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5 PQR and XYZ are wires in a circuit. A galvanometer connects Q and Y as a null indicator. 
 

P Q R

X Y Z 
 

When the galvanometer reads zero, which statement is correct? 

A The potential difference between Q and Y is infinite. 

B The potential difference between Q and Y is zero. 

C The resistance between Q and Y is infinite. 

D The resistance between Q and Y is zero. 
 
 
6 An object has an initial velocity u and an acceleration a. The object moves in a straight line 

through a displacement s and has final velocity v. 
 

The above quantities are related by the equation shown. 
 

v 

2 = u 

2 + 2as 
 

Which condition must be satisfied in order for this equation to apply to the motion of the object? 

A The direction of a is constant and the direction of a is the same as the direction of s. 

B The direction of a is constant and the direction of a is the same as the direction of u. 

C The magnitude of a is constant and the direction of a is constant. 

D The magnitude of a is constant and the direction of a is the same as the direction of v. 
 
 
7 A car is travelling at constant velocity. Its brakes are then applied, causing uniform deceleration. 
 

Which graph shows the variation with distance s of the velocity v of the car? 
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5 PQR and XYZ are wires in a circuit. A galvanometer connects Q and Y as a null indicator. 
 

P Q R

X Y Z 
 

When the galvanometer reads zero, which statement is correct? 

A The potential difference between Q and Y is infinite. 

B The potential difference between Q and Y is zero. 

C The resistance between Q and Y is infinite. 

D The resistance between Q and Y is zero. 
 
 
6 An object has an initial velocity u and an acceleration a. The object moves in a straight line 

through a displacement s and has final velocity v. 
 

The above quantities are related by the equation shown. 
 

v 

2 = u 

2 + 2as 
 

Which condition must be satisfied in order for this equation to apply to the motion of the object? 

A The direction of a is constant and the direction of a is the same as the direction of s. 

B The direction of a is constant and the direction of a is the same as the direction of u. 

C The magnitude of a is constant and the direction of a is constant. 

D The magnitude of a is constant and the direction of a is the same as the direction of v. 
 
 
7 A car is travelling at constant velocity. Its brakes are then applied, causing uniform deceleration. 
 

Which graph shows the variation with distance s of the velocity v of the car? 
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8 A ball is thrown across a flat field. 
 

path of ball

 
 

Which statement describes the motion of the ball, when the effects of air resistance are ignored? 

A The ball lands with the same velocity at which it is thrown. 

B The horizontal component of acceleration is constant throughout the motion. 

C The horizontal and vertical components of acceleration are both zero at the highest point of 
the motion. 

D The horizontal and vertical components of velocity are both zero at the highest point of the 
motion. 

 
 
9 Which statement defines force? 

A When a force acts on a body that is free to move, the force is the product of the mass of the 
body and its acceleration. 

B When a force acts on a body that is free to move, the force is the rate of change of 
momentum of the body. 

C When a force acts on a body that is free to move, the force is the work done by the force 
divided by the distance moved by the body. 

D When a force acts on a lever and causes a moment, the force is the moment divided by the 
perpendicular distance of the force from the pivot. 
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11 An object falls freely from rest in a vacuum. The graph shows the variation with time t of the 
velocity v of the object. 
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Which graph, using the same scales, represents the object falling in air? 
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12 The diagram shows a uniform beam PQ. The length of the beam is 3.0 m and its weight is 50 N. 

The beam is supported on a pivot 1.0 m from end P. A load of weight W is hung from end P and 
the beam is in equilibrium.  

 

pivot

1.0 m

3.0 m

W

P Q

 
 

What is the value of W ? 

A 25 N B 50 N C 75 N D 100 N 
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5 A calibration graph is produced for a faulty ammeter. 
 

1.0

1.0
0

0

ammeter
reading / A

true
current / A  

 
Which ammeter reading will be nearest to the true current? 

A 0.2 A B 0.4 A C 0.6 A D 0.8 A 
 
 
6 A car accelerates uniformly from velocity u to velocity v in time t. 
 

N

P W T

Q R
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V U

v

u

tt
2

time
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00
 

 
On the graph, which area equals the distance travelled by the car in time t ? 

A NPTU + PQST 

B NPW V + VRSU 

C NPW V + WRST 

D PST + PQS 
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7 A student uses a spring gun to launch a steel ball with a constant horizontal velocity. He varies 
the height h of the gun and measures the horizontal displacement r of the ball when it hits the 
ground. 

 

h

r
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Which graph shows the variation with height h of the horizontal displacement r ? 
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8 Two cars X and Y are positioned as shown at time t = 0. 
 

They are travelling in the same direction. 
 

X is 50 m behind Y and has a constant velocity of 30 m s–1. Y has a constant velocity of 20 m s–1. 
 

X

Y

30 m s–1

50 m

20 m s–1

 
 

What is the value of t when X is level with Y? 

A 1.0 s B 1.7 s C 2.5 s D 5.0 s 
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7 A student uses a spring gun to launch a steel ball with a constant horizontal velocity. He varies 
the height h of the gun and measures the horizontal displacement r of the ball when it hits the 
ground. 

 

h

r

gun

 
 

Which graph shows the variation with height h of the horizontal displacement r ? 
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8 Two cars X and Y are positioned as shown at time t = 0. 
 

They are travelling in the same direction. 
 

X is 50 m behind Y and has a constant velocity of 30 m s–1. Y has a constant velocity of 20 m s–1. 
 

X

Y

30 m s–1

50 m

20 m s–1

 
 

What is the value of t when X is level with Y? 

A 1.0 s B 1.7 s C 2.5 s D 5.0 s 
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6 The acceleration of free fall on the Moon is 1.6 m s–2. The Moon has no atmosphere. An astronaut 
standing on the surface of the Moon drops a feather. 

 
Which graph shows the variation with time of the speed of the feather during the first second of its 
fall? 
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7 A tennis ball is released from rest at the top of a tall building. 
 

Which graph best represents the variation with time t of the acceleration a of the ball as it falls, 
assuming that the effect of air resistance is not negligible? 
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8 The graph shows how the velocity v of an object moving in a straight line varies with time t from 
t = 0 to t = T. 
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Which graph represents the displacement s of the object in the time t = 0 to t = T ? 
 

0

s

t

A

0

s

t

B

0

s

C

0

s

D

0

00

0 T

T

T tT t

 
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

11. Question | 9702 May-June 2016 P1 V3 Q6 7 

© UCLES 2016 9702/13/M/J/16 [Turn over 

6 A ball rolls in a straight line up a ramp and then back down the ramp along its original path. 
 

Which graph shows the variation with time of the ball’s velocity? 
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7 A ball is thrown with velocity V at an angle θ  to the horizontal. 
 

θ

V

y

x  
 

The acceleration of free fall is g. Assume that air resistance is negligible. 
 

What are the horizontal displacement x and the vertical displacement y after time t? 
 

 x y 

A Vt cos θ Vt sin θ + 
2

1 gt 2 

B Vt cos θ Vt sin θ – 
2

1 gt 2 

C Vt sin θ Vt cos θ + 
2

1 gt 2 

D Vt sin θ Vt cos θ – 
2

1 gt 2 
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6 A ball rolls in a straight line up a ramp and then back down the ramp along its original path. 
 

Which graph shows the variation with time of the ball’s velocity? 
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7 A ball is thrown with velocity V at an angle θ  to the horizontal. 
 

θ

V

y

x  
 

The acceleration of free fall is g. Assume that air resistance is negligible. 
 

What are the horizontal displacement x and the vertical displacement y after time t? 
 

 x y 

A Vt cos θ Vt sin θ + 
2

1 gt 2 

B Vt cos θ Vt sin θ – 
2

1 gt 2 

C Vt sin θ Vt cos θ + 
2

1 gt 2 

D Vt sin θ Vt cos θ – 
2

1 gt 2 

 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

13. Question | 9702 May-June 2016 P1 V3 Q8 8 

© UCLES 2016 9702/13/M/J/16  

8 A ball travels from point X to point Y around a semi-circular track of radius 1.0 m as shown. 
 

X

Y

1.0 m

ballnorth

south

eastwest

 
 

What is the displacement of the ball from X to Y? 

A 2.0 m 

B 2.0 m due south 

C 3.1 m 

D 3.1 m due south 
 
 
9 Which row in the table gives the quantities that are conserved in a perfectly elastic collision 

between two gas molecules? 
 

 total momentum total kinetic energy 

A conserved conserved 

B conserved not conserved 

C not conserved conserved 

D not conserved not conserved 

 
 
10 Two equal masses travel towards each other on a frictionless track at speeds of 60 cm s–1 and 

30 cm s–1. They stick together on impact. 
 

60 cm s–1 30 cm s–1

 
 

What is the speed of the masses after impact? 

A 15 cm s–1 B 20 cm s–1 C 30 cm s–1 D 45 cm s–1 
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6 A cyclist pedals along a raised horizontal track. At the end of the track, he travels horizontally into 
the air and onto a track that is vertically 2.0 m lower. 

 

higher horizontal track

lower horizontal track

6.0 m

2.0 m

v

 
 

The cyclist travels a horizontal distance of 6.0 m in the air. Air resistance is negligible. 
 

What is the horizontal velocity v of the cyclist at the end of the higher track? 

A 6.3 m s–1 B 9.4 m s–1 C 9.9 m s–1 D 15 m s–1 
 
 
7 An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity 

has a vertical component of 8.00 m s–1 and a horizontal component of 4.00 m s–1, as shown. 
 

8.00 m s–1

initial velocity

4.00 m s–1

path of ball

 
 

The acceleration of free fall on the Moon is 1.62 m s–2. 
 

What will be the speed of the ball 9.00 s after being thrown? 

A 6.6 m s–1 B 7.7 m s–1 C 10.6 m s–1 D 14.6 m s–1 
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6 A cyclist pedals along a raised horizontal track. At the end of the track, he travels horizontally into 
the air and onto a track that is vertically 2.0 m lower. 

 

higher horizontal track

lower horizontal track

6.0 m

2.0 m

v

 
 

The cyclist travels a horizontal distance of 6.0 m in the air. Air resistance is negligible. 
 

What is the horizontal velocity v of the cyclist at the end of the higher track? 

A 6.3 m s–1 B 9.4 m s–1 C 9.9 m s–1 D 15 m s–1 
 
 
7 An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity 

has a vertical component of 8.00 m s–1 and a horizontal component of 4.00 m s–1, as shown. 
 

8.00 m s–1

initial velocity

4.00 m s–1

path of ball

 
 

The acceleration of free fall on the Moon is 1.62 m s–2. 
 

What will be the speed of the ball 9.00 s after being thrown? 

A 6.6 m s–1 B 7.7 m s–1 C 10.6 m s–1 D 14.6 m s–1 
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8 A car is travelling at constant velocity. At time t = 0, the driver of the car sees an obstacle in the 
road and then brakes to a halt. The graph shows the variation with t of the velocity of the car. 
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How far does the car travel in the 5.0 s after the driver sees the obstacle? 

A 16 m B 42 m C 58 m D 84 m 
 
 
9 A car is stationary at traffic lights. When the traffic lights change to green, the driver presses 

down sharply on the accelerator. The resultant horizontal force acting on the car varies with time 
as shown. 

 

force

time0
0

 
 

Which graph shows the variation with time of the speed of the car? 
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8 A car is travelling at constant velocity. At time t = 0, the driver of the car sees an obstacle in the 
road and then brakes to a halt. The graph shows the variation with t of the velocity of the car. 
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How far does the car travel in the 5.0 s after the driver sees the obstacle? 

A 16 m B 42 m C 58 m D 84 m 
 
 
9 A car is stationary at traffic lights. When the traffic lights change to green, the driver presses 

down sharply on the accelerator. The resultant horizontal force acting on the car varies with time 
as shown. 
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Which graph shows the variation with time of the speed of the car? 
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7 A lorry travels at a constant speed and then decelerates until it stops. 
 

Which graph shows the variation with time of the distance travelled by the lorry? 
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8 The graph shows the vertical velocity of a parachutist during the first 20 s of her jump. 
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Approximately how far does she fall before opening the parachute? 

A 390 m B 570 m C 710 m D 770 m 
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7 A lorry travels at a constant speed and then decelerates until it stops. 
 

Which graph shows the variation with time of the distance travelled by the lorry? 
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8 The graph shows the vertical velocity of a parachutist during the first 20 s of her jump. 
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Approximately how far does she fall before opening the parachute? 

A 390 m B 570 m C 710 m D 770 m 
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9 A girl is jumping on a trampoline. 
 

Which graph shows the variation of the girl’s velocity v with time t? 
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10 In order that a train can stop safely, it will always pass a signal showing a yellow light before it 

reaches a signal showing a red light. Drivers apply the brake at the yellow light and this results in 
a uniform deceleration to stop exactly at the red light. 

 
The distance between the red and yellow lights is x. 

 
If the speed of the train is increased by 20%, without changing the deceleration of the train, what 
must be the minimum distance between the lights? 

A 1.20 x B 1.25 x C 1.44 x D 1.56 x 
 
 
11 Two frictionless trolleys are moving towards each other along the same horizontal straight line. 

Their masses and velocities are shown. 
 

2.0 kg

1.0 m s–1

3.0 kg

4.0 m s–1

 
 

The trolleys collide and stick together. 
 

What is the velocity of the trolleys after the collision? 

A 2.0 m s–1 to the left 

B 2.0 m s–1 to the right 

C 2.8 m s–1 to the left 

D 2.8 m s–1 to the right 
 
 
12 A bullet of mass 8.0 g travels at a speed of 300 m s–1. The bullet hits a target and stops after a 

time of 100 µs. 
 

What is the average force exerted by the target on the bullet? 

A 24 N B 240 N C 2400 N D 24 000 N 
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9 A girl is jumping on a trampoline. 
 

Which graph shows the variation of the girl’s velocity v with time t? 
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10 In order that a train can stop safely, it will always pass a signal showing a yellow light before it 

reaches a signal showing a red light. Drivers apply the brake at the yellow light and this results in 
a uniform deceleration to stop exactly at the red light. 

 
The distance between the red and yellow lights is x. 

 
If the speed of the train is increased by 20%, without changing the deceleration of the train, what 
must be the minimum distance between the lights? 

A 1.20 x B 1.25 x C 1.44 x D 1.56 x 
 
 
11 Two frictionless trolleys are moving towards each other along the same horizontal straight line. 

Their masses and velocities are shown. 
 

2.0 kg

1.0 m s–1

3.0 kg

4.0 m s–1

 
 

The trolleys collide and stick together. 
 

What is the velocity of the trolleys after the collision? 

A 2.0 m s–1 to the left 

B 2.0 m s–1 to the right 

C 2.8 m s–1 to the left 

D 2.8 m s–1 to the right 
 
 
12 A bullet of mass 8.0 g travels at a speed of 300 m s–1. The bullet hits a target and stops after a 

time of 100 µs. 
 

What is the average force exerted by the target on the bullet? 

A 24 N B 240 N C 2400 N D 24 000 N 
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13 A light ball is falling vertically through air. 
 

The variation with time t of the resistive force FR acting on the ball is shown. 
 

t1 t2
0

FR

time t 
 

At which times are the speed of the ball zero, the speed at a maximum and the acceleration 
zero? 

 

 
zero 
speed 

maximum 
speed 

zero 
acceleration 

A t1 t2 t1 

B t1 t2 t2 

C t2 t1 t1 

D t2 t1 t2 

 
 
14 Which diagram best shows the forces acting on a ball falling at a constant velocity through a 

liquid? 
 

viscous
drag

viscous
drag

upthrustupthrust

viscous
drag

upthrust

A B C D

weight weight weight weight  
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1 What is the order of magnitude of the Young modulus for a metal such as copper? 

A 10–11
 Pa B 10–4

 Pa C 104
 Pa D 1011

 Pa 
 
 
2 The force F between two point charges q1 and q2, a distance r apart, is given by the equation 
 

F = 
2

21

r
qkq  

 
where k is a constant. 

 
What are the SI base units of k ? 

A kg m3
 s–4

 A2 B kg m3
 s–4

 A–2 C kg m3
 A2 D kg m3

 A–2 
 
 
3 An aeroplane can fly at a velocity X when moving through still air. When flying in wind the 

aeroplane’s velocity relative to the ground is Y. 
 

Which vector diagram shows the magnitude and direction of the wind velocity W ? 
 

X X

XY

Y

Y
W

W

W

X

Y

W

A B C D
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6 A cyclist pedals along a raised horizontal track. At the end of the track, he travels horizontally into 
the air and onto a track that is vertically 2.0 m lower. 

 

higher horizontal track

lower horizontal track

6.0 m

2.0 m

v

 
 

The cyclist travels a horizontal distance of 6.0 m in the air. Air resistance is negligible. 
 

What is the horizontal velocity v of the cyclist at the end of the higher track? 

A 6.3 m s–1 B 9.4 m s–1 C 9.9 m s–1 D 15 m s–1 
 
 
7 An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity 

has a vertical component of 8.00 m s–1 and a horizontal component of 4.00 m s–1, as shown. 
 

8.00 m s–1

initial velocity

4.00 m s–1

path of ball

 
 

The acceleration of free fall on the Moon is 1.62 m s–2. 
 

What will be the speed of the ball 9.00 s after being thrown? 

A 6.6 m s–1 B 7.7 m s–1 C 10.6 m s–1 D 14.6 m s–1 
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6 A cyclist pedals along a raised horizontal track. At the end of the track, he travels horizontally into 
the air and onto a track that is vertically 2.0 m lower. 

 

higher horizontal track

lower horizontal track

6.0 m

2.0 m

v

 
 

The cyclist travels a horizontal distance of 6.0 m in the air. Air resistance is negligible. 
 

What is the horizontal velocity v of the cyclist at the end of the higher track? 

A 6.3 m s–1 B 9.4 m s–1 C 9.9 m s–1 D 15 m s–1 
 
 
7 An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity 

has a vertical component of 8.00 m s–1 and a horizontal component of 4.00 m s–1, as shown. 
 

8.00 m s–1

initial velocity

4.00 m s–1

path of ball

 
 

The acceleration of free fall on the Moon is 1.62 m s–2. 
 

What will be the speed of the ball 9.00 s after being thrown? 

A 6.6 m s–1 B 7.7 m s–1 C 10.6 m s–1 D 14.6 m s–1 
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

26. Question | 9702 Oct-Nov 2016 P1 V3 Q8 7 

© UCLES 2016 9702/13/O/N/16 [Turn over 

8 A car is travelling at constant velocity. At time t = 0, the driver of the car sees an obstacle in the 
road and then brakes to a halt. The graph shows the variation with t of the velocity of the car. 

 

20

0
0 0.8 5.0 t / s

velocity / m s–1

 
 

How far does the car travel in the 5.0 s after the driver sees the obstacle? 

A 16 m B 42 m C 58 m D 84 m 
 
 
9 A car is stationary at traffic lights. When the traffic lights change to green, the driver presses 

down sharply on the accelerator. The resultant horizontal force acting on the car varies with time 
as shown. 

 

force

time0
0

 
 

Which graph shows the variation with time of the speed of the car? 
 

DC

B

0
0

speed

time

0
0

speed

time 0
0

speed

time

0
0

speed

time

A
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8 A car is travelling at constant velocity. At time t = 0, the driver of the car sees an obstacle in the 
road and then brakes to a halt. The graph shows the variation with t of the velocity of the car. 

 

20

0
0 0.8 5.0 t / s

velocity / m s–1

 
 

How far does the car travel in the 5.0 s after the driver sees the obstacle? 

A 16 m B 42 m C 58 m D 84 m 
 
 
9 A car is stationary at traffic lights. When the traffic lights change to green, the driver presses 

down sharply on the accelerator. The resultant horizontal force acting on the car varies with time 
as shown. 

 

force

time0
0

 
 

Which graph shows the variation with time of the speed of the car? 
 

DC

B
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0

speed

time

0
0

speed

time 0
0

speed

time

0
0

speed

time
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10 A beach-ball falls vertically from a high hotel window. Air resistance is not negligible. 
 

Which graph shows the variation with time t of the acceleration a of the ball? 
 

0
0

A

a

t

a

t

a

t

a

t

0
0

B

0
0

C

0
0

D

 
 
 
11 A car has mass m. A person needs to push the car with force F in order to give the car 

acceleration a. The person needs to push the car with force 2F in order to give the car 
acceleration 3a. 

 
Which expression gives the constant resistive force opposing the motion of the car? 

A ma B 2ma C 3ma D 4ma 
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4 A student is investigating an electrical signal using a cathode-ray oscilloscope (c.r.o). 
 

The frequency of the signal is 50 kHz. 
 

Which time-base setting on the oscilloscope should be used? 

A 50 ms cm–1 B 1 ms cm–1 C 10 µs cm–1 D 0.5 µs cm–1 
 
 
5 A student wishes to measure a distance of about 10 cm to a precision of 0.01 cm. 
 

Which measuring instrument should be used? 

A metre rule 

B micrometer 

C tape measure 

D vernier calipers 
 
 
6 An aircraft, initially stationary on a runway, takes off with a speed of 85 km h–1 in a distance of no 

more than 1.20 km. 
 

What is the minimum constant acceleration necessary for the aircraft? 

A 0.23 m s–2 B 0.46 m s–2 C 3.0 m s–2 D 6.0 m s–2 
 
 
7 A radio-controlled toy car travels along a straight line for a time of 15 s. 
 

The variation with time t of the velocity v of the car is shown. 
 

6.0

3.0

0

–3.0

–6.0

v / m s–1

0 5 10 15 t / s

 
 

What is the average velocity of the toy car for the journey shown by the graph? 

A –1.5 m s–1 B 0.0 m s–1 C 4.0 m s–1 D 4.5 m s–1 
 
 
8 The acceleration of free fall on Pluto is 0.66 m s–2. 
 

An object weighs 6.0 N on Earth. 
 

What would this object weigh on Pluto? 

