Problem 9.31 For thecircuit shown in Fig. P9.31:
(a) Obtain an expression for H(w) = V/V; in standard form.
(b) Generate spectral plots for the magnitude and phase of H(w), given that
Ri=1Q, Ro=2Q, C; =1uF, andC, =2 uF.

(c) Determinethe cutoff frequency w. and the slope of the magnitude (in dB) when
w/w < 1 and when w/ o > 1.
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Figure P9.31: Circuit for Problem 9.31.

Solution: (a) At node V1, KCL gives:
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Voltage division gives
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T Zg+R
WithZ;, = 1/jwCy and Z¢, = 1/ jwCy, solution is
Vo JWRCo

H W)= — = - . . .
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To express denominator in standard form, we expand it to get
_ JwRC
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where
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&= 5 (J,};[Rlcl +R.Co + R1C2].

K'=RxCy, W =

(b)ForRi=1Q, Rr=2Q, Ci=1uF,andC, =2 uF.
K=4x1075, o = 0.5 x 10° rad/s,

Hence,
j4x 107 %w
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with e = 0.5 x 106 rad/s.
M [dB] = 20log |H (w)|

Spectral plots of M [dB] and ¢(w) are shown in Figs. P9.31(a) and (b).
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Figures P9.31(a) and (b)
(c) From part (b), the cutoff frequency of the quadratic poleis
e = 0.5 x 10° rad/s.
Low-frequency asymptote (w/wx < 1):
H(w)~ j4x10 % = dopeof M [dB] is 420 dB/decade.

High-frequency asymptote (w/ax > 1):

j4x10 %0  4x107%2 —j10°
H(w) ~ 262/ aR =—j o = ., — slope=—20 dB/decade.
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