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Chapter 19, Problem 1. 
 
Obtain the z parameters for the network in Fig. 19.65. 
  

 
Figure 19.65 
For Prob. 19.1 and 19.28. 
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Chapter 19, Solution 1.  
  To get 11z  and 21z , consider the circuit in Fig. (a).  
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To get 22z  and 12z , consider the circuit in Fig. (b). 
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Chapter 19, Problem 2. 
 
*  Find the impedance parameter equivalent of the network in Fig. 19.66. 
  

 
Figure 19.66 
For Prob. 19.2. 
 
 
* An asterisk indicates a challenging problem. 
 
 
 
 
Chapter 19, Solution 2.  
 
 
  Consider the circuit in Fig. (a) to get 11z  and 21z . 
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To get 22z , consider the circuit in Fig. (b). 
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Chapter 19, Problem 3. 
 
Find the z parameters of the circuit in Fig. 19.67. 
  

 
Figure 19.67 
For Prob. 19.3. 
 
 

Chapter 19, Solution 3. 
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Chapter 19, Problem 4. 
Calculate the z parameters for the circuit in Fig. 19.68.  

 
Figure 19.68 
For Prob. 19.4. 
 
Chapter 19, Solution 4.  
  Transform the Π network to a T network. 
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Chapter 19, Problem 5. 
Obtain the z parameters for the network in Fig. 19.69 as functions of s.  

 
Figure 19.69 
For Prob. 19.5. 
 
Chapter 19, Solution 5.  
  Consider the circuit in Fig. (a). 
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Consider the circuit in Fig. (b). 

 

⎟
⎠
⎞

⎜
⎝
⎛

+
++=⎟

⎠
⎞

⎜
⎝
⎛

++==
1s

1
s1||

s
1

s
1

||1s1||
s
1

2

2
22 I

V
z  

1s
s

ss1

1s
1

s1

1s
1

s1
s
1

1s
1

s1
s
1

2
22

+
+++

+
++

=

+
+++

⎟
⎠
⎞

⎜
⎝
⎛

+
++⎟

⎠
⎞

⎜
⎝
⎛

=z  

 

1s3s2s
2s2s

23

2

22 +++
++

=z  

 
2112 zz =  

 
Hence, 

=][z
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

+++
++

+++

++++++
++

1s3s2s
2s2s

1s3s2s
1

1s3s2s
1

1s3s2s
1ss

23

2

23

2323

2

 

 
 
 
 
 
 
 
 
 

+

V2

−

+ 

V1 

−

I1 = 0 1 

(b)

s 

1/s



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

 
Chapter 19, Problem 6. 
 
Compute the z parameters of the circuit in Fig. 19.70. 
  

 
Figure 19.70 
For Prob. 19.6 and 19.73. 
 
 
 
 
 
 
 
 
 
 
 
Chapter 19, Solution 6. 
 
To find z11 and z21 , consider the circuit below. 
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To find  z12 and  z22, consider the circuit below. 
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Chapter 19, Problem 7. 
 
Calculate the impedance-parameter equivalent of the circuit in Fig. 19.71. 
  

 
Figure 19.71 
For Prob. 19.7 and 19.80. 
 
 
Chapter 19, Solution 7.  
 
To get  z11 and  z21, we consider the circuit below. 
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To get  z12 and  z22, we consider the circuit below. 
                                                                                                  I2 
                       I1=0         20Ω                       100Ω  
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Chapter 19, Problem 8. 
 
Find the z parameters of the two-port in Fig. 19.72. 
  

 
Figure 19.72 
For Prob. 19.8. 
 
 
 
Chapter 19, Solution 8.  
 
To get  z11  and z21, consider the circuit below. 
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To get  z22  and z12, consider the circuit below. 
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Chapter 19, Problem 9. 
 
The y parameters of a network are: 
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Determine the z parameters for the network. 
 
 

Chapter 19, Solution 9. 
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Chapter 19, Problem 10. 
 
Construct a two-port that realizes each of the following z parameters. 
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Chapter 19, Solution 10. 
 
   

(a) This is a non-reciprocal circuit so that the two-port looks like the one 
shown in Figs. (a) and (b). 
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(b) This is a reciprocal network and the two-port look like the one shown in 
Figs. (c) and (d). 
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Chapter 19, Problem 11. 
 
Determine a two-port network that is represented by the following z parameters: 

[ ] Ω⎥
⎦

⎤
⎢
⎣

⎡
−−
−+

=
jj
jj

825
2536

z   

 
 
 
Chapter 19, Solution 11.  
 
 
This is a reciprocal network, as shown below. 
             1+j5                  3+j                                         1Ω               j5Ω              3Ω                     
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Chapter 19, Problem 12. 
 
For the circuit shown in Fig. 19.73, let 
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Find 121 ,, VII , and 2V . 

  

 
Figure 19.73 
For Prob. 19.12. 
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Chapter 19, Solution 12. 
 
 1 1 210 6V I I= −      (1) 
 2 2 24 12V I I= − +      (2) 
 2 210V I= −       (3) 
 
If we convert the current source to a voltage source, that portion of the  circuit becomes 
what is shown below. 
 4Ω                    2 Ω   I1 
 
 + 
 
 V1 
     12 V 
 
 – 
 
 
 
 1 1 1 112 6 0 12 6I V V I− + + = ⎯⎯→ = −     (4) 
 
Substituting (3) and (4) into (1) and (2), we get 
 

1 1 2 1 212 6 10 6 12 16 6I I I I I− = − ⎯⎯→ = −     (5) 

2 1 2 1 2 1 210 4 12 0 4 22 5.5I I I I I I I− = − + ⎯⎯→ = − + ⎯⎯→ =  (6) 
 
From (5) and  (6), 
 

2 2 2 212 88 6 82 0.1463 AI I I I= − = ⎯⎯→ =  

1 25.5 0.8049 AI I= =  

2 210 1.463 VV I= − = −  

1 112 6 7.1706 VV I= − =  
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Chapter 19, Problem 13. 
 
Determine the average power delivered to 45 jZ L +=  in the network of Fig. 19.74. 
Note: The voltage is rms. 
  

 
Figure 19.74 
For Prob. 19.13. 
 
 

Chapter 19, Solution 13. 
 
Consider the circuit as shown below. 
 
 10 Ω  I1 I2 
 
 + 
 + 

           50∠0˚ V V1 
 V2 ZL 
 _ 
 – 
 
 

1 1 240 60V I I= +     (1) 

2 1 280 100V I I= +     (2) 

2 2 2(5 4)LV I Z I j= − = − +    (3) 

1 1 1 150 10 50 10V I V I= + ⎯⎯→ = −  (4) 
Substituting (4) in (1) 

1 1 2 1 250 10 40 60 5 5 6I I I I I− = + ⎯⎯→ = +   (5) 
Substituting (3) into (2), 

2 1 2 1 2(5 4) 80 100 0 80 (105 4)I j I I I j I− + = + ⎯⎯→ = + +   (6) 
Solving (5) and (6) gives 
 I2 = –7.423 + j3.299 A   
 

  
 
 
           [z] + 

_ 
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We can check the answer using MATLAB. 
 

First we need to rewrite equations 1-4 as follows, 
 

U

50
0
0
0

X*A

I
I
V
V

01001
4j5010

1008010
604001

2

1

2

1

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

==

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+
−−
−−

 

 
>> A=[1,0,-40,-60;0,1,-80,-100;0,1,0,(5+4i);1,0,10,0] 
A = 
  1.0e+002 * 
   0.0100                  0            -0.4000            -0.6000           
        0             0.0100            -0.8000            -1.0000           
        0             0.0100                  0             0.0500 + 0.0400i 
   0.0100                  0             0.1000                  0           
>> U=[0;0;0;50] 
U = 
     0 
     0 
     0 
    50 
>> X=inv(A)*U 
X = 
 -49.0722 +39.5876i 
  50.3093 +13.1959i 
   9.9072 - 3.9588i 
  -7.4227 + 3.2990i 

 
P = |I2|25 = 329.9 W. 
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Chapter 19, Problem 14. 
 
For the two-port network shown in Fig. 19.75, show that at the output terminals, 

sZz
zzzZ
+

−=
11

2112
22Th  

and 

s
s

V
Zz

zV
+

=
11

21
Th  

  

 
Figure 19.75 
For Prob. 19.14 and 19.41. 
 
 
 
Chapter 19, Solution 14. 
 
To find ThZ , consider the circuit in Fig. (a). 
 
 

 

 
2121111 IzIzV +=       (1) 

2221212 IzIzV +=       (2) 

+ 
− 

(a)

+ 

V1 

−

I1 I2

ZS 
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But 

12 =V , 1s1 - IZV =  
 

Hence,  2
s11

12
12121s11

-
)(0 I

Zz
z

IIzIZz
+

=⎯→⎯++=  

222
s11

1221-
1 Iz

Zz
zz ⎟

⎠

⎞
⎜
⎝

⎛
+

+
=  

 

===
22

2
Th

1
II

V
Z

s11

1221
22 Zz

zz
z

+
−  

 
To find ThV , consider the circuit in Fig. (b). 

 
02 =I ,   s1s1 ZIVV −=  

 
Substituting these into (1) and (2), 

s11

s
1111s1s Zz

V
IIzZIV

+
=⎯→⎯=−  

s11

s21
1212 Zz

Vz
IzV

+
==  

 

== 2Th VV
s11

s21

Zz
Vz
+

 

 
 
  
 
 

(b)

+

V1

−

I1

VS 
+ 

V2 = VTh 

−

ZS I2 = 0

+ 
− 
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Chapter 19, Problem 15. 
 
For the two-port circuit in Fig. 19.76, 

[z] Ω⎥
⎦

⎤
⎢
⎣

⎡
=

12080
6040

 

(a) Find LZ  for maximum power transfer to the load. 
(b) Calculate the maximum power delivered to the load. 
  

 
Figure 19.76 
For Prob. 19.15. 
 
 
 
Chapter 19, Solution 15. 
 
  
(a)  From Prob. 18.12, 
 

24
1040
60x80120

Zz
zzzZ

s11

2112
22Th =

+
−=

+
−=  

 
Ω== 24ZZ ThL  

 

(b)  192)120(
1040

80V
Zz

zV s
s11

21
Th =

+
=

+
=  

 

==⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 24x4R

R2
VP 2

Th

2

Th

Th
max 384W 
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Chapter 19, Problem 16. 
 
For the circuit in Fig. 19.77, at 2=ω rad/s, z Ω= 1011 ,  z 12 = z Ω= 621 j , z Ω= 422 . Obtain 
the Thevenin equivalent circuit at terminals a-b and calculate ov . 

 

 
Figure 19.77 
For Prob. 19.16. 
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Chapter 19, Solution 16. 
 
As a reciprocal two-port, the given circuit can be represented as shown in Fig. (a). 
 

 
At terminals a-b, 

)6j105(||6j)6j4(Th −++−=Z  

6j4.26j4
15

)6j15(6j
6j4Th ++−=

−
+−=Z  

=ThZ Ω4.6  
 

==°∠
−++

= 6j)015(
6j1056j

6j
ThV V906 °∠  

 
The Thevenin equivalent circuit is shown in Fig. (b). 

 
From this, 

°∠=
+

= 14818.3)6j(
4j4.6

4j
oV  

 
=)t(vo V)148t2cos(18.3 °+  

 
 
 

4 – j6 Ω5 Ω

15∠0° V 

(a)

a 

b

+ 
− 

10 – j6 Ω

6.4 Ω

6∠90° V 

(b)

+ 
− 

+

Vo

−
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Chapter 19, Problem 17. 
* Determine the z and y parameters for the circuit in Fig. 19.78. 
 

 
Figure 19.78 
For Prob. 19.17. 
* An asterisk indicates a challenging problem. 
 
Chapter 19, Solution 17. 
 
 To obtain 11z  and 21z , consider the circuit in Fig. (a). 
 

 
In this case, the 4-Ω and 8-Ω resistors are in series, since the same current, oI , passes 
through them.  Similarly, the 2-Ω and 6-Ω resistors are in series, since the same current, 

'
oI , passes through them. 

 

Ω===++== 8.4
20

)8)(12(
8||12)62(||)84(

1

1
11 I

V
z  

 

11o 5
2

128
8

III =
+

=   1
'

o 5
3

II =  

 

I2 = 0

8 Ω

4 Ω

+ 

V1 

−

I1 

(a)

+

V2

−

Io'

Io

6 Ω
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But  024- '
oo2 =+− IIV  

111
'

oo2 5
2-

5
6

5
8-

2-4 IIIIIV =+=+=  

Ω=== -0.4
5
2-

1

2
21 I

V
z  

To get 22z  and 12z , consider the circuit in Fig. (b). 

 

Ω===++== 2.4
20

)14)(6(
14||6)68(||)24(2

22
2I

V
z  

 
Ω== -0.42112 zz  

 
Thus, 

=][z Ω⎥⎦

⎤
⎢⎣

⎡
4.20.4-
0.4-8.4

 

 
We may take advantage of Table 18.1 to get [y] from [z]. 

20)4.0()2.4)(8.4( 2
z =−=∆  

21.0
20

2.4

z

22
11 ==

∆
=

z
y   02.0

20
4.0-

z

12
12 ==

∆
=

z
y  

02.0
20

4.0-

z

21
21 ==

∆
=

z
y   24.0

20
8.4

z

11
22 ==

∆
=

z
y  

 
Thus, 

=][y S
24.002.0
02.021.0

⎥⎦

⎤
⎢⎣

⎡
 

 

I1 = 0 

8 Ω

4 Ω

+ 

V1 

−

(b)

+

V2

−

6 Ω
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Chapter 19, Problem 18. 
 
Calculate the y parameters for the two-port in Fig. 19.79. 
  

 
Figure 19.79 
For Prob. 19.18 and 19.37. 
 
 
Chapter 19, Solution 18. 
 
 
To get 11y  and 21y , consider the circuit in Fig.(a). 

 
111 8)3||66( IIV =+=  

8
1

1

1
11 ==

V
I

y  

 

12
-
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2-

36
6- 11
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VV
II ==

+
=  
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1

2
21 ==

V
I
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3 Ω6 Ω

(a)

+ 

V2 = 0 

−

V1 + 
− 

I1 I2
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To get 22y  and 12y , consider the circuit in Fig.(b). 

 

2
1

6||3
1

)6||63(||3
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2
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⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
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21
2

1
12 12
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y

V
I
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Thus, 

=][y S

2
1

12
1-
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1-

8
1

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

 

 
 
  
 
 
 
 
 
 
 
 
 
 
 

3 Ω6 Ω 

(b)

+ 
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+ 
− 

I1 I2Io
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Chapter 19, Problem 19. 
 
Find the y parameters of the two-port in Fig. 19.80 in terms of s. 
  

 
Figure 19.80 
For Prob. 19.19. 
 
 
Chapter 19, Solution 19. 
 
Consider the circuit in Fig.(a) for calculating 11y  and 21y . 
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To get 22y  and 12y , refer to the circuit in Fig.(b). 
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Chapter 19, Problem 20. 
Find the y parameters for the circuit in Fig. 19.81.  

 
Figure 19.81 
For Prob. 19.20. 
 
Chapter 19, Solution 20. 
  
To get  y11  and y21, consider the circuit below. 
 
 

                                                           3ix     
                                 
 
 
                          I1                            2Ω                              I2     
 
 
                                 +                                                   ix               + 
 
         I1                   V1          4Ω                                6Ω                  V2  =0   

- -                                 
  

 
 
 
Since 6-ohm resistor is short-circuited,   ix  = 0 
 

75.0
V
IyI

6
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1
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To get  y22  and y12, consider the circuit below.   
   
    

                                                           3ix     
                                 
 
 
                          I1                            2Ω                                   
 
 
               +                                                                    ix     + 
 
            V1=0                         4Ω                                6Ω   V2                I2 

-                                  
  

                                                                                              - 
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Chapter 19, Problem 21. 
 
Obtain the admittance parameter equivalent circuit of the two-port in Fig. 19.82. 
  

 
Figure 19.82 
For Prob. 19.21. 
 
 
Chapter 19, Solution 21. 
 
 
To get 11y  and 21y , refer to Fig. (a). 
 

At node 1, 
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To get 22y  and 12y , refer to the circuit in Fig. (b). 

 
Since 01 =V , the dependent current source can be replaced with an open circuit. 
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Consequently, the y parameter equivalent circuit is shown in Fig. (c). 
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Chapter 19, Problem 22. 
 
Obtain the y parameters of the two-port network in Fig. 19.83. 
  

 
Figure 19.83 
For Prob. 19.22. 
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Chapter 19, Solution 22. 
 
To obtain y11 and y21, consider the circuit below. 
 
  5 Ω       I2 
 
 +  + 
 
   I1 5Ω 0.5V2 2Ω      V2=0 
                    V1  
   – 
 – 
 
The 2-Ω resistor is short-circuited. 

 = ⎯⎯→ = = =1 1
1 11

1

25 0.4
2 5
I IV y

V
 

1
2

2 1 21
1 1

1
1 2 0.2
2 2.5

III I y
V I

= ⎯⎯→ = = =  

 
To obtain y12 and y22, consider the circuit below.   
 
 I1 5 Ω     
 
 +  + 
 
 5Ω 0.5V2 2Ω      V2 I2 
                    V1=0 
   – 
 – 
 
 
At the top node, KCL gives 

 2 2 2
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Chapter 19, Problem 23. 
 
