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The general solution is

x(t) = x,(t) + x,(8) (3.62)

But x.(f) here represents transient effects (i.e., effects that die out), and the terms
contained in this solution damp out with time because of the factor exp(—p¢). The
term x,(f) represents the steady-state effects and contains all the information for ¢
large compared with 1/8. Thus,

(13> 1/B) = x,()

The steady-state solution is important in many applications and problems (see
Section 3.7).

The details of the motion during the period before the transient effects have
disappeared (i.e., t = 1/8) strongly depend on the oscillator’s conditions at the
time that the driving force is first applied and also on the relative magnitudes of
the driving frequency w and the damping frequency V w§ — B in the case of un-
derdamped, undriven oscillations. This can be shown by numerically calculating
x,(), x(t), and the sum x(¢) (see Equation 3.62) for different values of 8 and w as
we have done for Figure 3-15. The student may profit from solving Problems 3-24
(underdamped) and 3-25 (critically damped) where such a procedure is suggested.
Figure 3-15 illustrates the transient motion of an underdamped oscillator when

driving frequencies less than and greater than w;, = Vw3 — B? are applied. If
w < w; (Figure 3-15a), the transient response of the oscillator greatly distorts the
sinusoidal shape of the forcing function during the time interval immediately after
the application of the driving force, whereas if @ > w, (Figure 3-15b), the effect
is a modulation of the forcing function with little distortion of the high-
frequency sinusoidal oscillations.
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(a) (b)

JRE 3-15 Examples of sinusoidal driven oscillatory motion with damping. The
steady-state solution x,, transient solution x,, and sum x are shown in
(a) for driving frequency w greater than the damping frequency
w(w > w;)and in (b) fore < w,.
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If little damping occurs, then Qis very large and the shape of the resonance curve
approaches that for an undamped oscillator. But the resonance can be completely
destroyed if the damping is large and Q is very small. Figure 3-16 shows the reso-
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