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1 A small cylinder is rolled along a ruler and completes two revolutions.

The circumference is the distance around the outside of a circle.

What is the circumference of the cylinder?

A 4.4 cm           B 5.2 cm           C 8.8 cm           D 10.2 cm           

2 The graph shows the speed of a car as it moves from rest.

   

What is the average speed of the car during the first 3 s?

A 4 m/s B 6 m/s C 18 m/s D 36 m/s
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3 When a heavy coin falls a short distance towards the ground it does not reach terminal 
velocity.
Which of the following explains this observation correctly?

A The coin has not hit the ground.
B The weight of the coin equals the air resistance.
C The weight of the coin increases as air resistance increases.
D The weight of the coin is always more than air resistance.

4 Forces of 25 N and 40 N act on an object in the directions shown.

                 
Which arrow shows the direction of the resultant force on the object?

5 A hollow rectangular metal block has the dimensions shown. 

The hole in the middle goes all the way through the block.
The density of the metal is 10 g/cm3.

What is the mass of the block?

A 12.6 g B 540 g C 1260 g D 1500 g

10 cm

5 cm

4 cm

3 cm

2 cm
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6 The diagram shows a muscle and bones in a person’s arm. The hand holds a load of 
weight 40 N. The elbow acts as a pivot and the tension in the muscle keeps the lower 
part of the arm horizontal.

                          

What is the tension in the muscle due to the load?

A 200 N B 240 N C 280 N D 1400 N

7 Work is done when a force of 400 N pulls a crate of weight 500 N at a constant speed 
along a ramp, as shown.

                      
Part of the work done increases the gravitational potential energy E of the crate and the 
rest is work done W against friction.

What are the values of E and W?

E/J W/J
A 1500 500
B 1500 2000
C 2000 2500
D 3500 500
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8 A parachutist has opened his parachute and is falling to Earth at constant speed. 
 
What is the principal energy conversion taking place as he falls? 

A kinetic energy potential energy
B kinetic energy thermal energy (heat)
C potential energy kinetic energy
D potential energy thermal energy (heat)

9 Water is poured into four dishes. In two of the dishes the water has a small surface area 
and in the other two it has a large surface area. The water in two of the dishes is cool 
and the water in the other two is warm.

From which dish does the water evaporate the quickest?

surface area temperature
A large cool 
B large warm 
C small cool 
D small warm 

10 A ray of light is incident on the surface of a glass block. The diagram is not drawn to 
scale. The refractive index of the glass is 1.5.

              
The angle of refraction is r. The angle between the refracted ray and the path the light 
takes without the glass block is d.

What are r and d ?

r / o d / o

A 23 12
B 24 12
C 23 13
D 24 13
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11 The diagram shows an object on the principal axis of a converging (convex) lens.             
A principal focus of the lens is at F.
   

Where is the image formed by the lens?

A between O and F
B between F and Q
C at Q
D to the right of Q

12 The diagram shows a wave on a string with two points P and Q marked.                            

The wave is moving in the direction shown.

    
What will happen next?

A P will move to the right.
B P will move up.
C Q will not move.
D Q will move up.



[Turn Over

7

13 The diagram shows a loudspeaker that is producing a continuous sound wave of 
frequency 200 Hz in air.

Which diagram best shows how the sound wave causes a molecule at P to move during 
0.0050 s?

                              

A B

C D

14 A negatively-charged rod is brought close to an isolated T-shaped piece of metal.
Initially, the metal is uncharged.

Which diagram shows the induced charge on the metal?

A B

C D
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15 A television controller emits an infra-red beam.

Which statement about infra-red radiation in the television controller is correct?

A It causes ionisation.
B It consists of longitudinal waves.
C It has a higher frequency than ultra-violet light.
D It travels at the speed of light.

16 Many electrical appliances have metal cases.

To prevent the case from becoming ‘live’, the earth wire of the electric cable is attached 
to the case.

How does the earth wire prevent an electric shock?

A It allows a current to flow to earth, so that the appliance continues working.
B It allows a large current to flow to earth, blowing the fuse.
C It prevents the fuse from blowing.
D It reduces the current to a safe level.

17 The diagram shows a circuit with two equal fixed resistors with a variable resistor R 
connected in parallel to one of them.

                                 
The resistance of R increases.

What happens to the two voltmeter readings?

V1 V2

A decreases decreases 
B decreases increases 
C increases decreases 
D increases increases 
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18 An electric current in a wire is into the page.
Which diagram shows the shape and direction of the magnetic field around the wire?

A                           B

C                           D

19 It costs $0.20 for 1 kWh of electrical energy.

How much will it cost to run an electrical fan of 90 W for 10 hours?

A $0.05 B $0.18 C $3.00 D $18.00

20 The diagram shows a current-carrying wire in a horizontal magnetic field.

Which arrow shows the direction of the force experienced by the wire?

          

End of Paper



                                                                                                                                [Turn Over

Candidate Name Class Register Number

CHANGKAT CHANGI SECONDARY SCHOOL

                    Preliminary Examination 2019

Subject : Science (Physics)
Paper No : 5076/02
Level : Secondary 4 Express/5 Normal Academic 
Date          : 29th August 2019
Duration : 1 hour 15 minutes
Setter : Mr Hong K K

_______________________________________________________________________

INSTRUCTIONS TO CANDIDATES

Do not open this booklet until you are told to do so.
Write your name, class and register number in the spaces at the top of this page.

Answer all questions in Section A and any two questions in Section B.

In calculations, you should show all the steps in your working, giving your answer at each stage.
Enter the numbers of the Section B questions you have answered in the grid below. 
The number of marks is given in brackets [  ] at the end of each question or part question.

For Examiners’ Use Marks

Section A               / 45

Section B               

              / 10

              / 10

Total               / 65

Personal Target Actual Grade

Parent’s / Guardian’s
signature

This Question Paper consists of 18 printed pages.



                       [Turn Over

2
Section A [45 marks]

Answer all the questions in the spaces provided.

1. A girl of mass 35 kg, on a bicycle, accelerates from rest and travels down a slope in a 
straight line. The girl does not use the pedals.
Fig. 1.1 shows that the gradient of the slope is constant.

     Fig. 1.1

(a) Calculate the resultant force on the girl when she is accelerating at 2.6 m/s2.

resultant force = ………………… N [2]

(b) At first, her acceleration is constant. At time t1, her acceleration starts to 
decrease gradually until she is travelling at a constant speed in a straight line.

On Fig. 1.2, sketch a speed-time graph for the girl from when she starts 
moving until she is travelling at a constant speed. [3]

                                             Fig. 1.2
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2. Fig. 2.1 shows the dam and reservoir of a hydroelectric power station.

Fig. 2.1

A hydroelectric power station uses a renewable energy source.
                     
(a) The water surface in the reservoir of the hydroelectric power station is at a vertical 

height of 170 m above the turbines. 
In one hour, 1.6 x 1010 kg of water flows from the reservoir through the turbines. 
The gravitational field strength g is 10 N/kg.

Calculate the loss in gravitational potential energy of the water in one hour.

loss in gravitational potential energy =…………………………………. [2]

(b) When the power station operates at full capacity, the electrical power output is   
6.8 × 109 W.

Calculate the electrical energy output in one hour when the power station 
operates at full capacity.

electrical energy output =…………………………………. [2]
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(c) Calculate the total amount of other forms of energy produced in one hour.

other forms of energy =……………………………… J [2]

(d) Calculate the efficiency of the power station operating at full capacity, given that 

                    useful energy output
efficiency =  ----------------------------- x 100% .
                           energy input

efficiency =…………………………………. [1]

3. A lamp is positioned at the bottom of a small pool of water.                                                    
The critical angle for light passing from water into air is 49°.

