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resulting second-order differential equation is

mẍ+bẋ|ẋ|+ k x = f (t) .

This system is nonlinear because the damper force, in particular, does not obey the
additive and homogenous properties. This is illustrated by the responses plotted in
Figure 2.19. Note that the overall response, y(t) (—), to the combined input, f (t),
does not exactly match the sum of the individual response, y1(t)+y2(t) (- -). There
is a slight, yet noticeable, difference between the two. However, the fact that the
overall and summed responses are similar, points to a tool – linearization.

Figure 2.19: An illustration of how nonlinear systems do not obey additive and homoge-
nous properties

Many nonlinear systems behave approximately like linear systems when they
function about an operating point, equilibrium for instance. This is illustrated in
Figure 2.19 by the fact that, though different, y(t) and y1(t)+y2(t) are similar. For
many nonlinear functions, reasonable linear approximations can be derived using
the first few terms of the Taylor Series Expansion, about an operating point x̂,

f (x) = f (x̂)+
f ′(x̂)
1!

(x− x̂)+
f ′′(x̂)

2!
(x− x̂)2 +

f (3)(x̂)
3!

(x− x̂)3 + · · ·

=
∞∑

n=0

f (n)(x̂)
n!

(x− x̂)n . (2.18)

Note that the first few terms given above a purely linear and can be used to estimate
the value of the nonlinear function near the operating point, x̂. For a single variable
nonlinear function, Equation 2.20 simplifies to

f (x) = f (x̂)+
∂ f
∂x

∣∣∣∣
x̂
(x− x̂)+H.O.T. (2.19)
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