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Write in soft pencil.

Do not use staples, paper clips, glue or correction fluid.
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There are thirty questions on this paper. Answer all questions. For each question there are four possible

answers A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the separate Answer Sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet.
The use of an approved scientific calculator is expected, where appropriate.
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Data

speed of light in free space
permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

Formulae

uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potential
temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal molecule

displacement of particle in s.h.m.
velocity of particle in s.h.m.

electric current
resistors in series
resistors in parallel

electric potential
alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid
radioactive decay

decay constant
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(1/(36m) x 10° F m™
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u= 1.66 x 10%" kg
me= 9.11 x 1073 kg
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k = 1.38x 102 JK™1?
G = 6.67 x 10 N m? kg™
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1 Which of the following is not a reasonable estimate?

A Sound of frequency in the order of 10° Hz is audible to human beings.
B Light of wavelength in the order of 10~ m is visible to human beings.
C The volume of an average-sized orange is in the order of 10™* m?3,

D The speed of beta particles emitted from a nucleus is in the order of 10’ m s™.

2 The kinetic energy Ex of a rotating solid sphere is given by the following expression

271
E, = =

where | is the moment of inertia and T is the period of rotation of the solid sphere.

What is the unit for the moment of inertia |, expressed in S| base units?

A kgm?st
B kgm?

C Js?

D Nms?
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3 Avruleris supported horizontally by two pivots as shown.

The vertical displacement y at the centre of the ruler can be used to measure the mass loaded
on it and is given by the equation

_kmL®
wt®

where

k is a constant,

L is the distance between the pivots,
M is the mass loaded onto the ruler,
t is the thickness of the ruler and

w is the width of the ruler.

When a particular M is loaded onto the ruler, the following results are obtained:
y =(0.25+0.01) mm

L=(80.0+0.2) cm

t=(6.0+£0.1) mm

(23.0+£0.5) mm

w

Which measurement contributes the most to the uncertainty of M?

Ay B L Cc t D w

4  The speed of an aeroplane in still air is 200 km h=t. The wind pushes it from the west at a speed
of 85.0 km h™.

In which direction must the pilot steer in order to fly due north?

A 23.0° east of north
B 23.0° west of north
C 25.2° east of north

D 25.2° west of north
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5 A-radio-controlled toy car travels along a straight line for a time of 15 s.

The variation with time t of the velocity v of the car is shown below.

|
v/ mst 6.0

3.0

0 T -

0 5 10 15
30— t/s

L

What is the average velocity of the toy car for the 15 s journey?

A -15ms?t B 0.0mst C 40ms™? D 45ms?t

6 Atennis ball is thrown horizontally in air from the top of a tall building. The effect of air resistance
is not negligible.

Which of the following correctly describes the subsequent change in the horizontal and vertical
components of the ball’s velocity?

horizontal component vertical component
of velocity of velocity
A constant constant
B constant increases at a constant rate
C decreases to zero increases at a constant rate
D decreases to zero increases to a maximum value

7 Arock of mass 2m in deep space, initially travelling at velocity v, explodes into two parts of equal
mass, one of which becomes stationary immediately after the explosion.

What is the kinetic energy of the moving part after the explosion?

1 2

3
A Emv B mv? C Emv2 D 2mv?
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8 A single horizontal force F is applied to a block X which is in contact with a separate block Y, as
shown.

The blocks remain in contact as they accelerate along a horizontal frictionless surface. X has a
greater mass than Y.

Which statement is correct?
A The acceleration of X is equal to force F divided by the mass of X.
B The force that X exerts on Y is equal to F.
C The force that X exerts on Y is less than F.
D The force that X exerts on Y is less than the force that Y exerts on X.
9 A full barrel of weight W is being rolled up a ramp. The force P is required to hold the barrel at
rest on the ramp. Friction between the barrel and the ramp stops the barrel from slipping.

Which arrow shows the resultant force that the ramp exerts on the barrel?
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10 Anisolated disc is subjected to three forces, each given in terms of units of magnitude F.

In which situation will the disc experience both a resultant force and a resultant torque?