(a) Explain what is meant by the term critical angle.                   

………………….….……………………………………………………………………

………………….….……………………………………………………………………

………………….….……………………………………………………………………

………………….….……………………………………………………………………

………………….….……………………………………………………………………

………………….….…………………………………………………………………… [2]
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(b) The lamp sends rays of light towards the surface of the pool.

Fig. 3.1 shows three rays of light that are at 30°, 60° and 90° to the horizontal.     

Fig. 3.1
On Fig. 3.1, draw the path taken by each of the three rays after they strike the 
surface of the water. [3]

4. Fig. 4.1 shows a girl standing at a distance in front of a large building.                     

                                                          Fig. 4.1

The girl uses a sound generator and a loudspeaker to send a short pulse of sound 
towards the building. The sound has a frequency of 3700 Hz.

A short time later, the girl hears an echo.

(a) Besides the hard flat surface of the building, state another important condition for 
the girl to be able to hear the echo clearly.

….…….…………………………………………………………………..…………….

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

g g g g
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(b) The pitch of the echo is the same as that of the original sound but the echo is not 

as loud.
State the changes, if any, on

(i) the amplitude of the echo,

……………………………………………………………………………………. [1]

(ii) the frequency of the echo.

……………………………………………………………………………………. [1]

(c) The speed of sound in air is 330 m/s.

Calculate the wavelength of this sound.

wavelength = ………………………m [2]

5. Fig. 5.1 shows a metal coffee cup on a metal warming plate.

                              Fig. 5.1      Fig. 5.2

There is a small electrical heater inside the warming plate that keeps the plate hotter 
than the coffee.

(a) Heat is transferred through the metal by conduction to the liquid.

Describe how heat is then transferred to all the liquid in the cup.

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

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

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

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

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

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

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

(b) A cup of a different shape is placed on the same heater, as shown in Fig. 5.2.            
The two cups are made of the same metal and contain the same amount of coffee.

Explain why the coffee in the cup in Fig. 5.2 is not kept as warm as the coffee in the 
cup in Fig. 5.1.

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

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

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

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

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

(c) The outside surface of the cup can be either black or white and can be either 
dull or shiny.

(i) State a suitable choice of colour and texture for the outside surface of the 
cup.

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

(ii) Explain your answer to (c)(i).

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

..................................................................................................................... [1]
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6. Two flexible iron strips, WX and YZ, are placed close to each other inside a solenoid 

(long coil). The end W of WX and the end Z of YZ are held firmly in position.

Fig. 6.1 shows that the solenoid is connected to a d.c. power supply and a switch.   
          

                                                           Fig. 6.1 

The switch is closed and there is an electric current in the solenoid.

(a) (i) On Fig. 6.1, mark with an arrow the direction of current flowing in the 
solenoid at the turns near W and Z. [1]

(ii) State the type of magnetic pole produced at W, X, Y and Z.

1.   W ........................-pole

2.   X    ........................-pole

3.   Y    ........................-pole

4.   Z    ........................-pole [2]

(b) State and explain what happens to X and Y because the flexible iron strips are
magnetised.     

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

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

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

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

+ -
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7. (a) Measurements of the current and the potential difference (p.d.) across a metal 

wire A are made.

Fig. 7.1 shows a graph of the current against the p.d. for the wire.

              
                                                       Fig. 7.1
                                         
(i) State and explain whether wire A is an ohmic or non-ohmic component. 

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

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

(ii) State how the graph shows that the temperature of the wire does not 
change in the experiment.

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

.................................................................................................................... [1]
(iii) Determine the resistance of the wire A.

resistance of wire A = …………………………… [2]

(b) Another wire B of the same material has the same length as the original wire A but 
has only half the cross-sectional area.
(i) Determine the resistance of the new wire B.

resistance of wire B = …………………………… [1]

(ii) On Fig. 7.1, draw the graph for the new wire B. [1]
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8. A student sets up the circuit shown in Fig. 8.1.      

                                                          
                                                                 Fig. 8.1

The electromotive force (e.m.f.) of the battery is 6.0 V.

(a) The resistance of the variable resistor X is set 

Determine

(i) the total resistance of the circuit,

total resistance = …………………………… [2]

(ii) the current measured by the ammeter.

current = …………………………… A [2]

(b) (i) State what is meant by the potential difference (p.d.) across a component 
in a circuit.

…………………………………………………………………………………….

…………………………………………………………………………………….

..................................................................................................................... [1]
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(ii) The resistance of X is increased.

State what happens, if any, to t . Explain your 
answer.

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

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

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

..................................................................................................................... [2]
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Section B [20 MARKS]

Answer any two questions in the spaces provided. 

9. Fig. 9.1 shows a satellite in orbit around the Earth.

Fig. 9.1 (not to scale)

The satellite travels at a constant speed in a circular orbit.

(a) (i) State what is meant by velocity.

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [1]

(ii) Explain why the velocity changes.

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [1]

(iii) Indicate the direction of the force acting on the satellite by drawing an 
arrow to represent it on Fig. 9.1. [1]
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(b) The satellite is placed into orbit by a rocket. 

Fig. 9.2 shows the rocket as it takes off.

                                                      
                                                        Fig. 9.2
The rocket and fuel have a total mass of 40 000 kg and a total weight of 400 000 N. 
The resultant force acting upwards on the rocket is 50 000 N.

(i) Calculate the thrust produced by the rocket engine.

thrust = ………………………..… [2]

(ii) Calculate the acceleration of the rocket.

acceleration = …………………………… [2]

(iii) The table in Fig. 9.3 describes the motion of the rocket in the first 12 
minutes.

time / minutes motion of rocket
0 to 4 uniform acceleration
4 to 6 increasing acceleration

6 to 10 decreasing acceleration
10 to 12 constant speed

Fig. 9.3
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On Fig. 9.4, sketch the speed-time graph of the rocket for the first 12 minutes.   
You do not need to give values for the speed.

Fig. 9.4

[3]

10. Fig. 10.1 shows the brake pedal of a car which is connected to a master cylinder.

        
Fig. 10.1 (not to scale)

The brake is pressed with a force F. This force produces a moment about the pivot.

Pressing the brake causes a force of 80 N to act on the fluid in the brake cylinder.

(a) (i) State what is meant by the moment of a force about the pivot.

………………………………………………………………………………….

………………………………………………………………………………….

………………………………………………………………………………….

…………………………………………………………………………………. [1]
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(ii) The magnitude of the force exerted on the piston by the fluid is 80 N 

and is acting in the opposite direction as indicated in Fig. 10.1.                

Explain why this claim is correct. 

………………………………………………………………………………….

………………………………………………………………………………….

…………………………………………………………………………………. [1]

(b) (i) Calculate the moment of the force acting on the piston.

moment of the force = …………………………… [2]

(ii) Calculate the value of F.

force F = ……………………………. [2]

(iii) The cross-sectional area of the piston is 0.0012 m2.

Calculate the pressure exerted by the brake piston on the fluid.

pressure = ……………………………. [2]
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(c) Fig. 10.2 shows how the master cylinder (in Fig. 10.1) is connected to the 

car’s braking system. The brake drum rotates with the wheel of the car.
.

Fig. 10.2

The total cross-sectional area of the two slave pistons is 0.0040 m2.

Calculate the total force exerted on the slave pistons by the brake fluid.

total force = …………………………… [2]
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11. (a) Fig. 11.1 shows a vertical solenoid (long coil) with an iron core held in a 

wooden clamp above a laboratory bench.
The solenoid is connected in series with a battery, a switch S, an ammeter and 
a variable resistor.
There is a voltmeter in parallel with the solenoid.

