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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 an ideal gasat STP

One standard atmosphere
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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
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Cdculate the ratio of the electrostatic force to the gravitational force between a
proton and an electron. How does this ratio depend on the particle separation?

Describe and explain qualitatively a possible mechanism for the finite electrica
conductivity of metals.

Explain the meaning of the statement that an electric field is conservative. When is
an electric field not conservative?

Assuming the Poisson equation
O0A= - pleg,
show that the electric field in a cavity within a conductor is zero.

How is the Ampeére defined? Describe how, following from this definition, electric
currents can be measured

Show how an arrangement of electric and magnetic fields can be used to select a
beam of charged particles moving with a given velocity.
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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.

A capacitor consists of two parallel conducting plates each of area A separated by a
distance d in free space. One plate carries a charge of +Q and the other —Q. By
using Gauss's law, or otherwise, show that the electric field between the plates has
magnitude

E=—2.
EA

The above result implies that the electric field between the plates is uniform.
Explain carefully the arguments leading to the uniformity of the field, including a
discussion of the limitation of such arguments.

Define the electric potential V. Show that the potential difference between the plates
IS given by

V=Ed.

Hence demonstrate that the potential difference is proportional to the charge on the
plates and show that the capacitance C is given by

EA

C=—.
d

Ouitline briefly the effect of placing adielectric material between the plates.
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3. (d) Charges +q and —q are separated by a distance 2x. State the magnitude and the
direction of the resultant dipole moment p. [3]
(b) Show that a dipole experiences no force in auniform electric field. [3]
(c) Show that a dipole moment p experiences a torque given by p xEin a uniform
electricfield E. [4]
(d) Show that the electric potential at the point P in the figure is given by
Ve L{l _1} | [2]
amgy |1, T,
P
(e) Show that for r >> x the electric potential at P may be approximated by
V= pcosd . [5]
Amte,r®
(f) Explain why a dipole experiences no force in a uniform electric field, but it does
experience aforce in anon-uniformfield. [3]
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Show that Ampere's law relating the line integral of the magnetic field B around a
closed loop to the current | passing through the loop,
5§B.dl = Ul
may be expressed in terms of the curl of B as
curlB = p,J . [4]

Demonstrate that there is an inconsistency in Ampeére's law when applied to the  [5]
space between the plates of a capacitor when it is charging up.

Since the charge on a capacitor in vacuo may be written as
Q=¢,AE

where E is the éectric field and A is the area of the plates, show that the
inconsistency may be removed through the introduction of a fictitious current i
given by

)= [6]

[ ZSOAE.

Show that, including the effect of this current, the curl of B may be written as

curlB = p,J + /Josoa—E. [3]
ot
In terms of the electric flux comment on the parales with Faraday’'s law of
el ectromagnetic induction. [2]

Describe an experiment to verify the inverse square law of the Coulomb force to the
highest possible accuracy. You should give particular attention to the methods
whereby this high accuracy is obtained and errors minimised. [17]

Discuss a possible explanation if it were to be discovered that the inverse square law
were not quite correct. [3]
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