
Physics 110A: Midterm Exam #1

[1] A damped harmonic oscillator obeys the dimensionless equation of motion,

ẍ + 8 ẋ + 36 x = 0 .

(a) Write down the solution x(t) under the conditions x(0) = 1 and ẋ(0) = −3.

(b) Let the oscillator now be forced at (dimensionless) angular frequency ω:

ẍ + 8 ẋ + 36 x = cos(ωt) .

Find the frequency ωr at which the amplitude of the oscillations is maximized. You may assume that

t is great enough that the homogeneous component has decayed to zero (i.e. ignore the homogeneous

component). Find the amplitude of oscillation (i.e. the maximum value of the displacement) at

this frequency. Also find the phase angle by which the response lags the forcing.

[2] A particle of mass m moves in one dimension under the influence of the potential

U(x) = U0

{
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x2
− a

x

}
.

(a) Sketch U(x), identifying any minima and/or maxima.

(b) Sketch a set of (at least four, say) phase curves at various representative energies. Make sure

to identify any fixed points and separatrices, and find their energies.

(c) For the phase curve with energy E = −1
8U0, derive an integral expression for the period T .

Your expression should take the form T = τ · I, where τ =
√

ma2/U0 is the natural time scale for

this system (the only quantity with dimensions of time which can be formed from a, U0, and m),

and I is a dimensionless integral.










