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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,

©EJC 2021

c=3.00x10° ms™

Uy =47x107" Hm™

£ =8.85x10™ Fm™

(1/(367))x10° Fm™

e=1.60x10" C
h=6.63x10"Js
u=1.66x10"% kg

m, =9.11x10"* kg

m, =1.67x10% kg
R=8.31JK™ mol™

N, =6.02x10% mol™
k=1.38x10 JK™

G =6.67x10" Nm? kg™

g=9.81ms~
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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 gas
molecule

displacement of patrticle 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 A hot air balloon rises vertically at a constant speed of 5.0 m s. A stone is dropped from the
balloon at time t =0 s, and takes more than 4.0 s to reach the ground. A second stone is dropped
from the hot air balloon at time t = 2.0 s. Air resistance is negligible.

(&) Onthe axes of Fig. 1.1, sketch a graph to show quantitatively how the velocity v of the

(i) first stone varies with time fromt=0 s to t = 4.0 s. Label this graph A. [1]
(ii) second stone varies with time fromt = 2.0 sto t = 4.0 s. Label this graph B. [1]
A
v/imst
| | >
0 | | >
2.0 40 t/s
Fig. 1.1

(b) Find the vertical distance between the two stones att = 4.0 s.

vertical distance = ..o m [3]

(c) On the same axes of Fig. 1.1, sketch a graph to show how the velocity v of the first stone
varies with time from t =0 s to t = 4.0 s where the effects of air resistance is not negligible.
Label this graph C. [2]

[Total: 7]
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2 Fig. 2.1 shows the variation with time of the momentum of two colliding lorries A and B. The
masses of lorries A and B are 1500 kg and 3000 kg respectively.

50
momentum /
kN s

40
30

5 B
20

B A
10
0

0 1.0 2.0 3.0 4.0 5.0 6.0
time/s
Fig. 2.1

(@) (i) State the principle of conservation of linear momentum.

(i) On Fig 2.1, draw a line to show the total momentum of the colliding lorries from time
t=0stot=6.0s. Label the line P. [1]
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(b) (i) State Newton’s Second Law of motion.

(ii) Determine the magnitude of the force acting on lorry A during the collision.

Show your working clearly.

(c) By considering the total kinetic energies of the lorries, state and explain the type of collision
that the lorries experience.

[Total: 7]
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3 Auniform ladder of weight W rests in equilibrium against a rough vertical wall, tilted at an angle @
from the rough floor. Fig. 3.1 shows a labelled diagram of the ladder, where Ng is the normal
force on the ladder by the floor and Nw is the normal force on the ladder by the wall.

Ny wall

Ne

AHmnmmnent

floor

Fig. 3.1

(a) State what is meant by the ladder is in equilibrium.

(b) Complete Fig. 3.1 to include the friction exerted by the wall fw and the friction exerted by the
floor fe. (2]
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(c) Show that

N,, tand =Ng — —

[2]
(d) The weight of the ladder is 100 N, the angle of tilt is 40° and the normal force acting on the
ladder by the floor is 70 N.

Find the magnitude of f;.

magnitude of fo= ... N [2]

(e) The top of the ladder is then coated with a grippy, rubbery material. The ladder is placed back
in its original position with the same angle of tilt.

State and explain the changes, if any, that will occurto N; and N, .

[Total: 10]
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4 (a) A snow sled starts to ascend a smooth slope that is inclined at 30° to the horizontal. The sled
comes to rest after travelling up the slope to a vertical height of 4.1 m, as shown in Fig. 4.1.

Fig. 4.1

Fig. 4.2 shows the variation with distance along slope of the total magnitude of force acting
on the snow sled in the direction down the slope.

5.0

force down
slope / kN

4.0

3.0 n

2.0

1.0

0 2.0 4.0 6.0 8.0 10.0
distance along slope / m

Fig. 4.2

(i) On Fig. 4.2, shade the area representing the work done against air resistance.

(i) Hence or otherwise, find the initial kinetic energy of the snow sled.

initial Kinetic energy = .........coooiiiiiiiiiins

[1]
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(b) Block A of mass 50 kg and block B of mass 100 kg are connected by a light, inextensible

string over a smooth pulley located at the apex of a rough incline, as shown in Fig. 4.3.
Both blocks are initially at rest.

pulley

Fig. 4.3

The friction f acting on block A by the surface of the incline is related to the normal force N,
exerted by the surface on A by

f =0.25N

Determine the increase in kinetic energy of A as it moves a distance of 20 m up the incline.

increase in Kinetic energy = .....coovieiiiiiiiiiiiii e J [5]
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(c) Inaparticular lighthouse, it takes the keeper of mass 74 kg exactly two minutes to ascend the
spiral staircase to reach the top. There are 131 steps each of height 23 cm.

Find the average power developed by the keeper in ascending the lighthouse.

AVErage POWET = ..ottt W [2]

[Total: 10]
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Two balls A and B of different masses are connected to a spring, as shown in Fig. 5.1.

centre of mass

e

' spring

ball( A B ) ball

Fig. 5.1

They are then set rotating at a constant angular velocity about their common centre of mass
on a smooth horizontal surface.

(i) State and explain the variation with time of the extension and/or compression of the spring
as the balls rotate about their centre of mass.

