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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 2008

c=3.00x108ms™
Uo = 47 x 1077 Hm™?
& = 8.85 x 102 Fm?

e=1.60x10"%°C

h=6.63x10"3%Js

u=1.66 x 1027 kg
m, = 9.11 x 103! kg
m, = 1.67 x 102" kg

R =8.31 JKtmol™?
N, = 6.02 x 1023 mol?

k=1.38x10"2JK1

G = 6.67 x 107X Nm? kg2

g=9.81ms™
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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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W = pAvV
Gm
¢:__
r
p = pgh
:lNﬁ<C2>
p 37y
a =- w3
V =V, cos wt
v =+ wV(x%-x2)
v=_2
4Tyl

1/C =1/C; +1/C, + ...

C=C,+Cy+...
w =1qQv
R=R, +R,+

1R =1/R, +1/R, + . ..

X = XgSin wt

X = Xo exp(— At)
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Section A For

Examiner's
Answer all the questions in the spaces provided. Use

1 (a) (i) Define the radian.

(i) A small mass is attached to a string. The mass is rotating about a fixed point P at
constant speed, as shown in Fig. 1.1.

mass rotating
at constant speed

Fig. 1.1

Explain what is meant by the angular speed about point P of the mass.
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(b) A horizontal flat plate is free to rotate about a vertical axis through its centre, as shown For
in Fig. 1.2. Examiner's

Use
|
|
W)
|

plate

Fig. 1.2
A small mass M is placed on the plate, a distance d from the axis of rotation.
The speed of rotation of the plate is gradually increased from zero until the mass is
seen to slide off the plate.

The maximum frictional force F between the plate and the mass is given by the
expression

F=0.72W,

where W is the weight of the mass M.
The distance d is 35cm.

Determine the maximum number of revolutions of the plate per minute for the mass M to
remain on the plate. Explain your working.

(c) The plate in (b) is covered, when stationary, with mud.
Suggest and explain whether mud near the edge of the plate or near the centre will first
leave the plate as the angular speed of the plate is slowly increased.
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2 (a) Explain qualitatively how molecular movement causes the pressure exerted by a gas. For

Examiner's
Use

(b) The density of neon gas at a temperature of 273K and a pressure of 1.02 x 10° Pa is
0.900kgm~3. Neon may be assumed to be an ideal gas.

Calculate the root-mean-square (r.m.s.) speed of neon atoms at

() 273K,

SPEEA = i ms™ [3]
(i) 546K.
SPEEA = oo, ms= [2]
© UCLES 2008 9702/04/M/3/08
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(c) The calculations in (b) are based on the density for neon being 0.900 kg m=3.

For
Suggest the effect, if any, on the root-mean-square speed of changing the density at |Examiners
constant temperature. Use
...................................................................................................................................... [2]
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3 A tube, closed at one end, has a uniform area of cross-section. The tube contains some For
sand so that the tube floats upright in a liquid, as shown in Fig. 3.1. Examiner's
Use
tube
\
/ / / / s v / /
////I_/_a/// ) PR s
R N
, ’ ) , d , ’
///// Sgnd// /// // // ///
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7 ey . / .
/. L/
/////// FAWA REAVEESr
/ /////////////// //
Fig. 3.1
When the tube is at rest, the depth d of immersion of the base of the tube is 16cm.
The tube is displaced vertically and then released.
The variation with time t of the depth d of the base of the tube is shown in Fig. 3.2.
17
d/cm
/ / /
/ \ / \ / \
| \ | \ | \ /
/ \ / \ / \
16 1
/ \ / \ / \
/ \ / \ / \
/
/ \ / \ / \
A\
\ \ \
15
0 1.0 2.0 3.0
t/s
Fig. 3.2
(a) Use Fig. 3.2 to determine, for the oscillations of the tube,
(i) the amplitude,
amplitude = ... cm [1]
(ii) the period.
PEO = .ooiiiiiiiiiieeee e s [1]
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(b) (i) Calculate the vertical speed of the tube at a point where the depth d is 16.2cm.

For
Examiner's
Use

(c) (i) Explain whatis meant by damping.

(i) The liquid in (b) is now cooled so that, although the density is unchanged, there is
friction between the liquid and the tube as it oscillates. Having been displaced, the
tube completes approximately 10 oscillations before coming to rest.

On Fig. 3.2, draw a line to show the variation with time t of depth d for the first 2.5s
of the motion. [3]
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10
(a) Define electric potential at a point.

...................................................................................................................................... [2]
(b) Two isolated point charges A and B are separated by a distance of 30.0cm, as shown in

Fig. 4.1.

! 30.0cm !

| |

| |

A g 2 B

A T °

| |

X

Fig. 4.1

The charge at Ais + 3.6 x 10°C.
The variation with distance x from A along AB of the potential V is shown in Fig. 4.2.

600
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Fig. 4.2
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(i) State the value of x at which the potential is zero. For

Examiner's
X D ettt cm [1] | Use

(i) Use your answer in (i) to determine the charge at B.

(c) A small test charge is now moved along the line AB in (b) from x =5.0cm to x = 27cm.
State and explain the value of x at which the force on the test charge will be maximum.
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A capacitor C is charged using a supply of e.m.f. 8.0V. It is then discharged through a
resistor R.
The circuit is shown in Fig. 5.1.

O O
8.0V R
_1C
Fig. 5.1

The variation with time t of the potential difference V across the resistor R during the
discharge of the capacitor is shown in Fig. 5.2.