(a) Find the y parameters of the two-port in Fig. 19.84. 
(b) Determine V ( )s2  for ( )tuvs 2= V. 

 

 
Figure 19.84 
For Prob. 19.23.  
 
 
Chapter 19, Solution 23. 
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(b) Consider the network below. 
 
                                                    I1                                                                         I2                                
                                          1                                  
    
                    +                         +                                                    +                                        
 
                  Vs                        V1                                                    V2                 2 
                     -                        -                                                      -        
   
    
 

11s VIV +=  or Vs – V1 = I1  (1) 
 

22 I2V −=  (2) 
 

2121111 VyVyI +=  (3) 
 

2221212 VyVyI +=  (4) 
 
From (1) and (3) 
 

212111s2121111s VyV)y1(VVyVyVV ++=⎯→⎯+=−  (5) 
 
From (2) and (4), 
 

222
21

12221212 V)y5.0(
y
1VVyVyV5.0 +−=⎯→⎯+=−  (6) 

Substituting (6) into (5), 
 

⎥
⎦

⎤
⎢
⎣

⎡
++−

=⎯→⎯=

+
++

−=

)y5.0)(y1(
y
1y

s/2V
s
2

VyV
y

)y5.0)(y1(V

2211
21

12

2

2122
21

2211
s

 

 

( ) )2.1s8.1s(
)1s(8.0

s
1ss

2
12s1

1s
1)1s(

s/2V 222
++

+
=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ ++
+++

+
++−

=  

 [y] 
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Chapter 19, Problem 24. 
 
Find the resistive circuit that represents these y parameters: 

[y]

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−

−
=

8
3

4
1

4
1

2
1

 

 
 
Chapter 19, Solution 24. 
 
Since this is a reciprocal network, a Π network is appropriate, as shown below. 

 

S
4
1

4
1

2
1

12111 =−=+= yyY ,   =1Z Ω4  

S
4
1

- 122 == yY ,    =2Z Ω4  

S
8
1

4
1

8
3

21223 =−=+= yyY ,   =3Z Ω8  

 
 
 
 

Y1 

Y2 

(a)

1/4 S 

1/4 S 

(b) 

4 Ω

4 Ω 

(c) 
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Chapter 19, Problem 25. 
 
Draw the two-port network that has the following y parameters: 

[y] ⎥
⎦

⎤
⎢
⎣

⎡
−

−
=

5.15.0
5.01

S 

 
 
 
Chapter 19, Solution 25. 
 
  
 
This is a reciprocal network and is shown below. 
 
 
                                                   0.5 S  
 
 
 
 
                         0.5S                                            1S 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 19, Problem 26. 
Calculate [y] for the two-port in Fig. 19.85.  

 
Figure 19.85 
For Prob. 19.26. 
 
Chapter 19, Solution 26. 
 
To get 11y  and 21y , consider the circuit in Fig. (a). 

 
At node 1, 

x1
xx

x
x1 -2

41
2

2
VV

VV
V

VV
=⎯→⎯+=+

−   (1) 

 

But  5.15.1
2
2

2 1

1
111

11x1
1 ==⎯→⎯=

+
=

−
=

V
I

yV
VVVV

I  

 

Also,  1x2x
x

2 -3.575.12
4

VVIV
V

I ==⎯→⎯=+  

-3.5
1

2
21 ==

V
I

y  

 

2 

(a)

+ 

V2 = 0 

−

V1 + 
− 

I21 

2 Vx 

4 Ω

2 Ω

+

Vx 

−
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To get 22y  and 12y , consider the circuit in Fig.(b). 
 
 
 
 
 
 
 
 
 
 
 
 
At node 2, 

4
2 x2

x2

VV
VI

−
+=       (2) 

 
At node 1, 

x2x
xxx2

x -
2
3

124
2 VVV

VVVV
V =⎯→⎯=+=

−
+  (3) 

 
Substituting (3) into (2) gives 

2xxx2 -1.55.1
2
1

2 VVVVI ==−=  

-1.5
2

2
22 ==

V
I

y  

 

5.0
22

-

2

1
12

2x
1 ==⎯→⎯==

V
I

y
VV

I  

 
Thus, 

=][y S
5.1-5.3-
5.05.1
⎥⎦

⎤
⎢⎣

⎡
 

 
 
 
 
 
 
 
 

2 

(b)

I21 

2 Vx 

4 Ω

2 Ω 

+ 

Vx 

−

+ 
− 

I1 
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Chapter 19, Problem 27. 
 
Find the y parameters for the circuit in Fig. 19.86. 
  

 
Figure 19.86 
For Prob. 19.27. 
 
 
 
Chapter 19, Solution 27. 
 
Consider the circuit in Fig. (a). 

 

25.0
4

4
1

1

1

1
1111 ===⎯→⎯=

I
I

V
I

yIV  

 

5520
1

2
21112 ==⎯→⎯==

V
I

yVII  

 
 
 
 
 
 
 
 

0.1 V2 
+ 
− 

V1 

(a)

−

I1 I2 

+ 

V2 = 0 

−

4 Ω 
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Consider the circuit in Fig. (b). 

 

025.0
4
1.0

1.04
2

1
1221 ===⎯→⎯=

V
I

yVI  

 

6.06.01.05.0
10

20
2

2
22222

2
12 ==⎯→⎯=+=+=

V
I

yVVV
V

II  

 
Thus, 

=][y S
6.05

025.025.0
⎥⎦

⎤
⎢⎣

⎡
 

 
Alternatively, from the given circuit, 

211 1.04 VIV −=  

212 1.020 VII +=  
 
Comparing these with the equations for the h parameters show that  

411 =h , -0.112 =h , 2021 =h , 1.022 =h  
 
Using Table 18.1, 

25.0
4
11

11
11 ===

h
y ,  025.0

4
1.0-

11

12
12 ===

h
h

y  

5
4

20

11

21
21 ===

h
h

y ,  6.0
4

24.0

11

h
22 =

+
=

∆
=

h
y  

as above. 
 
 
 
 
 

0.1 V2 
+ 
− 

(b)

−

I1 I2 4 Ω 

+ 

V1 = 0 

−
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Chapter 19, Problem 28. 
 
In the circuit of Fig. 19.65, the input port is connected to a 1-A dc current source. 
Calculate the power dissipated by the 2 -Ω  resistor by using the y parameters. Confirm 
your result by direct circuit analysis. 
 
 
Chapter 19, Solution 28. 
 
We obtain 11y  and 21y  by considering the circuit in Fig.(a). 

 
4.34||61in =+=Z  

2941.0
1

in1

1
11 ===

ZV
I

y  

 

1
1

12 34
6-

4.310
6-

10
6-

V
V

II =⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛

==  

-0.1765
34

6-

1

2
21 ===

V
I

y  

 
To get 22y  and 12y , consider the circuit in Fig. (b). 

4 Ω

+ 

V1 

−

1 Ω

I1 

(a)

+ 

V2 = 0 

−

I2

4 Ω

+ 

V1 = 0 

−

+

V2

−

1 Ω 

(b)

IoI1 
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2

2

22 I
V

24
34

)734(2
)734)(2(

7
64||2)1||64(||21

==
+

=⎟
⎠
⎞

⎜
⎝
⎛ +=+=

y
 

7059.0
34
24

22 ==y  

 

o1 7
6-

II =   222o 34
7

48
14

)734(2
2

VIII ==
+

=  

-0.1765
34

6-
34

6-

2

1
1221 ===⎯→⎯=

V
I

yVI  

Thus, 

=][y S
0.70590.1765-
0.1765-2941.0

⎥⎦

⎤
⎢⎣

⎡
 

 
The equivalent circuit is shown in Fig. (c).  After transforming the current source to a 
voltage source, we have the circuit in Fig. (d). 

 

 

5454.0
167.149714.0

)5.8)(9714.0(
667.55.8889.1||2
)5.8)(889.1||2(

V =
+

=
++

=  

 

===
2

)5454.0(
R

V
P

22

W1487.0  

6/34 S

1 A 

(c) 

5.667 Ω8.5 Ω

(d)

+ 
− 

8.5 V 

+

V

−
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Chapter 19, Problem 29. 
 
In the bridge circuit of Fig. 19.87, 101 =I A and 42 −=I A 

(a) Find 1V  and 2V  using y parameters. 
(b) -Confirm the results in part (a) by direct circuit analysis. 

 

 
Figure 19.87 
For Prob. 19.29. 
 
 
 
Chapter 19, Solution 29. 
 
   

(a) Transforming the ∆ subnetwork to Y gives the circuit in Fig. (a). 

 
It is easy to get the z parameters 

22112 == zz ,     32111 =+=z ,     322 =z  
 

54921122211z =−=−=∆ zzzz  
 

22
z

22
11 5

3
y

z
y ==

∆
= ,  

5
2--

z

12
2112 =

∆
==

z
yy  

1 Ω1 Ω

10 A 

Vo

+

V1

−

+

V2

−

(a)
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Thus, the equivalent circuit is as shown in Fig. (b). 

21211 2350
5
2

5
3

10 VVVVI −=⎯→⎯−==  (1) 

 

21212 3-220-
5
3

5
2-

-4 VVVVI +=⎯→⎯+==  

2121 5.1105.110 VVVV +=⎯→⎯−=   (2) 
 
Substituting (2) into (1), 

=⎯→⎯−+= 222 25.43050 VVV V8  
 

=+= 21 5.110 VV V22  
 

(b) For direct circuit analysis, consider the circuit in Fig. (a). 
 
For the main non-reference node, 

12
2

410 o
o =⎯→⎯=− V

V
 

 

=+=⎯→⎯
−

= o1
o1 10

1
10 VV

VV
V22  

 

=−=⎯→⎯
−

= 4
1

4- o2
o2 VV

VV
V8  

 
 
 
 
 
 
 

2/5 S 

10 A 
+ 

V1 

−

+

V2

−

(b)

1/5 S

I1 I2
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Chapter 19, Problem 30. 
Find the h parameters for the networks in Fig. 19.88. 

 
Figure 19.88 
For Prob. 19.30. 
 
Chapter 19, Solution 30. 
   

(a) Convert to z parameters; then, convert to h parameters using Table 18.1. 
Ω=== 60211211 zzz , Ω= 10022z  

 
24003600600021122211z =−=−=∆ zzzz  

 

24
100
2400

22

z
11 ==

∆
=

z
h , 6.0

100
60

22

12
12 ===

z
z

h  

-0.6
-

22

21
21 ==

z
z

h ,  01.0
1

22
22 ==

z
h  

Thus, 

=][h ⎥⎦

⎤
⎢⎣

⎡ Ω
S0.010.6-

6.024
 

 
(b) Similarly, 

Ω= 3011z    Ω=== 20222112 zzz  
 

200400600z =−=∆  
 

10
20
200

11 ==h   1
20
20

12 ==h  

-121 =h    05.0
20
1

22 ==h  

 
Thus, 

=][h ⎥⎦

⎤
⎢⎣

⎡ Ω
S0.051-

110
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Chapter 19, Problem 31. 
 
Determine the hybrid parameters for the network in Fig. 19.89. 
  

 
Figure 19.89 
For Prob. 19.31. 
 
 
 
Chapter 19, Solution 31. 
 
We get 11h  and 21h  by considering the circuit in Fig. (a). 

 
At node 1, 

431
433

1 22
22

VVI
VVV

I −=⎯→⎯
−

+=   (1) 

 
At node 2, 

1
4

2
4

1
43 V

I
VV

=+
−

 

431431 6-2163-8 VVIVVI +=⎯→⎯+=   (2) 
 
 
 
 
 
 

1 Ω1 Ω

I1 

V3 V4

(a)

+ 

V1 

−

2 Ω I2 
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Adding (1) and (2), 

1441 6.3518 IVVI =⎯→⎯=  

1143 8.283 IIVV =−=  

1131 8.3 IIVV =+=  

Ω== 8.3
1

1
11 I

V
h  

 

-3.6-3.6
1

-

1

2
211

4
2 ==⎯→⎯==

I
I

hI
V

I  

 
To get 22h  and 12h , refer to the circuit in Fig. (b).  The dependent current source can be 
replaced by an open circuit since 04 1 =I . 

 

4.0
5
2

122
2

2

1
12221 ==⎯→⎯=

++
=

V
V

hVVV  

 

S2.0
5
1

5122 2

2
22

22
2 ===⎯→⎯=

++
=

V
I

h
VV

I  

 
Thus, 

=][h ⎥⎦

⎤
⎢⎣

⎡ Ω
S0.23.6-

4.038
 

 
 
 
 
 
 
 
 

1 Ω1 Ω 

(b)

+ 

V1 

−

2 Ω I2

+ 
− 

I1 
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Chapter 19, Problem 32. 
 
Find the h and g parameters of the two-port network in Fig. 19.90 as functions of s. 
  

 
Figure 19.90 
For Prob. 19.32. 
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Chapter 19, Solution 32. 
(a) We obtain 11h  and 21h  by referring to the circuit in Fig. (a). 

1211 1s
s

s1
s
1

||ss1 IIV ⎟
⎠
⎞

⎜
⎝
⎛

+
++=⎟

⎠
⎞

⎜
⎝
⎛

++=  

1s
s

1s 2
1

1
11 +

++==
I
V

h  

By current division, 

1s
1-

1s
-

s1s
s1-

2
1

2
21

1
12 +

==⎯→⎯
+

=
+

=
I
I

h
I

II  

 
To get 22h  and 12h , refer to Fig. (b). 

1s
1

1ss1s
s1

2
2

1
122

2
21 +

==⎯→⎯
+

=
+

=
V
V

h
V

VV  

 

1s
s

s1s
1

s
1

s 2
2

2
2222 +

=
+

==⎯→⎯⎟
⎠
⎞

⎜
⎝
⎛
+=

V
I

hIV  

 
Thus, 

=][h
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

++

++
++

1s
s

1s
1-

1s
1

1s
s

1s

22

22
 

s 1 

I1 

(a)

I2 

+ 

V2 = 0 

−

+ 

V1

−

s 

s 1 

(b)

I2

+ 

V1 

−

s I1 = 0 

+ 
− 
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(b) To get 11g  and 21g , refer to Fig. (c). 

1ss
s

s1s1
1

s
1

s1 2
1

1
1111 ++

=
++

==⎯→⎯⎟
⎠
⎞

⎜
⎝
⎛

++=
V
I

gIV  

 

1ss
1

1sss1s1
s1

2
1

2
212

1
12 ++

==⎯→⎯
++

=
++

=
V
V

g
V

VV  

To get 22g  and 12g , refer to Fig. (d). 
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⎜
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⎛
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+=⎟
⎠
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⎛
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2
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-
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2
2

1
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2
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==⎯→⎯
++

=
++

=
I
I

g
I
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Thus, 

=][g
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
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+

+
++
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1ss
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s
1ss

1
1ss
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1ss

s
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V1 

(c) 

+ 

V2 

−
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+ 
− 

I1 

s 1 
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+ 
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Chapter 19, Problem 33. 
 
Obtain the h parameters for the two-port of Fig. 19.91. 
  

 
Figure 19.91 
For Prob. 19.33. 
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Chapter 19, Solution 33. 
 
To get  h11  and h21, consider the circuit below. 
                                                 4Ω                     j6Ω                        I2   
 
 
                            + 
                                                                                                  -j3Ω        + 
       I1                  V1          5Ω                                                                   V2=0 
                             -                                                                                     -                                 
   
    
 

2821.1j0769.3
I
Vh

6j9
I)6j4(5I)6j4//(5V

1

1
11

1
11 +==

+
+

=+=  

 

Also,  2564.0j3846.0
I
IhI

6j9
5I

1

2
2112 +−==⎯→⎯

+
−=  

 
To get  h22  and h12, consider the circuit below. 
 
                                                 4Ω                     j6Ω                        I2   
                       I1    
 
                   +                                                                                      + 
                                                                                                  -j3Ω             + 
                  V1                  5Ω                                                                        V2 

- -                                 
   
  

2564.0j3846.0
6j9

5
V
VhV

6j9
5V

2

1
1221 −=

+
==⎯→⎯

+
=  

 

2821.0j0769.0
)6j9(3j

3j9
)6j9//(3j

1
V
Ih

I)6j9//(3jV 2

2
22

22
+=

+−
+

=
+−

==
⎯→⎯+−=  

 
Thus, 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

++−
−+

=
2821.0j0769.02564.0j3846.0
2564.0j3846.02821.1j077.3

]h[  
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Chapter 19, Problem 34. 
Obtain the h and g parameters of the two-port in Fig. 19.92. 
  

 
Figure 19.92 
For Prob. 19.34. 
 
 
Chapter 19, Solution 34. 
 
Refer to Fig. (a) to get 11h  and 21h . 

 
At node 1, 

x1
xx

1 4300
300

0
100

VI
VV

I =⎯→⎯
−

+=    (1) 

11x 75
4

300
IIV ==  

 

But  Ω==⎯→⎯=+= 858510
1

1
111x11 I

V
hIVIV  

 
 
 

10 Ω 

I1 

1 
+

Vx 

−

+ 

V1 

−
−

50 Ω 2 

+ 

V2 = 0 

−

300 Ω

I2 

(a)
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At node 2, 

111
xxxx

2 75.14
300
75

5
75

300530050
100

III
VVVV

I =−=−=−
+

=  

75.14
1

2
21 ==

I
I

h  

 
 
To get 22h  and 12h , refer to Fig. (b). 

