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INSTRUCTIONS
Use black ink. You can use an HB pencil, but only for 
graphs and diagrams.
Write your answer to each question in the space 
provided. If you need extra space use the lined pages at 
the end of this booklet. The question numbers must be 
clearly shown.
Answer ALL the questions.
Where appropriate, your answer should be supported 
with working. Marks might be given for using a correct 
method, even if your answer is wrong.
Give your final answers to a degree of accuracy that is 
appropriate to the context.
The acceleration due to gravity is denoted by g m s–2. 
When a numerical value is needed use g = 9.8 unless a 
different value is specified in the question.

INFORMATION
The total mark for this paper is 60.
The marks for each question are shown in brackets [  ].

ADVICE
Read each question carefully before you start your 
answer.
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Answer ALL the questions.

1      (a)	 State the SI base units for these quantities.

(i)	 mass

_____________________________________________  [1]

(ii)	 temperature

_____________________________________________  [1]

(iii)	amount of substance

_____________________________________________  [1]

(b)	 An ammeter consistently reads 0.1 A more than 
the true current flowing through it.

(i)	 Circle  the correct term to complete the 
sentence. [1]

Readings from this ammeter are 

____________________________ .

absolute           inaccurate           imprecise           relative
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(ii)	 Which of these best describes the action 

that should be taken?
Tick ONE box. [1]

Apply a –0.1 A absolute correction

Apply a +0.1 A absolute correction

Apply a –0.1 A relative correction

Apply a +0.1 A relative correction

(c)	 Define the term UNCERTAINTY.

________________________________________________

________________________________________________

_____________________________________________  [2]
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2	 Car wheels need to be balanced to prevent 

dangerous vibration from happening at certain 
speeds.
FIG. 1 shows a wheel-balancing machine. The 
engineer attaches the car wheel to the axle.  
The machine spins the wheel and the computer 
displays information.
FIG. 1
computer

axle

car wheel

CEMB C29
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(a)   (i) FIG. 2 shows the wheel stationary on the 

machine’s axle.
The arrow labelled W represents the weight 
of the wheel.
Draw an arrow on FIG. 2 to show the force 
applied to the wheel by the axle. [2]
FIG. 2

W

car wheel
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FIG. 3 shows the wheel on the axle, viewed 
from the side.
FIG. 3

car wheel

When the engineer releases the wheel, it rotates 
clockwise.

(ii)	 Explain why this shows the wheel is NOT in 
equilibrium.

________________________________________________

________________________________________________

_____________________________________________  [2]

(iii)	The engineer turns the wheel back to its 
original position and attaches a small 
weight to balance it.
Draw an X on FIG. 3 to show approximately 
where the weight should be added. [1]
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(b)	 The owner of the car drives it away from the 

garage.
They drive the car at 10 m s−1 for 20 s and then 
stop for 10 s.
Show this journey on the distance–time axes 
below. [3]

10                20               30 time / s

distance / m

200

100
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(c)	 The mass of the car is 500 kg. 

Calculate the kinetic energy of the car when it is 
travelling at 10 m s−1. 
Give the units for your answer.

kinetic energy = ____________________________ 

unit ____________________________ [3]

3      (a)	 Circle  the correct words to complete the 
sentence. [1]

Conventional current flows from 

____________________________ .

negative to earth                      negative to positive

positive to negative
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(b)	 Explain how current flow in a semiconductor 

may differ from that in a metal.

________________________________________________

________________________________________________

________________________________________________

_____________________________________________  [2]
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(c)	 FIG. 4 shows a semiconductor diode.

FIG. 4

The diode is connected in a circuit as shown in 
FIG. 5.
FIG. 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The current through the diode is measured for 
different values of applied potential difference.

A

V

variable p.d. supply

+
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(i)	 Calculate the resistance of the diode when 

the potential difference across it is 3.0 V and 
the current through it is 0.15 A. 
Give the units for your answer.

resistance = ____________________________ 

unit ____________________________ [3]
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(ii)	 The measurements are plotted on a graph.

Which of the following shows the  
current–potential difference characteristic for 
a semiconductor diode? Tick ONE box. [1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

current

potential
difference

current

potential
difference

current

potential
difference

current

potential
difference
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(d)	 FIG. 6 shows part of a circuit used to control a 

motor in a robot.
The motor acts like an inductor and the diode is 
connected in parallel with it to protect the rest 
of the circuit from voltage spikes.
FIG. 6 
 
 
 
 
 
 

The inductor coil is made up of 50 turns.
When the motor is running, the current is  
150 mA and the magnetic flux is 1.2 m Wb.

