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Homework 2 
 

P10.2.4 In the circuit of Figure 

P10.2.4, the magnitude of 

the transfer function is unity 

at 1 Mrad/s and zero at 0.5 

Mrad/s. Determine 1L  and 

2L . 

 

Solution P10.2.4 At 1 Mrad/s, L1 is in 

series resonance with the 10 nF capacitor; hence L1 = 128 1010
1
×−  410−= H, so L1 = 

0.1 mH. At 0.5 Mrad/s, the reactance of L1  and C is capacitive and is in parallel 

resonance with L2. The reactance of L1 and C at 0.5 Mrad/s is 0.5×106×10-4 - 

86 10105.0
1

−××
 = 50 – 200 = -150; hence, 0.5×106× L2 = 150, or L2 = 6105.0

150
×

 = 

300×10-6 = 0.3 mH. 

 

P10.2.7 Determine: (a) the transfer function 

of the circuit of Figure 

P6.10.2.7; (b) the resonant 

frequency; (c) the Q; and (d) 

the bandwidth. 

 

 

Solution P10.2.7 (a) H(s) = =

××
++ −61004.0

120004.0

160

s
s

=
×++ 62 106255000

4000
ss

s  

6255
4

2 ++ ss
s , where s is in krad/s. 

(b) ω0 = 
83 1041040

11
−− ×××

=
LC

= 25 krad/s. 

(c) Q = 5
200

04.01025 3
0 =

××
=

R
Lω ; (d) BW = 5

5
25

==
Q

oω  krad/s. 
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P10.2.9 Given the circuit of Figure 

P10.2.9, where k is a positive 

constant. Determine Q when: 

(a) k = 1; (b) k is very large. 

What is the interpretation of 

the value of Q when k is 

large? 

Solution P10.2.9 Q can be determined from the denominator in standard form of the transfer 

function VO(jω)/VSRC(jω). The transfer function can be determined from node-voltage 

analysis, mesh-current analysis, or voltage division. 

To apply voltage division, the 

parallel impedance of the 

three branches between Va 

and ground is: 

( )
=

++
+

sCkkR
sCkkRsC

/)1(
//1  

( )
sCRk

sCR
sC ++

+
)/11(

11 . It follows that: 

( )

( )
sCRk

sCR
sC

R

sCRk
sCR

sC
jV

jV

SRC

a

++
+

+

++
+

=

)/11(
11

)/11(
11

)(
)(
ω
ω = 

( )
( ) 222/121

1
RCssCRk

sCR
+++

+ ; 
sCRsCkkR

sCk
jV
jV

a

O

+
=

+
=

1
1

/
/

)(
)(

ω
ω . Hence, 

( ) 1/12
1

)(
)(

222 +++
=

sCRkRCsjV
jV

SRC

O

ω
ω = 

( ) 222

22

/1//12
/1

RCCRsks
RC

+++
. This is of the 

standard for for a second-order low-pass filter 
( ) 22

2

/ nn

n

sQs ωω
ω

++
, where CRn /1=ω  

and )/12/(1 kQ += . 

(a) If k = 1, Q = 1/3. 

(b) if k is very large, Q = 1/2. The interpretation is that when k is large, the circuit 

composed of kR and C/k has a negligible loading effect on the first circuit. The 

two circuits, of identical time constant RC, are cascaded but effectively isolated. 

The overall transfer function becomes: 

( )
=

++
=

+
= 2222 21

1
1

1
)(

)(
RCssCRsCRjV

jV

SRC

O

ω
ω

222

22

/1/2
/1

RCCRss
RC
++

, Q = 1/2. 
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P10.2.10 In Figure P10.2.10, the response 

)(/)( ωω jIjI SRCC  is to remain at -3db 

at the same frequency, whether the 

switch is opened or closed. (a) 

Determine R  and the corner 

frequency, assuming L = 20 mH. (b) 

Calculate the response in dB at one-tenth the corner frequency for the two cases 

when the switch is open or closed. 

Solution P10.2.10 (a) When the switch is open, 
sCRsCR

sCR
sI

sI

SRC

C

/11
1

1)(
)(

+
=

+
= , and ωch = 

RCR

6101
= . When the 

switch is closed, 

=
++

=

sLR
sC

sC
sI

sI

SRC

C

11)(
)(

LCCR
ss

s
12

2

++
; H(jω)| = 

22
2

2

1
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛ −

CRLC
ωω

ω . At ω = ωch, |H(jω)| = 
2
1  or 

22

2

22

2
44 122

RCCLLC
chch

chch
ωωωω ++−= . Substituting 22

2 1
RCch =ω  gives: 

LCch 2
12 =ω . 

