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A circular parallel-plate capacitor of plate area A and plate separation d is connected across a solenoidal
inductor of radius a, length z and n turns per unit length. At the instant under consideration, the capacitor
has a charge g (polarity shown above), and a current I is flowing through the circuit in the direction shown.
We do not know the instantaneous rate at which the current is changing, but it may be possible to infer that
from the other information we know.

You will be asked to draw vectors on the sketch above. When necessary, please use (©) and (%) to unambigu-
ously resolve the direction of any azimuthal fields.

e 1a) (10 pts) Find the magnitude of the magnetic field at points inside the capacitor, located a distance
r from the symmetry axis of the capacitor. Clearly sketch and label the direction of the magnetic field,
the electric field and the Poynting vector field (in the region around the capacitor) on the figure above.
Discuss the consistency between the flow of energy as indicated by the Poynting vector field and the

changing state of charge on the capacitor. S0
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2) Evidence suggests that artists have used lenses and mirrors to assist them from at least as far back as
the mid- to early- 1700’s. While historians are likely to tell you that lenses, as a technical tool, were still
many years off in the future, there are plenty of paintings from the era that portray subjects with spectacles
(reading glasses). So the question is, was it possible to use reading glasses to project a (traceable) image of
a physical object onto a screen?

Recall that reading glasses are used to correct for the migration of the “near point” away from the eye with
age. Far the following, we'll assume that a typical pair of reading glasses is designed for an uncorrected
nur-pdntMhldhlmﬂhmﬂmhnﬂufthamdmgm.mdlddmdm-pointlhnhl
distance d from the lenses.

* 2a) (10 points) Think very carefully sbout this before you answer (a sketch might definitely help). If
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for this case - use absolute value bars and explicit signs. T 04 Unlacected
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e 2b) (5 points) Find the focal length of the lens. s it converging or diverging? Explain.

Jﬁ"f‘%‘ 7}-_ 4D

8 ‘_L S:H ‘D"d
-j--- - | _ —— —
a A

D>d, 0 2>The 18

ﬁ&%lﬂf\%

e 1b) (10 pts)  Find the magnitude of the electric feld at points insic ducto
r from the symmetry axis of the inductar. Clearly sketch and label the directio
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e lc) (10 pts) Find the magnitude of the Poynting vector at the bound
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the object is located a distance L >> D from the lens, will a projectabl

if 50, where, and what will be its magnification?
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e 2d) (6 points) Ok, I apologize, but we need some —ilnhl auge the feas
Typical values for the relevant quantities are L =d m, D =05 m and d = 0.1 m. .
will there be between the lens and the screen? If the physical object located at 1

will its image be? Does it seem likely an artist could use this technique to trace a pes:

image onto the screen? x
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A simple navigation system consists of two radio-frequency antennas fed in-phase with a signal of wavelength
A. The antennas lie along a line that runs perpendicular to the runway, they are equidistant from the center
of the runway, and they are separated by n distance d. Incoming aircraft are supposed to locate the central
maximum generated by the resultant signal and follow it to a safe landing on the airstrip below.

e 3a) (5 points) Find the full angular width of the central maximum (assume small angle approxima-
tions are relevant).
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e 3b) (5 points) Under what (approximate) conditions will there only be a central maximum?
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e 3c) (5 points) It might seem like a good idea to set things up so that there arc no higher-order
maxima to confuse the pilot, but it really isn't. Why? What compromise needs to be made?

1§ e &2 o Inger-ocdas NOXIMSS,
Uhak Oenkrel WRX (B Wde 8Aad P‘BW"L
' Nok 3l dnok Leelbl G hang Up U
-!g\:Je onwdd, LW need b haman the
Ooskeal Lkkhaok \whdvaiq <2 "":a‘“i
najh- oroat | peaEe it s g

—==r

k,mtﬁ

e 3d) (5 points) We can resolve the problem inheren .
antenna with fwo in-phase radio signals - one with o wavelengtk
A2. Explain how this will fix the problem if the er G
smaller (why is this condition important?).
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e 3¢) (10 points) A pilot decides to ot s
A, is fluttering at a rate F; beats per second. How
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