 
At node 2, 

x22
x22

2 809400
50
10

400
VVI

VVV
I +=⎯→⎯

+
+=  

 

But  
4400

100 2
2x

V
VV ==  

 
Hence,  2222 29209400 VVVI =+=  

S0725.0
400
29

2

2
22 ===

V
I

h  

 

25.0
4
1

4 2

1
12

2
x1 ===⎯→⎯==

V
V

h
V

VV  

 

=][h ⎥⎦

⎤
⎢⎣

⎡ Ω
S0725.075.14

25.085
 

 

10 Ω 
1 

+ 

Vx 

−

+ 

V1 

−
−

50 Ω 2 

300 Ω

(b)

I1 = 0 

+ 
− 

I2 
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To get 11g  and 21g , refer to Fig. (c). 

 
At node 1, 

x1
xxx

1 5.14350
350

10
100

VI
VVV

I =⎯→⎯
+

+=   (2) 

 

But  x11
x1

1 10
10

VVI
VV

I −=⎯→⎯
−

=  

or  11x 10IVV −=       (3) 
 
Substituting (3) into (2) gives 

11111 5.144951455.14350 VIIVI =⎯→⎯−=  

S02929.0
495

5.14

1

1
11 ===

V
I

g  

At node 2, 

xxx2 -8.428610
350
11

)50( VVVV =−⎟
⎠
⎞

⎜
⎝
⎛

=  

      1111 495
5.14)286.84(-8.4286286.84-8.4286 VVIV ⎟
⎠
⎞

⎜
⎝
⎛+=+=  

 

-5.96-5.96
1

2
2112 ==⎯→⎯=

V
V

gVV  

 

10 Ω 
1 

+

Vx 

−

+ 

V2 

−
−

50 Ω 2 

300 Ω

(c) 

+ 
− 

I2 = 0 I1 

V1 
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To get 22g  and 12g , refer to Fig. (d). 

091.9100||10 =  
 

091.930050
10 2x2

2 +
+

+
=

VVV
I  

 
x22 818.611818.7091.309 VVI +=     (4) 

 

But  22x 02941.0
091.309

091.9
VVV ==     (5) 

 
Substituting (5) into (4) gives 

 
22 9091.309 VI =  

Ω== 34.34
2

2
22 I

V
g  

 

091.309
34.34

091.309
22

o

IV
I ==  

 

)091.309)(1.1(
34.34-

110
100- 2

o1

I
II ==  

-0.101
2

1
12 ==

I
I

g  

Thus, 

=][g ⎥⎦

⎤
⎢⎣

⎡
Ω34.345.96-

0.101-S02929.0
 

 

10 Ω 

+

Vx 

−
−

50 Ω

300 Ω

(d)

+

V2

−

Io Io 

+ 

V1 = 0 

−

I1 
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Chapter 19, Problem 35. 
 
Determine the h parameters for the network in Fig. 19.93. 
  

 
Figure 19.93 
For Prob. 19.35. 
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Chapter 19, Solution 35. 
To get 11h  and 21h  consider the circuit in Fig. (a). 

 

1
4
4

n
4

Z 2R ===  

Ω==⎯→⎯=+= 22)11(
1

1
11111 I

V
hIIV  

 

-0.5
2
1-

2-
N
N-

1

2
21

1

2

2

1 ===⎯→⎯==
I
I

h
I
I

 

 
To get 22h  and 12h , refer to Fig. (b). 

Since 01 =I ,  02 =I . 
Hence,  022 =h . 
 
At the terminals of the transformer, we have 1V  and 2V  which are related as 

5.0
2
1

2n
N
N

2

1
12

1

2

1

2 ===⎯→⎯===
V
V

h
V
V

 

Thus, 

=][h ⎥⎦

⎤
⎢⎣

⎡ Ω
05.0-
5.02

 

4 Ω1 Ω

I1 

(a)

I2

+ 

V2 = 0 

−

+ 

V1

−

1 : 2 

4 Ω1 Ω 

(b)

I2

+ 

V1 

−

1 : 2 I1 = 0 

− 
+ 
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Chapter 19, Problem 36. 
 
For the two-port in Fig. 19.94, 

[h] ⎥
⎦

⎤
⎢
⎣

⎡
−
Ω

S01.02
316

 

Find: 
(a) 12 /VV  (b) 12 / II  
(c) 11 /VI  (d) 12 / IV  

  

 
Figure 19.94 
For Prob. 19.36. 
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Chapter 19, Solution 36. 
 
We replace the two-port by its equivalent circuit as shown below. 

 
Ω= 2025||100  

 
112 40)2)(20( IIV ==      (1) 

 
032010- 21 =++ VI  

111 140)40)(3(2010 III =+=  
 

14
1

1 =I ,   
14
40

2 =V  

 

14
136

316 211 =+= VIV  

 

70
8-)2(

125
100

12 =⎟
⎠
⎞

⎜
⎝
⎛= II  

 

(a) ==
136
40

1

2

V
V

2941.0  

 

(b) =
1

2

I
I

1.6-  

 

(c) ==
136

1

1

1

V
I

S10353.7 -3×  

 

(d) ==
1
40

1

2

I
V

Ω40  

 

2 I1

+ 
+ 
− 

16 Ω

10 V 3 V2

4 Ω I1 I2 

+ 

V1 

−

+ 

V2 

−
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Chapter 19, Problem 37. 
 
The input port of the circuit in Fig. 19.79 is connected to a 10-V dc voltage source while 
the output port is terminated by a 5 -Ω  resistor. Find the voltage across the 5 -Ω  resistor 
by using h parameters of the circuit. Confirm your result by using direct circuit analysis. 
 
 
 
 
Chapter 19, Solution 37. 
  

(a) We first obtain the h parameters. To get 11h  and 21h  refer to Fig. (a). 

 
26||3 =  

 

Ω==⎯→⎯=+= 88)26(
1

1
11111 I

V
hIIV  

 

3
2-

3
2-

63
6-

1

2
21112 ==⎯→⎯=

+
=

I
I

hIII  

 
 
 
 
 
 
 
 
 
 
 
 

3 Ω

+ 

V1

−

6 Ω

I1 

(a)

I2

+ 

V2 = 0 

−
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To get 22h  and 12h , refer to the circuit in Fig. (b). 

4
9

9||3 =  

 

9
4

4
9

2

2
2222 ==⎯→⎯=

V
I

hIV  

 

3
2

3
2

36
6

2

1
12221 ==⎯→⎯=

+
=

V
V

hVVV  

=][h
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
Ω

S
9
4

3
2-

3
2

8
 

 
The equivalent circuit of the given circuit is shown in Fig. (c). 

10
3
2

8 21 =+ VI      (1) 

 

1112 29
30

29
45

3
2

4
9

||5
3
2

IIIV =⎟
⎠
⎞

⎜
⎝
⎛

=⎟
⎠
⎞

⎜
⎝
⎛

=  

21 30
29

VI =       (2) 

3 Ω

+ 
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−

I1 = 0 6 Ω

(b)

+ 
− 

I2
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+ 
+ 
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8 Ω 

10 V 2/3 V2 
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+ 

V2 
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Substituting (2) into (1), 
 

10
3
2

30
29

)8( 22 =+⎟
⎠
⎞

⎜
⎝
⎛

VV  

==
252
300

2V V19.1  

 
(b) By direct analysis, refer to Fig.(d). 

 

Transform the 10-V voltage source to a 
6

10
-A current source.  Since 

Ω= 36||6 , we combine the two 6-Ω resistors in parallel and transform 

the current source back to V53
6

10
=×  voltage source shown in Fig. (e). 

 

8
15

8
)5)(3(

5||3 ==  

 

==
+

=
63
75

)5(
8156

815
2V 1.1905 V 

 
  
 

3 Ω6 Ω

+ 
− 

10 V 

(d)

+

V2

−

3 Ω3 Ω

+ 
− 

5 V 

(e) 

+

V2

−
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Chapter 19, Problem 38. 
 
The h parameters of the two-port of Fig. 19.95 are: 

[h] ⎥
⎦

⎤
⎢
⎣

⎡ Ω
=

mS230
04.0600

 

Given the 2=sZ kΩ  and Ω= 400LZ , find inZ  and outZ . 

  

 
Figure 19.95 
For Prob. 19.38. 
 

Chapter 19, Solution 38. 
 
From eq. (19.75), 
 

12 21
11 3

22

0.04 30 400600 333.33 
1 1 1 2 10 400

re fe L L
in ie

oe L L

h h R h h R x xZ h h
h R h R x x−= − = − = − = Ω

+ + +
 

 
From eq. (19.79), 
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0 11 22 21 12
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R h R hZ
R h h h h R h h h h x x x−
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Chapter 19, Problem 39. 
 
Obtain the g parameters for the wye circuit of Fig. 19.96. 
  

 
Figure 19.96 
For Prob. 19.39. 
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Chapter 19, Solution 39. 
 
We obtain g11 and g21 using the circuit below. 
 I1 R1  R3  I2=0 
 
  + 
 
 R2 
                 V1                                                                                                     V2 
 
                            – 
 

 1 1
1 11

1 2 1 1 2

1V II g
R R V R R

= ⎯⎯→ = =
+ +

  

 
By voltage division, 

 2 2 2
2 1 21

1 2 1 1 2

R V RV V g
R R V R R

= ⎯⎯→ = =
+ +

 

We obtain g12 and g22 using the circuit below. 
 
 I1 R1  R3   
 
 +                                                             + 
 
 R2 I2 
 V1=0                                                    V2 
 
 –                                                            – 
 
By current division, 

 2 1 2
1 2 12

1 2 2 1 2

R I RI I g
R R I R R

= − ⎯⎯→ = = −
+ +

 

Also, 

 1 2
2 2 3 1 2 2 3

1 2

( // ) R RV I R R R I R
R R

⎛ ⎞
= + = +⎜ ⎟+⎝ ⎠

  2 1 2
22 3

2 1 2

V R Rg R
I R R

= = +
+

 

 

21

21
322

21

2
21

21

2
12

21
11

RR
RRRg,

RR
Rg

RR
Rg,

RR
1g

+
+=

+
=

+
−=

+
=

 

+ 
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Chapter 19, Problem 40. 
 
Find the g parameters for the circuit in Fig. 19.97. 
  

 
Figure 19.97 
For Prob. 19.40. 
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Chapter 19, Solution 40. 
 
To get 11g  and 21g , consider the circuit in Fig. (a). 

 

S0333.0j0667.0
6j12

1
)6j12(

1

1
1111 +=

−
==⎯→⎯−=

V
I
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j2

2
)6j12(
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1

1

1

2
21 +=

−
=

−
==

I
I

V
V

g  

 
To get 12g  and 22g , consider the circuit in Fig. (b). 
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-j6))(12(

10j
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2
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=][g ⎥⎦
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⎡
Ω++

−+
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−
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I1 j10 Ω-j6 Ω
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Chapter 19, Problem 41. 
 
For the two-port in Fig. 19.75, show that 

gL ∆+
−

=
Zg

g
I
I

11

21

1

2  

( )( ) sLs

L

s ZggZgZg
Zg

V
V

12212211

212

1 −++
=  

where g∆  is the determinant of [g] matrix. 
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Chapter 19, Solution 41. 
 
For the g parameters 

2121111 IgVgI +=       (1) 

2221212 IgVgV +=       (2) 
 

But  s1s1 ZIVV −=  and  

222121L22 - IgVgZIV +==  

2L22121 )(0 IZgVg ++=  

or  2
21

L22
1

)(-
I

g
Zg

V
+

=  

 
Substituting this into (1), 

2
21

122111L1122
1 -

)(
I

g
gggZgg

I
−+

=  
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gL11
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1

2
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g-

I
I

∆+
=  

 
Also,  222s1s212 )( IgZIVgV +−=  

      2221s21s21 IgIZgVg +−=  
      2222gL11ss21 )( IgIZgZVg +∆++=  
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Z
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Chapter 19, Problem 42. 
 
The h parameters of a two-port device are given by 

h Ω= 60011 , h 3
12 10−= , h 12021= , h 6

22 102 −×= S 

Draw a circuit model of the device including the value of each element. 
 
 
 
Chapter 19, Solution 42. 
 
With the help of Fig. 19.20, we obtain the circuit model below. 

 
I1 600 Ω I2 
 
+ + 
 
V1    10-3 V2 +                          120I1               500 kΩ    V2 
 – 
–   – 
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Chapter 19, Problem 43. 
 
Find the transmission parameters for the single-element two-port networks in Fig. 19.98.  

 
Figure 19.98 
For Prob. 19.43. 
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Chapter 19, Solution 43. 
  

(a) To find A  and C , consider the network in Fig. (a). 

1
2

1
21 ==⎯→⎯=

V
V

AVV  

 

00
2

1
1 ==⎯→⎯=

V
I

CI  

 
To get B  and D , consider the circuit in Fig. (b). 
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Hence, 
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(b) To find A  and C , consider the circuit in Fig. (c). 
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To get B  and D , refer to the circuit in Fig.(d). 
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Chapter 19, Problem 44. 
Determine the transmission parameters of the circuit in Fig. 19.99.  

 
Figure 19.99 
For Prob. 19.44. 
 
 
Chapter 19, Solution 44. 
 
To determine A  and C , consider the circuit in Fig.(a). 
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To find B  and D , consider the circuit in Fig. (b). 
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Chapter 19, Problem 45. 
 
Find the ABCD parameters for the circuit in Fig. 19.100. 
  

 
Figure 19.100 
For Prob. 19.45. 
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Chapter 19, Solution 45. 
 
To determine A and C, consider the circuit below. 
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To determine B and D, consider the circuit below. 
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Chapter 19, Problem 46. 
Find the transmission parameters for the circuit in Fig. 19.101.  

 
Figure 19.101 
For Prob. 19.46. 
 
Chapter 19, Solution 46. 
To get A  and C , refer to the circuit in Fig.(a). 
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To get B  and D , consider the circuit in Fig. (b). 
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Chapter 19, Problem 47. 
 
Obtain the ABCD parameters for the network in Fig. 19.102. 
  

 
Figure 19.102 
For Prob. 19.47. 
 
Chapter 19, Solution 47. 
 
To get A and C, consider the circuit below. 
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To get B and D, consider the circuit below. 
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Chapter 19, Problem 48. 
 
For a two-port, let A = 4, B = 30Ω , C = 0.1 S, and D = 1.5. Calculate the input 
impedance, 11 / IVZ =in when: 

(a) the output terminals are short-circuited, 
(b) the output port is open-circuited, 
(c) the output port is terminated by a 10 -Ω  load. 
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Chapter 19, Solution 48. 
(a) Refer to the circuit below. 
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Chapter 19, Problem 49. 
Using impedances in the s domain, obtain the transmission parameters for the circuit in 
Fig. 19.103.  

 
Figure 19.103 
For Prob. 19.49. 
 
Chapter 19, Solution 49. 
To get A  and C , refer to the circuit in Fig.(a). 
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To get B  and D , consider the circuit in Fig. (b). 
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Chapter 19, Problem 50. 
 
Derive the s-domain expression for the t parameters of the circuit in Fig. 19.104. 
  

 
Figure 19.104 
For Prob. 19.50. 
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Chapter 19, Solution 50. 
To get a and c, consider the circuit below. 
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To get b and d, consider the circuit below. 
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Chapter 19, Problem 51. 
 
Obtain the t parameters for the network in Fig. 19.105. 
  

 
Figure 19.105 
For Prob. 19.51. 
 
Chapter 19, Solution 51. 
 
To get a  and c , consider the circuit in Fig. (a). 
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To get b  and d , consider the circuit in Fig. (b). 
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Chapter 19, Problem 52. 
 
 (a) For the T network in Fig. 19.106, show that the h parameters are: 

h
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32

2
21 RR
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32
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1

RR +
=  

 

 
Figure 19.106 
For Prob. 19.52. 
 
 (b) For the same network, show that the transmission parameters are: 
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Chapter 19, Solution 52. 
 
It is easy to find the z parameters and then transform these to h parameters and T 
parameters. 
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Thus, 
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as required. 
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as required. 
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Chapter 19, Problem 53. 
 
Through derivation, express the z parameters in terms of the ABCD parameters. 
 
 
Chapter 19, Solution 53. 
 
For the z parameters, 

2121111 IzIzV +=       (1) 

2221122 IzIzV +=       (2) 
 
For ABCD parameters, 

221 IBVAV −=       (3) 

221 IDVCI −=       (4) 
 
From (4), 

2
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2 I
C
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C
I
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Comparing (2) and (5), 

C
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Substituting (5) into (3), 
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Comparing (6) and (1), 
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Chapter 19, Problem 54. 
 
Show that the transmission parameters of a two-port may be obtained from the y 
parameters as: 
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Chapter 19, Solution 54. 
 
For the y parameters 

2121111 VyVyI +=       (1) 

2221212 VyVyI +=       (2) 
 
From (2), 
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Substituting (3) into (1) gives 
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Comparing (3) and (4) with the following equations 
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clearly shows that 
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as required. 
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Chapter 19, Problem 55. 
 
Prove that the g parameters can be obtained from the z parameters as 
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Chapter 19, Solution 55. 
 
For the z parameters 

2121111 IzIzV +=       (1) 

2221212 IzIzV +=       (2) 
 
From (1), 
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Substituting (3) into (2) gives 
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Comparing (3) and (4) with the following equations 

2121111 IgVgI +=  

2221212 IgVgV +=  
 
indicates that 
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as required. 
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Chapter 19, Problem 56. 
 
For the network of Fig. 19.107, obtain Vo/Vs. 
  