A B
F F F
E
3F
2F
C
|
F :
F
‘ 4F
30"I
F | = F

11 A block is being pulled up a rough inclined plane using a rope at a constant speed.

rough inclined plane
block

Which of the following statements is correct?

A The weight of the block does no work because the block is not moving in the direction of its

weight.

B The work done by the force of the rope is equal to the work done against the frictional force

from the plane because there is no gain in kinetic energy.

C The normal reaction force from the plane does positive work because it has an upward

component and the block is moving upwards.

D The negative work done by the weight of the block is equal to the gain in gravitational

potential energy of the block.
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12 The figure below shows a light inextensible rope that passes over a light smooth pulley with two
blocks of masses 4.0 kg and 2.0 kg attached to its two ends. The two blocks are initially at rest
with the 4.0 kg block 10.0 cm above the 2.0 kg block.

pulley
rope
4.0 kg block "
10.0 cm
____I I 2.0 kg block
ground

What is the speed of the blocks when they are at the same height above the ground?
A 057mst B 08lmst C 099mst D 14mst

13 Arod PR of length L is turned about the point P through an angle 6.

The end R of the rod moves through a distance D. Both D and L are measured in metres.
What is the angle 6, expressed in radians?

A LD B DIL C DL D 1/(DL)
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14 The gravitational potential ¢ along the line joining the centres of a planet and its moon varies
with the distance r from the centre of the moon as shown.

A¢

Which of the following expressions gives a value that is closest to that of the gravitational force
acting on a 1 kg mass at a distance of r,?

A ¢1_¢2
ro—n
B _%
r.2
C ¢1_¢3
f; =1
D ¢1_¢4
r,—r

15 Earth has a mass M and radius R. X is a point 5R from the center of the Earth.
An object of mass m falls freely from rest at X and hits the surface of the Earth.
Which of the following statements is false?

A The change in gravitational potential is g%

B The work done by the gravitational field is gGMTm

C The speed of impact is /§G—M
5 R
4 GM

D The change in the magnitude of gravitational field strength is %?
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16 The diagram shows the displacement-time graphs of two sound waves P and Q at a point in
space. The graphs have the same scales for the time axes.

I :

displacement [\ /\ /\ | wave P
0 : >
0\/ \/ \/ U : -

displacement /\ /\ A /\ | wave Q
timg

WUV

The frequency of Q is 125 Hz. The waves are in phase at time = 0.

At what time are the waves next in phase?
A 32ms B 36ms C 64ms D 72ms

17 Which of the following correctly states the changes, if any, in the potential energy and kinetic
energy of the molecules of a solid as it melts?

potential energy kinetic energy
A decreases increases
B increases remains the same
C remains the same decreases
D remains the same remains the same

18 The frequency of a wave is 600 Hz and its speed is 330 m s,

What is the phase difference between the oscillation of two points on the wave that are 0.275 m
apart?

A 0 B Z rad c Zrad D 1 rad
4 2
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19 A point source emits 50.0 W of sound energy in all directions. A small microphone of area
0.85 cm? detects the sound at 4.0 m from the source.

What is the power received by the microphone?
A 16x10°W
B 21x10°W
C 21x10*wW

D 25x10tw

20 The diagram shows a standing wave on a string. The standing wave has three nodes N1, N2 and
Na.

Which statement is correct?

All points on the string vibrate in phase.
All points on the string vibrate with the same amplitude.

Points equidistant from N vibrate with the same frequency and in phase.

o 0O o >

Points equidistant from N vibrate with the same frequency and the same amplitude.

21 A patrticle of charge —5.0 uC is projected from X towards Y with kinetic energy 250 uJ. When the
partice is at Y which is 0.25 m away from X, its kinetic energy decreased to 150 pJ.

-5.0 uC
*-nneee Booooooeees [ Pooeeeeennenee .
X Y
0.25m

Which of the following statements may not be correct?

A Xis at a higher electric potential than Y.

B The potential difference between X and Y is 20 V.