A 0.40 N B 0.93 N C 4.0 N D 39 N 
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4 A student is investigating an electrical signal using a cathode-ray oscilloscope (c.r.o). 
 

The frequency of the signal is 50 kHz. 
 

Which time-base setting on the oscilloscope should be used? 

A 50 ms cm–1 B 1 ms cm–1 C 10 µs cm–1 D 0.5 µs cm–1 
 
 
5 A student wishes to measure a distance of about 10 cm to a precision of 0.01 cm. 
 

Which measuring instrument should be used? 

A metre rule 

B micrometer 

C tape measure 

D vernier calipers 
 
 
6 An aircraft, initially stationary on a runway, takes off with a speed of 85 km h–1 in a distance of no 

more than 1.20 km. 
 

What is the minimum constant acceleration necessary for the aircraft? 

A 0.23 m s–2 B 0.46 m s–2 C 3.0 m s–2 D 6.0 m s–2 
 
 
7 A radio-controlled toy car travels along a straight line for a time of 15 s. 
 

The variation with time t of the velocity v of the car is shown. 
 

6.0

3.0

0

–3.0

–6.0

v / m s–1

0 5 10 15 t / s

 
 

What is the average velocity of the toy car for the journey shown by the graph? 

A –1.5 m s–1 B 0.0 m s–1 C 4.0 m s–1 D 4.5 m s–1 
 
 
8 The acceleration of free fall on Pluto is 0.66 m s–2. 
 

An object weighs 6.0 N on Earth. 
 

What would this object weigh on Pluto? 

A 0.40 N B 0.93 N C 4.0 N D 39 N 
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18 A projectile is thrown at an angle to the ground. 
 

10.1 m s–1

23.0 m s–1

projectile path

ground

 
 

At a certain time, the projectile has a horizontal velocity of 23.0 m s–1 and a vertical velocity  
of –10.1 m s–1. 

 
What is the speed of the projectile at this time? 

A 12.9 m s–1 B 20.7 m s–1 C 25.1 m s–1 D 33.1 m s–1 
 
 
19 A car of mass 1400 kg is travelling on a straight, horizontal road at a constant speed of 25 m s–1. 

The output power from the car’s engine is 30 kW. 
 

The car then travels up a slope at 2° to the horizontal, maintaining the same constant speed. 
 

25 m s–1

25 m s–1
1400 kg

2°  
 

What is the output power of the car’s engine when travelling up the slope? 

A 12 kW B 31 kW C 42 kW D 65 kW 
 
 
20 Two wires X and Y are made of different metals. The Young modulus of wire X is twice that of 

wire Y. The diameter of wire X is half that of wire Y. 
 

The wires are extended with the same strain and obey Hooke’s law. 
 

What is the ratio 
 Y wirein tension

X wire in tension ? 

A 
8

1  B 
2

1  C 1 D 8 

 
 
21 A weight of 120 kN is placed on top of a metal column. The length of the column is compressed 

by 0.25 mm. The column obeys Hooke’s law when compressed. 
 

How much energy is stored in the compressed column? 

A 15 J B 30 J C 15 kJ D 30 kJ 
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4 

© UCLES 2017 9702/11/M/J/17  

1 A student creates a table to show reasonable estimates of some physical quantities. 
 

Which row is not a reasonable estimate? 
 

quantity value 

A current in a fan heater 12 A 

B mass of an adult person 70 kg 

C speed of an Olympic sprint runner 10 m s–1 

D water pressure at the bottom of a garden pond 106
 Pa 

 
 
2 A particle travels in a straight line with speed v. 

The particle slows down and changes direction. The new speed of the particle is 
2
v . 

The new velocity has a component of 
4
v  in the same direction as the initial path of the particle. 

Through which angle has the particle turned? 

A 27° B 30° C 45° D 60° 
 
 
3 The speed v of a liquid leaving a tube depends on the change in pressure ∆P and the density ρ of 

the liquid. The speed is given by the equation 
 

v = 
n

Pk 






 ∆
ρ  

 
where k is a constant that has no units. 

 
What is the value of n ? 

A 
2
1  B 1 C 

2
3  D 2 

 
 
4 The values of displacement, velocity and acceleration of a vehicle can be deduced from graphs 

representing its motion. Often the areas under these graphs, or the gradients of the graphs, are 
used. 

 
What would not give a value for a displacement, a velocity or an acceleration? 

A area under a velocity-time graph 

B gradient of a displacement-time graph 

C gradient of a velocity-time graph  

D gradient of an acceleration-time graph 
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1 A student creates a table to show reasonable estimates of some physical quantities. 
 

Which row is not a reasonable estimate? 
 

quantity value 

A current in a fan heater 12 A 

B mass of an adult person 70 kg 

C speed of an Olympic sprint runner 10 m s–1 

D water pressure at the bottom of a garden pond 106
 Pa 

 
 
2 A particle travels in a straight line with speed v. 

The particle slows down and changes direction. The new speed of the particle is 
2
v . 

The new velocity has a component of 
4
v  in the same direction as the initial path of the particle. 

Through which angle has the particle turned? 

A 27° B 30° C 45° D 60° 
 
 
3 The speed v of a liquid leaving a tube depends on the change in pressure ∆P and the density ρ of 

the liquid. The speed is given by the equation 
 

v = 
n

Pk 






 ∆
ρ  

 
where k is a constant that has no units. 

 
What is the value of n ? 

A 
2
1  B 1 C 

2
3  D 2 

 
 
4 The values of displacement, velocity and acceleration of a vehicle can be deduced from graphs 

representing its motion. Often the areas under these graphs, or the gradients of the graphs, are 
used. 

 
What would not give a value for a displacement, a velocity or an acceleration? 

A area under a velocity-time graph 

B gradient of a displacement-time graph 

C gradient of a velocity-time graph  

D gradient of an acceleration-time graph 
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5 A ball is released from rest above a hard, horizontal surface. The graph shows how the velocity of 
the bouncing ball varies with time. 

 
At which point on the graph does the ball reach its maximum height after the first bounce? 

 

0
0

A

B

C

D
velocity

time

 
 
 
6 A ball is kicked upwards at an angle of 45° to horizontal ground. After a short flight, the ball 

returns to the ground. 
 

It may be assumed that air resistance is negligible. 
 

What is never zero during the flight of the ball? 

A the horizontal component of the ball’s acceleration 

B the horizontal component of the ball’s velocity 

C the vertical component of the ball’s momentum 

D the vertical component of the ball’s velocity 
 
 
7 The mass of a rocket-propelled truck is approximately equal to the mass of the fuel in its tank. 

The fuel is ignited and the truck is propelled along horizontal tracks by a constant force. The 
effect of air resistance is negligible. 

 
During a test run the fuel is consumed at a constant rate. 

 
Which statement describes the acceleration of the truck during the test run? 

A The acceleration of the truck decreases as the fuel is consumed. 

B The acceleration of the truck increases as the fuel is consumed. 

C The acceleration of the truck remains constant. 

D The acceleration of the truck is zero and the truck moves at a constant velocity. 
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5 A ball is released from rest above a hard, horizontal surface. The graph shows how the velocity of 
the bouncing ball varies with time. 

 
At which point on the graph does the ball reach its maximum height after the first bounce? 

 

0
0

A

B

C

D
velocity

time

 
 
 
6 A ball is kicked upwards at an angle of 45° to horizontal ground. After a short flight, the ball 

returns to the ground. 
 

It may be assumed that air resistance is negligible. 
 

What is never zero during the flight of the ball? 

A the horizontal component of the ball’s acceleration 

B the horizontal component of the ball’s velocity 

C the vertical component of the ball’s momentum 

D the vertical component of the ball’s velocity 
 
 
7 The mass of a rocket-propelled truck is approximately equal to the mass of the fuel in its tank. 

The fuel is ignited and the truck is propelled along horizontal tracks by a constant force. The 
effect of air resistance is negligible. 

 
During a test run the fuel is consumed at a constant rate. 

 
Which statement describes the acceleration of the truck during the test run? 

A The acceleration of the truck decreases as the fuel is consumed. 

B The acceleration of the truck increases as the fuel is consumed. 

C The acceleration of the truck remains constant. 

D The acceleration of the truck is zero and the truck moves at a constant velocity. 
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1 What is the approximate average speed of a winning female Olympic athlete running a 100 m 
race? 

A 6 m s–1 B 9 m s–1 C 12 m s–1 D 15 m s–1 
 
 
2 Two forces act on a circular disc as shown. 
 

3 N

4 N

 
 

Which diagram shows the line of action of the resultant force? 
 

5 N

A
5 N

B

5 N

C D

5 N

 
 
 

3 What correctly expresses the volt in terms of SI base units? 

A A Ω 

B W A–1 

C kg m2
 s–1 A–1 

D kg m2
 s–3 A–1 
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6 A ball is set in motion at P on a frictionless surface. It moves up slope PQ, along the horizontal 
surface QR and finally descends slope RS. 

 

P S

Q R

 
 

Which graph could represent the variation with time t of the ball’s speed v as the ball moves from 
P to S? 

 

0
0

v

t

A

0
0

v

t

B

0
0

v

t

C

0
0

v

t

D

 
 
 
7 A rubber ball is dropped onto a table and bounces back up. The table exerts a force F on the ball. 
 

Which graph best shows the variation with time t of the force F for the short time that the ball is in 
contact with the table? 

 

0
0

F

t

A

F

t

B

F

t

C

F

t

D

0
0

0
0

0
0  
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5 On a planet, a vertically-launched projectile takes 12.5 s to return to its starting position. The 
projectile gains a maximum height of 170 m. The planet does not have an atmosphere. 

 
What is the acceleration of free fall on this planet? 

A 2.2 m s–2 B 8.7 m s–2 C 27 m s–2 D 54 m s–2 
 
 
6 A displacement-time graph for a toy car is shown. 
 

2

0

–2

0 2 4 6 8 10

displacement / m

time / s

 
 

Which graph shows the variation with time of the velocity v of the car? 
 

2

0

–2

0 2 4 6

A

8 10

v / m s–1

time / s

2

0

–2

0 2 4 6

B

8 10

v / m s–1

time / s

2

0

–2

0 2 4 6

C

8 10

v / m s–1

time / s

2

0

–2

0 2 4 6

D

8 10

v / m s–1

time / s
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5 On a planet, a vertically-launched projectile takes 12.5 s to return to its starting position. The 
projectile gains a maximum height of 170 m. The planet does not have an atmosphere. 

 
What is the acceleration of free fall on this planet? 

A 2.2 m s–2 B 8.7 m s–2 C 27 m s–2 D 54 m s–2 
 
 
6 A displacement-time graph for a toy car is shown. 
 

2

0

–2

0 2 4 6 8 10

displacement / m

time / s

 
 

Which graph shows the variation with time of the velocity v of the car? 
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A
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B
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2
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0 2 4 6
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7 A driver stops his car in time t by gradually increasing the total braking force on the car. The 
graph shows the resultant force on the car. 

 

0
0

t
time

force

 
 

Which graph shows how the speed of the car will vary during this time? 
 

0
0

t
time

speed

A

0
0

t
time

speed

B

0
0

t
time

speed

C

0
0

t
time

speed

D
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5 A double-slit interference experiment is used to determine the wavelength of light from a 
monochromatic source. 

 
The following measurements are used. 

 
slit separation a = 0.50 ± 0.02 mm 

fringe separation x = 1.7 ± 0.1 mm 

distance between slits and screen D = 2.000 ± 0.002 m 
 

What is the percentage uncertainty in the calculated wavelength? 

A 0.1% B 1% C 6% D 10% 
 
 
6 In still air, a bird can fly at a speed of 10 m s–1. The wind is blowing from the east at 8.0 m s–1. 
 

In which direction must the bird fly in order to travel to a destination that is due north of the bird’s 
current location? 

A 37° east of north 

B 37° west of north 

C 53° east of north 

D 53° west of north 
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7 An archer shoots an arrow at a target. The diagram shows the path of the arrow. 
 

archer

target

path of arrow

 
 

Air resistance is assumed to be negligible. 
 

The graphs show how three different quantities p, q and r, relating to the motion of the arrow, 
vary with time. 

 

0
0

p

time
0

0

q

time
0

0

r

time  
 

Which quantity is the horizontal component of displacement and which quantity is the vertical 
component of displacement of the arrow? 

 

 
horizontal 

component of 
displacement 

vertical 
component of 
displacement 

A p q 

B q r 

C r p 

D r q 
 
 
8 The three forces acting on a hot-air balloon that is moving vertically are its weight, the force due 

to air resistance and the upthrust force. 
 

The hot-air balloon descends vertically at constant speed. The force of air resistance on the 
balloon is F. 

 
Which weight of material must be released from the balloon so that it ascends vertically at the 
same constant speed? 

A F B 2F C 3F D 4F 
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16 Power is transferred through a machine as shown. 
 

machine 
power output PO 

power loss PL 

power input PI

 
 

What is the efficiency of the machine? 

A 
L O PP

P
+
I  B 

IP
PL  C 

O

L

P
P

 D 
IP

PO  

 
 
17 A piston in a gas supply pump has an area of 400 cm2. The pump moves the gas against a fixed 

pressure of 3000 Pa. 
 

During part of its stroke, the piston moves a distance of 25 cm in one direction. How much work is 
done by the piston during this movement? 

A 30 J B 3.0 × 103
 J C 3.0 × 105

 J D 3.0 × 107
 J 

 
 
18 A stone is projected vertically upwards from the ground at an initial speed of 15 m s–1. Air 

resistance is negligible. 
 

What is the maximum height reached by the stone? 

A 0.76 m B 11 m C 23 m D 110 m 
 
 
19 A turbine at a hydroelectric power station is situated 30 m below the level of the surface of a large 

lake. The water passes through the turbine at a rate of 340 m3 per minute. 
 

The overall efficiency of the turbine and generator system is 90%. 
 

What is the output power of the power station? (The density of water is 1000 kg m–3.) 

A 0.15 MW B 1.5 MW C 1.7 MW D 90 MW 
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5 A transmitter emits a pulse of electromagnetic waves towards a reflector. The pulse is reflected 
and returns to the transmitter. 

 
A detector is located at the transmitter. The emitted pulse and the reflected pulse are displayed 
on a cathode-ray oscilloscope (c.r.o.) as shown. 

 

1 cm

1 cm

 
 

The pulse takes 6.3 µs to travel from the transmitter to the reflector. 
 

What is the time-base setting of the c.r.o.? 

A 2.1 µs cm–1 B 3.2 µs cm–1 C 4.2 µs cm–1 D 6.3 µs cm–1 
 
 
6 A hot-air balloon is moving vertically upwards with a constant speed of 3.00 m s–1. A sandbag is 

dropped from the balloon. It takes 5.00 s for the sandbag to fall to the ground. 
 

What was the height of the balloon when the sandbag was released? 

A 29 m B 108 m C 123 m D 138 m 
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7 The velocity-time graph for a train starting at one station and stopping at the next is shown. 
 

velocity

time
0

0  
 

Another train has double the acceleration but the same maximum speed and the same 
deceleration. 

 
Which velocity-time graph, on the same scale, shows the motion of this train between the same 
stations? 

 

velocity

time
0

0

A

velocity

time
0

0

B

velocity

time
0

0

C

velocity

time
0

0

D
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8 A stone is released from rest and falls a long distance in air. 
 

Which graph could show the variation with time t of the acceleration a of the stone? 
 

0
0

a

t

A
a

t

B

a

t

C
a

t

D

0
0

0
0

0
0  

 
 
9 A slow vehicle and a fast vehicle travel towards each other in a straight line and then collide. 
 

Which outcome is never possible, regardless of the masses of the vehicles? 

A Both vehicles stop. 

B Only one vehicle stops. 

C The fast vehicle’s speed increases. 

D The slow vehicle’s speed increases. 
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5 Four possible sources of error in a series of measurements are listed. 
 

1 an analogue meter whose scale is read from different angles 

2 a meter which always measures 5% too high 

3 a meter with a needle that is not frictionless, so the needle sometimes sticks slightly 

4 a meter with a zero error 
 

Which errors are random and which are systematic? 
 

 random error systematic error 

A 1 and 2 3 and 4 

B 1 and 3 2 and 4 

C 2 and 4 1 and 3 

D 3 and 4 1 and 2 
 
 
6 A football falls from the top of a tall building. 
 

Which graph best represents the way in which the distance x fallen varies with time t ? 
 

A

x

0
0 t

B

x

0
0 t

C

x

0
0 t

D

x

0
0 t

 
 
 
7 Two identical cars P and Q are travelling along a straight road. Car Q is travelling at twice the 

speed of car P. The brakes are applied to both cars, producing the same constant deceleration. 
 

Which graph shows how the velocity v of each car varies with time t ? 
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v
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t

Q
P

0
0

v
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Q
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0
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5 Four possible sources of error in a series of measurements are listed. 
 

1 an analogue meter whose scale is read from different angles 

2 a meter which always measures 5% too high 

3 a meter with a needle that is not frictionless, so the needle sometimes sticks slightly 

4 a meter with a zero error 
 

Which errors are random and which are systematic? 
 

 random error systematic error 

A 1 and 2 3 and 4 

B 1 and 3 2 and 4 

C 2 and 4 1 and 3 

D 3 and 4 1 and 2 
 
 
6 A football falls from the top of a tall building. 
 

Which graph best represents the way in which the distance x fallen varies with time t ? 
 

A
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0
0 t

B

x

0
0 t

C

x

0
0 t

D

x

0
0 t

 
 
 
7 Two identical cars P and Q are travelling along a straight road. Car Q is travelling at twice the 

speed of car P. The brakes are applied to both cars, producing the same constant deceleration. 
 

Which graph shows how the velocity v of each car varies with time t ? 
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7 A stone of mass m is dropped from a tall building. There is significant air resistance. The 
acceleration of free fall is g. 

 
When the stone is falling at a constant (terminal) velocity, which information is correct? 

 

 
magnitude of 

the acceleration 
of the stone 

magnitude of the 
force of gravity 
on the stone 

magnitude of the 
force of air resistance 

on the stone 

A g zero mg 

B zero mg mg 

C zero zero mg 

D zero mg zero 
 
 
8 The velocity-time graph for an object is shown. 
 

0
0

velocity

time

area 1

area 2

 
 

How can the total displacement of the object be determined? 

A area 1 – area 2 

B ( )
2

2 area1 area +  

C area 1 + area 2 

D area 2 – area 1 
 
 
9 A girl throws a ball vertically upwards. It takes a time of 3.20 s to return to her hand. 
 

Assume air resistance is negligible. 
 

What is the initial speed with which the ball is thrown? 

A 3.07 m s–1 B 7.85 m s–1 C 15.7 m s–1 D 31.4 m s–1 
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7 A stone of mass m is dropped from a tall building. There is significant air resistance. The 
acceleration of free fall is g. 

 
When the stone is falling at a constant (terminal) velocity, which information is correct? 

 

 
magnitude of 

the acceleration 
of the stone 

magnitude of the 
force of gravity 
on the stone 

magnitude of the 
force of air resistance 

on the stone 

A g zero mg 

B zero mg mg 

C zero zero mg 

D zero mg zero 
 
 
8 The velocity-time graph for an object is shown. 
 

0
0

velocity

time

area 1

area 2

 
 

How can the total displacement of the object be determined? 

A area 1 – area 2 

B ( )
2

2 area1 area +  

C area 1 + area 2 

D area 2 – area 1 
 
 
9 A girl throws a ball vertically upwards. It takes a time of 3.20 s to return to her hand. 
 

Assume air resistance is negligible. 
 

What is the initial speed with which the ball is thrown? 

A 3.07 m s–1 B 7.85 m s–1 C 15.7 m s–1 D 31.4 m s–1 
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6 A tennis ball falls freely, in air, from the top of a tall building. 
 

Which graph best represents the variation with time t of the distance s fallen? 
 

A

s

t

B

s

t

C

s

t

D

s

t

0
0

0
0

0
0

0
0  

 
 
7 The graph shows the variation with mass of the weight of objects on a particular planet. 
 

4

3

2

1

0
0 1 2

weight / N

mass / kg  
 

What is the value of the acceleration of free fall on the planet? 

A 0.63 m s–2 B 1.6 m s–2 C 3.2 m s–2 D 9.8 m s–2 
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6 A tennis ball falls freely, in air, from the top of a tall building. 
 

Which graph best represents the variation with time t of the distance s fallen? 
 

A

s

t

B

s

t

C

s

t

D

s

t

0
0

0
0

0
0

0
0  

 
 
7 The graph shows the variation with mass of the weight of objects on a particular planet. 
 

4

3

2

1

0
0 1 2

weight / N

mass / kg  
 

What is the value of the acceleration of free fall on the planet? 

A 0.63 m s–2 B 1.6 m s–2 C 3.2 m s–2 D 9.8 m s–2 
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5 The velocity of an object changes with time t as shown. 
 

velocity

t
0

0

 
 

Which graph best shows the variation with time t of the displacement s of the object? 
 

s

t
0

0

A

s

t
0

0

B

s

t
0

0

C

s

t
0

0

D
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6 A projectile is launched at an angle to the horizontal at time t = 0. It travels over horizontal 
ground, as shown. 

 
path of projectile

ground 
 

Assume that air resistance is negligible. 
 

Which graph best shows the variation with t of the speed of the projectile from when it is launched 
to when it lands on the ground? 

 

0
0

A

speed

t
0

0

B

speed

t

0
0

C

speed

t
0

0

D

speed

t  
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

55. Question | 9702 May-June 2018 P1 V2 Q7 7 

© UCLES 2018 9702/12/M/J/18 [Turn over 

7 A sky-diver falls vertically from a helicopter and reaches constant (terminal) velocity. The graph 
shows the variation with time t of the speed v of the sky-diver. 

 

v

t
0

0  
 

Which graph shows the variation with time t of the distance d fallen by the sky-diver? 
 

d

t
0

0

A

d

t
0

0

B

d

t
0

0

C

d

t
0

0

D

 
 
 
8 A tennis ball of mass 55 g is travelling horizontally with a speed of 30 m s–1. The ball makes 

contact with a wall before rebounding in the horizontal direction with a speed of 20 m s–1. The ball 
is in contact with the wall for a time of 5.0 × 10–3

 s. 
 