 
Figure 19.107 
For Prob. 19.56. 
 

 
 
 
 
 

Chapter 19, Solution 56. 
 
Using Fig. 19.20, we obtain the equivalent circuit as shown below. 

 
Rs          I1   h11           I2 
 
          + + 
 

     Vs    V1 V1  h12 Vo +                          h21I1                h22              Vo             RL  
 – 
          –   – 
 
 

 
 
 
 
 
 
 
 
 

+ 
_ 
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We can solve this using MATLAB.  First, we generate 4 equations from the given circuit.  
It may help to let Vs = 10 V. 
 

–10 + RsI1 + V1 = 0 or V1 + 1000I1 = 10 
–10 + RsI1 + h11I1 + h12Vo = 0 or 0.0001Vs + 1500 = 10 
I2 = –Vo/RL or Vo + 2000I2 = 0 
h21I1 + h22Vo – I2 = 0 or 2x10–6Vo + 100I1 – I2 = 0 
 
>> A=[1,0,1000,0;0,0.0001,1500,0;0,1,0,2000;0,(2*10^-6),100,-1] 
A = 
  1.0e+003 * 
    0.0010         0    1.0000         0 
         0    0.0000    1.5000         0 
         0    0.0010         0    2.0000 
         0    0.0000    0.1000   -0.0010 
>> U=[10;10;0;0] 
U = 
    10 
    10 
     0 
     0 
>> X=inv(A)*U 
X = 
  1.0e+003 * 
    0.0032 
   -1.3459 
    0.0000 
    0.0007 

Gain = Vo /Vs = –1,345.9/10 = –134.59. 
 
There is a second approach we can take to check this problem.  First, the resistive value 
of h22 is quite large, 500 kΩ versus RL so can be ignored.  Working on the right side of 
the circuit we obtain the following, 
 

I2 = 100I1 which leads to Vo = –I2x2k = –2x105I1. 
 

Now the left hand loop equation becomes, 
 

–Vs + (1000 + 500 + 10–4(–2x105))I1 = 1480I1. 
 

Solving for Vo/Vs we get, 
 

Vo/Vs = –200,000/1480 = –134.14. 
Our answer checks! 
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Chapter 19, Problem 57. 
 
Given the transmission parameters 
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obtain the other five two-port parameters. 
 
 
Chapter 19, Solution 57. 
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Chapter 19, Problem 58. 
 
A two-port is described by 

V 1  = I 1  + 2V 2 ,  I 2  = –2I 1  + 0.4V 2  

Find: (a) the y parameters, (b) the transmission parameters. 
 
 
 
Chapter 19, Solution 58. 
 
The given set of equations is for the h parameters. 
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Chapter 19, Problem 59. 
 
Given that 
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⎡
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determine: 
(a) [z]              (b) [y]          (c) [h]           (d) [T] 
 
 
 
Chapter 19, Solution 59. 
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Chapter 19, Problem 60. 
 

Design a T network necessary to realize the following z parameters at 610=ω rad/s 

[z] ⎥
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⎢
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⎡
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+
=

j
j

52
234

kΩ  

 
Chapter 19, Solution 60. 
 
Comparing this with Fig. 19.5, 
 

11 12 4 3 2 2 3z z j j k− = + − = + Ω  
 
z22 – z12 = 5 – j – 2 = 3 – j kΩ 
 

3
3

6
3 103 10 3
10L
xX x L L mHω= = ⎯⎯→ = =  

 
XC = 1x103 = 1/(ωC) or C = 1/(103x106) = 1 nF 
 
Hence, the resulting T network is shown below. 
 
 2 kΩ                  3 mH                3 kΩ           1 nF 
 
 
 
 
   2 kΩ 
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Chapter 19, Problem 61. 
For the bridge circuit in Fig. 19.108, obtain: 
(a) the z parameters 
(b) the h parameters 
(c) the transmission parameters  

 
Figure 19.108 
For Prob. 19.61. 
 
Chapter 19, Solution 61. 

(a) To obtain 11z  and 21z , consider the circuit in Fig. (a). 
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To obtain 22z  and 12z , consider the circuit in Fig. (b). 

 
Due to symmetry, this is similar to the circuit in Fig. (a). 
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Chapter 19, Problem 62. 
 
Find the z parameters of the op amp circuit in Fig. 19.109. Obtain the transmission 
parameters. 
  

 
Figure 19.109 
For Prob. 19.62. 
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Chapter 19, Solution 62. 
Consider the circuit shown below. 

Since no current enters the input terminals of the op amp, 
1
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which is the same current that flows through the 50-kΩ resistor. 
 
Thus,  b
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From (1) and (2), 
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Chapter 19, Problem 63. 
 
Determine the z parameters of the two-port in Fig. 19.110. 
  

 
Figure 19.110 
For Prob. 19.63. 
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Chapter 19, Solution 63. 
 
To get  z11 and  z21,  consider the circuit below. 
                     I1                                        1:3                                             I2=0 
 
                                                            ••            +                                  + 
             +                                        + 
                                                      V’1                  V’2                   9Ω      V2 
          V1             4Ω           
          -        -      
   -                         -   
             

 3n,1
n
9Z 2R ===  

 8.0
I
VzI

5
4I)Z//4(V

1

1
1111R1 ==⎯→⎯==      

4.2
I
VzI)5/4(3nV'nV'VV

1

2
2111122 ==⎯→⎯====   

To get  z21 and  z22,  consider the circuit below. 
 
                     I1=0                                   1:3                                             I2 
 
                                                            ••            +                                       + 
             +                                        + 
                                                      V’1                  V’2                   9Ω            V2 
          V1             4Ω           
          -        -      
   -                             -   
  

3n,36)4(n'Z 2
R ===  

           

 2.7
I
VzI

45
36x9I)'Z//9(V

2

2
2222R2 ==⎯→⎯==  

 

4.2
I
VzI4.2

3
V

n
VV

2

1
212

22
1 ==⎯→⎯===  

Thus, 
 

Ω⎥
⎦

⎤
⎢
⎣

⎡
=

2.74.2
4.28.0

]z[  
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Chapter 19, Problem 64. 
 
Determine the y parameters at 000,1=ω rad/s for the op amp circuit in Fig. 19.111. Find 
the corresponding h parameters. 

 

 
Figure 19.111 

For Prob. 19.64. 
 
 
Chapter 19, Solution 64. 
 

  Ω==
ω

⎯→⎯µ kj-
)10)(10(

j-
Cj

1
F1 6-3  

 
Consider the op amp circuit below. 

 
At node 1, 

10
0

j-20
xxx1 −

+=
− VVVV

 

x1 )20j3( VV +=       (1) 
 
 

−
+

10 kΩ20 kΩ Vx

2 

I1 I2 

+ 

V2 

−

40 kΩ

1 + 

V1 

−
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At node 2, 

2x
2x

4
1-

40
0

10
0

VV
VV

=⎯→⎯
−

=
−

   (2) 

 

But  3
x1

1 1020×
−

=
VV

I        (3) 

 
Substituting (2) into (3) gives 

2
6-

1
6-

3
21

1 105.121050
1020
25.0

VV
VV

I ×+×=
×

+
=   (4) 

 
Substituting (2) into (1) yields 

21 )20j3(
4
1-

VV +=  

or  21 )5j75.0(0 VV ++=      (5) 
 
Comparing (4) and (5) with the following equations 

2121111 VyVyI +=  

2221212 VyVyI +=  
 
indicates that 02 =I  and that  

=][y S
5j75.01

105.121050 -6-6

⎥⎦

⎤
⎢⎣

⎡

+
××

 

 
-6-6

y 10)250j65(10)5.12.25j5.77( ×+=×−+=∆  
 

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

∆=

11

y

11

21

11

12

11

-1
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yy
y

y
y

y
h ⎥⎦

⎤
⎢⎣

⎡

+×
Ω×

S5j3.1102
0.25-102

4

4
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Chapter 19, Problem 65. 
 
What is the y parameter presentation of the circuit in Fig. 19.112? 
  

 
Figure 19.112 
For Prob. 19.65. 
 
 
Chapter 19, Solution 65. 
 
The network consists of two two-ports in series.  It is better to work with z parameters 
and then convert to y parameters. 

For aN , ⎥⎦

⎤
⎢⎣

⎡
=

22
24

][ az  

For bN , ⎥⎦

⎤
⎢⎣

⎡
=

11
12

][ bz  

 

⎥⎦

⎤
⎢⎣

⎡
=+=
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][][][ ba zzz  

 
9918z =−=∆  

 

=
⎥
⎥
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⎦

⎤

⎢
⎢
⎢

⎣

⎡

∆∆

∆∆
=

z

11

z
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z
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z
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-

-
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y S

3
2

3
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3
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3
1

⎥
⎥
⎥
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⎤

⎢
⎢
⎢

⎣
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Chapter 19, Problem 66. 
 
In the two-port of Fig. 19.113, let y 12  = y 21  = 0, y 11  = 2 mS, and y 22  = 10 mS. Find 
V o /V s . 

  

 
Figure 19.113 
For Prob. 19.66. 
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Chapter 19, Solution 66. 
 
Since we have two two-ports in series, it is better to convert the given y parameters to z 
parameters. 

-6-3-3
21122211y 10200)1010)(102( ×=−××=−=∆ yyyy  

 

⎥⎦

⎤
⎢⎣

⎡
Ω

Ω
=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

∆∆

∆∆
=

1000
0500

-

-

][

y

11

y

21

y

12

y

22

a yy

yy

z  

 

⎥⎦

⎤
⎢⎣

⎡
=⎥⎦

⎤
⎢⎣

⎡
+⎥⎦

⎤
⎢⎣

⎡
=

200100
100600

100100
100100

1000
0500

][z  

 
i.e.  2121111 IzIzV +=  

2221212 IzIzV +=  
 
or  211 100600 IIV +=       (1) 

212 200100 IIV +=       (2) 
 
But, at the input port, 

11s 60IVV +=       (3) 
 
and at the output port, 

2o2 -300IVV ==       (4) 
 
From (2) and (4), 

221 -300200100 III =+  

21 -5II =        (5) 
 
Substituting (1) and (5) into (3), 

121s 60100600 IIIV ++=  
     22 100-5))(660( II +=  
     2-3200I=        (6) 

 
From (4) and (6), 

==
2

2

2

o

3200-
300-

I
I

V
V

09375.0  
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Chapter 19, Problem 67. 

 
If three copies of the circuit in Fig. 19.114 are connected in parallel, find the overall 
transmission parameters. 
 

 
Figure 19.114 
For Prob. 19.67. 
 

 

Chapter 19, Solution 67. 
 
We first the y parameters, to find y11 and y21 consider the circuit below. 
 
 I1 30 Ω                       40 Ω   I2 
 
 
 
 + 
 1 A  10 Ω V2 =0 
 V1 
 - 
 
 

1
1 1 1 11

1

1(30 10//40) 38
38

IV I I y
V

= + = ⎯⎯→ = =  

 
By current division, 

 2 1
2 1 21

1 11

10 0.2 10.2
50 38 190

I II I I y
V I

− − −
= = − ⎯⎯→ = = =  
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To find y22 and y12 consider the circuit below. 
 I1 30 Ω                       40 Ω 
 I2 
 
 +  + 
 
 V1=0  10 Ω V2 1 A 
 
 -  - 
 
 

2
2 2 2 22

2

2(40 10//30) 47.5
93

IV I I y
V

= + = ⎯⎯→ = = y22 = 2/95 

By current division, 

−
= − = − ⎯⎯→ = = = −

+

2
2 1

1 2 12
2 2

1
10 14

30 10 4 47.5 190

II II I y
V I

 

 
1/38 1/190

[ ]
1/190 2/95

y
−⎡ ⎤

= ⎢ ⎥−⎣ ⎦
 

 
For three copies cascaded in parallel, we can use MATLAB. 
 

>> Y=[1/38,-1/190;-1/190,2/95] 
Y = 
    0.0263   -0.0053 
   -0.0053    0.0211 
>> Y3=3*Y 
Y3 = 
    0.0789   -0.0158 
   -0.0158    0.0632 
>> DY=0.0789*0.0632-0.0158*0.158 
DY = 
    0.0025 
>> T=[0.0632/0.0158,1/0.0158;DY/0.0158,0.0789/0.0158] 
T = 
    4.0000   63.2911 
    0.1576    4.9937 

 

T = ⎥
⎦

⎤
⎢
⎣

⎡
994.41576.0
29.634
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Chapter 19, Problem 68. 
 
Obtain the h parameters for the network in Fig. 19.115. 
  

 
Figure 19.115 
For Prob. 19.68. 
 
 
Chapter 19, Solution 68. 
 
 

For the upper network aN ,  ⎥⎦

⎤
⎢⎣

⎡
=
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][ ay  

 

and for the lower network bN ,  ⎥⎦

⎤
⎢⎣

⎡
=
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][ by  

 
For the overall network, 
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27936y =−=∆  

 

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

∆=

11

y

11

21

11

12

11

-1

][

yy
y

y
y

y
h

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡ Ω

S
2
9

2
1

2
1

6
1

 

 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 19, Problem 69. 
 
* The circuit in Fig. 19.116 may be regarded as two two-ports connected in parallel. 
Obtain the y parameters as functions of s. 
  

 
Figure 19.116 
For Prob. 19.69. 
 
 
* An asterisk indicates a challenging problem. 
 
 
 
Chapter 19, Solution 69. 
 
We first determine the y parameters for the upper network aN .   
To get 11y  and 21y , consider the circuit in Fig. (a). 
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To get 22y  and 12y , consider the circuit in Fig. (b). 
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For the lower network bN , we obtain 11y  and 21y  by referring to the network in Fig. (c). 

2
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1
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I

yIV  

2
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2
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V
I

y
V

II  

To get 22y  and 12y , refer to the circuit in Fig. (d). 
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Chapter 19, Problem 70. 
 
* For the parallel-series connection of the two two-ports in Fig. 19.117, find the g 
parameters.  

 
Figure 19.117 
For Prob. 19.70. 
 
* An asterisk indicates a challenging problem. 
 
 
Chapter 19, Solution 70. 
 
We may obtain the g parameters from the given z parameters. 
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Chapter 19, Problem 71. 
 
* Determine the z parameters for the network in Fig. 19.118. 
  

 
Figure 19.118 
For Prob. 19.71. 
 
* An asterisk indicates a challenging problem. 
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Chapter 19, Solution 71. 
 
This is a parallel-series connection of two two-ports.  We need to add their g parameters 
together and obtain z parameters from there.   
 
For the transformer, 

2121 I2I,V
2
1V −==  

Comparing this with 
 

221221 DICVI,BIAVV −=−=  
 

shows that 

⎥
⎦

⎤
⎢
⎣

⎡
=

20
05.0

]T[ 1b  

 
To get A and C for  Tb2  , consider the circuit below. 
 
                            I1           4Ω                            I2 =0 
                                                                                          
                                                                                     
                      +                                                             +        
                                                             5Ω  
                     V1                                                           V2 
                        -                                         2Ω             - 
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We obtain B and D by looking at the circuit below. 
 
                            I1           4Ω                            I2 =0 
                                                                                          
                                                                                     
                      +                                                             +        
                                                             5Ω  
                     V1                                                           V2=0 
                        -                                         2Ω             - 
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From Prob. 19.52, 
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Chapter 19, Problem 72. 
 
* A series-parallel connection of two two-ports is shown in Fig. 19.119. Determine the z 
parameter representation of the network. 
  

 
Figure 19.119 
For Prob. 19.72. 
 
* An asterisk indicates a challenging problem. 
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Chapter 19, Solution 72. 
 
Consider the network shown below. 

 
2a1a1a 425 VIV +=       (1) 

2aa12a 4- VII +=       (2) 

2b1b1b 16 VIV +=       (3) 

2bb12b 5.0- VII +=       (4) 
 

1b1a1 VVV +=  

2b2a2 VVV ==  

2b2a2 III +=  

1a1 II =  
Now, rewrite (1) to (4) in terms of 1I  and 2V  

211a 425 VIV +=       (5) 

212a 4 - VII +=       (6) 

21b1b 16 VIV +=       (7) 

2b12b 5.0- VII +=       (8) 
 
Adding (5) and (7), 

21b11 51625 VIIV ++=      (9) 
 
Adding (6) and (8), 

21b12 5.14- VIII +−=      (10) 

11a1b III ==        (11) 
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Because the two networks aN  and bN  are independent, 

212 5.15- VII +=  
or  212 6667.0333.3 IIV +=      (12) 
 
Substituting (11) and (12) into (9), 

2111 5.1
5

5.1
25

41 IIIV ++=  

211 333.367.57 IIV +=      (13) 
 
Comparing (12) and (13) with the following equations 

2121111 IzIzV +=  

2221212 IzIzV +=  
indicates that 

=][z Ω⎥⎦

⎤
⎢⎣

⎡
6667.0333.3
333.367.57

 

 
Alternatively, 
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as obtained previously. 
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Chapter 19, Problem 73. 

 
Three copies of the circuit shown in Fig. 19.70 are connected in cascade. Determine the z 
parameters. 
 

Chapter 19, Solution 73. 
 
From Problem 19.6, 

25 20
[ ] , 25 30 20 24 270

24 30
z z x x⎡ ⎤
= ∆ = − =⎢ ⎥
⎣ ⎦

 

  
11

21 21

25 270,
24 24

z zA B
z z

∆
= = = =  

24
30

z
z

D,
24
1

z
1C

21

22

21
====  

 
The overall ABCD parameters can be found using MATLAB. 
 

