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GENERAL PHYSICAL CONSTANTS

Permeability of vacuum

Permittivity of vacuum

Speed of light in vacuum
Elementary charge

Electron (rest) mass

Unified atomic mass constant
Proton rest mass

Neutron rest mass

Ratio of electronic charge to mass

Planck constant

Boltzmann constant
Stefan-Boltzmann constant
Gas constant

Avogadro constant
Gravitational constant

Acceleration due to gravity

Volume of one mole of anideal gasat STP

One standard atmosphere

MATHEMATICAL CONSTANTS
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ANSWER ONLY FIVE sections of Question One.
Y ou are advised not to spend more than 40 minutes answering Question One.

1. () Describe and sketch the motion of aninitially stationary charged particle [4]
in parallel electric and magnetic fields.

(b)  Show how the equations curlE =—dB/dtand curlB = p,¢e, dE/ot lead to
the existence of electromagnetic waves. [4]
['Y ou may use the identity curl curl = graddiv—V? ]

(c) What is meant by self inductance and mutual inductance? Explain briefly — [4]
the relevance of these phenomenato the working of atransformer.

(d) Explain how the continuity equation divd =—dp/dt relatesto the law of [4]
conservation of charge.

(6)  Ampére’slaw may be written @B.dl = 11,| . Explain clearly the meaning

of thisequation. Usethislaw to find the magnetic field at adistance R [4]
from a straight, infinitely long current-carrying wire.

(f)  Show how Kirchhoff’s voltage law follows from the equation curlE=0. [4]
Under what circumstances would Kirchhoff’ s voltage law fail?
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(@) State Gauss's law relating the flux of an electric field E out of a closed
surface to the total electric charge enclosed. [3]

(b) A spherical conducting shell of radius R contains charge Q distributed
uniformly over its surface. Using Gauss's law or otherwise show that the
electric field at the outer surface of the sphere has magnitude o /¢, where

oisthe area charge density. And show that the field points normal to the [4]
surface.

(c) Show that the electric field at the inner surface of the sphereis zero. [3]

(d) What is the magnitude of the electric field at a distance r > R from the [3]
centre of the sphere?

(e) A point charge of —Q is now placed at the centre of the sphere. How does
the electric field vary inside the sphere and outside the sphere? Plot this. [4]

(f) What is the eectric dipole moment of this system? Explain your [3]
reasoning.

(8 State Faraday's law of electromagnetic induction that relates [3]
electromotive force to the variation of magnetic flux.

(b) Inaballistic galvanometer the coil assembly has significant inertia so that
for a short pulse of current the deflection is proportional to the charge
passed through the coil. This can form the basis of a system for
measuring magnetic field B. A wire loop of area a is connected to the
galvanometer. The loop is suddenly moved out of the magnetic field.
Using Faraday’s law of electromagnetic induction show that the
deflection of the galvanometer will be proportional to Ba/Rwhere Ris [§]

the resistance of the circuit.

(c) Theloop is moved so that the field it experiences reduces uniformly to
zero in atimeAt. Show that the minimum work done in the process is

given by
242 5
Wb [5]
RAt
(d) Sincework isdone, thisimplies the coil is experiencing aforce asit [4]

moves. Discussthe origin of thisforce.
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Define the term capacitance.  What units are used to measure [3]
capacitance?

Show how does the capacitance of a parallel plate capacitor depends on  [2]
the area A and the separation d of the plates?

A paradle plate capacitor in a vacuum has a charge Q. Show that this
chargeisrelated to the electric field between the plates by

Q=¢,AE. [3]

Show that an electric current | flowing into one plate and out of the other
will cause avarying electric field given by

Il = goAa—E. 3]
ot

In terms of Ampére’' s law, which may be expressed as

$B.d = |

for the wires outside the capacitor, explain how atime-varying electric [9]
field will produce a magnetic field between the capacitor plates.

Explain the meaning of the term displacement current. [4]
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(@) Defineelectric current density J and electrical conductivity o. [2]

(b) By considering a cylinder of resistive material of length L, cross section  [4]
area A and resistance R, show that Ohm'’slaw can be writtenas J =cE.

(c) The mean velocity v of particles with charge g and mass m moving under
the influence of an electric field E in aresistive medium may be modelled
by the equation

my+mv:qE
dad =

where tisthe relaxation time. Explain carefully the physical information  [6]
contained in this equation.

(d) Show that the d.c. conductivity of this medium may be expressed as

2
o= Ng“T
m
where N is the number of charges per unit volume. [9]

(e) For alternating currents the medium is conveniently described in terms of  [3]
a complex conductivity. Explain, within the framework of the above
model, why thisis.

TURN OVER



