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Data
speed of light in free space, ¢ =3.00x108 ms™1
permeability of free space, po =47 x 107" Hm™!
permittivity of free space, € =8.85x10712Fm™
elementary charge, =1.60x10-19C
the Planck constant, h =6.63x10"34Js
unified atomic mass constant, u=166x10"2"kg
rest mass of electron, m, =9.11x1073 kg
rest mass of proton, m, = 1.67 x 107%" kg
molar gas constant, R =8.31 JK ' mol™
the Avogadro constant, N, =6.02 x 1023 mol~!
gravitational constant, G =6.67 x10""" Nm2kg?

acceleration of free fall, g =981ms™2
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uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,

current,
nuciear radius,

sound intensity level,
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Answer all the questions.

1 (a) Explainin terms of forces between atoms what is meant by the equilibrium separation of
a pair of atoms in a solid.

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

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

(b) The graph in Fig. 1.1 shows the variation with separation r of the resultant force F
between a pair of atoms in a metal wire.
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Fig. 1.1
(i) State the equilibrium separation of the atoms.
............................................................................................................................... [1]

(i) The atoms increase or decrease their separation by 0.2 x 107'9m from their
equilibrium separation. Describe the feature of the graph which shows that the wire
obeys Hooke's law.
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F

(ili) The theoretical breaking stress of the wire is given by the expression —T2%, where
r
Q

F._ ., is the maximum attractive force between the pair of atoms, and r is their

equilibrium separation.

Calculate the theoretical breaking stress, stating the unit of your answer.

breaking stress = ... unit ......... [3]

(c) Describe the stages leading to the breaking of a wire made of a ductile metal when

increasing loads are applied. Where relevant your answer should be in terms of atoms
and crystal planes.

[Total: 10]
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2 (a) Distinguish between single-crysital and polycrystalline materials, and state an example
of each.

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

SiNGle-Crystal @XAMPIE ..o e e e e e e ner e e

POlyCrystalling EXAMPIE .....ouiiii et e e e ne e e st a e s nnt e e senaeees

(b) (i) State two types of point defect which occur in crystal structures.

D e et b et eeee e seeesenesen s eneser e eneneeeseeesenen e [2]

(i) A crystalline structure with no defects can undergo plastic deformation. Explain this
process with reference to slip planes.

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

............................................................................................................................... 2]
(c) Fig. 2.1 represents a part of a plane of atoms in a small section of a crystal.
F
F
Fig. 2.1
(i) State the type of defect present in this plane of atoms.

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

2825/03 Jan05



Downloaded from http://www.thepaperbank.co.uk
Examiner’s
(i) The forces F shown by the arrows in Fig. 2.1 are sufficient to deform the crystal by oo
movement of crystal planes. Sketch an arrangement of the atoms in Fig. 2.1 which

occurs as the deformation takes place.

[2]

[Total: 11]
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(a) (i} State in terms of band theory what is meant by a free efectron.

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

(i) Describe the motion of free electrons in a metal wire during the passage of a
current.
Include an explanation of the term drift vefocity.

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

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

(b) A thermistor made of semiconducting material is connected to a voltage source using
copper wire. The current in the circuit is 2.5 mA.

(i) The free electron concentration in copper is 8.5 x 10°8m=3, The cross-sectional

area of the wire is 1.1 x 1077 m?. Calculate the drift velocity of free electrons in the
wire.

drift velocity = ..ooceerierenee ms~! [2]
(i) The cross-sectional areas of the thermistor and wire are similar. Suggest why the

drift velocity of free electrons in the thermistor is greater than the drift velocity in the
wire.

(c) The temperature of the thermistor in (b) is raised. Using band theory, explain why the
current in the circuit increases.

[Total: 10]
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(a) The superconducting transition temperature of lead is 8.2K. On the axes of Fig. 4.1, *
sketch a graph to show the variation with temperature of the resistivity of lead in the
range 0 — 20 K.
|
resistivity
! L I L | 1 1 1 L | 1 L L i | L L L L |
%o 5 10 15 20
temperature /K
(3]
Fig. 4.1
(b) Discuss the use of superconductors in the production of strong magnetic fields. The
following issues should be addressed.
*  how the required temperature is achieved and maintained
e the advantages of using superconductors rather than conventional conductors
«  apractical use for such a strong magnetic field
...................................................................................................................................... 7
[Total: 10]
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5 (a) The primary coil of a transformer is connected to the 230V mains supply. The 12V vee

output of the secondary coil is applied to a bulb which draws a current of 3.0 A. At the
frequency of the mains the transformer operates with an efficiency of 96 %. Calculate

(i) the power supplied to the bulb

POWET = ..ooeveeenens W [2)

(i) the current in the primary coil.

current = ....ccoeeeveeenne. A [3]

(b) On the axes of Fig. 5.1, sketch a hysteresis loop for a ferromagnetic material, labelling
the axes with appropriate symbols.

4
Fig. 5.1
Name the quantities plotted on each axis.
G U U S
YBXIS tiiierirerirneirertriesinenereseseneeeserenr e saan e ae s anef hRadSe e ndse e had e A e b et Shenhee e eesas sa e baae s (3]

(c) One cause of energy loss in the core of a transformer is due to the hysteresis of the
core material. Explain why this energy loss is proportional to the frequency of the
current in the transformer coils.

