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Basic Factors of G( jw)H(jw). As stated earlier, the main advantage in using the
logarithmic plot is the relative ease of plotting frequency-response curves. The basic
factors that very frequently occur in an arbitrary transfer function G(jw)H (jw) are

1. Gain K

2. Integral and derivative factors (jw)™

3. First-order factors (1 + joT)™

4. Quadratic factors [1 + 2{(jo/w,) + (jm/r,ur,,)z]z':1
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The Resonant Frequency w, and the Resonant Peak Value M,. The magnitude of

L 1
) 02y
is
‘), N/} p ‘)_L&(J‘\J Gljo)| = \/(1%)1+ o} (8-9)

If |G(jw)| has a peak value at some frequency, this frequency is called the resonant
frequency. Since the numerator of |G(jw)| is constant, a peak value of |G (jw)| will occur
when

g(w) = (1 - -E;)E + (%f—n)z (8-10)

n

Is a minimum. Since Equation (8-10) can be written

P - w1 - 20472
sty = [ S B L - (3-11)

W),

s
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the minimum value of g{w) occurs at w = w,V'1 — 2¢*. Thus the resonant frequency
w, 18

w, = w, V1 -2,  for0={¢=0.707 (8-12)

As the damping ratio { approaches zero, the resonant frequency approaches w,,. For
0 < ¢ = 0.707, the resonant frequency w, is less than the damped natural frequency
wy = w, V1 — {*, which is exhibited in the transient response. From Equation (8-12),
it can be seen that for £ > 0.707, there is no resonant peak. The magnitude |G(jw)| de-
creases monotonically with increasing frequency w. (The magnitude is less than 0 dB
for all values of w > 0. Recall that, for 0.7 < < 1, the step response is oscillatory, but
the oscillations are well damped and are hardly perceptible.)

s
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The magnitude of the resonant peak, M,, can be found by substituting Equation
(8-12) into Equation {8-9). For 0 = ¢ = 0.707,
1

20N 1 = 7

Mr = ‘G(:jw)lmnx = |G(fwf)| -

(8-13)

For { > 0.707,
M, =1 (8-14)
As ¢ approaches zero, M, approaches infinity. This means that if the undamped system

1s excited at its natural frequency, the magnitude of G(jw) becomes infinity. The rela-
tionship between M, and { is shown in Figure 8-10.
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Bode Diagram
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Bode Diagram
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Bode Diagram
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Bode Diagram 20 s (s+100)
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s

G( ) (S-|-10) 10 (10+1) ‘
s) = = .

(s 4+1)(s2 + 40s + 10%) 104( 1) s +403+1 ____)’- 135

° 104 10 (

The system has one zero at s = —10, one real pole at s = —1, and one pole pair W < \oo
whose natural frequency w,, = 100 (rad/s) and damping ratio { = 40/2/w,, = 0.2. ~
Hence, the system has three break frequencies: 1, 10, 100 (rad/s). 2y, _ Ho _ g\_: 0]
The magnitude at the low frequency asymptote is 20 log,, 10~* = —60 (dB). U: - 1ot

The correction —20log2¢ = 7.96 (dB).
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