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speed of light in free space,
permeability of free space,

permittivity of free space,

elementary 'c-harge,

the-Planck constant,

unified atomic mass constant,

rest mass of electron,
rest mass of proton,
malar gas constant,

the Avogadro constant,
the Boltzmann constant,
gravitational constant,

acceleration of free fall,
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300x10°ms™
4 < 100" H m™'

8.85x 10712 F m!
(1/(36 ) » 10 F m-'

160 % 100 C
663x10*Js

1.66 x 10?7 kg

9.11 x 10 kg

1.67 x 10 kg

8.31 J K™ mo}

5.02 x 10?%* mol’

1.38 x 1075 J K1
6.67 x 101" N m? kg2

981 ms=2
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Formulae
uniformly accelerated motion, s =
wo=
work done on/by a gas, W =
hydrostatic pressure, p =
gravitational potential, ¢ =
temperature, /K =
pressure of an ideal gas, p =
mean translational kinetic energy of an ideal gas E =
molecule
displacement of particle in s.h.m, X =
velocity of particle in s.h.m. v =
electric current, J =
resistors in series, R =
resistors in parailel, 1R =
electric potential, vV =
alternating current/voltage, X =
magnetic flux density due to a long straight wire B =
magnetic flux density due to a fiat circular coil B =
magnetic flux density due to a long sclenoid B =
radioactive decay, X =
decay constant A =
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1 A byte (b) comprises 8 bits.
How many bits are there in 2 terabytes (2Tb)?

A 2x10° B 16 < 10° € 2x10% D - 16 = 1012

2 The speed v of waves on a stretched wire is given by the equation
v=TFu%
where 7 is the tension in the wire and y is the mass per unit length of the wire.

What are the values of p and g?

P a
1
——= 1
A -
2 2
1 1
B — —_
2 2
1 1
C — -
2 2
1 1
D — -
2 2

3 A car moves to the right with uniform acceleration along a straight road. Oil leaks from the car

at the rate of one drop every three seconds. The diagram shows the distances between three
successive oil drops on the road.

i 9.0m - 12.0m :

What is the acceleration of the car?

A 0.33ms™
B 0.66ms=?
Cc 12ms?
D 20ms>
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4 A ball is dropped from rest and falls towards the ground. Air resistance is negligible.

Which graph shows the variation with speed of the height of the ball above the ground?

3
height
above
ground

A

height
above
ground

0

4
height
above

“ground

.
G\k |

8

speed

C

height
above
ground

0

i .

Speed

speed

5 Three coplanar forces act on a block.

speed o

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

A
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6 Liquid Q has twice the density of liguid R.
At depth x in liquid R, the pressure due to the liquid is 4 kPa.
At which depth in liquid Q is the pressure due to the liquid 9'kPa?

8x 9x ' 18x
A = B = C 2x D —-~
-9 8 : 4

7 A lift consisting of a passenger car supported by a cable runs over a light, frictionless pulley
to a balancing weight. The balancing weight falls as the passenger car rises.

not to scale

balancing
weight -

pn T passenger car
i
i)
i
Some masses are shown in the table.
mass/ kg
Passenger car 520
Balancing weight 800
passenger 80

What is the magnitude of the acceleration of the car when carrying just one passenger and
when the pulley is free to rotate?

A 014ms? B 1.4ms* C B80ms? D 98ms?
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A device for spraying paint consists of a box with its axes horizontal and vertical. One of its
vertical faces contains small holes. Paint is fed into the box under pressure via a vertical tube
and exits through the holes as fine streams moving horizontally.

paint in

paint out through holes
{only a few holes are shown)

The paint is ejected at a speed of 3.0 m s~ through 27 holes, each of area 0.4 mm2. The
density of the paint is 900 kg m 2.

What is the horizontal force required to hold the device stationary as it ejects the paint?

A 21mN B 29 mN C 44mN D 87mN

9 A rock R of mass 1.0 x 1027 kg is at a large distance from a star S and is travelling at a
speed of 1.0 x 10° m s'. The star has mass 1.0 x 10% kg. The rock travels around the star
on the path shown so that it reverses its direction of motion and, when finally at a farge
distance from the star again, has the same speed as initizily.

R

speed 1.0 x 10me!

mass 1.0 « 107 kg _-mass 1.0 x 10%kg

-

speed 1.0 x 10 mg

Which -statement is correct?

A The change in the momentum of S is in the direction of arrow X.

B  The change in the velocity of S is approximately 20 ms'.

C  The magnitude of the change of momentum of R is 10° times greater than the

magnitude of the change of momentum of S.

D The momentum of R does not change.
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10 The force diagram shows an aircraft accelerating. At the instant shown, the velocity of the
aircraftis 50 m s

velocity 50m s’

—————

GO0 KN iift

Z00kN
air resistance -

500kN
engine thrust

BO0 KN weight

At which rate is its kinetic energy increasing?

