it 
accelerates more 

C vQ > vP P reaches equilibrium at a lower 
terminal velocity  

D vP > vQ Q reaches equilibrium at a lower 
terminal velocity  
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Which graph best shows how the kinetic energy of a simple pendulum varies with 
displacement from the equilibrium position? 

[1 mark] 

A 

B 

C 

D 

IB/M/Jun17/7408/1

1 7
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The same resultant force F is applied to P and Q for time T. 
The mass of P is 10 times greater than the mass of Q. 

What is the ratio kinetic energy of 
kinetic energy of 

P
Q

?

 [1 mark] 

A 0.1 

B 1 

C 10 

D 100 

2 8 Which graph shows how power dissipated P varies with current I in a component that 
obeys Ohm’s law?

[1 mark] 

A 

B 

C 

D 
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Section B 

Each of Questions 07 to 31 is followed by four responses, A, B, C and D. 

For each question select the best response.

Only one answer per question is allowed.
For each answer completely fill in the circle alongside the appropriate answer. 

CORRECT METHOD WRONG METHODS  

If you want to change your answer you must cross out your original answer as shown. 

If you wish to return to an answer previously crossed out, ring the answer you now wish to select as 
shown. 

You may do your working in the blank space around each question but this will not be marked. 
Do not use additional sheets for this working. 

1 9 What is a correct unit for the area under a force−time graph? 
[1 mark] 

A N m 

B kg m sí1  

C kg m sí2 

D N sí1 

0 8 A student carries out an experiment to determine the resistivity of a metal wire.
She determines the resistance from measurements of potential difference between the
ends of the wire and the corresponding current. She measures the length of the wire with 
a ruler and the diameter of the wire using a micrometer. Each measurement is made with 
an uncertainty of 1%  

Which measurement gives the largest uncertainty in the calculated value of the resistivity?
[1 mark] 

A current 

B diameter 

C length 

D potential difference 
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2 0 Immediately after take-off from the surface of the Earth, a rocket of mass 12 000 kg 
accelerates vertically upwards at 1.4 m sí2 

What is the thrust produced by the rocket motor? 
 [1 mark] 

A 1.7 × 104 N 

B 1.0 × 105 N 

C 1.3 × 105 N 

D 1.6 × 105 N 

2 3 A projectile is launched with a speed of 25 m sí1 at an angle of 35° to the horizontal, as 
shown in the diagram. 

Air resistance is negligible. 

What is the time taken for the projectile to return to the ground? 
[1 mark] 

A 1.5 s 

B 2.1 s 

C 2.9 s 

D 4.2 s 
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 [1 mark] 

A 10 J 

B 10 kJ 

C 10 MJ 

D 10 TJ 

1 4 The diagram shows the energy levels in an atom drawn to scale. A transition from
E4 to E2 causes the emission of a photon of green light. 

Which transition could cause the emission of a photon of red light? 
[1 mark] 

A E2 to E1

B E3 to E1

C E3 to E2

D E4 to E1
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[1 mark] 

A acceleration mass 

B displacement momentum 

C energy force 

D distance speed 

2 4 A uniform rod is balanced horizontally about a support F. Forces of 400 N and 100 N act
at the ends of the rod, as shown. 

What is the reaction force acting on the rod at support F?
[1 mark] 

A 100 N 

B 500 N 

C 550 N 

D 600 N 
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truck of mass 3000 kg.
After the collision they move together.

Which row is correct? 
[1 mark] 

Speed of the trucks immediately 
after collision / m s–1

Effect of collision on total 
kinetic energy 

A 0.6 no change 

B 0.6 decrease 

C 1.0 no change 

D 1.0 decrease 

2 3 A car of mass 1000 kg accelerates uniformly from rest to a speed of 25.0 m s–1 in 50.0 s. 
The car is travelling along a horizontal road. 

What is the average useful power output of the car over this period? 
[1 mark] 

A 0.50 kW 

B 2.00 kW 

C 6.25 kW 

D 12.5 kW 

2 8 A tensile force produces an extension ∆L in a steel wire of initial length L and diameter d.

The same steel is used to make a second wire of initial length 2L and diameter d2. 

