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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 =4 x 1077 Hm!
€, =8.85x 10712 Fm™’

e =1.60x10"'°C

h =6.683x1073* Js

u = 1.66 x 10727 kg
m, =9.11 x 10~3T kg
my, = 1.67 x 107" kg

A =8.31 JK™" mol™’
N, =6.02 x 1023 moi™!

G =6.67x107"" Nm2kg2

g =981ms=2
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Formulae

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,
nuclear radius,

sound intensity ievel,
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4 For
Examing

1 Conservation laws are used a great deal in physics for solving problems. Usa

(a) State the meaning of conservation in this context.

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

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

...................................................................................................................................... 2]
(b) (i} Name any three conservation laws.
1. CONSEIVANION OF ..ooeiieeiieiiiieeiiie et e rrs e e st ee s e te s emeene e e s
2. Conservation Of ......oei oot
3. Conservaltion Of ... ot s e e
(3]
(ii) For each of the laws you have named in (i), describe a situation where it is useful
to apply the law.
e ettt et et e ae et asreeeteeeareearr e ata L At aee S teete et ntn b aa et eeee s e e tan s bns et e aaatenasra s
2 e e eteu b eehua e reannetarrrete et eraeeaavr e eavaar et rateteyerare e beteTa Lt aeseasaen e eeaas aran nars ranbateaes
G et e e e e ae ettt e e e s n e aantee e s e e et b aaeteeeae etetaee e e nannbneaesarnnes

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

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

(iii) For one of the laws you have stated, describe a situation where that conservation
law seems not to apply. Explain why this is apparently so.

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

-----------------------------------------------------------------------------------------------------------------------------------
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{(¢) Certain laws which do not mention conservation in their definitions are, in fact,
conservation laws. Some of these laws are

Lenz’s law of electromagnetic induction,
Kirchhoff's first law,
Kirchhoff’'s second law.

From this fist choose two laws and
(i) state each law,
(i} explain how it is applied in suitable circumstances,

(iii) explain why it can be considered to be a conservation law.

First law chosen:

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

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

..........................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

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

[Total : 22]
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Nowadays, manufacturers are giving considerable thought to making vehicles more energy
efficient. One way of doing this is to fit a flywheel on a vehicle. The flywheel is a solid
cylinder which can store kinetic energy when it is rotating. When the vehicle slows down its
kinetic energy is used to increase the rotational speed of the flywheel. This stored energy is
used later to accelerate the vehicle. A similar arrangement is used in some toy cars to make
them travel further after being pushed.

In order to investigate the practicalities of flywheel energy storage it is necessary to use
some equations from the physics of rotation.

Fig.2.1 shows a cylindrical flywheel of length /, radius r and mass m spinning about its
central axis with frequency of rotation f.

f revolutions per second

Fig.2.1

The kinetic energy of this fiywheel is given by the equation  kinetic energy = 2n2f3]

where [ is called the moment of inertia and is given by I= 1imr2

Some details of three fiywheels are given in Fig. 2.2. Assume that all the fiywheels are made
of steel of density 7800 kg m~2,

bus fiywheel car flywheel toy car flywheel
length I/m 0.40 0.008
radius r/m 0.20 0.015
volume V/m? 0.050 5.7 x 10-8
mass m/kg 390 0.044
moment of inertia J 7.8 5.0 x 106
maximum kinetic 0.50
energy stored/J

 Fig.2.2
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Examiner's
. o U
(a) Deduce the Sl unit for moment of inertia. %

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

(b) Calculate the maximum kinetic energy able to be stored by the bus flywheel.

Kinetic energy .......cccevvvevervccereecrie s J [2]

(c) (i) With the figures given for the size of a flywheel suitable for a bus, suggest a
suitable length and a suitable radius for a flywheel for a car. Enter these values in
the table, Fig.2.2. (1]

(i) Calculate the maximum energy which can be stored by your suggested car

flywheel. Show how you calculated this value in the space below and enter your
answer in the table.

[4]

(d} Calculate the frequency of rotation necessary for the flywheel of the toy car in order that
the energy stored is 0.50J.

freqUeNnCY = oo revolutions per second [3]
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(e) Explain,

(i} why a flywheel system is likely to be more commercially successful for a town bus
than for a car

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

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

(iii) how the amount of energy stored can be increased without altering the volume or
the maximum rate of rotation.

{Total : 18]
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Examiner's
Energy is a term which is used in all branches of physics. It has been suggested that in e
reality all types of energy could be considered as being combinations of kinetic energy and
potential energy.
(a) Explain, without the use of equations, what is meant by the terms
(i) energy
(ii) kinetic energy
(iii) gravitational potential energy.
[4]
(b) Explain how sound energy can be regarded as part kinetic energy and part potential
energy.
...................................................................................................................................... (2]
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{(c) Name two other types of energy and describe each in terms of kinetic and potential
energies.

B D T D
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

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

[Total : 10]
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(a) Starting from the definition of electric field strength show that the unit of electric field
strength is the same as the unit of potential gradient.

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

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

(b) (i) A copper wire of length 3.4 m has a potential difference across it of 12 V. Calculate
the electric field strength in the copper. You can assume that the field in the copper
is uniform and has the same value as it would have if there were a 12V potential
difference across 3.4 m in a vacuum.

electric field strength = ..o, [1]
(if) Calculate, for a free electron in the copper wire

1. the force on the electron

fOrCE = v e N [2]

2. the acceleration of the electron.

ACCEleratioN = w.eevreeeesecieres e seans ms2 [2]

(c) 1f an electron were accelerated trom rest with the acceleration in (b) through a distance
of 3.4m in a vacuum, its average speed would be about 1 x 10°ms~'. However, the
average speed of the electrons along this wire (the drift speed) is less than
1 x 1073ms~'. Explain why there is such a large difference between these values.

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

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

[Total : 10}
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