Fig. 11.1

The battery consists of five 1.5 V cells in series.

When the switch S is closed a reading of 4.0 A is shown in the ammeter.

(i) State the size of the electromotive force (e.m.f.) of the battery. 

electromotive force (e.m.f.) of the battery = ............................................. [1]

(ii) Calculate the total resistance of the circuit.

total resistance = ........................................................... [2]

(iii) The reading on the voltmeter is 6.5 V.

Calculate the power dissipated in the solenoid. 

power dissipated = ........................................................... [2]
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End of Paper

(iv) The solenoid is made of copper and the student notices that, as time 
passes, the solenoid becomes extremely warm.

State and explain the effect of this temperature increase on the ammeter 
reading. 

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

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

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

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

(b) The current in the solenoid magnetises the iron core. When a iron nail is
brought very near (but not touching) the magnetised core, the iron nail jumps 
up towards it.                            

(i) Explain the changes in the iron nail that causes it to be attracted to the 
magnetised core.

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

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

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

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

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

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

(ii) The switch S is opened.

State and explain whether the iron nail remains in contact with the iron 
core.

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

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

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

.................................................................................................................... [1]
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Section A [45 marks]

Answer all the questions in the spaces provided. 

1. A girl of mass 35 kg, on a bicycle, accelerates from rest and travels down a slope in a 
straight line. The girl does not use the pedals.
Fig. 1.1 shows that the gradient of the slope is constant.

     Fig. 1.1

(a) Calculate the resultant force on the girl when she is accelerating at 2.6 m/s2.

F = ma   = 35 x 2.6    [1]

   = 91 N     [1]

resultant force = ………………… N [2] 

(b) At first, her acceleration is constant. At time t1, her acceleration starts to 
decrease gradually until she is travelling at a constant speed in a straight line.

On Fig. 1.2, sketch a speed-time graph for the girl from when she starts 
moving until she is travelling at a constant speed. [3] 

                                             Fig. 1.2

Straight line 0 to t1 – [1]

Curve with decreasing gradient – [1]

Horizontal line with terminal velocity
– [1]

1.1

on theheheeeeeeeeeeeeeeee girl whhhhhheenenenenenenenenenenenenenenenenenenenenenenenenenenenennn sssssssssssssssssssssssssshehehehehehehehehehehhehehhehehehhehhhhhheehehehhhhhehehhhhehhehhhhhehhehehheehehehehhhehehehehhehehheheheheheeeeeee iiiiiiiiiiiiiiiiiiiiiiiiiiissssssssss sssss sss aaaacaa celeleleeraaaatitititinngngng at 2.6 m

x 2.6   [[[[[[[[[[[[[[[[[1]111]1]11]111]1]111]1111]11111]1111

1 N   [111111111111111111111111111111111111111111111]]]]]]]]]]]]]]]

resultanantt forcrce e == ………

(b) AtAtAAAAAAAAAAAAAAAAAAAAAtAAAAAAAAAAAAAAAAAAA  firirrrrrrrrrrrrrstststtstttstststtstttssssss ,,,, herr rrrr rrrrrrrrrrrrrrrrrrrrrr acacacacacacacacacacacacaacacaaacaccaacccccccccccececececcecececececceccceceeeeeeleleleeleeleleeleleeeeleeleeeleleleeeeleleeeeeeelleeeerarararararaarararararaaaaaraaraaararaaaaaaarrrr tittittitititititititititttititttttitttttttt onononononooo iiiiiiiiiiiiiisss s conssssssssssssssssssssssssssssssssssstatattatatatatatatataaatatatatatatatttttatattatataataataaaaantntnntntntntntntntntntntntntntntntntntntntttttttttttttttttt....... AtAtAtAtAtAtAtAtAtAtAtAtAtAtAtAtttAAtAtAtAtAtAtAAtAttAAtAAtAAAtAAtAAAAAAtAtAAtt ttttttttttttttttttttttttttttttttimimmimmimimimimimimmimiimiiiiiiiimimiimmimimimmimmmii e t1,, heher r aca celer
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2. Fig. 2.1 shows the dam and reservoir of a hydroelectric power station.

Fig. 2.1

A hydroelectric power station uses a renewable energy source.
                     
(a) The water surface in the reservoir of the hydroelectric power station is at a vertical 

height of 170 m above the turbines. 
In one hour, 1.6 x 1010 kg of water flows from the reservoir through the turbines. 
The gravitational field strength g is 10 N/kg.

Calculate the loss in gravitational potential energy of the water in one hour.

loss in gravitational potential energy =…………………………………. [2] 

(b) When the power station operates at full capacity, the electrical power output is   
6.8 × 109 W.

Calculate the electrical energy output in one hour when the power station 
operates at full capacity. 

electrical energy output =…………………………………. [2] 

gpe = mgh =  (1.6 x 1010)(10)(170)     [1]

                   = 2.72 x 1013 J           [1  - 2 or 3 sf]

Energy, E = P x t   =  (6.8 x 109) (60 x 60)     [1]

                   = 2.45 x 1013 J           [1  - 2 or 3 sf]

ewable energrgggggy y yy sosososoururururcccce.

eservooirirriririrrrririririrrirriiiiiiiiiiiiiii  ofoooooooooooooo  the e ee hhhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhhyyyyyhyyhhhhyhyyyhhhhyyhhhyhhyyyyyyyyyyyyyyyyydrdrdrddddrdddddrdrdrdrdrdrdddrddddrdrdrdrdrdrdrdrdrdrdrdrdrdrrdrrrrrrrrrrrroeoeooeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeooeoeoeoeoeoeoeoeoeeeoeoeeeeeeeeleleleleleleleleleleleleleleleleleleleleleleleleleleleeleleleleeeeeeeeeeecccctcccctcccccccccccccccccccccccccccccccccccccccccccccccccc ririririr cc poowewewewerr r r sts ation is at a
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(c) Calculate the total amount of other forms of energy produced in one hour.

other forms of energy =……………………………… J [2] 

(d) Calculate the efficiency of the power station operating at full capacity, given that 

                    useful energy output
efficiency =  ----------------------------- x 100% .
                           energy input

efficiency =…………………………………. [1] 

3. A lamp is positioned at the bottom of a small pool of water.                                                    
The critical angle for light passing from water into air is 49°.

(a) Explain what is meant by the term critical angle.                   

………………….….…………………………………………………………………… 

………………….….…………………………………………………………………… 

………………….….…………………………………………………………………… 

………………….….…………………………………………………………………… 

………………….….…………………………………………………………………… 

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

loss in gpe =  electrical energy + other forms of energy 
other forms of energy = 2.72 x 1013 - 2.45 x 1013 J                 [1]

                                      = 2.72 x 1012 J                          [1  - 2 or 3 sf]

Efficiency = (2.45 x 1013) / (2.72 x 1013) x 100%

                   = 90%          [1 ]

Critical angle is the angle of incidence for a ray travelling 
from an optically denser medium [1]
to a less medium and the angle of refraction is 90o.  [1 ]

ca

efefefefefefefefffefefefeffefeefeffeffefffefefefefefefefeefeeeefeefeeeeeefeeffffffifififififififffffifififffiffiffififfffiiiiiffffffffiifffff ciccccccc encycycycycycy  =…=…=…=…=…=………
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(b) The lamp sends rays of light towards the surface of the pool.

Fig. 3.1 shows three rays of light that are at 30°, 60° and 90° to the horizontal.     

