
Problem 9.37 For the op-amp circuit of Fig. P9.37:

(a) Obtain an expression forH(ω) = Vo/Vs in standard form.

(b) Generate spectral plots for the magnitude and phase ofH(ω), given that
R1 = 1 kΩ, R2 = 4 kΩ, andC = 1 µF.

(c) What type of filter is it? What is its maximum gain?
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Figure P9.37: Circuit for Problem 9.37.

Solution:
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(a)

Vp = Vn = Vs

I1 + I2 = 0,

or equivalently,
Vs

R1 + 1
jωC

+
Vs−Vo

R2
= 0,

which leads to

H(ω) =
Vo

Vs
=

1+ jω(R1 +R2)C
1+ jωR1C

=
1+ jω/ωc1

1+ jω/ωc2

,

with

ωc1 =
1

(R1 +R2)C
, ωc2 =

1
R1C

.

(b) For R1 = 1 kΩ, R2 = 4 kΩ, andC = 1 µF,

ωc1 = 200 rad/s, ωc2 = 1000 rad/s.

Spectral plots are shown in Figs. 9.37(b) and (c).
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Figures P9.37(b) and (c)
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(c) It is a high-pass filter. Forω ≫ ωc2,

H(ω) ≃
ωc2

ωc1

= 5.

Hence, maximum gain= 20log5≃ 14 dB.
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