A 24 MW B 12MW C 15MW D 25 MW

11 The diagram shows a ‘ballistic pendulum’.

R block

. L _peilet

A M D e m

A pellet of mass m travelling at a speed ¢ hits a stationary block of mass M. The pellet
becomes embedded in the block and causes the block to move immediately after the impact.

What is the maximum height gained by the block after impact?
A —mu

B i(M +m’®
2g

i)
c -— u
2g\M+m

1 mu Y
D —
2g(M+mJ
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12 A hydroelectric power station uses the gravitational potential energy of water to generate
electrical energy.

In one particular power station, the mass of water flowing per unit time is 1.5 x 10° kgs' The
water falls through a vertical height of 140 m. ‘ ‘ ‘

The electrical power generated is 100 MWV, What is the efficiency of the power station?

A 56% B 4.3% C o4a9% D 77%

13 A string passes through a smooth thin tube, with objects of masses m and M attached to its
ends. The tube is swung so that the object with mass m travels in a horizontal circle of constant
radius r at constant speed v as shown.

< — - m
smooth thin tube
Which of the following expressions is equal to M?

252 2 . - z 2
mver my

A mh | B c Vg D
g g r e
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14  Two isolated planets A and B have masses M, and M; respectively. Their centres are a
distance D apart and they rotate with a uniform angular velocity « about an axis which is
perpendicular to the line joining their centres.

if the distance of planet A from the axis of rotation is R, which of the following does not
give the expression for the centripetal foree on planet B?

GM M, GM, Mg

A D? B (D-RY

c  M,Ro’ D M (D-Ry*

16 Afixed mass of ideal gas undergoes changes of pressure and volume starting at L and ending
at N, as shown.

pressure / Pa

|
1
1
25108 [ oo Tio A

0.8x10% |---- A ____7:

] | ]
1 { }
1 } 1
1 i t
1 J 1

0.001 0.003 0.005 volume / m?

Which graph shows how temperature changes with volume?
A 1 B
* N x N
e o
2 2
& g
[} o
a
3 :
= L M T M
Volume / m? Volume / m3
c D
i) eb)
St sl
B ©
2 g
; 5
Volume/ m3 Volume / m?

16  The diagram below shows the displacement-time graph for a system oscillating freely with
negligible damping.
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displacement /m

1

, time /s
0 5 10 15 20 25

The system is now placed in an environment with significant damping and set into oscillation.
Attime t = 0 s, the displacement of the object is 0 m. Which one of the following graphs best
describes how the potential energy of the system varies with time?

A B

Potential energy /J Potential energy /J

0 5 10 15 20 25 0 10 15 0
time /s time /s

Potential energy /J
Potential energy /4

0 5 10 15 20 25 0 5 10 15 20 25

time /s time /s

17 A wave of frequency 27 Hz travels at 48 m s through a medium.

What is the phase difference between two points 2.0 m apart?
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There is no phase difference.
They are out of phase by a quarter of a cycle.

_They are out of phase by one-eighth of a cycle.

O O @ P

They are out of phase by 0.78 of a cycle.

18 Two waves X and Y have the same frequency. The amplitude of X is 1.54, and the amplitude
of Y is 2.0A.. The waves meet at a point and superpose to form a resultant wave.

maximum possible intensity
minimum possibie intensity

For the resultant wave, what is the ratio

A 286 B 7 C 16 D 49

19 A beam of monochromatic light of wavelength 500 nm is incident normally on a diffraction
grating. The diffraction grating is placed 1.2 m away from the screen and the horizontal distance
between the two second-order maxima is 1.5 m.

What is the number of lines per millimeter of the grating?
530 lines per mm

625 lines per mm

1250 lines per mm

0O mw >

1740 lines per mm

20 A musical instrument is made using a long tube with a mouthpiece at one end. The other
end is open and flared, as shown. s
-
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A musician maintains stationary sound waves with a node at the mouthpiece and an

antinode at the other end. The lowest frequency of sound that the instrument can produce
is 80 Hz.

Which different frequencies of sound can be produced by the instrument?

80Hz, 160 Hz, 240 Hz
80Hz, 160 Hz, 320 Hz
80Hz, 240Hz, 400Hz
80Hz, 240Hz, 480 Hz

C O W =

21 The diagram shows a point charge situated at Y in front of an earthed metal sheet X. Two

points P and Q are situated between X and Y and have electric field strengths £r and Eq
respectively.

[ ]
e O
®

e

= X

Which of the following expressions is correct?

Ep=0
Eq=0
Eq > Ep
Er > Eq

o 0O w >»

22 A charged oil droplet of mass m is falling, initially freely, in a vacuum between two horizontal
metal plates that are separated by a distance x.

a
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A potential difference (p.d.) Vis then applied across the plates. This resulls in the oil droplet
continuing to accelerate downwards but with a reduced acceleration a.

