1. Image Theory (10 points)

Conducting wires above a conducting plane carry currents I; and I in the directions shown in the figure
above. Keeping in mind that the direction of a current is defined in terms of the movement of positive
charges, what are the directions of the image currents corresponding to I, and I,?
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2. Gauss’s Law (15 points)

Consider a long cylinder of radius @ with its axis along the z-axis. The cylinder is uniformly charged with
a constand volume charge density of p (positive).

(a) Using Gauss’s Law find the electric field E as a functionof » (0 £ r < aand r > a).

(b) Plot E as a function of distance r
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3. Poisson’s Equation (15 points)

For a parallel plate capacitor with dielectric permittivity &, conductivity o, and thickness d, assume ar
initial condition of p (x) = py. The two plates were shorted at time 7 = 0, so you can assume¢
Vix=0,t=0")=V(ix=d, t=0%)=0.

Find V(x,t = 0%), E(x,t = 0%), and surface charge at two plates at t = 0%
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4. Faraday’s Law (20 points)

An inductor is formed by winding N turns of thin conducting wire into a circular loop of radius a. The
inductor loop is in the x-y plane with its center at the origin, and connected to a resistor R, as shown in

the figure below. In the presence of a magnetic field B= Bo(¥ + 32) sin wt, where w is the angular
frequency. Find the following parameters:

(a) the magnetic flux linking a single turn of the inductor

(b) the Vg, = V; — V5, given that N =50, Bo=0.3 T, a = 20 cm, and = 10? rad/s
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5. Ampere’s Law (20 points)

Consider two infinitely large sheets lying in the xy-plane, separated by a distance d. The two sheets carry
surface current densities of J; = /X and J, = —J,X, respectively (as shown in the figure below). The
extent of the sheets in the y direction is infinity. Note that J, is the current per unit width perpendicular to

the flow.
(a) Find the magnetic field everywhere due to both current sheets.

(b) How would your answer in (a) change if both current were running in the same direction,

with J; = ], = JoX.
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6. Electrostatics (20 points)

As shown in the figure below, an infinite, non-conducting sheet (of negligible thickness) carries a negative
uniform surface charge density ¢ (o < 0). Next to it, an infinite parallel slab of thickness d carries
positive uniform volume charge density p. All charges are fixed.

(a) Calculate the magnitude of the electric field E in the region above the negatively charged
sheet and point out its direction.

(b) Plot E as a function of distance z (for z = 0 to +w).
Hint: Gauss’s Law and superposition principle could be your best friends when solving this problem! You

may want to calculate the electric field due to the sheet of charge alone (let’s call it Esheet), and then
calculate the electric field due to the slab of charge alone (let’s call it Egap).
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