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INSTRUCTIONS
Use black ink. HB pencil may be used for graphs and diagrams.
Complete the boxes on the front page with your name, centre 
number and candidate number.
Answer ALL the questions.
Write your answer to each question in the space provided. If 
additional space is required, use the lined page(s) at the end of 
this booklet. The question number(s) must be clearly shown.

INFORMATION
The total mark for this paper is 70.
The marks for each question are shown in brackets [  ].
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SECTION A

You should spend a maximum of 25 minutes on this section.

Answer ALL the questions.

Write your answer to each question in the box provided.

1 The graph below shows the variation of displacement s with 
time t for an object.

 0
0

s

t

A
B

C
D

 At which point, A, B, C or D, does the object have maximum 
velocity?

 Your answer   [1]

2 Which definition is correct and uses only quantities rather 
than units?

 A Acceleration is the change in velocity per second.

 B Resistance is potential difference per ampere.

 C Intensity is energy per unit cross-sectional area.

 D Electromotive force is energy transferred per unit charge.

 Your answer   [1]
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3 A ball is thrown through the air. The ball experiences a small 
amount of drag compared to its weight.

 At a particular time the ball is at point X.
 Which arrow best represents the direction of the resultant 

force on the ball when it is at X?

 

A
B C

D
X

path of ball

ground

 Your answer   [1]

4 An object P is travelling to the right with a momentum of 
40 kg m s−1. It collides with another object Q travelling to the 
left along the same path.

 The final momentum of P is 10 kg m s−1 to the right.

 What is the change in the momentum of Q?

 A 0 kg m s−1

 B 10 kg m s−1

 C 30 kg m s−1

 D 50 kg m s−1

 Your answer   [1]
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5 Wire P has length L, diameter d and a resistance of 1.00 Ω.
 Another wire Q made from the same metal has length 3L and 

diameter 2d.

 What is the resistance of wire Q?

 A 0.750 Ω

 B 1.00 Ω

 C 1.33 Ω

 D 1.50 Ω

 Your answer   [1]
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6 Two filament lamps X and Y are connected in series with 
a 16 V d.c. supply. The supply has negligible internal 
resistance.

 

16 V

X Y

–+

 Lamp X emits a power of 2.0 W and lamp Y emits a power of 
6.0 W.

 What is the potential difference across the lamp X?

 A 1.0 V

 B 4.0 V

 C 12 V

 D 16 V

 Your answer   [1]
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7 Two resistors of resistances 2.0 Ω and 4.0 Ω are connected 
in series across the terminals of a cell of e.m.f. 1.4 V and 
internal resistance 1.0 Ω.

 

1.4 V

1.0 Ω

4.0 Ω

2.0 Ω

 What is the potential difference across the 2.0 Ω resistor?

 A 0.40 V

 B 0.47 V

 C 0.80 V

 D 0.93 V

 Your answer   [1]
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8 A student determines the power P dissipated in a resistor. 
The measured values of the current I in the resistor and the 
resistance R of the resistor are:

 I = (4.0 ! 0.2) A and R = (3.0 ! 0.3) Ω

 The equation P = I 2R is used to calculate P.
 What is the percentage uncertainty in the value of P?

 A 15%

 B 20%

 C 25%

 D 30%

 Your answer   [1]
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9 The diagram shows a uniform rod at rest in a horizontal 
position.

 

X

wall

cable
rod

 The rod is hinged at point X. A cable is attached to a vertical 
wall and the midpoint of the rod.

 Which arrow best represents the direction of the force on the 
rod at point X?

 

X

A

D

B

C

 Your answer   [1]
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10 A car is driven at constant velocity until the driver sees an 
obstruction ahead at time t = 0. The velocity against time 
graph below shows the motion of the car as the driver brings 
it to a stop.

 
0

0

velocity

t / s
1.0 2.0 3.0

 The thinking distance is 10 m.
 What is the stopping distance for the car?

 A 20 m

 B 30 m

 C 40 m

 D 50 m

 Your answer   [1]
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11 A javelin thrower exerts a force of 100 N on a javelin for a 
time of 0.30 s.