(i) Ball A of mass m, =50 g rotates at a radius r, =6.0 cm from the common centre of

mass with ball B of mass m, =30 g. The spring constant of the spring is 4.0 Nm™,

1. Show that the radius r, at which ball B rotates around the common centre of mass
is 10 cm.

[1]

2. The natural length of the spring is 12 cm. Find the angular speed of the rotation.

angularspeed = ... rad s [2]
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(b) Fig. 5.2 shows a sandbag that is secured to a point on the ceiling via a light, inextensible rope
of length r. The rope is just taut at the initial position A.

ceiling VW sandbag
.‘ / m A

[ !

Fig. 5.2

(i) The speed v of the sandbag varies with the angle ¢ that the rope makes with the
horizontal. Show clearly that v = /2gr sing , where g is the acceleration due to gravity.

[1]

(i) The mass of the sandbag is 20 kg. Find the tension in the rope at 8 = 45°.

TeNSION = ..o N [4]

[Total: 10]
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6 The Earth may be considered to be an isolated sphere of radius R =6.4x10° m with its mass
concentrated at its centre. The variation of the gravitational potential ¢ with distance x from the

centre of the Earth is shown in Fig. 6.1.

distance x

00 R 2R 3R 4R 5R

¢ 110" Jkg™

-2.0 =i

AN

Fig. 6.1
(@) (i) Use Fig. 6.1 to show that the gravitational field strength at x = 1.6R is 3.8 N kg™.

Show your working clearly.

[2]

(i) Hence, determine the magnitude of force exerted on a satellite of mass 2.0 kg at a
distance of 1.6R.
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(b) A meteorite is initially at rest at infinity.

(i) State if the total energy, gravitational potential energy, and kinetic energy will
increase, decrease, or remain unchanged when the meteorite travels from infinity
towards Earth. [3]

type of energy change

1. | total energy

2. | gravitational potential energy

3. | kinetic energy

(i) Using Fig. 6.1, find the speed of the meteorite when it is at a distance of 2R above
the Earth’s surface.

[Total: 10]
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7 Adish is made from a section of a hollow glass sphere.
The dish, fixed to a horizontal table, contains a small solid ball of mass 45 g, as shown in Fig. 7.1.

ball surface
mass 45 g of dish

SR, S

Fig. 7.1

The horizontal displacement of the ball from the centre C of the dish is x.
Initially, the ball is held at rest with distance x = 3.0 cm.

The ball is then released. The variation with time t of the horizontal displacement x of the ball from
point C is shown in Fig. 7.2.

x/cm /

-
[t
|
]

t's 9

—_—
T
]
1
]
=1

Fig. 7.2

The motion of the ball in the dish is simple harmonic with its acceleration a given by the expression

where g is the acceleration of free fall and R is a constant that depends on the dimensions of the
dish and the ball.
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(a) Explain what is meant by simple harmonic motion.

....................................................................................................................................................... [2]
(b) Use Fig. 7.2 to show that the angular frequency @ of oscillation of the ball is 2.9 rad s™.
[1]
(c) Use the information in (b) to
(i) determine R,
Rz m [2]
(ii) calculate the speed of the ball as it passes over the centre C of the dish.
SPEEA = it m s?[2]
(d) Dust collects on the dish surface such that the motion of the ball becomes lightly damped.
(i) Explain what is meant by damped.
[1]

(i) On the axes of Fig. 7.2, sketch the variation of x with time t to show the lightly damped
motion of the ball for the first 6.0 s after the release of the ball. [1]
[Total: 9]
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8 (a) A small point source emits 2.5 W of sound at a frequency of 4500 Hz. The displacement
amplitude of the sound waves emitted is 4.0 um where the intensity is 2.0 W m=2.

A microphone of effective surface area 15 cm? is placed at a distance of 6.7 m away from
the source.

(i) Find the power of sound waves received by the microphone.

(ii) The displacement amplitude of the sound waves emitted from the point source is tripled.

Find the distance from the point source where the microphone should be such that the
power received is the same as in (a)(i).

distance = ..o m [2]

(b) (i) State the principle of superposition.
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(ii) Fig. 8.1 shows a sound wave entering the mouth of a closed pipe and travelling along the
axis of the pipe.

incident sound
waves

A
v

54 cm

Fig. 8.1

Explain how a stationary wave is formed in the pipe.

............................................................................................................................................... [3]
(iii) The frequency of the sound wave in (b)(ii) is gradually increased from a low value.

A loud sound is heard for the second time at a frequency of 470 Hz.

On Fig. 8.1,

1. sketch the displacement wave profile of the stationary wave formed, and

2. mark the position of pressure nodes using the letter N. [2]
(iv) Calculate the speed of sound in the pipe.

SPEEA = i m s?[1]
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(c) A collimated beam of white light comprising wavelengths from 450 nm to 750 nm is incident
normally on a diffraction grating that has 290 lines per millimetre.

(i) Determine the
1. maximum angle of diffraction observed in the third order spectrum

maximumangle = ... °[1]

2. largest order for which the complete spectrum can be observed.

largestorder = ........ccooiiiiiiiiii [2]

(i) A recent advancement in smart phones places the front-facing camera below the screen
such that the camera module is almost invisible when the screen is active. The light-
emitting pixels above the camera lens has less surface area as compared to the rest of
the screen so that the camera can capture the image of the subject, as shown in Fig. 8.2.

_ newer under-screen transparent area in
older “hole-punch” design, front-facing camera between
camera is exposed smaller pixels

densely packed pixels,
each emitting light

Fig. 8.2 (pixels are magnified for illustrative purposes)

Explain why photographs from the new cameras exhibit a rainbow-coloured halo effect
around light sources such as ceiling lamps, when the light sources are photographed.

[Total: 17]
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