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1) [ the diagram above, a mutauguhbr conducting loop (dimensions a and b, resistance 1)
and a long straight wire that carries an electrical current 1 are both oriented so that they
sit in the plane of the page. They will, for the duration of the problem, remain in the plane
of the page with the wire carrying an elect current [ parallel to the right side of the
conducting loop at a distance x to that side (as shown).

o 1a) (10 points)  Assuming the conducting loop remaius fixed in space while the wire
is pulled away at a speed 1o, what is the wagnitude of the resulting enerent indueed
in the loop? In what direction is that induced current traveling ou the side closest to
the wire {with or against the current direction in the wir
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. J;) (1(] p()llllﬂ) How large and in what direction is the force exerted on the loop by
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Uniform Ring

2) A uniform circular ring of charge @ and radius R rotates aronnd its longitudinal symmetry
axis with an angular velocity &, as shown.

s 2a) (5 points)  Find the (vector) magnetic dipole moment of the ring.
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s 2b) (10 points)  Find the (vector) magnetic field due to the ring at a point (P) on
the longitudinal symmetry axis, a distance 2 from the center of the ring. ey
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o Ib) Conbinued. .

o l¢) (5 points)  How large and in what direction is the force exerted on the wire by
the conducting loop? Is this result consistent with Lenz's Law? Explain.
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o Ld) (5 points)  Find the net torgue on the conducting loop. For full credit, the grader
wast be able to follow the logic of your calenlation.
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2¢) (15 points)  Now, let’s replace the ring with a washer of inner-radius o and outer-
radius b that carries a surface charge density

Q

o) = o

where r measures the distance fmm the center of the washer to a point within the
washer. Find the or) wagnetic field due to the ring at a point (£) on the longi-
tudinal symmetry axis, a distance z from the center of the ring.
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R Vaerms

Filters are elassified by the frequency-range of the signals they deliver to their output. High-
pass and low-pass filters preferentially pass high- and low-frequency signals, respectively.

Dand-pass filters preferentially pa
Dand’) of frequencics. Noteh filte

ignals that have frequencies within some range (or
s actually remove signals whose frequencies lie within

some range of [requencies
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o 3a) (5 pts)  Qualitatively discuss how the components in the cirenit above will react to
input signals over a very broad range of frequencies (say. 0 Hz to oo Hz). Explain how
their tespective behaviors, taken together, will make the cireuit shown above behave
like a band-pass filter.

RNCES

+

i % i
e fesibon do 2,*@?%2/‘\6&8. e Ca@aamv

Teeants \are ffrsdon B lows Sequerces. and SIBN

W Grres, e Canbunbes i

e
N

R

) Viaro ems i adess Lok ) o
(e ‘de Cuttent (And \mrc»’(ui %N-:ée\-% Voot ) t

oCCur

¢

/
Sowe lew

5 Ly
? OO s I Lue whikdie
TG

o 3b) (10 pts)  If the signal on the input has an rms voltage Vig e and 2 fequency w,

how large is the rms voltage at the ontput? At what frequency will this output voltage
be greate
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o 3¢) (5pts) By what phase angle will the output voltage lead or lag the input voltage?

Under what conditions will it lead? .. tag?
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s 3d) (10 pts) Do a quick, qualitative sketch of the output voltage vs. the frequency

of the input signal. The width of that peak, Aw,
Width at Half-Maximum” (FWHM) - the distance (in {reque
two points at which the ontpnt voltage amplitude is half th

is nsually taken to be the "Full
—space) between the
input amplitude. Find

the bandwidth of this filter, and discuss how one might achieve a sufficiently narrow

peak without sacrificing output amplitude
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