 The javelin has a mass of 0.80 kg.

 What is the rate of change of the momentum of the javelin?

 A 24 kg m s−2

 B 30 kg m s−2

 C 100 kg m s−2

 D 125 kg m s−2

 Your answer   [1]

12 One end of a wire is fixed to the ceiling and a 3.0 kg object is 
suspended from its other end.

 The wire has diameter 0.62 mm and negligible mass.

 What is the tensile stress in the wire?

 A 1.5 × 104 Pa

 B 2.5 × 106 Pa

 C 2.4 × 107 Pa

 D 9.7 × 107 Pa

 Your answer   [1]
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13 The intensity of light incident on a light-dependent resistor 
(LDR) is increased. Its resistance decreases.

 Which statement gives the correct reason for this behaviour?

 A The cross-sectional area of the LDR decreases.

 B The mean drift velocity of the charge carriers decreases.

 C The number density of the charge carriers increases.

 D The magnitude of the charge on the charge carriers 
increases.

 Your answer   [1]

14 The total energy gained by 20 electrons travelling through a 
potential difference V is 30 keV.

 What is the potential difference V?

 A 1.5 V

 B 3.0 V

 C 1500 V

 D 3000 V

 Your answer   [1]
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15 A trolley of mass 1.0 kg is moving on a horizontal surface at 
a constant velocity of 2.0 m s−1. A force of 3.0 N is applied to 
the trolley in the opposite direction to its motion for a time of 
1.5 s and then the force is removed.

 What is the magnitude of the final momentum of the trolley?

 A 2.0 kg m s−1

 B 2.5 kg m s−1

 C 4.5 kg m s−1

 D 6.5 kg m s−1

 Your answer   [1]

16 The current at a point in a circuit is 10 mA.
 Expressed to the nearest power of ten, how many electrons 

pass the point in 10 s?

 A 102

 B 1015

 C 1018

 D 1021

 Your answer   [1]
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17 Electromagnetic radiation is incident on a metal. The 
radiation has constant wavelength with each photon having 
an energy of 5.0 eV. The work function of the metal is 3.0 eV.

 Which of the following CANNOT be the kinetic energy of an 
emitted photoelectron?

 A 0 eV

 B 1.0 eV

 C 2.0 eV

 D 3.0 eV

 Your answer   [1]

18 The waves emitted from two sources are coherent.
 Which quantity must be constant for these emitted waves?

 A amplitude

 B frequency

 C intensity

 D phase difference

 Your answer   [1]
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19 The diagram below shows a stationary wave pattern for a 
sound wave in a tube. The tube has one open end and one 
closed end.

 
60 cm

 The length of the tube is 60 cm.
 What is the wavelength of the sound?

 A 20 cm

 B 40 cm

 C 60 cm

 D 80 cm

 Your answer   [1]

20 What are the correct base units for work done or energy?

 A kg m

 B kg m s−2

 C kg m2 s−1

 D kg m2 s−2

 Your answer   [1]
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SECTION B

Answer ALL the questions.

21 A trolley is placed on a long ramp and is released from rest 
from the top of the ramp. It travels to the bottom of the ramp 
with a constant acceleration.

 (a) Describe how a metre rule and a stopwatch can be used 
to determine the FINAL velocity v of the trolley at the 
bottom of the ramp.

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 ����������������������������������������������  [2]
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 (b) A motion sensor is used to determine the velocity of the 
trolley at points X and Y, as shown in Fig. 21.

  Fig. 21 (not to scale)

  

X

Y

trolley
ramp

1.10 m
θ

  The distance between X and Y is 1.10 m. The trolley has 
velocity 1.3 m s−1 at X and velocity 2.5 m s−1 at Y.

  (i) Calculate the acceleration a of the trolley.

 a =  ����������������  m s−2  [2]
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  (ii) The frictional forces acting on the trolley are 
negligible.

   The acceleration of the trolley down the ramp is 
equal to the component of the acceleration of free fall 
parallel to the ramp.