What is the average force exerted on the wall by the ball? 

A 110 N B 220 N C 330 N D 550 N 
 
 
9 An elastic collision occurs between two bodies X and Y. The mass of body X is m and the mass 

of body Y is 4m. Body X travels at speed v before the collision and speed 
5

3v  in the opposite 

direction after the collision. Body Y is stationary before the collision. 
 

X

m

before

Y

4m

v

X

m

after

Y

4m

3v
5

 
 

What is the kinetic energy of body Y after the collision? 

A 
10
8 mv 

2 B 
50
34 mv 

2 C 
50
16 mv 

2 D 
5
1 mv 

2 
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5 In an experiment to determine the Young modulus E of the material of a wire, the measurements 
taken are shown. 

mass hung on end of wire  m = 2.300 ± 0.002 kg 

original length of wire l = 2.864 ± 0.005 m 

diameter of wire d = 0.82 ± 0.01 mm 

extension of wire e = 7.6 ± 0.2 mm 

The Young modulus is calculated using 
 

ed
mg

2
4
π

=
lE  

 
where g is the acceleration of free fall. 

The calculated value of E is 1.61 × 1010
 N m–2. 

How should the calculated value of E and its uncertainty be expressed? 

A (1.61 ± 0.04) × 1010
 N m–2 

B (1.61 ± 0.05) × 1010
 N m–2 

C (1.61 ± 0.07) × 1010
 N m–2 

D (1.61 ± 0.09) × 1010
 N m–2 

 
 
6 A rock on the surface of Mars is projected vertically upwards with an initial speed of 9.4 m s–1. The 

rock rises to a height of 12 m above the surface. 
 

Assume there is no atmosphere on Mars. 
 

What is the acceleration of free fall near the surface of Mars? 

A 0.39 m s–2 B 3.7 m s–2 C 7.4 m s–2 D 9.8 m s–2 
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7 Two masses, M and m, are connected by an inextensible string which passes over a frictionless 
pulley. Mass M rests on a frictionless slope, as shown. 

 

m
M

θ

frictionless slope

 
 

The slope is at an angle θ to the horizontal. 
 

The two masses are initially held stationary and then released. Mass M moves down the slope. 
 

Which expression must be correct? 

A sinθ < 
M
m  B cosθ < 

M
m  C sinθ > 

M
m  D cosθ > 

M
m  

 
 
8 A sky-diver falls from a stationary balloon at time t = 0. As the sky-diver falls, her speed and the 

air resistance increase until the force of the air resistance is equal to her weight. 
 

Which graph best shows the variation with time t of the displacement s for the motion of the  
sky-diver? 

 

s

t
0

0

D

s

t
0

0

C

s

t
0

0

B

s

t
0

0

A
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1 The radius of the Earth is approximately 6.4 × 106
 m, and the radius of the Moon is approximately 

1.7 × 106
 m. A student wishes to build a scale model of the Solar System in the classroom, using 

a football of radius 0.12 m to represent the Earth. 
 

Which object would best represent the Moon? 

A basketball 

B cherry 

C golf ball 

D tennis ball 
 
 
2 When a beam of light is incident on a surface, it delivers energy to the surface. The intensity of 

the beam is defined as the energy delivered per unit area per unit time. 
 

What is the unit of intensity, expressed in SI base units? 

A kg m–2
 s–1 B kg m2

 s–3 C kg s–2 D kg s–3 
 
 
3 A ship is travelling with a velocity of 8.0 km h–1 in a direction 30° east of north. 
 

What are the components of the ship’s velocity in the east and north directions? 
 

 
component of velocity 

in east direction 
/ km h–1 

component of velocity 
in north direction 

/ km h–1 

A 4.0 4.0 

B 4.0 6.9 

C 4.6 6.9 

D 6.9 4.0 
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4 A micrometer screw gauge is used to measure the diameter of a copper wire. 
 

The reading with the wire in position is shown in diagram 1. The wire is removed and the jaws of 
the micrometer are closed. The new reading is shown in diagram 2. 

 

diagram 1 diagram 2

10

20

15

5

15

10
0 0

 
 

What is the diameter of the wire? 

A 1.90 mm B 2.45 mm C 2.59 mm D 2.73 mm 
 
 
5 A digital meter has an accuracy of ±1%. 
 

The meter is used to measure the current in an electrical circuit. 
 

The reading on the meter varies between 3.04 A and 3.08 A. 
 

What is the value of the current, with its uncertainty? 

A (3.06 ± 0.02) A 

B (3.06 ± 0.04) A 

C (3.06 ± 0.05) A 

D (3.06 ± 0.07) A 
 
 
6 A tennis ball is thrown horizontally in air from the top of a tall building. 
 

The effect of air resistance is not negligible. 
 

What happens to the horizontal and to the vertical components of the ball’s velocity? 
 

 horizontal component 
of velocity 

vertical component 
of velocity 

A constant constant 

B constant increases at a constant rate 

C decreases to zero increases at a constant rate 

D decreases to zero increases to a maximum value
 
 

60. Question | 9702 Oct-Nov 2018 P1 V2 Q6

6 

© UCLES 2018 9702/12/O/N/18  

5 Students take readings of the volume of a liquid using three different pieces of measuring 
equipment X, Y and Z. 

 
The true value of the volume of the liquid is V. 

 
The students’ results are shown. 

 

0 V

X

0
volume

number of
readings

0 V

Y

0
volume

number of
readings

0 V

Z

0
volume

number of
readings

 
 

How many pieces of equipment are precise and how many are accurate? 
 

 number of precise 
pieces of equipment 

number of accurate 
pieces of equipment 

A 1 1 

B 1 2 

C 2 1 

D 2 2 
 
 
6 A sprinter runs a 100 m race. The sprinter has a constant acceleration from rest of 2.5 m s–2 until 

reaching a speed of 10 m s–1. The speed then remains constant until the end of the race. 
 

Which time does it take the sprinter to run the race? 

A 8.9 s B 10 s C 12 s D 14 s 
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5 The width of a table is measured as (50.3 ± 0.1) cm. Its length is measured as (1.40 ± 0.01) m. 
 

What is the area of the table and its absolute uncertainty? 

A (0.7 ± 0.1) m2 

B (0.704 ± 0.006) m2 

C (0.704 ± 0.011) m2 

D (70.4 ± 0.6) m2 
 
 
6 A stone is projected horizontally at time t = 0 and falls. Air resistance is negligible. The stone has 

a horizontal component of velocity vH and a vertical component of velocity vV. 
 

Which graph shows how vH and vV vary with time t ? 
 

A

0
0 t

velocity vH

vV

C

0
0 t

velocity vH

vV

B

0
0 t

velocityvV

vH

D

0
0 t

velocity vH

vV

 
 
 
7 Two isolated spheres have masses 2.0 kg and 4.0 kg. The spheres collide and then move apart. 
 

During the collision, the 2.0 kg mass has an average acceleration of 8.0 m s–2. 
 

What is the average acceleration of the 4.0 kg mass? 

A 2.0 m s–2 B 4.0 m s–2 C 8.0 m s–2 D 16 m s–2 
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8 A mass is placed on a frictionless slope inclined at 30° to the horizontal. The mass is then 
released. 

 
What is its acceleration down the slope? 

A 4.9 m s–2 B 5.7 m s–2 C 8.5 m s–2 D 9.8 m s–2 
 
 
9 A parachutist falls vertically from rest at time t = 0 from a hot-air balloon. She falls for some 

distance before opening her parachute. 
 

Which graph best shows the variation with time t of the speed v of the parachutist? 
 

v

t

A

0
0

v

t

C

0
0

v

t

B

0
0

v

t

D

0
0  

 
 
10 A ship of mass 8.4 × 107

 kg is approaching a harbour with speed 16.4 m s–1. By using reverse 
thrust it can maintain a constant total stopping force of 920 000 N. 

 
How long will it take to stop? 

A 15 seconds 

B 150 seconds 

C 25 minutes 

D 250 minutes 
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6 A mass on the end of a spring bounces up and down as shown, after being released at time t = 0. 
 

0
time t

distance up

distance down

0

 
 

Which graph shows how the velocity varies with time? 
 

0A
0 time t

velocity up

0B
0 time t

velocity up

0C
0 time t

velocity up

0D
0 time t

velocity up

 
 
 
7 A stone is thrown vertically upwards from a point that is 12 m above the sea. It then falls into the 

sea below after 3.4 s. 
 

Air resistance is negligible. 
 

At which speed was the stone released when it was thrown? 

A 3.5 m s–1 B 6.6 m s–1 C 13 m s–1 D 20 m s–1 
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6 A mass on the end of a spring bounces up and down as shown, after being released at time t = 0. 
 

0
time t

distance up

distance down

0

 
 

Which graph shows how the velocity varies with time? 
 

0A
0 time t

velocity up

0B
0 time t

velocity up

0C
0 time t

velocity up

0D
0 time t

velocity up

 
 
 
7 A stone is thrown vertically upwards from a point that is 12 m above the sea. It then falls into the 

sea below after 3.4 s. 
 

Air resistance is negligible. 
 

At which speed was the stone released when it was thrown? 

A 3.5 m s–1 B 6.6 m s–1 C 13 m s–1 D 20 m s–1 
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8 Two balls X and Y are moving towards each other with speeds of 5 m s–1 and 15 m s–1 
respectively. 

 

X

5 m s–1

Y

15 m s–1

 
 

They make a perfectly elastic head-on collision and ball Y moves to the right with a speed  
of 7 m s–1. 

 
What is the speed and direction of ball X after the collision? 

A 3 m s–1 to the left 

B 13 m s–1 to the left 

C 3 m s–1 to the right 

D 13 m s–1 to the right 
 
 
9 In the absence of air resistance, a ball thrown horizontally from a tower with velocity v, will land 

after time T seconds. 
 

If, however, air resistance is taken into account, which statement is correct? 

A The ball lands with a horizontal velocity less than v after more than T seconds. 

B The ball lands with a horizontal velocity less than v after T seconds. 

C The ball lands with a horizontal velocity v after more than T seconds. 

D The ball lands with a horizontal velocity v after T seconds. 
 
 
10 Two balls, of masses m and 2m, travelling in a vacuum with initial velocities 2v and v 

respectively, collide with each other head-on, as shown. 
 

m 2v 2mv
 

 
After the collision, the ball of mass m rebounds to the left with velocity v. 

 
What is the loss of kinetic energy in the collision? 

A 4
3 mv2 B 2

3 mv2 C 4
9 mv2 D 2

9 mv2 
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1 Which unit can be expressed in base units as kg m2
 s–2? 

A joule 

B newton 

C pascal 

D watt 
 
 
2 The luminosity L of a star is given by 
 

L = 4πr 
2σT 

4 
 

where 
 

r is the radius of the star, 

T is the temperature of the star and 

σ is a constant with units W m–2
 K–4. 

 
What are the SI base units of L ? 

A kg m2
 s–1 B kg m2

 s–2 C kg m2
 s–3 D kg m2

 s–4 
 
 
3 A particle has velocity V at an angle θ to the horizontal. 
 

The components of the particle’s velocity are Vv upwards in the vertical direction and Vh to the 
right in the horizontal direction, as shown. 

 

θ

Vv

Vh

V

 
 

What are expressions for the magnitude of V and for the angle θ ? 
 

 magnitude of V θ 

A )( 2
h

2
v VV +  tan–1 V

V
 
 
 

h

v
 

B )( 2
h

2
v VV +  tan–1 








h

v

V
V  

C )( 2
h

2
v VV −  tan–1 V

V
 
 
 

h

v
 

D )( 2
h

2
v VV −  tan–1 








h

v

V
V  
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6 A car travels along a straight horizontal road. The graph shows the variation of the velocity v of 
the car with time t for 6.0 s of its journey. 

 
30

20

10

0

v / m s–1

t / s
0 1.0 2.0 3.0 4.0 5.0 6.0

 
 

The brakes of the car are applied from t = 1.0 s to t = 4.0 s. 
 

How far does the car travel while the brakes are applied? 

A 21 m B 45 m C 67 m D 83 m 
 
 
7 A stone is thrown horizontally from the top of a cliff and falls into the sea some time later. Air 

resistance is negligible. 
 

Which graph shows how the vertical component vv of velocity of this stone varies with its 
horizontal component vh of velocity as it moves through the air? 

 

vv

vh

0
0

A

vv

vh

0
0

B

vv

vh

0
0

C

vv

vh

0
0

D

 
 
 
8 A positive charge of 2.6 × 10–8

 C is in a uniform electric field of field strength 300 000 V m–1. 
 

How much work must be done on the charge in order to move it a distance of 4.0 mm in the 
opposite direction to the direction of the field? 

A 3.1 × 10–5
 J 

B 2.0 × 10–3
 J 

C 3.1 × 10–2
 J 

D 2.0 J 
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6 A car travels along a straight horizontal road. The graph shows the variation of the velocity v of 
the car with time t for 6.0 s of its journey. 

 
30

20

10

0

v / m s–1

t / s
0 1.0 2.0 3.0 4.0 5.0 6.0

 
 

The brakes of the car are applied from t = 1.0 s to t = 4.0 s. 
 

How far does the car travel while the brakes are applied? 

A 21 m B 45 m C 67 m D 83 m 
 
 
7 A stone is thrown horizontally from the top of a cliff and falls into the sea some time later. Air 

resistance is negligible. 
 

Which graph shows how the vertical component vv of velocity of this stone varies with its 
horizontal component vh of velocity as it moves through the air? 
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8 A positive charge of 2.6 × 10–8

 C is in a uniform electric field of field strength 300 000 V m–1. 
 

How much work must be done on the charge in order to move it a distance of 4.0 mm in the 
opposite direction to the direction of the field? 

A 3.1 × 10–5
 J 

B 2.0 × 10–3
 J 

C 3.1 × 10–2
 J 

D 2.0 J 
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9 Each diagram illustrates a pair of forces of equal magnitude. 
 

Which diagram gives an example of a pair of forces that is described by Newton’s third law of 
motion? 

 
A B

C D

total
resistive
forces

driving
force

Earth

Moon

gravitational
attraction

gravitational
attraction

support force

weight

weight

lift

 
 
 
10 A stone is dropped from a tall building. Air resistance is significant. The variation of distance 

fallen with time is shown by the dashed line. 
 

A second stone with the same dimensions but a smaller mass is dropped from the same building. 
 

Which line represents the motion of the second stone? 
 

distance

0
time0

A B

C

D

path of first stone
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8 The graph shows how a physical quantity varies with time. 
 

quantity

time
0

0

 
 

Which event could best be represented by the graph? 

A the acceleration of a firework rising to a maximum height and falling to the ground 

B the acceleration of a skydiver leaving an aircraft, falling, opening a parachute and falling to 
the ground 

C the speed of a javelin as it leaves an athlete’s hand, falls and sinks into the ground 

D the speed of a high jump athlete leaving the ground, jumping over a bar and descending to 
the ground 

 
 
9 What describes the mass of an object? 

A the force the object experiences due to gravity 

B the momentum of the object before a collision 

C the resistance of the object to changes in motion 

D the weight of the object as measured by a balance 
 
 
10 A car has mass m. A person needs to push the car with force F in order to give the car 

acceleration a. The person needs to push the car with force 2F in order to give the car 
acceleration 3a. 

 
Which expression gives the constant resistive force opposing the motion of the car? 

A ma B 2ma C 3ma D 4ma 
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7 The graph shows the variation of velocity v with time t for an object. 
 

24.0

20.0

16.0

12.0

8.0

4.0

0
0 1.0 2.0 3.0 4.0 5.0

v / m s–1

t / s  
 

The object passes a fixed point at time t = 0. 
 

What is the displacement of the object from the fixed point at time t = 5.0 s and what is the 
acceleration of the object? 

 

 displacement 
/ m 

acceleration 
/ m s–2 

A 60 4.0 

B 70 4.0 

C 60 4.8 

D 70 4.8 
 
 
8 A skydiver jumps from an aeroplane and falls vertically through the air. 
 

Which graph shows the variation with time t of the skydiver’s vertical velocity v? 
 

A

v

t0
0

B

v

t0
0

C

v

t0
0

D

v

t0
0
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7 The graph shows the variation of velocity v with time t for an object. 
 

24.0

20.0

16.0

12.0

8.0

4.0

0
0 1.0 2.0 3.0 4.0 5.0

v / m s–1

t / s  
 

The object passes a fixed point at time t = 0. 
 

What is the displacement of the object from the fixed point at time t = 5.0 s and what is the 
acceleration of the object? 

 

 displacement 
/ m 

acceleration 
/ m s–2 

A 60 4.0 

B 70 4.0 

C 60 4.8 

D 70 4.8 
 
 
8 A skydiver jumps from an aeroplane and falls vertically through the air. 
 

Which graph shows the variation with time t of the skydiver’s vertical velocity v? 
 

A

v

t0
0

B

v

t0
0

C

v

t0
0

D

v

t0
0
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5 The sides of a wooden block are measured with calipers. The lengths of the sides are measured 
as 20.0 mm, 40.0 mm and 10.0 mm. 

 

20.0 mm

10.0 mm
40.0 mm  

 
The calipers can measure with an absolute uncertainty of ± 0.1 mm. 

 
What is the percentage uncertainty in the calculated volume of the block? 

A 0.3% B 1.8% C 3.8% D 30% 
 
 
6 A ball is thrown vertically upwards from ground level and reaches a maximum height of 12.7 m 

before falling back to ground level. 
 

Assume air resistance is negligible. 
 

What is the total time for which the ball is in the air? 

A 1.61 s B 3.22 s C 3.88 s D 5.18 s 
 
 
7 A snooker ball has a mass of 200 g. It hits the cushion of a snooker table and rebounds along its 

original path. 
 

The ball arrives at the cushion with a speed of 14.0 m s–1 and then leaves it with a speed of 
7.0 m s–1. The ball and the cushion are in contact for a time of 0.60 s. 

 
What is the average force exerted on the ball by the cushion? 

A 1.4 N B 2.3 N C 4.2 N D 7.0 N 
 
 
8 A tennis ball is released from rest at time t = 0 and falls through air for a long time. 
 

Which graph of its displacement s against time t best represents the motion of the ball? 
 

s

t
0

0

A

s

t
0

0

B

s

t
0

0

C

s

t
0

0

D
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5 The sides of a wooden block are measured with calipers. The lengths of the sides are measured 
as 20.0 mm, 40.0 mm and 10.0 mm. 

 

20.0 mm

10.0 mm
40.0 mm  

 
The calipers can measure with an absolute uncertainty of ± 0.1 mm. 

 
What is the percentage uncertainty in the calculated volume of the block? 

A 0.3% B 1.8% C 3.8% D 30% 
 
 
6 A ball is thrown vertically upwards from ground level and reaches a maximum height of 12.7 m 

before falling back to ground level. 
 

Assume air resistance is negligible. 
 

What is the total time for which the ball is in the air? 

A 1.61 s B 3.22 s C 3.88 s D 5.18 s 
 
 
7 A snooker ball has a mass of 200 g. It hits the cushion of a snooker table and rebounds along its 

original path. 
 

The ball arrives at the cushion with a speed of 14.0 m s–1 and then leaves it with a speed of 
7.0 m s–1. The ball and the cushion are in contact for a time of 0.60 s. 

 
What is the average force exerted on the ball by the cushion? 

A 1.4 N B 2.3 N C 4.2 N D 7.0 N 
 
 
8 A tennis ball is released from rest at time t = 0 and falls through air for a long time. 
 

Which graph of its displacement s against time t best represents the motion of the ball? 
 

s

t
0

0

A

s

t
0

0

B

s

t
0

0

C

s

t
0

0

D
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4 What could reduce systematic errors? 

A averaging a large number of measurements  

B careful calibration of measuring instruments  

C reducing the sample size 

D repeating measurements 
 
 

5 The power loss P in a resistor is calculated using the formula P = 
2V

R
. 

 
The percentage uncertainty in the potential difference V is 3% and the percentage uncertainty in 
the resistance R is 2%. 

 
What is the percentage uncertainty in P ? 

A 4% B 7% C 8% D 11% 
 
 
6 A lead sphere is released from rest at point X, a long way above the surface of a planet. The 

sphere falls in a vacuum. After a time of 4.0 s, it has fallen through a vertical distance of 3.0 m. 
Assume the acceleration of free fall is constant. 

 
How far will the sphere have fallen from point X at a time of 20 s after its release? 

A 15 m B 75 m C 80 m D 2000 m 
 
 
7 A box rests on the Earth, as shown. 
 

Newton’s third law describes how forces of the same type act in pairs. One of the forces of a pair 
is the weight W of the box. 

 
Which arrow represents the other force of this pair? 

 

D

B

W
C

A

box

Earth

not to
scale
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5 A micrometer is used to measure the diameters of two cylinders. 
 

diameter of first cylinder = (12.78 ± 0.02) mm 

diameter of second cylinder = (16.24 ± 0.03) mm 
 

The difference in the diameters is calculated. 
 

What is the uncertainty in this difference? 

A 0.01 mm B 0.02 mm C 0.03 mm D 0.05 mm 
 
 
6 A stone is thrown horizontally from the top of a cliff and falls into the sea below. Air resistance is 

negligible. The path of the stone is shown. 
 

stone

cliff

sea  
 

In which direction does the resultant force on the stone act during its fall? 

A horizontally to the right 

B parallel to its velocity 

C perpendicular to its velocity 

D vertically downwards 
 
 
7 A car moves with uniform acceleration along a straight road. Oil leaks from the car at the rate of 

one drop every two seconds. The diagram shows the distances between three successive oil 
drops on the road. 

 
9.0 m 12.0 m

 
 

What is the acceleration of the car? 