 >> T=[25/24,270/24;1/24,30/24] 
T = 
    1.0417   11.2500 
    0.0417    1.2500 
>> T3=T*T*T 
T3 = 
    2.6928   49.7070 
    0.1841    3.6133 
>> Z=[2.693/0.1841,(2.693*3.613-0.1841*49.71)/0.1841;1/0.1841,3.613/0.1841] 
Z = 
   14.6279    3.1407 
    5.4318   19.6252 

 

Z = ⎥
⎦

⎤
⎢
⎣

⎡
625.19432.5
141.3628.14
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Chapter 19, Problem 74. 

 

*  Determine the ABCD parameters of the circuit in Fig. 19.120 as functions of s. (Hint: 
Partition the circuit into subcircuits and cascade them using the results of Prob. 19.43.) 
  

 
Figure 19.120 
For Prob. 19.74. 
 
* An asterisk indicates a challenging problem. 
 
 
 
Chapter 19, Solution 74. 
 
From Prob. 18.35, the transmission parameters for the circuit in Figs. (a) and (b) are 
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We partition the given circuit into six subcircuits similar to those in Figs. (a) and (b) as 
shown in Fig. (c) and obtain ][T  for each. 

 
 

⎥⎦

⎤
⎢⎣

⎡
=

11
01

][ 1T , ⎥⎦

⎤
⎢⎣

⎡
=

10
s1

][ 2T , ⎥⎦

⎤
⎢⎣

⎡
=

1s
01

][ 3T  

 
][][ 24 TT = ,  ][][ 15 TT = ,  ][][ 36 TT =  

 

⎥⎦

⎤
⎢⎣

⎡
⎥⎦

⎤
⎢⎣

⎡
==

1s
01

11
01

][][][][][][][][][][][ 4321654321 TTTTTTTTTTT  

 

      ⎥
⎦

⎤
⎢
⎣

⎡
+⎥

⎦

⎤
⎢
⎣

⎡
=⎥

⎦

⎤
⎢
⎣

⎡
+

=
11s
01

10
s1

][][][
11s
01

][][][][ 3214321 TTTTTTT  

 

      ⎥
⎦

⎤
⎢
⎣

⎡

+
++

⎥
⎦

⎤
⎢
⎣

⎡
=

11s
s1ss

1s
01

][][
2

21 TT  

 

      ⎥
⎦

⎤
⎢
⎣

⎡

++++
++

⎥
⎦

⎤
⎢
⎣

⎡
=

1s1s2ss
s1ss

10
s1

][ 223

2

1T  

 

      ⎥
⎦

⎤
⎢
⎣

⎡

++++
+++++

⎥
⎦

⎤
⎢
⎣

⎡
=

1s1s2ss
s2s1s2s3ss

11
01

223

3234

 

 

=][T ⎥⎦

⎤
⎢⎣

⎡

+++++++
+++++

1s2ss2s4s4s2s
s2s1s2s3ss

23234

3234

 

 
Note that 1=−CDAB  as expected. 
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Chapter 19, Problem 75. 

 
*  For the individual two-ports shown in Fig. 19.121 where, 

[z a ] Ω⎥
⎦

⎤
⎢
⎣

⎡
=

54
68

 [y b ] ⎥
⎦

⎤
⎢
⎣

⎡ −
=

102
48

S 

(a) Determine the y parameters of the overall two-port. 
(b) Find the voltage ratio V o /V i  when Z Ω= 2L . 

 
Figure 19.110 

For Prob. 19.63. 
 
* An asterisk indicates a challenging problem. 
 
Chapter 19, Solution 75. 
 
(a)  We convert  [za] and [zb]   to T-parameters.  For Na,  162440 =−=∆ z . 
 

⎥
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For Nb,  88880y =+=∆ . 
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We convert this to y-parameters.   .3BCADT −=−=∆  
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(b) The equivalent z-parameters are 
 

⎥
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⎤
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Consider the equivalent circuit below. 
 
                          I1                      z11                                                                                 z22                           I2   
 
 
                     +                                      +                                                      + 
                                                                                    +                                            ZL       
                  Vi                                           z12 I2                                                   z21 I1                     Vo 
                                                            -                       -                                 -    
                    - 
 
 

 
212111i IzIzV +=       (1) 

 
222121o IzIzV +=       (2) 

 

But  Lo2L2o Z/VIZIV −=⎯→⎯−=    (3) 
 
From (2) and (3) , 
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Substituting (3) and (4) into (1) gives 
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Chapter 19, Problem 76. 

 
Use PSpice to obtain the z parameters of the network in Fig. 19.122.  

 
Figure 19.122 
For Prob. 19.76. 
 
 
Chapter 19, Solution 76. 
 
 
To get  z11 and  z21, we open circuit the output port and let  I1 = 1A so that 

2
1

2
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1

1
11 V

I
Vz,V

I
Vz ====  

 
The schematic is shown below.  After it is saved and run, we obtain 
 

122.1Vz,849.3Vz 221111 ====  
 
Similarly, to get  z22 and  z12, we open circuit the input port and let  I2 = 1A so that 
 

2
2
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Vz ====  

 
The schematic is shown below.  After it is saved and run, we obtain 
 

849.3Vz,122.1Vz 222112 ====  
 
Thus, 
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Chapter 19, Problem 77. 
 
Using PSpice, find the h parameters of the network in Fig. 19.123. Take ω  = 1 rad/s 
  

 
Figure 19.123 
For Prob. 19.77. 
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Chapter 19, Solution 77. 
 
We follow Example 19.15 except that this is an AC circuit. 
 
(a) We set V2  =  0  and I1  =  1 A.  The schematic is shown below. In the AC Sweep 
Box, set Total Pts  =  1, Start Freq  =  0.1592, and End Freq  =  0.1592.  After simulation, 
the output file includes 
 

FREQ  IM(V_PRINT2) IP(V_PRINT2) 
 
1.592 E–01 3.163 E–.01  –1.616 E+02 
 
 
FREQ  VM($N_0001) VP($N_0001) 
 
1.592 E–01 9.488 E–01  –1.616 E+02 

 
From this we obtain 
 

h11  =  V1/1  =  0.9488∠–161.6° 
 

h21  =  I2/1   =  0.3163∠–161.6°. 
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(b) In this case, we set I1  =  0 and V2  =  1V.  The schematic is shown below.  In the 
AC Sweep box, we set Total Pts  =  1, Start Freq  =  0.1592, and End Freq  =  0.1592.  
After simulation, we obtain an output file which includes 
 
 

FREQ  VM($N_0001) VP($N_0001) 
 
1.592 E–01 3.163 E–.01  1.842 E+01 
 
 
FREQ  IM(V_PRINT2) IP(V_PRINT2) 
 
1.592 E–01 9.488 E–01  –1.616 E+02 

 
From this, 

h12  =  V1/1  =  0.3163∠18.42° 
 

h21  =  I2/1   =  0.9488∠–161.6°. 
 
 

Thus,   [h]  =  ⎥
⎦

⎤
⎢
⎣

⎡
°−∠°−∠
°∠°−∠
6.1619488.06.1613163.0

42.183163.06.1619488.0
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Chapter 19, Problem 78. 
 
Obtain the h parameters at ω = 4 rad/s for the circuit in Fig. 19.124 using PSpice. 
  

 
Figure 19.124 
For Prob. 19.78. 
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Chapter 19, Solution 78 
 
For h11 and h21, short-circuit the output port and let I1 = 1A.  6366.02/ == πωf .  The 
schematic is shown below.  When it is saved and run, the output file contains the 
following: 
 
FREQ        IM(V_PRINT1)IP(V_PRINT1) 
 
 
   6.366E-01   1.202E+00   1.463E+02 
 
 
  FREQ        VM($N_0003) VP($N_0003)  
 
 
   6.366E-01   3.771E+00  -1.350E+02 
 
 
From the output file, we obtain 
 

o
1

o
2 135771.3V,3.146202.1I −∠=∠=  

 
so that 
 

o2
21

o1
11 3.146202.1

1
Ih,135771.3

1
Vh ∠==−∠==  
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For h12  and h22, open-circuit the input port and let V2 = 1V.  The schematic is shown 
below.  When it is saved and run, the output file includes: 
 
  FREQ        VM($N_0003) VP($N_0003)  
 
 
   6.366E-01   1.202E+00  -3.369E+01 
 
  FREQ        IM(V_PRINT1)IP(V_PRINT1) 
 
 
   6.366E-01   3.727E-01  -1.534E+02 
 
 
From the output file, we obtain 
 

o
1

o
2 69.33202.1V,4.1533727.0I −∠=−∠=  

 
so that 
 

o2
22

o1
12 4.1533727.0

1
Ih,69.33202.1

1
Vh −∠==−∠==  

 
Thus, 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−∠∠
−∠−∠= o

oo

4.1533727.03.146202.1
69.33202.1135771.3]h[  
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Chapter 19, Problem 79. 
 
Use PSpice to determine the z parameters of the circuit in Fig. 19.125. Take ω  = 2 rad/s. 
  

 
Figure 19.125 
For Prob. 19.79. 
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Chapter 19, Solution 79 
 
We follow Example 19.16. 
(a)  We set I1  =  1 A and open-circuit the output-port so that I2  =  0.  The schematic 
is shown below with two VPRINT1s to measure V1 and V2.  In the AC Sweep box, we 
enter Total Pts  =  1, Start Freq  =  0.3183, and End Freq  =  0.3183.  After simulation, the 
output file includes 
 
 

FREQ  VM(1)   VP(1) 
 
3.183 E–01 4.669 E+00  –1.367 E+02 
 
 
FREQ  VM(4)   VP(4) 
 
3.183 E–01 2.530 E+00  –1.084 E+02 

 
From this, 
 
 

z11  =  V1/I1  =  4.669∠–136.7°/1   =  4.669∠–136.7° 
 
z21  =  V2/I1   =  2.53∠–108.4°/1  =  2.53∠–108.4°. 

 

 
(b) In this case, we let I2  =  1 A and open-circuit the input port.  The schematic is 
shown below.  In the AC Sweep box, we type Total Pts  =  1, Start Freq  =  0.3183, and 
End Freq  =  0.3183.  After simulation, the output file includes 
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FREQ  VM(1)   VP(1) 
 
3.183 E–01 2.530 E+00  –1.084 E+02 
 
 
FREQ  VM(2)   VP(2) 
 
3.183 E–01 1.789 E+00  –1.534 E+02 

 
From this, 
 

z12  =  V1/I2  =  2.53∠–108.4°/1   =  2.53∠–108..4° 
 
z22  =  V2/I2   =  1.789∠–153.4°/1  =  1.789∠–153.4°. 

 
Thus, 

   [z]  =  ⎥
⎦

⎤
⎢
⎣

⎡
°−∠°−∠
°−∠°−∠

4.153789.14.10853.2
4.10853.27.136669.4

Ω 

 

 
 
Chapter 19, Problem 80. 
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Use PSpice to find the z parameters of the circuit in Fig. 19.71. 
 
 
 
 
Chapter 19, Solution 80 
 
To get  z11 and  z21, we open circuit the output port and let  I1 = 1A so that 
 

2
1

2
211

1

1
11 V

I
Vz,V

I
Vz ====  

 
The schematic is shown below.  After it is saved and run, we obtain 
 

37.70Vz,88.29Vz 221111 −====  
 
Similarly, to get  z22 and  z12, we open circuit the input port and let  I2 = 1A so that 
 

2
2

2
221

2

1
12 V

I
Vz,V

I
Vz ====  

 
The schematic is shown below.  After it is saved and run, we obtain 
 

11.11Vz,704.3Vz 222112 ====  
 
Thus, 
 

Ω⎥
⎦

⎤
⎢
⎣

⎡
−

=
11.1137.70

704.388.29
]z[  
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Chapter 19, Problem 81. 
 
Repeat Prob. 19.26 using PSpice. 
 
 
 
 
Chapter 19, Solution 81 
 
 
(a) We set V1  =  1  and short circuit the output port.  The schematic is shown below.  
After simulation we obtain 
 

y11  =  I1  =  1.5,  y21  =  I2  =  3.5 
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(b) We set V2  =  1 and short-circuit the input port.  The schematic is shown below.  
Upon simulating the circuit, we obtain 
 

y12  =  I1  =  –0.5,  y22  =  I2  =  1.5 
 

[Y]  =  ⎥
⎦

⎤
⎢
⎣

⎡ −
5.15.3
5.05.1

S 
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Chapter 19, Problem 82. 
 
Use PSpice to rework Prob. 19.31. 
 
 
 
 
 
 
 
Chapter 19, Solution 82 
 
We follow Example 19.15. 
 

(a) Set V2  =  0 and I1  =  1A.  The schematic is shown below.  After simulation, 
we obtain 

 
h11  =  V1/1  =  3.8,  h21  =  I2/1  =  3.6   
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(b) Set V1  =  1 V and I1  =  0.  The schematic is shown below.  After simulation, 
we obtain 

 
h12  =  V1/1  =  0.4,  h22  =  I2/1  =  0.25 

 
 

Hence,   [h]  =  ⎥
⎦

⎤
⎢
⎣

⎡
25.06.3
4.08.3
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Chapter 19, Problem 83. 
 
Rework Prob. 19.47 using PSpice. 
 
 
Chapter 19, Solution 83 
 

To get A and C, we open-circuit the output and let  I1 = 1A.  The schematic is shown 
below.  When the circuit is saved and simulated, we obtain  V1 = 11 and  V2 = 34. 
 

02941.0
34
1

V
IC,3235.0

V
VA

2

1

2

1 =====  

 
Similarly, to get B and D, we open-circuit the output and let  I1 = 1A.  The schematic 
is shown below.  When the circuit is saved and simulated, we obtain  V1 = 2.5 and  I2 
= -2.125. 
 

4706.0
125.2
1

I
ID,1765.1

125.2
5.2

I
VB

2

1

2

1 ==−===−=  

 
Thus, 
 

⎥
⎦

⎤
⎢
⎣

⎡
=

4706.002941.0
1765.13235.0

]T[  
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Chapter 19, Problem 84. 
 
Using PSpice, find the transmission parameters for the network in Fig. 19.126. 
  

 
Figure 19.126 
For Prob. 19.84. 
 
 
Chapter 19, Solution 84 
  

(a) Since  A  =  
0I2

1

2
V
V

=

  and  C  =  
0I2

1

2
V
I

=

, we open-circuit the output port and let V1  

=  1 V.  The schematic is as shown below.  After simulation, we obtain 
 
    A  =  1/V2  =  1/0.7143  =  1.4 
 
    C  =  I2/V2  =  1.0/0.7143  =  1.4 
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(b) To get B and D, we short-circuit the output port and let V1  =  1.  The schematic is 
shown below.  After simulating the circuit, we obtain 
 
   B  =  –V1/I2  =  –1/1.25  =  –0.8 
 
   D  =  –I1/I2  =  –2.25/1.25  =  –1.8 
 

Thus   ⎥
⎦

⎤
⎢
⎣

⎡
DC
BA

  =  ⎥
⎦

⎤
⎢
⎣

⎡
−
−

8.14.1
8.04.1
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Chapter 19, Problem 85. 
 
At ω  = 1 rad/s find the transmission parameters of the network in Fig. 19.127 using 
PSpice. 
  

 
Figure 19.127 
For Prob. 19.85. 
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Chapter 19, Solution 85 
 

(a)   Since A  =  
0I2

1

2
V
V

=

  and  C  =  
0I2

1

2
V
I

=

, we let V1  =  1 V and open-

circuit the output port.  The schematic is shown below.  In the AC Sweep box, we set  
Total Pts = 1, Start Freq  =  0.1592, and End Freq = 0.1592.  After simulation, we obtain 
an output file which includes 
 
 

FREQ  IM(V_PRINT1) IP(V_PRINT1) 
1.592 E–01 6.325 E–01  1.843 E+01 
 
FREQ  VM($N_0002) VP($N_0002) 
1.592 E–01 6.325 E–01  –7.159 E+01 
 

From this, we obtain  
 

  A  =  °∠=
°−∠

= 59.71581.1
59.716325.0

1
V
1

2

 

 

  C  =  °∠=
°−∠
°∠

= 901
59.716325.0

43.186325.0
V
I

2

1   =  j 
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(b) Similarly, since B  =  
0V2

1

2
I
V

=

  and  D  =  
0V2

1

2
I
I

=

− , we let V1  =  1 V and short-

circuit the output port.  The schematic is shown below.  Again, we set Total Pts = 1, Start 
Freq =  0.1592, and End Freq = 0.1592 in the AC Sweep box.  After simulation, we get 
an output file which includes the following results: 
 
 
 

FREQ  IM(V_PRINT1) IP(V_PRINT1) 
1.592 E–01 5.661 E–04  8.997 E+01 
 
FREQ  IM(V_PRINT3) IP(V_PRINT3) 
1.592 E–01 9.997 E–01  –9.003 E+01 

 
From this, 
 

  B  =  j901
909997.0

1
I
1

2

−=°∠−=
°−∠

−=−  

 

  D  =  
°−∠
°∠

−=−
−

909997.0
97.8910x661.5

I
I 4

2

1   =  5.561x10–4   

 

  ⎥
⎦

⎤
⎢
⎣

⎡
DC
BA

  =  ⎥
⎦

⎤
⎢
⎣

⎡ −°∠
−410x661.5j

j59.71581.1
 

 

 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 19, Problem 86. 
 
Obtain the g parameters for the network in Fig. 19.128 using PSpice. 
  

