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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
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acceleration of free fall
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9.81 m s?
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uniformly accelerated motion

work done on / by a gas

hydrostatic pressure

gravitational potential
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pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule
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electric current
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1 A car is travelling west with a speed of 15 m s™.
car N
W E
S
A drone moving south flies over the car with a speed of 20 m s™.
At this instant, which arrow represents the velocity of the drone relative to the car?
A B C D
L2 | Answer: A
car=15ms? 4
Vione =20ms
— rone
v
Vdrone rel car = Vdrone — Vear = Vdrone + ('Vcar)
drone 36.9 Vdrone rel car
\ 4
- Vcar
Answers B and D are in the wrong direction.
Answer A is closer to 36.9° east-of-south compared to Answer C.
2 A basketball player throws a ball with an initial velocity of 6.5 m s at an angle of 50° to the

horizontal. The ball is 2.3 m above the ground when released and passes through the basket
on its way down.

basket

3.0m
2.3m

y ground
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What is the time taken for the ball to reach the top of the basket which is 3.0 m above the
ground?

A 0.17 s B 0.36s C 0.54 s D 0.85s

L2

Answer: D

Take upwards as positive direction.

1 .
Sy :uyt'f‘iayt

(3.0-2.3)=(6.5sin50°)t + %(—9.81)t2

0.7 = 4.97929t — 4.905t>
4.905t* —4.97929t +0.7 =0
t =0.16858s(reject) or 0.84657s

=0.85s (2 s.f.)
Accept the answer where the ball reaches displacement of 0.7 m the 2" time.

An object of mass 20 kg moves along a straight line on a smooth horizontal surface. A force F
acts on the object in its direction of motion. A graph of F against time t is shown below.

F/N%
20
0 »
0 3.0 4.0 6.0 t/s

If the velocity of the object at t = 4.0 s is 4.0 m s, what is its velocity at t = 6.0 s?

A |3.0ms’ ‘ B ‘3.3m3'1 ‘ C ‘4.7m3‘1 ‘ D ‘S.OmS‘1

L2

Answer: C

Area underneath the F — t graph gives the change in momentum of the object.
Between 4.0 st0 6.0 s, area = %(6 —4) @ (20)) = 13.333 Ns

Let positive direction be the direction of the object’s motion.
Since F acts in the direction of motion, it acts in the positive direction, and the change in
momentum is also of positive direction, i.e. Ap = +13.333 Ns.

Final momentum - Initial momentum = +13.333
m(vy —v;) = +13.333

(20) (vf - (+4.0)) = +13.333

vy =+4.7ms™!
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Water is ejected at a speed of 0.5 m s onto a wall from the nozzle of a hose with a diameter
of 0.01 m. The density of water is 1000 kg m=,

If the water does not rebound, what is the force exerted by the water on the wall?

A |5.0x10°N | B [20x102N | c [25x10?N | D |7.9x 102N

L2

Answer: B

Force on water by wall

= Momentum change per unit time for the water

= (mass per unit time) x (change in velocity of water)

= (density x volume per unit time) x (change in velocity of water)

= (density x cross-sectional area x speed) x (final velocity — initial velocity of water)
= (1000)(7z(0.005)?)(0.5) x (0 - 0.5)

=-0.0196 N

=-20x102N (2s.f)

By Newton'’s third law,
Force on water by wall = - Force on wall by water

A particle moving with kinetic energy K undergoes a head-on perfectly inelastic collision with
an identical particle that is initially at rest.

What is the total kinetic energy of both particles, in terms of K, after the collision?

A | 025K | B [o5K | c |k | D |2k

L2

Answer: B

Let m be the mass of each particle and u be the initial speed of the first particle.
K=%mu?

In a perfectly inelastic collision, the two particles stick together and move with a common
velocity V after the collision.

By principle of conservation of momentum,
mu+0= (m+m)V
mu = (2m)V

V=%u

Thus total KE of both particles after the collision
=1 (2m) V?

=m (¥ u)?

=% (#mu?) =% K =05K
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One end of a spring is fixed to a support. A mass is attached to the other end of the spring as
illustrated below. The variation of mass M with length L is shown in the graph below.

KUV e nn s Eu e a7 A

M/g ZZZZZZZZZZZZZZZZ/ZZZZZZZZ

100 ﬁﬁfﬁ/_ NN EEmEEEEEE R

20 30 40 50
L/cm

mass M

What is the energy stored in the spring when it is extended to a length of 35 cm?

