
C

FOR CAMBRIDGE 2023 AND ONWARDS EXAMS 
 
 

O LEVEL 5054    

PHYSICS 
TOPICAL  PAPER 2  

 
  JUNE 2016 – JUNE 2023 
  All Variants 

Arranged 

  Sub-Topic Wise 

 Cambridge 2023 -2025 Syllabus 
 
 
 
 
 

Compiled By: 

ABDUL HAKEEM 
LGS, BSS, Garrison, ALMA, Roots Millennium Cell: 03004810136 

 
 
 
 

Reviewed and Recommended By: 

AWAIS-UL-HAQ            ROHAIL SARFRAZ 
The City School Shalimar Campus, Lahore                  Beaconhouse College Campus Sargodha 
Campus, Lahore          Cell: +923315054949                  Cell: 03224547191 

 
 
 
 
 
 
 

 
 

  Mark Scheme   



 
Book Title: O Level Physics Paper 2 Topical with Mark Scheme 2023     

 
Book Code 713 

Format: Theory Question with Mark Scheme Arranged Topic wise 
 
Prepared By: Abdul Hakeem (+92-3004810136) 

Pattern: According to Latest 2023 -25 Syllabus 

Published by: STUDENTS RESOURCE® Airport Road 0423-5700707 
 
Price: 3000/- 

 
 
 
 

Copyright © 2023 
 
All rights reserved. No part of this publication may be reproduced or transmitted in any form 
or  by  any  means,  electronic  or  mechanical,  including  photocopy,  recording,  or  any 
information storage and retriveal system, without permission in writing from the publisher or 
under licence from the Copyright from Intellectual Property Organization Pakistan. 

 

Legal Advisor 

 

Edition: 4th Edition   



Content 

Topic 1:  Motion, Forces and Energy 
 

 Topic 1.1:  Physical Quantity and Measurement Techniques 4 
 Topic 1.2: Motion 5 
 Topic 1.3: Mass and Weight 52 
 Topic 1.4: Density 56 
 Topic 1.5: Forces 60 
 Topic 1.5.2: Friction 69 
 Topic 1.5.3: Elastic Deformation 70 
 Topic 1.5.4: Circular Motion 85 
 Topic 1.5.5: Turning Effect of Forces 86 
 Topic 1.5.6: Centre of Gravity 95 
 Topic 1.7: Energy, Work and Power 103 
 Topic 1.7.1: Energy 118 
 Topic 1.7.5: Power 130 
 Topic 1.8: Pressure 131 

  Mark Scheme 164 

Topic 2:  Thermal Physics  
 

 Topic 2.1: Kinetic Particle Model of Mather 201 
 Topic 2.1.1: States of Matter 215 
 Topic 2.1.2: Particle Model 216 
 Topic 2.2: Thermal Properties and Temperature 217 
 Topic 2.2.1: Thermal Expansion of Solids, Liquids & Gases 221 
 Topic 2.2.2: Specific Heat Capacity 227 
 Topic 2.2.3: Melting, Boiling and Evaporation 240 
 Topic 2.3: Transfer of Thermal Energy 256 

  Mark Scheme 266 

Topic 3:  Waves   
  
 Topic 3.1: General Properties of Waves 284
 Topic 3. 2: Light 303 
 Topic 3.2.1: Reflection of Light 308 
 Topic 3.2.2: Refraction of Light 314 
 Topic 3.2.3: Thin Lenses 324 
 Topic 3.2.4: Dispersion of Light 333 
 Topic 3.3: Electromagnetic Spectrum 338 
 Topic 3.4: Sound 349 

  Mark Scheme 361 

 



