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Response of a first-order system to a step input.
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Response of a second-order system to a unit-step forcing function.
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Third-order control system.
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Location of typical roots of characteristic equation.
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TABLE 3.1

L1 1 1 1 1 1
0 0.10.20,30.40.50,60.70.80.9

Nature of terms in the solution x(#) based on roots in the denominator of X(s)

from Fig. 3-1

Roots in denominator of X(s)

Terms in x(f) for ¢>0

Cie ™!

e 2y cos bpt + Cy sin i)
Cycos byt + Cysin by t

e (1 cos byt + C sin byi)

e’

G
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FIGURE 13-3

Basic single-loop control system.
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Stability of typical roots of the characteristic equation.

Therefore, the definition of stability for linear systems may be translated to the
following criterion: A linear control system is unstable if any roots of its char-
acteristic equation are on, or to the right of, the imaginary axis. Otherwise the

system is stable.
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TABLE 3.1

Nature of terms in the solution x(7) based on roots in the denominator of X(s)

from Fig. 3-1

Roots in denominator of X(s)

Terms in x(1) for t>0

Ge ™!
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THEOREMS OF THE ROUTH TEST

Theorem 13.1. The necessary and sufficient condition for all the roots of the character-
istic equation [Eq. (13.9)] to have negative real parts (stable system) 1s that all elements of
the first column of the Routh array (ag. a;, by. ¢y, etc.) be positive and nonzero.

Theorem 13.2. If some of the elements in the first column are negative, the number
of roots with a positive real part (in the right halt-plane) is equal to the number of sign
changes in the first column.

Theorem 13.3. If one pair of roots is on the imaginary axis, equidistant from the origin,
and all other roots are in the left half-plane, then all the elements of the nth row will van-
ish and none of the elements of the preceding row will vanish. The location of the pair of
imaginary roots can be found by solving the equation

Cs> + D =0 (13.10)

where the coefficients C and [ are the elements of the array in the (n— 1)st row as read
from left to right, respectively.
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