A |0.00750 J | B |0.03153] | c 0132 | D | 03097

L2

Answer: C

Energy stored in the spring
= Work done by the mass on the spring

= (Area bounded by the graph and horizontal axis) x (acceleration due to gravity)

_1,35-20,, 180
=2 100 Goo) (981

=0.132J

A uniform cube of volume 0.729 m? is floating in water. The density of water is 1000 kg m™=.
A load of 400 N is then placed onto the cube. The cube remains afloat.

What is the change in the depth of the cube submerged in the water after the load is added?

A |0.0503m | B [0.0559m | c |0494m | D | 0.900 m

L2

Answer: A

Let the change in depth be d,

2
Cross-sectional area of the cube =(\3/O.729) =0.81 m?

By the principle of flotation,

Weight of added load = Additional weight of the water displaced due to the load’s weight
400 = (0.81d) (1000) (9.81)

d =0.0503 m

[Turn over
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8 A right-angle rule hangs at rest from a peg P as shown below. The rule is uniform in density
and cross-sectional area. One arm is of length L while the other arm is of length 2L.
What is the angle 6 at which the rule will hang in equilibrium?
A g | B [14° | c |a | D |76

L3 | Answer: B
Let m be the mass of the arm of length L.
Since rule is of uniform density and uniform cross-sectional area, the other arm of length 2L
will have mass 2m.
Take P as the pivot,
Total anticlockwise moments = Total clockwise moments
L 2L
(mg) [5 (cos0)] = 2mg) [ 5 sina)|
[(cosO)] = (2)[2(sinO)]
tanf = 1
6 = 14°

9 A car of mass 1200 kg travels along a horizontal road at a speed of 10 m s™. At the time it just
begins to accelerate at 0.20 m s?, the total resistive force acting on the car is 160 N.
What is the total output power developed by the car as it just begins its acceleration?
A |soow | B |1600W | ¢ [2400w | D | 4000w

L2 | Answer: D

Apply Newton’s second law,
Fp —Fp =ma
Fp —160 = (1200)(0.20)
Fp, =400 N

Output power = Fp x v =400x 10 = 4000 W

Fp is the driving force
Fg is the total resistive force
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10 | The diagram shows a projectile being launched at an angle é to the vertical.
0
Ignoring air resistance, what fraction of its initial kinetic energy does the projectile have at the
top of its trajectory?
A | zero ‘ B ‘cose ‘ C ‘cosze ‘ D‘sinze
L2 | Answer: D
Initial kinetic energy = %muz
At the top of its trajectory, its velocity is usin @ ,
Therefore, its kinetic energy is %m(u sin 6)?
Fraction = kinetic'erlte'rgy 'at m'aximum height _ Sil’lz 0
initial kinetic energy
11 | An object of mass m moves in a circular path of radius r at a constant angular speed w.
What is the work done by the centripetal force on the object?
A zero B |rw? c | mw? D | mw?
L1 | Answer: A
Centripetal force is always perpendicular to the instantaneous velocity, hence produces zero
work done.
12 | Two stars of mass M and 2M, a distance 3x apart, rotate in circles about their common centre
of mass O.
..M
4"— ‘.“
.'l ." O™ ,\\ . |
\\\ \\.‘--‘,’ ”1
W 2M L
What is the angular speed of the star of mass 2M?
A |1[6M B |1 |26M c |1|eM p | |CM
3., x3 3, x3 2. x3 x3
L2 | Answer: A

[Turn over
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For each star’s circular motion, the gravitational force exerted by the other star provides the
centripetal force required.

Considering star of mass 2M,

FG = Fc

GM(2M)

(BT)Z = (ZM)X(A)Z
GM

2 —

@93
GM 1 |[GM

w = —_— — [ —
9x3 3. x3

A fixed mass of ideal gas undergoes changes of pressure and volume starting at X, as shown.

pressure / 10° Pa

0.4

A i
N FpER R — N

I
I
I
I
I
I
|
I
0 } f
001 0.003 0.005

volume / m?

Which graph shows how temperature (measured in kelvin) changes with volume?

A B

4 4
temperature /K temperature /K ,
4
X
x
Y Y
0 = 0 .

