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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. 
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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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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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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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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 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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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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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 
 
 

A-Level Physics: s22 134 

© UCLES 2022 9702/13/M/J/22  

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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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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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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D
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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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2 Water leaves the end of a hose pipe at point P with a horizontal velocity of 6.6 m s–1, as shown in 
Fig. 2.1.

hose pipe

ground

3.5 m

h

path of water
6.6 m s–1

Q

P

Fig. 2.1 (not to scale)

 Point P is at height h above the ground. The water hits the ground at point Q. The horizontal 
distance from P to Q is 3.5 m. 

 Air resistance is negligible. Assume that the water between P and Q consists of non-interacting 
droplets of water and that the only force acting on each droplet is its weight.

 (a) Explain, briefly, why the horizontal component of the velocity of a droplet of water remains 
constant as it moves from P to Q.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (b) Show that the time taken for a droplet of water to move from P to Q is 0.53 s.

 [1]

 (c) Calculate height h.

 h =  ...................................................... m [2]
6
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 (d) For the movement of a droplet of water from P to Q, state and explain whether the 
displacement of the droplet is less than, more than or the same as the distance along its path.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (e) Calculate the magnitude of the displacement of a droplet of water that moves from P to Q.

 displacement =  ...................................................... m [2]

 [Total: 7]
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2 A steel ball is projected horizontally from the top of a table, as shown in Fig. 2.1.

table

180 cm

ground

edge of table

ball

path of
ball

4.9 m s–1

Fig. 2.1 (not to scale)

 The ball is projected horizontally at a speed of 4.9 m s–1. The ball lands on the ground a horizontal 
distance of 180 cm from the edge of the table.

 Assume that air resistance is negligible. 

 (a) (i) Calculate the time taken for the ball to reach the ground.

 time =  ......................................................  s [1]

  (ii) Calculate the vertical component of the velocity of the ball as it hits the ground.

 velocity =  ................................................ m s–1 [2]
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  (iii) Determine the magnitude and the angle to the horizontal of the velocity of the ball as it 
hits the ground.

 
 magnitude of velocity =  ...................................................... m s–1

 angle to the horizontal =  ............................................................  ° 
 [3]

 (b) The ball is projected by means of a compressed spring which is attached to a fixed block as 
shown in Fig. 2.2.

x0
ball

spring

frictionless
track

fixed
block

Fig. 2.2

  The ball is placed on a frictionless track in front of the spring. The ball is then pulled back so 
that the spring has compression x0. 

  When the spring is released, the ball is projected horizontally as shown in Fig. 2.3.

ball

spring

Fig. 2.3

9
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  The variation with compression x of the applied force F for the spring is shown in Fig. 2.4. 

0
0

2

4

6

8

2 4 6 8 10
x / cm

F / N

Fig. 2.4

  The ball is a uniform sphere of steel of diameter 0.016 m and mass 0.017 kg.

  (i) Calculate the density of the steel.

 density =  .............................................. kg m–3 [3]

  (ii) All of the elastic potential energy in the spring is converted into kinetic energy of the ball. 
The speed of the ball as it leaves the spring is 4.9 m s–1.

   Show that the maximum elastic potential energy of the spring is 0.20 J.

 [2]
10
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  (iii) Use Fig. 2.4 to determine the spring constant k of the spring. 

 k =  ...............................................  N m–1 [2]

  (iv) Use your answer in (b)(iii) and the value of energy given in (b)(ii) to determine the 
compression x0 of the spring. 

 x0 =  .....................................................  m [2]

 (c) The steel ball is replaced by a polystyrene ball of the same diameter but of much lower mass. 
The spring is given compression x0 and is then released. 

  Air resistance on this ball is not negligible after it leaves the spring.

  Explain:

  (i) why this ball leaves the spring with a greater speed than that of the steel ball

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) why this ball takes a longer time to reach the ground than the steel ball.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 [Total: 17]
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