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Data
speed of light in free space, c 3.00x 108 ms™
permeability of free space, Lo 4 x 107" Hm™
permittivity of free space, & 8.85 x 10?2 Fm
(1/(36m)) x 10° F m™
elementary charge, e 1.60 x 107 C
the Planck constant, h 6.63x 1034 Js
unified atomic mass constant, u 1.66 x 107?" kg
rest mass of electron, Me 9.11 x 1031 kg
rest mass of proton, mp 1.67 x 107?" kg
molar gas constant, R 8.31 J Kt mol?
the Avogadro constant, Na 6.02 x 102 mol
the Boltzmann constant, k 1.38 x 102 J K
gravitational constant, G 6.67 x 1071t N m? kg
acceleration of free fall, g 9.81 m s
Formulae
uniformly accelerated motion, s = ut+ %atz
V2 =  u’+2as
work done on/by a gas, W = pAv
hydrostatic pressure, p = pgh
gravitational potential, ¢ = - GTm
temperature, T/IK = T/°C + 273.15
. _ 1Nm/, .,
pressure of an ideal gas, p = §T<C )
mean translational kinetic energy of an ideal gas E _ §kT
molecule, B 2
displacement of particle in s.h.m. X = Xo Sin @t
velocity of particle in s.h.m., v = Vo COS @'t
=t (x2-x?)
electric current, I = Anvq
resistors in series, R = Ri+ Ro+..........
istors in parallel = S
resistors in parallel, R = R, R,
electric potential \% = Q
) dre,r
alternating current/voltage, X = XoSin wt
|
magnetic flux density due to a long straight wire, B = Zﬂ;d
. . . . u,NI
magnetic flux density due to a flat circular coil, B = ETS
magnetic flux density due to a long solenoid, B = u,nl
radioactive decay, = Xo €Xp(—At)
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decay constant, A = t

1 Theradiancy, Ry, is defined as the total energy emitted per unit time per unit area from a blackbody
at thermodynamic temperature T. It was first stated empirically in 1879 in the form given by

Rr = oT*

where ¢ is called the Stefan-Boltzmann constant. Which of the following is the unit for g?

A Wm2K* B kgs?K* C Jsm?2K* D Js!im2kK*

2 A student measures the current through an ohmic conductor and the potential difference (p.d.)
across it at a constant temperature. The measurements are then used to plot a graph of current
against p.d.

There is a systematic error in the current measurements.

How could the systematic error be identified from the graph?

A

B

The data points have a large scatter.
The graph is a curve instead of a straight line.
The line of best fit does not pass through the origin.

At least one anomalous data point can be identified.

3 Acaris travelling at close to the top speed on a Singapore expressway. The driver sees a large
obstacle on the road and brings the car to a complete stop.

Which value is the best estimate of the car’'s change in momentum?

A

B

©YNJC

2x102kgm st
2x10*kgm st
2x10kgms?

2x108kgms?

[Turn over



4

4 When a bottle of fizzy drink is poured into a tall glass, gas bubbles are seen forming and rising to
the surface. The dots in the diagram represent the gas bubbles. The time interval between

successive dots is equal.

Assuming that there is no change in volume of the gas bubbles, which of the following options
shows the path of the bubbles?

5 A student throws a ball vertically upwards. Upward velocities are taken as positive. The ball makes
an elastic collision with the ceiling, rebounds and accelerates back to the student’s hand in a time
of 1.2 s.

Which graph best represents the acceleration of the ball from the moment it leaves the hand to the
instant just before it returns to the hand?

A B
A A
acceleration A acceleration
0 - time/s 0 - time/s
0 1.2 0 1.2
C D
¥ 3 A
acceleration acceleration
0 r time/s 0 - time/s
0 A 1.2 0 18
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6 A block with a pendulum bob hanging inside lies on a rough horizontal surface. The total mass of
the block and the pendulum bob is 100 kg. A force of 250 N is applied to the block and the
pendulum bob makes an angle of 11.0° to the vertical axis.

Block with pendulum bob inside

111.0° 250 N
| N
1 7

What is the magnitude of the frictional force acting on the block?