Fig. 3.1
On Fig. 3.1, draw the path taken by each of the three rays after they strike the 
surface of the water. [3]

4. Fig. 4.1 shows a girl standing at a distance in front of a large building.                     

                                                          Fig. 4.1

The girl uses a sound generator and a loudspeaker to send a short pulse of sound 
towards the building. The sound has a frequency of 3700 Hz.

A short time later, the girl hears an echo.

(a) Besides the hard flat surface of the building, state another important condition for
the girl to be able to hear the echo clearly.

….…….…………………………………………………………………..……………. 

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

Distance of building must be at least 200 m [1] so the 
will be heard after 1.3 seconds later.

              

se

Fig. 3.1
by each of theheheheeeeeeeeee ttttthrhrhrhreeeeeeeeeeeee rrrrays s afafafafteteteterrr r ththththeeeey str

a girl stanannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnndididididididididididididididididiidididiiiidddddddddd ng aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaat ttttttttttttttttt a ddddiddddddddddd ststststststststststststancee innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn front of a lalalaarggggeeee buuuuilililildidididingggg....              g g gggggg ggggg
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(b) The pitch of the echo is the same as that of the original sound but the echo is not 

as loud.
State the changes, if any, on

(i) the amplitude of the echo,

……………………………………………………………………………………. [1]

(ii) the frequency of the echo.

……………………………………………………………………………………. [1]

(c) The speed of sound in air is 330 m/s.

Calculate the wavelength of this sound.

wavelength = ………………………m [2]

5. Fig. 5.1 shows a metal coffee cup on a metal warming plate.

                              Fig. 5.1      Fig. 5.2

There is a small electrical heater inside the warming plate that keeps the plate hotter 
than the coffee.

(a) Heat is transferred through the metal by conduction to the liquid.

Describe how heat is then transferred to all the liquid in the cup.

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

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

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

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

Smaller  [1] 

= v / f   =  330 / 3700     [1]

                   = 0.089 m           [1]

Unchanged  [1] 

Liquid at the bottom of the cup is heated up and becomes 
less dense and rises.     [1]

Colder liquid at the top is denser and sinks and a 
convection current is set up.          [1]

wawawawawwwwawawawawawawawawawawwawawawawawwwawawawwawawawawawawawawawawwwawwawawawawawwawwawaawawawawwawawawawawawwwwawaawawwwwwawawawawwwawwawaawawwwwwwawaawawawwaawwwwawwwwwaawwwaaawawwaaaawwwwwwwawwwawwwwwwaavevevevvvvvvvvvevvevvevevevevevevevevevvvvvvvevevevevvvvvvvevevevevevvvvvvevevvvvvvvvevvvvvvvvvvvvvevvvvvvvvvvvvevevevvvvvevvvvvvevvvveevevveevvv lllllllllllelelelelellllllleleleleelelelelelelelelelelengnggggggggggthththth == ……………… ……………

ows a mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmetal cccccccccccccccccccccccccccccccccofofoofoffofofofoffofoffofofffofofffofoffoffofooooooo fefefefefeffefefefefefefefefeffefeffefefefefefffefeeefeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee cuccucucuccccccccucuucucucccccucuccccucup p p pppp p pppp pp pp p p p ppppp ononononnononnononononnonnnonnonononononoononoononononooonoo aaaaaaaaaaa mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeteteeteteteteteteteeteeteteteeteteeeteteteteeeetttttalaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  wararaaaaaaaaaa ming pppplalalaatetetete.

                         FiF g. 5 1

s a ssmamallll elect
coffffee

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

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

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

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

(b) A cup of a different shape is placed on the same heater, as shown in Fig. 5.2.            
The two cups are made of the same metal and contain the same amount of coffee.

Explain why the coffee in the cup in Fig. 5.2 is not kept as warm as the coffee in the 
cup in Fig. 5.1.

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

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

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

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

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

(c) The outside surface of the cup can be either black or white and can be either 
dull or shiny.

(i) State a suitable choice of colour and texture for the outside surface of the 
cup.

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

(ii) Explain your answer to (c)(i).

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

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

For cup in Fig. 5.2, there is an air gap between the 
warming plate and the bottom of the cup.     [1]

Air is a very poor conductor and reduce the heat 
transfer by conduction to cup.          [1]

White and smooth surface is a poor emitter of heat so 
reduces the heat loss from the cup.     [1]

White and smooth surface.     [1]

.....

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

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

.................................................................................................................... ................................................. ....................................... ........
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(i(((((((((((((((((((((((((((((((((((( i)))))))))))))) Explplplplplplplpllllplplplppplpllplplplpllplpplpllllpplpllppplplpplplppllplppppllplpllpplplplpplpppplplp aiaiaaiaiaiaaaiaiaaaiaaaiaiaiaaiaaiaaaaaaaaaaaaiaiiiiaaaaaa nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn yoyoyoyoyoyoyoyoyoyoooyoyoyoyoyyyoyyoyyyyyyyyyyyyyyyooyyyoyyyyyyyyyoyoyyoooyyyyyy ururuururururururururururururururururururururururrururruurrururrruuuruuurrrrrurrurur answeeeeeer r r rr r totototototo (c(c(c(c(c(c)()()()(()((i).

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

...

en theeeeeeeee 
p.     [1]

d reduce thhhhhhhhhhhhhhhhheeeeeeeeeeeee hehehehehehheheheheheheheheheeatatatatatatatatatatatatatatatatatatt  
up.          [1]

WhWhWhWhWWhWhWhWWWhWWhWhWhWhWhWhWhWhWhWWWWhWWWWWWhWhWWWhWWWWhhWhWWWhWWWhWhWWWWhWhWhWWWWWWWWWWWWWWWWWWWWWWWWWWW ite annanannanannnanananananand ddd ddd d d ddddd ddd smmmmmmmmmooth
redududududuuuududuududuududud cececececececececececececececececeeesssssssss tthttt e he

WhWWWWWhWhWhWhWhWhWhWWWWWWWWWhW ititititititititititititititititititititittttttttttte eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee aaaaanaaaa d smsmsmsmsmsmsmsmsmmsmmsmmsmsmsmsmsmsmsmsmsmmsmsmmsmsmsmmsmsmmsmmsmssmsmsmsmmsmsmsssmsmsmsmsmssmsmsmsmsmmmsmsmsssmmssmsmsmsssmsmmsmsssmsmsmmsmmssmmmsmssmsmooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo ttttttttttttthttttttt  surururuuuuruuuuuuuuuuurrruuuruuuu ffaffffff ceeceeeeceeeeeee.......     [1[1[1111[11[1111111]]]]]]]]]]]]]
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6. Two flexible iron strips, WX and YZ, are placed close to each other inside a solenoid 

(long coil). The end W of WX and the end Z of YZ are held firmly in position.

Fig. 6.1 shows that the solenoid is connected to a d.c. power supply and a switch.   
          

                                                           Fig. 6.1 

The switch is closed and there is an electric current in the solenoid.

(a) (i) On Fig. 6.1, mark with an arrow the direction of current flowing in the 
solenoid at the turns near W and Z. [1]

(ii) State the type of magnetic pole produced at W, X, Y and Z.

1.   W ........................-pole

2.   X    ........................-pole

3.   Y    ........................-pole

4.   Z    ........................-pole [2] 

(b) State and explain what happens to X and Y because the flexible iron strips are
magnetised.     

