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Answer all the questions.

Section A

A wine glass can support large compressive stress, but may shatter, by crack propagation, if
dropped a small distance onto a hard surface.

Here is a list of some mechanical properties of materials.

brittle elastic plastic strong tough

Write down the two properties of glass from the list that best fit the statement about the wine
glass.

Fig. 2.1 shows a ray of light incident on a diamond-air boundary.

F ig .2 .1

(a) Use a protractor to measure the angle of incidence.

angle - "  
[ 1 ]

(b) The refractive index n of diamond is 2.4.

Show that the critical angle for diamond is about 25"

(c) On Fig.2.1, complete the path of the ray of l ight after it
boundary.
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diamond-air
t1 I
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A battery of emf E of 6.0 V and internal resistance Finternat is connected across a variable
load resistor Bro"o as shown in Fig. 4.1.

The graph in Fig. 4.2 shows how the p.d. yacross the load varies with current drawn from
the battery.

F ig .4 .1

E =  6 .
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Fig.4.2

Use data from the graph to calculate the internal resistance finternalof the battery. Make your
method clear.

internal resistance flnternat = .......................... O .[3]
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This question is about the relationship between analogue waveforms and their frequency
spectra.

Fig. 6.1 (a) shows the waveform of a pure sound and Fig. 6.1 (b) its frequency spectrum.
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Fig.6.1 (a) waveform Fig. 6.1 (b) frequency spectrum

Fig. 6.2 (a) and (b) below show the waveform and frequency spectrum of a higher frequency
sound.
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Fig. 6.2 (a) waveform Fig. 6.2 (b) frequency spectrum

The waveforms of Fig.6.1(a) and 6.2(a) are to be added to produce a combined waveform.

(a) On Fig. 6.3 (a), sketch this combined waveform. t3l

(b) On Fig. 6.3 (b), draw the frequency spectrum of the combined waveform. t1l
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Fig.6.3 (a) waveform Fig. 6.3 (b) frequency spectrum
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[Section A Total: 21]
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Section B

7 This question is about the fixed focus disposable camera, shown in Fig. 7.1.

Fig.7.1

(a) Fig.7.2 shows three wavefronts of light moving towards a lens from a very distant
object.

waves from
very distant
object *

il{
a 

principal
IOCUS l-

+

not to scale

Fig.7.2

On Fig. 7.2, draw the wavefronts of light after passing through the lens,
towards F the principalfocus of the lens,
One wavefront has been drawn for you.

(b) The focal length f of the camera lens is 12.5 mm.

Calculate the power of the lens, in dioptres.

as they move

t1I

pOW€l'= D 12]



{e} tD The carnera ie med to photograph E Very distant obieet.

The film is 12.5 mm behind the lens.

Usingtheequation 1 = 1 + 1,- 1 = - - - "  
v  u  f

explain why the image is in focus on the film.

t3l

(ii) Calculate the distance of the image from the lens, when the object is 2.00m in front
of the lens.

Give your answer to an appropriate number of significant figures.

image distance = .............. mm [O]

(d) An advertisement for the camera states that the depth of field is frorn 2.0 m to infinity(".).
The depth of field is the range of object distances which give a reasonable focus on the
fi lm.

Suggest how your answer to (cXii) supports this statement.

t1I

[Total: 10].

[Turn over
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This question is about converting an analogue musical sound signal into a digital signal so
that it may be written to a CD.

This is for high fidelity (good quality) sound reproduction.

The graph Fig. 8.1 shows part of the analogue waveform and the digital sampling points.

I

2

p.d. /mV 0

Fig.8.1

(a) (i) The sampling rate is 44kHz.

Show that the time between samples is between 20 ps and 25 ps.

150 200

tzl
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(ii) The system uses '16 b-it sampling.

Show that the number of voltage levels coded by 16 bits is about 66000.

(iii) The signal voltage covers a range of 16 mV (between * I mV).

Calculate the voltage resolution of this system.

voltage resolution = .............. pV [2]

(b) A telephone line uses 8 bit sampling at an information rate of 64 kbits per second.