Topic 4:  Electricity and Magnetism  
 
 Topic 4.2: Electrical Quantities 385 
 Topic 4.2.1: Electrical Charge 386 
 Topic 4.2.2: Electrical Current 393 
 Topic 4.2.3: Electromotive Force and Potential Difference 404
 Topic 4.2.4: Resistance 409 
 Topic 4.3: Electric Circuit 418 
 Topic 4.3.1: Circuit Diagrams and Circuit Components 427 
 Topic 4.3.2: Series and Parallel Circuits 437 
 Topic 4.3.3: Action and Use of Circuit Components 442 
 Topic 4.4: Practical Electricity 445 
 Topic 4.4.1: Uses of Electricity 452 
 Topic 4.4.2: Electrical Safety 460 
 Topic 4.5: Electromagnetic Effects 473 
 Topic 4.5.1: Electromagnetic Induction 481 
 Topic 4.5.2: The A.C Generator 482 
 Topic 4.5.3: Magnetic Effect of a Current 488 
 Topic 4.5.4: Forces on a Current-carrying Conductor 505 
 Topic 4.5.5: The D.C Motor 510 
 Topic 4.5.6: The Transformer 513 
 Topic 4.6: Uses of an Oscilloscope 520 

  Mark Scheme 547 

Topic 5:  Nuclear Physics  
  
 Topic 5.1: The Nuclear Model of the Atom 600 
 Topic 5.1.1:  The Atom 602 
 Topic 5.1.2: The Nucleus 603 
 Topic 5.2: Radioactivity 608 
 Topic 5.2.3: Radioactive Decay 627 
 Topic 5.2.4: Fission and Fusion 651 
 Topic 5.2.5: Half-Life 652 
 Topic 5.2.6: Safety Precautions 661 

  Mark Scheme 665 

Topic 6:  Space Physics  
 
 Topic 6.2: Stars and the Universe 691 

  Mark Scheme 692 
 



1  Fig. 2.1 shows a satellite moving at a constant speed in a circular orbit around the Earth.

orbit

satellite

Fig. 2.1 (not to scale)

 Speed is a scalar quantity but velocity is a vector quantity.

 (a) State how a scalar quantity differs from a vector quantity.

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

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

 (b) Underline every vector quantity in the list.

distance   displacement   force   length   mass   time 
 [1] 

 (c) There is a resultant force acting on the satellite in Fig. 2.1.

  (i) Explain how the motion of the satellite shows that a resultant force is acting on it. 

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

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

 .....................................................................................................................................  [2]

  (ii) State the cause of this force.

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

 .....................................................................................................................................  [1]
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1 Fig. 1.1 shows the speed–time graph for a car travelling on a straight horizontal road.
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speed
m / s

40 50

Fig. 1.1

 (a) Describe the motion of the car shown in Fig. 1.1.

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

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

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

 .............................................................................................................................................  [2]

 (b) At time t = 10 s the engine of the car is switched off. The brakes are not applied.

  (i) Name two forces that act on the car to cause the change in motion after t = 10 s.

1  ........................................................................................................................................

2  ........................................................................................................................................
 [1]

  (ii) Suggest why Fig. 1.1 is a curve after t = 10 s.

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

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

 ...................................................................................................................................  [1]
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 (c) Between t = 10 s and t = 20 s the speed of the car changes from 18 m / s to 11 m / s.
The mass of the car is 1200 kg.

(i) Calculate the change in momentum of the car in this time.

 Give the unit of your answer

momentum change =  ......................................  unit ........... [2]

 (ii) Calculate the average resultant force exerted on the car during this time.

average resultant force =  .....................................................  N [2]

An aircraft pulls a glider along a runway as shown in Fig. 1.1.

glider

aircraft

runway

Fig. 1.1
 Fig. 1.2 shows the speed of the glider during the first 12 s of the motion.
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Fig. 1.2
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 (a) Describe the motion of the glider in the first 12 s.

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

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

 .............................................................................................................................................  [2]

 (b) In the first 6.0 s of the motion, there is a resultant force of 1800 N on the glider.

  Using the increase in speed in the first 6.0 s, calculate the mass of the glider.

 
mass =  ....................................................  kg [3]

 (c) Determine the distance travelled by the glider in the first 6.0 s of its motion.

 distance =  .....................................................  m [2]

 (d) The glider has no engine and stays in the air with the use of convection currents.

  (i) State what is meant by a ‘convection current’.

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

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

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

  (ii) Suggest how the convection current that supports the glider is formed.