What is the extension when the same force is applied to the second wire?
[1 mark] 

A ¨L
2

B �¨L

C �¨L

D �¨L
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[1 mark] 

A It must consist of coplanar forces. 

B It can produce rotational motion.

C It can produce translational motion. 

D It has a moment with units N m. 

2 4 Two cars P and Q leave from the same point and travel in the same direction. 
Q leaves at time t = 0 and P leaves one second later. 
The figure shows the velocity–time graph for P and Q. 

What is the distance between Q and P when t = 8 s? 
[1 mark] 

A 40 m 

B 80 m 

C 160 m 

D 180 m 
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box 2 5 A 0.20 kg mass is suspended from a spring.  A 0.10 kg mass is suspended from 
the 0.20 kg mass using a thread of negligible mass.   
The system is in equilibrium and the thread is then cut. 

What is the upward acceleration of the 0.20 kg mass at the instant that the thread is cut? 
[1 mark] 

A 3.3 m s–2 

B 4.9 m s–2 

C 6.5 m s–2 

D 9.8 m s–2 

1 5 A lift of mass M is suspended from a cable. The lift descends with a downward 
acceleration, a.  A frictional force F acts on the lift. 

What is the tension T in the cable? 
[1 mark] 

A T = Ma + F 

B T = Ma – F 

C T = M (g + a) – F 

D T = M (g – a) – F 
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The rate of change of momentum of the body is equal to its 
 [1 mark] 

A kinetic energy. 

B mass. 

C gravitational potential energy. 

D weight. 

1 7 An electric vehicle is driven by a motor which produces a constant driving force.
The vehicle travels from rest along a straight horizontal road.
Friction and air resistance are negligible. 

Which statement describes the variation with time of the power developed by the motor? 
[1 mark] 

A It stays constant. 

B It increases linearly from zero.

C It increases non-linearly from zero. 

D It increases from zero to a maximum and then decreases. 

1 8 Which is a correct statement about mechanical power? 
[1 mark] 

A It is a vector quantity.

B It is measured in J. 

C In fundamental units, its unit is kg m2 s–3

D It can be calculated from force × distance moved. 
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The rate of change of momentum of the body is equal to its 
[1 mark] 

A kinetic energy. 

B mass. 

C gravitational potential energy.

D weight. 

2 7 An electric vehicle is driven by a motor which produces a constant driving force. 
The vehicle travels from rest along a straight horizontal road. 
Friction and air resistance are negligible. 

Which statement describes the variation with time of the power developed by the motor? 
 [1 mark] 

A It stays constant. 

B It increases linearly from zero. 

C It increases non-linearly from zero. 

D It increases from zero to a maximum and then decreases. 

1 8 Which is a correct statement about mechanical power? 
[1 mark] 

A It is a vector quantity.

B It is measured in J. 

C In fundamental units, its unit is kg m2 s–3

D It can be calculated from force × distance moved. 
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The rate of change of momentum of the body is equal to its 
[1 mark] 

A kinetic energy. 

B mass. 

C gravitational potential energy.

D weight. 

1 7 An electric vehicle is driven by a motor which produces a constant driving force.
The vehicle travels from rest along a straight horizontal road.
Friction and air resistance are negligible. 

Which statement describes the variation with time of the power developed by the motor? 
[1 mark] 

A It stays constant. 

B It increases linearly from zero.

C It increases non-linearly from zero. 

D It increases from zero to a maximum and then decreases. 

2 8 Which is a correct statement about mechanical power? 
 [1 mark] 

A It is a vector quantity. 

B It is measured in J. 

C In fundamental units, its unit is kg m2 s–3 

D It can be calculated from force × distance moved. 
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What is the refractive index of the medium? 
[1 mark] 

A 0.6 

B 1.4 

C 1.7 

D 2.5 

2 9 Which row describes charge and impulse? 
[1 mark] 

Charge Impulse 

A scalar scalar 

B scalar vector 

C vector scalar 

D vector vector 
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Which free-body diagram is correct? 

Each diagram is drawn to scale.
[1 mark] 

A B 

C D 

A 

B 

C 

D 

3 0 Which quantity is represented by the area under a force–time graph? 
[1 mark] 

A average power 

B elastic strain energy stored 

C momentum change 

D work done 
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Which graph shows the variation of distance s with t for the object? 
[1 mark] 

A B 

C D 

A 

B 

C 

D 
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box 3 2 The drag force on a boat is kv2, where v is the speed and k = 64 kg m−1. 

