PHYS 2210 Fall 2010 Homework Set 10

Due at start of class on Nov 11th, 2010
Show your work!

1. (1 pt) Boas 8.6.6

2. (1 pt) Boas 8.6.12

3. (2 pts) A harmonic oscillator with a restoring force 25ma?x is subject to a damping
force 3mad and a sinusoidal driving force Focos(10at).

(a)
(b)

()

Write down the differential equation that governs the motion of this oscillator.

Show that if the driving force were removed the oscillator would become under-
damped, and express the frequency of the oscillator in terms of the given quantities.
Explain your reasoning.

For any damped oscillator that is driven by a sinusoidal external force, we know
that the eventual (steady-state) motion is sinusoidal in nature. However, before
the oscillator reaches steady state, its motion can be thought of as the algebraic
sum of the steady-state motion plus a transient oscillatory motion whose amplitude
dies exponentially with time. The transient component of the motion (considered
by itself) could accurately describe the motion of the same oscillator with the
driving force turned off (but with the damping still present).

i. Each x vs. t graph below illustrates the actual motion (transient plus steady-
state) of a damped, driven oscillator starting at t = 0. For each case, is the
frequency of the steady-state motion greater than, less than, or equal to that
of the transient motion? Explain.
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ii. Identify which graph (1 or 2) would better correspond to the damped, driven
oscillator described in parts ac of this problem. Explain your reasoning.

4. (2 pt) Taylor 5.41 (A clarification about the hint in the book: You may use the ap-
proximation that w ~ wy at the peak, but definitely not at the half maximum.)

5. (2pt) Taylor 5.42

6. (2pt) Taylor 5.44