A 0.75 m s–2 B 1.5 m s–2 C 3.0 m s–2 D 6.0 m s–2 
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

77. Question | 9702 Feb-March 2020 P1 V2 Q9

6 

© UCLES 2020 9702/12/F/M/20  

8 A person of mass 60 kg stands on accurate bathroom scales, placed on the floor of an  
elevator (lift) which operates in a tall building. 

 
At a certain instant the bathroom scales read 58 kg. 

 
Which row could give the person’s direction of movement and type of motion? 

 
 direction motion 

A downwards constant speed 

B downwards slowing down 

C upwards constant speed 

D upwards slowing down 
 
 
9 The diagram shows graphs of various quantities plotted against time for an object dropped from a 

stationary balloon high in the atmosphere. 
 

time
0

0

graph 1

time
0

0

graph 2

time
0

0

graph 3

time
0

0

graph 4

 
 

Which statement could be correct? 

A Graph 1 is acceleration against time and graph 3 is resultant force against time. 

B Graph 1 is acceleration against time and graph 4 is resultant force against time. 

C Graph 3 is acceleration against time and graph 1 is velocity against time. 

D Graph 3 is acceleration against time and graph 2 is velocity against time. 
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6 The velocity of an electric car changes as shown. 
 

150

100

50

0
0 1 2 3 4

time / s

velocity
/ km h–1

 
 

What is the acceleration of the car? 

A 210 m s–2 B 58 m s–2 C 26 m s–2 D 7.3 m s–2 
 
 
7 A projectile is fired from point P with velocity V at an angle θ to the horizontal. It lands at point Q, 

a horizontal distance R from P, after time T. 
 

P Qθ

path of projectile

horizontal

V

R
 

 
The acceleration of free fall is g. Air resistance is negligible. 

 
Which equation is correct? 

A R = VT cos θ 

B R = VT sin θ 

C R = VT cos θ – 1
2 gT 

2 

D R = VT sin θ – 1
2 gT 

2 
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6 The velocity of an electric car changes as shown. 
 

150

100

50

0
0 1 2 3 4

time / s

velocity
/ km h–1

 
 

What is the acceleration of the car? 

A 210 m s–2 B 58 m s–2 C 26 m s–2 D 7.3 m s–2 
 
 
7 A projectile is fired from point P with velocity V at an angle θ to the horizontal. It lands at point Q, 

a horizontal distance R from P, after time T. 
 

P Qθ

path of projectile

horizontal

V

R
 

 
The acceleration of free fall is g. Air resistance is negligible. 

 
Which equation is correct? 

A R = VT cos θ 

B R = VT sin θ 

C R = VT cos θ – 1
2 gT 

2 

D R = VT sin θ – 1
2 gT 

2 
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5 A stone is dropped from a height of 20 m above water. The graph shows the variation with time of 
the velocity of the stone. 

 

0 2 4
0

5

20

time / s

velocity / m s–1

 
 

Which statement describes the approximate position of the stone four seconds after it is 
dropped? 

A It is at a distance of 10 m above the surface of the water. 

B It is at a distance of 10 m below the surface of the water. 

C It is at a distance of 20 m below the surface of the water. 

D It is at a distance of 30 m below the surface of the water. 
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

81. Question | 9702 May-June 2020 P1 V2 Q6 6 

© UCLES 2020 9702/12/M/J/20  

6 A car X is travelling at a constant speed u along a straight road. At time t = 0 a second car Y is a 
distance d0 behind car X and travelling at a speed v in the same direction. Speed v is less than 
speed u. 

 

car Y car X
v

d0

u

 
 

At time t = 0 car Y begins to accelerate with a constant acceleration. 
 

Car Y overtakes car X at time t = T. 
 

Which graph could best show the variation with time t of the distance d between the cars? 
 

d

t

d0

A

0
0 T

d

t

d0

B

0
0 T

d

t

d0

C

0
0 T

d

t

d0

D

0
0 T

 
 
 
7 The resultant force acting on an object is slowly increased. 
 

Which graph could show the variation with time t of the momentum p of the object? 
 

0
0

p

t

A

0
0

p

t

B

0
0

p

t

C

0
0

p

t

D
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6 The graph shows how the velocity of a ball varies with time from the moment it is hit vertically 
upwards from the ground. 

 
20

15

10

5

0

–5

–10

10 2 3

velocity

/ m s–1

time / s

 
 

What is the displacement of the ball from the ground after a time of 3.0 s? 

A 15 m B 25 m C 30 m D 45 m 
 
 
7 Two students each throw a ball horizontally from the top of a tower. The two balls are released at 

the same time. 
 

The first student throws her ball with a speed of 20 m s–1 and the second student throws his ball 
with a speed of 10 m s–1. 

 
Assume air resistance is negligible and that the balls land on horizontal ground. 

 
Which row describes the horizontal distances travelled and the landing times of the two balls on 
the ground? 

 

 horizontal 
distances landing times 

A same same 

B same different 

C different same 

D different different 
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6 The graph shows how the velocity of a ball varies with time from the moment it is hit vertically 
upwards from the ground. 
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velocity

/ m s–1
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What is the displacement of the ball from the ground after a time of 3.0 s? 

A 15 m B 25 m C 30 m D 45 m 
 
 
7 Two students each throw a ball horizontally from the top of a tower. The two balls are released at 

the same time. 
 

The first student throws her ball with a speed of 20 m s–1 and the second student throws his ball 
with a speed of 10 m s–1. 

 
Assume air resistance is negligible and that the balls land on horizontal ground. 

 
Which row describes the horizontal distances travelled and the landing times of the two balls on 
the ground? 

 

 horizontal 
distances landing times 

A same same 

B same different 

C different same 

D different different 
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6 A student cycles uphill from home to a shop, taking 10 minutes. The student then spends 
5 minutes in the shop, before cycling home downhill at twice the initial speed. 

 
Which graph could show the variation with time of the distance travelled by the cyclist? 

 

0

A

5 10 15 20

2

1

0

distance
/ km

time / minutes
0

B

5 10 15 20

2

1

0

distance
/ km

time / minutes

0

C

5 10 15 20

2

1

0

distance
/ km

time / minutes
0

D

5 10 15 20

2

1

0

distance
/ km

time / minutes  
 
 
7 Two cars X and Y are travelling along the same straight road. Car X is travelling at a constant 

speed of 6.0 m s–1. Car Y has a constant acceleration of 0.50 m s–2. 
 

At the instant shown, car X is a distance d ahead of car Y. Car Y is travelling at a speed of 
4.0 m s–1. 

 

d

car Y car X

4.0 m s–1 6.0 m s–1

 
 

Car Y is level with car X after a time of 20 seconds. 
 

What is the distance d ? 

A 40 m B 60 m C 180 m D 300 m 
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6 A student cycles uphill from home to a shop, taking 10 minutes. The student then spends 
5 minutes in the shop, before cycling home downhill at twice the initial speed. 

 
Which graph could show the variation with time of the distance travelled by the cyclist? 
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7 Two cars X and Y are travelling along the same straight road. Car X is travelling at a constant 

speed of 6.0 m s–1. Car Y has a constant acceleration of 0.50 m s–2. 
 

At the instant shown, car X is a distance d ahead of car Y. Car Y is travelling at a speed of 
4.0 m s–1. 

 

d

car Y car X

4.0 m s–1 6.0 m s–1

 
 

Car Y is level with car X after a time of 20 seconds. 
 

What is the distance d ? 

A 40 m B 60 m C 180 m D 300 m 
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5 A steel ball is dropped and falls through a vertical height h. The time t taken to fall is measured 
using light gates. 

 
The results are given in the table. 

 
h (4.05  0.01) m 

t (0.91  0.02) s 
 

The acceleration of free fall g is calculated using the equation shown. 
 

h = 1
2

2gt  
 

What is the percentage uncertainty in the value of g? 

A 2.4% B 4.6% C 5.1% D 9.3% 
 
 
6 A stone is thrown vertically upwards from a point X at time t ꞊ 0. 
 

The variation with time t of the velocity v of the stone is shown. 
 

1.0 2.0 3.0

20

10

0

–10

v / m s–1

t / s0

 
 

What is the displacement of the stone from point X at time t ꞊ 3.0 s? 

A 15 m above X 

B 15 m below X 

C 25 m above X 

D 25 m below X 
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7 A mass of 5.0 kg is released from rest on a frictionless surface inclined at 30 to the horizontal. Air 
resistance is negligible. 

 

30°

frictionless
surface

mass 5.0 kg

horizontal 
 

How far does the mass travel in a time of 0.80 s? 

A 1.6 m B 2.0 m C 2.7 m D 3.1 m 
 
 
8 What is not a statement of one of Newton’s laws of motion? 

A If body X exerts a force on body Y, body Y exerts an equal and opposite force on body X. 

B If no resultant force acts on a body it has constant velocity. 

C The rate of change of momentum of a body is proportional to the resultant force acting on it 
and takes place in the direction of the force. 

D The total momentum of a system of interacting bodies is constant if there is no external force. 
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9 An object falls from a tall building. 
 

The graph shows how the velocity of the object changes with time t. 
 

0
0

velocity

tY Z  
 

The acceleration of free fall is g. 
 

What describes the acceleration of the object at times t = Y and t = Z? 
 

 acceleration 
at t = Y 

acceleration 
at t = Z 

A decreasing g 

B decreasing 0 

C constant g 

D constant 0 
 
 
10 Two balls, one of mass 2m and one of mass m, collide. 
 

The diagrams show the initial and final velocities of the balls. 
 

Which collision is not elastic? 
 

before collision after collision

A 4.0 m s–1
2m

1.0 m s–1
m

2.0 m s–1
2m

5.0 m s–1
m

B 6.0 m s–1
2m

3.0 m s–1
m

4.0 m s–1
2m

7.0 m s–1
m

C 8.0 m s–1
2m

2.0 m s–1
m

5.0 m s–1
2m

8.0 m s–1
m

D 10.0 m s–1
2m

4.0 m s–1
m

6.0 m s–1
2m

12.0 m s–1
m
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5 A student measures the length l and the period T of oscillation of a simple pendulum. He then 
uses the equation shown to calculate the acceleration of free fall g. 

 

T = 2
g
l  

 
His measurements are shown. 

 
l (87.3  0.2) cm 

T (1.9  0.05) s 
 

What is the percentage uncertainty in his calculated value of g ? 

A 2.4% B 2.9% C 5.5% D 7.2% 
 
 
6 An object moves in a straight line. The graph shows the variation with time t of the velocity v of 

the object. 
 

8

6

4

2

0

–2

0 0.2 0.4 0.6 0.8 1.0

v / m s–1

t / s
 

 
At time t = 0 the object is at point X. 

 
What is the displacement of the object from point X at time t = 0.80 s? 

A 1.6 m B 1.8 m C 2.0 m D 3.2 m 
 
 
7 An object accelerates uniformly from rest to speed v. It then moves at constant speed v for a time 

of 8.0 s before decelerating uniformly to rest. The total time taken is 12.0 s, and the total distance 
travelled is 60 m. 

 
What is the speed v ? 

A 3.0 m s–1 B 5.0 m s–1 C 6.0 m s–1 D 15 m s–1 
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5 A student measures the length l and the period T of oscillation of a simple pendulum. He then 
uses the equation shown to calculate the acceleration of free fall g. 

 

T = 2
g
l  

 
His measurements are shown. 

 
l (87.3  0.2) cm 

T (1.9  0.05) s 
 

What is the percentage uncertainty in his calculated value of g ? 

A 2.4% B 2.9% C 5.5% D 7.2% 
 
 
6 An object moves in a straight line. The graph shows the variation with time t of the velocity v of 

the object. 
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At time t = 0 the object is at point X. 

 
What is the displacement of the object from point X at time t = 0.80 s? 

A 1.6 m B 1.8 m C 2.0 m D 3.2 m 
 
 
7 An object accelerates uniformly from rest to speed v. It then moves at constant speed v for a time 

of 8.0 s before decelerating uniformly to rest. The total time taken is 12.0 s, and the total distance 
travelled is 60 m. 

 
What is the speed v ? 

A 3.0 m s–1 B 5.0 m s–1 C 6.0 m s–1 D 15 m s–1 
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4 A micrometer screw gauge is used to measure the diameter of a copper wire. 
 

The reading with the wire in position is shown in diagram 1. The wire is removed and the jaws of 
the micrometer are closed. The new reading is shown in diagram 2. 

 

diagram 1 diagram 2

10

20

15

5

15

10

0 0

 
 

What is the diameter of the wire? 

A 1.95 mm B 2.45 mm C 2.59 mm D 2.73 mm 
 
 
5 A student measures the current and the potential difference for a resistor in a circuit. 
 

current = (50.00 ± 0.01) mA 

potential difference = (500.0 ± 0.1) mV 
 

The measurements are used to calculate the resistance of the resistor. 
 

What is the percentage uncertainty in the calculated resistance? 

A 0.0002% B 0.0004% C 0.02% D 0.04% 
 
 
6 Four cars, A, B, C and D, move from rest in a straight line. The cars take the same time to 

accelerate to a velocity of 60 km h–1. Their velocity–time graphs are shown. 
 

Which car reaches a velocity of 60 km h–1 in the shortest distance? 
 

0
0

60
velocity

/ km h–1

time

A

B

C

D
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7 A cannon fires a cannonball with an initial speed v at an angle α to the horizontal. 
 

H
v

�
 

 
Which equation is correct for the maximum height H reached? 

A H = 
αsin

2
v

g
 B H = 

αsin
2

g
v

 C H = 
α 2( sin )

2
v

g
 D H = 

α2  sin
2

g
v

 

 
 
8 A ball strikes a horizontal surface with momentum p at an angle θ to the surface, as shown. 
 

p p

surface
� �

 
 

The ball rebounds with the same magnitude of momentum at an angle θ to the surface. 
 

The ball is in contact with the surface for time t. 
 

What is the magnitude of the average resultant force acting on the ball during the collision? 

A zero B 2p
t

 C θ2 cosp
t

 D θ2 sinp
t

 

 
 
9 A skydiver, who is falling vertically through the air, opens his parachute. 
 

Which row describes the velocity of the skydiver immediately after he opens his parachute? 
 

 direction of 
velocity 

magnitude of 
velocity 

A downwards decreases 

B downwards increases 

C upwards decreases 

D upwards increases 
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7 A cannon fires a cannonball with an initial speed v at an angle α to the horizontal. 
 

H
v

�
 

 
Which equation is correct for the maximum height H reached? 

A H = 
αsin

2
v

g
 B H = 

αsin
2

g
v

 C H = 
α 2( sin )

2
v

g
 D H = 

α2  sin
2

g
v

 

 
 
8 A ball strikes a horizontal surface with momentum p at an angle θ to the surface, as shown. 
 

p p

surface
� �

 
 

The ball rebounds with the same magnitude of momentum at an angle θ to the surface. 
 

The ball is in contact with the surface for time t. 
 

What is the magnitude of the average resultant force acting on the ball during the collision? 

A zero B 2p
t

 C θ2 cosp
t

 D θ2 sinp
t

 

 
 
9 A skydiver, who is falling vertically through the air, opens his parachute. 
 

Which row describes the velocity of the skydiver immediately after he opens his parachute? 
 

 direction of 
velocity 

magnitude of 
velocity 

A downwards decreases 

B downwards increases 

C upwards decreases 

D upwards increases 
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6 A projectile is launched at an angle to the horizontal at time t = 0. It travels over horizontal 
ground, as shown. 

 
path of projectile

ground 
 

Air resistance is negligible. 
 

Which graph best shows the variation with t of the speed of the projectile from when it is launched 
to when it lands on the ground? 

 

0
0

A

speed

t
0

0

B

speed

t

0
0

C

speed

t
0

0

D

speed

t  
 
 
7 A train, initially at rest at a station, has a uniform acceleration of 0.20 m s–2 until it reaches a 

speed of 20 m s–1. It travels for a time at this constant speed and then has a uniform deceleration 
of 0.40 m s–2 until it comes to rest at the next station. The distance between the two stations is 
3000 m. 

 
What is the time taken by the train to travel between the two stations? 

A 75 s B 150 s C 230 s D 300 s 
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6 A projectile is launched at an angle to the horizontal at time t = 0. It travels over horizontal 
ground, as shown. 

 
path of projectile

ground 
 

Air resistance is negligible. 
 

Which graph best shows the variation with t of the speed of the projectile from when it is launched 
to when it lands on the ground? 
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7 A train, initially at rest at a station, has a uniform acceleration of 0.20 m s–2 until it reaches a 

speed of 20 m s–1. It travels for a time at this constant speed and then has a uniform deceleration 
of 0.40 m s–2 until it comes to rest at the next station. The distance between the two stations is 
3000 m. 

 
What is the time taken by the train to travel between the two stations? 

A 75 s B 150 s C 230 s D 300 s 
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6 Which graph shows the variation with time t of the velocity v of an object falling vertically 
downwards in a vacuum? 
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v

t

B

v
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v
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0
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7 A projectile is fired from point P with velocity V at an angle  to the horizontal. It lands at point Q, 

a horizontal distance R from P. Air resistance is negligible. 
 

P Q�

path of projectile

horizontal

V

R
 

 
The acceleration of free fall is g. 

 
Which equation for R is correct? 

A R =    
2sin cosV

g
   

B R =    
22 sin cosV

g
   

C R =    
2sin cos

2
V

g
   

D R =    
2 sin cos

2
gV    
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6 Which graph shows the variation with time t of the velocity v of an object falling vertically 
downwards in a vacuum? 
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7 A projectile is fired from point P with velocity V at an angle  to the horizontal. It lands at point Q, 

a horizontal distance R from P. Air resistance is negligible. 
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The acceleration of free fall is g. 

 
Which equation for R is correct? 

A R =    
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6 The diagram shows a velocity–time graph for a car. 
 

12

10

8

6

4

2

0
0 1 2 3 4

time / s

velocity
/ m s–1

 
 

What is the distance travelled during the first 4.0 s? 

A 2.5 m B 3.0 m C 20 m D 28 m 
 
 
7 A steel ball is dropped from rest from a height h above the ground. The ball hits the ground after 

a time t. 
 

This is repeated for a number of different heights. 
 

The graph shows the variation of h with t 
2 for the ball. 

 

0
0

h

t 2  
 

The gradient of the graph is G. 
 

Which expression gives the acceleration of the ball? 

A 
2
G  B G C 2G D G 

2 
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6 The diagram shows a velocity–time graph for a car. 
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What is the distance travelled during the first 4.0 s? 

A 2.5 m B 3.0 m C 20 m D 28 m 
 
 
7 A steel ball is dropped from rest from a height h above the ground. The ball hits the ground after 

a time t. 
 

This is repeated for a number of different heights. 
 

The graph shows the variation of h with t 
2 for the ball. 

 

0
0

h
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The gradient of the graph is G. 
 

Which expression gives the acceleration of the ball? 

A 
2
G  B G C 2G D G 

2 
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1 What is essential when recording a measurement of a physical quantity? 

A the measurement has an SI unit 

B the measurement has a unit and a number 

C the measurement has a unit given as a base unit 

D the measurement is from an analogue scale 
 
 
2 The mobility  of electrons travelling through a metal conductor can be calculated using the 

equation 
 

 = 







m
e  

 
where e is the charge on an electron and m is its mass. The average time between the collisions 
of an electron with the atoms in the metal is . 

 
What are the SI base units of  ? 

A A kg–1 B A s2
 kg–1 C A s kg–1 D A s–2

 kg–1 
 
 
3 An aircraft heads in a direction at an angle  east of north with a horizontal velocity relative to the 

air of 800 km h–1. The wind blows with a horizontal velocity of 200 km h–1 from east to west, as 
shown. 

 

�

N

direction of resultant
velocity of aircraft

aircraft velocity relative
to air = 800 km h–1

wind velocity = 200 km h–1

W E

NOT TO
SCALE

 
 

The resultant velocity of the aircraft is in a direction due north. 
 

What is angle  and what is the magnitude of the resultant velocity? 
 

  /  resultant 
velocity / km h–1 

A 14 770 

B 14 820 

C 76 770 

D 76 820 
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6 An archer shoots an arrow at a target. The diagram shows the path of the arrow. 
 

archer

target

path of arrow

 
 

Air resistance is negligible. 
 

The graphs show how three different quantities p, q and r vary with time. 
 

0
0

p

time
0

0

q

time
0

0

r

time  
 

Which quantity could be the horizontal component of displacement and which quantity could be 
the vertical component of displacement of the arrow? 

 

 
horizontal 

component of 
displacement 

vertical 
component of 
displacement 

A p q 

B q r 

C r p 

D r q 
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7 Two cars X and Y are positioned as shown at time t = 0. 
 

They are travelling in the same direction. 
 

X is 50 m behind Y and has a constant velocity of 30 m s–1. Y has a constant velocity of 20 m s–1. 
 

X

Y

30 m s–1

50 m

20 m s–1

 
 

What is the value of t when X is level with Y? 

A 1.0 s B 1.7 s C 2.5 s D 5.0 s 
 
 
8 A constant resultant force acts on an object in the direction of the object’s velocity. 
 

Which graph could show the variation with time t of the momentum p of the object? 
 

0
0

p

t

A

p

t

B

p

t

C

p

t

D

0
0

0
0

0
0  

 
 
9 Which statement must be true for an object in a gravitational field? 

A If the object has mass then the field causes it to accelerate. 

B If the object has mass then the field causes it to have weight. 

C If the object has weight then the field causes it to accelerate. 

D If the object has weight then the field causes it to have mass. 
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1 Which row shows what all physical quantities must have? 
 

 magnitude direction unit 

A    

B    

C    

D    
 
 
2 What is an alternative way of expressing an energy of 43 dJ? 

A 4.3  103
 mJ 

B 4.3  103
 MJ 

C 4.3  10–3
 mJ 

D 4.3  10–3
 MJ 

 
 
3 A tennis ball is hit so that it leaves the racket with velocity v at an angle  to the horizontal. 
 

vy v

horizontal
�

 
 

The vertical component of the velocity is vy. 
 

What is the magnitude of the horizontal component of v ? 

