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A uniform stick of mass m and length L is pivoted a distance d from its center-of-mnss. A spring of constant
k is located a distance L/2 from the center-of-mass, on the opposite side of the pivot (as shown). The spring
is unstretched when the stick is horizontal. To make things easy, the bottom of the spring is connected to
ring that is free to slide over a horizontal rail so that the spring is always oriented vertically.
® 1a) (10 points) Find each of the torques (relative to the pivot) that act on the stick when it is

displaced an amount 8, as shown. Do not assume small angles. For full credit, take out-of-the-page

(counter-clockwise) as the positive rotational direction and make sure that the sign of each torque is

consistent with the sign of the displacement. e 1d) (5 points) Find the angular frequency that the system will oscillafie at (in the limit of small

angles) and the value of # when the system is in equilibrium.
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® 1b) (10 points)  Write the differential equation that describes the equation of motion for the stick.
Do not assume small angles. Hint: For a uniform stick, Iom = ML%.
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2) Recall that the amplitude of a driven mass-epring system is given by
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* 2a) (10 points) Show that the following relationship holds true for a mass-apring system: ) ‘,:——«,,.,m e
amg = 3 (8

(-’Jdam‘;: /DZ'- (%'_\)‘L e 2c) (10 points)  On the way to class, you spot an abandoned bird's nest sitting in a low-hanging,

more-or-less Por'unn'.ﬂ branch. You displace the end by some small amount and release it, and mhj
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that a) the tip makes about fy complete cycles every second, and b) it takes about N complete cycles
for the litude of the branch’s vib to drop to half its initial value. Find the natural frequency

(fo) for the h:)m;h/nelt system. [Careful. These are f’s, not w's. f's are easier to observe directly]
e el ek, = e B
.Q—és-def;u?,_%’b 5717 ‘(h:.;—uz h'? + ( \n(Z)
Ay=poe 2™ "@3&%""- w"’ =
2 (0% g S el (e $)= (hf‘) i (%_hm)
ko = & (02 ) A, e 3
Sanp : - A°e_»¢. S_‘_‘_S (;TLJ_N
Ky B & P
\“(2)': b_?ﬂc%\r.l_
b \al2)
* 2b} (6 points) Convince the grader that the relstionship In part a holds for all simple barmonic 2m - 0T
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Micropbose L

Coasider the apparatus shown shove. .. Sound (of frequency f) is emitted by a speaker into a tube of radius
R and beght 5. A micropbone, placed pear the open end of the tube, is used to monitor the intensity of
+he sovund that is re-radiated fom the tube. There is biquid (of volume mass density p) partially filling the
muuﬂnshk’-;ﬁun-bub(d-qh\hhm)inuh-bocmdlhuuhou-mcw(m‘numm),

* 3a) (10 poimts) What is the lowest frequency that will resonate in the tube? What are the boundary
2 at resonance? The more (correct) details you can give, the more points you will get.
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® 3b) (10 points) Assuming the speed of sound in air is Vg, bow frequently will the microphone record
mtensity maxima as the water Jeaks out? [Hints: Under what condition will the re-radiated sound be
a2 macmum intensity? How frequently does this condition occur? Call this frequency fpear to avoid
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* 3c) (10 points) If you're creative, you can use a device like this to meas:
£ ure the speed of sound in air.
What parameter would you vary? What parameter would you record? Make a qun\ltn\\v:o:::l ol; ot:a
parameter vs. the other - and find v,n4 a8 a function of the Pproperties of that plot (for instance, if the
plot in linenr, How wold you obtain vune from the measured slope and intercept?) .
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