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EE 311 Final Exam Spring 2013

May 2, 2013

Closed Text and Notes, No calculators

1) Be sure you have 17 pages and the additional pages of equations.

2) Write only on the question sheets. Show all your work. If you need more room for a particular
problem, use the reverse side of the same page.

3) Write neatly, if your writing is illegible then print.

5) This exam is worth 150 points.
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(5 pts) 1. What geometry is described by 8 = 7 ? Choose the most specific

A) xy plane

B) cone

C) line

(5 pts). 2. The intersection of the surfacesr = Imand 6 = % is

A) the xy plane

B) a cone

C) aline

(6 pts) 3. Convert the point (1, 1, 1) in Cartesian coordinates to cylindrical coordinates

0V

’7(1%%"’
D= ton' T
2 |

i1

fd%iaﬂ@

o
P

(V3 %, 1)



4
(5 pts) 4. A -3 C charge is place at the location (1 m, 3 m, -2 m) and it experiences a force of
F=(2la,- 6a,+12a,)N. What is the electric field intensity at (1 m, 3 m, -2 m)?
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(8 pts) 5 Fill in the table with the standard units for the following

Wb
Magnetic flux density, B

Magnetic field intensity, H

Electric Field Intensity, E

Electric Flux Density, D

Polarization, P

Magnetization, M

Electric flux, ¥
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(8 pts) 6. For r < 1m the permittivity is 2¢,, For r > Im the permittivity is 4¢,. On the interface
C
between the dielectrics, at r = 1m, there is a surface charge density of p,=1—; and for r >
m
10 C

1 m there are no free charges. If D = — —a,_ forr < 1m, what is D for r > Im.
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(10 pts) 7. A conducting metal sphere has radius 1 m and is centered at the origin. A total charge of

- 10° F
19 C is on the sphere and V(e) = 5V . Note ¢ = —
6 36 m

A) What is V(r=2m,0=%,¢=%)— V(r=3m,9=%,¢=%)?
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(5 pts) 8 A -5 C and a -2 C charge are 1 m apart. How much energy is stored in this two-charge

_ 10° F
configuration? Note €, =

361 m
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(5 pts) 9. A copper rod is 1 m long and has a cross-sectional area of 0.0lm”. There are about
0% conduction electrons

n=1 3 in copper. A voltage is applied to the ends of the rod so that a
m

current of 1.6 A flows along the 1 m length. What is the average drift velocity of the
conduction electrons?
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(10 pts) 10. A parallel plate capacitor has plate area 0.01m”, a plate separation of 1 mm, and a dielectric
with dielectric constant € =2 between the plates. A 10 V battery is connected to the capacitor

and then removed. Without disturbing the charge on the plates, the plate separation is

increased to 2 mm. What is the potential drop across the plates? Note that half the region

between the plates is the original dielectric and half is now free space.
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A, . :
(10 pts) 11. A current of density K=5—a,is flowing on the surface of a hollow conductor of radius
m
p=1lcm . (So the current is zero everywhere except at p=1lcm .) The cylinder is of length I m
in the z-direction. What is the magnetic field intensity everywhere? Hint think of how this

compares to a tightly wound solenoid.
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(10 npts) 12, Find the force on the 1m x 1m loop shown. The loop and infinite wire are in the same plane.
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AL .
(10 pts) 13. Shown is a bar magnet with magnetization M=200—a, . The right end of the magnet has
m

area 0.0lm”. What is CJSH o dS over the two Guassian surfaces shown? You must show your

reasoning.
Bar magnet
M=20024, —_—
m.¢ |
Gaussian / Gaussian /
Surface 1 Surface 2
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(10 pts) 14. Shown is a circuit in the plane of the page. Through the page are two solenoids. The current
d
is ramped through solenoid A so that [—I'It/— j =5V and through solenoid B so that
A out—of —page

d . .
(—I‘U j =10V. What are 1; and 1,?
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(10 pts) 15. Write the equation for the electric field for a TEM wave propagating in the direction —a, in

a nonmagnetic dielectric with dielectric constant £ =9, with frequency f=3x10°Hz and

V. . : .
amplitude 5—a_. (The speed of an electromagnetic wave in a vacuum 1s 3x10° 2 and the
m s

intrinsic impedance of free space is 377 )
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(13 pts) 16. Two non-magnetic lossless dielectrics have their interface at z = 0. For z < O the permittivity
is €, and for z > O the permittivity is 4&, . There is an incident wave in the z < O region of

E(z,t)= 9003[(6><1088“1)15—(2m'1)z,]§1x % What are the transmitted and reflected electric

field intensity waves? (The speed of an electromagnetic wave in a vacuum is 3x10°®— and
§

the intrinsic impedance of free space is 377 L .)
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(10 pts) 17. A TEM wave in free space has the magnetic field intensity

A
H(z,t)= 9 cos[(6 x 10%s ™t - (2m™)z]a, — Find the corresponding electric field intensity.

(The speed of an electromagnetic wave in a vacuum is 3x10® — and the intrinsic impedance
s

of free space is 377 Q)
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(10 pts) 18. The region for z < 0 is air with permittivity €, Sketch the amplitude of the electric field
intensity for z < 0. Choose an amplitude to be consistent with

(The speed of an electromagnetic wave in a vacuum is 3x10° — and the intrinsic impedance
s

of free space is 377 €.)

(3 pts) A) If the region for z> 0 is a perfect conductor.

(3 pts) B) If the region for z > 0 has the same dielectric constant as air.
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(4 pts) C)If the dielectric constant for the region z>0is g =16




