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{b) Starting from the field of a point charge, use the superposition prineiple to
derive the general expression for a contimious charge distribution.
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(¢) Consider a linear charge distribution of length 2a in which half the line has
uniform charge density —X and the other half has uniform density +)\

i. Following similar steps to the derivation of the field of a continuous
charge distribution, determine the electric field at g point z above the
center of the charge distribution.

it. Deterinine the electric potential at the point where the field was deter-
mined.

Note:
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Question 2: Electrostatics I1......................................
{a) Define an ideal conductor.
(b) List the five basic electrostatic properties of an ideal conductor.

{¢) Consider three metallic concentric shells of radius By > R, > R, respec-
tively. The outermost shell carries charge ¢;, the middie one gs and the
smallest g;.

i. Calculate the scalar potential V for all four regions, i.e. r > R; region,
Ry <7v < Ry region, Ry <r < Ry region and r < Ry region.

ii. Suppose that the outermost and innermost spheres are now connected
by a very thin metallic wire. What is the charge (i.e. ¢}, ¢ and q3) on
each shell now?
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Question 3: Magnetostatics............................................

(a) A wire is formed into the shape of a square of edge length L. Assume the
square is placed on the xy plane with its center at the origin,

I. Show, using the Biot-Sarvat law, that when the current in the loop is
I, the magnetic field at a point a distance z above the center of the
square, i.e the field point is on the z-axis, is
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ii. Show that the field reduces to 2v/2p,I /7L at the origin.

(b) Consider two circular loops of radius R in which a current [ flows. The
loops have a common axis, let it be the z-axis, and they are placed such
that they are separated hy a distance d and the current flows in the (/3
direction (cylindrical coordinates).

i. Determine the field B as a function of z and show that %g is zero ak
the point wmidway between the two loops.

1. If d is properly chosen, the second derivative of B with respect to z also
vanishes at the midpoint. Determine the value of d such that the second
derivative also vanishes. Note: This is the Helmholtz coil arrangement,
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Question 4: Magnetostatics I1........................ ...
Consider a uniformly charged solid sphere of total charge ¢ and radius a. The
sphere is spinning around an axis through its center with a constant angular
velocity w.

(a) Tt can be shown that the vector potential for a shell of radius R with uniform
surface charge density o is given by

fowo R sin @ »
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Use this result together with the superposition principle to show that the
vector potential for the sphere is given by

_ pwQa? sin 6 -
I )
Hint: use the fact that o = pdR, then calculate p.

(b) Caleulate the magnetic field B outside the sphere.
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Question 5: Electrodynamics and Alternating Current Circuits ... ......

(a) Can a battery be used asa primary voltage source in a transformer? Explain
Your answer.

(b) A capacitor with capacitance C' is charged up to a potential V' and connected
to an inductor with inductance I, At ime ¢ = 0 a switch is closed,

i. Find the current in the circuit as a function of time.

ii. How does the answer change if a resistor R is included in serjes with ¢
and L7?

(c) When a resistor is connected to a voltage source as the only load, there is
no phase difference between voltage and current.
i. What is the phase difference in a circuit with a purely capacitive load?
ii. What is the phase difference in a circuit with a purely inductive load?
Note: To solve an ordinary differential equation of the form

2
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assume the sotution is of the form y = Yo exp(—bt), then find Yo and b.
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