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SECTION 1

1 (a

Explain briefly the Principle of Superposition as it applies to electric forces or fields.

(b) A thin rod of length L carries positive charge with uniform charge per unit length A. The rod lies

(©)

2 (a)

(b)

(©

along the x-axis with one end at the origin. Show that at a point on the x-axis a distance r from
the origin (where r > L), the electric field, E , due to the rod is given by

E- "~ i
4me,r(r—L)

What is the magnitude of E for r>> L ? Explain why this answer is of the same form as
Coulomb’s law for a point charge.

Use the above equation and an argument based on symmetry to show that the electric field at
a point inside the rod, a distance r from the origin (where r > L/2) is given by

47:80r(L — r)

Write down an equation for Gauss’s law for the electric field and explain briefly in words, with
the aid of a diagram, what the equation tells us about the relationship between electric field and
charge.

A sphere of radius R, contains charge uniformly distributed throughout its volume with charge
density (charge per unit volume) p. Show that, at a point whose distance from the centre is r,
the magnitude of the electric field, E, is given by

R
E = ﬂforrgRl and E = P '2 for r > R;.
3e, 3e,r

Sketch the variation of E with radial distance r, both inside and outside the sphere.

A spherical region of radius R, (R, < R);), centred on the charged sphere, is removed. Write
down expressions for the magnitude of the electric field at radius r in the three regions
7‘<R2, R2<7‘<R1, and r>R;.
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3 (a) Write down an equation which gives the relationship between electric field and electric potential.

(b) The magnitude, E, of the electric field above a large flat conducting plate carrying surface charge
density ¢ is 0/Kg, where K is the dielectric constant of the medium above the plate. A parallel
plate capacitor has plates of area A separated by a distance d. The space between the plates is
filled with a material of dielectric constant K. Show that the capacitance, C, is given by

_ KeyA

C .
d

(c) Hence show that the energy density, u, of the electric field between the plates is given by

u:lKeoEz.
2

(d) A parallel plate capacitor with rectangular plates of sides a and b and
separation d is used to measure the level of a liquid whose dielectric
constant is 4, as illustrated in the diagram opposite. Assuming that the
air above the liquid has a dielectric constant of unity, show that the
liquid level, x, is given by

4R -1
X = —|a
3 a

where R is the ratio of the measured capacitance to its maximum X
value (when x = a).

SECTION 2

4 (a) Write down the equation for the Lorentz force experienced by a particle of charge Q moving with

velocity v in an electric field E and a magnetic field B . Explain why the magnetic force alone
cannot change the speed of the particle.

<— 5cm —>
(b) Electrons are accelerated to a speed of XXX X X X X X X

3x 10"ms™ before entering a region in XXX XXXXX X Screen
which the magnetic field, B , is uniform XXX XXXXXX
and perpendicular to the direction ﬁ")i"i'i("i(")'("{("i"){'i( -----
of motion, as shown in the diagram 3%x107m s $ 1cm
opposi X1U'ms gx X X X X X X X X
pposite.

XX XXXXXXxx][P

B (into paper)

(i) Show that the path of an electron is a circular arc with radius

1.71 x107*
r = —— m.
B
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(ii) It is required that the electron beam strike the screen at point P. Determine the necessary
magnitude of the magnetic field, B.

S (a) Ampere’s Law for the magnetic field states that i‘; B-dL = yu,l,,. .
Explain briefly in words, with the aid of a diagram, how Ampere’s law relates magnetic field
and current.
(b) A very long straight solenoid has » turns of wire per unit length and carries a current /. The
magnetic field is zero outside the solenoid and is uniform inside. Use Ampere’s Law to show
that the magnitude of the magnetic field, B, inside the solenoid is given by

B = ponl.

(c) Maxwell’s modified version of Ampere’s Law states that
= — do . .
B-dL = uy|l1,, +¢, >’ where @ is electric flux.
t

Using the example of a parallel plate capacitor being charged, explain briefly and qualitatively
why this modification is necessary.

6 (a) Define the mutual inductance, M, between two circuits, and write down the relationship between
the emf induced in one circuit and the current flowing in the other.

(b) A long solenoid has n turns per unit length and carries a current /;. The magnetic field inside it is
uniform with magnitude B = p,n/; and direction parallel to the axis of the solenoid. A smaller
square coil, with a total of N turns and sides of length a, is placed inside the solenoid with its
plane at an angle 6 to the direction of the magnetic field.

(i) Show that the mutual inductance, M, between the coil and the solenoid is

M = ponNa’sin®.

(i1) The inner coil carries a current [,. What is the magnitude of its magnetic moment? What are
the two possibilities for the direction of the magnetic moment vector? Derive an expression
for the magnitude of the torque, 7, which the inner coil experiences.

(iii) Calculate the work done in rotating the coil through 180°, starting at 8= 90°. Is 6= 180° a
position of stable or unstable equilibrium? Explain your answer.

End of paper
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