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5. The graph below shows the variation with time t of the displacement s of a car.  In which time interval 

is the speed greatest?

s

0 
0 t

6. The velocity of a particle is changing.  The rate of change of the momentum of the particle is 

equal to the

 A. acceleration of the particle.

 B. net force acting on the particle.

 C. work done on the particle.

 D. change in kinetic energy of the particle.

 

A B C D

2.

What is the quantity we can know using the gradients of the graph below
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A. Impulse

B. Momentum

C. Weight

D. Not any one
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4.

9. An object of mass m is initially at rest.  An impulse I acts on the object.  The change in kinetic energy 

of the object is

 A. I

m

2

2
.

 B. 
I

m

2

.

 C. I 
2
m.

 D. 2I 
2
m.

5.
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The mass of Q is twice that of P.  The trolleys are pulled apart so that the band is stretched and 

are then released.

 The ratio 
magnitude of initial acceleration of trolley P

magnitude of initial acceleration of trolley Q
 is

 A. 
1

4
.

 B. 1

2
.

 C. 1.

 D. 2.

6.

11. An object of mass m falls from rest in a vacuum.  As the object falls it loses an amount E of 

gravitational potential energy.  The speed of the object is then

 A. 2E

m

.

 B. 
2

m

E

.

 C. 
2E

m

.

 D. 
2

m

E
.
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10. Two spheres X and Y are moving towards each other along the same straight line with momenta 
of magnitude PX and PY respectively.  The spheres collide and move off with momenta pX and pY 
respectively, as illustrated below.

 

 X Y  X Y

   Before collision After collision

 Which one of the following is a correct statement of the law of conservation of momentum for this 
collision?

 A. P P p pX Y X Y+ = +

 B. P P p pX Y X Y− = +

 C. P P p pX Y X Y− = −

 D. 

11. The point of action of a constant force F is displaced a distance d.  The angle between the force and 
the direction of the displacement is  , as shown below.

  F

      

 d
 
 Which one of the following is the correct expression for the work done by the force?

 A. Fd  sin

 B. Fd  sin

 C. Fd  cos

 D. Fd  tan

 

PX PY pX pY

P P p pX Y X Y+ = +P P p pX Y X Y− = −

8. – 7 – 2224 – 6710

Turn over

9. A cart of mass 1 kg moving at 4 m s-1 collides with a stationary cart of mass 3 kg. 

4 m s−1

3 kg
1 kg

After the collision the carts stick together.

What is kinetic energy after the collision
kinetic energy before thee collision

?

A. 1
16

B. 1
8

C. 1
4

D. 1
2

4



9.

8. The tension in a horizontal spring is directly proportional to the extension of the spring. The 
energy stored in the spring at extension  x  is E. What is the work done by the spring when its 

extension changes from  x  to 
x
4

?

A. 
E
16

B. 
E
4

C. 
3
4
E

D. 
15
16

E

9. A mass m of water is at a temperature of 290 K. The specific heat capacity of water is c . Ice, 
at its melting point, is added to the water to reduce the water temperature to the freezing 
point. The specific latent heat of fusion for ice is L . What is the minimum mass of ice that is 
required?

A. 
17mc
L

B. 
290mc
L

C. 
17mL
c

D. 
290mL
c

10. An ideal gas is in a closed container. Which changes to its volume and temperature when 
taken together must cause a decrease in the gas pressure?

Volume Temperature 

A. decrease increase

B. decrease decrease

C. increase increase

D. increase decrease

Turn over
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8. A student of mass m initially at rest takes t seconds to run up stairs of height h. At the top of the 
stairs the student has a velocity v.

v

h

What is the average power supplied by the student during the climb?

A. mgh
t

B. 
m gh v

t

( )+ 1
2

2

C. 
m gh v

t

( )- 1
2

2

D.  mgv
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20. A cell has an emf of 17.0 V and internal resistance r. It is connected to two 10 W external resistors.

10 :

10 :

r

There is a current of 1.5 A in one of the external resistors.

What is the value of r ?