   Use your answer to (b)(i) to calculate the angle θ  
between the ramp and the horizontal.

 θ  =  ��������������������  °  [2]

22 Fig. 22 shows two identical springs supporting an object.

 Fig. 22

 

90°
spring

T

W

T
X

object

spring

cord
cord cord

 Three short lengths of cord are tied together at point X. 
The other ends of the cords are attached to the ends of 
the springs and the object as shown in Fig. 22. The angle 
between the central axes of the springs is 90°.

 The tension in each spring is the same and equal to T. The 
weight W of the object is 4.8 N.

 The point X is in equilibrium.
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 (a) State and explain the magnitude and the direction of the 
resultant force at X due to the two forces exerted by the 
extended springs.

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 ����������������������������������������������  [2]

 (b) Sketch a LABELLED triangle of forces diagram for the 
three forces acting at point X.

  You do not need to draw this diagram to scale.  [2]
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 (c) Show that the tension T in each extended spring is 3.4 N. 
Use the space below.  [2]

 (d) The force constant of each spring is 24 N m−1.
  Calculate the energy stored in each spring.

 energy =  �������������������� J  [2]



21

BLANK PAGE



22

23 This question is about UPTHRUST and other forces acting 
on a sealed hollow tube in water.

 One end of a string is attached to the bottom of the tube and 
the other end of the string is attached to the bottom of the 
container. The string exerts a downward force F on the tube.

 At time t = 0, the tube is half submerged in the water, as 
shown in Fig. 23.1.

 Fig. 23.1

 

plastic container

sealed hollow tube

tableFstring
water

 The container is slowly filled with water at a constant rate 
until the container is full.

 Fig. 23.2 shows the graph of F against time t.
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 Fig. 23.2

 
01.0

2.0

t / s

F / N

3.0

4.0

30 60 90 120

 (a) By considering the forces acting on the tube, explain the 
general shape of the graph shown in Fig. 23.2.

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 ����������������������������������������������  [3]
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 (b) The container is now full of water.
  The string is cut and the tube accelerates vertically 

upwards through the water.
  The weight of the tube is 0.80 N and the upthrust on the 

tube is 4.2 N.

  Calculate the INITIAL upward acceleration a of the tube.

 a =  ����������������  m s−2  [3]

 (c) State why the acceleration of the tube decreases as it 
travels vertically upwards through the water.

 �������������������������������������������������

 ����������������������������������������������  [1]
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24 (a) A student is investigating an unidentified component 
found in the laboratory.

  The table shows the results from the lab book of the 
student.

V / V I / mA
− 5.0 − 5.0
+ 5.0 + 5.0
+ 10.0 + 30.0

  The potential difference across the component is V and 
the current through it is I.

  (i) Calculate the power dissipated by the component 
when V is +10.0 V.

 power =  �������������������  W  [1]
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  (ii) Analyse the data in the table and hence identify the 
component.

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 �������������������������������������������  [3]
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 (b) Fig. 24 shows a circuit with a battery and two resistors.

  Fig. 24

  
Y

3.0 V

X

  The resistor X has length 8.0 × 10−3 m, cross-sectional 
area 1.2 mm2 and is made of a material of resistivity 
1.5 × 10−2 Ω m. The battery has e.m.f. 3.0 V and negligible 
internal resistance. The resistor Y has resistance 68 Ω.

  Calculate the current I in the circuit.

 I =  �������������������� A  [3]
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25 (a) An oscilloscope is connected to a microphone. The 
oscilloscope is used to determine the frequency of sound 
waves emitted from a loudspeaker.

  Describe how the trace on the oscilloscope screen can be 
used to determine the frequency f of the sound waves.

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 ����������������������������������������������  [2]
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 (b) Fig. 25.1 shows two loudspeakers L1 and L2 connected to 
the same signal generator. The loudspeakers emit sound 
of the same wavelength but with different amplitudes. 
The points P and Q are at different distances from the 
loudspeakers.