The boat’s engine has a useful power output of 8000 W. 

What is the maximum speed of the boat? 
[1 mark] 

A 0.2 m s−1 

B 5 m s−1 

C 11 m s−1 

D 125 m s−1 

2 6 A tensile force 1F causes a wire to stretch to length 1x .  

When the tensile force is increased to 2F the length of the wire is 2x .  

The wire obeys Hooke’s Law. 

What is the additional energy stored in the wire as the length increases from 1x to 2x ?  
[1 mark] 

A 
1 2 2 1

2 2
F F x x+ −

×   

B 
1 2 2 1

2 2
F F x x+ +

×  

C 
( )1 2

2 12
F F x x+

× −

D 
( )1 2

2 12
F F x x+

× +
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Each of Questions 06 to 30 is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed.
For each question, completely fill in the circle alongside the appropriate answer. 

CORRECT METHOD WRONG METHODS 

If you want to change your answer you must cross out your original answer as shown. 

If you wish to return to an answer previously crossed out, ring the answer you now wish to select
as shown. 

You may do your working in the blank space around each question but this will not be marked. 
Do not use additional sheets for this working. 

3 3 Mechanical power 
[1 mark] 

A is a vector quantity. 

B is measured in J. 

C has base units of kg m2 s−3. 

D can be calculated from force × distance moved. 

0 7 Water waves of wavelength λ and wave speed v are related by v = k where k is a 
constant.

What is a possible SI unit for k?
[1 mark] 

A m s−2

B m s−1

C 
3
2m s−1

D 
1
2m s−1



Do not write 
outside the 

box 3 4 Small water drops leave a tap with zero velocity at intervals of 0.20 s. 
They then fall freely 0.80 m to reach a horizontal surface. 

How far has a drop fallen when the previous drop hits the surface? 
[1 mark] 

A 0.16 m 

B 0.20 m 

C 0.40 m 

D 0.60 m 



3 5 An electric motor lifts a load of weight W through a vertical height h in time t. 
The potential difference across the motor is V and the current in it is I. 

What is the efficiency of the motor? 
[1 mark] 

A 
Wh
VIt

B 
VI
Wht

C 
Wht
VI

D 
VIt
Wh
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Each of Questions 07 to 31 is followed by four responses, A, B, C and D.

For each question select the best response. 

Only one answer per question is allowed. 
For each question, completely fill in the circle alongside the appropriate answer.

CORRECT  METHOD WRONG METHODS

If you want to change your answer you must cross out your original answer as shown. 

If you wish to return to an answer previously crossed out, ring the answer you now wish to select 
as shown.  

You may do your working in the blank space around each question but this will not be marked. 
Do not use additional sheets for this working.

0 7 Which is approximately equal to 3 kW h? 
[1 mark] 

A 3 × 103 J 

B 1 × 104 J 

C 2 × 105 J 

D 1 × 107 J 

3 6 Which is the shortest distance? 
[1 mark] 

A  10−19 Gm 

B  10−14 km 

C 10−4 µm 

D 107 fm 
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outside the  

box 3 7 The diagram shows a vector diagram of two forces acting on an object. 
The diagram is drawn to scale. 
The magnitude of the smaller force is 5.0 N. 

What is the magnitude of the resultant force on the object? 
[1 mark] 

A 3.2 N 

B 7.5 N 

C 8.6 N 

D 9.6 N 
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box 3 8 A uniform piece of card in the shape of the letter L is suspended freely from a horizontal 
pin. 
A plumb line is also suspended from the pin. 
The diagram shows the card in its equilibrium position. 

What is the position of the centre of mass of the piece of card? 
[1 mark] 

A 

B 

C 

D 



3 9 A Formula 1 racing car uses up its fuel during the race, causing its lap times to decrease. 

The lap times decrease because 
[1 mark] 

A the acceleration of the car increases. 

B the drag forces on the car decrease. 

C the maximum speed of the car increases. 

D the tyres become worn, reducing the friction with the road. 
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box 4 0 A golf ball has a mass of 46 g and is initially stationary. 
The diagram shows the variation with time of the force acting on the golf ball as it is hit with 
a golf club. 