A. 0.34 Ω

B. 0.50 Ω

C. 0.67 Ω

D. 1.3 Ω

21. P and Q are two parallel wires perpendicular to the page that carry currents of equal magnitude in 
opposite directions. The current in P is out of the page. R is a fixed point equidistant from P and Q.

What is the direction of the magnetic field produced at R?

 

X

wire P

wire Q

A.

B.C.

D.

R

6



12.

– 9 – 8823 – 6516

Turn over

18. Two point charges of + 4q and -q are placed a fixed distance apart. Where is the electric field 
strength equal to zero?

A. B. C. D.

+ 4q - q

19. A network of three resistors is connected to a cell of emf 12  V and internal resistance R of 2.0 Ω 
as shown.

R   2.0 :

2.0 :

4.0 :

4.0 :

12 V

What is the current in one of the 4.0 Ω resistors?

A. 0.5  A

B. 1.0  A

C. 1.2  A

D. 2.0 A

20. What is the resistance of an ideal voltmeter and the resistance of an ideal ammeter?

Resistance of an 
ideal voltmeter

Resistance of an 
ideal ammeter

A. zero infinite

B. zero zero

C. infinite infinite

D. infinite zero

13.

– 16 – 2224 – 6710

21. Two 1.0 Ω resistors are placed in a circuit with two 6 V cells of negligible internal resistance 
as shown.

6 V
6 V

1.0 Ω
1.

0 
ΩA

What is the reading on the ideal ammeter? 

A. 2.0 A

B. 3.0 A

C. 6.0 A

D. 12.0 A

22. A 2.0 Ω and a 4.0 Ω resistor are connected in parallel to a cell with negligible internal resistance. An 
ammeter placed in the circuit as shown measures a current of 1.0 A.

4.0 Ω A

2.0 Ω

What is the current passing through the 2.0 Ω resistor?

A. 0.5 A

B. 1.0 A

C. 2.0 A

D. 4.0 A

7
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12. Three identical resistors of 6 Ω are arranged as shown. 

X Y
6 Ω 6 Ω

6 Ω

What is the resistance between X and Y?

A. 2 Ω

B. 4 Ω

C. 9 Ω

D. 18 Ω

13. A simple pendulum oscillates with period T on Earth. The mass of the pendulum is doubled and 

oscillates on the Moon where the acceleration due to gravity is 1
6

 that of Earth. The length of the 
pendulum stays the same.

What is the period of the pendulum on the Moon? 

A. 12 T

B. 6 T

C. 3 T

D. 2 T

14. The diagram below shows a snapshot of a transverse wave on a rope. Points P and Q are two 
points on the rope at a position shown in the diagram. The subsequent motion of P is upwards.

Q

P

What is the direction of motion of Q and the direction of travel of the wave?

Direction of motion of Q Direction of travel of the wave

A. Upwards Left to right

B. Downwards Left to right

C. Upwards Right to left

D. Downwards Right to left

15.

– 6 – 2225 – 6722

10. The graph shows the variation of the internal energy U with temperature T for a sample of an ideal 
monatomic gas. R is the gas constant.

U / J

T / °C

4500

27

How many moles of the gas are in the sample? 

A. 500
3R

B. 15
R

C. 1000
9R

D. 10
R

11. Three identical resistors, R1, R2 and R3, each of resistance 2 Ω, are connected to a cell of negligible 
internal resistance as shown. When switch S is open, the power dissipated by R1 is 18 W.

S R1

R3

R2

What is the power dissipated by R1 when S is closed?

A. 8 W

B. 16 W

C. 18 W

D. 36 W

8
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18. The diagram shows electrostatic field lines. The source of the field is not shown.

At which position in the field would a negative point charge experience the greatest force to 
the right?

A.

B.

C.

D.

19. A conductor has a resistance of 1.0 kΩ. The length of the conductor is 20 km and the 
cross-sectional area is 1.0 mm2.

What is the resistivity of this conductor?

A. 2.0  10-5 Ω m

B. 5.0  10-5 Ω m

C. 2.0  10-8 Ω m

D. 5.0  10-8 Ω m

17.

