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A parallel-plate capacitor made up of circular conducting plates of radius a separated by a distance d is
connected across a battery of potential difference ¢
e la) (5 points) Find the magnitude and direction of the electric field produced by the capacitor.
Sketch it in on the diagram.
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¢ 1b) (10 points) Suppose we increase the separation between the plates at a rate ‘—%. Find the
magnitude and direction of the magnetic field that results. Sketch it on the diagram.
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e 1c) (10 points) Find the magnitude and direction of the Poynting vector at the boundary of the
capacitor. Sketch it on the diagram.
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e 1d) (5 points) Show that electromagnetic waves are delivering (or removmg) energy at the same rate
that the energy stored in the capacitor is changing.

LAVeS; Capacxiac:

o O=zCav >
;Ss.dﬁ U:‘é,”él’g‘—a &Z.
=5t Qv _
£ &2 288 . 2mad T-22- Wk
e.oﬂa _ - >
P- &> 3t P= L &nee 4t

Ao \ tertisned 1 tre exam, Hwve doesn't ackually (Rerc —
whak \I\/aﬁ)gedO ~The /P%\Jq,\% Veckor desenkes the

. (e ab heh the (Ppaiec sends et tre \oathery ;
k1= g e e Loork e Capaciec does (Medhanically)

on e ac\x}gn{ “drat Ec’_?a:a’\'ﬁ% the plaes..,



/‘“
Thin Lens (f) { Film

f+x

2) The important parts of the camera shown above are the film and the converging lens of focal length f.
The distance between the lens and the film is given by f + x, where z can be adjusted to any value between
0 and dz to bring the subject to be photographed into focus.

e 2a) (5 points) Find the near-point (the closest point at which you can take a focused picture of an
object) and the far-point (the farthest point at which you can take a focused picture) for this camera.
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¢ 2b) (5 points) Suppose we’re focused on an object and the lens is located at a distance f + z from

the film. What is the magnification of the object? Where would we have to place the object to get the
greatest magnification and what would that magnification be?
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® 2c) (10 points) In order to take close-up shots of an object, one may place a “macro” lens adjacent
to the lens of the camera. In practice, the macro lens produces an image of the close object at the
near-point of the camera and the camera takes a picture of that image. What type of image must
the macro lens produce? If the desired distance between the object and the two lenses is % of the
camera'’s original near-point, what focal length should the macro lens have? Is the macro lens
converging or diverging? {Hint: Sketch the macro lens, the object at the new near-point and the
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e 2d) (5 points) With the macro lens in place and the object located at the new effective near-point
(% of the camera’s original near-point distance), what is the total magnification of the object?
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e 2¢) (5 points) The ability to take large close-up photos comes at a cost. Find (and interpret) the
new far-point for the camera when the macro lens is attached.
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3) Monochromatic light of wavelength ) is directed upward, normal to the surface of a glass slide of refractive
index n3. The light continues upward through an oil drop of refractive index ny, towards the eyes of an
observer. The whole apparatus sits in air (refractive index n,). For the following, take ny > ng > n;.

e 3a) (10 points) For what values of thickness (d) will the light be transmitted most efficiently through
the glass slide?
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e 3b) (10 points) For what values of thickness (¢) will the observer note dark fringes?
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e 3c) (5 points) What sort of pattern will the observer see, looking down on the oil drop? Note, in
particular, what the observer will see along the perimeter of the drop and at the highest point.
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e 3d) (5 points) If the observer counts N dark fringes, how thick is the drop at its highest point? The
more accurate your answer, the more points you will get.
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