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Instructions

— To receive credit, you must place your answers in the boxes provided whenever
required. »

- — Closed book; no notes. You may use a calculator.

— Check that you have all 16 pages (1nclud1ng cover page) The formula sheet is
distributed separately.

— Important note: Except for some challenge problems, each part of this exam
is designed to be answered without the answers of previous parts. The parts within
a given problem become more and more difficult. If you get stuck on one part, skip
to the next problem and come back later if you have more time.
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Figure 1: A mass-spring realization of a damped harmonic oscillator.

1 Problem 1: Damped Harmonic Oscillator [28 points]

A damped oscillator is modeled as a mass m with equilibrium position z = zeq acted on by an ideal
spring of spring constant k and a viscous drag force proportional to the velocity, Fursg = —bmi.
(See Figure 1.)

(a) Equation of Motion (7 points)

Show that the Equation of Motion for the damped harmonic oscillator is:

d% k -
dt2 +w0(:1: Teq) =0, We = \/: (1.1)
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(b) Real Part of A (7 points)

In the case b < 2w, the expression
0(t) = g + Re [AVHN) o = LT ] (1.2)
is a general solution to the Equation of Motion (1.1).

Find the real part Re[A], given the initial conditions z, = z(¢ = 0) and v, = d_:(t =0). FExpress
your answer using no quantities other than x,, vy, Teq, b, and w,.

Tomposing e ziitial amé‘éau =x(t=o0 Lo
’hf a/soéx,f:&% (/ 2) a)‘é ) -

e
%= x(t=0) = ef+??e[/1 M]“ 7+Z[A]

s L@[_A._7= 2= Ty,

(c) Imaginary Part of A (7 points) Challenge Problem!

Using the same initial conditions as in part (b), find the imaginary part Sm[A]. Express
your answer using no quantities other than z,, vy, %, b, and w,.

Hint: Write A = A, +iA;, where A, = Re[A] and A; =Sm[A], and solve for A;.
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