 
Figure 19.128 
For Prob. 19.86. 
 
 
 
Chapter 19, Solution 86 
 

(a) By definition,  g11  =  
0I1

1

2
V
I

=

,  g21  =  
0I2

1

2
V
V

=

. 

 
We let V1  =  1 V and open-circuit the output port.  The schematic is shown below.  After 
simulation, we obtain 
 
   g11  =  I1  =  2.7 
 
   g21  =  V2  =  0.0 
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(b) Similarly, 

   g12  =  
0V2

1

1
I
I

=

,  g22  =  
0V2

2

1
I
V

=

 

 
We let I2  =  1 A and short-circuit the input port.  The schematic is shown below.  After 
simulation, 
   g12  =  I1  =  0 
 
   g22  =  V2  =  0 
 

Thus   [g]  =  ⎥
⎦

⎤
⎢
⎣

⎡
00
0S727.2
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Chapter 19, Problem 87. 
For the circuit shown in Fig. 19.129, use PSpice to obtain the t parameters. Assume ω  = 
1 rad/s. 

 
Figure 19.129 

For Prob. 19.87. 
 
Chapter 19, Solution 87 

(a) Since  a  =  
0I1

2

1
V
V

=

  and  c  =  
0I1

2

1
V
I

=

, 

we open-circuit the input port and let V2  =  1 V.  The schematic is shown below.  In the 
AC Sweep box, set Total Pts =  1, Start Freq =  0.1592, and End Freq  =  0.1592.  After 
simulation, we obtain an output file which includes 
 

FREQ  IM(V_PRINT2) IP(V_PRINT2) 
1.592 E–01 5.000 E–01  1.800 E+02 
 
FREQ  VM($N_0001) VP($N_0001) 
1.592 E–01 5.664 E–04  8.997 E+01 

From this, 

  a  =  °−∠=
°∠− 97.891765

97.8910x664.5
1

4  

 

  c  =  °−∠−=
°∠

°∠
− 97.8928.882

97.8910x664.5
1805.0
4  
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(b) Similarly, 

   b  =  
0V1

2

1
I
V

=

−   and   d  =  
0V1

2

1
I
I

=

−  

 
We short-circuit the input port and let V2  =  1 V.  The schematic is shown below.  After 
simulation, we obtain an output file which includes 
 
 

FREQ  IM(V_PRINT2) IP(V_PRINT2) 
1.592 E–01 5.000 E–01  1.800 E+02 

 
FREQ  IM(V_PRINT3) IP(V_PRINT3) 
1.592 E–01 5.664 E–04  –9.010 E+01 

 
From this, we get  

   b  =  
°−∠

− − 1.9010x664.5
1
4   =  –j1765 

 

   d  =  
°−∠

°∠
− − 1.9010x664.5

1805.0
4   =  j888.28 

 
 

Thus   [t]  =  ⎥
⎦

⎤
⎢
⎣

⎡ −−
2.888j2.888j

1765j1765j
 

 
 
 

 
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 19, Problem 88. 
Using the y parameters, derive formulas for Z in , Z out , A i , and A v  for the common-
emitter transistor circuit. 
 
Chapter 19, Solution 88 
To get inZ , consider the network in Fig. (a). 

  2121111 VyVyI +=       (1) 

2221212 VyVyI +=       (2) 
 

But  222121
L

2
2 R

-
VyVy

V
I +==  

L22

121
2 R1

-
+

=
y

Vy
V       (3) 

Substituting (3) into (1) yields 

⎟
⎠

⎞
⎜
⎝

⎛

+
⋅+=

L22

121
121111 R1

-
y

Vy
yVyI ,  

L
L R

1
=Y  

1
L22

L11y
1 V

Yy
Yy

I ⎟
⎠

⎞
⎜
⎝

⎛

+

+∆
= ,   21122211y yyyy −=∆  

or  ==
1

1
inZ

I
V

L11y

L22

Yy
Yy

+∆
+

 

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=

+
==

L22

121

1

22
in21

1

222121

1

2
i

-
ZA

Yy
Vy

I
y

y
I

VyVy
I
I  

     ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+∆
+

=
+

−=
L22

2122
21

L11y

L22

L22

in2122
in21

Z
Z

Yy
yy

y
Yy

Yy
Yy

yy
y  

=iA
L11y

L21

Yy
Yy

+∆
 

Rs 

+ 
− 

(a)

I1 I2

+ 

V1

−

Vs 
+

V2

−

Two-Port

Zin
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From (3), 

==
1

2
vA

V
V

L22

21

Yy
y-
+

 

 
To get outZ , consider the circuit in Fig. (b). 

 

222121

2

2

2
outZ

VyVy
V

I
V

+
==      (4) 

 
But  1s1 R- IV =  
 
Substituting this into (1) yields 

2121s111 R- VyIyI +=  

2121s11 )R1( VyIy =+  

s

1

s11

212
1 R

-
R1

V
y

Vy
I =

+
=  

or  
s11

s12

2

1

R1
R-

y
y

V
V

+
=  

 
Substituting this into (4) gives 

s11

s2112
22

out

R1
R

1
Z

y
yy

y
+

−
=  

       
s2221s221122

s11

RR
R1

yyyyy
y

−+
+

=  

=outZ
s22y

s11

Yy
Yy

+∆
+

 

 
 

+ 
− 

(b)

I1 I2

+ 

V1 

−

Rs Two-Port

Zout



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 19, Problem 89. 
 
A transistor has the following parameters in a common-emitter circuit: 

h ie  = 2,640Ω ,  h re  = 2.6 ×10 4−  

h fe  = 72,   h oe = 16µ S,   RL = 100 kΩ  

What is the voltage amplification of the transistor? How many decibels gain is this? 
 
 
 
Chapter 19, Solution 89 
 
 

Lfereoeieie

Lfe
v R)hhhh(h

Rh-
A

−+
=  

54-6-

5

v 10)72106.210162640(2640
1072-

A
⋅××−××+

⋅
=  

=
+
⋅

=
18242640
1072-

A
5

v 1613-  

 
=== )1613(log20Alog20gain dc v 15.64  
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Chapter 19, Problem 90. 

 
A transistor with 
h fe  = 120,   h ie  = 2kΩ  

h re  = 10 4− ,   h oe  = 20µ S 

is used for a CE amplifier to provide an input resistance of 1.5 kΩ . 
(a) Determine the necessary load resistance RL. 
(b) Calculate A v , A i , and Z out  if the amplifier is driven by a 4-mV source having an 
internal resistance of 600Ω . 
(c) Find the voltage across the load. 
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Chapter 19, Solution 90 
 

(a) 
Loe

Lfere
iein Rh1

Rhh
hZ

+
−=  

L
6-

L
-4

R10201
R12010

20001500
×+
×

−=  

L
5-

-3

R1021
1012

500
×+
×

=  

L
-3

L
-2 R1012R10500 ×=+  

L
2 R2.010500 =×  

=LR Ωk250  
 

(b) 
Lfereoeieie

Lfe
v R)hhhh(h

Rh-
A

−+
=  

34-6-

3

v 10250)1012010202000(2000
10250120-

A
×××−××+

××
=  

=
×+×

×
= 33

6

v 107102
1030-

A 3333-  

 

=
×××+

=
+

= 36-
Loe

fe
i 1025010201

120
Rh1

h
A 20  

 

120101020)2000600(
2000600

hhh)hR(
hR

Z 4-6-
fereoeies

ies
out ×−××+

+
=

−+
+

=  

=Ω= k
40

2600
Zout Ωk65  

 

(c) =××==⎯→⎯== 3-
svc

s

c

b

c
v 104-3333AA VV

V
V

V
V

V13.33-  
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Chapter 19, Problem 91. 
For the transistor network of Fig. 19.130, 
h fe  = 80,   h ie  = 1.2kΩ  

h re  = 1.5 ×  10 4− ,   h oe  = 20µ S 

Determine the following: 
(a) voltage gain A v  = Vo/V s , 
(b) current gain A i  = I 0 /I i , 
(c) input impedance Z in , 
(d) output impedance Z out . 

  

 
Figure 19.130 
For Prob. 19.91. 
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Chapter 19, Solution 91 
 
   Ω= k2.1R s ,  Ω= k4R L  
 

(a) 
Lfereoeieie

Lfe
v R)hhhh(h

Rh-
A

−+
=  

34-6-

3

v 104)80105.110201200(1200
10480-

A
××××−××+

××
=  

==
1248
32000-Av 25.64-  for the transistor.  However, the problem asks for 

Vo/Vs.   
 
Thus,  

Vb = Vo/ATransV = –Vo/25.64 
Ib = Vs/(2000 + 1200) = Vs/3200 (Note, we used Zin from (c) 
below.) 
Vb = 1200xIb = (1200/3200)Vs = 0.375Vs  = –Vo/25.64 

 
AV for the circuit = Vo/Vs = –9.615 
 

(b) =
×××+

=
+

= 36-
Loe

fe
i 10410201

80
Rh1

h
A 07.74  

 
(c) ireiein AhhZ −=  

≅××−= 074.74105.11200Z -4
in Ωk2.1  

 

(d) 
fereoeies

ies
out hhh)hR(

hR
Z

−+
+

=  

==
××−××

+
=

0468.0
2400

80105.110202400
12001200

Z 4-6-out Ωk28.51  
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Chapter 19, Problem 92. 
 
* Determine A v , A i , Z in , and Z out  for the amplifier shown in Fig. 19.131. Assume that 

h ie  = 4 kΩ ,   h re  = 10 4−  

h fe  = 100,   h oe  = 30µ S 

 
  

 
Figure 19.131 
For Prob. 19.92. 
 
* An asterisk indicates a challenging problem. 
 
 
Chapter 19, Solution 92 
 
Due to the resistor Ω= 240R E , we cannot use the formulas in section 18.9.1.  We will 
need to derive our own.  Consider the circuit in Fig. (a). 

 
 

hie

+ 
− 

hre Vc

Zin

IE

+ 

Ib Ic 

+ 

Vc 

−

Vs 

Rs 

+ 

Vb 

−

(a)
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cbE III +=        (1) 

Ecbcrebieb R)(hh IIVIV +++=     (2) 
 

oe
E

c
bfec

h
1R

h
+

+=
V

II      (3) 

But  Lcc R-IV =        (4) 
 
Substituting (4) into (3), 

c

oe
E

L
bfec

h
1R

Rh III
+

−=  

or  
Loe

oeEfe

b

c
i R(h1

)hR1(h
A

+
+

==
I
I

     (5) 

)240000,4(10301
)10x30x2401(100A 6-

6

i +×+
+

=
−

 

=iA 79.18 
From (3) and (5), 

oe
E

c
bfeb

ELoe

oeEfe
c

h
1R

h
)RR(h1

h)R1(h
+

+=
++

+
=

V
III   (6) 

Substituting (4) and (6) into (2), 
EccrebEieb Rh)Rh( IVIV +++=  

E
L

c
cre

fe
ELoe

oeEfe

oe
E

Eiec
b R

R
h

h
)RR(h1

)hR1(h
h
1R

)Rh( V
V

V
V −+

⎥
⎦

⎤
⎢
⎣

⎡
−

++
+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
=  

 

L

E
re

fe
ELoe

oeEfe

oe
E

Eie

c

b

v R
Rh

h
)RR(h1

)hR1(h
h
1R

)Rh(
A
1

−+

⎥
⎦

⎤
⎢
⎣

⎡
−

++
+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
==

V
V

 (7) 

 

4000
24010

100
424010301

)10x30x2401(100
10x30
1240

)2404000(
A
1 4-

6-

6

6
v

−+

⎥
⎦

⎤
⎢
⎣

⎡
−

××+
+

⎟
⎠
⎞

⎜
⎝
⎛ +

+
=

−

−

 

-0.06606.01010x06.6
A
1 4-3

v

=−+−= −  

 
=vA  –15.15 
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From (5), 

b
Loe

fe
c Rh1

h
II

+
=  

 
We substitute this with (4) into (2) to get 

cLreEbEieb )RhR()Rh( IIV −++=  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++

+
−++= b

ELoe

oeEfe
LreEbEieb )RR(h1

)hR1(h
)RhR()Rh( IIV  

 

)RR(h1
)hR1)(RhR(h

RhZ
ELoe

oeELreEfe
Eie

b

b
in ++

+−
++==

I
V

  

 (8) 
 

424010301
)10x30x2401)(10410240)(100(2404000Z 6-

63-4

in ××+
+×××

++=
−

 

=inZ  12.818 kΩ 
 
To obtain outZ , which is the same as the Thevenin impedance at the output, we introduce 
a 1-V source as shown in Fig. (b). 

 
From the input loop, 

0)(Rh)hR( cbEcreiesb =++++ IIVI  
 
But  1c =V  
 

hie 

+ 
− 

hre Vc 

Zout 

IE

+ 

Ib Ic

+

Vc

−

Rs 

+ 

Vb 

−

(b)
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So, 
0Rh)RhR( cEreEiesb =++++ II     (9) 

 
From the output loop, 

bfe
oeE

oe
bfe

oe
E

c
c h

1hR
h

h

h
1R

II
V

I +
+

=+
+

=  

 

or  
oeE

fe

oe

fe

c
b hR1

h
h

h +
−=

I
I       (10) 

 
Substituting (10) into (9) gives 

0
hR1

h
h)hRR(

Rh
h

)hRR(
oeE

fe

oe
ieEs

cEre
fe

c
ieEs =

+

⎟
⎠
⎞⎜

⎝
⎛++

−++⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++ I

I
 

re
fe

oe

oeE

ieEs
cEc

fe

ieEs h
h
h

hR1
hRR

R
h

hRR
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

++
=+

++
II  

 

feieEsE

re
oeE

ieEs
feoe

c h)hRR(R

h
hR1

hRR
)hh(

+++

−⎥
⎦

⎤
⎢
⎣

⎡
+

++

=I  

 

fereoe
oeE

ieEs

ieEsfeE

c
out

hhh
hR1

hRR
hRRhR1Z

−⎥
⎦

⎤
⎢
⎣

⎡
+

++
+++

==
I

 

 

100101030
10x30x2401
40002401200

)40002401200(100240Z
4-6-

6

out

×−××⎥⎦
⎤

⎢⎣
⎡

+
++

+++×
=

−

 

=
+

=
152.0

544024000Zout  193.7 kΩ 
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*Chapter 19, Problem 93. 
 
Calculate A v , A i , Z in , and Z out , for the transistor network in Fig. 19.132. Assume that 

h ie  = 2 kΩ ,   h re  = 2.5 ×  10 4−  

h fe  = 150,   h oe  = 10µ S 

 

 
Figure 19.110 
For Prob. 19.63. 
*An asterisk indicates a challenging problem. 
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Chapter 19, Solution 93 
 
We apply the same formulas derived in the previous problem. 
 

L

E
re

fe
ELoe

oeEfe

oe
E

Eie

v R
Rh

h
)RR(h1

)hR1(h
h
1R

)Rh(
A
1

−+

⎥
⎦

⎤
⎢
⎣

⎡
−

++
+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
=  

 

3800
200105.2

150
04.01

)002.01(150)10200(

)2002000(
A
1 4-

5v

−×+

⎥⎦
⎤

⎢⎣
⎡ −

+
+

+

+
=  

-0.0563805263.0105.2004.0
A
1 4-

v

=−×+−=  

 
=vA –17.74 

 

=
+×+

+
=

++
+

=
−

)3800200(101
)10x2001(150

)RR(h1
)hR1(h

A 5-

5

ELoe

oeEfe
i 5.144  

 

)RR(h1
)hR1)(RhR(h

RhZ
ELoe

oeELreEfe
Eiein ++

+−
++=  

 

04.1
)002.1)(108.3105.2200)(150(2002000Z

3-4

in
×××−

++=  

289662200Zin +=  
=inZ 31.17 kΩ 

 

fereoe
oeE

ieEs

ieEsfeE
out

hhh
hR1

hRR
hRRhR

Z
−⎥

⎦

⎤
⎢
⎣

⎡
+

++
+++

=  

 

0.0055-
33200

150105.2
002.1

103200
20002001000150200Z

4-
5-out =

××−⎥
⎦

⎤
⎢
⎣

⎡ ×
+++×

=  

=outZ –6.148 MΩ 
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Chapter 19, Problem 94. 

 
A transistor in its common-emitter mode is specified by 

[h] = ⎥
⎦

⎤
⎢
⎣

⎡ Ω
− S10100
0200

6  

Two such identical transistors are connected in cascade to form a two-stage amplifier 
used at audio frequencies. If the amplifier is terminated by a 4-kΩ  resistor, calculate the 
overall A v  and Z in . 
 

Chapter 19, Solution 94 
 
We first obtain the ABCD parameters. 

Given  ⎥⎦

⎤
⎢⎣

⎡
= 6-10100

0200
][h ,  -4

21122211h 102×=−=∆ hhhh  

 

⎥⎦

⎤
⎢⎣

⎡ ×
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡ ∆

= 2-8-

6-

2121

22

21

11

21

h

10-10-
2-102-

1--

-

][

hh
h

h
h

h
T  

 
The overall ABCD parameters for the amplifier are 

⎥⎦

⎤
⎢⎣

⎡ ××
≅⎥⎦

⎤
⎢⎣

⎡ ×
⎥⎦

⎤
⎢⎣

⎡ ×
= 4-10-

-2-8

2-8-

-6

2-8-

-6

1010
102102

10-10-
2-102-

10-10-
2-102-

][T  

0102102 -12-12
T =×−×=∆  

⎥
⎦

⎤
⎢
⎣

⎡
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡ ∆

= 6-4

T

1010-
0200

1-][

D
C

D

DD
B

h  

 
Thus,  200h ie = ,     0h re = ,     4

fe -10h = ,     -6
oe 10h =  

 

=
××−×+

×
= 34-

34

v 104)0102(200
)104)(10(

A 5102×  

 

=−=
+

−= 0200
Rh1
Rhh

hZ
Loe

Lfere
iein Ω200  
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Chapter 19, Problem 95. 
 