  Fig. 25.1

  

signal generator
L1

Q
P

L2

  The sound at point P from L1 alone has displacement x1. 
The sound from L2 alone has displacement x2. Fig. 25.2 
on page 32 shows the variation of x1 with time t.
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  Fig. 25.2

  

0

–1.0

–2.0

–3.0

1.0

2.0

t / 10–4 s

x1 / μm

3.0

5 10 15

  Fig. 25.3

  

0

–1.0

–2.0

1.0

2.0

t / 10–4 s

x2 / μm

5 10 15

  The sound from L2 alone at point P has amplitude 1.0 μm, 
a phase difference of 180° compared with the sound from 
L1 and the same frequency as the sound from L1.

  (i) On Fig. 25.3, draw the variation of x2 with time t at 
point P.  [1]
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  (ii) Explain why the intensity at P due to the sound from 
both L1 and L2 is not the same as the intensity of the 
sound at P from only L1.

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 �������������������������������������������  [2]

  (iii) The wavelength of the sound is 34 cm. The distance 
L1Q is 200 cm and the distance L2Q is 217 cm.

   Explain the type of interference occurring at point Q.

 ����������������������������������������������

 ����������������������������������������������

 �������������������������������������������  [2]
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26 (a) Fig. 26.1 shows an arrangement used to demonstrate a 
particular wave phenomenon.

  Fig. 26.1

  

microwave transmitter

slit

receiver

  A metal sheet with a wide slit is placed between a 
microwave transmitter and a receiver. The microwaves 
have a frequency of 11 GHz.

  (i) Calculate the wavelength λ of the microwaves.

 λ =  �������������������  m  [1]
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  (ii) The receiver detects no microwaves in the position 
shown in Fig. 26.1.

   The metal sheet is replaced by another sheet with a 
narrow slit of width of a few centimetres, as shown in 
Fig. 26.2. The positions of the transmitter, receiver and 
the metal sheet are unchanged.

   Fig. 26.2

   

microwave transmitter

slit

receiver

   Explain why the receiver now detects microwaves.

 ����������������������������������������������

 ����������������������������������������������

 ����������������������������������������������

 �������������������������������������������  [2]
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 (b) Light travels from air to water. The refractive index of 
water is greater than the refractive index of air.

  Compare the speed, frequency and wavelength of light in 
air and in water.

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 ����������������������������������������������  [3]
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 (c) A student is given a semi-circular glass block.
  Describe with the aid of a ray diagram how an experiment 

can be conducted to accurately determine the critical 
angle for light within the glass block and hence the 
refractive index of the glass.  [3]

glass block

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������

 �������������������������������������������������  
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27 (a) Radio waves and X-rays are both electromagnetic waves.
  State one difference between radio waves and X-rays.

 �������������������������������������������������

 ����������������������������������������������  [1]

 (b) Procyon is a star of radius 1.4 × 109 m. The total 
output power of the electromagnetic radiation from its 
surface is 2.7 × 1027 W. The average wavelength of the 
electromagnetic waves from Procyon is 5.0 × 10−7 m.

  (i) Show that the surface intensity of the radiation from 
Procyon is 1.1 × 108  W m−2. Use the space below.  [2]
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  (ii)  Calculate the energy of a photon of wavelength 
5.0 × 10−7 m.

 energy =  �������������������� J  [2]

  (iii) Estimate the total number of photons emitted per 
second from the surface of Procyon.

 number per second =  ������������������  s−1  [1]

END OF QUESTION PAPER
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If additional space is required, you should use the following 
lined page(s). The question number(s) must be clearly shown in 
the margin(s).

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________



41

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________



42

Oxford Cambridge and RSA

Copyright Information
OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment 
materials.  OCR has attempted to identify and contact all copyright holders whose work is used in this paper.  To 
avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are 
reproduced in the OCR Copyright Acknowledgements Booklet.  This is produced for each series of examinations 
and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.
If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, 
OCR will be happy to correct its mistake at the earliest possible opportunity.
For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.
OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of 
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.


