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Problem 12.1: Find vout(t) if vin(t) = 3 + 4 sin(1000t). The terminals are open-circuited.
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Figure 1: Circuit for Problem 12.1.

Solution: We can redraw this circuit as

Vin � +Vout

Then

Vout =

 
1

jC!

1

jC!
+R

� R
1

jC!
+R

!
Vin

=
1� jRC!

1 + jRC!
Vin

Now, we observe

! = 0 : Vout = Vin

! = 1000 : Vout =
1� j

1 + j
Vin = e�j

�
2 Vin
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Therefore,

vout(t) = 3 + 4 sin(1000t� �

2
) = 3� 4 cos(1000t):

Problem 12.2: Determine i(t) for all t for the circuit in Figure 2.
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Figure 2: Circuit for Problem 12.2.

Solution:

H(j!) =
I

Vs
=

1

j!
�

10
10
j!

+j!

10
10
j!

+j!
+ 1

=
10

10� !2 + j10!

Letting ! = 10 gives

H(j10) =
10

10� 100 + j100
=

1p
181

ej tan
�1( 109 )�j�

Therefore,

i(t) =
1p
181

sin(10t+ tan�1(
10

9
)) = 0:074 sin(10t+ tan�1(

10

9
))

Problem 12.3:
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(a) Calculate the frequency response of the above circuit.
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(b) Plot the magnitude response.

(c) Plot the phase response.

Solution:

(a)

H(j!) = �Zf (j!)

Zi(j!)
= � 104

100 + 1

j10�5!

= � j(0:1)!

j0:001!+ 1
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Problem 12.4: Many loudspeaker systems consist of two loudspeakers: the woofer, which repro-
duces the low frequency part of the signal, and the tweeter, which reproduces the high frequency
part of the signal. A crossover network is used to select the high frequency part of the signal
and feed it into the tweeter. Such a network functions as a highpass �lter. The entire audio
signal is applied at the terminals a� a0.
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loudspeaker
R = 8

+

�

v1(t)
C

+

�

v2(t)

highpass �lter

(a) Assuming that the equivalent circuit for the tweeter consists of just a resistor with a
resistance of R, plot the pole-zero pattern of the system function that relates v2(t) to
v1(t) and sketch the frequency response curves (magnitude and angle).

(b) If R = 8
, �nd the value of the capacitance C so that the half-power frequency of the
highpass �lter is 5 kHz (= 2�(5000) rad/s).

Solution:

C

R
+

�

v2(t)

�

+

v1(t)

H(s) =
R

R+ 1

Cs

=
s

s+ 1

RC

(a)

� Æ

Using the Matlab function freqs again gives the following plot (for positive
frequencies) if RC = 1.

4



10
0

10
1

0

20

40

60

80

100

Frequency (radians)

P
ha

se
 (

de
gr

ee
s)

10
0

10
1

10
−1

10
0

Frequency (radians)

M
ag

ni
tu

de

(b)

1

RC
= 2�(5000)

Thus,

C =
1

80; 000�
� 4�F

Problem 12.5: In the circuit below the value of R1 is 10k
.

(a) Determine the values of R2 and R3 so that the gain (magnitude of the frequency response)
at low frequencies is 5 and the gain at high frequencies is 2.

(b) Determine the frequency at which the gain is midway between these two values, i.e. the
frequency at which the gain is 3.5.

vs(t)
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RL
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Solution:

(a) This circuit is a special case of an inverting ampli�er as shown below.

Zi

Zf

vin(t)
vout(t)

The frequency response of such a system is known to be

H(j!) = �Zf (j!)

Zi(j!)
:

For this circuit, the input impedance is simply

Zi = R1

and the other three elements contribute to the feedback impedance

Zf = R2 +
R3

1

j!C

R3 +
1

j!C

= R2 +
R3

1 + j!R3C

=
(R2 +R3) + j!R2R3C

1 + j!R3C
:

Therefore,

H(j!) = � (R2 +R3) + j!R2R3C

R1(1 + j!R3C)
:

To measure the low frequency gain, we can let ! = 0 and take the magnitude

GLF =
R2 +R3

R1

:

To measure the high frequency gain, we can take the (magnitude of the) limit
as ! grows large

GHF =
R2

R1

:

Since R1 = 10k
 and we want GLF = 5 and GHF = 2, we can substitute and
solve for R2 and R3.

5 =
R2 +R3

10k

=) R2 +R3 = 50k


2 =
R2

10k

=) R2 = 20k


Therefore, we want to choose R2 = 20k
 and R3 = 30k
.

(b) With the values substituted, the frequency response is

H(j!) = �5 + j!(0:6)

1 + j!(0:3)
:
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To �nd the value of ! for which the magnitude is 3.5, we solve the equation

25 + !2(0:6)2

1 + !2(0:3)2
= (3:5)2:

This gives ! = 4:14:
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