A 28N B 42N C 59N D 94N

7 The variation of the force F with time t acting on a body of mass 200 g is as shown in the graph
below.

F/NJl

60 T

40 S e

20: i : t/ ms
} N

0 50 100 150 20

Given that the velocity of the body at t = 75 ms is 15 m s, what is the velocity of the body at
t =150 ms?

A 78ms? B 30ms? C 39mst D 55 ms™?
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8 Two blocks X and Y of masses m and 2m respectively are accelerated along a smooth horizontal
surface by forces 2F and F applied to blocks X and Y respectively as shown.

2F F

Which diagram does not correctly show the resultant force acting on the block(s)?

A B
2, 1
3 3
X | o} X
C D
2F
F 3
X Y > Y >

9 Three coplanar forces act on a block.

Which diagram shows the directions of the forces such that the block could be in equilibrium?

A B
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10 A steel sphere is dropped from rest vertically onto a horizontal metal plate. The sphere hits the
plate with speed u, leaves it at speed v, and rebounds vertically to half of its original height. Ignore
effects of air resistance.

. . : v
Which expression gives the value of a?

AL B = c

i D 1-—
22 2 J2

1
NA

11 A car of mass 500 kg is at rest at point X on a slope, as shown.

The car’s brakes are released and the car rolls down the slope with its engine switched off. At point
Y, the car has moved through a vertical height of 30 m and has a speed of 11 m s

mass = 500kg
speed = 0ms™

- - o

o s L e e e e e S e At et S O

What is the energy dissipated by frictional forces when the car moves from X to Y?

A 3.0x10%*J B 1.2x10°J C 15x10°J D 18x10°J

12 A stone at the end of a string is whirled in a vertical circle at a constant speed.
Which of the following statements is correct?

A The tension in the string stays constant.
B The tension is least when the stone reaches the bottom of the circle.
C The weight of the stone is always the centripetal force.

D The tension is greatest when the stone is at the bottom of the circle.
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13 Two point masses, each of 8000 kg are placed 0.25 m apart at points X and Y as shown in the
figure below. Points XYP form an equilateral triangle.

0.25m

What is the gravitational potential energy of a mass of 5.0 kg placed at point P?

A -11x10°J B -21x10°J C -43x107°J D -85x10"°J

14 Two iron spheres of different radii are in thermal contact in a vacuum as shown.

The spheres are at the same temperature.

Which statement must be correct?

A There is no net transfer of thermal energy between the spheres.
B Both spheres have the same internal energy.

C Both spheres have the same heat capacity.

D The larger sphere has a greater mean internal energy per atom than the smaller sphere.
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15 A fixed mass of monatomic ideal gas undergoes a constant pressure expansion to double its initial
volume. Its pressure is then reduced to a quarter of the original at constant volume. The gas is then
returned to its initial state in the process shown in the P-V diagram below.

Which of the following statements about the processes is not necessarily true?

A

B

There is no heat exchange in process Z.
Work done by the gas in process X is 4PoVo.
Heat is removed from the system in process Y.

Temperature of the gas is doubled in process X.

16 Four different solids A, B, C and D of equal masses at 20°C are separately heated at the same
rate. Their melting points and specific heat capacities are as shown below.

Which of these solids will start to melt first?

Solid Melting point / °C Specific heat capacity / J kg™ K
A 80 1200
B 100 800
C 150 600
D 300 250

©YNJC
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17 A pendulum is constructed from a fixed length of light thread and a spherical, polystyrene bob of
low density. It is forced to oscillate in air at different frequencies f. The following diagram shows
how the amplitude of its oscillation varies with f.

4 amplitude

> f

fo

If the experiment is repeated in a partial vacuum, which graph best represents the variation with f
of the amplitude?