(i)	 Calculate the self-inductance of the coil in 
milli-henry.

self-inductance = __________________________ mH [4]
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(ii)	 When the motor is turned off, the energy 

in the magnetic field is dissipated in the 
resistor.
Show that the power dissipated in the 
resistor is 3 W if the energy stored in the 
field is 0.075 J and the time taken is  
25 ms. [2]

4   (a)   (i)	 Define STRESS.

________________________________________________

_____________________________________________  [1]

(ii)	 State the unit for stress.

_____________________________________________  [1]

(b)	 Give an example of a brittle material.

_____________________________________________  [1]
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(c)	 FIG. 7 opposite shows a force–extension graph 

for a brittle material, labelled B.

(i)	 Draw, on the axes in FIG. 7, a  
force–extension graph for a ductile material.
Label this D. [2]

(ii)	 Draw, on the axes in FIG. 7, a  
force–extension graph for a non-brittle 
polymer.
Label this P. [2]
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(d)	 A small force is applied to a brittle material. 

The material does not break. 
Describe what happens to the atoms in the 
brittle material when this force is removed.

________________________________________________

________________________________________________

_____________________________________________  [2]

(e)	 Explain the difference between elastic and 
plastic deformation of a material.

________________________________________________

________________________________________________

________________________________________________

_____________________________________________  [2]

5      (a)	 Which of the following is NOT a fluid?
Tick ONE box. [1]

Gas

Liquid

Solid
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(b)	 For safety, divers take a hollow plastic marker 

buoy to show their position.

(i)	 FIG. 8 shows a diver holding their marker 
buoy underwater.
FIG. 9 is a close-up of the marker buoy.
FIG. 8 
 
 
 

FIG. 9 
 
 
 
 

The marker buoy in FIG. 9 is underwater.
Draw an arrow ON FIG. 9 to show the 
direction that water pressure acts on the 
marker buoy at position X. [2]

X
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(ii)	 The diver wears a device on their wrist that 

measures gauge pressure.
Which of the following is the correct way to 
convert the reading to absolute pressure?
Tick ONE box. [1]

absolute pressure =  
atmospheric pressure – gauge pressure

absolute pressure =  
gauge pressure + atmospheric pressure

absolute pressure =  
gauge pressure – atmospheric pressure

(iii)	The top of the diver’s marker buoy is 2.0 m 
from the surface.
Calculate the pressure on the top of the 
marker buoy due to the column of water 
above.
Density of seawater is 1020 kg m−3.

pressure = ____________________________ Pa [2]
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(iv)	Circle  the correct words to complete the 

sentence.

The pressure on the bottom of the marker buoy is 

____________________________ on the top. [1]

less than                  more than                  the same as

(c)	 Describe the upthrust force on an immersed 
object.

________________________________________________

________________________________________________

_____________________________________________  [2]
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6	 FIG. 10 opposite shows a type of household central 

heating boiler that includes a Stirling engine. This 
type of boiler heats water and also generates 
electricity.
The Stirling engine contains a fixed mass of a 
working gas (usually helium).
The boiler burns natural gas to heat the working 
gas in the Stirling engine.
The piston of the Stirling engine drives an electrical 
generator.
The displacer moves the working gas from left to 
right.
Cool water returning from the radiators is heated 
as it passes over the right-hand side of the Stirling 
engine before flowing back to the radiators again.

(a)   (i)	 State how energy is transferred TO the 
working gas.

________________________________________________

_____________________________________________  [1]

(ii)	 State how energy is transferred AWAY 
FROM the working gas.
Give TWO answers.

1 _______________________________________________

2 _______________________________________________
[2]
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(iii)	The energy entering the working gas in one 

cycle of the engine is equal to the energy 
leaving the working gas.
Show that the change in internal energy of 
the working gas is zero.
Use information in section 6.5.1 of the 
Formula Booklet to help you. [2]
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(b)	 A different Stirling engine contains 1.2 g of 

helium gas at 453 K.

(i)	 Calculate the pressure of the gas when its 
volume is 0.006 m3.
The specific gas constant for helium is  
2.08 J g−1 K−1.

 

pressure = ____________________________ Pa [3]

(ii)	 What is 453 K in °C?

_____________________________________________  [1]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE
If additional answer space is required, you should use 
the following lined pages. The question numbers must 
be clearly shown – for example, 2(b) or 3(a).
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