The polarity of the applied p.d. is then reversed so that the direction of the electric force on the
droplet is reversed. This results in the downwards acceleration of the oil droplet increasing to
ba.

What is the magnitude of the charge on the oil droplet?

max B o max o 3max p 4Mmax
Vv v

A

23 A uniform copper rod of cross-sectional area 8.0 mm? has 8.2 x 10?% conduction electrons per
cubic metre. A current flows through the rod when a potential difference of 3.0 V is applied
across it.

Given that the drift velocity of electrons in the rod is 2.3 x 107° m s, determine the resistance

of the rod?
A D08QO
B 0160
C 080Q
D 120

24 A cell of negligible internal resistance is connected to a network of resistors and a voltmeter,
as shown.
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The reading on the voltmeter is zero.
What is the resistance of resistor R?

A 0O B 2400 C 1440 D 7200

25 Along solencid S has 15 turns per unit length. A circular loop of wire C is placed over S as
shown in the diagram below. S and C are coaxial. A current I of 0.20 A is passed through S
and a current I, of 0.90 A is passed through C in the directions shown.

Iz

The radius of S is 0.80 m and the radius of Cis1.6m.
What is the magnitude of the resultant magnetic flux density at the centre of C?

A 0T B 10x10°T C 34x10°T D 41x10°T
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26 A conducting rod slides at constant velocity v across an incomplete conducting square CDEF.
The area bounded by the square is in a uniform magnetic field B that points directly out of the
page. -

o L
8

0F:;
E  F

conducting
rod

How does the induced e.m.f. change as the rod slides from point C to F?

A

B
c
D

constant
increasing
first increasing. then decreasing

first decreasing, then increasing

27 An alternating sinusocidal supply is connected to a resistor.

How does the power that dissipates in the resistor change when the frequency of the alternating
supply doubles?

A

B
Cc
D

SEJC 2021

Power drops to half the initial value.
Power stays the same.
Power doubles.

Power quadruples.
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28  The diagram below shows some of the lowest energy levels for the hydrogen atom.

The atom is at is ground state.

—0.85 eV
—1.51 eV

—3.40 eV

—13.60 eV
Which of the following will result in excitation to the highest possible energy level?

A photon of energy 10.20 eV incident on the atom.
An electron of energy 11.50 eV colliding with the atom.

An electron with de Broglie wavelength of 3.50 x 10" m colliding with the atom.

U O o P

A photon of wavelength 9.95 x 10 m incident on the atom.

29  The dots in the diagram below shows location of an electron detected at several intervals of
time.

3.0x10%m

What is the order of magnitude of the minimum uncertainty in the determination of its

momentum?

A 10"kgms’

B 10%kgms!

C  10°kgms

D 10"%kgms!
OEJC 2021
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30 Electrons gain kinetic energy by accelerating through a large potential difference before
striking the target metal to produce X-ray.

What is the percentage change to the minimum wavelength of the X—ray spectrum produced
if the potential difference is reduced by half?

A decreaseby 25 %
B decrease by 50 %
C  increase by 50 %
D increase by 100 %
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Paper 1_
Multiple Choice

Question Key Question Key Question Key
1 D 6 B 11 D
2 Cc 7 B 12 C
3 A 8 D 13 A
4 C 9 B 14 B
5 B 10 C 15 D
16 Cc 21 C 26 Cc
17 C 22 B 27 B
18 D 23 D 28 c
19 A 24 D 29 B

20 Cc 25 Cc 30 D

2 Terabyte = 2 x 10" bytes = 2 « 107 (8 bits) = 1

2 | units of v = units of TP
ms™ = (kgm s7)°(kg m")*
m s = kgP*? mP9 g

1= -2p »p =

N -

1
1=p—q.—>q=—§

S=ut+af?
2
Considering first 2 points: 9.0 = u(3.0) +—;ma(3.0)2 -——{h

Considering first and third points: 21.0 = u(6.0)+%a(6.0)2 - —=(2)

1 2
(2)-2x{(1):3.0= Ea[(@.@) -2(3.0)°]

4 Let H be to initial height and h be the height at time t.
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v?=u?+2as
v: =2g(H - h)
v +2gh =2gH
h = ——1—v2 +2gH
29
y=-kx*+k,
Hence itis a 'negativé quadratic graph with vertical intercept k:
5 When 3 non-parallel forces act on body, all 3 must intersect at a peint to achieve rotational
equilibrium,.
For option C, there is a resultant force with a rightward component and a downward
component.
For D, there is an anticlockwise moment due-to the rightmost force about the centre of the
block.
6§ | P=hpg
PR = Xppd = 477*(1)
Fe =h2peg =8---(2)
2)_2h_9
1 x 4
h:gx
8
7 Wba.'ance -T= My ziance@
(800)(8.81)-T =(800)a-——(1)
T - Wcar+man = mcar+mana
T —-(600)9.81)=600a-——(2)
(1) + (2):
(200)(9.81) = 1400a
a=14ms”
8 F =NpAv? = (27)(900)(0.4 x107°)(3.0)* =0.087 N
9 P = P
(1.0x107)(1.0x10*) - (1.0x 10, = {(1.0x107)(—=1.0x10*) +(=1.0x 10 v,
v, —u, =20
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10 | change in KE _ net work done
time B time

