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Answer all the questions.

Section A

1 A particular material breaks after plastic deformation. lt requires a large energy to create
new surface area, but does not fracture by crack propagation.

Here is a list of four different mechanical properties.

stiff strong tough hard

Write down the one word from the list that best describes this material.

2 The information in the frames of old black and white movie films deteriorates with time. lt can
be preserved by storing the images as arrays of pixels in a digital format. Unfortunately,
defects such as scratches and dirt spots also become digitised.

The pixel values from three small regions A, B and C of a digitised film are shown in
F ig .  2 .1 .

The numbers relate to a greyscale from 0 = white to 255 = black

F ig .2 .1

(a) ldentify which region, A, B or C, has been affected by

(i) a white scratch (ia) a black dust spot ....... t1l

(b) Explain how you identified the white scratch.

t1 l

(c) Suggest a digital image process that could remove or reduce the eflect on the pixel
values of the dust spot.

t 1 l

180 180 180 100 1 0

180 180 100 1 0 1 0

180 100 1 0 1 0 100

100 1 0 '10 100 180

1 0 1 0 100 180 180

B

100 100 120 120 140

100 120 250 250 140

120 120 250 250 140

120 120 140 140 180

120 140 140 180 180

A

100 120 130 140 150

130 130 140 150 150

140 140 150 150 160

150 150 160 170 170

160 160 170 170 180

c

t1 l
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A spotlight beam falls on a water surface at an angle of incidence I = 80o as shown in
F ig .  3 .1 .

I

f-no',r"r

(a)

(b)

F ig .3 .1

Label the angle of refraction ron Fig. 3.1 above.

Calculate the angle of refraction r in the water, quoting
appropriate number of significant figures.

refractive index for water n = 1.3

your final

t1 l

answer to an

t3l
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Fig. 4.1 shows a light sensing circuit using an LDR, a fixed resistor of resistance 220 Cl and a
6.0 V battery.

The battery in the potential divider circuit is of negligible internal resistance.

The p.d. across the resistor is measured by a digital voltmeter.

F ig .4 .1

In bright daylight, the resistance of the LDR is 880 O.

(a) catcutate the ratio = ryfTPS@p.d. across LDR

(b) Calculate the voltmeter reading in bright daylight.

P . d . = v [2]
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5 Here are two relationships for electrical components.

P = l  V  V = l  R

(a) Show how to combine these two relationships to produce an equation for the electrical
power P in terms of the current l and resistance R only.

l 1 l

(b) Complete the following statement.

When the current is doubled in a constant resistance, the power dissipated is increased

by a factor of  . . . . .  t1 l

[Turn over
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6 A microwave transmitter emits vertically polarised electromagnetic waves to a receiver as
shown in Fig. 6.1. Three mutually perpendicular directions X, y and z are shown.

transmitter receiver

F ig .6 .1

The receiver emits an audible tone when vertically polarised microwaves enter it. The
loudness of the sound depends upon the intensity of the microwaves.

Describe a simple experiment you could perform with this equipment to give evidence that
the waves are vertically polarised. State the observations you would make.

You may wish to make reference to the directions x, y and z as shown in Fig. 6.1.

l3l
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7 Fig. 7.1 shows two waveforms displayed on an oscilloscope screen.
One is the original analogue signal from a recording of a dolphin whistl ing.
The other is the result of digitising it to the nearest of 8 binary coded levels.

binary code

1 1 1

1 1 0

1 0 1

1 0 0

0 1 1

0 1 0

001

000
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r sample

Fig.7.1

(a) (i) Read from the graph the time period f in microseconds for one complete cycle of
the dolphin whistle.

f  =  . . . . . . . . . . . .  . . . . .  p s  [ 1 ]

( i i)  Calculate the frequency f corresponding to this t ime period L

f  = . . . . . . . . . . . . .  . . . .  H z  [ 1 ]

(b) (i) State the number of bits per sample needed to code for the 8 binary levels.

number  o f  b i ts  =  . . . . . . . . . . . . . .  . . .  t1 l

(ii) The waveform is sampled every 1 .0 p s.

Calculate the rate at which information is digitised in this sampled waveform.

bits s-l  [1]

[Section A Total: 20]

information rate =
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Section B

This question is about an external rear view mirror on a motor car.
Fig.8.1 shows the path of one of the l ight rays that determine the driver's f ield
entering the driver's eye, as seen from above.

of view,

Fig. 8.1 Fig. 8.2 (enlarged view)

On Fig. 8.2, complete the path of the light ray incident near the outer edge of the plane
mirror. t1l

Another design of rear view mirror has an extra section at its outer edge at a different
angle as shown in Fig. 8.3.

incident ray

incident ray

F ig .8 .3

Suggest one advantage and one disadvantage of this design of mirror compared with
that shown in Fig. 8.2.

advantage

disadvantage . . . . . . . . . . . .

(a)

(b)

F ig .8 .1

2860 Jun04
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(c) The rear surface of the mirror can be heated electrically to clear frost and demist the
mirror. A current 1 is passed through the reflecting alloy at the back of the mirror, as
shown in Fig. 8.4.

\, "ttoy thickness

12V
height = 0.08 m

Fig .8 .4

(i) The heater dissipates 50 W from the 12 V car battery.

Show that the current 1 drawn by the heater is about 4 A.

(ii) Show that the conductance G of the heater is about 0.3 S.

l2l

(i i i) The dimensions of the mirror are length = O.2Q m and height = 0.08 m as shown in
Fig.  8.a.

Calculate the thickness of the reflecting alloy film used to heat the mirror.

conductivity of reflecting alloy = 3.1 x 105S m-1

m [3]

[Total: 10]

t2l

length = 0.20 m

reflecting alloy on
back of mirror

thickness =
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