What is an estimate of the kinetic energy of the golf ball immediately after it is hit? 
[1 mark] 

A 5 J 

B 50 J 

C 250 J 

D 500 J 
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box 4 1 An object of mass m is accelerated from rest to a velocity v by a constant resultant force F. 

What is the work done on the object during this acceleration? 
[1 mark] 

A 
2

Fv

B Fv 

C mv2 

D 
2

2
mv

1 2 Which row describes the nature of the strong nuclear force between two nucleons at 
separations of 0.25 fm, 2.0 fm and 8.0 fm? 

[1 mark] 

At a separation of 
0.25 fm 

At a separation of 
2.0 fm 

At a separation of 
8.0 fm 

A attractive repulsive negligible 

B repulsive attractive attractive

C negligible repulsive attractive

D repulsive attractive negligible 
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box 4 2 P and R are uniform spheres of mass 3 kg and 4 kg respectively. 
P and R are joined by a rod of negligible mass. 
The distance between their centres is L. 
The centre of mass of this system is at Q. 

Which diagram shows the position of the centre of mass? 
[1 mark] 

A B 

C D 

A 

B 

C 

D 

Turn over for the next question 
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box 4 3 A vehicle travels on a straight road, starting at time t = 0 
The graph shows how its velocity varies with time. 

What is the distance of the vehicle from its start position when t = 40 s? 
[1 mark] 

A 115 m 

B 190 m 

C 260 m 

D 370 m 

2 4 A suitcase weighing 200 N is placed on a weighing scale in a lift. 
The scale reads 180 N when the lift is moving. 

The lift is
[1 mark] 

A moving down at a constant velocity. 

B moving down with a decreasing velocity. 

C moving up at a constant velocity. 

D moving up with a decreasing velocity. 
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box2 3 A vehicle travels on a straight road, starting at time t = 0 
The graph shows how its velocity varies with time. 

What is the distance of the vehicle from its start position when t = 40 s? 
[1 mark] 

A 115 m 

B 190 m 

C 260 m 

D 370 m 

4 4 A suitcase weighing 200 N is placed on a weighing scale in a lift. 
The scale reads 180 N when the lift is moving. 

The lift is 
[1 mark] 

A moving down at a constant velocity. 

B moving down with a decreasing velocity. 

C moving up at a constant velocity. 

D moving up with a decreasing velocity. 
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box 4 5 A mass m is added to a vertical spring that is initially unextended, as shown in Diagram 1. 

The mass is then lowered until it hangs stationary on the spring, as shown in Diagram 2. 

The extension of the spring is now ǻL. 

Diagram 1 Diagram 2 

How much energy is transferred from the mass–spring system? 
[1 mark] 

A 
2

mg L'

B mgǻL 

C 
3
2

mg L'

D 2mgǻL 
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box Questions 46 and 47 are about three spheres X, Y and Z. 

The relative mass and relative diameter of each sphere are given in the table. 

X Y Z 

relative mass 1 5 1 

relative diameter 1 1 5 

Each sphere is dropped from rest and accelerates to its terminal speed. 

4 6 What is true about the accelerations of the spheres at the instant they are released? 
[1 mark] 

A The acceleration of X is less than that of Y. 

B The acceleration of X is greater than that of Z. 

C The acceleration of X is the same as that of Y. 

D The acceleration of Y is less than that of Z. 

4 7 What is true about the terminal speeds? 
[1 mark] 

A The terminal speed of X is greater than that of Y. 

B The terminal speed of X is the same as that of Y. 

C The terminal speed of Y is greater than that of Z. 

D The terminal speed of X is less than that of Z. 

Turn over for the next question 



25 

Do not write 
outside the  

box 4 8 A car travels at 100 km h−1 on a motorway. 

What is an estimate of its kinetic energy? 
[1 mark] 

A 104 J 

B 106 J 

C 108 J 

D 1010 J 



4 9 An aeroplane flies horizontally at 150 m s−1 along a bearing 60° east of north. 

How far north from its starting position is the aeroplane after one hour? 
[1 mark] 

A 270 km 

B 470 km 

C 510 km 

D 540 km 
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box 5 0 A ball is thrown vertically upwards and returns to its original position 2.4 s later. 
The effect of air resistance is negligible. 