A v sin B vy cos C vy sin D (v2 – vy
2)

1
2  
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6 The graph shows the variation with time t of the velocity of a vehicle moving in a straight line. 
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The vehicle, moving at 4.0 m s–1, begins to accelerate at time t = 0. 
 

What is the vehicle’s acceleration at time t = 3.0 s? 

A 0.67 m s–2 B 1.0 m s–2 C 1.3 m s–2 D 2.0 m s–2 
 
 
7 A stone is projected vertically upwards from the ground at an initial speed of 15 m s–1. Air 

resistance is negligible. 
 

What is the maximum height reached by the stone? 

A 0.76 m B 11 m C 23 m D 110 m 
 
 
8 What is meant by the mass of an object? 

A the property of the object that resists a change in motion 

B the pull of the Earth on the object 

C the total number of atoms in the object 

D the weight of the object 
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6 The graph shows the variation with time t of the velocity of a vehicle moving in a straight line. 
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The vehicle, moving at 4.0 m s–1, begins to accelerate at time t = 0. 
 

What is the vehicle’s acceleration at time t = 3.0 s? 

A 0.67 m s–2 B 1.0 m s–2 C 1.3 m s–2 D 2.0 m s–2 
 
 
7 A stone is projected vertically upwards from the ground at an initial speed of 15 m s–1. Air 

resistance is negligible. 
 

What is the maximum height reached by the stone? 

A 0.76 m B 11 m C 23 m D 110 m 
 
 
8 What is meant by the mass of an object? 

A the property of the object that resists a change in motion 

B the pull of the Earth on the object 

C the total number of atoms in the object 

D the weight of the object 
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6 The graph shows the variation with time of the acceleration of a car. 
 

acceleration

time
0

0  
 

What must the shaded area under the graph represent? 

A the average velocity of the car 

B the change in velocity of the car 

C the final velocity of the car 

D the initial velocity of the car 
 
 
7 A stone is thrown horizontally off a cliff and then lands in the sea. Air resistance is negligible. 
 

Which statement about the stone’s motion is not correct? 

A The final displacement of the stone depends upon its initial horizontal velocity. 

B The stone travels with a constant horizontal component of velocity until it hits the water. 

C The stone travels with an increasing vertical component of velocity. 

D The time taken for the stone to hit the surface of the water depends on its initial horizontal 
velocity. 

 
 
8 Water is pumped through a hose-pipe at a rate of 90 kg per minute. Water emerges horizontally 

from the hose-pipe with a speed of 20 m s–1. 
 

What is the minimum force required from a person holding the hose-pipe to prevent it moving 
backwards? 

A 30 N B 270 N C 1800 N D 110 000 N 
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6 The graph shows the variation with time of the acceleration of a car. 
 

acceleration

time
0

0  
 

What must the shaded area under the graph represent? 

A the average velocity of the car 

B the change in velocity of the car 

C the final velocity of the car 

D the initial velocity of the car 
 
 
7 A stone is thrown horizontally off a cliff and then lands in the sea. Air resistance is negligible. 
 

Which statement about the stone’s motion is not correct? 

A The final displacement of the stone depends upon its initial horizontal velocity. 

B The stone travels with a constant horizontal component of velocity until it hits the water. 

C The stone travels with an increasing vertical component of velocity. 

D The time taken for the stone to hit the surface of the water depends on its initial horizontal 
velocity. 

 
 
8 Water is pumped through a hose-pipe at a rate of 90 kg per minute. Water emerges horizontally 

from the hose-pipe with a speed of 20 m s–1. 
 

What is the minimum force required from a person holding the hose-pipe to prevent it moving 
backwards? 

A 30 N B 270 N C 1800 N D 110 000 N 
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9 A skydiver leaves a stationary balloon and falls vertically through a long distance. 
 

Which graph best represents the variation of the acceleration a of the skydiver with the distance s 
travelled as she falls through the air? 

 
A

a

s0
0

B

a

s0
0

C

a

s0
0

D

a

s0
0

 
 
 
10 The diagram shows two spheres approaching each other head-on. Each sphere has speed u. 

One sphere has mass 2m and the other has mass m. 
 

2m

u

m

u 
 

Which diagram shows the result of a perfectly elastic collision? 
 

2m
u 

3
5u 

3

u
6

2u 

3

u
6

2u 

3

u 

3

m

A

2m

the spheres stick together

m

B

2m m

C

2m m

D
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5 How can the acceleration of an object be determined? 

A from the area under a displacement–time graph 

B from the area under a velocity–time graph 

C from the gradient of a displacement–time graph 

D from the gradient of a velocity–time graph 
 
 
6 A sprinter takes a time of 11.0 s to run a 100 m race. She first accelerates uniformly from rest, 

reaching a speed of 10 m s–1. She then runs at a constant speed of 10 m s–1 until the finish line. 
 

What is the uniform acceleration of the sprinter for the first part of the race? 

A 0.5 m s–2 B 0.91 m s–2 C 1.7 m s–2 D 5.0 m s–2 
 
 
7 A single horizontal force F is applied to a block X which is in contact with a separate block Y, as 

shown. 
 

F
X

Y

 
 

The blocks remain in contact as they accelerate along a horizontal frictionless surface. Air 
resistance is negligible. X has a greater mass than Y. 

 
Which statement is correct? 

A The acceleration of X is equal to force F divided by the mass of X. 

B The force that X exerts on Y is equal to F. 

C The force that X exerts on Y is less than F. 

D The force that X exerts on Y is less than the force that Y exerts on X. 
 
 
8 A car of mass 750 kg has a horizontal driving force of 2.0 kN acting on it. It has a forward 

horizontal acceleration of 2.0 m s–2. 
 

resistive force
driving force 

 
What is the resistive force acting horizontally? 

A 0.50 kN B 1.5 kN C 2.0 kN D 3.5 kN 
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5 How can the acceleration of an object be determined? 

A from the area under a displacement–time graph 

B from the area under a velocity–time graph 

C from the gradient of a displacement–time graph 

D from the gradient of a velocity–time graph 
 
 
6 A sprinter takes a time of 11.0 s to run a 100 m race. She first accelerates uniformly from rest, 

reaching a speed of 10 m s–1. She then runs at a constant speed of 10 m s–1 until the finish line. 
 

What is the uniform acceleration of the sprinter for the first part of the race? 

A 0.5 m s–2 B 0.91 m s–2 C 1.7 m s–2 D 5.0 m s–2 
 
 
7 A single horizontal force F is applied to a block X which is in contact with a separate block Y, as 

shown. 
 

F
X

Y

 
 

The blocks remain in contact as they accelerate along a horizontal frictionless surface. Air 
resistance is negligible. X has a greater mass than Y. 

 
Which statement is correct? 

A The acceleration of X is equal to force F divided by the mass of X. 

B The force that X exerts on Y is equal to F. 

C The force that X exerts on Y is less than F. 

D The force that X exerts on Y is less than the force that Y exerts on X. 
 
 
8 A car of mass 750 kg has a horizontal driving force of 2.0 kN acting on it. It has a forward 

horizontal acceleration of 2.0 m s–2. 
 

resistive force
driving force 

 
What is the resistive force acting horizontally? 

A 0.50 kN B 1.5 kN C 2.0 kN D 3.5 kN 
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9 An object falls freely from rest in a vacuum. The graph shows the variation with time t of the 
velocity v of the object. 

 

0
0 t

v

 
 

Which graph, using the same scales, represents the object falling in air? 
 

t

v
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t

v

B

t

v
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10 A rock of mass 2m, travelling in deep space at velocity v, explodes into two parts of equal mass, 

one of which is then stationary. 
 

What is the kinetic energy of the moving part after the explosion? 

A 2
1 mv2 B mv2 C 3

2 mv2 D 2mv2 
 
 
11 A horizontal metal bar PQ of length 50.0 cm is hinged at end P. The diagram shows the metal bar 

viewed from above. 
 

16.0 N

50.0 cm
5.0 N

30° Q

P

 
 

Two forces of 16.0 N and 5.0 N are in the horizontal plane and act on end Q, as shown. 
 

What is the resultant moment about P due to the two forces? 

A 1.5 N m B 4.4 N m C 6.5 N m D 9.4 N m 
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4 Two cables are attached to a bracket and exert forces as shown. 
 

20.0�

15.0 N

6.00 N

40.0�

vertical

horizontal

bracket

 
 

What are the magnitudes of the horizontal and vertical components of the resultant of the two 
forces? 

 

 horizontal 
component / N 

vertical 
component / N 

A 9.73 0.534 

B 9.73 10.2 

C 18.0 0.534 

D 18.0 10.2 
 
 
5 The curved line PQR is the velocity–time graph for a car starting from rest. 
 

velocity

time / s0 5
0

Q

P S

R

 
 

What is the average acceleration of the car over the first 5 s? 

A the area below the curve PQ 

B the area of the triangle PQS 

C the gradient of the straight line PQ 

D the gradient of the tangent at Q 
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6 A ball is thrown horizontally with a speed of 10.0 m s–1 above horizontal ground. The ball hits the 
ground after a time of 3.0 s. 

 
Air resistance is negligible. 

 
What is the speed of the ball just before it hits the ground? 

A 10 m s–1 B 29 m s–1 C 31 m s–1 D 39 m s–1 
 
 
7 An object is moving along the ground in a straight line at a constant speed. 
 

Which statement about the resultant force acting on the object is correct? 

A The resultant force acting on the object is equal to its weight. 

B The resultant force acting on the object is equal to the product of its mass and its velocity. 

C The resultant force acting on the object is equal to the resistive force. 

D The resultant force acting on the object is equal to zero. 
 
 
8 Water flows out of a pipe and hits a wall. 
 

water

pipe

wall

cross-sectional
area A

velocity v

 
 

When the jet of water hits the wall, it has horizontal velocity v and cross-sectional area A. 
 

The density of the water is . The water does not rebound from the wall. 
 

What is the force exerted on the wall by the water? 

A 
A
v

 B 
A
v 2

 C Av D Av 
2 
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4 An object is moving with an initial velocity of 4.0 m s–1 to the right. The velocity of the object 
changes so that its final velocity is 3.0 m s–1 downwards, as shown. 

 
initial velocity

4.0 m s–1
final velocity

3.0 m s–1

 
 

Which arrow represents the change in velocity of the object? 
 

A B

C D
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5 A car travels anticlockwise along a horizontal circular road of radius 12 m, as shown. 
 

The car takes a time of 4.0 s to move from position P to position Q. 
 

P

Q

12 m

road

direction of
travel of car

 
 

What is the magnitude of the average velocity of the car for the journey from P to Q? 

A 4.2 m s–1 B 4.7 m s–1 C 6.0 m s–1 D 14 m s–1 
 
 
6 The water surface in a deep well is 78.0 m below the top of the well. A person at the top of the 

well drops a heavy stone down the well. 
 

Air resistance is negligible. The speed of sound in the air is 330 m s–1. 
 

What is the time interval between the person dropping the stone and hearing it hitting the water? 

A 3.75 s B 3.99 s C 4.19 s D 4.22 s 
 
 
7 Which statement is not a requirement of a pair of forces that obey Newton’s third law of motion? 

A The forces act in opposite directions. 

B The forces act on different objects. 

C The forces act on objects in contact. 

D The forces are of equal magnitude. 
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5 A car travels anticlockwise along a horizontal circular road of radius 12 m, as shown. 
 

The car takes a time of 4.0 s to move from position P to position Q. 
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What is the magnitude of the average velocity of the car for the journey from P to Q? 

A 4.2 m s–1 B 4.7 m s–1 C 6.0 m s–1 D 14 m s–1 
 
 
6 The water surface in a deep well is 78.0 m below the top of the well. A person at the top of the 

well drops a heavy stone down the well. 
 

Air resistance is negligible. The speed of sound in the air is 330 m s–1. 
 

What is the time interval between the person dropping the stone and hearing it hitting the water? 

A 3.75 s B 3.99 s C 4.19 s D 4.22 s 
 
 
7 Which statement is not a requirement of a pair of forces that obey Newton’s third law of motion? 

A The forces act in opposite directions. 

B The forces act on different objects. 

C The forces act on objects in contact. 

D The forces are of equal magnitude. 
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6 Two projectiles, X and Y, are fired into the air from the same place on level ground and reach the 
same maximum height, as shown. 

 

path of X

ground

path of Y

 
 

Projectile X is fired vertically upwards and projectile Y is fired at an angle to the horizontal. 
 

Air resistance is negligible. 
 

Which statement is correct? 

A X and Y are at rest at their maximum heights. 

B X and Y are fired with the same speed. 

C X and Y take the same time to return to the ground. 

D X and Y travel the same distance. 
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7 A small glider moves along a horizontal air track as shown. 
 

glider

buffer

air track

air  
 

At each end of the air track, the glider has a perfectly elastic collision with a fixed buffer. 
 

The glider moves at a constant speed between collisions. 
 

Which graph represents the variation with time t of the velocity v of the glider as it moves 
between the two buffers? 

 
A B

C

v

t

v

t

v

t

v

t
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0
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0
0

0
0
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10 A person stands on the edge of a high cliff that is next to the sea. The person throws a stone 
vertically upwards. Air resistance acts on the stone. 

 
The stone eventually hits the sea. 

 
Which velocity–time graph best shows the motion of the stone from when it is released until it hits 
the sea? 

 

0
0

velocity

time

A

0
0

velocity

time

B

0
0

velocity

time

C

0
0

velocity

time

D

 
 
 
11 Skaters of masses 80 kg and 40 kg move directly towards each other and collide. 
 

Before the collision, the heavier skater is moving to the right at a speed of 2.0 m s–1 and the lighter 
skater is moving to the left at a speed of 1.0 m s–1. 

 
After the collision, the heavier skater moves to the right at a speed of 0.80 m s–1. 

 
What is the relative speed of separation of the two skaters? 

A 0.6 m s–1 B 1.4 m s–1 C 2.2 m s–1 D 2.6 m s–1 
 
 
12 Which statement describes the two forces in a couple? 

A They act in the same direction. 

B They act through the same point. 

C They produce zero resultant force. 

D They produce zero resultant moment. 
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5 A particle accelerates from rest. 
 

The graph shows the variation of the velocity v of the particle with time t. 
 

0
0

v

t  
 

Which graph shows the variation of the velocity v with the acceleration a of the particle? 
 

0

A

0

v

a 0

B

0

v

a 0

C

0

v

a 0

D

0

v

a  
 
 
6 The graph shows the vertical velocity of a parachutist during the first 20 s of her jump. 
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Approximately how far does she fall before opening the parachute? 

A 390 m B 570 m C 710 m D 770 m 
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5 A particle accelerates from rest. 
 

The graph shows the variation of the velocity v of the particle with time t. 
 

0
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v

t  
 

Which graph shows the variation of the velocity v with the acceleration a of the particle? 
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6 The graph shows the vertical velocity of a parachutist during the first 20 s of her jump. 
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Approximately how far does she fall before opening the parachute? 

A 390 m B 570 m C 710 m D 770 m 
 
 

122. Question | 9702 Oct-Nov 2022 P1 V2 Q5 4 

© UCLES 2022 9702/12/O/N/22  

5 A toy car travels on a circular track at a constant speed of 0.50 m s–1. It passes a point on the 
track at time t = 0 and takes a time of 40 s to travel once around the track. 

 
The magnitude of the average velocity of the car between t = 0 and t = 20 s is v20. 

 
The magnitude of the average velocity of the car between t = 0 and t = 40 s is v40. 

 
What are v20 and v40? 

 
 v20 / m s–1 v40 / m s–1 

A 0.32 0 

B 0.32 0.32 

C 0.50 0 

D 0.50 0.50 
 
 
6 The graph shows how the velocity v of an object moving in a straight line varies with time t from 

t = 0 to t = T. 
 

0
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Which graph could represent the displacement s of the object from time t = 0 to t = T ? 
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5 A toy car travels on a circular track at a constant speed of 0.50 m s–1. It passes a point on the 
track at time t = 0 and takes a time of 40 s to travel once around the track. 

 
The magnitude of the average velocity of the car between t = 0 and t = 20 s is v20. 

 
The magnitude of the average velocity of the car between t = 0 and t = 40 s is v40. 

 
What are v20 and v40? 

 
 v20 / m s–1 v40 / m s–1 

A 0.32 0 

B 0.32 0.32 

C 0.50 0 

D 0.50 0.50 
 
 
6 The graph shows how the velocity v of an object moving in a straight line varies with time t from 

t = 0 to t = T. 
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Which graph could represent the displacement s of the object from time t = 0 to t = T ? 
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7 A goods train passes through a station at a steady speed of 10 m s–1 at time t = 0. An express 
train is at rest at the station. The express train leaves the station with a uniform acceleration of 
0.5 m s–2 just as the goods train goes past. Both trains move in the same direction on straight, 
parallel tracks. 

 
At which time t does the express train overtake the goods train? 

A 6 s B 10 s C 20 s D 40 s 
 
 
8 A constant resultant force F acts on an object of mass m for time t. 
 

What is the change in momentum of the object? 

A 
t
F  B 

m
Ft  C Ft D 

mt
F  

 
 
9 The acceleration of free fall on the surface of planet P is one-tenth of that on the surface of 

planet Q. 
 

On the surface of P, an object has a mass of 1.0 kg and a weight of 1.0 N. 
 

What are the mass and the weight of the same object on the surface of planet Q? 
 

 mass on Q / kg weight on Q / N 

A 1.0 0.1 

B 1.0 10 

C 10 10 

D 10 100 
 
 
10 A parachutist falls from rest from a balloon. The variation with time of the vertical velocity of the 

parachutist is shown. 
 

In which region is the force due to air resistance much greater than the weight of the parachutist? 
 

vertical
velocity

time0
0

A

B

C

D
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5 A stone is projected horizontally at time t = 0 and falls. Air resistance is negligible. The stone has 
a horizontal component of velocity vH and a vertical component of velocity vV. 

 
Which graph shows how vH and vV vary with time t ? 

 
A

0
0 t

velocity vH

vV

C

0
0 t

velocity vH

vV

B

0
0 t

velocityvV

vH

D

0
0 t

velocity vH

vV

 
 
 
6 On the Earth, an object takes time TE to fall from rest through a vertical distance h. 
 

On the Moon, the same object takes time TM to fall from rest through the same vertical distance h. 
 

The ratio 
Moonthe on fall free ofonaccelerati
Earth the on fall free of onaccelerati  is equal to 6. 

 
Air resistance is negligible for the object on the Earth and on the Moon. 

 

What is the ratio 
M

E

T
T ? 

A 
6
1  B 

6
1  C 6  D 6 
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5 A stone is projected horizontally at time t = 0 and falls. Air resistance is negligible. The stone has 
a horizontal component of velocity vH and a vertical component of velocity vV. 

 
Which graph shows how vH and vV vary with time t ? 
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6 On the Earth, an object takes time TE to fall from rest through a vertical distance h. 
 

On the Moon, the same object takes time TM to fall from rest through the same vertical distance h. 
 

The ratio 
Moonthe on fall free ofonaccelerati
Earth the on fall free of onaccelerati  is equal to 6. 

 
Air resistance is negligible for the object on the Earth and on the Moon. 

 

What is the ratio 
M

E

T
T ? 

A 
6
1  B 

6
1  C 6  D 6 
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4

9702/01/SP/22© UCLES 2019

4	 Which row correctly describes the quantities momentum, power and temperature?

momentum power temperature

A scalar scalar vector

B scalar vector vector

C vector scalar scalar

D vector vector scalar

5	 A girl throws a ball vertically upwards. It takes a time of 3.20 s to return to her hand.

	 Assume air resistance is negligible.

	 What is the initial speed with which the ball is thrown?

	 A	 3.07 m s–1 	 B	 7.85 m s–1 	 C	 15.7 m s–1	 D	 31.4 m s–1

6	 A radio-controlled toy car travels along a straight line for a time of 15 s.

	 The variation with time t of the velocity v of the car is shown.

6.0

3.0

0

–3.0

–6.0

v / m s–1

0 5 10 15 t / s

	 What is the average velocity of the toy car for the journey shown by the graph?

	 A	 –1.5 m s–1	 B	 0.0 m s–1	 C	 4.0 m s–1	 D	 4.5 m s–1

7	 The acceleration of free fall on Pluto is 0.66 m s–2.

	 An object weighs 6.0 N on Earth.

	 What would this object weigh on Pluto?

	 A	 0.40 N 	 B	 0.93 N 	 C	 4.0 N 	 D	 39 N
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4	 Which row correctly describes the quantities momentum, power and temperature?

momentum power temperature

A scalar scalar vector

B scalar vector vector

C vector scalar scalar

D vector vector scalar

5	 A girl throws a ball vertically upwards. It takes a time of 3.20 s to return to her hand.

	 Assume air resistance is negligible.

	 What is the initial speed with which the ball is thrown?

	 A	 3.07 m s–1 	 B	 7.85 m s–1 	 C	 15.7 m s–1	 D	 31.4 m s–1

6	 A radio-controlled toy car travels along a straight line for a time of 15 s.

	 The variation with time t of the velocity v of the car is shown.

6.0

3.0

0

–3.0

–6.0

v / m s–1

0 5 10 15 t / s

	 What is the average velocity of the toy car for the journey shown by the graph?

	 A	 –1.5 m s–1	 B	 0.0 m s–1	 C	 4.0 m s–1	 D	 4.5 m s–1

7	 The acceleration of free fall on Pluto is 0.66 m s–2.

	 An object weighs 6.0 N on Earth.

	 What would this object weigh on Pluto?

	 A	 0.40 N 	 B	 0.93 N 	 C	 4.0 N 	 D	 39 N
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129. Question | 9702 Specimen 2022 P1 Q9 6
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9	 An object is dropped at time t = 0 from a high building. Air resistance is significant.

	 Three graphs are plotted against time:

•• the height of the object above the ground
•• the speed of the object
•• the magnitude of the resultant force on the object.

