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S. Manly Fall 2014

Final Exam (December 20, 2014)
Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given.

Problem 1 (6 pts, no need to show work QWMM

In both sketches, A denotes a conducting wire loop. In each case, mark clearly the direction of
the current induced in loop A due to the indicated current.
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Problem 2 (3 pts, no need to show work):

A lens is used to image an object onto a screen. When the upper half of the lens is covered,
a) the upper half of the image disappears. The lower half of the image disappears.
b) The image becomes blurred.
The image become fainter.
d) The entire image disappears.

Problem 3 (6 pts):

You go out for a walk with Grandma as sunset approaches on Christmas eve. Amazingly (if you
are near Rochester) the sky is clear! When you look at the sun, you notice it is

a) perfectly circular

b) squashed slightly at the edges closest and farthest from the horizon

c) elongated slightly at the edges closest and farthest from the horizon.

Select the answer that you believe to be true and justify it briefly in writing below. Feel free to
use a sketch in your answer if it is helpful.
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Problem 4 (8 pts, show your work):

Consider a coaxial cable made of two conductors. The inner conductor has a radius A and a
positive charge per unit length of A. The outer conductor has a radius B and a negative charge per
unit length of A.. If the outer conductor is defined to have V=0, what is the potential of the inner
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Problem 5 (8 pts): N (,LU( l‘"‘r{
[oo™
An electromagnetic wave t‘b\at has a frequency of 100 MHz has a magnetic field described by k/\}*

a—

B(z,t) = (10-8 T)cos(kz-wt)i.

a) What is the wavelength of this wave?
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b) What is the direction of propagation of thls wave'? 3
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c) Write down the analogous description of the electric field for this wave?
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d) Describe the polarization of this wave, i.e., type and direction (if any).
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Problem 6 (6 pts, show your work):

Consider two infinite solenoids, 1 and 2, that have axes of symmetry parallel to the z-axis as
shown in the sketch. Solenoid 1 has radius R1 and nl turns per unit length and solenoid 2 has
radius R2 and n2 turns per unit length. Determine the constant of mutual inductance between the
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Problem 7 (10 pts, show your work):

As I’m sure most of you learned from the esteemed Professor Eberly, a blackbody is an object
that is a perfect absorber (of electromagnetic radiation) and a perfect radiator. The power
radiated by a blackbody is governed by the Stefan-Boltzman equation

P=cAT*
where ¢ = 5.67x10® W/m’K*, and A equals the surface area of the blackbody and T is the
temperature of the blackbody in degrees Kelvin. Calculate the temperature of the earth in the

approximation that it is a perfect blackbody. Assume the radius of the earth is 6.4x10° m, the
distance of the earth from the sun is 1.5x10** m and the power radiated by the sun is 3.8x10% W.
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Problem 8 (10 pts, show your work):

Consider the circuit shown in the sketch. Let e=20 V, .
Ri=6 Q, R,=12 Q, Ry=8 Q, L;=4 H, L,=3 H. L

a) What are the currents, i, i;, and i, just after the
switch is closed?
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b) What are the currents, i, i1, and i, a long time after the switch is closed?
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Problem 9 (8 pts, show your work):

Consider the spherically symmetric charge distribution in the sketch. In this configuration, there
is a charge +Q distributed in a shell with a volume charge density p=Q,(1/r’) that has an inner
radius at r=a and an outer radius at r=b. In addition, a charge of —Q is distributed uniformly on a
thin shell located at r=c. Determine the electric field in all regions of space.
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Problem 10 (9 pts, show your work):

Atom Ant, insect hero extraordinaire, fights an evil wizard. Suddenly our hero vanishes only to
find himself in deep space in the midst of a very long, cylindrically symmetric distribution of
negative electric charge. With his superpowers, Atom Ant determines that the radius of the
charge distribution is R and that he is inside the distribution at r<R. He observes that the charge
distribution has a uniform volume charge density p. Immediate Atom Ant knows he is in trouble.
You see, part of Atom’s superpowers come from the fact that he carries within him a net positive
charge of g. If Atom Ant has mass m, describe his motion subsequent to his arrival in the strange

deep space charge distribution.
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Problem 11 (8 pts, show your work):

Consider a flat interface between a vacuum and a material. Let a magnetic field be in the region \\ s
of space being considered where the field is perpendicular to the surface. Prove that the magnetic "JJ.
field is continuous at the vacuum-material interface. > MX)L
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Problem 12 (8 pts, show your work) M
oM

Consider two inertia reference frames S and S’ with relative motion along the x-axis. Two events

in reference frame S occur 10 ps apart at the same point in space. The distance between the two a,UV
events is 2400 m in reference frame S°. What is the time interval between the events in S’? What %

is the velocity of S’ relative to S?
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Problem 13 (10 pts, show your work):

Consider the idealized rail gun shown in the schematic. This device consists of two conducting
rails that can be considered as long solid cylinders of length L and radius R. The rails are a
distance d apart. A conducting projectile, P, connects electrically and mechanically in a
frictionless manner to the two rails. Assume that a generator creates a constant current | that
travels up one rail, across the projectile and down the other rail. Derive an expression for the
force on the projectile in terms of the basic variables in the problem.

proyectilc
1 - -.PF\__,
£ oy -
Pl —> R
3 R

2 SVM‘\’\I\P:;\."LC [SVANK . 74
> E &S 1 :J\F-"‘:\" Uﬂ"&\)f'; Sl:] A‘(>
neafe sA™t

ectile 1% M L e o

(79

S
B )
Ccomn dnion 2689 Prom Amporns Lo