Realize an LC ladder network such that 

810
5

24

3

22 ++
+

=
ss

ssy  

 
 
 
Chapter 19, Solution 95 
 

Let 
s5s

8s10s1
3

24

22
A +

++
==

y
Z  

 
Using long division, 

B13

2

A Ls
s5s
8s5

s ZZ +=
+
+

+=  

 

i.e.  H1L1 =  and 
s5s
8s5

3

2

B +
+

=Z  

 
as shown in Fig (a). 

 

8s5
s5s1

2

3

B
B +

+
==

Z
Y  

 
 
 
 
 
 
 

L1 

y22 = 1/ZA

ZB 

(a)
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Using long division, 

C22B sC
8s5

s4.3
s2.0 YY +=

+
+=  

 

where  F2.0C2 =  and 
8s5

s4.3
2C +

=Y  

as shown in Fig. (b). 

 

4
3

2

C
C Cs

1
Ls

s4.3
8

4.3
s5

s4.3
8s51

+=+=
+

==
Y

Z  

 
i.e. an inductor in series with a capacitor 

H471.1
4.3

5
L3 ==  and F425.0

8
4.3

C4 ==  

 
Thus, the LC network is shown in Fig. (c). 

 
  
 
 
 
 

L1 

Yc = 1/ZC

(b)

1 H 0.425 F

(c) 

1.471 H



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 19, Problem 96. 
 
Design an LC ladder network to realize a lowpass filter with transfer function 
 

( )
1613.2414.3613.2

1
224 ++++

=
ssss

sH  

 
 
 
 
Chapter 19, Solution 96 
 
This is a fourth order network which can be realized with the network shown in Fig. (a). 

 
)s613.2s613.2()1s414.3s()s( 324 ++++=∆  

 

s613.2s613.2
1s414.3s

1

s613.2s613.2
1

)s(H

3

24

3

+
++

+

+=  

 
which indicates that 
 

s613.22.613s
1-

321 +
=y  

s613.2s613.2
1s414.3s

3

4

22 +
++

=y  

 
We seek to realize 22y .   
 
 

L3 

C2

(a)

C4

L1 
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By long division, 
 

A43

2

22 Cs
s613.2s613.2

1s414.2
s383.0 Yy +=

+
+

+=  

 

i.e.  F383.0C4 =   and 
s613.2s613.2

1s414.2
3

2

A +
+

=Y  

 
as shown in Fig. (b). 

 
 

1s414.2
s613.2s613.21

2

3

A
A +

+
==

Y
Z  

 
By long division, 

B32A Ls
1s414.2

s531.1
s082.1 ZZ +=

+
+=  

 
 

i.e.  H082.1L3 =   and 
1s414.2

s531.1
2B +

=Z  

as shown in Fig.(c). 

L3 

C2

(c) 

C4

L1 

ZB 

L3 

C2

(b)

C4

L1 

YA 

y22
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1
2

B
B Ls

1
Cs

s531.1
1

s577.1
1

+=+==
Z

Y  

 
i.e.  F577.1C2 =   and H531.1L1 =  
 
Thus, the network is shown in Fig. (d). 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.082 H

0.383 F

(d)

1.531 H 

1.577 F 
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Chapter 19, Problem 97. 
 
Synthesize the transfer function 

( )
241263

3

+++
==

sss
s

V
V

sH
s

o  

using the LC ladder network in Fig. 19.133. 
  

 
Figure 19.133 
For Prob. 19.97. 
 
Chapter 19, Solution 97 
 
 

s12s
24s6

1

s12s
s

)24s6()s12s(
s

)s(H

3

2

3

3

23

3

+
+

+

+=
+++

=  

 
Hence, 

A
3

3

2

22 Cs
1

s12s
24s6

Zy +=
+
+

=      (1) 

 
where AZ  is shown in the figure below. 
 
 
 
 
 
 
 
 
 
 
 
 

ZA y22

C1 

L2

C3 
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We now obtain 3C  and AZ  using partial fraction expansion. 

Let  
12s
CBs

s
A

)12s(s
24s6

22

2

+
+

+=
+
+

 

CsBs)12s(A24s6 222 +++=+  
 
Equating coefficients : 
 0s : 2AA1224 =⎯→⎯=  
 1s : C0 =  
 2s : 4BBA6 =⎯→⎯+=  
 
Thus, 

12s
s4

s
2

)12s(s
24s6

22

2

+
+=

+
+

     (2) 

 
Comparing (1) and (2), 

F
2
1

A
1

C3 ==  

 

s
3

s
4
1

s4
12s1 2

A
+=

+
=

Z
     (3) 

 

But  
2

1
A Ls

1
sC

1
+=

Z
      (4) 

 
Comparing (3) and (4), 

F
4
1

C1 =  and H
3
1

L2 =  

 
Therefore, 

=1C F25.0 ,       =2L H3333.0 ,       =3C F5.0  
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Chapter 19, Problem 98. 
 
A two-stage amplifier in Fig. 19.134 contains two identical stages with  

[h] ⎥
⎦

⎤
⎢
⎣

⎡ Ω
=

µS500200
004.02k

 

If Z 20=L kΩ , find the required value of V s  to produce V o  = 16 V. 

 
 

 
Figure 19.134 
For Prob. 19.98. 
 
 
Chapter 19, Solution 98 
 

2.08.01h =−=∆  

 

⎥
⎦

⎤
⎢
⎣

⎡
−−
−−

=⎥
⎦

⎤
⎢
⎣

⎡
−−
−∆−

== − 005.010x5.2
10001.0

h/1h/h
h/hh/

]T[]T[ 6
212122

211121h
ba  

                                                                                                                                                                   

 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
== −−

−

58

5
ba

10x510x5.1
06.010x6.2]T][T[]T[          

 

         We now convert this to z-parameters 
 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=⎥

⎦

⎤
⎢
⎣

⎡ ∆
= 37

3T

10x33.310x667.6
0267.010x733.1

C/DC/1
C/C/A

]z[  
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                         1000       I1          z11                                                                  z22                           I2   
 
 
           +                                            +                                                      + 
                                                                                    +                                            ZL       
        Vs                                                        z12 I2                                                   z21 I1                     Vo 
                                                            -                       -                                 -    
            - 
 
 

  
212111s IzI)z1000(V ++=  (1) 

 
121222o IzIzV +=  (2) 

 

But  Lo2L2o Z/VIZIV −=⎯→⎯−=        (3) 
 
Substituting (3) into (2) gives 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

L21

22

21
o1 Zz

z
z
1VI  (4) 

 
We substitute (3) and (4) into (1) 
 

V74410x136.210x653.7

V
Z
zV

Zz
z

z
1)z1000(V

54

o
L

12
o

L21

22

11
11s

µ=−=

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++=

−−
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Chapter 19, Problem 99. 
 
Assume that the two circuits in Fig. 19.135 are equivalent. The parameters of the two 
circuits must be equal. Using this factor and the z parameters, derive Eqs. (9.67) and 
(9.68). 
 

   
Figure 19.135 
For Prob. 19.99. 
 
Chapter 19, Solution 99 
 

)(|| abc31ab ZZZZZZ +=+=  

cba

bac
31

)(
ZZZ

ZZZ
ZZ

++
+

=+      (1) 

 
)(|| cba32cd ZZZZZZ +=+=  

cba

cba
32

)(
ZZZ

ZZZ
ZZ

++
+

=+      (2) 

 
)(|| cab21ac ZZZZZZ +=+=  

cba

cab
21

)(
ZZZ

ZZZ
ZZ

++
+

=+      (3) 

 
Subtracting (2) from (1), 
 

cba

acb
21

)(
ZZZ

ZZZ
ZZ

++
−

=−      (4) 

 
Adding (3) and (4), 
 

=1Z
cba

cb

ZZZ
ZZ
++

      (5) 
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Subtracting (5) from (3), 
 

=2Z
cba

ba

ZZZ
ZZ
++

      (6) 

 
Subtracting (5) from (1), 
 

=3Z
cba

ac

ZZZ
ZZ
++

      (7) 

 
Using (5) to (7) 

2
cba

cbacba
133221 )(

)(
ZZZ

ZZZZZZ
ZZZZZZ

++
++

=++  

cba

cba
133221 ZZZ

ZZZ
ZZZZZZ

++
=++    (8) 

 
Dividing (8) by each of (5), (6), and (7), 
 

=aZ
1

133221

Z
ZZZZZZ ++

 

 

=bZ
3

133221

Z
ZZZZZZ ++

 

 

=cZ
2

133221

Z
ZZZZZZ ++

 

 
as required.  Note that the formulas above are not exactly the same as those in Chapter 9 
because the locations of bZ  and cZ  are interchanged in Fig. 18.122. 
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CHAPTER SEVEN 
 

TWO-PORT  NETWORKS 
 
 
This chapter discusses the application of MATLAB for analysis of  two-port 
networks.  The describing equations for the various two-port network represen-
tations are given.  The use of  MATLAB for solving problems involving paral-
lel, series and cascaded two-port networks  is shown.  Example problems in-
volving both passive and active circuits will be solved using MATLAB. 
 
 
 

7.1 TWO-PORT NETWORK REPRESENTATIONS 
 
A general two-port network is shown in Figure 7.1. 
 

Linear
two-port
network

I2

V2V1

+

-

+

-

I1

 
 
 Figure 7.1   General Two-Port Network 
 
 
I1  and V1  are input current and voltage, respectively.  Also, I2  and V2  are 
output current and voltage, respectively.  It is assumed that the linear two-port 
circuit contains no independent sources of energy and that the circuit is initially 
at rest ( no stored energy).  Furthermore, any controlled sources  within the lin-
ear two-port circuit cannot depend on variables that are outside the circuit.  
 
 
7.1.1  z-parameters 
 
A two-port network can be described by  z-parameters as 
 
 V z I z I1 11 1 12 2= +      (7.1) 
 
 V z I z I2 21 1 22 2= +      (7.2) 
 
In  matrix form, the above equation can be rewritten as 

 

© 1999 CRC Press LLC 

 

© 1999 CRC Press LLC 



 

 
V
V

z z
z z

I
I

1

2

11 12

21 22

1

2









 =


















     (7.3) 

 
The z-parameter can be found as follows 
 

 z
V
I I11

1

1
02

= =       (7.4) 

 

 z
V
I I12

1

2
01

= =       (7.5) 

 

 z
V
I I21

2

1
02

= =       (7.6) 

 

 z
V
I I22

2

2
01

= =       (7.7) 

 
The z-parameters are also called open-circuit impedance  parameters since they 
are obtained as a ratio of voltage and current and the parameters are obtained 
by open-circuiting port 2  ( I2  = 0)  or port1  ( I1  = 0).   The following exam-
ple shows a technique for finding the z-parameters of a simple circuit. 
 
 
Example 7.1 
 
For the T-network shown in Figure 7.2, find the z-parameters. 
 

         

+

-

V1 V2

+

-

I1 I2
Z1 Z2

Z3

 
Figure 7.2  T-Network 
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Solution 
 
Using KVL 
 
 V Z I Z I I Z Z I Z I1 1 1 3 1 2 1 3 1 3 2= + + = + +( ) ( )   (7.8) 
  
 V Z I Z I I Z I Z Z I2 2 2 3 1 2 3 1 2 3 2= + + = + +( ) ( ) ( )  (7.9) 
 
thus 
 

 
V
V

Z Z Z
Z Z Z

I
I

1

2

1 3 3

3 2 3

1

2









 =

+
+


















    (7.10) 

 
and the z-parameters are 
 

 [ ]Z
Z Z Z

Z Z Z=
+

+










1 3 3

3 2 3
    (7.11) 

 
 
7.1.2 y-parameters 
 
A two-port network can also be represented using y-parameters.  The describ-
ing equations are 
 
 I y V y V1 11 1 12 2= +      (7.12) 
 
 I y V y V2 21 1 22 2= +      (7.13) 
where 
 
 V1  and V2  are independent variables and  

I1  and I2  are dependent variables.   
 
In matrix form, the above equations can be rewritten as 
 

 
I
I

y y
y y

V
V

1

2

11 12

21 22

1

2









 =


















     (7.14) 

 
The y-parameters can be found as follows: 
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y
I
V V11

1

1
02

= =       (7.15) 

 

 y
I
V V12

1

2
01

= =       (7.16) 

 

 y
I
V V21

2

1
02

= =       (7.17) 

 

 y
I
V V22

2

2
01

= =       (7.18) 

 
The y-parameters are also called short-circuit admittance parameters.  They are 
obtained as a ratio of current and voltage and the parameters are found by 
short-circuiting port 2 (V2  = 0) or  port 1 (V1  = 0).  The following two exam-
ples show how to obtain the y-parameters of simple circuits. 
 
 
Example 7.2 
 
Find the y-parameters of the pi (π) network shown in Figure 7.3. 

        

+

-

V1 V2

+

-

I1 I2
Yb

Yc
Ya

 
 Figure 7.3   Pi-Network 
 
Solution 
 
Using KCL, we have 
 
 I V Y V V Y V Y Y V Ya b a b b1 1 1 2 1 2= + − = + −( ) ( )   (7.19) 
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 I V Y V V Y V Y V Y Yc b b b c2 2 2 1 1 2= + − = − + +( ) ( )  (7.20) 
 
Comparing Equations (7.19) and (7.20) to Equations (7.12) and (7.13), the y-
parameters are 
 

 [ ]Y
Y Y Y

Y Y Y
a b b

b b c
=

+ −
− +









     (7.21) 

 
 
Example 7.3 
 
Figure 7.4 shows the simplified model of a field effect transistor.  Find its y-
parameters. 
 

+

-

V1 V2

+

-

I1 I2

Y2gmV1C1

C3

 
 Figure 7.4  Simplified Model of  a Field Effect Transistor 
 
 
Using KCL, 
 
I V sC V V sC V sC sC V sC1 1 1 1 2 3 1 1 3 2 3= + − = + + −( ) ( ) ( )  (7.22) 
 
I V Y g V V V sC V g sC V Y sCm m2 2 2 1 2 1 3 1 3 2 2 3= + + − = − + +( ) ( ) ( )
        (7.23) 
 
Comparing the above two equations to Equations (7.12) and (7.13), the y-
parameters are 
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 [ ]Y
sC sC sC
g sC Y sCm

=
+ −
− +











1 3 3

3 2 3
    (7.24) 

 
 
 
7.1.3 h-parameters 
 
A two-port network can be represented using the h-parameters.  The describing 
equations for the h-parameters are 
 
 V h I h V1 11 1 12 2= +      (7.25) 
 
 I h I h V2 21 1 22 2= +      (7.26) 
  
where 
 I1  and V2  are independent variables and  

V1  and I2  are dependent variables. 
 
In matrix form, the above two equations become 
 

 
V
I

h h
h h

I
V

1

2

11 12

21 22

1

2









 =


















     (7.27) 

 
The h-parameters can be found as follows: 
 

h
V
I V11

1

1
02

= =       (7.28) 

 

 h
V
V I12

1

2
01

= =       (7.29) 

 

 h
I
I V21

2

1
02

= =       (7.30) 

 

 h
I
V I22

2

2
01

= =       (7.31) 
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The h-parameters are also called hybrid parameters since they contain both 
open-circuit parameters ( I1  = 0 ) and short-circuit parameters (V2  = 0 ).  The 
h-parameters of a bipolar junction transistor  are determined in the following 
example. 
 
 
Example 7.4 
 
A simplified equivalent circuit of a bipolar junction transistor is shown in Fig-
ure 7.5, find its h-parameters. 

+

-

V1 V2

+

-

I1 I2

Y2I1

Z1

β

 
 
 Figure 7.5  Simplified Equivalent Circuit of a Bipolar Junction  
   Transistor 
 
Solution 
 
Using KCL for port 1, 
 
 V I Z1 1 1=       (7.32) 
 
Using KCL at port 2, we get 
 
 I I Y V2 1 2 2= +β      (7.33) 
 
Comparing the above two equations to Equations (7.25) and (7.26) we get the 
h-parameters. 
 

 [ ]h
Z

Y=










1

2

0
β     ` (7.34) 
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7.1.4 Transmission  parameters 
 
A two-port network can be described by transmission parameters.   The de-
scribing equations are 
   
 V a V a I1 11 2 12 2= −      (7.35) 
 
 I a V a I1 21 2 22 2= −      (7.36) 
 
where 
 V2  and I2 are independent variables and  

V1   and I1   are dependent variables. 
 
In matrix form, the above two equations can be rewritten as 
 

 
V
I

a a
a a

V
I

1

1

11 12

21 22

2

2









 =









 −








     (7.37) 

 
The transmission parameters can be found as 
 

a
V
V I11

1

2
02

= =       (7.38) 

 

 a
V
I V12

1

2
02

= − =      (7.39) 

 

 a
I
V I21

1

2
02

= =       (7.40) 

 

 a
I
I V22

1

2
02

= − =      (7.41) 

 
The transmission parameters express the  primary (sending end) variables V1  
and I1  in terms of the secondary (receiving end) variables V2 and  - I2 .  The 
negative of I2  is used to allow the current to enter the load at the receiving 
end.  Examples 7.5 and 7.6 show some techniques for obtaining the transmis-
sion parameters of  impedance and admittance networks. 
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Example  7.5 
 
Find the transmission parameters of Figure 7.6. 
 