0 volume 0 volume

C D
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A 4
temperature/K temperature /K
X Y X
z v z
0 > 0 >
0 volume 0 volume
L2 | Answer: A
Apply pV = nRT
At X,
(1.5x 10 x 0.001) = nRT
T= 1.5 x 103
- nR
AtY,
(0.4 x 108 x 0.003) = nRT
1.2x10%
T=
nR
At Z,
(0.4 x 108 x 0.005) = nRT
_2.0x103
T=
nR
temperature Tz > Tx > Ty
14 | The mass of an argon atom is 10 times that of a helium atom.
At the same room temperature, what is the ratio of the mean translational kinetic energy of an
argon atom to that of a helium atom?
A | 0.01 | B |01 | c |1 | D |10
L1 | Answer: C
The mean translational kinetic energy is proportional to the thermodynamic
temperature.
At the same room temperature, both argon atom and hydrogen atom have the same mean
translational kinetic energy.
15 | A man of mass 60 kg stands on an oscillating platform. The platform oscillates with a frequency
of 0.50 Hz and an amplitude of 0.20 m.
What is the minimum normal contact force exerted by the platform on the man?
A zero B 120 N C |470N D 590 N

[Turn over
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L2

Answer: C
Let N be the Normal Contact Force.
The minimum N occurs at the HIGHEST point of the motion (i.e. UPPER amplitude position):

Draw a free body diagram of the man at the HIGHEST point:

mg
mg downwards, greater magnitude than N upwards.
Also, at Highest point, a is maximum.

By Newton’s 2" law of motion: mg - N = mamax —(1)
From SHM equation: amax = W?Xo -—-(2)

Sub (2) into (1):
mg - N = mw?X
N=mg- mwX, = (60)(9.81) - (60)(2r(0.50))%(0.20) = 470.1647 = 470 N

16

A wave pulse of length 0.25 m is shown at time t = 0. It moves along a string, fixed at point O,
at 0.50 ms™.

0.50 m s
e

_\/\ 0

— >
025m 025m 025m

Which graph best represents the displacement of point P with time for the period t = 1.5 s to
2.05s?

A 0 B 0 C 0 D 0

L3

Answer: A
Attime t = 1.0 s, the pulse will be between P and O, and start to be reflected.

Attime t=1.5 s, the entire pulse would have reflected, and will be between P and O but the

wave will be represented as:

From time t = 1.5 sto 2.0 s, the reflected wave will pass through point P with the above wave
representation. So point P will be displaced downwards slightly first, then upwards.
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17 | A narrow, parallel beam of unpolarised light is passed through two optical polarisers. The first
polariser's transmission axis is oriented at 60° to the vertical, while the second polariser’s
transmission axis is oriented at 45° to the horizontal. The light at P has amplitude A.

unpolarised light .
=
i
=~
What is the amplitude of the light at Q?
A Acos 15° B Acos45° C Acos60° D Acos75°
L2 | Answer: D
Angle between the polarized light at P and transmission axis of the 2" polarizer
=180 — (60 + 45)
=75°
Amplitude of the light after passing through Q
=Acos75°
18

A fabric consists of closely-spaced horizontal and vertical threads as shown.

Fabric

When a monochromatic light of wavelength 685 nm is incident normally on the fabric, a
diffraction pattern is observed on a screen placed at a distance of 2.00 m away, as shown

below.

[Turn over
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Screen

54.8 mm distance measured in
the vertical direction

54.8 mm

distance measured in
the horizontal direction

The separation between the horizontal threads is determined by the vertical fringe separation.

What is the separation between the haorizontal threads of the fabric?

A 2.50x10°m B 5.00 x 10°m C 1.00 x 10* m D 9.48 x 10* m

L3

Answer: C
Separation between the horizontal threads is determined by the vertical fringe separation.

Diffraction grating equation

dsin8=nl

Where

6 =tan [(0.0548/2) / 2.00] = 0.7849°
n=2

A=685x 10°

Thus,

d=1.00x10*m

Extension Question: For comparison, the spacing of the vertical threads is determined by the
horizontal fringe separation:

dsing=nl

Where

6 =tan [(0.0548/2) / 2.00] = 0.7849°
n=1

A=685x 10°

Thus,

d=5.00x10°m

19

The two headlights of a car are located 0.77 m apart. The headlights emit light of wavelength
550 nm.