0
0

X

time

0
0

Y

time

0
0

Z

time

	 What are the quantities X, Y and Z?

height of the object 
above the ground speed of the object

magnitude of the 
resultant force on 

the object

A

B

C

D

X

X

Y

Z

Y

Z

Z

Y

Z

Y

X

X
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4 A snooker ball of mass 0.20 kg has a collision so that its direction of movement changes by an 
angle of 90°, as shown. 

 

0.40 m s–1

0.30 m s–1

before the collision after the collision

snooker ball,
mass 0.20 kg

 
 

The ball has a speed of 0.40 m s–1 before the collision and a speed of 0.30 m s–1 after the collision. 
 

What is the magnitude of the change in momentum of the snooker ball? 

A 0.020 kg m s–1 

B 0.10 kg m s–1 

C 0.14 kg m s–1 

D 0.50 kg m s–1 
 
 
5 A ball is kicked upwards at an angle of 45° to horizontal ground. After a short flight, the ball 

returns to the ground. 
 

It may be assumed that air resistance is negligible. 
 

What is never zero during the flight of the ball? 

A the horizontal component of the ball’s acceleration 

B the horizontal component of the ball’s velocity 

C the vertical component of the ball’s momentum 

D the vertical component of the ball’s velocity 
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6 The graph shows the variation with time t of the displacement s of an object. 
 

t
0

0

s

 
 

Which graph represents the variation with time t of the acceleration a of the object? 
 

t
0

0

a

A

t
0

0

a

B

t
0

0

a

C

t
0

0

a

D

 
 
 
7 Which expression defines force? 

A (mass × change in speed) × time taken 

B mass change in speed
time taken

×  

C (change of momentum) × time taken 

D change of momentum
time taken
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5 One object moves directly from P to R. 
 

P

R

Q

 
 

In a shorter time, a second object moves from P to Q to R. 
 

Which statement about the two objects is correct for the journey from P to R? 

A They have the same average speed. 

B They have the same average velocity. 

C They have the same displacement. 

D They travel the same distance. 
 
 
6 A ball is kicked so that it has an initial velocity of 12 m s–1 at an angle of 50 to horizontal ground. 
 

Assume that air resistance is negligible. 
 

50�

12 m s–1

 
 

What is the maximum height above the ground that is reached by the ball? 

A 0.47 m B 3.0 m C 4.3 m D 7.3 m 
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5 One object moves directly from P to R. 
 

P

R

Q

 
 

In a shorter time, a second object moves from P to Q to R. 
 

Which statement about the two objects is correct for the journey from P to R? 

A They have the same average speed. 

B They have the same average velocity. 

C They have the same displacement. 

D They travel the same distance. 
 
 
6 A ball is kicked so that it has an initial velocity of 12 m s–1 at an angle of 50 to horizontal ground. 
 

Assume that air resistance is negligible. 
 

50�

12 m s–1

 
 

What is the maximum height above the ground that is reached by the ball? 

A 0.47 m B 3.0 m C 4.3 m D 7.3 m 
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4 An aircraft travels along a horizontal path. Two of the forces that act horizontally on the aircraft 
are the thrust force of the engines and the force due to the wind. The vector diagram for these 
forces is shown. 

 

thrust force

of the engines

force due

to the wind

 
 

Which vector represents the resultant horizontal force acting on the aircraft due to these two 
forces? 

 
A B C D

 
 
 
5 A ball travels from point X to point Y around a semicircular track of radius 1.0 m, as shown. 
 

X

Y

1.0 m

ballnorth

south

eastwest

 
 

What is the displacement of the ball from X to Y? 

A 2.0 m 

B 2.0 m due south 

C 3.1 m 

D 3.1 m due south 
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6 A rock is launched vertically upwards from the surface of the Earth and an identical rock is 
launched vertically upwards from the surface of Mars. Each rock is launched with an initial 
velocity of 12 m s–1. 

 
Each rock then reaches its maximum height above the surface before returning back down to the 
surface. The velocity–time graph for each rock is shown. In both cases, air resistance is 
negligible. 

 

velocity

/ m s–1

15

10

5

0

–5

–10

–15

0 2.0 4.0 6.0 8.0
time / s

Earth Mars

 
 

What is the difference in the maximum heights of the two rocks? 

A 12 m B 15 m C 19 m D 24 m 
 
 
7 Which statement describes the mass of an object? 

A the force the object experiences due to gravity 

B the momentum of the object before a collision 

C the resistance of the object to changes in motion 

D the weight of the object as measured by a balance 
 
 

136. Question | 9702 May-June 2023 P1 V3 Q5 4 

© UCLES 2023 9702/13/M/J/23  

5 Which equation, representing uniformly accelerated motion in a straight line, can be determined 
using only the definition of acceleration? 

A s = ut + 2
2
1 at  

B s = tvu )( +2
1  

C v = u + at 

D v 
2 = u 

2 + 2as 
 
 
6 An object moves from rest with uniform velocity horizontally and uniform acceleration vertically. 
 

Which graph showing the variation with time of the displacement of the object from its initial 
position is correct? 

 

0

A

0
time

horizontal

displacement

0

B

0
time

vertical

displacement

0

C

0
time

horizontal

displacement

0

D

0
time

vertical

displacement
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5 Which equation, representing uniformly accelerated motion in a straight line, can be determined 
using only the definition of acceleration? 

A s = ut + 2
2
1 at  

B s = tvu )( +2
1  

C v = u + at 

D v 
2 = u 

2 + 2as 
 
 
6 An object moves from rest with uniform velocity horizontally and uniform acceleration vertically. 
 

Which graph showing the variation with time of the displacement of the object from its initial 
position is correct? 
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0
time
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displacement
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B

0
time
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displacement

0
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0
time
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time
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15 An airport has a mechanical system for moving luggage. The system uses a horizontal conveyor 
belt, a sloping conveyor belt, a lift and a frictionless slide. A suitcase is moved around the airport 
using this system. 

 

8 m

16 m

10 m

12 m

 
 

Resistive forces opposing the motion of the suitcase are negligible. 
 

For which movement of the suitcase is the net work done on the suitcase greatest? 

A moving the suitcase a distance of 8 m at a constant speed up the sloping conveyor belt 

B moving the suitcase a distance of 16 m at a constant speed along the horizontal conveyor 
belt 

C moving the suitcase a distance of 10 m at a constant speed vertically upwards on the lift 

D moving the suitcase a distance of 12 m at increasing speed downwards on the slide 
 
 
16 A car moves along a horizontal road with a constant velocity v against a resistive force F. 
 

The engine of the car has an efficiency of 25%. 
 

What is the input power to the engine? 

A 
4.0
Fv  B 

Fv
4.0  C 4.0Fv D 

v
F4.0  

 
 
17 An object of mass 0.40 kg is projected into the air and follows a curved path above horizontal 

ground. 
 

path of object

ground

18 m

object,

mass 0.40 kg

 
 

The object takes a time of 1.5 s to move along its path. The object lands a horizontal distance of 
18 m from its initial position. Air resistance is negligible. 

 
What is the kinetic energy of the object at its maximum height? 

A 0 J B 2.4 J C 11 J D 29 J 
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1 What is a reasonable estimate of the cross-sectional area of the wire in a paper clip? 

A 1 × 10–3
 m2 B 8 × 10–5

 m2 C 8 × 10–7
 m2 D 1 × 10–9

 m2 
 
 
2 Which quantity is not an SI base quantity? 

A charge 

B mass 

C temperature 

D time 
 
 
3 A student determines the acceleration of free fall by using a small metal ball, as shown. 
 

S
electromagnet

P

Q

metal ball electronic timer

trapdoor

 
 

When switch S is opened, the ball is released from an electromagnet and an electronic timer is 
started. The ball then falls vertically downwards. The timer stops when the ball hits a trapdoor. 
The student measures the distance PQ between the electromagnet and the trapdoor. This 
distance and the reading on the timer are then used to calculate the acceleration of free fall. 

 
Which statement about errors in the experiment is correct? 

A The random error can be reduced by adding the diameter of the ball to the distance PQ. 

B The random error can be reduced by subtracting the diameter of the ball from the distance PQ. 

C The systematic error can be reduced by adding the diameter of the ball to the distance PQ. 

D The systematic error can be reduced by subtracting the diameter of the ball from the distance 
PQ. 
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5 A parachutist falls from a stationary balloon at time t = 0. The velocity–time graph for the 
parachutist from time t = 0 until the time when he is just above the ground is shown. 

 

velocity

0 P Q R S
0

time 
 

Which graph best shows the variation with time of the acceleration of the parachutist? 
 

acceleration

0 P Q

A

R S
0

time

acceleration

0 P Q

B

R S
0

time

acceleration

0 P Q
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R S
0

time
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0 P Q
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R S
0

time

 
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

141. Question | 9702 Oct-Nov 2023 P1 V1 Q6 6 

© UCLES 2023 9702/11/O/N/23  

6 A projectile is fired from point P with velocity V at an angle θ to the horizontal. It lands at point Q, 
a horizontal distance R from P, after time T. 

 

P Q
�

path of projectile

horizontal

V

R
 

 
The acceleration of free fall is g. Air resistance is negligible. 

 
Which equation is correct? 

A R = VT cos θ 

B R = VT sin θ 

C R = VT cos θ – 1
2 gT 

2 

D R = VT sin θ – 1
2 gT 

2 
 
 
7 A man stands in a lift that is accelerating vertically downwards, as shown. 
 

lift

acceleration

 
 

Which statement describes the force exerted by the man on the floor? 

A It is equal to the weight of the man. 

B It is greater than the force exerted by the floor on the man. 

C It is less than the force exerted by the floor on the man. 

D It is less than the weight of the man. 
 
 
8 A ball of mass 200 g is thrown horizontally with a speed of 20 m s–1 against a vertical wall. 
 

The ball is in contact with the wall for a time of 0.10 s before rebounding back along its original 
path with a speed of 10 m s–1. 

 
What is the average force exerted by the wall on the ball during the collision? 

A 20 N B 60 N C 20 kN D 60 kN 
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1 A student estimates the maximum speed of some different moving objects. 
 

Which maximum speed is not a reasonable estimate? 

A container ship: 10 m s–1 

B Olympic sprinter: 0.1 km s–1 

C racing car: 9000 cm s–1 

D snail: 0.01 km h–1 
 
 
2 Which quantity is an SI base quantity? 

A force 

B newton 

C second 

D time 
 
 
3 A student takes measurements to determine the constant acceleration of a model car moving 

from rest in a straight line. The measured values with their absolute uncertainties are shown. 
 

quantity measured 
value uncertainty 

displacement 16.5 m ± 0.1 m 

time 15.0 s ± 1.0 s 
 

The student uses the equation s = 2
2
1 at  to calculate the acceleration of the car. 

 
What is the acceleration and its absolute uncertainty? 

A (0.11 ± 0.01) m s–2 

B (0.11 ± 0.02) m s–2 

C (0.15 ± 0.01) m s–2 

D (0.15 ± 0.02) m s–2 
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4 An aeroplane is moving at a constant speed in a straight line at an angle θ to the horizontal. 
 

Four forces act on the aeroplane: thrust force T, weight W, lift force L and resistive force R. 
 

L T

W

R

�  
 

Which two equations must be correct? 

A L = W cos θ   and  T = R + W sin θ 

B L = W sin θ   and  T = R + W cos θ 

C L = W cos θ   and  T = R – W sin θ 

D L = W sin θ   and  T = R – W cos θ 
 
 
5 What is the definition of acceleration? 

A the rate of change of displacement 

B the rate of change of kinetic energy 

C the rate of change of momentum 

D the rate of change of velocity 
 
 
6 An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity 

has a vertical component of 8.00 m s–1 and a horizontal component of 4.00 m s–1, as shown. 
 

8.00 m s–1

initial velocity

4.00 m s–1

path of ball

 
 

The acceleration of free fall on the Moon is 1.62 m s–2. 
 

What is the speed of the ball 9.00 s after being thrown? 

A 6.58 m s–1 B 7.70 m s–1 C 10.6 m s–1 D 14.6 m s–1 
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4 An aeroplane is moving at a constant speed in a straight line at an angle θ to the horizontal. 
 

Four forces act on the aeroplane: thrust force T, weight W, lift force L and resistive force R. 
 

L T

W

R

�  
 

Which two equations must be correct? 

A L = W cos θ   and  T = R + W sin θ 

B L = W sin θ   and  T = R + W cos θ 

C L = W cos θ   and  T = R – W sin θ 

D L = W sin θ   and  T = R – W cos θ 
 
 
5 What is the definition of acceleration? 

A the rate of change of displacement 

B the rate of change of kinetic energy 

C the rate of change of momentum 

D the rate of change of velocity 
 
 
6 An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity 

has a vertical component of 8.00 m s–1 and a horizontal component of 4.00 m s–1, as shown. 
 

8.00 m s–1

initial velocity

4.00 m s–1

path of ball

 
 

The acceleration of free fall on the Moon is 1.62 m s–2. 
 

What is the speed of the ball 9.00 s after being thrown? 

A 6.58 m s–1 B 7.70 m s–1 C 10.6 m s–1 D 14.6 m s–1 
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4 A boat is crossing a river in which the water is moving at a speed of 4.0 m s–1 from left to right. 
 

river bank

river bank

velocity of
water, 4.0 m s–1

velocity of boat in
still water, 6.0 m s–1 resultant velocity, v�

NOT TO
SCALE

 
 

In still water, the speed of the boat is 6.0 m s–1. The boat is directed at an angle   to a line 
perpendicular to the river banks. The resultant velocity v of the boat is in a direction perpendicular 
to the river banks. 

 
What are the values of   and v? 

 
   /  v / m s–1 

A 42 4.5 

B 42 7.2 

C 48 4.5 

D 48 7.2 
 
 
5 A student walks at a constant speed for a distance of 50 m in a time of 40 s. The student rests for 

a time of 10 s and then walks back to the starting point at a constant speed in a time of 30 s. 
 

What is the distance–time graph for the motion of the student? 
 

100

50

0
0 20 40

A

60 80

distance / m

time / s

100

50

0
0 20 40

B

60 80

distance / m

time / s

100

50

0
0 20 40

C

60 80

distance / m

time / s

100

50

0
0 20 40

D

60 80

distance / m

time / s  
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4 A boat is crossing a river in which the water is moving at a speed of 4.0 m s–1 from left to right. 
 

river bank

river bank

velocity of
water, 4.0 m s–1

velocity of boat in
still water, 6.0 m s–1 resultant velocity, v�

NOT TO
SCALE

 
 

In still water, the speed of the boat is 6.0 m s–1. The boat is directed at an angle   to a line 
perpendicular to the river banks. The resultant velocity v of the boat is in a direction perpendicular 
to the river banks. 

 
What are the values of   and v? 

 
   /  v / m s–1 

A 42 4.5 

B 42 7.2 

C 48 4.5 

D 48 7.2 
 
 
5 A student walks at a constant speed for a distance of 50 m in a time of 40 s. The student rests for 

a time of 10 s and then walks back to the starting point at a constant speed in a time of 30 s. 
 

What is the distance–time graph for the motion of the student? 
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6 The time taken for an object to fall from rest through a certain distance on Mars is TM. The time 
taken for the same object to fall from rest through the same distance on Earth is TE. The 
acceleration of free fall on Mars is 3.71 m s–2. 

 
Assume that air resistance is negligible on both Earth and Mars. 

What is the ratio M

E

?T
T

 

A 0.378 B 0.615 C 1.63 D 2.64 
 
 
7 Which statement about mass is correct? 

A Mass has a magnitude and a direction. 

B Mass resists changes in motion. 

C The greater the mass of an object, the greater its acceleration when falling in a vacuum. 

D The mass of an object depends on its location. 
 
 
8 A snooker ball has a mass of 200 g. It hits the cushion of a snooker table and rebounds along its 

original path. 
 

The ball arrives at the cushion with a speed of 14.0 m s–1 and then leaves it with a speed of 
7.0 m s–1. The ball and the cushion are in contact for a time of 0.60 s. 

 
What is the average force exerted on the ball by the cushion? 

A 1.4 N B 2.3 N C 4.2 N D 7.0 N 
 
 
9 A ball falls from rest through air and eventually reaches a constant velocity. 
 

For this fall, forces X and Y vary with time as shown. 
 

time

force Y

time

force X

0
0

0
0

 
 

What could be forces X and Y ? 
 

 force X force Y 

A air resistance resultant force 

B air resistance weight 

C upthrust resultant force 

D upthrust weight 

148. Question | 9702 Feb-March 2024 P1 V2 Q5
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4 An object of fixed mass is initially at rest at point P. The object then moves away from point P 
with uniform acceleration. 

 
Which statement describes the resultant force acting on the object when it is moving? 

A It increases uniformly with respect to time. 

B It is constant but not zero. 

C It is proportional to the displacement from point P. 

D It is zero. 
 
 
5 A projectile is launched at an angle of 25 to the horizontal with a horizontal component of 

velocity of 13 m s–1. 
 

What is the vertical component of the velocity of the projectile when it is launched? 

A 5.5 m s–1 B 6.1 m s–1 C 12 m s–1 D 14 m s–1 
 
 
6 A ball is released from rest at position X at time zero. At 1.0  s, it bounces inelastically from a 

horizontal surface and rebounds, reaching the top of its first bounce at 1.5 s. 
 

10

5

0

–5

velocity
/ms–1

time / s
0 1.0.0.5 1.5

 
 

What is the total displacement of the ball from its original position X at 1.5 s? 

A 1.25 m B 3.75 m C 5.00 m D 6.25 m
 
 
7 What is the definition of acceleration? 

A change in velocity per unit time 

B rate of change of speed per unit time 

C rate of change of velocity per unit time 

D resultant force per unit mass 
 
 



9702 Physics Paper 1 - Kinematics
Topical questions | 198 questions

149. Question | 9702 Feb-March 2024 P1 V2 Q6

4 

© UCLES 2024 9702/12/F/M/24  

4 An object of fixed mass is initially at rest at point P. The object then moves away from point P 
with uniform acceleration. 

 
Which statement describes the resultant force acting on the object when it is moving? 

A It increases uniformly with respect to time. 

B It is constant but not zero. 

C It is proportional to the displacement from point P. 

D It is zero. 
 
 
5 A projectile is launched at an angle of 25 to the horizontal with a horizontal component of 

velocity of 13 m s–1. 
 

What is the vertical component of the velocity of the projectile when it is launched? 

A 5.5 m s–1 B 6.1 m s–1 C 12 m s–1 D 14 m s–1 
 
 
6 A ball is released from rest at position X at time zero. At 1.0  s, it bounces inelastically from a 

horizontal surface and rebounds, reaching the top of its first bounce at 1.5 s. 
 

10

5

0

–5

velocity
/ms–1

time / s
0 1.0.0.5 1.5

 
 

What is the total displacement of the ball from its original position X at 1.5 s? 

A 1.25 m B 3.75 m C 5.00 m D 6.25 m
 
 
7 What is the definition of acceleration? 

A change in velocity per unit time 

B rate of change of speed per unit time 

C rate of change of velocity per unit time 

D resultant force per unit mass 
 
 

150. Question | 9702 Feb-March 2024 P1 V2 Q7

4 

© UCLES 2024 9702/12/F/M/24  

4 An object of fixed mass is initially at rest at point P. The object then moves away from point P 
with uniform acceleration. 

 
Which statement describes the resultant force acting on the object when it is moving? 

A It increases uniformly with respect to time. 

B It is constant but not zero. 

C It is proportional to the displacement from point P. 

D It is zero. 
 
 
5 A projectile is launched at an angle of 25 to the horizontal with a horizontal component of 

velocity of 13 m s–1. 
 

What is the vertical component of the velocity of the projectile when it is launched? 

A 5.5 m s–1 B 6.1 m s–1 C 12 m s–1 D 14 m s–1 
 
 
6 A ball is released from rest at position X at time zero. At 1.0  s, it bounces inelastically from a 

horizontal surface and rebounds, reaching the top of its first bounce at 1.5 s. 
 

10

5

0

–5

velocity
/ms–1

time / s
0 1.0.0.5 1.5

 
 

What is the total displacement of the ball from its original position X at 1.5 s? 

A 1.25 m B 3.75 m C 5.00 m D 6.25 m
 
 
7 What is the definition of acceleration? 

A change in velocity per unit time 

B rate of change of speed per unit time 

C rate of change of velocity per unit time 

D resultant force per unit mass 
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8 Two balls P and Q, of equal mass, move along a straight line directly towards each other as 
shown. 

 

P

1.30 m s–1

Q

0.50 m s–1

 
 

Ball P has velocity 1.30 m s–1 to the right. Ball Q has velocity 0.50 m s–1 to the left. 
 

P and Q collide with one another. The collision is perfectly elastic and the total momentum is 
conserved. 

 
Which diagram correctly shows the motion of P and Q after the collision? 

 

P

C

0.50 m s–1

Q

1.30 m s–1

P

D

0.19 m s–1

Q

0.99 m s–1

P

A

0.22 m s–1

Q

0.58 m s–1

P

B

0.40 m s–1

Q

0.40 m s–1

 
 
 
9 A basketball player hits a ball vertically downwards with a speed of 2.4 m s–1 from a height of 

0.90 m. 
 

Air resistance is negligible. 
 

What is the speed of the ball as it hits the ground? 

A 4.2 m s–1 B 4.8 m s–1 C 18 m s–1 D 23 m s–1 
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1 Which unit is an SI base unit? 

A ampere 

B coulomb 

C degree Celsius 

D gram 
 
 
2 Which of the following could have the same units as force? 

A 
distance
energy

 

B 
time

energy
 

C momentum  distance 

D momentum  time 
 
 
3 The velocity of an object changes from an initial velocity u to a final velocity v. The vectors 

represent these velocities. 
 

u v

 
 

Which single vector represents the change in velocity of the object? 
 

A B C D

 
 
 
4 An object is moving with initial velocity u. The object then moves with uniform acceleration a for 

time t until it reaches final velocity v. 
 

Which equation describes the motion of the object? 