8

VIV \

Fig. 5.2

(@) During the first 1.0s of the discharge of the capacitor, 0.13J of energy is transferred to
the resistor R.
Show that the capacitance of the capacitor C is 4500 pF

[3]
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(b) Some capacitors, each of capacitance 4500 pF with a maximum working voltage of 6V, For
are available. Examiner's
Use
Draw an arrangement of these capacitors that could provide a total capacitance of
4500 uF for use in the circuit of Fig. 5.1.
[2]
© UCLES 2008 9702/04/M/3/08 [Turn over
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6 A small rectangular coil ABCD contains 140 turns of wire. The sides AB and BC of the coill For
are of lengths 4.5cm and 2.8 cm respectively, as shown in Fig. 6.1. Examiner's

Use
pole-piece
of magnet ——

/‘\ axis of rotation

Fig. 6.1

The coil is held between the poles of a large magnet so that the coil can rotate about an axis
through its centre.

The magnet produces a uniform magnetic field of flux density B between its poles.

When the current in the coil is 170mA, the maximum torque produced in the coil is

2.1 x 10°°Nm.

(@) For the coil in the position for maximum torque, state whether the plane of the coil is
parallel to, or normal to, the direction of the magnetic field.

(b) For the coil in the position shown in Fig. 6.1, calculate the magnitude of the force on

(i) side AB of the caoil,

© UCLES 2008 9702/04/M/J/08
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(i) side BC of the caoil.

(c) Use your answer to (b)(i) to show that the magnetic flux density B between the poles of
the magnet is 70mT.

[2]
(d) (i) State Faraday’s law of electromagnetic induction.
.............................................................................................................................. [2]
(i) The current in the coil in (a) is switched off and the coil is positioned as shown in
Fig. 6.1.
The coil is then turned through an angle of 90° in a time of 0.14s.
Calculate the average e.m.f. induced in the coil.
EM.E = V [3]
© UCLES 2008 9702/04/M/3/08 [Turn over
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The Millikan oil-drop experiment enabled the charge on the electron to be determined.
(a) State a fundamental property of charge that was suggested by this experiment.
...................................................................................................................................... [1]
(b) Two parallel metal plates P and Q are situated in a vacuum. The plates are horizontal
and separated by a distance of 5.4mm, as illustrated in Fig. 7.1.
plate Q
5.4mm
plate P ;
Fig. 7.1
The lower plate P is earthed. The potential difference between the plates can be varied.
An oil droplet of mass 7.7 x 107'° kg is observed to remain stationary between the
plates when plate Q is at a potential of +850V.
(i) Suggest why plates P and Q must be parallel and horizontal.
.............................................................................................................................. [2]
(if) Calculate the charge, with its sign, on the oil droplet.
Charge = ..o C [3]
© UCLES 2008 9702/04/M/3/08
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(c) The procedure in (b) was repeated for three further oil droplets. The magnitude of For

the charge on each of the droplets was found to be 3.2 x 1071°C, 6.4 x 1071°C and |examiners
3.2x107%°C. Use
Explain what value these data and your answer in (b)(ii) would suggest for the charge
on the electron.
...................................................................................................................................... [1]
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A positron (,%e) is a particle that has the same mass as an electron and has a charge of

For
+1.6 x 1071°C. Examiner's
A positron will interact with an electron to form two y-ray photons. Use

0 0
i€t _je — 2y

Assuming that the kinetic energy of the positron and the electron is negligible when they
interact,

(&) suggest why the two photons will move off in opposite directions with equal energies,

(b) calculate the energy, in MeV, of one of the y-ray photons.

(] 01T (0 ) MeV [3]

© UCLES 2008 9702/04/M/J/08
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Section B

Answer all the questions in the spaces provided.

A block diagram for an electronic sensor is shown in Fig. 9.1.

+

+

Fig.9.1

output
device

(@) Complete Fig. 9.1 by labelling the remaining boxes.

2]

(b) A device is to be built that will emit a red light when its input is at +2 V. When the input is

at -2V, the light emitted is to be green.

(i) On Fig. 9.2, draw a circuit diagram of the device.

input
either + 2V o
or -2V

Fig. 9.2

(i) Explain briefly the action of this device.

2]
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10 Outline briefly the main principles of the use of magnetic resonance to obtain information For

about internal body structures. Examiner's
Use
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11 (a) (i) Describe whatis meant by frequency modulation. For

Examiner's
Use

(i) A sinusoidal carrier wave has frequency 500kHz and amplitude 6.0V. It is to be
frequency modulated by a sinusoidal wave of frequency 8 kHz and amplitude 1.5V.
The frequency deviation of the carrier wave is 20kHz V1.
Describe, for the carrier wave, the variation (if any) of

1. the amplitude,

(b) State two reasons why the cost of FM broadcasting to a particular area is greater than
that of AM broadcasting.

L ettt ettt et e et e et e et e et ee e
2 ettt et
...................................................................................................................................... 2]
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12 (a) Optic fibre transmission has, in some instances, replaced transmission using co-axial

(b)

22

cables and wire pairs.
Optic fibres have negligible cross-talk and are less noisy than co-axial cables.
Explain what is meant by

(i) cross-talk,

An optic fibre has a signal attenuation of 0.20dB km™.

The input signal to the optic fibre has a power of 26 mW. The receiver at the output of
the fibre has a noise power of 6.5 uW.

Calculate the maximum uninterrupted length of optic fibre given that the signal-to-noise
ratio at the receiver must not be less than 30dB.
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