What is the total distance travelled by the ball? 
[1 mark] 

A 5.9 m 

B 7.1 m 

C 14 m 

D 28 m 
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box 5 1 Which description of a couple and its unit is correct? 
[1 mark] 

Description Unit 

A consists of two equal parallel forces N m−1 

B produces translational motion N m 

C consists of two equal and opposite forces N m 

D produces rotational motion N m−1 

2 4 P and Q are two balls of the same diameter. P has a greater mass than Q.

Both balls are projected at the same time from the top of a tall building that stands 
on horizontal ground. 
Both balls are projected with the same horizontal velocity.
P reaches the ground after time tP and at a horizontal distance dP from the building. 
Q reaches the ground after time tQ and at a horizontal distance dQ from the building. 

The air is still and air resistance is not negligible.

Which row is correct? 
[1 mark] 

Time Horizontal distance 

A tP = tQ dP = dQ

B tP = tQ dP > dQ

C tP < tQ dP = dQ

D tP < tQ dP > dQ
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box2 3 Which description of a couple and its unit is correct? 
[1 mark] 

Description Unit 

A consists of two equal parallel forces N m−1

B produces translational motion N m 

C consists of two equal and opposite forces N m 

D produces rotational motion N m−1

5 2 P and Q are two balls of the same diameter.  P has a greater mass than Q. 

Both balls are projected at the same time from the top of a tall building that stands 
on horizontal ground. 
Both balls are projected with the same horizontal velocity. 
P reaches the ground after time tP and at a horizontal distance dP from the building. 
Q reaches the ground after time tQ and at a horizontal distance dQ from the building. 

The air is still and air resistance is not negligible. 

Which row is correct? 
 [1 mark] 

Time Horizontal distance 

A tP = tQ dP = dQ 

B tP = tQ dP > dQ 

C tP < tQ dP = dQ 

D tP < tQ dP > dQ 
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box 5 3 A firework rocket moves vertically upwards. 
The rocket’s fuel burns at a steady rate to produce a constant thrust. 
The mass of the rocket decreases with time. 

Ignore the effects of air resistance on the rocket. 

Which row shows the acceleration of the rocket before, and the acceleration immediately 
after, the fuel has been used up? 

[1 mark] 

Acceleration before Acceleration immediately after 

A increasing upwards constant downwards 

B increasing upwards decreasing upwards 

C constant upwards constant downwards 

D decreasing upwards constant downwards 

2 6 Object P has a mass of 7500 kg and travels at 12 m s−1. 
Object Q has a mass of 2500 kg and travels at 20 m s−1 in the same direction as P.
P and Q collide and remain together after the collision.

What is the total kinetic energy of P and Q immediately after the collision? 
[1 mark] 

A 70 kJ 

B 140 kJ 

C 980 kJ 

D 2.0 MJ 
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box 5 4 A climber wears a harness attached to a rope.  The rope passes through a brake.  There is 
friction between the rope and the brake. 

The climber uses the brake to descend at a steady speed of 0.50 m s−1. 
The combined mass of the climber, the harness and the brake is 60 kg. 

What is the rate of energy transfer to the brake and rope? 
[1 mark] 

A 15 W 

B 29 W 

C 150 W 

D 290 W 

Turn over for the next question 
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box 5 5 A solar panel powers a pump for a water feature. 

Solar energy is incident on the solar panel at a rate of 1.5 W. 
Water from the bottom container is continually pumped through a vertical height 
of 0.60 m to the top container. 

The overall efficiency of the solar panel and the pump is 20%. 

What mass of water can be pumped into the top container each second? 
[1 mark] 

A 5 g 

B 50 g 

C 100 g 

D 250 g 
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box0 8 An object of mass 0.20 kg moves with an initial velocity u. It collides with a stationary 
object of mass 0.30 kg.

The objects stick together when they collide. 
No external forces act on the objects. 

What is the final velocity of the two objects after the collision? 
[1 mark] 

A 0.40u 

B 0.67u 

C 1.5u 

D 2.5u 

5 6 P and Q represent displacements. 

