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Problem Set #9—Solutions

Problem 9.1: (Dorf and Svoboda problem 16.3-4) Highpass Butterworth filters have system func-

tions of the form
_ Eks™

H =
hp (8) Dn (S)
where n is the order of the filter, D,,(s) denotes the denominator polynomial of the correspond-

ing lowpass filter, and k is the passband gain. Obtain the system function of a fourth-order
Butterworth highpass filter having a cutoff frequency of 500 Hz. and a passband gain of 5.

Solution:

1
(s + 0.7655 + 1)(s2 + 1.8485 + 1)

is a fourth-order Butterworth lowpass filter with a cutoff frequency of 1 rad/s and
a gain of 1. Converting this to a highpass with a gain of 5 and a cutoff frequency of
27(500) results in the system function
. 4
5 (277(500))

2 2
{(m) +0.765 (557 ) + 1} [(m) +1.848 (557 ) + 1}
_ 5st
= 57 + 2403.318 5 + 9.870 x 10°] [52 + 5805.663 5 + 9.870 x 109]

Hlp(s) =

Hpyp(s) =

Problem 9.2: (Dorf and Svoboda problem 16.4.1) The circuit shown below is a second-order band-
pass filter. Design this filter to have k = 1, wy = 1000 rads/s and @ = 1.




Solution:

L
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From this we see that
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Therefore, if we let C = 10uF = 107°F, we get L = 0.1H = 100mH, R = 1001).

Problem 9.3: (a) Compute the system function of the circuit below.

(b) Select convenient values of Ry, R2, R3,Cy and Cs to obtain a lowpass filter with a cutoff
frequency of wy = 2000 rad/s and @ = 8.

Rs
o—A\WV NV =
Vi (t) —_— Vo (t)
o o

Solution: We can write KCL equations at the opposite nodes of the resistor Rs.
Let the potential at the left node be E(s); at the right node it is 0.

E(s) = Vin(s) E(s) = Vout(s) | E(s)
————~ + (CsE =0
i +C1s (S) + o + R
1
—C28V,ut(s) — R—E(s) =0.
3
From the latter equation
E(s) = —R3C28V,u1(s).
Substituting
- ou — Vin 1
RaCasVe t(S) Vi (S) _R3010232Vout(3) - R3—C128Vout(3) -5 — CQSVout(S) =0
R1 R2 R2



Solving

1
H(S) — Vout(s) — _ R1R3C1C>
V.
in(s) s + (Rllcl + mor T RglCl) S+ mmoc
We want
1
—————— = (2000)?
RzRgClcz ( )
1 1 1 2000

= 250.

"0, RC T RO, T8

One possible solution is to let Cy = 0.1uF, C2 = 0.001uF, Ry = Rz = 50k(2, and
Ry = 28001).

Problem 9.4: Work Problem 16.4-6 in the text by Dorf and Svoboda.

Solution: Write KCL equations at the inputs to the two opamps. The potential at
the left is E(s) and at the right it is Vi, (s).

Crs(E(s) = Vin(9)] + - 1E(S) = Vour(5)] =0
1

R—2V0ut(s) + Cas[Vout(s) — E(s)] =0

We can solve for H(s) = Voui(s)/Vin(s).

2

s
H(s) = 1 1
S+ maS t mmoo,
From this we want 1 1
= = 1000
R, Cy R>Cy

One choice is
R1 = R2 = 10]{?9, Cl = 02 = O.IIU,F.

Problem 9.5: Work Problem 16.4-8 in the text by Dorf and Svoboda.

Solution: If all of the impedances are scaled up by a factor of 1000, the capacitor
values will fall within the acceptable range. This makes the 10() resistor into a 10k(2
resistor, the 2002 resistor becomes a 20k() resistor, the 100uF capacitor becomes



a 0.1uF capacitor, and the 500uF capacitor becomes a 0.5uF capacitor. The sys-
tem function before and after the transformation can be found from the inverting
amplifier configuration

Ro
Cos
H(s) Rt ol 100
s)=— = — .
Ri+ & (s + 200)(s + 500)

Problem 9.6: Work Problem 16.5-9 in the text by Dorf and Svoboda.

Solution:
(a) This opamp is also configured as an inverting amplifier. Therefore, for each stage

Ra
Cs

_ BRatgy Ry/R,
R1 N 1+R208

Hl(s) =

To cut off at 1000 rad/s, we want
R,C =0.001
and for a gain of 1 at s = 0 we want Ry = R». Therefore, we choose
C =0.1uF; Ry = Ry =10*Q = 10kQ

(b) For each stage for frequencies above 1000 rad/s, the response rolls off at 20
dB/decade. Therefore, the gain for both stages together at w = 10,000 rad/s is
—40 dB.