A u = v – 2at B u = v – at C v = u + at 
2 D v = u + 2at 

2 
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1 Which unit is an SI base unit? 

A ampere 

B coulomb 

C degree Celsius 

D gram 
 
 
2 Which of the following could have the same units as force? 

A 
distance
energy

 

B 
time

energy
 

C momentum  distance 

D momentum  time 
 
 
3 The velocity of an object changes from an initial velocity u to a final velocity v. The vectors 

represent these velocities. 
 

u v

 
 

Which single vector represents the change in velocity of the object? 
 

A B C D

 
 
 
4 An object is moving with initial velocity u. The object then moves with uniform acceleration a for 

time t until it reaches final velocity v. 
 

Which equation describes the motion of the object? 

A u = v – 2at B u = v – at C v = u + at 
2 D v = u + 2at 

2 
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5 Which calculation produces a vector quantity? 

A current  time 

B final displacement – initial displacement 

C 
time

done work  

D 
2
1   mass  (speed)2 

 
 
6 A thermometer can be read to an accuracy of ± 0.5 C. This thermometer is used to measure a 

temperature rise from 40 C to 100 C. 
 

What is the percentage uncertainty in the measurement of the temperature rise? 

A 0.5% B 0.8% C 1.3% D 1.7% 
 
 
7 The diagram shows the path of a golf ball. 
 

 
 

Which row describes changes in the horizontal and vertical components of the golf ball’s velocity 
when air resistance is ignored? 

 
 horizontal vertical 

A constant deceleration constant acceleration downwards 

B 
 

constant deceleration 
 

acceleration decreases upwards 
then increases downwards 

C constant velocity constant acceleration downwards 

D 
 

constant velocity 
 

acceleration decreases upwards 
then increases downwards 

 
 
8 An aircraft flies from London to Sydney in a time of 21 hours 40 minutes. 
 

The distance travelled is 17 000 km. 
 

What is the average speed of the aircraft? 

A 2.2 m s–1 

B 2.2  107
 m s–1 

C 2.2  1011
 nm s–1 

D 2.2  106
 mm s–1 
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1 What is a scalar quantity? 

A a quantity that can be represented as two perpendicular components 

B a quantity that does not require a unit 

C a quantity without a direction 

D a quantity without a magnitude 
 
 
2 The value of quantity X has a percentage uncertainty of 2%. 
 

The value of quantity Y has a percentage uncertainty of 4%. 
 

The value of a quantity W is calculated from the values of X and Y. 
 

The value of W has a percentage uncertainty of 8%. 
 

What could be the relationship between W, X and Y ? 

A W = XY B W = 2XY C W = 
2Y

X  D W = 
2X

Y  

 
 
3 A football is kicked so that it moves vertically upwards through the air. 
 

What is the variation in the air resistance and the resultant force acting on the ball as it moves 
vertically upwards? 

 
 air resistance resultant force 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
 
 
4 Which statement is not correct? 

A Acceleration can be determined from the gradient of a velocity–time graph. 

B Acceleration is the rate of change of velocity. 

C Displacement can be determined from the area under a velocity–time graph. 

D Velocity is the rate of change of distance. 
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1 What is a scalar quantity? 

A a quantity that can be represented as two perpendicular components 

B a quantity that does not require a unit 

C a quantity without a direction 

D a quantity without a magnitude 
 
 
2 The value of quantity X has a percentage uncertainty of 2%. 
 

The value of quantity Y has a percentage uncertainty of 4%. 
 

The value of a quantity W is calculated from the values of X and Y. 
 

The value of W has a percentage uncertainty of 8%. 
 

What could be the relationship between W, X and Y ? 

A W = XY B W = 2XY C W = 
2Y

X  D W = 
2X

Y  

 
 
3 A football is kicked so that it moves vertically upwards through the air. 
 

What is the variation in the air resistance and the resultant force acting on the ball as it moves 
vertically upwards? 

 
 air resistance resultant force 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
 
 
4 Which statement is not correct? 

A Acceleration can be determined from the gradient of a velocity–time graph. 

B Acceleration is the rate of change of velocity. 

C Displacement can be determined from the area under a velocity–time graph. 

D Velocity is the rate of change of distance. 
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5 The diagram shows a laboratory experiment in which a feather falls from rest in a long evacuated 
vertical tube of length L. 

 

L

feather

vacuum

 
 

The feather takes time T to fall from the top to the bottom of the tube. 
 

How far does the feather fall from the top of the tube in time 0.50T ? 

A 0.13L B 0.25L C 0.38L D 0.50L 
 
 
6 A car travels along a straight horizontal road. The graph shows the variation of the velocity v of 

the car with time t for 6.0 s of its journey. 
 

30

20

10

0

v / m s–1

t / s
0 1.0 2.0 3.0 4.0 5.0 6.0

 
 

The brakes of the car are applied from t = 1.0 s to t = 4.0 s. 
 

How far does the car travel while the brakes are applied? 

A 21 m B 45 m C 67 m D 83 m 
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5 The diagram shows a laboratory experiment in which a feather falls from rest in a long evacuated 
vertical tube of length L. 

 

L

feather

vacuum

 
 

The feather takes time T to fall from the top to the bottom of the tube. 
 

How far does the feather fall from the top of the tube in time 0.50T ? 

A 0.13L B 0.25L C 0.38L D 0.50L 
 
 
6 A car travels along a straight horizontal road. The graph shows the variation of the velocity v of 

the car with time t for 6.0 s of its journey. 
 

30

20

10

0

v / m s–1

t / s
0 1.0 2.0 3.0 4.0 5.0 6.0

 
 

The brakes of the car are applied from t = 1.0 s to t = 4.0 s. 
 

How far does the car travel while the brakes are applied? 

A 21 m B 45 m C 67 m D 83 m 
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7 Two satellites in deep space collide inelastically. 
 

What happens to the total kinetic energy and total momentum? 
 

 total  
kinetic energy 

total 
momentum 

A conserved conserved 

B conserved reduced 

C reduced conserved 

D reduced reduced 
 
 
8 What is a reasonable estimate of the momentum of a family car travelling at 25 kilometres per 

hour? 

A 1  104
 kg m s–1 

B 1  105
 kg m s–1 

C 1  106
 kg m s–1 

D 1  107
 kg m s–1 

 
 
9 A ball collides with a wall. Before the collision, the ball moves with velocity 8 m s–1 to the right. 

After the collision, it moves with velocity 3 m s–1 to the left. 
 

What is the change in velocity of the ball during the collision? 

A 5 m s–1 to the left 

B 5 m s–1 to the right 

C 11 m s–1 to the left 

D 11 m s–1 to the right 
 
 

160. Question | 9702 May-June 2024 P1 V3 Q5 4 
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5 The diagram shows a velocity–time graph for an object moving in a straight line. 
 

12

9

6

3

0
0 1 2 3 4

velocity / m s–1

time / s  
 

What is the displacement during the last 2 seconds of the motion? 

A 6 m B 12 m C 18 m D 24 m 
 
 
6 A block is moving along a horizontal frictionless surface. A constant force F and a constant 

resistive force of 5.0 N act on the block as it is moving in the direction of the force F, as shown. 
 

direction of
movement

5.0 NF

frictionless
surface

 
 

The graph shows the variation with time of the momentum of the block. 
 

0
1.5

2.7

0.40
time / s

momentum
/ kg m s–1

 
 

What is the magnitude of force F ? 

A 2.0 N B 3.0 N C 5.0 N D 8.0 N 
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7 Newton’s third law describes two forces that are equal in magnitude and form a pair. 
 

Which description of the two forces in such a pair is not correct? 

A They act in opposite directions. 

B They act on different objects. 

C They are the same type of force. 

D They cause an object to be in equilibrium. 
 
 
8 The graph shows the variation with time of the speed of a raindrop falling vertically through air. 
 

speed

time
0

0  
 

Which statement is correct? 

A The acceleration decreases to produce a steady speed. 

B The acceleration increases as the speed increases. 

C The air resistance decreases as the speed increases. 

D The resultant force increases as the speed increases. 
 
 
9 Which statement about a perfectly elastic collision between two objects is correct? 

A Total kinetic energy is conserved and the relative speed of approach equals the relative 
speed of separation. 

B Total kinetic energy is conserved but the relative speed of approach does not equal the 
relative speed of separation. 

C Total kinetic energy is not conserved and the relative speed of approach does not equal the 
relative speed of separation. 

D Total kinetic energy is not conserved but the relative speed of approach does equal the 
relative speed of separation. 
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1 What are the SI base units for the moment of a force? 

A kg m–1
 s2 B kg s–2 C kg m s–2 D kg m2

 s–2 
 
 
2 Which statement about vector quantities is correct? 

A Acceleration of free fall is a vector quantity because it has a constant magnitude. 

B Temperature in C is a vector quantity because it can be positive or negative. 

C Time is a vector quantity because it can only go in the forwards direction. 

D Weight is a vector quantity because it has a direction. 
 
 
3 The density of the material of a rectangular block is determined by measuring the mass and 

linear dimensions of the block. The list shows the results obtained, together with their 
uncertainties. 

 
mass = (25.0  0.1) g 

length = (5.00  0.01) cm 

width = (2.00  0.01) cm 

height = (1.00  0.01) cm 
 

The density is calculated to be 2.50 g cm–3. 
 

What is the uncertainty in this result? 

A  0.01 g cm–3 B  0.02 g cm–3 C  0.05 g cm–3 D  0.13 g cm–3 
 
 
4 What is a reasonable estimate of the volume of one page from this examination paper? 

A 60 mm3 B 600 mm3 C 6000 mm3 D 60 000 mm3 
 
 
5 An object is projected from horizontal ground at a velocity of magnitude u and angle   to the 

horizontal. It hits the ground at a time t after it is projected. Assume air resistance is negligible. 
 

u

�  
 

Which statement does not describe the motion of this object? 

A The horizontal component of the object’s velocity is constant and has the value ucos. 

B The horizontal distance travelled by the object is tucos. 

C The time taken for the object to reach maximum height is 
2
t . 

D The vertical component of the object’s velocity is constant and has the value usin. 
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6 A person, travelling on a motorway a total distance of 200 km, travels the first 90 km at an 
average speed of 80 km h–1. 

 
Which average speed must be obtained for the rest of the journey if the person is to reach the 
destination in a total time of 2 hours 0 minutes? 

A 110 km h–1 B 120 km h–1 C 122 km h–1 D 126 km h–1 
 
 
7 A car of mass 1200 kg has momentum 18 000 kg m s–1. 
 

What is the kinetic energy of the car? 

A 4.65 kJ B 6.57 kJ C 135 kJ D 270 kJ 
 
 
8 A ladder is positioned on icy (frictionless) ground and is leant against a rough wall. At the instant 

of release it begins to slide. 
 

Which diagram shows the directions of the forces P, W and R acting on the ladder as it slides? 
 

A

wall

ground

P

W

R

B

wall

ground

P

P

W

R

C

wall

ground

P

W

R R

D

wall

ground

W

ladder ladder

ladder ladder
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11 A stationary ball of mass m is hit by a bat. The ball leaves the bat with velocity v. 
 

The bat is in contact with the ball for a short time t. 
 

What is the average force of the bat on the ball? 

A mvt B 
t

mv


 C tmv 2
2
1  D 

t
mv


2
2
1

 

 
 
12 A disc of mass M is moving across a horizontal frictionless surface with constant velocity u. It 

collides with a stationary disc of mass 4M. 
 

The diagram shows the view from above of the motion of the two discs before and after the 
collision. 

 
before collision after collision

M 4M

u
45�

45�

v

M

4M

4.0 m s–1

 
 

What is the initial velocity u of the disc of mass M ? 

A 1.1 m s–1 B 1.4 m s–1 C 3.5 m s–1 D 5.7 m s–1 
 
 
13 An object is dropped from rest on the Earth from a height of 2.0 m. 
 

The same object is dropped from rest on the Moon from twice the height. 
 

The acceleration of free fall on the Moon is approximately 16% of the value on the Earth. 
 

Assume that there are no resistive forces acting on the object. 

What is the ratio 
Moon the on surface the hitting before just object the of speed
Earth the on surface the hitting before just object the of speed

? 

A 1.8 B 2.5 C 3.1 D 3.5 
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14 The graph shows how velocity v varies with time t for a bungee jumper. 
 

0
0

v

t

P

Q

R

 
 

At which point is the bungee jumper momentarily at rest and at which point does she have zero 
acceleration? 

 

 jumper at rest jumper with zero 
acceleration 

A Q P 

B Q R 

C R Q 

D R R 
 
 
15 A solid sphere, which is less dense than water, is held completely immersed in water a few 

metres below the surface. The density of the water is uniform. 
 

The sphere is released. Immediately after release, the sphere rises. 
 

Which row describes the changes in the magnitudes of the upthrust on the sphere and the 
resultant force on the sphere as it rises? 

 

 upthrust on 
the sphere 

resultant force 
on the sphere 

A constant decreasing 

B constant increasing 

C decreasing decreasing 

D decreasing increasing 
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4 The graph shows how the acceleration of an object moving in a straight line varies with time. 
 

acceleration

time
0

0  
 

The object starts from rest. 
 

Which graph shows the variation with time of the velocity of the object over the same time 
interval? 

 

velocity

time

A

velocity

time

B

velocity

time

C

velocity

time

D

0
0

0
0

0
0

0
0

 
 
 
5 A stone falls vertically from rest. Air resistance is negligible. 
 

What is the speed of the stone when it has fallen through a distance of 0.40 m? 

A 2.0 m s–1 B 2.8 m s–1 C 3.9 m s–1 D 7.8 m s–1 
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4 The graph shows how the acceleration of an object moving in a straight line varies with time. 
 

acceleration

time
0

0  
 

The object starts from rest. 
 

Which graph shows the variation with time of the velocity of the object over the same time 
interval? 

 

velocity

time

A

velocity

time

B

velocity

time

C

velocity

time

D

0
0

0
0

0
0

0
0

 
 
 
5 A stone falls vertically from rest. Air resistance is negligible. 
 

What is the speed of the stone when it has fallen through a distance of 0.40 m? 

A 2.0 m s–1 B 2.8 m s–1 C 3.9 m s–1 D 7.8 m s–1 
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6 A ball is thrown horizontally off a tall building. The ground is horizontal. Air resistance is 
negligible. 

 
Which statement about the motion of the ball is correct? 

A The acceleration of the ball is always at right angles to the path of the ball. 

B The ball follows a circular path until it hits the ground. 

C The ball has constant acceleration. 

D The ball’s time in the air is proportional to the velocity at which the ball is thrown. 
 
 
7 A moving object strikes a stationary object. The collision is inelastic. The objects move off 

together. 
 

Assume that the two objects form an isolated system. 
 

Which row shows the possible values of total momentum and total kinetic energy for the system 
before and after the collision? 

 

 
total momentum 
before collision 

/ kg m s–1 

total momentum 
after collision 

/ kg m s–1 

total kinetic 
energy before 

collision / J 

total kinetic 
energy after 
collision / J 

A 6 2 90 30 

B 6 6 30 90 

C 6 6 90 30 

D 6 6 90 90 
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8 The graph shows how a quantity Y varies with a quantity X for an object falling vertically at its 
terminal velocity towards the surface of the Earth. 

 

0
0

Y

X  
 

Which quantities could X and Y represent? 
 

 X Y 

A time acceleration 

B time height above surface 

C distance moved kinetic energy 

D distance moved velocity 
 
 
9 A ball of mass 2.0 kg travels horizontally with a speed of 4.0 m s–1. The ball collides with a wall 

and rebounds in the opposite direction with a speed of 2.8 m s–1. The time of the collision is 
150 ms. 

 
What is the average force exerted on the wall? 

A 16 N B 37 N C 53 N D 91 N 
 
 
10 Two train carriages each of mass 5000 kg roll toward one another on a horizontal frictionless 

track. One is travelling at a speed of 2.00 m s–1 and the other at a speed of 1.00 m s–1, as shown. 
 

2.00 m s–1 1.00 m s–1

5000 kg 5000 kg

 
 

They collide and join together. 
 

What is the kinetic energy lost during the collision? 

A 1250 J B 7500 J C 11 250 J D 12 500 J 
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1 Which statement about physical quantities is correct? 

A A physical quantity does not always have a magnitude or a unit. 

B A physical quantity must always have a magnitude but does not always have a unit. 

C A physical quantity must always have a unit but does not always have a magnitude. 

D A physical quantity must always have a magnitude and a unit. 
 
 
2 What is a reasonable estimate of the mass of a solid sphere of copper that has a diameter of 

60 cm? 

A 0.1 kg B 10 kg C 1000 kg D 100 000 kg 
 
 
3 The power output P of a star can be modelled with the equation 
 

P = AT 
4 

 
where  is a constant, A is the surface area of the star and T is the surface temperature of the 
star. 

 
What are the SI base units of ? 

A kg s–2
 K–4 

B kg s–3
 K–4 

C kg m–1
 s–2

 K–4 

D kg m–1
 s–3

 K–4 
 
 
4 A boy throws a stone with a horizontal velocity of 10 m s–1 from the top of a building. The height  

of the building is 8.0 m. The stone travels along a curved path until it hits the horizontal ground,  
as shown. 

 

building

8.0 m

10 m s–1

ground  
 

Air resistance is negligible. 
 

How long does it take the stone to reach the ground? 

A 0.61 s B 0.80 s C 1.3 s D 1.6 s 
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5 Four cuboids with identical lengths, breadths and heights are immersed in water. The cuboids are 
held at the same depth and in identical orientations by vertical rods, as shown. 

 

W

4 �

X

2 �

Y Z

0.5 �� � � �

 
 

Water has density . 
Cuboid W is made of material of density 4. 
Cuboid X is made of material of density 2. 
Cuboid Y is made of material of density . 
Cuboid Z is made of material of density 0.5. 

 
Which statement is correct? 

A The upthrust of the water on each of the cuboids is the same. 

B The upthrust of the water on W is twice the upthrust of the water on X. 

C The upthrust of the water on X is twice the upthrust of the water on W. 

D The upthrust of the water on Y is zero. 
 
 
6 In which example is it not possible for the underlined object to be in equilibrium? 

A An aeroplane climbs at a steady rate. 

B An aeroplane tows a glider at a constant altitude. 

C A speedboat changes direction at a constant speed. 

D Two boats tow a ship into harbour. 
 
 
7 Two identical balls are projected vertically upwards from ground level with the same initial 

velocity. Ball X is in a vacuum and ball Y is in air. 
 

Which statement about the motion of the balls is correct? 

A Ball X reaches a greater maximum height and in a longer time than ball Y. 

B Ball X reaches a greater maximum height and in a shorter time than ball Y. 

C Ball Y reaches a greater maximum height and in a longer time than ball X. 

D Ball Y reaches a greater maximum height and in a shorter time than ball X. 
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8 The graph shows the variation of velocity with time for a stone that falls from a bridge into a lake 
and sinks to the bottom of the lake. 

 

0
0

velocity

time  
 

What can be deduced about the motion of the stone? 

A Terminal velocity was reached in air. 

B The acceleration in air was decreasing with increasing time. 

C The distance travelled in water was greater than the distance travelled in air. 

D The rate of change of velocity in air was constant. 
 
 
9 The graph shows the variation of the momentum p with time t for a car. 
 

4

1

0
0 20 50 60

t / s

p / 104 kg m s–1

 
 

What is the resultant force on the car at t = 10 s? 

A 0 B 1500 N C 2000 N D 4000 N 
 
 
10 Two objects X and Y form an isolated system. X and Y collide and then separate. The mass of X 

is greater than the mass of Y. 
 

Which statement about the collision is correct? 

A The change of momentum of Y is greater than the change of momentum of X. 

B The force on Y is greater than the force on X. 

C The forces that X and Y exert on each other act for the same length of time. 

D The forces that X and Y exert on each other are gravitational forces only. 
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1 Which quantity is a scalar quantity? 

A force 

B momentum 

C velocity 

D work 
 
 
2 What is the effect of a systematic error on the measurement of a physical quantity? 

A It limits the precision of the measured value. 

B It limits the range of values obtained in repeated measurements. 

C It results in repeated measurements having different values from each other. 

D It results in the measured value being different from the correct value. 
 
 
3 A car is accelerated by a constant resultant force of 300 N for 5.0 s. 
 

The variation with time of the velocity, in cm s–1, of the car is shown. 
 

180
150
120

90
60
30

0
0 1 2 3

time / s

velocity
/ cm s–1

4 5
 

 
What is the mass of the car? 

A 13 kg B 1000 kg C 1300 kg D 10 000 kg 
 
 
4 An aircraft, initially stationary on a runway, takes off with a speed of 85 km h–1 in a distance of no 

more than 1.20 km. 
 

What is the minimum constant acceleration necessary for the aircraft? 

A 0.23 m s–2 B 0.46 m s–2 C 3.0 m s–2 D 6.0 m s–2 
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5 An object is fired upwards from horizontal ground. The object has an initial velocity of 20 m s–1 at 
an angle of 45° to the horizontal. Air resistance is negligible. 

 
Which statement describes the speed of the object after it is fired until immediately before it 
reaches the ground again? 

A Its speed decreases to a value greater than zero, then increases to 20 m s–1. 

B Its speed decreases to a value greater than zero, then increases to a value greater than 
20 m s–1. 

C Its speed decreases to zero, then increases to 20 m s–1. 

D Its speed decreases to zero, then increases to a value less than 20 m s–1. 
 
 
6 What is a statement of the principle of conservation of momentum for a system? 

A The total momentum and the total kinetic energy are always conserved. 

B The total momentum is conserved only in elastic collisions. 

C The total momentum is conserved provided that no external forces act. 

D The total momentum of each object in the system is the product of its mass and velocity. 
 
 
7 Objects P and Q form an isolated system. 
 

Object P has mass 6.0 kg and is moving at a speed of 3.0 m s–1. 
 

Object Q has mass 2.0 kg and is moving at a speed of 4.2 m s–1 at an angle of 35° to the path  
of P. 