What is the resultant displacement when P and Q are added? 
[1 mark] 

A 

B 

C 

D 
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box 5 7 A ball is dropped from a height h.  The ball hits the ground with a velocity v. 

The ball is now dropped from a height of 2h. 
Air resistance is negligible. 

What is the velocity at which the ball hits the ground? 
[1 mark] 

A v 

B 2v

C 2v

D 2v 

Turn over for the next question 
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boxSection B 

Each of Questions 07 to 31 is followed by four responses, A, B, C and D.

For each question select the best response. 

Only one answer per question is allowed. 
For each question, completely fill in the circle alongside the appropriate answer. 

CORRECT METHOD  WRONG METHODS 

If you want to change your answer you must cross out your original answer as shown. 

If you wish to return to an answer previously crossed out, ring the answer you now wish to select 
as shown.  

You may do your working in the blank space around each question but this will not be marked. 
Do not use additional sheets for this working. 

5 8 Which combination of an object’s speed and journey time gives a distance travelled 
of 1 mm? 

[1 mark] 

Speed Journey time 

A 1��ȝP�V−1 100 s 

B 10 km s−1 ���1�ȝV 

C 1 nm s−1 1 Gs 

D 0.1 Mm s−1 100 ns 
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box 5 9 A person jumps as high as she can from a standing position. 

What is a reasonable estimate of her speed just after she leaves the ground? 
[1 mark] 

A 2 m s−1 

B 4 m s−1 

C 8 m s−1 

D 10 m s−1 

0 9 A nucleus contains N neutrons and Z protons. 

Which combination of N and Z gives a nucleus with the greatest specific charge? 
[1 mark] 

N Z 

A 6 5 

B 8 7 

C 16 13 

D 20   17 

1 0 Which statement about muons is correct? 
[1 mark] 

A They consist of a quark and an antiquark. 

B They include pions and kaons. 

C They are subject to the strong interaction. 

D They decay into electrons. 
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box 6 0 An object is moving in a straight line.  A graph is plotted to show the variation of the 
momentum of the object with time. 

Which quantities can be calculated from the gradient of the graph and the area under 
the graph? 

[1 mark] 

Gradient of graph Area under graph 

A power mass × displacement 

B force work done × time 

C power work done × time 

D force mass × displacement 

2 0 Which is a pair of vectors? 
[1 mark] 

A weight and work 

B force and energy 

C displacement and momentum 

D acceleration and power 

2 1 Which statement about a superconducting metal is correct?
[1 mark] 

A Its resistivity is small but not zero. 

B A current in it causes no heating effect.

C Its critical temperature is independent of the metal it is made from.

D Keeping it cold makes it too expensive to use. 
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box1 9 An object is moving in a straight line. A graph is plotted to show the variation of the 
momentum of the object with time. 

Which quantities can be calculated from the gradient of the graph and the area under  
the graph? 

[1 mark]

Gradient of graph Area under graph 

A power mass × displacement

B force work done × time

C power work done × time

D force mass × displacement

6 1 Which is a pair of vectors? 
[1 mark] 

A weight and work 

B force and energy 

C displacement and momentum 

D acceleration and power 

2 1 Which statement about a superconducting metal is correct?
[1 mark] 

A Its resistivity is small but not zero. 

B A current in it causes no heating effect.

C Its critical temperature is independent of the metal it is made from.

D Keeping it cold makes it too expensive to use. 
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box 6 2 A heavy uniform trapdoor is hinged to the floor.  It is held open by a rope as shown. 

Which arrow shows the direction of the reaction force of the hinge on the trapdoor? 
[1 mark] 

A 

B 

C 

D 

6 3 A sphere of mass m falls with speed v. 
The resistive force on the sphere is kv, where k is a constant. 

What is the terminal speed of the sphere? 
[1 mark] 

A 
mg
k

B 
km
g

C kmg 

D 
k

mg
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box 6 4 A trolley moves down a slope with constant acceleration. 
The mass of the trolley is doubled and the trolley moves down the same slope again. 
Air resistance and friction are negligible. 

Which is correct? 
[1 mark] 

A The accelerating force is unchanged. 

B The accelerating force is halved. 

C The acceleration is unchanged. 

D The acceleration is halved. 

6 5 A variable force F acts on an object of mass 2.0 kg.  The object is at rest at time t = 0 

The graph shows the variation of F with t. 