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

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

 .....................................................................................................................................  [1]
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 Fig. 1.1 is the speed-time graph for a stone as it falls to the ground.
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Fig. 1.1

 (a) (i) On Fig. 1.1, mark:

 • a letter X to indicate a point where the rock is moving with a constant speed
 • a letter Y to indicate a point where the rock is decelerating.

 [2]

  (ii) At time t = 0, the acceleration of the stone is equal to the acceleration of free fall.

   Give the name of the force accelerating the stone at time t = 0.

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

 (b) The weight of the stone is 4.0 N.

  As the stone falls, the force F of air resistance acting on the rock changes.

  (i) State the value of F at time t = 0.

 F =  ......................................................  N [1]

  (ii) State the value of F at time t = 10.0 s.

 F =  ......................................................  N [1]

  (iii) Suggest why F changes between t = 0 s and t = 10.0 s

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

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

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

5054/02/SP/23/Q1 3 
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(c) (i) Using Fig. 1.1, determine the acceleration of the rock at time t = 4.0 s. State the unit of 
your answer.

 You will need to draw a tangent to the graph in Fig. 1.1 and show your working.  

acceleration =  ..................................... unit = .......... [3]

 (ii) The mass of the stone is 408 g.

 Determine the force F of air resistance acting on the rock at time t = 4.0 s. 

 Show your working.

F =  ......................................................  N [2]
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A train travels along a straight horizontal track. At time t = 0, the train passes through station P at 
constant speed without stopping.

 The driver applies the brakes 70 s before reaching station Q. The train decelerates. 

 Fig. 1.1 is the speed–time graph for the train from t = 0 until it stops at station Q.
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Fig. 1.1
 (a) Using Fig. 1.1, determine the distance between station P and station Q.

 

distance =  .........................................................  [3]

5054/22/O/N/22/Q1
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 (ii) Calculate the resultant force on the train as it decelerates.

resultant force =  .........................................................  [2]

Fig. 7.1 shows a child sitting on a sledge on a snow-covered hill of constant slope.

sledge

brake

child

snow-covered
hill

wall

Fig. 7.1 (not to scale)

 At time t = 0, the child and the sledge begin to move down the hill in a straight line.

 When the child sees a wall ahead, he applies the brake.

 The child and sledge continue to travel in a straight line until they come to a stop before hitting the 
wall.

5054/21/O/N/22/Q7

 (b) The mass of the train is 3.8 × 105 kg.

(i) Determine the deceleration of the train in the 70 s before it stops at station Q.

deceleration =  .........................................................  [2]

5 

Topic: 1.2 Motion O Level Physics P2 Topical

ABDUL HAKEEM STUDENTS RESOURCE®11



 Fig. 7.2 is the speed-time graph for the journey.
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Fig. 7.2
 The brake is applied at t = 26 s.

 (a) Fig 7.2 shows how the speed of the child and sledge varies over the whole of the journey. 

  Explain why, between t = 0 and t = 26 s, the speed varies in the way shown by the graph.

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) At t = 26 s, the front of the sledge is 35 m from the wall. 

  Determine the distance between the front of the sledge and the wall when the sledge stops.
  

 
distance =  .........................................................  [3]
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 (c) At t = 26 s, the child and sledge begin to decelerate.
 
  (i) Determine the size of the deceleration. 

 deceleration =  .........................................................  [3]

  (ii) The mass of the child is 46 kg and the mass of the sledge is 9.0 kg.

 Calculate the resultant force on the child and sledge as they decelerate.

 resultant force =  .........................................................  [2]

  (iii) State the energy transfer that is taking place as the child and sledge decelerate.

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

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

 .....................................................................................................................................  [2]

 (d) At t = 26 s, when the brake is first applied, the child jerks forwards on the sledge.

  Explain why. 

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

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

 .............................................................................................................................................  [2]
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Fig. 7.1 shows the speed–time graph for a car travelling on a straight horizontal road.
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Fig. 7.1

 (a) (i) Describe the motion of the car.

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

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

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

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

 .....................................................................................................................................  [3]

 (ii) Using Fig. 7.1, calculate the distance travelled by the car during the 24 s of its motion. 

