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e Do not peek at the exam until you are told to begin. You will have approximately 50 minutes to complete the
exam.

e Don’t spend too much time on any one problem. Solve ‘easy’ problems first. Go for partial credit!

e HINT: Focus on the concepts involved in the problem, the tools to be used, and the set-up. If you get these
right, all that’s left is algebra.

e Have Fun!
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A uniform wheel of rotational inertia I (about its symmetry axis), free to spin (about that same symmetry
axis), is attached to a wall by a pair of springs of spring constants k; and kg, respectively. The springs

connect to the wheel at points A and B as shown. Neither spring is stretched or squished when A is directly
above B.

e a) (10 points) Suppose the wheel is rotated a small amount so that A is no longer directly over B
and released. Obtain the differential equation that describes the subsequent motion of the wheel (you

¢ may assume the springs remain essentially horizontal). )
“ inf g
\\) ‘I aQ = .—KIY, by ( \ Ccd
yas
0 ot p -, Yostnty, CaosU
o\ T
SQ‘F\(\"\\ wOR fe swmall  Us  scng g
ALY -
'-(3\\ QCOS-G /\/\1
\

Ta: ¥k v'e v ¥, v, o

//./
2 &
1€ kv, 6 +€,v, &
—— z _‘——’-/‘_,_;.“"_“_7,

de* 1




2N A ”‘”z‘.) oo g S )

® b) (5 points) At what angular frequency will the system oscillate?
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e c) (15 points) Suppose we find that, upon releasing the wheel at rest from some small initial dis-

acement g, its amplitude falls to a fracti
N) of complete cycles. Given wyp, find the
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F) f its initial value after it has made a large number
frequency at which the system is oscillating.
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A dipole antenna usually consists of two long horizontal radiating elements that are connected back to a
transmitter by means of a feedline. Electrical current flows into and out of the radiators at the points where
they are connected to the feedline. Electrical current has to stop at the outer end of each radiator, as there
is no place for it to go.

e 2a) (5 points) If we feed the radiating elements with sinusoidally-varying electric current from the
feedline, we may establish standing waves in the radiators. Will the boundary conditions on a radiator

at resonance be “like” or “mixed”? On the diagram above, clearly label the ends of each radiator
with N (node) or AN (antinode) where appropriate.
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e 2b) (5 points) What is the total length of the dipole (L in the diagram) relative to the wavelength
of the fundamental mode in the dipole?
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e 2c) (5 points) If the fundamental frequency for the dipole is given by ffyn4, What other frequencies
will the dipole resonate at?
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e 2d) (5 points) _ In an ideal antenna, traveling waves will propagate along the radiating elements at
the same speed lighgpropagates with through a vacuum (C). In real antennas, traveling waves travel
slower. The velocity factor for an antenna is the speed at which traveling waves propagate through it
divided by the speed of light in vacuum. If a wave traveling through vacuum has a wavelength Ayac
when its frequency is equal to the fundamental frequency of the antenna, what is the velocity factor

for this antenna?
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e 2¢) (5 points) When driven , tlpr@_igtennediate nodes are observed on each radiating
element of a dipole antenna. 5T 1s the fundamental frequency of the dipole antenna? Which

harmonic are we looking at?
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e 2f) (5 points) When tuning across the so-called high-frequency portion of the radio spectrum, it is
‘noted that the djpole%niltzenna connected to the receiver shows a greater sensitivity to signals at around
C?S,//l?g* 4/24/5 MHz. What frequency is the antenna cut for (that is, what is its fundamental
eq Vs

WMr frequencies below 50 MHz would it be expected to work well at?
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e 3a) (15 points) Spectators at an auto race note that as cars race away from them, the sound they
hear from the engines drops to half the frequency they heard as the cars approached. How fast are the
cars moving? (You may take the speed of sound in air to be Vina)
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e 3b) (15 points) Show that the frequency emitted by the engine is given by. .-

{ove

v Jopproach + fdeport
ocar —
fengine=favg(1—- 5 ) where faug 2
Heond Vend
V sﬂJ - s
(ewo»w\'\ ‘[n-t = e {(,% \S'I'J'V(""
\ —
fsicC Vend \J‘,“
\/ !'\'
co"\ VW ‘V\e {cq - o
= — Visnad T Vear
e V sad * Veav

vend >{
svcC
- (\’K"J'\‘a

= j— \
- ‘r‘;'( VSnA + \:Y/(-’\/("‘v V o rnd Vg
4 _’-—’— 77/
’ (\/SV“ 1 Teac /] CVind Veok
2
= Fsec ~ Vsng )
s
/ L - B S
/Z V‘;nc\ \J(“(
P
= Fave Ysnd \
A\ _—
€°‘V°} ’ 2 x>
v -V
sad car
b3 2
Vg Vear
Snd

2 2 .
snd - V Cdr

v
P

2
V S¢ng

|

\1



e 3b) (15 points)
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Show that the frequency emitted by the engine is given by.. -
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