What is the speed of the object when t = 1.0 s? 
[1 mark] 

A 3.75 m s−1 

B 5.00 m s−1 

C 7.50 m s−1 

D 15.0 m s−1 
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box 6 6 The graph shows the variation with time of a quantity y for an object as it falls through 
the air. 

Which row gives y and the amount of air resistance? 
[1 mark] 

y Air resistance 

A distance negligible 

B distance not negligible 

C speed negligible 

D speed not negligible 

1 2 An electric pump forces water continually through a horizontal pipe at a speed of 4.0 m s−1. 

cross-sectional area of the pipe = 5.0 × 10−4 m2 

density of water = 1.0 × 103 kg m−3

What is the useful power of the pump?
[1 mark] 

A 4.0 W 

B 8.0 W 

C 16 W 

D 32 W 
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box 1 1 The graph shows the variation with time of a quantity y for an object as it falls through 
the air.

Which row gives y and the amount of air resistance? 
[1 mark] 

y Air resistance 

A distance negligible 

B distance not negligible 

C speed negligible 

D speed not negligible 

6 7 An electric pump forces water continually through a horizontal pipe at a speed of 4.0 m s−1. 

 cross-sectional area of the pipe = 5.0 × 10−4 m2 

 density of water = 1.0 × 103 kg m−3 

What is the useful power of the pump? 
[1 mark] 

A 4.0 W 

B 8.0 W 

C 16 W 

D 32 W 
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box 6 8 The graph shows the variation with time t of the acceleration of an object moving in a 
straight line. 

When t = 0 the speed of the object is 4.0 m s−1. 

What is the speed of the object when t = 5.0 s? 
[1 mark] 

A 10 m s−1 

B 14 m s−1 

C 20 m s−1 

D 24 m s−1 

2 0 An object is released and falls from rest. 
Air resistance is negligible. 

After falling for time t, the momentum of the object is
[1 mark] 

A constant.

B proportional to t . 

C proportional to t. 

D proportional to t2. 
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box 1 9 The graph shows the variation with time t of the acceleration of an object moving in a 
straight line. 

When t = 0 the speed of the object is 4.0 m s−1. 

What is the speed of the object when t = 5.0 s? 
[1 mark] 

A 10 m s−1

B 14 m s−1

C 20 m s−1

D 24 m s−1

6 9 An object is released and falls from rest. 
Air resistance is negligible. 

After falling for time t, the momentum of the object is 
[1 mark] 

A constant. 

B proportional to t . 

C proportional to t. 

D proportional to t2. 
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box 2 1 The cladding of a step-index optical fibre 
[1 mark] 

A must not be transparent. 

B must have a higher refractive index than the core.

C reduces signal loss.

D reduces material dispersion.

2 2 A cricket ball of mass 0.16 kg travels at a speed of 35 m s−1 towards a bat. 
When the ball is hit, it is in contact with the bat for 52 ms.  
As a result, the ball travels in the opposite direction with a speed of 30 m s−1. 

What is the average force on the ball from the bat?
[1 mark] 

A 0.015 N 

B 0.20 N 

C 15 N 

D 200 N 

7 0 A horse starts walking from point X on a circular track of circumference 60 m. 

The speed of the horse is a constant 2.0 m s−1. 

What is the horse’s displacement from X after 45 s? 
[1 mark] 

A 19 m 

B 30 m 

C 38 m 

D 90 m 
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box2 0 A projectile is fired from ground level over horizontal ground. 

Its initial velocity is u at an angle ș to the horizontal. 

The range of the projectile is d.

A second projectile is fired with a velocity 2u at the same angle. 

What is the range of this projectile? 
Assume that air resistance is negligible. 

[1 mark] 

A 2d

B 2d 

C 2 2d  

D 4d 

7 1 A particle travelling horizontally at 1.0 × 107 m s−1 enters a region where it has a constant 
vertical acceleration of 4 × 1014 m s−2. 

What is the horizontal distance the particle has travelled in the region when its vertical 
displacement is 8 × 10−2 m? 