The aperture of a human eye is about 1.8 mm in diameter.

What is the maximum distance away from the two headlights whereby these can still be
resolved by the human eye?

A 23m B 41 m C 270 m D 2500 m

L2

Answer: D

By Rayleigh criterion,
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A 550x 107°

~ _ -4
Gmin =~ E = W = 3.05556 x 10~ *rad

Approximating using “s =r0”,

D= Lmaxemin
0.77 ~ L,,(3.05556 x 107%)

Linax = 2519.996 = 2500 m (round DOWN, since question asks for Max.L)

20 | Two point charges of charge +Q and a third point charge of charge -Q are placed at three
corners of a square.
What is the direction of the resultant electric field at the fourth corner?
A
D
L2 | Answer: A

[Turn over
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21 Two ions A and B are linked to form a molecule and are situated in a uniform electric field as
shown below.

+ 2e.<A\ ' | - \keleclyric field
\ \ : __ o lines
' >
oA\
'

- 29\.'9' —__ region of uniform
: - electric field

What is the direction of the force on B due to the electric field, and, what is the direction of the
electrostatic force on B due to A?

direction of the force on B due to the direction of the electrostatic force on B
electric field due to A
A E— \
B — \
C Pl \
D / \

L1 Answer: B

22 | In bright light, a light-dependent resistor (LDR) has a resistance of R. It is connected in series
with an ideal diode and a fixed resistor of resistance R. An ideal diode has zero resistance in
the forward direction and infinite resistance in the reverse direction.

In which arrangement will the potential at X increase when the circuit is moved to a darker
environment?

A B C D
+12 V +12 V +12V +12V
R R x o
X X
s s R R
oV oV oV oV
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L2 | Answer: A
Diodes in options B and D are in reverse biased connection (like an open circuit where the
diode is).
= No current flows = zero p.d. across the resistance - potential at X =0 V in both
bright and dark conditions, i.e. no change in potential at X for options B and D.
= Eliminate options B and D.
Diodes in options A and C are in forward biased connection (like zero resistance where the
diode is).
= Current flows = non-zero p.d. across the resistance.
Since LDR’s resistance increases when moved into the dark, by Potential Divider Principle,
the p.d. across the LDR will increase.
Hence in option A potential at X will increase, while in option C potential at X will
decrease.
23 | Arotary potentiometer consists of a length of uniform resistance wire connected to the terminals
of the power supply.
resistance
wire
+
(o}
O
9.0 V_o
VOUt
< O
A wiper (variable terminal) can rotate and make contact with any part of the resistance wire.
The connection wires to the power supply and the wire have zero resistance.
The power supply has e.m.f. 9.0 V and zero internal resistance.
The resistance wire has length 5.9 cm and is arranged in part of a circle of radius 1.0 cm.
The wiper is rotated to point B through an angle of 94° from point A.
What is the output voltage Vou when the wiper is at point B?
A 235V B 250V C 267V D 2.78V
L3 | Answer: B

Circumference of circle = 211(1.0) = 6.2832 cm
Angle subtended by the resistance wire = (5.9 / 6.2832) x 360° = 338.04°

By potential divider principle,
Vout = (94°/338.04°) x 9.0V =250V

OR

[Turn over
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Length of wire AB = (94° / 360°) x 21(1.0) = 1.6406 cm

Vou = (1.6406 / 5.9) X 9.0 V = 2.2716 = 2.50 VV

24

A beam of electrons enters a region in which there are magnetic and electric fields directed at
right angles to each other and to the beam direction as shown below. The electron beam
passes straight through without deflection.

K x x <
K x x <
electron @ — ~ & o
T magnetic field
K x x K
L J v
electric field

A second beam of electrons travelling at half the speed of the first beam of electrons is then
directed along the same line.

How is this second beam deviated?

A | Upwards in the plane of paper
B | Downwards in the plane of paper
C | Out of the plane of the paper
D | Into the plane of the paper
L2 | Answer: A

The electric force acting on the electrons is directed upwards in the plane of the paper.
Electric force = qE, which is independent of speed.

By Fleming’s left hand rule, the magnetic force acting on the electrons is directed downwards
in the plane of the paper.
Magnetic force = Bqv , which is proportional to speed.

