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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,
gravitational constant,

acceleration of free fall,

2

¢ =3.00x108 ms™?
By =4mx 107 Hm™!
€ =8.85x 10712 Fm"!
e =1.60x10719C

h =6.63x10"34Js

u =1.66x10"27kg
m, =9.11x1073% kg
m, =1.67x107%" kg
A =831 JK 1 mol
N, =6.02 x 1023 mol™1
G =6.67x107"" Nm2kg2

g =9.81ms™2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radicactive decay,

critical density of matter in the Universe,

relativity factor,

current,
nuclear radius,

sound intensity level,

s = ut+3at?
v2 = u2 + 2as

sinC
1_1 .1
c~ ¢ g
C= C1+Ca+

X=X, oM
{ = 0.693
L)
_ 3H0‘2
Po = BrG
2
=V (- 2)
I = nAve
r= rOA”3
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Answer all the questions.

(a) A close-packed crystal structure incorporates many planes of atoms. Fig. 1.1 represents
two such planes.

Fig. 1.1

For an atom inside the crystal, state

(i) the number of nearest neighbour atoms in its own plane  ........cccceeeeee

(ii) the total number of nearest neighbour atoms. . 2]
(b) The molar mass of gold is 0.197 kgmol~'. The density of gold is 1.93 x 10*kgm3,

Show that

(i) the mass of a gold atom is about 3.3 x 10725kg

[2]

(ii) the number of atoms in 1.0 m of gold is about 5.9 x 1028,

(1]

(¢) Gold has a close-packed crystal structure in which the volume of the atoms themselves
is 74 % of the volume of the metal. Calculate

(i) the volume of a gold atom

volume = .....coeeeeeeeninn. m?3 [2]

(ii) the radius of a gold atom.

[Total: 9]
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2 (a) Describe the microstructure of a polycrystalline material.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

(b) Diamond and graphite are different crystalline forms of carbon. Suggest in terms of their
crystal structures why

(i) graphite is less dense than diamond

...................................................................................................................................

............................................................................................................................... m
(ii) graphite has a lower melting-point than diamond
............................................................................................................................... [1]
(iii) graphite is used as a lubricant
............................................................................................................................... (2]
(iv} diamond is used as an abrasive.
............................................................................................................................... (2}
[Total: 9]
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At its normal working temperature, the tungsten filament of a light bulb has a resistance of
71 Q. The length and radius of the filament are 0.61 m and 5.9 x 10~°m respectively. The
bulb is connected to a voltage source using thick copper wire,

(a) Cailculate the electrical conductivity of tungsten at the working temperature, stating the
unit of the answer.

conductivity = .......cocceeereeennn. unit ............. (4]

(b) State an expression for the drift velocity of free electrons in a metal wire. Identify the
symbols.

2]
(c} The circuit incorporates a fuse consisting of a thin wire made of a tin-lead alloy. Suggest

(i) two reasons why the drift velocity of free electrons in the fuse is greater than that in
the copper connecting wire

...................................................................................................................................

...................................................................................................................................

(ii) in terms of free electrons and atoms, why the fuse may be at a much higher
temperature than the copper wire.

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

[Total: 12]
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An iron bar is placed inside a solenoid wound with many turns of copper wire.

Bis the flux density of the magnetic field within the iron. I is the current in the solenoid.

I'is increased from zero to a value which produces magnetic saturation in the iron.
The iron bar is Initially unmagnetised.

A
B

Fig. 4.1

(a) On the axes of Fig. 4.1, sketch a graph to show the variation of B with 1.

(b) Describe in terms of domains the changes which take place in the iron as I is increased
from zero to its maximum value. Include explanations for the changing gradient of the

graph.

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

[Total: 9]
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5 (a) The energy-band gap of silicon is 1.1eV. Sketch a labelled energy-band diagram to
ilustrate this information.

3]

(b) A light-dependent resistor (LDR) has a resistance in daylight of less than 1kQ, and in

the dark about 1 MS. Explain in terms of band theory why the resistance changes with
light intensity.

..........................................................................................................................................

..........................................................................................................................................