– 13 –

Turn over
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28. In a particular optical microscope, which colour of light is likely to produce the best resolution in the 
¿QDO�LPDJH"

 A. Yellow

 B. Red

 C. Green

 D. Blue

29. A source emits sound of frequency 500 Hz.  The source approaches a stationary observer at 30 m s–1.  
The speed of sound is 330 m s–1.  What is the frequency of the sound detected by the observer?

 A. 460 Hz

 B. 500 Hz

 C. 530 Hz

 D. 550 Hz

30. Which diagram shows the equipotential lines between a pair of parallel charged conductors?

A. B.

C. D.

18.

– 14 – 2224 – 6710

18. Three statements are made about drift speed vd in a metal wire.

I. vd is less than the speed of light in a vacuum.

II. vd is the average speed of positive lattice ions.

III. vd is directly proportional to the current.

Which statements are correct? 

A. I and II only 

B. I and III only 

C. II and III only 

D. I, II and III 

19. Current  I  flows in a conducting wire.

What expression correctly gives the number of electrons passing through a cross section of the 
wire in a time t ? 

A. I t

B. I
t

C. I t e

D. It
e

9
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18.	 The	diagram	shows	two	equal	and	opposite	charges	that	are	fixed	in	place.

 X Y Z

 - Q + Q

	 At	which	points	is	the	net	electric	field	directed	to	the	right?

 A. X and Y only

 B. Z and Y only

 C. X and Z only

 D. X, Y and Z

19. A wire has variable cross-sectional area.  The cross-sectional area at Y is double that at X.

 At X, the current in the wire is  I  and the electron drift speed is v.  What is the current and the 
electron drift speed at Y?

Current Drift speed

A.  I  v

B.  I
 2

v

C.  2  I  v

D.  2  I
 2

v

20. – 11 – 8824 – 9593

Turn over

18. The diagram shows electrostatic field lines. The source of the field is not shown.

At which position in the field would a negative point charge experience the greatest force to 
the right?

A.

B.

C.

D.

19. A conductor has a resistance of 1.0 kΩ. The length of the conductor is 20 km and the 
cross-sectional area is 1.0 mm2.

What is the resistivity of this conductor?

A. 2.0  10-5 Ω m

B. 5.0  10-5 Ω m

C. 2.0  10-8 Ω m

D. 5.0  10-8 Ω m

21.
– 10 – 2225 – 6722

20. Two isolated point charges, X of charge +Q and Y of charge +2Q, are separated by a distance 3d. 
P is a point d from X and 2d from Y respectively.

X P Y

d 2d

What is the net electric field strength at P?

A. 0

B. kQ
d2 2

C. 3
4 2
kQ
d

D. 3
2 2
kQ
d

21. The energy levels of an atom in which an electron transitions from E1 to E4 are shown. E1 is the 
ground state.

diagram to scale

E3
E2

E1

E5 E4

How many different wavelengths can be emitted when electrons return to the ground state 
from E4?

A. 1

B. 3

C. 6

D. 8

10
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17. The relationship between the period of a planet’s orbit T and the distance to the Sun R can be 
expressed as T n ∝ R m where n and m are constants. 

What is a possible pair of values for n and m?

n m

A. 1.0 3.0

B. 1.0 1.5

C. 2.0 1.5

D. 2.0 1.0

18. Point X is at a distance d from the centre of Earth. d is larger than the radius of Earth. The 
gravitational field strength at X is gX. Point Y is at a distance 3d from the centre of Earth.

What is the difference in the magnitude of gravitational field strengths between X and Y?

A. 8
9
gX

B. 3
4
gX

C. gX

4

D. gX

9

19. Two isolated identical point charges, Q1 and Q2, are separated by distance d. The electrostatic 
force on each charge is F. The charge of Q1 is halved. 

What is the electrostatic force on each charge?

Force on Q1 Force on Q2

A. F F

B. F
F
2

C.
F
2

F
2

D.
F
2

F

23. – 11 – 2225 – 6716

Turn over

18. A circuit is created with a cell, two parallel conducting wires and a moveable metal rod of length L. 
When a uniform magnetic field B  is directed out of the page through the circuit, the metal rod 
moves to the right with velocity v. The initial current in the circuit is I.

