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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.
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e Don’t spend too much time on any one probiem. Soive ‘easy’ probiems first. Go for partiai crediti

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.

¢ Have Fun!
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1) A pair of | L ST N
4 PaIr of masses, )f, . are ioi
lasses, M; and M, are joined by a Spring of constant & and natural ( unstretched) length L.
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| 0 ilg) (¢ ints : , : :
N )O)Sit(i‘S p()lfnts)} Find the amount the spring is extended or compressed (Az) as a function of the
Position Ol €ach mass (z, and T2, respectively). Make sure Az is positive when the spring is extended
and negative when it’s compressed. «
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K ® 1b) (5 points) Use Newton’s laws to obtain differential equations (written in terms of 1 and z,)
that describe the motion of each mass. Note that these are ‘coupled’ equations - they will each depend
on both z; and T3 - but not to worry, we’ll address that later. Make sure the derivative term in each
equation has the correct sign when the spring is extended and compressed!
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‘>-“ o le) (5 points) Suppose we were to tie one end of the spring off to a wall, and the other end of the
e, gy s

. “spring to a mass M. What value would M have to have in order for this new system to oscillate with tha
w 5 gt M.
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same period as the two-mass system we've been working on? This value, known as the reduced mass,

1s used to simplify the discussion of binary systems (diatomic molecules, for instance) in oscillation.
/ - - x -

\:

: o ( "\-: el i \&tm A S -
The (ebwed Mmuss 8 J

3
— Tos % \
Ty

=S = D
/\J




2) Recall thas

the amplitude of a
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® 2¢) (10 points ¢
I ) On the way to class, you spot an abandoned bird’s nest sitting in a low-hanging

more-or-less horizont: : i
horizontal branch. You displace the end by some small amount and release it, and no;::
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e 2d) (5 points) Suppose we want to knock that old nest out of the tree. What would be the most
effective frequency to shake the branch at?
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Fingerboard

* 3a) (5 points)

(Carefully) pluck a string on a violin. For
- but that noise

‘ ) a brief moment, the pluck generates noise
quickly gives way to music. Explain, in terms of physics, what is happening.
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Derive the set of resonance frequencies for one of the open (that is, un-fingered)
strings in terms of its effective length (L), the volume mass density of the material it is made of (p),
the diameter of the string (D) and the tension in the string (7).

* 3b) (5 points)
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— e 3d) (10 points)  Another way to change the dominant frequency you hear is to lightly press the
% String in some magic spot. Since the string is not tightly pressed, it is still able to vibrate on either
§ p side of the finger - this has the effect of imposing an intermediate node on the system, emphasizing
—= 7 some harmonic over the fundamental. Find each of these magic spots (z) and the frequency associated
— with it (in terms of the fundamental). ’
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® 3e) (5 points) Bowing near the bridge can make a much n
fingerboard. Explain in terms of physics why this is so.
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