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Problem 1

If we attach two blocks that have masses m1 and m2 to either end of a spring that has a force constant
k and set them into oscillation by releasing them from rest with the spring stretched, show that the

oscillation frequency is given by ω =
√

k
µ , where µ = m1m2

m1+m2
is the reduced mass of the system. This

result is used in the chemistry labs to determine the effective spring constant of the vibrational modes of
the diatomic molecule.

Problem 2

A ball of mass m is connected to two rubber bands of length L, each under tension T as shown in Figure.
The ball is displaced by a small distance y perpendicular to the length of the rubber bands. Assuming
the tension does not change, show that (a) the restoring force is −( 2T

L )y and (b) the system exhibits

simple harmonic motion with an angular frequency ω =
√

2T
mL .

Problem 3

Show that the time rate of change of energy for a damped, undriven oscillator is given by dE
dt = −bẋ2

and hence is always negative. To do so, differentiate the expression for the energy of an oscillator E.

Problem 4

The initial position, velocity, and acceleration of an object moving in simple harmonic motion are xi , vi,
and ai; the angular frequency of oscillation is ω.
(a) Show that the position and velocity of the object for all time can be written as

x(t) = xi cosωt+ (
vi
ω

) sinωt (1)

v(t) = −xiω sinωt+ vi cosωt (2)

(b) Using A to represent the amplitude of the motion, show that

v2 − ax = v2i − aixi = ω2A2 (3)

Problem 5

A simple harmonic oscillator of amplitude A has a total energy E. Determine (a) the kinetic energy and
(b) the potential energy when the position is one-third the amplitude. (c) For what values of the position
does the kinetic energy equal one-half the potential energy?