Cell
v

L

What is the direction of the current through the circuit and the initial force on the metal rod?

Direction of I Initial force on the metal rod

A. anti-clockwise BIL sin (90°)

B. clockwise BIL sin (90°)

C. anti-clockwise BIL sin (0°)

D. clockwise BIL sin (0°)

19. Two parallel wires X and Y carry the same current. There is a repulsive force per unit length F  on 
each wire. The direction of the current in each wire is reversed. The current in X is doubled and the 
current in Y stays the same. The separation of X and Y is also doubled. 

What is the magnitude and direction of the force per unit length on each wire?

Magnitude Direction

A. F repulsive

B. F attractive

C. F
2

repulsive

D. F
2

attractive

11



24. – 13 – 2223 – 6510
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21. An electron enters a region of uniform magnetic field at a speed v. The direction of the electron is 
perpendicular to the magnetic field. The path of the electron inside the magnetic field is circular 
with radius r.

magnetic field

electron

The speed of the electron is varied to obtain different values of r.

Which graph represents the variation of speed v with r ?

A. v

r

B. v

r

C. v

r

D. v

r

25.

Turn over

20. A current in a wire lies between the poles of a magnet. What is the direction of the 
electromagnetic force on the wire?

A.

B.

C.

D.N S

current

21. Four resistors of 4 Ω each are connected as shown.

P Q

What is the effective resistance between P and Q?

A. 1.0 Ω

B. 2.4 Ω

C. 3.4 Ω

D. 4.0 Ω

– 9 –

N20/4/PHYSI/SPM/ENG/TZ0/XX

8820 – 6504
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20. Two resistors of equal resistance R are connected with two cells of emf  H and 2H. Both cells have 
negligible internal resistance.

X

2HH

What is the current in the resistor labelled X?

A. 
H

2R

B. 3
2
H
R

C. 
H
R

D. 
3H
R

21. A negatively charged sphere is falling through a magnetic field.

direction of motion

north pole
of magnet

south pole
of magnet

What is the direction of the magnetic force acting on the sphere?

A. To the left of the page

B. To the right of the page

C. Out of the page

D. Into the page

27.

– 13 – 2223 – 6516

Turn over

22. An electron is accelerated from rest through a potential difference V.

What is the maximum speed of the electron?

A. 2eV
me

B. eV
me

C. 2eV
me

D. 2V
me

23. A mass on the end of a string is rotating on a frictionless table in circular motion of radius R1 and 
undergoes an angular displacement of T in time t.

R1

The string tension is kept constant, but the angular displacement of the mass is increased to 2T in 
time t. The radius of the motion changes to R2.

What is R2?

A. R1

4

B. 2R1

C. 4R1

D. R1 u R1

13



28.
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20. A cell has an emf of 17.0 V and internal resistance r. It is connected to two 10 W external resistors.

10 :

10 :

r

There is a current of 1.5 A in one of the external resistors.

What is the value of r ?

A. 0.34 Ω

B. 0.50 Ω

C. 0.67 Ω

D. 1.3 Ω

21. P and Q are two parallel wires perpendicular to the page that carry currents of equal magnitude in 
opposite directions. The current in P is out of the page. R is a fixed point equidistant from P and Q.

What is the direction of the magnetic field produced at R?

 

X

wire P

wire Q

A.

B.C.

D.

R

29.

– 11 –

Turn over
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20. Two identical cells, each of emf 1.6 V and internal resistance 2.0 :, are connected in parallel with  
a 3.0 : resistor.

I

1.6 V, 2.0 :

1.6 V, 2.0 :

 3.0 :

 What is the current I ?