When the speed of the second beam of electrons is half its original speed, the magnetic force
decreases (halved) while the electric force remains unchanged. Thus, the second beam of
electrons deviates upwards in the plane of the paper.
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25

A 20-turns square coil of side of length x = 8.0 mm is pivoted at its centre and placed in a
uniform magnetic field of flux density B = 0.010 T such that two sides of the coil are parallel to
the field and two sides of the coil are perpendicular to the field as shown below. The coil rotates
about the pivot with a frequency of 25 Hz.

. 4>
D L o E e
coll
B P N —— X[ I
&4----————==cpf-—————- b o e e
4. ____________________ T ————
S
pivot
What is the maximum e.m.f. induced by the coil?
A [13x105v | B [32x10%v | c |20x10°V | D |12V
L2 | Answer: C

Maximum e.m.f. induced E, = NBAw = NBA(2xf)

=(20)(0.010)(8.0x10°) [ 2m(25)]
=2.0x10°V

26

The diagram below shows a metal disc of area A situated in a uniform magnetic field of flux
density 3.6 x 10~° T. The plane of the metal disc is perpendicular to the magnetic field which is
directed into the plane of the diagram. The metal disc is rotated about an axis through its centre
at 1500 revolutions per minute. An e.m.f. of 3.7 x 1077 V is induced between the centre of the
metal disc and its rim.

region of uniform
magnetic field of flux

metal disc density 3.6 x 10° T

What is the area A of the metal disc?

Al22x10®m? | B |41x10*m? | C [35x10?2m? | D |52x10*m?

L2

Answer: B

By Faraday’s law of electromagnetic induction,

[Turn over
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_‘d_@ :%:BAf
dt T

3.7x107 = (3.6 ><105)A[@j

60
A=4.1x10"*m?

27 | A voltage supply connected to a signal generator can either produce an alternating voltage with
a sinusoidal waveform or a square waveform with the same peak value of e.m.f. V, as illustrated
below. The voltage supply is connected across a load resistor.

emf, emf
\/ \/ time time
mean power dissipated in the load resistor by the square waveform
What is the ratio ?
mean power dissipated in the load resistor by the sinusoidal waveform
A 025 | B |05 | c |2 | D |4
L2 | Answer: C
(P) — Urmsz
R
For sinusoidal waveform,
U2
-2
R 2R
For square waveform, using graphical method,
Vrms = Up
2
v
py=_P_
(P)=—2
Ratio =2

28 | To observe diffraction rings by a carbon film, a beam of electrons is accelerated from rest across
a potential difference of V so that the de Broglie wavelength of the electrons is 1.0 x 102 m.
What is the value of V ?

A |90V | B [150V | c [2r0v | D [330V
L2 | Answer: B

de Broglie wavelength,
p=7 - 1)

By conservation of energy,
Loss in electric potential energy = Gain in kinetic energy
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Sub (1) into (2),
hZ
2mA?

qV =

R (6.63 x 1073%)?
©2qmA? T 2(1.60 x 10719)(9.11 x 10731) (1.0 x 10-10)2

V=150V (2s.f)

29

A nuclear fusion reaction is as follows:
Li +*H > 2%He
3 1 2

The masses of the nuclei are as follow:
ILi: 7.018u

1H:1.008u

sHe: 4.004u

What is the amount of energy released in this reaction?

A 90x102) [ B [27x1023 | c [60x10%°) | D [1.6x108]

L2

Answer: B

Energy released per fusion reaction

= (mass of reactants — mass of products) (c?)

= [(7.018 + 1.008) — 2(4.004)](1.66 x 10727) (3.00 x 10%)2
=2.6892 x 10712]

=2.7x1071%2]

30

28po decays to “*Bi via two pathways as shown in the figure below.

218P0 Pb

\ \decay

At —Z> 214

What are the possible radioactive decay modes X, Y and Z?

X Y Z

y decay a decay B decay

a decay B decay a decay

O m|>

B decay a decay y decay

D a decay a decay B decay

L2

Answer: B

Decay mode X must be an a decay because Pb undergoes a  decay to 2Bj which only

changes the atomic humber and not the mass number.

[Turn over
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To decay from #*Poto Pb to *Bi there must be a decrease in the mass number by 4, from
218 to 214. « particle is 3He which can account for this decrease in mass number.

Options A and C are out.

Option D is out because if decay mode Y is an a decay, the daughter nuclide would be Pb and
not At.

END OF PAPER