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

2B25/03 Jan05
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(d) State the processes by which energy is lost from a transformer. vee

For each process, describe how the transformer design minimises the energy loss.

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

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

[Total: 17]
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6 (a) Fig. 6.1 shows a narrow beam of infra-red radiation approaching a plane boundary e

between a medium X of lower refractive index and a medium Y of higher refractive

index.
|
1
i
|
X 1
i
| boundary
Y ]
|
|
|
|
Fig. 6.1
(i) Complete Fig. 6.1 to show the path of the beam. 1]

(i)) Describe what happens to the speed of the radiation.

(b) Fig. 6.2 (A) shows a cross-section of a step-index optic fibre. Fig. 6.2 (B) shows a
length of the same fibre.

cladding —

(A) - (B)

Fig. 6.2

This fibre is used to transmit infra-red pulses. The speed of infra-red in the core of the
fibre is 2.03 x 108ms~'. The speed in the cladding is 2.04 x 108 ms™,

(i) Calculate the critical angle for the boundary between the core and the cladding.

critical angle = ....c.ccceeeene ° [3)

(ii) Sketch on Fig. 6.2 (B) the path of a ray which meets the core-cladding boundary
with an angle of incidence greater than the critical angle. (1]

2825/03 Jan05



Downloaded from http://v%\QAN.thepaperbank.co.uk o

Examiner's
. o - . u
(c) For long-distance communication through optic fibres, state and explain three reasons *

why infra-red from a laser is used rather than infra-red of the same wavelength emitted
by an LED.

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

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

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

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

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

[Total: 12}
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Although the idea for the airbag was first suggested more than fifty years ago, it has only e

been a compulsory safety feature in the modern motor car since 1998. When a car
experiences a serious head-on collision, the seat belt is designed to restrain the drivers
body. However, without the cushioning effect of an airbag, the inertia in the driver's head will
cause it to carry on moving at the speed of the car until it is stopped by the steering wheel or
the windscreen. When activated, the airbag must be fully infiated before the driver's head
reaches it so that the head hits a soft target.

One early system stored the gas for the airbag in a cylinder under the driver's seat. When
the deceleration of the car was sufficiently large, a sensor caused an electrical circuit to

operate and open a valve so that the compressed gas could rush into the airbag on the
steering wheel.

The sensor used a steel ball and spring in a cylinder as shown in Fig. 7.1.

spring

direction of movement
of car

to electrical circuit

i}

\steel ball
electrical contacts

Fig. 7.1

When the car was being driven normally, the spring kept the steel ball apart from the two
electrical contacts inside the cylinder. But if the deceleration became large enough, the
inertia of the free ball compressed the spring and the balt touched the two contacts, thus
activating the electrical circuit.

The method of storing compressed gas in a cylinder was not very reliable because some
cylinders slowly leaked gas and so all had to be checked reguilarly.

The modern method of inflating an airbag is to generate the gas chemically by activating an
electrical heater or detonator in an explosive chemical mixture. The heating starts a very
rapid chemical reaction which produces nitrogen for the airbag. This means that the folded
airbag along with chemicals and heater can all be located together in a compact container
and positioned anywhere inside the car.

Consider the following data for a car running head-on into an immovable object.

initial velocity of car =54kmhe!
final velocity of car ‘ =0

car front crumple distance =1.25m
distance from head to windscreen =0.96m

(a) Show that the car's speed in ms™! just before hitting the object is 15ms'.

2]

2825/03 Jan05
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{b) Calculate ‘ e

(i) the deceleration of the car during the collision (assumed to be constant)

deceleration = .......ccocoeeeivrcveciniienniinens ms=2 [2]

(ii} the time taken for the car to crumple to rest.

HINIE = i eeeeir e e e r e eemenees s {2]

(c) The data for a ball and spring sensor is given below.

mass of ball =0.12kg

spring constant =30Nm"!

distance to be compressed =3.6cm
Calculate

(i} the force necessary to compress the spring by 3.6cm

force = o N 2]
(ii) the deceleration which the force in (cKi) would cause in a mass of 0.12kg.
deceleration = ......cccoevveeeeec v ms™2 [1]

(d) When the aitbag was fully inflated from a storage cylinder, the bag had a volume of
0.060m3, with the gas inside at a pressure of 250kPa. If the storage cylinder had a

volume of 3.0 x 107*m3, calculate the stored gas pressure, assuming the gas was ideal
and at constant temperature.

pressure =

2825/03 Jan05 [Tll rn over
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(e) Suppose that the pressure inside the cylinder dropped by 20% over a period of 4 weeks. e
P Y pped by P

Assuming the mean temperature of the cylinder is 17 °C, calculate the average number
of gas molecules leaving per second during this time.

number leaving per second = ......cccccevernei e (4]

(f) The data for a modern airbag is given below.

energy required for reaction to start = 0.96J

heater wire cross sectional area =2.75x 108 m?
heater wire length =2.2cm
resistivity of heater wire =15%x10%Qm
battery voltage =12V

(i) Show that the resistance of the heater filament is 1.2 Q.

2]

(i) Hence calculate the time taken for the heater to start the chemical reaction.
timeto start = ....ooccvvvvereereerceere s s 3]
[Total: 20]

END OF QUESTION PAPER
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