C The electric field between X and Y is of uniform strength 80 N m2,

D The electric field between X and Y is directed towards Y.
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22 The diagram shows an electrical circuit consisting of a 1.5 V cell of negligible internal resistance
and two resistors P and Q.

Which statement about this circuit is correct?

A The cell converts 1.5 J of electrical energy to chemical energy for each coulomb of charge
passing through it.

B The energy dissipated per unit charge passing through P and Q is the same.
C The potential difference across P and the potential difference across Q add up to 1.5V.
D The rate of flow of charge at point X is greater than the rate of flow of charge at Y.

23 In the circuit shown, the cells have negligible internal resistance and the reading on
the ammeter is zero.

40V
I I
9.0Q 3.00
' ] ]
6.0Q I R
' ] ]
/|
d
9.0V
What is the resistance of R?
A 20Q B 6.0Q C 12Q D 18Q
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24 Electrons, each of mass m and charge g, are accelerated from rest in a vacuum through a

25

potential difference V.

The accelerated electrons are then projected at point S into a region of uniform magnetic field
of flux density B, as shown. The electrons move in a circular path of radius r.

region of uniform
magnetic field of flux
density B

Which of the following expressions represents the specific charge a of the electrons?
m
Vv 2V \Y A%
A B — C D
2B%r Br 2B%r? B%r?

A rectangular coil made of 100 turns of wire with cross sectional area 30 cm? is placed within a
uniform magnetic field of 0.80 T. The coil is rotated with an angular velocity of 100 rad s. At
different stages of its rotation, the cross sectional area of the coil can be parallel or perpendicular
to the magnetic field, as shown.

2
N S
parallel to magnetic field perpendicular to magnetic field

What is the maximum e.m.f. induced and the corresponding orientation of the coil?

maximum e.m.f. / V orientation of coil
A 0.24 parallel to magnetic field
B 0.24 perpendicular to magnetic field
C 24 parallel to magnetic field
D 24 perpendicular to magnetic field
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26 The graph below shows how the current in a coil varies with time.

4

—
3
D

3
7

4

What is the value of a steady current that will dissipate heat in the coil at the same average rate
as the current above?

A 15A B 23A C 25A D 26A

27 An ideal transformer steps down the 240 V sinusoidal voltage from the mains to 12 V, which is
then applied to a variable load.

I. )
240 V mains variable load
|

transformer

What is the change in the current supplied by the mains when the resistance of the load is
increased from 20 Q to 50 Q?

A Decrease from 30 mA to 12 mA.
B Increase from 12 mA to 30 mA.
C Decrease from 12 mA to 4.8 mA.

D Increase from 0.24 A to 0.60 A.
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28 The diagram shows two spectra of X-rays from an X-ray tube.
20 V \ A

0 . . ; -
0 10 20 30 40 50 60 70 80 90 100
wavelength / 10712 m

10

relative intensity

N\-

— e

Which of the following statements is true?
A The accelerating potential to produce spectrum B is lower than that to produce spectrum A.

B A different target metal is used to produce spectra A and B as shown from the existence of
additional peaks in spectrum A.

C With the same accelerating potential, the temperature of cathode used to produce spectrum
A is higher than that to produce spectrum B as shown from the higher intensity of X-ray
photons in spectrum A.

D The temperature of cathode used to produce spectrum A is higher than that to produce
spectrum B as shown from the existence of additional peaks in spectrum A.

29 Which of the following radioactive samples has the greatest activity?

nuclide amount / mole half-life / day
A 22 Ac 0.003 10
B 2Th 0.1 400
C *”’Ra 0.6 2100
D 2Pu 1.0 4800
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30 Aradioactive source is placed 1 cm from a Geiger-Muller tube, and various absorbers are placed
between them, one at a time. For each absorber, a one-minute count is taken of the total number
of decays, and this is repeated several times. The table shows the results of the experiment.

average number of decays
absorber detected in one minute
none 1043
0.1 mm paper 1040
1 mm aluminium 497
1cm lead 6

The average background count per minute is 5.

What nuclear radiation do the results suggest the source was emitting?
A alpha and beta only

B beta only

C beta and gamma only

D alpha, beta and gamma

End of Paper
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