{c) An experiment is to be carried out to investigate how the resistance of the LDR in (b)
varies with the intensity of light incident upon it. An ohmmeter is not available.

(i) Sketch a suitable electric circuit.

2]
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(ii) Describe the procedure to be carried out, including the following aspects ¥

» suggestions about the control and measurement of the light intensity

+  suitable ranges for the meters used in the circuit
* the readings and calculations to be carried out.

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

[Total: 17}
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A light-emitting diode {(LED) emits infra-red radiation with a range of wavelengths. The mean e

wavetength of the radiation is 1.5 um. This radiation is transmitted through a 1.0 km length of
optic fibre of refractive index 1.47 for the mean wavelength.
(a) Calculate, for radiation of the mean wavelength

(i) the speed through the fibre

speed = ......ccoeeeuvenene. ms! [2]

(ii) the minimum time for it to travel through the fibre.

time = ., s[2]
(b) The speed through the fibre of the maximum wavelength in the emission is 1.001 times

that of the mean wavelength. For radiation travelling along the axis of the fibre, calculate
the difference in transit times for the mean and maximum wavelengths.

time difference = .......cocccvecccvvnnennnnn. s [3]

(e} (i) Explain how the time difference calculated in (b) affects the transmission of
infra-red radiation from the LED when it is pulsed.

...................................................................................................................................

...................................................................................................................................

(ii) The problem identified in (i) can be overcome using an alternative source of
infra-red radiation. State a suitable source and explain your choice.

...................................................................................................................................
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(d) For optic fibre transmission v
» infra-red wavelengths between 1.35pum and 1.45pm are unsuitable
» awavelength of 1.5um is regarded as ideal
e wavelengths greater than 1.5um cannot be used.
Explain these observations.
...................................................................................................................................... [3]
[Total: 14]
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This question is about the design and use of Christmas tree lights.
Design of bulbs

An engineer intends to design light bulbs for use in a set of Christmas tree lights to be
powered by a 240 V mains supply.

Each bulb, when operating normally, will use 0.50 W and will have a filament 6.0 mm long,
made of tungsten.

resistivity of tungsten at normal working temperature = 1.1 x 108 Qm

(a) State one advantage of connecting these bulbs in paraltel, rather than in series.

..........................................................................................................................................

..........................................................................................................................................

..................................................................................................................................... 1]
(b) Suppose the bulbs are connected in parallel. Calculate
(i) the current through each bulb
CUMTENT = o A 2]
(ii) the resistance of each bulb filament
resistante = .. Q2]
(ili) the radius of each bulb filament.
radius = .o m [3]
(iv) Hence suggest why these bulbs are impractical.
.............................................................................................................................. [1]
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Use of bulbs

A householder has two sets of Christmas tree lights.

Set A consists of 24 bulbs, each of resistance 200 Q, connected in series.

SetB consists of 48 bulbs, each of resistance 50 Q, connected in series.

All bulbs fail when their power dissipation reaches 0.75W.

(c) Set A is connected to a 240V mains supply. Fig. 7.1 shows the wiring of four of these

bulbs.

Examiner's
Use

ov

240VT

During use, the filament of bulb Y fails and its resistance becomes infinite. In order to
find which bulb has failed, the householder connects one terminal of a voltmeter to the
0V terminal of the mains and notes the voltmeter reading when its other terminal is

Fig. 7.1

connected successively to points P, Q, R and S.

Enter in the table the voltmeter reading for each connection.

Explain your answer.

connection

reading/V

P

w3 O

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................
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(d) (1) The householder has no correct replacement bulbs for Set A. Each time a Set A
bulb fails, it is replaced by a Set B bulb.
Explain why this is unsatisfactory and what will happen as more bulbs are replaced
in this way.

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

(ii) Calculate how many bulbs from Set A can be replaced by Set B bulbs before the
system fails altogether.
Assume that the resistance of each bulb is independent of the current.

NUMDEr = ...t eene s [4]

[Total: 20]

END OF QUESTION PAPER
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QOCR has made every effort to trace copyright holders of items used in this question paper. if we have inadvertentty overlooked any, we apologise.
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