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

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

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

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

+ -

As X and Y are unlike poles, they will attract.  [1]

See above diagram - arrows.     [1]

North
South 
North
South

rrent in thee sosolelenonoidid.

rrow the directctctctctctttttioioioioioiooioiiooioiooon n n n ooofofoooooooooooooo ccccuurrentntntnt fffflolololowiwiwiwingngngng in th
ear WWW aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaand Z.

of magngngngngngnngngngngngnngnnngnggggggggngngggggggggngng eeteeeeeeeeee ic pololollllolololollolololleeeeeeeeeeeeeee pprppppppppppppp ododododdoddddddddddddddoddddddddddddddddddddddddddddddddddddducucucucucuuucucuucucucucuccucucucucuccccucucucuccuccccccuucucucuucucuccccccucuucccccucucuccccccucccccccccccccccccccccccccuccuuuccuuccucucucuuuccccccccccccededddedededededdedeedededededededededeededededeedededeededededededededededededededededdedededeedededdededdededdddededdededdeddededdeeeddeeeededdeeedededdddeedeeedddeeddeeeddeedddeeedddddeeddddeddddddddddddd aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttt WWWWWWWWWW,W,W,W,WWWWWWWWWWWWWWWWWWWW  X,X, YY aandnd ZZ.

W .................. ................-popopopoopooppoopoppopopppp lelelllellelllll

2.  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   ...............................................................-popoppppppppppppppppppppppppppppppppppppppp lelelelelelellellllleleleleeelelelleeeeeeeeeeeeeeeeeeeee

3.3333333333333   YY   ..................... ................. ............... .....................---------------------pppoppppppppppppppppp lee

44.444444444444   Z   ............................................. ................................. ........................ .............. ---popoppoppopopopopopopopopopopopopopopppopoppopoppopoppooooooppppppppppppppp leleleeeeeeeeeeee

(b(b(b(b(bbbb(bbb(bbbbbbb)))))) StStStStStStStStStStStSStStSStSSStStSStStSSSStSSSStSSStStSSSStSttttatatatatattatatattatatatataatatattatttttttatttee eeeeeeeeeeeeeeeeeeeeeeeeee anaaaaaaaaaaaaaaaaaaaaaa dddddddddddddddddddddddddddddd exeeeeeeeeeeeeeeeeeee plaiaiaiaiaiaiaiaiaiiaiaiaiaiaiaiiaiaiaiaiaaaaaaaaaaaaaaa nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn whwwhwhwhwhwhwhwhwhwwhwhwhwwhwhwhwhwhwhhwwhwwhwhwhwhhhhwhhww atataatatatattataaaatatataataatt hhhhhhhhhhhhhhhhappens tttto ooo X X X X anaaa d Y b
magngnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneteteeteteteteteteeteteteteeeeeeeee iseddddddddddddddddddddddddddddd.........    

.........

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

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

AsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAssAsAsAssAsAsAsAsAss X aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndndndndnddndndndndndndndndnnddddndndnnndddnddnddndndddnddddddndndddndnddddnddndnnnnnnnn YYYYYYYYYYYY arererererereeee uuuuuuuuuuuuuuuuuunlnnlnlnlnnnnnnllllllikiiiiiiiiii e pole

SeSSSSeSSeSeSeSeSeSSSeSeSeSeSeSeSeSeSeSSSeSeSeSeSeSeSeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee abaabababababaababaabababababaaababaaaababbababaabbaaabbaaaaababaa ovovovooovovoooooo e dididididididididididiagagagagagagagagagagagram - arrows
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SoSoSoSSSoSSSoSoSoSoSSoSSoSoSooooSoSoSoSoSoSoSSSSSSoSSoSSSSoSoooooooooooooooooooooutututututututuutututututtuttutututuuutututuuuutututututuuuuuttututuuuuuuuuu h hhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhh
NoNNoNoNoNoNooooNNNNoNNNooNoNoNoNoNoNooNNoNooooooooooooNooNoooooNoooooNN rtrtrtrrtrtrtrtrttrrrrrtttrtrtrtrtrrtrtrtrtrrrrrtttttrtrtrtrtrrtttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
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7. (a) Measurements of the current and the potential difference (p.d.) across a metal 

wire A are made. 
  
Fig. 7.1 shows a graph of the current against the p.d. for the wire.

              
                                                       Fig. 7.1
                                         
(i) State and explain whether wire A is an ohmic or non-ohmic component. 

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

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

(ii) State how the graph shows that the temperature of the wire does not 
change in the experiment.

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

.................................................................................................................... [1]
(iii) Determine the resistance of the wire A.

resistance of wire A = ……………………………  [2]

(b) Another wire B of the same material has the same length as the original wire A but 
has only half the cross-sectional area.
(i) Determine the resistance of the new wire B.

resistance of wire B = ……………………………  [1] 

(ii) On Fig. 7.1, draw the graph for the new wire B. [1]

Wire A is ohmic as the graph is a straight line that passes through 
the origin OR the current is directly proportional to the p.d.  [1]

Graph shows a constant gradient and thus a constant 
resistance so temperature is constant.  [1]

R = 1/gradient or V/I = 5/0.4    [1]

     = 12.5 .           [1]

As cross-sectional area is halved, its resistance is 
doubled, R = 2 x 12.5   = 25 .  [1]

(b)(ii)  straight
line with as 
shown.  [1]

wire A is an ooohmhmhmhmhmmhmhmhhh icicicic oooor r r r non--ohohmimic c cocompo

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

State hohhhhhhhhhhhhhhhhhhhhhhhhhhhhh w thhhhhhhhhhhhhhhhhhhhhhhhe eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ggrgrgrgrgrgggrgrgrgrgrggrgrgggrgrggggrgrggggrgrggrrrrg apappappapapapappapappappappppppapappppapapapapapaapapapapaaapapaaa h h hhhhhhhhhhhhhhhhhhhhhhhhhhhhh shshshshshshshshshshshshshsshshshshshsshshshshsshhsshshhhhhhhhhowowowowowwowowwwowwwwowwwwwowwwowwowwwowwwwwowowwowwssssssssssssssss thththhhthtthhhthththttthhththhhhthththtththhhthhhhatataatatatatatatatataatatatatataaataatatataaaattt tttttttttttttttttttttthe ttttemeeeee peraaaattututurereree of thhhhe e ee wiwiwiwirererere ddddoes n
channnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnngegeeeeeeeeeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnn the expep rimememmmmemmmmmmmmmmmmmmmmmmm ntnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn .

........................ ...... ............................................................ .......................................................................... ............. .........
(i(i(i(i(i(i(i(i(i(i(i((i(i((((((i((i(i((((((i((ii(iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ))))))))))))))))))))))))))))))) DeDeDeDeDDeDDDDDDDDDDDDDDDDD teteteteteteteteteteteteteteeeeeeeeeeeeeeeeeermrrrrrrrrrrrrrrrrrrrrrrr ineeeeeeeeeeeeeeeeeeeeeeee ththththhthththhhththhthththhthththhthththththththhhthtttthtttthtththhht e e eeeeeeeeee eeeeeeeeeeeeeeeeee rererererererererererererererereeeerrrrr sisisisisisisisissisisisisisisisissss stsssssssssssssss ance oooof fff ththththeeee wwwwire A

the grarararaaaaaaararaaaaaaaararraarrrarraaaphphphphphphphphphphphphphphphphphphph is s s s s s s ss s s aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa aaaa a a aaa stststsstsstststststststststststststststststststststrarararrrararararararrrarararararararararaaigigigigigigigigigigigigigigigigigigigigigigigigigigigigigigiggggghthhhthththththhthththttttthhhththttthhththttthththttththtththttttttt linininininininininininii e thhhhhhhhhhhatatatatatatatatatatat pppppppppppasaaaa ses throu
the currrrurururrururrrrrrurrurrrrrrururrrururrrruurrrurrrerrr nt iiis ssssssssssssss dddddddidddddddddddd rerererererererereeeerereeereeereeeeeeeectctctcctctctctcttcttctctctctctctctccctctctctctctctctctctttcttctctctctctctttttctctcttccctcttlylyyyylyylylyyyyyylylylylylylyylyylylyyylyylyylyyylylyylyylyyyylylylylyyylylylylyyyyyyy ppppppppppppppppppppppppppppppppppppppppppppppprorororororororororororororororororoooooooooppppppopopopopopopopopopopopopopopopopoporrrrtrtrtrtrtrtrrrtrtrtrrrtrtrrrrrrrrrrr ioioioioioioioioioioionananananananananananalllllll tototototototototototo tttttttttthehehehehehehehehehehe p.d.  [1]

Grapaaaaapaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh shsshsshshsssshsssshsssshhhsshsss owowowwowowwowowowwowwwwwwwwwwwwwwwwowwwwwwwwwwwwwwwwwwwwwwwwwwwwowwoows s s s ssssss a aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa cocococoocococoococoocooococococoococoocoocooooooocooooocoocoocoooccccooocccococcc nsnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn taaaaaaaaaaaaaaaaaaaaaaaaaanttntntntnttntntnttttnttnttntntnttnttntntntntnttntntntntntnnntntnnntnntnnnntnttntntttnntnnnnttnttttttt gggggggggggggggggggggggggggggggggggggggggggggggggrararaararararararararararararaaraaarrararrarararaaaraaaarrrrarraraaraaraaraaaraaarar ddidididididididididididididididididddddiddiddidddiddddidididdiddiddididdididiiddddiiiiieneneneenenenenneneneneeneeeenenenneneennnenennenneenneeneneneeneeeneeeeeee t ttttttttttttttttttttttttttttttttttttttttt and thhhhhhhhhhhhhhhhhhhhhusususussusussususussssusususu a con
rerrerererererererererrererereresiiiiiiiiiiiiiiisstststsstststsssststsstssssstssssstsssststsss anananananananananananaanananananananaaaaaaaaaaaaaaa ce sssssssssssssssssssssssssssssssssssssssssssssssssso ooooooooooooo o oooo teteteeteteeeteeeteteteteteeeeeteeeeeteteeteteteeteeeetetetetetetttttttt mpmpmppmpmppmpmpmpmpmpmpmpmpmpmpmpmpmpmppmpmpmpmpmppmpmppmpmpmppmpmpmpmpmpmpmmmpmpmpmpmpmmmmpmpppmpmppppereeererereeerererererrerereererereeerererererereerreeereerreererrreeerererereeereeereerereee atatatattatatatattatatttattataatataaaaaaaaaaaaaaaaaaaaaa uurururuururrurrurururrurrurrurrururrurrurruururrrrrrrrrrrrrrrrre eeeeeeeeeeeeeeee eeeee eeeeeeeeeeeeeeeeeeeeeeeeee isiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  consttttstttststttsttttss ananananananannananannanananananannant.t.t.t.t.t.tt.ttt.t.t.t.ttt   [1]

R R R RRRRRRRRRRRRRRR RRRRRRRRRRRRRRRRRRRRRRRRRRR ============================================ 1/1/1/1/1/1//1///1//11/1//1//1//1/1//1/1///1///1///1//1111 grgrgrgggrgrgrgrgrgrggrgggrgrggrrggggrgrrgrgggrrgrgrgrggggrggggrrgrggrgggggggg adaa ientttntntnttttntnttntntntnttntttn oooooooooooooorr rrrrrrrrrrrrr VVVV/V/VVVVVVVVV/VVVVV I = 5/

    = 1212222121221212121212122121122.5.5.5.5.55.5.5.5.5.5.55.5.55.5.5.555555 .   
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8. A student sets up the circuit shown in Fig. 8.1.      

                                                          
                                                                 Fig. 8.1

The electromotive force (e.m.f.) of the battery is 6.0 V.

(a)

Determine

(i) the total resistance of the circuit,

total resistance = ……………………………  [2]

(ii) the current measured by the ammeter.

current = …………………………… A [2]

(b) (i) State what is meant by the potential difference (p.d.) across a component 
in a circuit.

……………………………………………………………………………………. 

……………………………………………………………………………………. 

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

 

1/r = 1/3.6 + 1/1.8   = 3/3.6
r = 1.2      [1]

R = 1.2 + 2.8   = 4.0 .  [1]

I = V/R    = 6 / 4    [1]

=  1.5 A    [1]

Potential difference is the work 
done is driving a unit charge 
across the component.    [1]

V.

tance of f ffff fff ffff fffffff ff ffffffffff f f f f f tthththtttththththtttttthhthttththtttt e circcuuiuuuuuuuuuuuuu t,t,t,tttttttttttt

tototatall rer sista

(i(i((((((((((((((((((((((((((((((( i)i)i)i)i)i)i)i)i)i))i)i))i)i)) thhhhhhhhhhhhhee e e e eeeee ee ee eee e cucucucucucucuucucucucucucucucucuccucucuucuucuuuuccucuuccuucuuuucccc rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr eneneneneneneeeneneneeeneneneeeeeeeeeneneneneeeneeeeeeeneeeneeee ttttttttttttttttttttttttttttttt mmmmmmmemmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm asurrrredededed bbbbyyyy thhhe a

1/r = 1/3.......66666666666666 +++++++++++++++++++++++++++++++++++++++++++++++ 1/1/1//1///1/1/1//1/1/1///1/////1/111////1/1/1/1/1/1/111111/111111 1.111111111111111111111111.1111111.111111 88888888888888888888888888888888888888888   ================= 3/3/3/3/3/3///3/3//3/3//3//3/3/3//////////////////////3.3.33.3333.33.3.33.3.333.3.3333.3.3.33333.33.3.3.3.3.3.333...3.333 6666666666666666666666666666666666666666666
r rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr = 1.11.1.1.1.11.1.1.1.1.111.11111.1.111.1.11.11.1111.111111111........22     [1[1[11[1[1[1[1[1[11[11111[1[1[1[[11111[1[11[11[111[[[[[11[1[[[11[11[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

R = 1.11111111111.11.1.1.11 2 2222 222 2 2 22 222 2 22 2 22 +++++++++++++++++++++++++++++++++++++++ 2.2.2.22.2222222222222222222222222222222222222222 8 888888888888888888888888888   =============================== 4.444444444444444444444444444444444444 0 . . [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1]1]1]1]11]1]1]1]]]1]1]1]]1]1]]1]]]1]]]11]1]111]1]111]11]11]11111]1]11]111]]]

I = V/V/V/V/V/V/V/V/V/V/V/V//V/V/V/V///R RR RRRRRRRRRRRRRRRRRRR   == 6 / 4

= 1 5
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(ii) The resistance of X is increased.

State what happens, if any, to t . Explain your 
answer.

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

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

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

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

When X increases, the resistance of the two 
resistors in parallel increases.    [1]

Current in the circuit decreases and causes 
the p.d. across the 2.8 to decrease.  [1]
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Section B [20 MARKS]

Answer any two questions in the spaces provided. 

9. Fig. 9.1 shows a satellite in orbit around the Earth.

Fig. 9.1 (not to scale)

The satellite travels at a constant speed in a circular orbit.

(a) (i) State what is meant by velocity.

…………………………………………………………………………………… 

…………………………………………………………………………………… 

…………………………………………………………………………………… [1]

(ii) Explain why the velocity changes.

