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Section 13-5: Resonant Circuits 
 
P13.5-1 
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(b) Do a source transformation to obtain 
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Therefore the circuit is operated at resonance.This means that the L - C parallel combination has an overall Z =

and hence I  =  I .  When R  is suddenly changed from 100  to 1 k ,  due to the resonance condition,  V R  I

suddenly increases by a factor of 10.  This in turn causes very large (equal &  opposite ) currents in the L& C as the 

capacitor voltage is forced to abruptly change.  Thus very large currents radiate electromagnetic radition and

thus see sparks.   Clearly we need a variable capacitor that varies as R  varies such that when R   100 ,  

   and thus have V  =  R I  constant while both R  and I  change abruptly.    
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PSpice Problems 
 
SP 13-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3
  600 10   0.6

  

w  2 3.1823  20 sec

g

at the frequency

radπ

−= × =

= × =

This simulation shows that the gain is 
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SP 13-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The phase shift is 45   

  2   3.1831  20 sec

as required.

at the frequency

radω π

°−

= × =

Here is a simulation of the circuit when R = 50k� 
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SP 13-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This simulation shows that the gain of the circuit is 0.1 at 10Hz and 0.995 at 10,000 Hz. 

 
To satisfy the specifications on the corner frequencies, the gain must be ≤ 1.414 at 200 Hz and ≥ 7.07 at 2000 Hz. 

Both conditions are met. 

 
The circuit satisfies the specifications. 
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SP 13-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16 4
20

dB dB

decade
dB decade

− − =( )
  

This simulation shows 

• The high-frequency gain is 33.928 ≅  34dB 

• The slope of the low-frequency asymptote is 
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SP 13-5 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The peak of the frequency response is 72dB =  4000 at 2.25Hz =  14130rad / sec.   So k =  4000 and    
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SP 13-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R3 and the dependent source E1 model an ideal op amp. V(R  is v  V  is v  V  is the an4 1 7 1 60: ) ( ). ( : ) . ( : )s t R t V t swer� �
given in this solution manual. After the transient part dies out, V(R7:1) is identical to V(V6:t). The answer is 

correct. 
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SP 13-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SP 13-8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Is 1 0 ac 1 
R1 2 0 600 
C1 1 0 114n 
C2 2 0 37.9n 
L1 1 2 36.37m 
 
.ac dec 50 100 10k 
.probe 
.end 

V1 1 0 ac     1 
R2 1 2  1.35k 
L3 2 3   500m 
R4 3 0    47k 
E5 4 0 3 0 10 
R6 4 6       1 
R7 4 5   213m 
C8 5 6   353u 
C9 6 0  3.53m 
 
.ac dec 50 20 20k 
.probe 
.End 
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When 630 rad / sec,  T  which agrees with the tabulated values of T( )  corresponding to

 =  200 and 400 rad sec.

ω ω ω

ω

< −� � ~ 1

10

SP 13-9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Verification Problems 
 
VP 13-1 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
VP 13-2 
 
 
 
 
 
 

BW
Q

= = = ≠ω0 10 000
70

143 714       rad s
,

.

When / sec,  T  which agrees with the tabulated values of  |T( | corresponding to

 =  12600,  25000,  50000 and 100000 rad sec

ω ω ω
ω

> −6300 rad 1� � ~ )

.

Is 1 5 ac 1m 
C1 1 5 2.53n 
R1 1 2 1 
L1 2 5 10u 
L2 3 0 10u 
R2 3 4 1 
C2 4 0 2.53n 
K1 L1 L2 0.06 
Rdummy 5 0  1000k 

.ac dec 200 900k 1100k 

.probe 

.end 

        At ω = 630 we expect |T(ω)| = -3dB = 0.707. This agrees with the tabulated value of |T(ω)| corresponding 

 to ω = 6310. 

     At ω=630 we expect |T(ω)| = -20 + 3=-17dB = 0.14 which agrees with the tabulated values of |T(ω)| 

corresponding to ω =400 and 795 rad/s. 

           This data does seem reasonable. 

 

This report is not correct. 
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VP 13-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Design Problems 
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2 2

The reported results are correct. 

    The network function indicates a zero at 200 rad/s and a pole at 800 rad/s. In contrast, the Bode plot indicates a 

pole at 200 rad/s and a zero at 800 rad/s. 

    The Bode plot and network function don’t correspond to each other. 

Pick an appropriate circuit from Table 13.4-2. 
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DP 13-2 
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DP 13-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R k

R k

R k

R M

R M

R k

C F

C F

1

2

3

4

5

6

1

2

10

866

8 06

1

2 37

499

0 47

01

=
=
=
=
=
=
=
=

Ω
Ω
Ω

Ω
Ω

Ω

 

 

 

 

 

  

 

 

 

 

 

 

 

 

.

.

.

.

µ
µ

⇒ = − +
�
�

�
��

 V   s
in f

z

R
V

R

V

R3
1

1( )

⇒ = − = −
+

�
�

�
��

 V     o s
f

i
sV

Z

Z
V

R

R C R s
5

4 1 5

1
1

2( )

⇒ = − V Vf
s

oC R s
1

3
6

( )

Solving (1)  (3) for V
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DP 13-8 
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The network function of this circuit is 

The phase shift of this network function is 

The gain of this network function is 

Design of this circuit proceeds as follows. Since the frequency and capacitance are known, R1 is 
calculated from 

Next pick R2 = 10kΩ (a convenient value) and calculated R3 using 

From Table 13.4-2 and the Bode plot: 