 

P
6.0 kg

Q
2.0 kg

3.0 m s–1

4.2 m s–1

35°

 
 

Objects P and Q collide and stick together. 
 

What is the magnitude of the component of the final momentum of the combined objects in the 
original direction of P? 

A 9.6 kg m s–1 B 11 kg m s–1 C 13 kg m s–1 D 25 kg m s–1 
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4 Two vectors, X and Y, are shown. 
 

X Y

 
 

What are the directions of X + Y and X – Y? 
 

A

B

C

D

X + Y X – Y

 
 
 
5 A ball is projected vertically downwards with an initial velocity of 20 m s–1. Air resistance is 

negligible. 
 

What is the displacement from its initial position of the ball after a time of 1.5 s? 

A 11 m B 19 m C 37 m D 41 m 
 
 
6 A surveyor’s device emits a pulse of light. The light is reflected from a wall 150 m away. 
 

What is the total time taken for the pulse to travel from the device to the wall and then back to the 
device? 

A 0.05 ns B 0.10 ns C 0.50 s D 1.0 s 
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4 Two vectors, X and Y, are shown. 
 

X Y

 
 

What are the directions of X + Y and X – Y? 
 

A

B

C

D

X + Y X – Y

 
 
 
5 A ball is projected vertically downwards with an initial velocity of 20 m s–1. Air resistance is 

negligible. 
 

What is the displacement from its initial position of the ball after a time of 1.5 s? 

A 11 m B 19 m C 37 m D 41 m 
 
 
6 A surveyor’s device emits a pulse of light. The light is reflected from a wall 150 m away. 
 

What is the total time taken for the pulse to travel from the device to the wall and then back to the 
device? 

A 0.05 ns B 0.10 ns C 0.50 s D 1.0 s 
 
 

177. Question | 9702 May-June 2025 P1 V1 Q7 5  
 

© UCLES 2025 9702/11/M/J/25 [Turn over 

7 Which equation of uniformly accelerated motion can be derived using only the gradient of a 
velocity–time graph? 

A s = tvu )+(2
1  

B s = ut + 2
2
1 at  

C v = u + at 

D v 
2 = u 

2 + 2as 
 
 
8 An object is projected horizontally from a table at time t = 0. The object falls in a uniform 

gravitational field. Air resistance is negligible. 
 

Graphs P, Q, R and S are velocity–time graphs. 
 

0
0

P

v

t 0
0

Q

v

t 0
0

R

v

t 0
0

S

v

t

 
 

Which graphs represent the horizontal and vertical components of the velocity of the object? 
 

 horizontal vertical 

A Q P 

B Q S 

C R P 

D R S 
 
 
9 What is always conserved in elastic collisions? 
 

 total kinetic energy total velocity 

A yes yes 

B yes no 

C no yes 

D no no 
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7 Which equation of uniformly accelerated motion can be derived using only the gradient of a 
velocity–time graph? 

A s = tvu )+(2
1  

B s = ut + 2
2
1 at  

C v = u + at 

D v 
2 = u 

2 + 2as 
 
 
8 An object is projected horizontally from a table at time t = 0. The object falls in a uniform 

gravitational field. Air resistance is negligible. 
 

Graphs P, Q, R and S are velocity–time graphs. 
 

0
0

P

v

t 0
0

Q

v

t 0
0

R

v

t 0
0

S

v

t

 
 

Which graphs represent the horizontal and vertical components of the velocity of the object? 
 

 horizontal vertical 

A Q P 

B Q S 

C R P 

D R S 
 
 
9 What is always conserved in elastic collisions? 
 

 total kinetic energy total velocity 

A yes yes 

B yes no 

C no yes 

D no no 
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5 Radio waves can be used to measure the distance between Earth and the planet Jupiter. 
 

A pulse of radio waves is emitted from the surface of Earth. The pulse reflects from the surface of 
Jupiter and is detected again on Earth. 

 
The time between emitting and receiving the pulse is 3960 s. 

 
What is the distance between Earth and Jupiter? 

A 5.94  108
 km 

B 1.19  109
 km 

C 5.94  1011
 km 

D 1.19  1012
 km 

 
 
6 The graph shows the variation with time of the velocity of a car. 
 

12

6

0
0 1 2 3 4 5 6 7 8 9

time / s

velocity
/ m s–1

10

 
 

Which statement is correct? 

A The car accelerates for 2 s, then stops for 4 s and then reverses. 

B The car accelerates at 12 m s–2 for 2 s. 

C The car travels a distance of 36 m in the first 4 s. 

D The car travels a distance of 48 m in the last 4 s. 
 
 
7 A solid object of mass 1.0 kg falls vertically downwards in a vacuum. 
 

When the speed of the object is 60 m s–1, an additional constant force of 50 N suddenly starts to 
act vertically upwards on the object. 

 
What is the speed of the object 2.0 s after the additional force starts to act? 

A 20 m s–1 B 40 m s–1 C 80 m s–1 D 100 m s–1 
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8 A stone is thrown upwards and follows a curved path. 
 

 
 

Air resistance is negligible. 
 

Why does the path have this shape? 

A The stone has a constant horizontal acceleration and constant vertical velocity. 

B The stone has a constant horizontal velocity and constant vertical acceleration. 

C The stone has a constant upward acceleration followed by a constant downward acceleration. 

D The stone has a constant upward velocity followed by a constant downward velocity. 
 
 
9 A rocket engine ejects 90 kg of exhaust gas per second at a velocity of 190 m s–1 relative to the 

rocket. 
 

What is the force acting on the rocket due to the ejected gas? 

A 2.1 kN B 17 kN C 18 kN D 162 kN 
 
 
10 Which statement does not describe an elastic collision between two objects? 

A The relative speed of approach of the two objects equals the relative speed of separation. 

B The total kinetic energy of the objects is conserved. 

C The total kinetic energy of the objects is reduced. 

D The total linear momentum of the objects is conserved. 
 
 
11 A cyclist is riding at a constant speed on a level road. 
 

According to Newton’s third law of motion, what is equal and opposite to the backward push of 
the back wheel on the road? 

A the force exerted by the cyclist on the pedals 

B the forward push of the road on the back wheel 

C the tension in the cycle chain 

D the total air resistance and friction force 
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5 The graph shows the variation of velocity with time t of an object moving in a straight line. 
 

4
3
2
1
0

–1
–2
–3
–4

velocity / m s–1

t / s
0 4 8 12 16 20 24 28 32

 
 

At t = 0, the displacement of the object is zero. 
 

What is the displacement of the object at t = 20 s? 

A –3 m B 21 m C 24 m D 27 m 
 
 
6 A science museum designs an experiment to show the fall of a feather in a vertical glass vacuum 

tube. 
 

The time of fall from rest in the vacuum is to be close to 0.5 s. 
 

Which length of tube is required? 

A 1.2 m B 2.5 m C 4.9 m D 9.8 m 
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5 The graph shows the variation of velocity with time t of an object moving in a straight line. 
 

4
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At t = 0, the displacement of the object is zero. 
 

What is the displacement of the object at t = 20 s? 

A –3 m B 21 m C 24 m D 27 m 
 
 
6 A science museum designs an experiment to show the fall of a feather in a vertical glass vacuum 

tube. 
 

The time of fall from rest in the vacuum is to be close to 0.5 s. 
 

Which length of tube is required? 

A 1.2 m B 2.5 m C 4.9 m D 9.8 m 
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7 Two coins are projected from a horizontal table at the same initial speed u. 
 

Coin X is projected horizontally. 
 

Coin Y is projected upwards at an angle of 30° to the horizontal. 
 

u

u

coin X

coin Y

30°

 
 

Both coins hit the horizontal ground without bouncing. 
 

Assume the air resistance on each coin is negligible. 
 

Which statement about the motion of the coins is correct? 

A Both coins hit the ground with the same speed. 

B Both coins travel the same vertical distance. 

C Coin Y hits the ground before coin X. 

D Coin Y has a smaller vertical acceleration. 
 
 
8 Two spheres are released from rest at equal heights above the ground. 
 

Both spheres reach terminal velocity. 
 

One sphere has a larger density than the other sphere. 
 

Both spheres have equal volumes. 
 

Which statement is correct while both spheres are at terminal velocity? 

A The drag forces on the spheres are equal. 

B The resultant forces on the spheres are equal. 

C The velocities of the spheres are equal. 

D The weights of the spheres are equal. 
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4 The diagram shows two fixed pins, Y and Z. A length of elastic is stretched between Y and Z and 
around pin X, which is attached to a trolley. 

 

X

Y

Z

50 mm

80 mm

30 mm

P

trolley

 
 

X is at the centre of the elastic and the trolley is to be propelled in the direction P at right angles 
to YZ. The tension in the elastic is 4.0 N. 

 
What is the force accelerating the trolley in the direction P when the trolley is released? 

A 2.4 N B 3.2 N C 4.8 N D 6.4 N 
 
 
5 A student cycles uphill from home to a shop, taking 10 minutes. The student then spends 

5 minutes in the shop before cycling home downhill at twice the initial speed. 
 

Which graph could show the variation with time of the distance travelled by the student? 
 

0

A

5 10 15 20

2

1

0

distance
/ km
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0

B
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1
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0

C
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2

1
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D
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6 A ball is released from rest from a window at a height of 12 m above the ground. Air resistance is 
negligible. 

 
What is the time taken after release for the ball to reach the ground? 

A 1.1 s B 1.2 s C 1.6 s D 2.4 s 
 
 
7 Which word equation is not correct? 

A force = change of momentum 

B force = mass  acceleration 

C force = 
pivot the from distance larperpendicu

moment  

D force = 
force the of direction the in ntdisplaceme

done work  

 
 
8 A skydiver is falling vertically with terminal velocity when their parachute opens fully. 
 

Which statement describes the motion of the skydiver for the first few seconds after the 
parachute opens fully? 

A falling with non-uniform acceleration and increasing speed 

B falling with non-uniform acceleration and decreasing speed 

C falling with uniform acceleration and increasing speed 

D falling with uniform acceleration and decreasing speed 
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5 A goods train passes through a station at a constant speed of 10 m s–1 at time t = 0. An express 
train is at rest at the station. The express train leaves the station with a uniform acceleration of 
0.5 m s–2 just as the goods train goes past. Both trains move in the same direction on straight, 
parallel tracks. 

 
At which time t does the express train overtake the goods train? 

A 6 s B 10 s C 20 s D 40 s 
 
 
6 A ball is held above the ground and released. It falls to the ground and bounces several times. 
 

The graph shows the variation with time t of the velocity v of the ball. 
 

0
0

v

t
P

Q

S

R
 

 
Four points on the graph are labelled P, Q, R and S. 

 
Which statement is not correct? 

A The area under line PQ represents the initial height of the ball. 

B The collisions of the ball with the ground are inelastic. 

C The gradient of the line RS represents the acceleration due to free fall. 

D The maximum upwards velocity of the ball is reached at point P. 
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5 A goods train passes through a station at a constant speed of 10 m s–1 at time t = 0. An express 
train is at rest at the station. The express train leaves the station with a uniform acceleration of 
0.5 m s–2 just as the goods train goes past. Both trains move in the same direction on straight, 
parallel tracks. 

 
At which time t does the express train overtake the goods train? 

A 6 s B 10 s C 20 s D 40 s 
 
 
6 A ball is held above the ground and released. It falls to the ground and bounces several times. 
 

The graph shows the variation with time t of the velocity v of the ball. 
 

0
0

v

t
P

Q

S

R
 

 
Four points on the graph are labelled P, Q, R and S. 

 
Which statement is not correct? 

A The area under line PQ represents the initial height of the ball. 

B The collisions of the ball with the ground are inelastic. 

C The gradient of the line RS represents the acceleration due to free fall. 

D The maximum upwards velocity of the ball is reached at point P. 
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7 An object is projected horizontally. The object falls a vertical distance y and travels a horizontal 
distance x before landing on the ground. 

 

horizontal
distance

vertical
distance

direction of
projection

landing
point

 
 

A second object is projected horizontally with the same initial velocity and falls a vertical distance 
4y before landing on the ground. 

 
Assume that air resistance is negligible. 

 
Which horizontal distance does the second object travel? 

A x B 2x C 4x D 16x 
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1 What is a reasonable estimate of the weight of an adult human? 

A 7  100
 N B 7  102

 N C 7  104
 N D 7  106

 N 
 
 
2 What describes a set of data with a high precision? 

A data measured using equipment with small scale divisions 

B data that is close to the accepted value 

C data with each value having a low uncertainty 

D data with repeats that are close to each other 
 
 
3 Which physical quantity could have units of N s2

 m–1? 

A acceleration 

B force 

C mass 

D momentum 
 
 
4 A ball is released from rest. The distance the ball falls and the time the ball takes to fall that 

distance are both measured. 
 

The percentage uncertainty in the measured distance is negligible. The percentage uncertainty in 
the measured time is 4%. 

 
The distance and the time are then used to calculate the acceleration of free fall. 

 
Air resistance is negligible. 

 
What is the percentage uncertainty in the calculated value of the acceleration of free fall? 

A 2% B 4% C 8% D 16% 
 
 
5 A car has an initial velocity u. The car then moves with constant acceleration a in a straight line 

through a displacement d. The car reaches a final velocity v. 
 

Which expression gives the initial velocity u of the car? 

A v – ad B adv 2–2
  C v + ad D v – 

2
2
1 ad  

 
 
6 A bicycle brakes so that it undergoes uniform deceleration from a speed of 8 m s–1 to 6 m s–1 over 

a distance of 7 m. 
 

The deceleration of the bicycle remains constant. 
 

Which further distance will the bicycle travel before coming to rest? 

A 7 m B 9 m C 16 m D 21 m 
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1 What is a reasonable estimate of the weight of an adult human? 

A 7  100
 N B 7  102

 N C 7  104
 N D 7  106

 N 
 
 
2 What describes a set of data with a high precision? 

A data measured using equipment with small scale divisions 

B data that is close to the accepted value 

C data with each value having a low uncertainty 

D data with repeats that are close to each other 
 
 
3 Which physical quantity could have units of N s2

 m–1? 

A acceleration 

B force 

C mass 

D momentum 
 
 
4 A ball is released from rest. The distance the ball falls and the time the ball takes to fall that 

distance are both measured. 
 

The percentage uncertainty in the measured distance is negligible. The percentage uncertainty in 
the measured time is 4%. 

 
The distance and the time are then used to calculate the acceleration of free fall. 

 
Air resistance is negligible. 

 
What is the percentage uncertainty in the calculated value of the acceleration of free fall? 

A 2% B 4% C 8% D 16% 
 
 
5 A car has an initial velocity u. The car then moves with constant acceleration a in a straight line 

through a displacement d. The car reaches a final velocity v. 
 

Which expression gives the initial velocity u of the car? 

A v – ad B adv 2–2
  C v + ad D v – 

2
2
1 ad  

 
 
6 A bicycle brakes so that it undergoes uniform deceleration from a speed of 8 m s–1 to 6 m s–1 over 

a distance of 7 m. 
 

The deceleration of the bicycle remains constant. 
 

Which further distance will the bicycle travel before coming to rest? 

A 7 m B 9 m C 16 m D 21 m 
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7 The velocity–time graph for an object is shown. 
 

0
0

velocity

time

area 1

area 2

 
 

Which expression gives the total displacement of the object? 

A area 1 – area 2 

B 
( )

2
2 area +  1 area  

 

C area 1 + area 2 

D area 2 – area 1 
 
 
8 Which statement describes the weight of an object? 

A It is equal to the mass of the object multiplied by its acceleration. 

B It is equal to the resultant force when the object falls at terminal (constant) velocity. 

C It is the force acting on the object due to a gravitational field. 

D It is the property of the object that resists change in motion. 
 
 
9 What is a statement of the principle of conservation of momentum? 

A In an elastic collision, momentum is constant. 

B Momentum is the product of mass and velocity. 

C The force acting on a body is proportional to its rate of change of momentum. 

D The momentum of an isolated system is constant. 
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5 A goods train passes through a station at a constant speed of 10 m s–1 at time t = 0. An express 
train is at rest at the station. The express train leaves the station with a uniform acceleration of 
0.5 m s–2 just as the goods train goes past. Both trains move in the same direction on straight, 
parallel tracks. 

 
At which time t does the express train overtake the goods train? 

A 6 s B 10 s C 20 s D 40 s 
 
 
6 A ball is held above the ground and released. It falls to the ground and bounces several times. 
 

The graph shows the variation with time t of the velocity v of the ball. 
 

0
0

v

t
P

Q

S

R
 

 
Four points on the graph are labelled P, Q, R and S. 

 
Which statement is not correct? 

A The area under line PQ represents the initial height of the ball. 

B The collisions of the ball with the ground are inelastic. 

C The gradient of the line RS represents the acceleration due to free fall. 

D The maximum upwards velocity of the ball is reached at point P. 
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5 A goods train passes through a station at a constant speed of 10 m s–1 at time t = 0. An express 
train is at rest at the station. The express train leaves the station with a uniform acceleration of 
0.5 m s–2 just as the goods train goes past. Both trains move in the same direction on straight, 
parallel tracks. 

 
At which time t does the express train overtake the goods train? 

A 6 s B 10 s C 20 s D 40 s 
 
 
6 A ball is held above the ground and released. It falls to the ground and bounces several times. 
 

The graph shows the variation with time t of the velocity v of the ball. 
 

0
0

v

t
P

Q

S

R
 

 
Four points on the graph are labelled P, Q, R and S. 

 
Which statement is not correct? 

A The area under line PQ represents the initial height of the ball. 

B The collisions of the ball with the ground are inelastic. 

C The gradient of the line RS represents the acceleration due to free fall. 

D The maximum upwards velocity of the ball is reached at point P. 
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7 An object is projected horizontally. The object falls a vertical distance y and travels a horizontal 
distance x before landing on the ground. 

 

horizontal
distance

vertical
distance

direction of
projection

landing
point

 
 

A second object is projected horizontally with the same initial velocity and falls a vertical distance 
4y before landing on the ground. 

 
Assume that air resistance is negligible. 

 
Which horizontal distance does the second object travel? 

A x B 2x C 4x D 16x 
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4 An object falls from rest towards the ground. 
 

Air resistance is negligible. 
 

Which graph shows the variation of the momentum p of the object with time t until it hits the 
ground? 

 

0
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0
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0
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0
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5 A projectile is fired at an angle of 45° upwards from horizontal ground. Air resistance is negligible. 
 

Which row describes the horizontal motion and the vertical motion of the projectile after it is fired 
until immediately before it reaches the ground again? 

 
 horizontal motion vertical motion 

A constant velocity constant acceleration 

B constant velocity varying acceleration 

C varying velocity constant acceleration 

D varying velocity varying acceleration 
 
 
6 An aircraft on a runway accelerates uniformly from rest to its take-off speed of 58 m s–1. 
 

The acceleration of the aircraft is 4.2 m s–2, and the aircraft uses 74% of the length of the runway 
to reach its take-off speed. 

 
What is the length of the runway? 

A 300 m B 540 m C 590 m D 800 m 
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4 An object falls from rest towards the ground. 
 

Air resistance is negligible. 
 

Which graph shows the variation of the momentum p of the object with time t until it hits the 
ground? 
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5 A projectile is fired at an angle of 45° upwards from horizontal ground. Air resistance is negligible. 
 

Which row describes the horizontal motion and the vertical motion of the projectile after it is fired 
until immediately before it reaches the ground again? 

 
 horizontal motion vertical motion 

A constant velocity constant acceleration 

B constant velocity varying acceleration 

C varying velocity constant acceleration 

D varying velocity varying acceleration 
 
 
6 An aircraft on a runway accelerates uniformly from rest to its take-off speed of 58 m s–1. 
 

The acceleration of the aircraft is 4.2 m s–2, and the aircraft uses 74% of the length of the runway 
to reach its take-off speed. 

 
What is the length of the runway? 

A 300 m B 540 m C 590 m D 800 m 
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4 An object falls from rest towards the ground. 
 

Air resistance is negligible. 
 

Which graph shows the variation of the momentum p of the object with time t until it hits the 
ground? 
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5 A projectile is fired at an angle of 45° upwards from horizontal ground. Air resistance is negligible. 
 

Which row describes the horizontal motion and the vertical motion of the projectile after it is fired 
until immediately before it reaches the ground again? 

 
 horizontal motion vertical motion 

A constant velocity constant acceleration 

B constant velocity varying acceleration 

C varying velocity constant acceleration 

D varying velocity varying acceleration 
 
 
6 An aircraft on a runway accelerates uniformly from rest to its take-off speed of 58 m s–1. 
 

The acceleration of the aircraft is 4.2 m s–2, and the aircraft uses 74% of the length of the runway 
to reach its take-off speed. 

 
What is the length of the runway? 

A 300 m B 540 m C 590 m D 800 m 
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7 How can the acceleration of an object be determined? 

A from the area under a displacement–time graph 

B from the area under a velocity–time graph 

C from the gradient of a displacement–time graph 

D from the gradient of a velocity–time graph 
 
 
8 The acceleration of free fall on the Earth is different to the acceleration of free fall on the Moon. 
 

How do the mass and weight of an object on the Earth compare to its mass and weight on the 
Moon? 

 
 mass weight 

A different different 

B different same 

C same different 

D same same 
 
 
9 A sphere moves vertically downwards at terminal (constant) velocity in a liquid. 
 

Which statement about the magnitude of the upthrust acting on the sphere is correct? 

A It is proportional to the acceleration of free fall. 

B It is equal to the weight of the sphere. 

C It is proportional to the density of the sphere. 

D It is proportional to the square of the radius of the sphere. 
 
 
10 An object of mass 2.0 kg is travelling at a speed of 3.0 m s–1 on a horizontal frictionless surface. 

This object collides head-on with a stationary object of mass 1.0 kg. The two objects stick 
together on impact. 

 

3.0 m s–1

2.0 kg 1.0 kg

at rest

 
 

How much kinetic energy is lost on impact? 

A zero B 2.0 J C 2.4 J D 3.0 J 
 
 