…………………………………………………………………………………… 

…………………………………………………………………………………… 

…………………………………………………………………………………… [1] 

(iii) Indicate the direction of the force acting on the satellite by drawing an 
arrow to represent it on Fig. 9.1. [1]

Velocity is the rate of change of speed in a specified direction  
OR 
Velocity is the rate of change of displacement.    [1]

As the direction of motion of the satellite is constantly 
changing, its velocity changes [1] as a constant velocity 
requires both the speed and direction to be constant.    

Direction of force is towards the centre of the Earth [1].    

FFFFiFFFFFFFFFFFFFFFFF g.g.g.g.g.g.g.ggggg.gg.g. 999999999999.1 (noooooooooooooooooooooooooooooooooot t to scale)

atellite travvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvelelllllllllllllllllllllllls ssssssssssssssssssssss atatatataaaatatatatatataaaataaaataaataaaaaataatttt a constant spspspsspspspspsppspspspsppsppsppspsppsppspppspspsppsppsppppppppppeed in aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa cccccccccccccccccccccccccccccccccirirriririiririiririiirirrrrcucuccccccccccccccccccccccccccc lar orbiittt.

(a) (i(i(i((i(ii(i(i(i(((ii(i(i(i(iiiiiiii(iiiiiii( )) StStStStStStStStStStStStStStatee whwhwhwhwwwhwhwhwhwwwwhhwhwhhhhwwhhwhwwwwwhw atatatatatatatatatatatatatatatatat iiiiiiiiiiiiissss s sssssssssssssssssssssssssssssssss mememememememmemmemememmememememmmmemememmemmememememmeeeeeeeeeeeeantt bybyyyyyyyyyyyyyyyyyyyyyyyyyyy vvvvvvvvvvvvvvvvvvvvvvvvvvvvveleleleleleleleleleleleleeeeelelocoooooooooooooooooooooooooooo itiititittititiittitittiiittttttttttttttttttttttttttttyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy.

………………………………………………………………………………………………………………………………………………… …………………………………

(ii)))))))))))))))))) EEExplaiaiaa nnnn whwhwhwhy the

VeVeVeVeVeVeeVeeeVeVeVeVVVeeVVVV lolololololoooooololoololooolooolooloooolooooloololoociciciciciiciciccciciiccicicicittytttttttttttttttttttttttttttttttttttt  is thhthhhhhhhhhthththhhtttthtthtthe e e eee eee e eeeeeeee raaaarararararararararararararaaraararararrararrarraaaaaaaraaaaatetttttttttttttttttttttttttttttttttt ooooooooooooooooooooooooooooooooooooooooooooooooooof fff fff ffff ffffff ff f fffff fffffffffffffffffffff fffff chchchchchchcchchhhhchchchhhchchchchchchhhchhchhcchhhchchhccccccccc anaanaanananananannanaaannaananaanannanaanannnnnaannnnnnnaaaaaa gegeggegegegeegegegegegegegegegegegeegg oooooooooooooooooooof ff fff fff fffffffffff spsssssssssssssssss eed i
ORORORORORORORORORORORORORORORORORRRRRRRRRRRRRRRRRRR 
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(b) The satellite is placed into orbit by a rocket. 

Fig. 9.2 shows the rocket as it takes off.

                                                      
                                                        Fig. 9.2
The rocket and fuel have a total mass of 40 000 kg and a total weight of 400 000 N. 
The resultant force acting upwards on the rocket is 50 000 N.

(i) Calculate the thrust produced by the rocket engine.

  thrust = ………………………… N [2]

(ii) Calculate the acceleration of the rocket.

  acceleration = ………………………… m/s2 [2]

(iii) The table in Fig. 9.3 describes the motion of the rocket in the first 12 
minutes.

time / minutes motion of rocket
0 to 4 uniform acceleration
4 to 6 increasing acceleration

6 to 10 decreasing acceleration
10 to 12 constant speed

Fig. 9.3

Resultant force, F = thrust – weight  

                   50 000 = T  - 400000    [1]
   
                        T = 450 000 N       [1]

Resultant force, F = ma   

         a = F/m  = 50000 / 40000    [1]
   
            = 1.25  m/s2       [1]

g. 9.2
ass of 40 0000 0 0 kgkgkgkg aaandndndnd a tttototototalalalal wwwweieieieighggg t o

wards on the roroooooooockckckckckckckckckckckckckckckckckckckckckckckckckckckckckckketeteteteteteteteteteteeteteeeteeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeteteettteeeeetetteeeeeeeeeeeeeeteeeeeteeet iiiiiiiiiiiiiiiiiiiiiiiiiiissssssssssssssssss ss sss ss s s ssss s  5050505055555555555555555  000000 NNNN.
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On Fig. 9.4, sketch the speed-time graph of the rocket for the first 12 minutes.   
You do not need to give values for the speed.

Fig. 9.4

[3]

10. Fig. 10.1 shows the brake pedal of a car which is connected to a master cylinder.

        
Fig. 10.1 (not to scale)

The brake is pressed with a force F. This force produces a moment about the pivot.

Pressing the brake causes a force of 80 N to act on the fluid in the brake cylinder. 

(a) (i) State what is meant by the moment of a force about the pivot.

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. [1]

[1] – str line from 0 
to 4 min;

[1] – increasing 
gradient from 4 to 6 
min & then 
decreasing gradient 
from 6 to 10 min;

[1] – horizontal line

The moment of the force is turning effect produced 
OR
The moment of the force is given by the product of the force 
and the perpendicular distance from the pivot.      [1]

      

Fig. 9.4

dal of a ccccccccccccccccccccccccccararararararararararararararr wwhihihihihihiihihiiiiccchchchchchchhchchchhhhhhchhchchhchhchchchchchccchccccchccchhcchhhhcchhccchccccccccchcchcccchcchhchhhchchhc iiiiiiiiiiiiiiiiiiiiiiiiss s ssssssss s ssssssss sss sssss sss sssss ss cocococcccococcocccococococococococcococcocococococccococococococococococoooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneeeeeececececeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeceeeceeeeeeeeeeeeee tttted tototoo aaaa mam ster cylind
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(ii) The magnitude of the force exerted on the piston by the fluid is 80 N 

and is acting in the opposite direction as indicated in Fig. 10.1.                

Explain why this claim is correct. 

…………………………………………………………………………………. 

…………………………………………………………………………………. 

…………………………………………………………………………………. [1]

(b) (i) Calculate the moment of the force acting on the piston.

  moment of the force = …………………………… [2]

(ii) Calculate the value of F.

force F = ……………………………. [2]

(iii) The cross-sectional area of the piston is 0.0012 m2.

Calculate the pressure exerted by the brake piston on the fluid.

pressure = ……………………………. [2]

moment = F x d  = 80 N x 4 cm OR 80 N x 0.04 m    [1]
   
              = 320 N cm     OR  3.20 N m      [1]

Based on Newton’s third law [1], which states that there is 
an equal but opposite force acting on the two bodies – the 
piston and the fluid.      

F x 22 cm = 80 N x 4 cm  OR    F x 0.22m  = 80 N x 0.04 m    [1]
   
            F = 14.5 N               [1]

   P = F/A   = 80 / 0.0012     [1]
   
       = 67 000 Pa                [1]

 moooooooooooooomememmmmmmmmmmmmmmmm ntntntntntntntntttnttttttttttttttttttttttnttttttttttt oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooofffffffffffffffffffffffffffffffffffffffff ff ffffffffffffff ththththththththththththththththththththththththththththththththththththtttttttttttttttttttttt eee eeeeeeeeeeeeeeeeee ee e ee eee ee e e ee e e fofoffofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofoforcrrcrrrrrrcrcrcrcrrcrrccrcrrccrcrcrcrccrcrcrccrcrcrcrcrcrcrccccceeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ====== …………………………………………… ………
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(c) Fig. 10.2 shows how the master cylinder (in Fig. 10.1) is connected to the 

car’s braking system. The brake drum rotates with the wheel of the car.
.

