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(2) Consider the function f(r,8,¢) = r?cos. Determine v = Vf and show that VXV = 0. (10%)
(b) Let V = xy?&, Show that this satisfies the divergence theorem over the following cube with sides of
length 2. (10%) z

T

The Electric Field Cage generates DC and low-frequency AC fields for sensor design, calibration, and
evaluation. Consider the following design: a region enclosed on three sides by the grounded conducting
planes shown in following figure. The end plate on the right has a potential V = V;, All planes are
assumed to be infinite in extent in the z-direction. Find the potential distribution V(x,y) within the
region (10%), and calculate the electric field at the central point P(a/2,b/2) (10%).
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Two square capacitor plates in air have separation d, sides of length b, and charge +Q as illustrated.
Fringing fields can be neglected.
(a) What is the capacitance C, of this device? (4%)

(b) A perfectly conducting plate is introduced d/10 between the capacitor plates, leaving parallel gaps of
width d/10 above and below itself. What now is the device capacitance C;, when it is fully inserted?
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(c) What is the magnitude and direction of the force f on the new plate of Part (b) as a function of the
insertion distance L. Please express your answer as a function of the parameters given in the figure.

(10%)




@ ST BATTRRSIA R 108 SR4E AR LI A4S e
% P RZEEEIERENRER

ZHARE - B . ZAEH 1 0223 @K1
F2H 2K | |

4. A uniform line charge A is placed on an infinite straight wire (parallel to the x axis), a distance H above a

grounded conducting plane at z = 0 as shown:

X

(a) What is V2V for z > 0 including on the location of the wire? (7%)

(b) The potential V can be calculated by adding an image potential contribution V; to the line charge
potential contribution Vi: V = Vg + V;. Whatis V; if we fix the convention V; = 0 along the line
defined by {z = 0,y = 0} ? Express your final answer in terms of the shown Cartesian coordinates.

(13%)

5.
(a) Suppose the inductance L is due to the self-inductance of a toroidal coil with rectangularvcross

section (inner radius a, outer radius b, and height / as shown in the figure below) carrying a total

of N turns. Express L in terms of N, 4, a, and b. (10%)
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(b) Suppose this toroidal coil has a magnetic field B(s,¢,z) = f(s)p , wheresis a cylindrical
coordinate variable: e.g. the inner radius is described as s = a. In this magnetic field, suppose a
pointlike magnetic dipole with 77 = mZ2 is placed atrestat s = u € (a, b) inside the torus.
What are the forces and torques on the dipole due to the magnetic field? (10%)