 Show your working.

 distance =  .........................................................  [3]

  (iii) Calculate the average speed of the car during its motion.
 

 

average speed =  .........................................................  [2]

5054/22/M/J/22/Q7
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  (iv) A second car travels at a steady speed. It travels the same distance as the first car in the 
24 s of the journey.

   On Fig. 7.1, draw the speed–time graph for the second car. [2] 

 (b) The thinking distance is the distance travelled by a car between the time that a hazard is 
seen and the time that the brakes are applied. 

  The braking distance is the distance travelled while the car slows down to rest. 

  Table 7.1 shows the thinking and braking distances for an alert driver when the car travels at 
different speeds.

Table 7.1

speed
km / h

thinking distance / m braking distance / m

20 9 2

40 18 9

60 20

80 36 36

100 45 56

  (i) Complete Table 7.1. [1]

  (ii) The time it takes for the driver to react to the hazard is constant at different speeds. 

   Explain how the table shows this.

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

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

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

 .....................................................................................................................................  [2]

  (iii) State what happens to the thinking distance and the braking distance when the driver is 
tired.

thinking distance  ...............................................................................................................

braking distance  ................................................................................................................
 [2]
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7 Fig. 7.1 shows a toy helicopter. It can hover and travel through the air.

Fig. 7.1

 A student flies the toy helicopter on a journey from A to B to C to D at a constant height. 

 Fig. 7.2 is a scale drawing of the path of the helicopter, viewed from above.

40 m

10 m

35 m

North

A B

CD

Fig. 7.2 (to scale)

 (a) (i) Determine the total distance travelled by the toy helicopter.

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

  (ii) The toy helicopter makes the journey in 40 s.

   Calculate its average speed during the journey.

 speed =  .........................................................  [2]

5054/21/M/J/22/Q7
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(b) (i) State the difference between distance and displacement.

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

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

  (ii) Determine the scale used to construct Fig. 7.2 and complete the sentence. 
 

  1 cm on the diagram represents .............................. on the path. [1]

  (iii) Using Fig. 7.2, determine the size of the displacement of point D from point A.

   Show your working.

 
size of displacement =  .........................................................  [2]

  (iv) Determine the angle between North and the direction of the displacement of point D from 
point A.

 
angle =  .........................................................  [1]

  (v) State what is meant by velocity.

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

  (vi) Another toy helicopter flies directly from point A to point D in 40 s.

   Explain why the magnitude of the velocity of this toy helicopter is smaller than the answer 
in (a)(ii).

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

 .....................................................................................................................................  [1]
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 (c) When the toy helicopter hovers at D, its motor fails and it falls. It reaches terminal velocity as 
it falls.

  Explain, in terms of the forces and acceleration, what happens as the helicopter falls and 
reaches terminal velocity.

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

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

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

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

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

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

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

 .............................................................................................................................................  [5]

5054/21/M/J/21/Q1(b)An aircraft flies at a constant height.
 Air drag and the force from the aircraft’s engines together produce a force on the aircraft of 36 kN 

due north, as shown in Fig. 1.1.

 The wind produces a force of 12 kN towards the east.

12 kN

36 kN
north

Fig. 1.1 (not to scale)

 (b) The acceleration of the aircraft is uniform.

  (i) Describe how a uniform acceleration differs from a non-uniform acceleration.

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

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

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

 .....................................................................................................................................  [2]
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 (ii) The mass of the aircraft is 60 000 kg.

 Calculate the acceleration of the aircraft.

acceleration =  .........................................................  [2]

Fig. 8.1 shows a stationary horse and its rider, about to jump over two fences.

fences

Fig. 8.1

 (a) Fig. 8.2 shows a side view of the horse.

Fig. 8.2

  (i) On Fig. 8.2, draw and label the forces acting on the horse.

   Include the force that the rider exerts on the horse. Label this force F. [3]

  (ii) Explain how Newton’s third law applies to force F.