(net force)(displacement)

-time

displacement

time

= (net force)(velocity)

= (500 - 200) % 10%(50)

=15 MW

= (net force)

11 intitial momentum = final momentum
mu = (M+m)v

gain in GPE = loss in KE
(M +m)gh = A(M +mw?

2 N2

hﬁ_v__j_[ mu
29 2g M+m)

12 efficiency = me%
input -
_ ¢electrical power
B mgh
-
= MX1OOOAJ
M ah
; g
100 MW

= 4 <100%
1.5x10%(9.87)(140)

=49%

x100%

13

Mg

The horizontal component of tension T provides the centripetal force.

T=Mg ... (1)

2 - 22
TcosO=m'— .. . (3) Solving using sin®@ +cos’ @ =1, M=m 11+ [;g—]
r \f
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14 Gravitational force cn Aandon B = Eﬂ%’%@i
For A: EMaMs M. R’
D’ 8
For B: EMaMs M, (D - R)er’
DZ 8
16 | Using Formula PV = nRT,
It is observed that Ty is lowest, Ty is the highest.
Using the same formula, T and V relationship between M and N is linear since P is
constant,
16 | There are 2 cycles of the potential energy variation in one period.
In the case of significant damping, the natural frequency of the system (or the frequency at
which resonance occurs) would decrease. This means that the period of oscillation of the
system will increase.
17 tn terms of number of cycles,
. Ax 2.0 20
phase difference = SRR v 1.125
/f /27
Difference of 1.125 is the same as 0.125 of a cycle since the cycle repeats itself.
18 | maximum possible intensity [ maximum possible amplitude T
minimum possible intensity minimum possible amplitude |
(20A,+15A,)
2.0A,-1.5A,
=49
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tan8=0.75/1.2
8= 32.005°
dsinB8=nj
d = {2)(500 x 10%) /sin (32.005°)
= 1.887 x 10° mm
d'=5299
=530 lines per mm

20

Fundamental: NA > A=4L > f= 80 Hz

K

13‘0vertohe:NANA%A:4/3L9f=3><80Hz:240Hz ‘OC-
2""over‘rone:NANANA%A=4I5L9f=5><80Hz=4OOHz ,
10 o o

21

Field lines are closer at Q
compared to P, hence larger field
strength at Q.

22

case 2:
W+F. =ma

W+qK:m(5a)
X

(2)—(1): ZQ% =4ma

max
—p. 2%
9 v

23

I'=ngvA

= (8.2 x 10°%)(1.6 x 107"9)(2.3 x 10°}8.0 x 10%)
=241A

Resistance of the rod = /] = 3.0/ 241=120
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24

Since there is no p.d. across the voltmeter, the p.d.s across 14.40 znd 4800 resistors are
the same.
5.00 2.00
‘R' 480
R'=12.00
Hence
1 1

+_
R 14.4
R=72.00

-1
J =12.00)

25

Be = pond = 47 x 1077 x 15 % 0.20

_MNI_ 4mx 1077 x 0.90

Be 2r 2% 1.6

‘ Bresuttant = Bs — B = 3.4 x 10°6T

26

E.m.f. is induced in the part of the length of the rod that forms a closed loop with the square.
This length first increases than decreases, thus the e.m.f, induced will first increase, then

decrease.

OR: Part of the rod forms a closed loop with the square. Magnetic flux linkage with this loop
changes as the rod moves. The e.m.f. induced in the loop is proportional to the rate of
increase of the area of the loop. This rate of increase of loop area first increases then
decreases. Thus induced e.m.f. increases, then decreases.

27

Power is independent of frequency. The area under the power-time remains the same
regardless of frequency.

28

%
E:_gﬁwzﬁziﬂzm.m eV
m m

The electron can lose part of its kinetic energy and will result in excitation to —1.51 eV.

Note: Option D is not the answer because the photon will not be absorbed as its energy is
not exactly equal to the difference between the energy levels.

29

AxAp = h
Since Ax = 3.0x 107 % m _
h 6.63 x 10734

Ap > =
P =30%x10-1° " 30x 10-10

Ap > 221 x 1074 kg m s~2

30

KE = qV = hefAniin
If Vis reduced by ¥z , A is increased to 2 times (100 %)
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