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Data
speed of light in free space, c=3.00x 108 ms™"
permeability of free space, Ug = 41 X 107 Hm™!
permittivity of free space, £, =8.85x10712Fm™!
( 47150 = 8.99 x 109mF1)
elementary charge, e=160x10"1°C
the Planck constant, h=6.63x103%4Js
unified atomic mass constant, u=1.66x10"2"kg
rest mass of electron, m, =9.11 x 10731 kg
rest mass of proton, mp =1.67 x 10727 kg
molar gas constant, R =8.31 JK"'mol™
the Avogadro constant, N, = 6.02 x 1023 mol™"
the Boltzmann constant, k=1.38x 10723 yK!
gravitational constant, G=6.67x10""" Nm?kg
acceleration of free fall, g = 9.81 ms—2

© UCLES 2015 9702/21/M/J/15



Formulae

uniformly accelerated motion,

work done on/by a gas,
gravitational potential,
hydrostatic pressure,
pressure of an ideal gas,

simple harmonic motion,

velocity of particle in s.h.m.,

electric potential,

capacitors in series,
capacitors in parallel,
energy of charged capacitor,
resistors in series,

resistors in parallel,
alternating current/voltage,

radioactive decay,

decay constant,
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a=-wx
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4
Answer all the questions in the spaces provided.

1 (a) Use the definition of power to show that the SI base units of power are kgm?s3.

(2]

(b) Use an expression for electrical power to determine the SI base units of potential difference.
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2 (a) Define speed and velocity and use these definitions to explain why one of these quantities is
a scalar and the other is a vector.

(b) A ballis released from rest and falls vertically. The ball hits the ground and rebounds vertically,

as shown in Fig. 2.1.
ba”/T initial position

rebound

———ep—————— -

ground

Fig. 2.1
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The variation with time t of the velocity v of the ball is shown in Fig. 2.2.
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Fig. 2.2

Air resistance is negligible.

(i) Without calculation, use Fig. 2.2 to describe the variation with time t of the velocity of the
ball from t=0to t=2.1s.

(ii) Calculate the acceleration of the ball after it rebounds from the ground. Show your
working.

acceleration = ........cccoeveeeeeeeeeeee e, ms2[3]
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(iii) Calculate, for the ball, from t=0to t=2.1s,

1. the distance moved,

AIStANCE = ... m [3]

2. the displacement from the initial position.

displacement = .............cccc m [2]

(iv) On Fig. 2.3, sketch the variation with t of the speed of the ball.
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Fig. 2.3
(2]
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3 Twoballs X andY are supported by long strings, as shown in Fig. 3.1.

8

X Y
xOQ"
45ms! 2.8ms!

Fig. 3.1

The balls are each pulled back and pushed towards each other. When the balls collide at the

position shown in Fig. 3.1, the strings are vertical. The balls rebound in opposite directions.

Fig. 3.2 shows data for X and Y during this collision.

ball mass velocity just before velocity just after
collision/ms™ collision/ms™
509 +4.5 -1.8
M -2.8 +1.4
Fig. 3.2

The positive direction is horizontal and to the right.

(@) Use the conservation of linear momentum to determine the mass M of Y.
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(b) State and explain whether the collision is elastic.

(c) Use Newton’s second and third laws to explain why the magnitude of the change in momentum
of each ball is the same.
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A spring is kept horizontal by attaching it to points A and B, as shown in Fig. 4.1.

slider spring

cart, mass 1.7kg v /support

\\ A 5 -\

[(ONNO)

Fig. 4.1

Point A is on a movable slider and point B is on a fixed support. A cart of mass 1.7 kg has horizontal
velocity v towards the slider. The cart collides with the slider. The spring is compressed as the cart
comes to rest. The variation of compression x of the spring with force F exerted on the spring is

shown in Fig. 4.2.
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Fig. 4.2

Fig. 4.2 shows the compression of the spring for F = 1.5N to F = 4.5N. The cart comes to rest
when Fis 4.5N.

(a) Use Fig.4.2to

(i) show that the compression of the spring obeys Hooke’s law,
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(ii) determine the spring constant of the spring,

spring constant = ........ccccceveeeieieececeee e Nm~[2]

(iii) determine the elastic potential energy E, stored in the spring due to the cart being
brought to rest.

(b) Calculate the speed v of the cart as it makes contact with the slider. Assume that all the
kinetic energy of the cart is converted to the elastic potential energy of the spring.
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The variation with potential difference (p.d.) V of current I for a semiconductor diode is shown in
Fig. 5.1.
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Fig. 5.1

(a) Use Fig. 5.1 to describe the variation of the resistance of the diode between
V=-0.5Vand V=0.8V.

(b) On Fig. 5.2, sketch the variation with p.d. V of current I for a filament lamp. Numerical values
are not required.

IA

Fig. 5.2
(2]
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(c) Fig. 5.3 shows a power supply of electromotive force (e.m.f.) 12V and internal resistance
0.50 Q2 connected to a filament lamp and switch.

K

Fig. 5.3
The filament lamp has a power of 36 W when the p.d. across itis 12V.

(i) Calculate the resistance of the lamp when the p.d. across it is 12V.

resistanCe = ..o Q[1]

(ii) The switch is closed and the current in the lamp is 2.8 A. Calculate the resistance of the
lamp.

resistanCe = ..o Q[3]

(d) Explain how the two values of resistance calculated in (¢) provide evidence for the shape of
the sketch you have drawn in (b).
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6 (a) State whatis meant by diffraction and by interference.

Lo 111 £=To1 0] o LN UTT TR

(3]
(b) Light from a source S, is incident on a diffraction grating, as illustrated in Fig. 6.1.
diffraction
light grating
S, ——tF - - - — zero order

Fig. 6.1 (not to scale)

The light has a single frequency of 7.06 x 10'*Hz. The diffraction grating has 650 lines per
millimetre.

Calculate the number of orders of diffracted light produced by the grating. Do not include the

zero order.
Show your working.

NUMDEE = L. [3]

(c) A second source S, is used in place of S,. The light from S, has a single frequency lower
than that of the light from S,.

State and explain whether more orders are seen with the light from S,,.

© UCLES 2015 9702/21/M/J/15



15

7 (a) Explain what is meant by an electric field.

(b) A uniform electric field is produced between two vertical metal plates AB and CD, as shown in
Fig.7.1.

A C
a-particle—_|

16 mm

450V
+ —
o o

Fig. 7.1
The potential difference between the plates is 450V and the separation of the plates is 16 mm.
An a-particle is accelerated from plate AB to plate CD.
(i) On Fig. 7.1, draw lines to represent the electric field between the plates. [2]

(ii) Calculate the electric field strength between the plates.

electric field strength = .......cccoeiieiiiceeeeee e vm[2]

(iii) Calculate the work done by the electric field on the a-particle as it moves from AB to CD.

WOIK dONE = ...iiiiiiiiiiiiie e J [3]

Question 7 continues on page 16.
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(iv) A p-particle moves from AB to CD. Calculate the ratio

work done by the electric field on the a-particle
work done by the electric field on the p-particle.

Show your working.
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