ECE 329 Introduction to Electromagnetic Fields Fall 12

University of Illinois Kim, Heil, Waldrop, Wasserman

Exam 2

Thursday, Oct. 25, 2012 — 7:00-8:15 PM

Name:

Section: 8 AM 10 AM 12 Noon 1 PM

Please clearly PRINT your name in CAPITAL LETTERS and CIRCLE YOUR SECTION in the above
boxes.

This is a closed book exam and calculators are not allowed. Please show all your work and make sure to
include your reasoning for each answer. All answers should include units wherever appropriate.

Problem 1 (25 points)

Problem 2 (25 points)

Problem 3 (25 points)

Problem 4 (25 points)

TOTAL (100 points)




1. Consider the following simple AC generator, where a square loop of wire having surface area A is
mechanically rotated around the Z axis at a constant frequency w > 0. In the presence of a static
magnetic field B = Bgy) Wbh/m?, where By > 0, the changing magnetic flux through the loop induces
an alternating electric current around the loop (see figure below):
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(5 pts) Using the surface vector orientation specified in the “top view” diagram on the right
(where § = wt is defined to be the time-varying angle of dS with respect to the & axis), write
the expression for the magnetic flux ® through the loop.

(5 pts) Write the expression for the electromotive force £ around the loop that is induced by the
time-varying magnetic flux through it.

(2 pts) What loop orientation angle § corresponds to £ = 07
i) o=0 (i)o=7% (i) 0=n (iv) 0=2 (v) both (i) and (iii) (vi) both (i) and (iv)

(3 pts) For the loop orientation shown in the “top view” diagram on the right, where % >0, in
what direction will the induced current flow? Indicate your answer by drawing an arrow along
the top segment of the loop shown in the figure that is consistent with current flow in that
segment.

(2 pts each) Under which of the following conditions would the direction of the induced
current that you found in part (d) remain the same (assuming the loop orientation
remains the same as in the “top view” figure above)? Circle all of the following conditions that
apply:

i. ... if the magnetic field direction is reversed, i.e., B now points along —g
ii. ... if the orientation of the dS vector is reversed from that shown in the figure
iii. ... if @ is redefined as the angle between the dS shown and the g axis

iv. ... if the loop rotates in the opposite direction, such that w = % <0

v. ... if the loop is not rotating, but By is increasing in time



2. On the z = 0 plane in a perfect, non-magnetic, dielectric having ¢ = 9¢y, a current sheet density
Js(t) = f(t)§ A/m is generated, where f(t) = 3A(L)u(t), and 7 = 2 ps.

a) (3 pts) Plot Jgy(t) below. Be sure to appropriately label all axes!
Jsy [A/m]

t [us]

0

b) (2 pts) At what time ¢y does a sensor located at at z = 200 m detect the electromagnetic
wavefront that is emitted from the current sheet at z = 07

c) (6 pts) Write the expression for the electric and magnetic fields (E(z,t) and H(z, t), respectively)
as a function of time and position above and below the z = 0 plane.

d) (8 pts) Which of the six plots below — labeled (a) through (f) — depicts the following
waveforms given in (i) through (iv)? Note that the horizontal axis in all plots corresponds to
|z|, the distance from the z = 0 plane. Also, labels can be used more than once!

(i) H (2 >0, t =4 ps) : (iii) ET(2 > 0, t =4 ps) :
(i) H (2 < 0, t =4 ps) : (iv) ET(2 <0, t =4 ps) :
(@) . (b) o (©
8 8 8
g 2 £
L3 3 :
0 100 200 300 400 500 100 200 300 400 500 0 100 200 300 400 500
Distance from z=0 plane (m) Distance from z=0 plane (m) Distance from z=0 plane (m)
(d) (e) o (f)
g 3 g
£ s =
3 £ E
0 100 200 300 400 500 0 100 200 300 400 500 100 200 300 400 500
Distance from z=0 plane (m) Distance from z=0 plane (m) Distance from z=0 plane (m)

e) (6 pts) Plot the electric and magnetic field strength as a function of time at z = 400 m. Be sure
to appropriately label all axes!

0 tlus] O t [us]




3. Consider an infinite slab (extending in y and z directions) of a finite width W = 3 m described by
—1 < z < 2. The slab is electrically neutral but it conducts a uniform current density of J = 2y
A/m?2. Outside the slab, that is for # > 2 and = < —1, the charge and current densities are zero.

a) (b pts) Using the right-hand-rule and Biot-Savart law, discuss why the current slab should
generate equal and opposite directed magnetic fields in 42 directions in front of and behind the
plane of symmetry of the slab.

b) (5 pts) What is B on the = 0.5 m plane? Briefly explain the reasoning behind your answer.

c) (5 pts) Make use of the integral form of Ampere’s law, and the deductions of parts (a) and (b),
to find B, (x) in the regions outside of the slab.

d) (5 pts) Use Ampere’s law to find B, (z) within the current slab.

e) (5 pts) Plot B, as a function of x over —3 < x < 3. Label all relevant values of B, and z.

B.




4. (25 points) For each of the four plane waves (in free space) described by
(1) E; = —4cos(wt +Bz)y V/m
(2) E2 = Epsin(wt + Bx)y — Ep cos(wt + Pz)z2 V/m
(3) Hg = sin(wt + Bz + §)& + cos(wt + Bz — )y A/m
(4) Hy = sin(wt — Bz — §)Z + cos(wt-P2)y A/m

a) (8 pts) Determine the phasor expression for the given four waves.

b) (8 pts) Determine the expression for H or E that accompanies the given four waves.

c¢) (3 pts) Find the instantaneous power that crosses a 1 m? area in the xy-plane from —z to +z
for E1 and Hy.

d) (6 pts) Find the time averaged power that crosses a 1 m? area in the xy-plane from —z to 4z
for E5 and Hg.
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