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

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

 .....................................................................................................................................  [2]

5054/21/M/J/21/Q8 9 
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 (b) Fig. 8.3 shows a side view of the two fences. They both have the same height and a uniform 
density.

Fig. 8.3

  (i) On each fence in Fig. 8.3, mark with a cross the centre of mass. [2]

  (ii) Explain why a wider base makes the fence more stable.

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

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

 .....................................................................................................................................  [2]

 (c) The total mass of the horse and rider is 520 kg. 

  (i) As they approach a fence, the horse and rider have a total kinetic energy of 4000 J.

   Calculate their speed.

 speed =  .........................................................  [3]

  (ii) The centre of mass of the horse and rider is 1.4 m above the ground.

   The maximum potential energy gained by the horse and rider as they jump over the 
fence is 3000 J. 

   Calculate the maximum height above the ground of the centre of mass during the jump.

   The gravitational field strength g = 10 N / kg.

 height =  .........................................................  [3]
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A car approaches a set of traffic lights. The lights change to red at time t = 0.

 Fig. 2.1 shows how the speed of the car changes with time.  
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20

24

1 2 3 4 5 6 7 8

Fig. 2.1

 (a) The car starts to slow down a short time after the lights change to red.

  Determine the time between the lights changing to red and the car starting to slow down.

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

 (b) (i) State what is meant by uniform acceleration.

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

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

  (ii) State how Fig. 2.1 shows that the deceleration of the car between t = 2 s and t = 7 s is 
non-uniform.

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

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

 (c) Determine the distance the car travels from the moment the car starts to slow down until it 
stops.

 distance =  .........................................................  [3]

5054/22/M/J/21/Q2 10 
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 A bus leaves a bus-stop at time t  =  0 and travels along a horizontal road until it reaches a second 
bus-stop. Fig. 7.1 is the distance-time graph for the bus between t  =  0 and t  =  60 s. 

0
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100

200

distance / m

time / s

300

400

10 20 30 40 50 60

Fig. 7.1

 The road on which the bus is travelling is straight except for a short, curved section. The bus 
travels around this circular curve between t  =  21 s and t  =  24 s. 

 (a) Describe how the motion of the bus between t  =  0 and t  =  10 s differs from its motion between 
t  =  35 s and t  =  40 s. 

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

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

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

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

 .............................................................................................................................................  [3]

5054/22/O/N/20/Q7 
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 (b) Determine: 

  (i) the maximum speed of the bus during these 60 s

 maximum speed =  .........................................................  [3]

  (ii) the average speed of the bus between leaving the first bus-stop and arriving at the 
second bus-stop.

 average speed =  .........................................................  [2]

 (c) (i) State how velocity differs from speed.

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

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

  (ii) There are three periods during the 60 s when there is a non-zero resultant force acting 
on the bus.

   Complete the statements to indicate these three time periods and state the direction of 
the resultant force in that period. 

   1. Between t  = ............... and t  = ............... the direction of the resultant force is 

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

   2. Between t  = ............... and t  = ............... the direction of the resultant force is 

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

   3. Between t  = ............... and t  = ............... the direction of the resultant force is 

    ........................................................................................................................................
 [4]

 (d) During the journey, the air resistance acting on the bus varies.

  (i) State why the air resistance changes during the journey.

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

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

  (ii) On Fig. 7.1, mark and label with an M a time when the air resistance is a maximum value. 
 [1] 
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Fig. 1.1 is the distance–time graph for a skydiver who jumps from a balloon at time t = 0.
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Fig. 1.1

 (a) The first part of the graph shows the motion of the skydiver from when he jumps until he 
reaches terminal velocity.

  (i) Describe the motion of the skydiver between t = 0 and t = 20 s.

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

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

 .....................................................................................................................................  [2]

  (ii) Explain the motion of the skydiver between t = 0 and t = 20 s in terms of the forces acting 
on him.

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

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

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

 .....................................................................................................................................  [3]

 (b) Using Fig. 1.1, determine the terminal velocity of the skydiver.

  On Fig. 1.1, indicate any values used for your calculation.

 terminal velocity =  .........................................................  [3]

5054/21/O/N/20/Q1 
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