Explain the disadvantages of this sound reproduction system compared with the high
quality system described in (a).

[Turn over
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The conductance G of a wire is related to its length L and cross-sectional area A by the
relationship

oAu = T

where o is the electrical conductivity of the material.

(a) In an experiment to investigate this relationship, a student gathers the following data for
wires of the same material and of the same cross-sectional area.

conductance G/S length L / m t r^-'
0.50 0.20 5.00

0.20 0.50

0 . 1 1 0.90 1 . 1 1

o.o7 1 .50

(i)

(i i)

Complete the third column.

Plot the data on a suitably scaled graph of G against

Draw the line of best fit.
I u"ro*.

G / S

(iii) Explain how your graph shows that G is inversely proportional to [.
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(b) {i} Calculate the gradient of the graph, making your method clear.

gradient -

Show that the conductivity of the material is about 4 x 104S m-1.
Use your data from (bXD.

Take the cross-sectional area A as 2.3 xlioa m2.

S m [ 2 ]

t2l

[Total: 11]

[Turn over
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10 This question is about the height h of a column of solid material that can stpport its own
weight without yielding under compression.

(a) Fig. 10.1 shows a vertical column of a solid material.

h = height of column

hard surface

Fig. 10.1

(i) The stress at the base of the column - h p g

where p = density of material and g = gravitational field strength.

Derive this expression, by completing the following algebraic reasoning.
Fillthe boxes, using the symbols given above.

volumeof column = A x h

mass of column =

weight of column =

stress at base of column = weight =
area

= hpg t3 l

(ii) Explain why the failure of a tallcolumn of solid material is most likely to occur at its
base.

t1 l

(iii) Explain why columns of the same materialfail at the same value of h regardless of
their cross-sectional area.

A = cross-sectional area of column

t1t
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(b) (i) The compressive stress at which rock yields is about 2.4 x 108 N m-2.

Show that the maximum height h of a column of rock that could support its own
weight on Earth is about 9 km.

density of surface rock on Earth = 2700 kg m-3

gravitational field strength on Earth = 9.8 N kg-l

(i i) Everest is the highest mountain on Earth. lt is about 8.8 km high.
On the planet Mars the highest point is the volcano Olympus Mons,
Fig. 10.2, which is about 22 km high.

l2l

shown in

Fig. 10.2

Suggest explanations why no mountain higher than Everest exists on Earth and
why Olympus Mons can be so much higher.

t3l

[Total: 10]

[Section B Total: 39]
[Turn over
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Section C

ln this section, you will choose the context in which you give your answers.

Use diagrams to help your explanations and take particular care with your written English. ln this
section, four marks are available for the quality of written communication.

11 Materials are chosen, or can be designed, to have properties suitable for a particular
application. You are asked to illustrate these ideas using your own example.

(a) State your choice of material and give some details of an application of the material.

material

details of application

(b) (i) State and explain
application.

a physical property of the material

l3I

that is important for your
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(ii) State and explain another reason for using the materialin this application.
This reason may be another physical property or from a wider context, for example
from a cultural, historical or economic perspective.

t3l

Materials have internal structure, possibly on several different scales.
Explain a physical property of your material, chosen in (b), by describing its internal
structure.

Use a labelled diagram, indicating the scale of the structure, to illustrate your
explanation.

t4l

[Total: 13]

[Turn over
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In this question, you are asked to describe the operation of an electrical sensor $ystem.

(a) (i) State what physical variable your sysftem is designed to monitor or measure.

(iD Draw and label a circuit diagram for your electrical sensor system.

(iii) Explain how the circuit operates.

15l
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(b) (i) Explain what is meant by sinsitivity and response time of a sensor system.

sensitivity

response time

l3l

For your sensor system, describe how you would investigate either the sensitivity
or the response time.

A sensor system can be affected by both random and systematic errors.

Explain the difference between these two types of error.

lTotal: 13I

[Quality of Written Communication: 4]

END OF OUESTION PAPER
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[Section C Total: 30]
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