Fig. 10.2

The total cross-sectional area of the two slave pistons is 0.0040 m2.

Calculate the total force exerted on the slave pistons by the brake fluid.

total force = …………………………… [2]

   F / 0.0040  = 80 / 0.0012     [1]
   
      F = 267 N               [1]

he two slavee e e pipipipip ststststononononssss is 0000.0.0.0.0040404040000 mm2.

exertedddddddddddddddddddd onoooonooononononononononoooonononon theeee sssssssssssssssssssssssssssssssssssssssssssssssssssssssslllalalalalalalalalalalalalalalalalalalalalalalalalalalalaaaaaaaaaaaaaaveveveveveveveveveveveveveveveveveveveveveveveveveveveveveveeeeeeeeee   pipipipipipippipppipipipipippippipipipipipipipipipipipipipipipipippipipppppppp ststststsstsstssssststtssstststtttsssststsststttssttstttsttsttstttststststststttsstononnnnoooooooooooooooooooooooooooooooo ss byy ttthehehehe bbrake fluid.
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11. (a) Fig. 11.1 shows a vertical solenoid (long coil) with an iron core held in a 

wooden clamp above a laboratory bench.  
The solenoid is connected in series with a battery, a switch S, an ammeter and 
a variable resistor.  
There is a voltmeter in parallel with the solenoid. 

Fig. 11.1 

The battery consists of five 1.5 V cells in series.

When the switch S is closed a reading of 4.0 A is shown in the ammeter.

(i) State the size of the electromotive force (e.m.f.) of the battery. 

electromotive force (e.m.f.) of the battery = ............................................. [1]

(ii) Calculate the total resistance of the circuit.

total resistance = ........................................................... [2] 

(iii) The reading on the voltmeter is 6.5 V.

Calculate the power dissipated in the solenoid. 

power dissipated = ........................................................... [2]

R = V/I      = 7.5 / 4.0     [1]

= 1.88               [1]

   P = V I     = 6.5 x 4.0    [1]
   
      = 26 W               [1]

5 x 1.5  = 7.5 V    [1]

Fiiiig.g.g.g.g.gg.g.gg.gg.g.ggg.g.g.g.g.ggggg.g.g.ggg.ggg.ggg.gg.gggg.gggggggggggggg.gggggggg....gggggg  11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 .1.1.11111.111.1111111.111.11.1.11.1.1.1.11.1.1.1.11111.1111........   

onsisssststststsstsstststsstsstsstssssststsstsststststsstststtttt oooooooooooooooooooooof ffffffffffffffffffffff fififififfffiffififififififfifififffffffiiiiiiiiiveveveveveeeveeeveeveeevvv 111111111111.5..........  V ceeeeeeleeeeeeeeeeeeeeeee lslsssssssssssssssssssssssssssssssssss in seeriries.

n the swswssssssssssssssssssssssssssssssssssssss itch SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS isisssisissisisisisisisisiisisisisisssssssssssssss cccccccccccccccccccccccccccccccclololololololololooloololoolooloooooooolololollooll seseeeeeeeeeeeeeeeeeeeseedddddddddddddddddddddddddddddddddddd a a aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa rererereeeeeeeeeeeeeeeeeeeeeeeadadadadadadadadadadadadadadadadadadadadadaddadaddddddddaddaaa inininininininninnnninnninnininnnnnnnnnnninnnnnnnnnnni gg offf 44444.0 A issss shshshhown innnn tttthehehehe aaaammete

(i( )) Statattatattttatatatattatatatttatattttttttttteeeeeeeeee ththhhthhthhththththhththtthththththtththtthththhhhhhhhhhhe eeeeeeeeeeeeeeeeeeeeeeeeeee sisisssisisississsisisissisisissssisssississsssssssisizezeeeeeezeeze ooooooooff ffffffffffffffffffffffff ththththththththththththththththththhththtthtththhhhhthhe eeeeeeeeeeeeeeeeeeeeeeeeeeee eleleeleleleeleleleleleleleleleleleleleleleeeeeeeeeeeeeeeeeeeeeee ectrromomomomomomoooooooooooooo ototooototototototoototooottototototototottototoooootoootoootootoottooo ivivivvvivivivivivivivvvivvivivvivvvvvvvvvvvvvve e ee eee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee fofofofofofofofofofofofofofooooooooooooorce (e.m.m.m.m.f.f.f.f.).).).) oooof the ba

elelelelelelelelelelelelelelececttttttrttttttttttttttttttttttttttttttt omooooooooooooooooooooooooooooooo otiveeeeeeeeeeeeeeee fofofofoooofofoofofoffooofofoofoofoofofofofofofooooooorcrcrcrcrcrcrcrcrccrcrcrcrcrcrccrcrcccrccrcrrrcrcccccccee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee (e(e(e((e((e(e(e(e(e(e(e(e(e(e(e(e(e((e(e(e(eeee(e(e(ee(((ee(((e(ee(ee(eee(e(( .m.m.m.m.m.m.m.m.m.m.m.mm.mm.m.mmm.mm.m.m.m.mmmmmmmmmmmm.f.ff.fffffffffff.).).).).).).).))).))))))).)))).))))).).). oooooooooooooooooooooooooooooooooooof fffffffffffffffffffffffffff the babababattttttttererereryyyy =

(i(i(i(i((i(i(ii(ii(i(i(i(i(iii(ii(i(i((((i(((( i)i)ii)i)i)ii)i)i)ii)i)i)i)ii)i)ii))ii)i)i))))))))) CaCaCaCaCaCaaCaCaCaCaCaCaCaaaaaaaaaaaaaaaaaalclclclclclclclclclccccccccclcccccclclclculate e eeeeeee eee eeeeeee eeeeeeeeeeee thththhththhththhhthththththththhththhhthththhththhthhthhtttttthtthheee eeeeeeeeeeeeeeeeeeeeeeeeeeee tototoototototototototottootootototototatatatatatatatattatattatatatataatttt l resistanananancececece oooof fff thtt e ci

R RR RR R RRRR RRRRRRRRRR RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR ============================================== V/VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV I     ================ 7777777777777777777777 555.5555555 / 4.0

===================== 11.1.1.1.111.111111111111.11 8888888888888888888888  

..5 x



[Turn Over

18

End of Paper

(iv) The solenoid is made of copper and the student notices that, as time 
passes, the solenoid becomes extremely warm.

State and explain the effect of this temperature increase on the ammeter 
reading. 

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

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

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

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

(b) The current in the solenoid magnetises the iron core. When a iron nail is
brought very near (but not touching) the magnetised core, the iron nail jumps 
up towards it.                            

(i) Explain the changes in the iron nail that causes it to be attracted to the 
magnetised core.

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

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

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

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

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

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

(ii) The switch S is opened.

State and explain whether the iron nail remains in contact with the iron 
core.

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

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

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

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

Increased in temperature in wire increases its resistance.   [1]
   
Total resistance increases and the current, thus ammeter 
reading decrease.                [1]

Magnetic induction occurs in the nail with the end of the nail 
nearer to the core being an unlike pole.   [1]
   
Since unlike poles attract, the nail will be attracted by the core.  [1]

Iron loses all its magnetism and thus the iron nail will not 
be attracted by the unmagnetised core.  [1]

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

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

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