A B
4 amplitude 4 amplitude
N N T
: > f : > f
fo fO
C D
4 amplitude . 4+ amplitude
i af----mm-mmms A
! » f + » f
fo fO

18 A sheet of glass transmits 70% of the energy of the incident light.

amplitude of the transmitted light ,,

What is the value of the quantity _ —— :
amplitude of the incident light

A 0.49 B 0.70 C 084 D 12
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19 A long glass tube is almost completely immersed in a large tank of water. A tuning fork is struck
and held just above the open end of the tube as it is slowly raised. A louder sound is first heard
when the height h of the end of the tube above the water is 18.8 cm. A louder sound is next heard
when h is 56.4 cm. The speed of sound in air is 330 m s™2.

tuning fork

glass tube.,\\ h

water —

What is the frequency of the sound produced by the tuning fork?

A 220 Hz B 440Hz C 660Hz D 880Hz

20 A dipole consists of a pair of negative charge and positive charge of equal magnitude. The electric
field of a dipole is shown below.

In which direction does the force act on an electron when placed at point X?
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21 The hollow metal sphere shown below is positively charged. Point P is at the centre of the sphere
and point Q is on the surface of the sphere.

Which of the following is true of the electric potential at these points?
A P and Q have the same non-zero electric potential.

B Itis zero at P but it is not zero at Q.

C ltis zero at Q but it is not zero at P.

D ItiszeroatP and Q.

22 The electric field pattern around two charges of +1.0 uC and +4.0 uC is shown below.

The distance between the two charges is 6.0 cm.
There is a point of zero field strength along the line joining the two charges.

Which of the following could be the location of this point from the 1.0 uC charge?
A 4.0 cm to the right of the +4.0 uC charge

B 2.0 cm to the left of the +4.0 uC charge

C 2.0 cm to the right of the +1.0 uC charge

D 4.0 cm to the left of the +1.0 uC charge
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23 A battery of e.m.f. 6.0 V and internal resistance 1.0 Q is connected to a network of resistors
and switches.

At time t = 0, switches S; and S; are closed.
At time t = 2.0 minutes, S; is opened.
At time t = 4.5 minutes, S; is opened.

How much charge passes through the cell during the 4.5 minutes before S; is opened?

A 100C B 130C C 180C D 210C

24 The diagram shows four resistors connected to a 15 V battery of negligible internal resistance.

30 1BV

I

6.0

sod] T [Jeos

What is the potential difference across the 6.0 Q resistor?

A 25V B 6.0V C 75V D 10V
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26

27

14

In which arrangement is the potential at J equal to — 4 V?

A B C D
+8V +8V +8V +8V
2kQ 6 kQ 2kQ 6 kQ
J J J J
2kQ 2kQ 6 kQ 8 kQ
-8V -8V -8V -8V

Two parallel wires, each carrying a current / in opposite directions repel each other with a force F.
If both currents are doubled, what is the new force of repulsion?

A F B 2F C 4F D 8F

An electron moves in a circular path in a magnetic field of flux density 1.0 mT.

If a proton is to move in an identical path with the same speed and travelling in the same direction
of rotation, what must the magnetic flux density be?

magnitude / mT direction
A 1800 same
B 1800 opposite
C 18 same
D 18 opposite
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28 The figure below shows the side and top view of a coil of wire rotating in a uniform magnetic field.

Side View Top View
The graph below shows the variation of the angle 6 with time t.
6/

270
180

90

t/s

v

Which of the following statements is false?

A The magnitude of the angular velocity is a constant.
B The maximum magnitude of induced e.m.f occurs at 0.4 s.
C The maximum magnitude of flux linkage experienced occurs at 0.4 s.

D The induced e.m.f. follows a sinusoidal function.
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29 A circuit consists of an A.C. supply, two diodes, and two resistors with resistance R; and R:
respectively.

A
\/

()
N\

—{ ]
R>
ff_\ S ]
&Y, .
A.C. supply

Which of the following graphs below represents the variation of current | with time t through R; of
the circuit in the diagram above?

A B

AWA
\

[\

(8] - { 0 -

]
Lo J

=
]

-

30 The energy levels in a hydrogen atom are shown.

energy level n | energy/eV

—13.6
-34
-1.5
-0.9
-0.5

L4 B 7

A red spectral line known as the hydrogen alpha-line has been of great value to astronomers. Its
wavelength is 656.28 nm.

Which level changes gives rise to the hydrogen alpha-line?

A 2tol B 3tol C 3to2 D 5to2
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