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ABSOLUTELY NO CHEATING! 
Note: This is a close-book examine. You can use pencil or any pen in answering the problems. Dictionary and 

Calculators are NOT allowed.  

Problems (6 Problems, total 100%) The final examines will take place with two one-hr 
examines each is 50% of the final grades. 

1. Forced oscillation: (20%) In a forced oscillation, if you applied a force F0Sinwt 
to the oscillation, where the displacement of the oscillation can be represented 
as 𝑥(𝑡) = 𝐴𝑐𝑜𝑠	(𝜔𝑡 + 𝜙), after applied the force, the amplitude A can be 
calculated as 𝐴 = .//1
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. (a) Draw the amplitude as function of the 

applied frequency w is near the natural frequency and when the damping is very 
large, small and b=0. (b) Briefly explain your answer in (a). 
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2. Thermal expansion: (15%) A material is known to have the coefficient of linear 

expansion a at certain temperature change DT, prove that the volume coefficient 
of expansion b=3a. 
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3. Doppler Effect: (10%) In a general case, the frequency shift caused by the 
relative motion of the sound source and sound detector is described by Doppler 
Effect. Let f be the original sound frequency, and f’ is the detected frequency due 
to relative motion. The speed of the sound is V and the speed of the detector is VD, 
the speed of the source is Vs. In general, the detected frequency can be expressed 

as . If we define the relative velocity of the wave source and the 

detector as . Show that this expression can also be reduced to
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4. Simple Harmonic Oscillator: (10%) Take a spring of force constant k, with a 
mass m attached to the end. This oscillator is allowed to oscillate freely with 
maximum amplitude A. Prove that the total energy of a simple harmonic 
oscillator is constant. (b) Simple harmonic Oscillation: A spring mass oscillator 
has a total energy E0 and an amplitude of x0. Let the spring constant is k. (a) 
How large will the kinetic energy (Ek) and potential energy (Ep) be for it when 
x=x0/2? (b) For what value of x will Ek = Ep? 
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5. 
Solution: ( Set-up from the basic) 
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6. 
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