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A crane is used Lo move heavy eargo containers from a docked ship to the shore. During ene such offfoad,
the transport suddenly locks-up, inducing a dangerous sway that turns the crate into a large pendulum of

muss moand length L. & nearby safety-officer notes that it takes twenty complete cycles for the oscillations
to lose abont hall of their amplitude.

Assume that the damping torque that acts on the crate can be modeled a8 Tiame = —I'g, where I' is, for
now, unknown, and answer the following questions. . .

# la) (10 points)—Use Newton's Laws in one form or another, or work and energy to obtain the
differentinl eguation that describes the motion of the system (in terms of #, assuming small angles)
Cﬂ write the solution for that equation. You may use m, and L and [ in your answers.
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* 1b) (15 points)

I
¢ Find the angular frequency at which the pendulum is oscillating, Your answer should
be in terms of the given information, you should not have I' in the answer.
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2) The visible end of a taut string (mass m, tension T') is fixed. The opposite end {and much of the string’s
length) is obscured by a box which is open on both ends. The speed of sound in air is 1,5,

A signal generator sits nearby. As the signal generator is tuned through the range fi, to fu: the string is
observed to vibrate at two and only two frequencies: f, and fi

» 2a) (10 points) How might one use this information to determine whether the obecured end of the
string is fixed or loose (without peeking)? Provide as much detail as you can
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. 2b) (5 points) For the rest of the problem, we’ll
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* 2¢) (5 points)  How long is the string?
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s 2d) (5 points) Suppose that the frequencies f, and fy also set the box into resonance. Will there be
any other frequencies within the tunable range that set the box into resonance? Explain.
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3) Driving along the frecway with a speed 1, o
IIJ.{!.‘i]‘JL‘:l'FlLF!l}'..
the

u are suddenly overtaken by & much faster motoreycle (Lrying
no doubt, to flee pursiing raptors, but [ digress). As the maotoroyele approaches, you observe
deminant component of the sound emanating from its screaming occupant to have a frequency fi. Onee

the motorevele has possed (but hefore the raptors have caught up to you}, that dominant component of the
screams is abserved to shifi to g frequency fi.

® 3a) (15 points)  Find the speed mt which the motorcycle is traveling, i
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) : sotild match |
e Gb) (10 points)  What frequency would that dominant component appear to have if you o |
the motorcycle's speed? i
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A ernne is used to move heavy cargn containers from a docked ship to the shore. Duaring one such offlond, (_.i:...
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mnss . and leogth L. A nearby safety-officer notes that it takes twenty complete cycles for the osciliantions
to lose about hall of thelr amplitucde, ——
Assuma that the damping torque that acts on the crate can be modeled 88 Fiams = ~I'4f, wher T is, for U=
o 1a} (i0 polnts) Use Newton's Laws in one form or another, or work and energy to obtain the Lo
differential equation that describes the motion of the system (in terms of #, assuming small sngles)
and write the solution for that equation. You mny e m, L nnd [ im your ansmers.
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s 1b) (15 points)  Find the angular frequency at which the pendulum is oscillating. Your answer should
be in terms of the given information, you should not have I' in the answer.
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® 1c) (5 points)  Find the damping coefficiont (7).
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p———string s fixed or loose {without peeking)? Provide as much detail as you can.
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) The visible end of a taut string (mass m, tension T') is fixed. The opposite end {and Mﬂﬂf%ﬁ '
length) is obscured by & box which is open on both ends. The speed of sound in air 18 Vand.

A signal generntor sits nearhy. As the signal generator is tuned through the range Jio W0 fui t
ahserved to vibrate at two and only two frequencies: f, and fp.
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s 2b) (5 points) For the rest of the problem, we'll suppose the obscured ‘end . ‘h{
terms of the given information, which harmonic does fy correspond to? How many Mﬁw
(that is, nodes between the ends) are on the string when it vibrates in this mpdet_ W T
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3) Driving along the freeway with a speed v,., you are suddenly overtaken by a much faster motoreyele (trying
desperately, no doubt, to flee pursuing raptors, but I digress). As the motorcyele approaches, you abserve
the dominant component of the sound emanating from its screaming occupant to have a frequency fy. Onee
the motoreycle has passed (but before the raptors have eaught up to you), that dominant component of the
screams is observed to shift to a frequency fi.

s 3a) (15 points)  Find the speed at which the motoreycle is traveling.
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