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Useful Mathematical Relations

Fundamental Theorem of Gradients
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Divergence Theorem
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Line and Volume Elements

Curl Theorem

Cartesian: dl = dad + dyf) + dz2, dr = dedydz
Cylindrical: dl = dss + sdpe + dz2, dr = sdsdpdz
Spherical: dl = dr# + rdf0 + rsin Gd.qﬁqAS, dr = r*sin OdrdBde

Gradient and Divergence in Spherical Coordinates
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Dirac Delta Function
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Question 1: ELECTROSTATICS . . ... e
Consider the charge configuration in Fig. 1 and answer the following questions.
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Figure 1: Three charges on a line.

(a) Use the definition of the electrostatic field of a point charge to determine (6)
the field at P.

(b) Use the definition of the electric potential of a point charge to determine (5)
the electric potential at P.

(c) How much energy would it take to assemble the charge configuration? (10)
(d) How much energy would it take to add a fourth charge +3¢) at P7 (4)




Question 2: ELECTROSTATICS L. ... et

(a) Consider the line charge configuration shown in ig. 2. The rod carries a
total charge @) that is uniformly distributed.
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Figure 2: A rod of lenght ! carries a uniformly distributed charge Q.

i. Calculate the field at point P. - (10)
ii. What is the field in the limit the length of the rod I goes to zero? Is (5)
this the expected expression?
(b) When dielectric materials are immersed in an electrostatic field E, they get
polarized.

i. Describe the process of polarization for materials in which the con- (5)
stituents (i.e atoms and molecules) are not polarized.

ii. Describe the process of polarization for materials in which the con- (5)
stituents (i.c atoms and molecules) are polarized.




Question 3: Magnetostatics. ... .. .o ovivirii i

(a) For charge flowing through a volume, the current density J is defined as  (10)
the current per unit area perpendicular to flow. Local charge conservation
results in the continuity equation
dp
V. J4+ = =0
o Y

where p is the volume charge density. Use charge conservation and the
appropriate definitions to derive the continuity equation.

Figure 3: A cylindrical conductor whose current density varies inversely with the
distance from its axis.

(b) Consider a cylindrical conductor, shown in Fig. 3 with radius K and nonuni-
form current density J = Jo—?.

i. Determine the magnetic field for points r < R. (6)
ii. Determine the magnetic field for points r > R. (4)
(c) Show that for a point charge @ moving with a velocity v inside a magnetic (5)

field B, the magnetic force on the charge does no work.




Question 4: Magnetostatics IL..... .. ... i
A conductor of lenghth { is in contact with two rails which are connected by a
resistor on one end. The conductor is pulled across the rails at constant velocity
v and there is a magnetic field directed into the page as shown in Fig. 4.
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Figure 4: A conductor of length [ pulled at constant velocity.

(a) Is the induced current fowing clockwise or anticlockwise? Show how you
arrive at the direction.

(b) A current carrying conductor inside a magnetic field experiences a force. In
which direction is this force?

(c) What is the magnitude of the induced emft?
(d) What is the magnitude of the induced current?

(e) From the definitions of work and power, show that power is given by P =
F . v. Where all symbols have their usual meaning,.

(f) What power must be externally supplied to move the conductor at a con-
stant velocity v7

(4)

(2)




Question 5: Electrodynamics and Alternating Current Circuits...........
The circuit shown in Fig. 5 contains a generator which provides a sinusoidal
varying emf e(t) == €psinwt, a resistor R, and a blackbox which contains either
an inductor or a capacitor but not both. The amplitude of the driving emf
is € = 100v/2V and the angular frequency w is 10 rad/sec. We measure the
current in the circuit and find that it is given as a function of time by I(f) =
10sin{wt + w/4) A
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Figure 5: A circuit containing a generator, a resistor and an unknown component.

(a) Does this current lead or lag the voltage €(t) = ¢ sinwt?
(b) What is the unknown circuit element, a capacitor or an inductor?
(¢) What is the numerical value of the resistance R? Indicate units.

(d) What is the numerical value of the capacitance or inductance in the black
box? Indicate units.

(e) What is the time averaged power dissipated in the circuit?

Note: '[UT sin{wt — @) sin(wt)dt = 1 cos¢
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