With C = 10-6 F and L = 2×10-2 H, ωch = 5 krad/s and 3

66

105
1010
×

==
ch

R
ω

 = 200 Ω. 

(b) At ωch /10, the response when the switch is open is 20log10
2)/(1

1

ωωch+
 = 

20log10 =
101
1 -20.04 dB. When the switch is closed, 221

chLC
ω=  and chCR

ω=1 . 

This gives: |H(j0.1ωch)| = 
22

2
111

1

⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛ −

CRLC ωω

 = 

22

2

2

1.0)1.0(
21

1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−

ch

ch

ch

ch

ω
ω

ω
ω

 = 
25.199

1 , and =
25.199

1log20 10 -46 dB. 

RISRC ( s) L1 μF

IC( s)

RISRC(jω) L1 μF

IC(jω)

Figure P10.2.10



 

4 

P10.3.3 Derive the transfer function of 

the circuit shown in Figure 

P10.3.3, and determine L  and 

C  so as to have a second-

order, lowpass, normalized, 

Butterworth response. Scale the 

parameters so as to have RL = 10 kΩ and the 3-dB frequency f0 = 10 kHz. 

Solution P10.3.3 The impedance of C in parallel with L and R2 is:
sCRsL
sCRsLZp /1

/)(
2

2

++
+

= = 

12
2

2

++
+
sCRLCs

RsL . It follows that: =
++

=
2

2

1 RsL
R

ZR
Z

V
V

p

p

SRC

O  

1

212

1

21

2

11
1

R
RR

LCL
R

CR
ss

LCR
R

+
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
++

 Substituting R1 = 2 Ω and R2 = 1 Ω, the 

denominator becomes: +2s
LCLC

s
2

31
2
1

+⎟
⎠
⎞

⎜
⎝
⎛ + . For a Butterworth response, 

2
3

=LC  

and 21
2
1

=+
LC

. Substituting 
32

1 L
C

= , gives 21
3

=+
L

L , or 03232 =+− LL . 

Hence, ( )13
2
6

±=L  H and ( )13
4
6

m=C  F. 

To scale, RL = R2 to 10 kΩ, km = 104. For a normalized butterworth response, the 3-

dB cut-off frequency is 1 rad/s. To scale fn = 10 kHz, kf = 4102 ×π ; hence, 

≡=′ L
k
kL

f

m ( )13
4

6
±

π
 H and C

kk
C

fm

1
=′ ≡ ( )13

4
65

m
π

 nF. 

Note that for a Butterworth filter, the corner frequency is the same as the -3dB cutoff 

frequency, the latter being always the same as the half-power frequency. 
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P10.4.4 Given the 

straight-line, Bode plot 

approximation of Figure 

P10.4.4. Determine: (a) the 

X dB level; (b) the transfer 

function approximated by 

this Bode plot. 

Solution P10.4.4 (a) Since the plot 

drops 20 dB in a 

decade from the 20 dB 

level, X must be at 0 dB. 

(b) The response from very low frequencies up to ω = 104 rad/s is a first-order high-

pass response having ωch = 102 rad/s. The transfer function up to ω = 104 rad/s is 

of the form 210+
=

+ s
sK

j
jK

chωω
ω . At ω = 104 rad/s there is a response of the 

form 44 10
1

10
1

+
=

+ sjω
 so that a corner frequency is obtained at ω = 104 rad/s, 

the response is 0 dB for ω < 104 rad/s and the response decreases at a rate of  

-20 dB/decade for ω > 104 rad/s. At ω = 105 rad/s there is a response of the form 

jω + 105 = s + 105, so that a corner frequency is obtained at ω = 105 rad/s, the 

response is 0 dB for ω < 105 rad/s and the response increases at a rate of +20 

dB/decade for ω > 105 rad/s so as to give a horizontal asymptote ω > 105 rad/s. 

At ω = 106 rad/s there is a response of the form 66 10
1

10
1

+
=

+ sjω
 so that a 

corner frequency is obtained at ω = 106 rad/s, the response is 0 dB for ω < 106 

rad/s and the response decreases at a rate of -20 dB/decade for ω > 106 rad/s. 

The transfer function is of the form: 
)10)(10)(100(

)10()( 64

5

+++
+

=
sss

sKssH . To 

determine K, we note that at very low frequencies, 642

5

101010
10)(
××

×
≈

KssH . The 

line passes through the point (100 rad/s, 20 dB) so that |H(s)| = 10 at ω = 100 

rad/s. This gives K = 6
7

13
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12
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×
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