 

+

-

V1 V2

+

-

I1
I2

Z1

 
 
 Figure 7.6  Simple Impedance Network 
 
 
Solution 
 
By inspection, 
 
 I I1 2= −       (7.42) 
 
Using KVL, 
 
 V V Z I1 2 1 1= +       (7.43) 
 
Since I I1 2= − , Equation (7.43) becomes 
 
 V V Z I1 2 1 2= −       (7.44) 
 
Comparing Equations (7.42) and (7.44) to Equations (7.35) and  (7.36), we 
have 
 

 
a a Z
a a

11 12 1

21 22

1
0 1

= =
= =     (7.45) 
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Example 7.6 
 
Find the transmission parameters for the network shown in Figure 7.7. 

+

-

V1
V2

+

-

I1 I2

Y2

 
 
 Figure 7.7  Simple Admittance Network 
 
Solution 
 
By inspection, 
 
 V V1 2=       (7.46) 
 
Using KCL, we have 
 
 I V Y I1 2 2 2= −       (7.47) 
 
Comparing Equations (7.46) and 7.47) to equations (7.35) and (7.36) we have 
 

 
a a
a Y a

11 12

21 2 22

1 0
1

= =
= =     (7.48) 

 
Using the describing equations, the equivalent circuits of the various two-port 
network representations can be drawn.  These are shown in Figure 7.8. 

+

-

V1 V2

+

-

I1
I2

Z11
Z22

Z12 I1 Z21 I1

 
 
    (a) 
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+

-

V1 V2

+

-

I1 I2

Y11 V1 Y22 V2
Y12 V2 Y21 V1

 
 
    (b) 
 

+

-

V1
V2

+

-

I1
I2

h11

h22h12 V2 h21 I1

 
 
    (c ) 
 
 Figure 7.8  Equivalent Circuit of  Two-port Networks (a) z- 
  parameters,  (b) y-parameters and (c ) h-parameters 

 
 
 
 

7.2 INTERCONNECTION OF TWO-PORT NETWORKS 
 
Two-port networks can be connected in series, parallel or cascade.  Figure 7.9 
shows the various two-port interconnections. 

[Z]1

[Z]2

I1 I2

V1

V1'' V2''

V2

V2'V1'+

-

+ +

++

+

----

-

---

- -

- -

 
 

(a)  Series-connected Two-port Network 
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[Y]1

[Y]2

I1 I2

V1 V2

+

-

+

-

I2'I1'

I1'' I2''

 
 

(b)  Parallel-connected Two-port Network 
 

[A]1

I1 I2

V1 V2

+

-

+

-
[A]2

Ix
+
Vx

-
 

   
(c )   Cascade Connection of  Two-port  Network 

 
 Figure 7.9  Interconnection of  Two-port Networks (a) Series    
   (b) Parallel   (c ) Cascade 
 
 
It can be shown that if two-port networks with z-parameters 
[ ] [ ] [ ] [ ]Z Z Z Z n1 2 3, , ...,,  are connected in series, then the equivalent two- 

port z-parameters are given as 

 

 [ ] [ ] [ ] [ ] [ ]Z Z Z Z Zeq n= + + + +1 2 3 ...    (7.49) 

 

If two-port networks with y-parameters [ ] [ ] [ ] [ ]Y Y Y Y n1 2 3, , ...,,  are con-

nected in parallel, then the equivalent two-port y-parameters are given as 
 

 [ ] [ ] [ ] [ ] [ ]Y Y Y Y Yeq n= + + + +1 2 3 ...    (7.50) 

 
When several two-port networks are connected in cascade, and the individual 
networks have transmission parameters [ ] [ ] [ ] [ ]A A A A n1 2 3, , ...,, , then the 

equivalent two-port parameter will have a transmission parameter given as 
 
 [ ] [ ] [ ] [ ] [ ]A A A A Aeq n= 1 2 3* * * ...*    (7.51) 
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The following three examples illustrate the use of MATLAB for determining 
the equivalent parameters of interconnected two-port networks. 
 
 
Example 7.7 
 
Find the equivalent y-parameters for the bridge T-network shown in Figure 
7.10. 
 

Z4

Z1 Z2I1 I2

Z3V1 V2

++

--

 
 
 Figure 7.10  Bridge-T Network 
 
 
Solution 
 
The bridge-T network can be redrawn as 

Z4

Z1 Z2

I1 I2

Z3

N1

N2

V1

V2

+

_

+

-

 
 Figure 7.11  An Alternative Representation of Bridge-T Network 
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From Example 7.1, the z-parameters of network N2 are 
 

 [ ]Z
Z Z Z

Z Z Z
=

+
+











1 3 3

3 2 3
 

  

 
We can convert the z-parameters to y-parameters [refs. 4 and 6] and we get 
 

 

y
Z Z

Z Z Z Z Z Z

y
Z

Z Z Z Z Z Z

y
Z

Z Z Z Z Z Z

y
Z Z

Z Z Z Z Z Z

11
2 3

1 2 1 3 2 3

12
3

1 2 1 3 2 3

21
3

1 2 1 3 2 3

22
1 3

1 2 1 3 2 3

=
+

+ +

=
−

+ +

=
−

+ +

= −
+

+ +

    (7.52) 

 
 
From Example 7.5, the transmission parameters of network N1 are 
 

 
a a Z
a a

11 12 4

21 22

1
0 1

= =
= =

 

 
We convert the transmission parameters to y-parameters[ refs. 4 and 6] and we 
get 
 

 

y
Z

y
Z

y
Z

y
Z

11
4

12
4

21
4

22
4

1

1

1

1

=

= −

= −

=

      (7.53) 
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Using Equation (7.50), the equivalent y-parameters of the bridge-T network 
are 
 

 

y
Z

Z Z
Z Z Z Z Z Z

y
Z

Z
Z Z Z Z Z Z

y
Z

Z
Z Z Z Z Z Z

y
Z

Z Z
Z Z Z Z Z Z

eq

eq

eq

eq

11
4

2 3

1 2 1 3 2 3

12
4

3

1 2 1 3 2 3

21
4

3

1 2 1 3 2 3

22
4

1 3

1 2 1 3 2 3

1

1

1

1

= +
+

+ +

= − −
+ +

= − −
+ +

= +
+

+ +

   (7.54) 

 
 
 
Example 7.8    
   
Find the transmission parameters of Figure 7.12. 

Z1

Y2

 
 
 
 Figure 7.12  Simple Cascaded Network 
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Solution 
 
Figure 7.12 can be redrawn as 
 

Z1

Y2

N1 N2
 

 
 Figure 7.13  Cascade of Two Networks N1 and N2 
 
 
From Example 7.5, the transmission parameters of network N1 are 
 

 
a a Z
a a

11 12 1

21 22

1
0 1

= =
= =  

 
From Example 7.6, the transmission parameters of network N2 are 
 

 
a a
a Y a

11 12

21 2 22

1 0
1

= =
= =  

 
From Equation (7.51), the transmission parameters of  Figure 7.13 are 
 

 
a a
a a

Z
Y

Z Y Z
Y

eq

11 12

21 22

1

2

1 2 1

2

1
0 1

1 0
1

1
1









 =


















 =

+







  (7.55) 
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Example 7.9 
 
Find the transmission parameters for the cascaded system shown in Figure 
7.14.   The resistance values are in Ohms. 

V1 V2

2

2

4 8 16

4 81

I1 I2

N1 N2 N3 N4

+

-

+

_

 
 
 Figure 7.14  Cascaded Resistive Network 
 
 
Solution 
 
Figure 7.14 can be considered as four networks, N1, N2, N3,  and N4 con-
nected in cascade.  From Example 7.8, the transmission parameters of Figure 
7.12 are 
 

 [ ]a N 1

3 2
1 1=









  

   

 [ ]a N 2

3 4
05 1=









.  

 

 [ ]a N 3

3 8
0 25 1=









.  

 

 [ ]a N 4

3 16
0125 1=









.  

 
 
The transmission parameters of Figure 7.14 can be obtained using the follow-
ing MATLAB program. 
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MATLAB Script 
 

diary ex7_9.dat 
% Transmission parameters of cascaded network 
 
a1 = [3 2; 1 1]; 
a2 = [3 4; 0.5 1]; 
a3 = [3 8; 0.25 1]; 
a4 = [3 16; 0.125 1]; 
 
% equivalent transmission parameters 
a = a1*(a2*(a3*a4)) 
diary 

 
The value of matrix a is  

 
a = 
      112.2500    630.0000 
        39.3750    221.0000 

 
 
 
 

7.3 TERMINATED TWO-PORT NETWORKS 
 
In normal applications, two-port networks are usually terminated.  A termi-
nated two-port network is  shown in Figure 7.4. 
 

Zg

Vg ZL

Zin

I1 I2

V1
V2

+

-

+

-

 
 
 Figure 7.15  Terminated  Two-Port Network 
 
In the Figure 7.15, Vg  and Zg   are the source generator voltage and imped-

ance, respectively.  Z L   is the load impedance.  If we use z-parameter  repre-
sentation for the two-port network, the voltage transfer function can be shown 
to be 
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V
V

z Z
z Z z Z z zg

L

g L

2 21

11 22 12 21
=

+ + −( )( )
   (7.56) 

 
and the input impedance,  
 

 Z z
z z

z Zin
L

= −
+11

12 21

22
     (7.57) 

  
and the current transfer function, 
 

 
I
I

z
z Z L

2

1

21

22
= −

+
     (7.58) 

 
A terminated two-port network, represented using the y-parameters,  is shown 
in Figure 7.16. 

Ig
ZL

Yin

I1 I2

V1

V2Yg Vg
[Y]

+

---

+ +

 
 
 Figure 7.16    A Terminated Two-Port Network with y-parameters  
   Representation 
 
 
It can be shown that the input admittance, Yin , is 
 

 Y y
y y

y Yin
L

= −
+11

12 21

22
     (7.59) 

 
and the current transfer function is given as 
 

 
I
I

y Y
y Y y Y y yg

L

g L

2 21

11 22 12 21
=

+ + −( )( )
   (7.60) 
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and the voltage transfer function 
 

 
V
V

y
y Yg L

2 21

22
= −

+
     (7.61) 

 
A doubly terminated two-port network, represented by transmission parame-
ters, is shown in Figure 7.17. 
 

Zg

ZL

I1 I2

V1
V2Vg

Zin

[A]+

-

+

-

 
 
 
 Figure 7.17  A Terminated Two-Port Network with Transmission  
   Parameters Representation 
 
 
The  voltage transfer function and the input impedance  of the transmission pa-
rameters can be obtained as follows.   From the transmission parameters, we 
have 
     
 V a V a I1 11 2 12 2= −      (7.62) 
 
 I a V a I1 21 2 22 2= −      (7.63) 
 
From Figure 7.6, 
 
 V I Z L2 2= −       (7.64) 
 
Substituting Equation (7.64) into Equations (7.62) and (7.63), we get the input 
impedance, 
 

 Z
a Z a
a Z ain

L

L
=

+
+

11 12

21 22
     (7.65) 
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From Figure 7.17, we have 
 
 V V I Zg g1 1= −      (7.66) 
 
Substituting Equations (7.64) and (7.66) into Equations (7.62) and (7.63), we 
have 

 V I Z V a
a
Zg g

L
− = +1 2 11

12[ ]     (7.67) 

 

 I V a
a
Z L

1 2 21
22= +[ ]      (7.68) 

 
Substituting Equation (7.68) into Equation (7.67), we get 
 

 V V Z a
a
Z

V a
a
Zg g

L L
− + = +2 21

22
2 11

12[ ] [ ]    (7.69) 

 
Simplifying Equation (7.69), we get the voltage transfer function 
 

 
V
V

Z
a a Z Z a a Zg

L

g L g

2

11 21 12 22
=

+ + +( )
   (7.70) 

 
 
The following examples illustrate the use of MATLAB for solving terminated 
two-port network problems. 
  
 
 
Example 7.10  
 
Assuming that the operational amplifier of Figure 7.18 is ideal,   
(a)  Find the z-parameters of Figure 7.18. 
(b)    If the network is connected by a voltage source with  source  
 resistance of 50Ω  and a load  resistance of 1 KΩ, find the voltage  
 gain. 
(c )  Use MATLAB to plot the magnitude response. 
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I1

I2R2

R1

R4

R3

___1
sC

C = 0.1 microfarads

I3

2 kilohms

10 kilohms

1 kilohms
2 kilohms

V1

V2

+

- -

+

 
 
 Figure 7.18   An Active Lowpass Filter 
 
 
Solution 
 
Using KVL, 

 V R I
I
sC1 1 1

1= +      (7.71) 

 
 V R I R I R I2 4 2 3 3 2 3= + +     (7.72) 
   
From the concept of virtual circuit discussed in Chapter 11, 
 

 R I
I
sC2 3

1=       (7.73) 

 
Substituting Equation (7.73) into Equation (7.72), we get 
 

 
( )

V
R R I

sCR
R I2

2 3 1

2
4 2=

+
+     (7.74) 

 
Comparing Equations (7.71) and (7.74) to Equations (7.1) and (7.2), we have 
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z R
sC

z

z
R
R sC

z R

11 1

12

21
3

2

22 4

1

0

1
1

= +

=

= +






 





=

     (7.75) 

 
From Equation (7.56), we get the voltage gain for a terminated two-port net-
work.  It is repeated here. 
 

 
V
V

z Z
z Z z Z z zg

L

g L

2 21

11 22 12 21
=

+ + −( )( )
    

 
Substituting Equation (7.75)  into Equation (7.56), we have 
 

 
V
V

R
R

Z

R Z sC R Zg

L

L g

2

3

2

4 1

1

1
=

+

+ + +

( )

( )[ ( )]
   (7.76) 

 
For Zg = 50 Ω , Z K R K R K R KL = = = =1 10 1 23 2 4Ω Ω Ω Ω, , ,  

and C F= 01. ,µ  Equation (7.76) becomes 
 

 
V
V sg

2
4

2
1 105 10

=
+ −[ . * ]

    (7.77) 

   
The MATLAB  script is 
 

%  
num = [2]; 
den = [1.05e-4 1]; 
w = logspace(1,5); 
h = freqs(num,den,w); 
f = w/(2*pi); 
mag = 20*log10(abs(h));  % magnitude in dB 
semilogx(f,mag) 
title('Lowpass Filter Response') 
xlabel('Frequency, Hz') 
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ylabel('Gain in dB') 
 
The frequency response is shown in Figure 7.19. 
 

 
 
 Figure 7.19  Magnitude Response of an Active Lowpass Filter 
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EXERCISES 
 
 
7.1 (a)  Find the transmission parameters of the circuit shown in Figure  
        P7.1a.   The resistance values are in ohms. 

  

1 2

4

 
 
  Figure P7.1a  Resistive T-Network 
 

(b)  From the result of part (a), use MATLAB to find the transmission 
parameters of Figure P7.2b.  The resistance  values are in ohms. 

 
21

4 8 16 32

4

4

42 8 328

 
 
  Figure P7.1b  Cascaded Resistive Network 
 
 
7.2 Find the y-parameters of the circuit shown in Figure P7.2 
 The resistance values are in ohms. 
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2

410 4

2

20

10

+

-

V1 V2

I1 I2
+
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  Figure P7.2  A Resistive Network 
 
7.3 (a)   Show that for the symmetrical lattice structure shown in  
  Figure P7.3, 
 

   
z z Z Z
z z Z Z

c d

c d

11 22

12 21

05
05

= = +
= = −

. ( )

. ( )  

   
 (b) If  Z Zc d= =10 4Ω Ω, ,    find the equivalent y- 
  parameters. 

Zd

ZC

ZC

Zd  
 
  Figure P7.3  Symmetrical Lattice Structure 
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7.4 (a)  Find the equivalent z-parameters of Figure P7.4. 
(b)  If the network is terminated by  a load of 20 ohms and connected  
to a source of  VS  with a source resistance of 4 ohms, use MATLAB 
to plot the frequency response of the  circuit. 
 

+

-

2 H

0.25 F

5 Ohms

10 Ohms

+

-

2 H

5 Ohms

 
 
  Figure P7.4  Circuit for Problem 7.4 
 
 
7.5 For Figure P7.5 
 (a)  Find the transmission parameters of the RC ladder network. 

(b)  Obtain the expression for 
V
V

2

1
. 

(c)    Use MATLAB to plot the phase characteristics of  
V
V

2

1
 . 

+

-

V1

+

-

V2

R

C

R R

CC

 
 
  Figure P7.5  RC Ladder Network 
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7.6 For  the circuit shown in Figure P7.6, 
 (a)  Find the y-parameters. 
 (b)  Find the expression for the input admittance. 
 (c)  Use MATLAB to plot the input admittance as a function of  
  frequency. 

R3

C

L L R2R1V1 V2

+

-

+

-

I2I2

 
 
 
  Figure P7.6  Circuit for Problem 7.6 
 
 
7.7 For the op amp circuit shown in Figure P7.7, find the y-parameters. 
 

+

-

V1 V2

I1 I2

R3

R1

R2

R4

R5

+

-

 
 
  Figure P7.7   Op Amp Circuit 
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