[1 mark] 

A 0.2 m 

B 0.1 m 

C 2 × 10−8 m 

D 0.4 × 10−9 m 
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box 7 2 An object is thrown vertically upwards at time t = 0 

The object reaches its maximum height when t = T and reaches its terminal speed on 
the way down. 

The magnitude of the object’s acceleration is a. 

Which graph shows the variation of a with t? 
[1 mark] 

A 

B 

C 

D 
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box 7 3 A man has a mass of 75.0 kg. 
He stands on weighing scales in a lift that accelerates upwards at 2.60 m s−2. 

What is the reading on the scales during the acceleration? 
[1 mark] 

A 195 N 

B 541 N 

C 736 N 

D 931 N 

2 4 An average force of 42 kN acts on the air passing through a jet engine. This force causes 
the speed of the air to increase by 540 m s−1. 

What mass of air passes through the engine in one minute? 
[1 mark] 

A 7.7 × 10−2 kg 

B 4.7 kg 

C 78 kg 

D 4700 kg 

2 5 A uniform wire is stretched by a load F.
The elastic strain energy stored in the wire is E.

The load is increased from F to 2F.
The wire obeys Hooke’s law. 

What is the increase in the elastic strain energy stored in the wire? 
[1 mark] 

A E 

B 2E 

C 3E 

D 4E 
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box2 3 A man has a mass of 75.0 kg.
He stands on weighing scales in a lift that accelerates upwards at 2.60 m s−2. 

What is the reading on the scales during the acceleration? 
[1 mark] 

A 195 N 

B 541 N 

C 736 N 

D 931 N 

7 4 An average force of 42 kN acts on the air passing through a jet engine.  This force causes 
the speed of the air to increase by 540 m s−1. 

What mass of air passes through the engine in one minute? 
[1 mark] 

A 7.7 × 10−2 kg 

B 4.7 kg 

C 78 kg 

D 4700 kg 

2 5 A uniform wire is stretched by a load F.
The elastic strain energy stored in the wire is E.

The load is increased from F to 2F.
The wire obeys Hooke’s law. 

What is the increase in the elastic strain energy stored in the wire? 
[1 mark] 

A E 

B 2E 

C 3E 

D 4E 



A ballbearing X of mass 2m is projected vertically upwards with speed u.  A 
ballbearing Y of mass m is projected at 30º to the horizontal with speed 2u at the 
same time.  Air resistance is negligible.  Which of the following statements is 
correct? 

[1 mark] 

A The horizontal component of Y's velocity is u. 
B The maximum height reached by Y is half that reached by X
C X and Y reach the ground at the same time.  
D X reaches the ground first.  
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What is the relationship between the distance y travelled by an object falling freely 
from rest and the time x the object has been falling? 

[1 mark] 
A y is proportional to x² 

B y is proportional to √x 

C y is proportional to 

D y is proportional to 

1
x

1
2x

7 6 



A car exerts a driving force of 500 N when travelling at a constant speed of  
72 km h

−1
 on a level track.  What is the work done in 5 minutes?

[1 mark] 
A 3.0 × 10

6
 J

B 2.0 × 10
6
 J

C 2.0 × 10
5 J

D 1.1 × 10
5 J

 

 
7 7 



7XrQ RYHr  

Two masses hang at rest from a spring� as shown in the diagram.  The string 
separating the masses is burned through. 

Which of the following gives the accelerations of the two masses as the string 
breaks? 

acceleration of free fall     J 
[1 mark] 

     acceleration of 
1 kJ mass upwards in 

m V
−2

      acceleration of 
2 kJ mass downwards in 

m V
−2

A 3 J 1 J 

B 2 J 2 J 

C 2 J 1 J 

D 1 J 1 J 
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An object falls freely from rest.  After falling a distance G its velocity is Y.  What is 
its velocity after it has fallen a distance 2G? 

[1 mark] 
A 2 Y

B 4 Y

C 2 Y2

D √2 Y
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An electric motor of input power 100 : raises a mass of 10 kJ vertically at a 
steady speed of 0.5 m V

−1
.  What is the efficiency of the system?

[1 mark] 

A   5�
B  12�
C  50�
D 100�
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The velocity of a vehicle varies with time as shown by the following graph. 

Which graph below represents how the resultant force ) on the car varies during 
the same time? 

[1 mark] 

  A 

  B 

  C 

  D 
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