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Consider the child's toy shown above. A uniform rod, of mass m:3 and length L is attached to a pivot that 
passes through its center of mass. Small clowns, of mass m 1 an;y-,n2 are glued""On opposite ends of the rod. 
A spring, of constant k, is mounted vertically between the base of the toy and the rod, a distance d from 
the rod's center of mass. The spring is not extended or compressed when the rod is hori:wuta.l. The rod is 
displaced slightly, and the system begins to rock ... 

• I a) ( 15 points) Obtain the differential equation that describes the motion of the system for small 
displacements from equilibrium. (Hint: for a uniform stick, Tern = f.J.1vf L 2
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• lb) (5 points) At what angular frequency will the system oscillate? What is the value of 8 when the 
~ystern i~ in equilibrium? 
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• le) (10 points) Suppose, once you set the system in motion, that it really oscillates at a frequency 
w = Fw0 , where w0 is the natural frequency of the system (and F is some dimensionless constant, 
dose, bnt not equal to 1). How many complete cycles will the toy make before its energy falls to e-:l 

of it's original value? 
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Speaker 

Consider the ~aratus shown above ... Sound (of frequencyQ) is emitted by a speaker into a tube of radius 
@ and height 'l!J· A microphone, placed near the open end of the tube, is used to monitor the intensity of 
the sound that is re-radiated from the tube. There is liquid (of volume mass density p) partially filling the 
tube, and it is leaking from a hole (of negligible area) in the bottom of the tnbe at a rate '~;;• (m is mass). 

• 2a) (10 points) \Vhat is the lowest frequency that will resonate in the tube? What are the boundary 
conditions at resonance? The more (correct) details you can give, the more points you will get. 
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• 2b) ( 10 points) Assuming the speed of sound in air is Vsnd, how frequently will the microphone record 
intensity maxima as the water leaks out? [Hints: Under what condition will the re-radiated sound be 
at maximum intensity? How frequently does this condition occur'( Call this frequency fpenk to avoid 

confusion with f]. 
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• 2c) ( 10 points) If you're creative, you can use a device like this to measure the speed of sound in air. 
What parameter would you vary? ·what parameter would you record? Make a qualitative plot of one 
parameter vs. the other- and find Vsnd as a function of the properties of that plot (for instance, if the 
plot is linear, How would you obtain V 8 ntl from the measured slope and intercept?) 
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:3) If a source that emits sound at a single frequency is tied to a string of length R and twirled in a 
horizontal circle as shown, an observer will hear a distribution of frequencies, characteri:.~ed by a relative 
width 

D..f 'J.(fhi -.fLo) 
rT- - -

- fauq - .fhi + flo 

where J'h; and .fto are the highest and lowest frequencies heard, respectively. 

• 3a) (20 points) Given rr, Rand Vm,1, what is the angular velocity of the source? 



, 
• :3b) (5 points) What is the actual frequency emitted by the source? 

• :k) ( 5 points) An astronomer passes the light from a distant star through a prism to observe the 
spectral lines that tell her what the chemical makeup of the star is. She notes that the lin~s, which are 
normally rather sharp and well-defined when the source is in the laboratory, are rather fuzzy. Given 
chat a) light is a wave and b) prisms spread light hy wavelength, explain how the astronomer might 
nse the observation to determine the rotational rate of the star. [This is how it's done in real-life!] 
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• 21") ( 10 poiut.~ ) II' you ' rf' n~ativc, you t'all use a d t'vio 't' li k•" lhi~ t o !llt•Jl....,Hre the spt.._~ l o f :¥HUH I iu air. 
Whnt parau•ct•~r wou ld you ~~\ry'! \\'hat p!lra mett•r 1•oould you r('(·onf! ~ lake a rt u ulitatl ~·c plot o f oill' 
panuncter vs. the ot hf'r - a nd Iiili\ u • .,d ~~.., n fuuctiuu o f t he propt'rt iPS t tf t hat plot (for instl\l!l't'. if the 
p lot is liueu.r. How would you obtain v~ .,d from t he IIICJI._<;un•d slope a nd iult• r('l'pt '! ) 
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