 A. 0.4 A

 B. 0.6 A

 C. 0.8 A

 D. 1.6 A

21.� $�FXUUHQW�FDUU\LQJ�FRQGXFWRU�LV�DW�ULJKW�DQJOHV�WR�D�PDJQHWLF�¿HOG���7KH�IRUFH�RQ�WKH�FRQGXFWRU�LV�F.  
7KH�FRQGXFWRU�LV�WXUQHG�VR�WKDW�LW�LV�SDUDOOHO�WR�WKH�¿HOG�ZLWK�QR�RWKHU�FKDQJHV���,Q�ZKDW�ZD\��LI�DQ\��
does the force on the conductor change?

 A. It is unchanged.

 B. It increases so that it is greater than F.

 C. It decreases so that it is greater than zero but less than F.

 D. It becomes zero.

30.

– 10 – M17/4/PHYSI/SPM/ENG/TZ2/XX

20. A circuit contains a cell of electromotive force (emf) 9.0  V and internal resistance 1.0  Ω together 
with a resistor of resistance 4.0  Ω as shown.  The ammeter is ideal.  XY is a connecting wire.

X

 9.0  V

 1.0  Ω

Y

 4.0  Ω

 What is the reading of the ammeter?

 A. 0  A

 B. 1.8  A

 C. 9.0  A

 D. 11  A

21. A positively-charged particle moves parallel to a wire that carries a current upwards.

current

 What is the direction of the magnetic force on the particle?

 A. To the left

 B. To the right

 C. Into the page

 D. Out of the page

14
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These two questions are based on experimental reasoning.

They may not be typical for you, but they aren't difficult. Do your best.

Question 1 – 4 – 8824 – 9595

24EP04

2. A small ball is released from rest at time t  0 in front of a vertical ruler. A multi-flash 
photograph is taken of the ball at t  0 and every 0.050 s from then on.

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

19
20

21
22

23
24

25
26

27
28

29
30

release position
at t = 0

(This question continues on the following page)
The distance s fallen by the ball is related to the acceleration g of the ball and t by s= 1

2
gt2

Base on some of the displacements between consecutive flashe (visible on the photograph),
determine g.

15
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Help : question (a) will involved a
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7. The diagram shows two parallel conducting plates that are oppositely charged.

+ + + + + +

- - - - - -

(a) (i) Draw the electric field lines due to the charged plates. [2]

(ii) The potential difference between the plates is 960 V and the distance between 
them is 8.0 mm. Calculate the electric field strength E between the plates. [2]

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

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

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

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

(This question continues on the following page)

20EP14

– 15 – 0000 – 6506

/4/PHYSI/SP2/ENG/TZ0/XX

Turn over

(Question 7 continued)

In an experiment, an oil drop is introduced into the space between the plates through a small 
hole in the upper plate. The oil drop moves through air in a tube before falling between the plates.

+ + + + + +

- - - - - -

tube spherical 
oil drop

(b) Explain why the oil drop becomes charged as it falls through the tube. [1]

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

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

(This question continues on the following page)

20EP15

16
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(Question 7 continued)

(c) The oil drop is observed to be stationary in the space between the plates. Buoyancy is 
one of the forces acting on the drop.

The density of oil is 730 times greater than that of air.

(i) Show that the buoyancy force is much smaller than the weight. [3]

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

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

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

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

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

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

(ii) Draw the forces acting on the oil drop, ignoring the buoyancy force. [2]

oil drop

(This question continues on the following page)
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Turn over

(Question 7 continued)

(iii) Show that the electric charge on the oil drop is given by

q gV
E

! "o

where Uo is the density of oil and V is the volume of the oil drop. [2]
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(iv) State the sign of the charge on the oil drop. [1]

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

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

(This question continues on page 19)
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(Question 7 continued)

(d) The electric field is turned off. The oil drop falls vertically reaching a constant speed v.

(i) Outline why, for this drop, Uo gV   6 SKrv  where K  is the viscosity of air and r is 
the radius of the oil drop. [2]
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(ii) Show that the charge on the oil drop is about 4.8 u 10�19 C.

The following data for the oil drop are available:

r   1.36 Pm 
K   1.60 u 10�5 Pa s 
v   0.140 mm s�1 [3]
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(iii) The oil drop splits into two parts of equal mass. Both are charged. Deduce the 
net charge on each part. [2]
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