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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,

© UCLES 2009

c=3.00x 108 ms™!
Mo = 4mx 107" Hm?
£ =8.85x 1072 Fm?
e=1.60x10"1°C
h=6.63x10"34Js
u=1.66 x 10727 kg
m, = 9.11 x 10731 kg
m, = 1.67 x 10~2" kg
R =8.31JK1mol?
N, = 6.02 x 1023mol~?
k=1.38 x 10723JK?
G = 6.67 x 10711 Nm2kg—2

g=9.81ms2
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Formulae
uniformly accelerated motion, S=ut+ %at2

v2 = u?+2as
work done on/by a gas, W = pAV
gravitational potential, ¢o=- GTm
hydrostatic pressure, p = pgh
pressure of an ideal gas, p= %NTm<c2>
simple harmonic motion, a=—wX
velocity of particle in s.h.m., V =V, cos wt

V=t oV (xgZ = X2

electric potential, V= 4:chsor
capacitors in series, 1/C=1/C, +1IC, + ...
capacitors in parallel, C=C,+C,+...
energy of charged capacitor, W = %QV
resistors in series, R=R;+R,+...
resistors in parallel, 1/R = 1/R1 + 1/R2 +...
alternating current/voltage, X =X, sin wt
radioactive decay, X = X, exp(— At)
decay constant, 2= 0.693

ty
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Answer all the questions in the spaces provided. For
Examiner’s
Use

1 (a) Two of the SI base quantities and their units are mass (kg) and length (m).

Name three other Sl base quantities and their units.

L. QUANTILY oo UNIT e
o ST 1 01 (] Y § | S
3. QUANTIEY ..o 8
[3]
(b) The pressure p due to a liquid of density p is related to the depth h by the expression
p = pgh,
where g is the acceleration of free fall.
Use this expression to determine the derived units of pressure. Explain your working.
[5]
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2 An experiment is conducted on the surface of the planet Mars. For
A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the |examiners

planet. The variation with time t of the vertical velocity v in the upward direction is shown in Use
Fig. 2.1.

10

vims1

0 1 2 N3 4 t/s

-10

Fig.2.1
The sphere lands on a small hill at time t = 4.0s.
(a) State the time t at which the sphere reaches its maximum height above the planet’s

surface.

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.
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6
(c) Calculate, for the first 3.5s of the motion of the sphere,

(i) the change in momentum of the sphere,

change in MOMEeNtUM = ........cccoeiiiiiiiiiiieeee s

(ii) the force acting on the sphere.

(d) Using your answer in (c)(ii),

(i) state the weight of the sphere,

(i) determine the acceleration of free fall on the surface of Mars.

acceleration = .....ooooviiiiii

© UCLES 2009 9702/22/M/3/09
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3 (a) Define the torque of a couple. For

Examiner's
Use

(b) A torque wrench is a type of spanner for tightening a nut and bolt to a particular torque,
as illustrated in Fig. 3.1.

force F
nut torque scale

S Ly

A
Y

45¢cm

Fig. 3.1

The wrench is put on the nut and a force is applied to the handle. A scale indicates the
torque applied.

The wheel nuts on a particular car must be tightened to a torque of 130Nm. This is
achieved by applying a force F to the wrench at a distance of 45cm from its centre
of rotation C. This force F may be applied at any angle 6 to the axis of the handle, as
shown in Fig. 3.1.

For the minimum value of F to achieve this torque,

(i) state the magnitude of the angle 6 that should be used,

(i) calculate the magnitude of F.

© UCLES 2009 9702/22/M/3/09 [Turn over
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4 A spring having spring constant k hangs vertically from a fixed point. A load of weight L, when For
hung from the spring, causes an extension e. The elastic limit of the spring is not exceeded. |Examiners
Use

(a) State

(i) what is meant by an elastic deformation,

(if) the relation between k, L and e.

© UCLES 2009 9702/22/M/3/09



(b) Some identical springs, each with spring constant k, are arranged as shown in Fig. 4.1.

9

arrangement

total extension

spring constant of
arrangement

Fig. 4.1

The load on each of the arrangements is L.

For each arrangement in Fig. 4.1, complete the table by determining

(i) the total extension in terms of e,

(ii) the spring constant in terms of k.

© UCLES 2009
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5 A double-slit interference experiment is set up using coherent red light as illustrated in For
Fig. 5.1. Examiner’s

Use
double slit screen

ANAANANANNNNN

coherent /
. U
red light ¢

IS

=

2.4m

Fig. 5.1 (not to scale)
The separation of the slits is 0.86 mm.
The distance of the screen from the double slit is 2.4 m.
A series of light and dark fringes is observed on the screen.

(a) State what is meant by coherent light.

(b) Estimate the separation of the dark fringes on the screen.

SepParation = ........cccciiiieieeee e mm [3]
(c) Initially, the light passing through each slit has the same intensity.

The intensity of light passing through one slit is now reduced.
Suggest and explain the effect, if any, on the dark fringes observed on the screen.

© UCLES 2009 9702/22/M/3/09
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6 Two vertical parallel metal plates are situated 2.50cm apart in a vacuum. The potential

difference between the plates is 350V, as shown in Fig. 6.1.

350V

electron

2.50cm

A

Fig. 6.1

An electron is initially at rest close to the negative plate and in the uniform electric field

between the plates.

(@) (i) Calculate the magnitude of the electric field between the plates.

electric field strength = ...,

(i) Show that the force on the electron due to the electric field is 2.24 x 10~1°N.

© UCLES 2009 9702/22/M/3/09
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(b) The electron accelerates horizontally across the space between the plates. Determine For
Examiner's
(i) the horizontal acceleration of the electron, Use

acceleration = .........ccoceeeeveiiiceieeeee, ms=2 [2]

(if) the time to travel the horizontal distance of 2.50 cm between the plates.

(c) Explain why gravitational effects on the electron need not be taken into consideration in
your calculation in (b).

© UCLES 2009 9702/22/M/3/09



13

7 (a) A network of resistors, each of resistance R, is shown in Fig. 7.1.

Fig.

7.1

Switches S; and S, may be ‘open’ or ‘closed’.

Complete Fig. 7.2 by calculating the resistance, in terms of R, between points X and Y

for the switches in the positions shown.

switch S, switch S, resistance between points X and Y
open (o] o 1=1 o I PSPPSR
open closed |

closed closed |
Fig. 7.2
© UCLES 2009 9702/22/M/3/09
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(b) Two cells of em.f. E; and E, and negligible internal resistance are connected into a For
network of resistors, as shown in Fig. 7.3. Examiner's
Use

M

Fig. 7.3

The currents in the network are as indicated in Fig. 7.3.
Use Kirchhoff’s laws to state the relation

(i) between currents I, I, I;and 1,

.............................................................................................................................. [1]
(i) between E;, E,, R, and I in loop NKLMN,

.............................................................................................................................. [1]
(iii) between E,, R, 1;and I, in loop NKQN.

.............................................................................................................................. [1]
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8 The spontaneous and random decay of a radioactive substance involves the emission of For
either a-radiation or B-radiation and/or y-radiation. Examiner's
Use

(@) Explain what is meant by spontaneous decay.

.................................................................................................................................... [2]
(b) State the type of emission, one in each case, that
(i) is not affected by electric and magnetic fields,
............................................................................................................................ [1]
(i) produces the greatest density of ionisation in a medium,
............................................................................................................................ [1]
(iii) does not directly result in a change in the proton number of the nucleus,
............................................................................................................................ [1]
(iv) has arange of energies, rather than discrete values.
............................................................................................................................ [1]
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