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Chapter 17- Two-Port and Three Port Networks 
Exercises 
 
Ex. 17.4-1 
 
 
 
 
 
 
 
 
Ex. 17.5-1 
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To find the Z parameters, use the definitions 
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Ex. 17.6-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ex. 17.7-1 
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Ex. 17.8-1 
 
 
 
 
 
 
 
 
Ex. 17.8-2 
 
 
 
 
Ex. 17.9-1 
 
 
 
 
 
 
 
 
 
Problems 
 
Section 17-4:   T-to-T1  Transformations 
 
17.4-1 
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Determine equivalent resistance, Rab of Fig.(a) 
Now the 10Ω resistance is part of two 3-terminals circuits that cannot be simplified
by series-parallel combination. First replace circuit with thicker lines by an equivalent
Υ (Fig.(b)). 
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17.4-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.4-3 
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17.4-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.4-5 
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Section 17-5: Equations of Two-Port Networks 
 
17-5-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.5-2 
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17.5-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.5-4 
 
 
 
 
 
 
 
 
17.5-5 
 
 
 
 
 
 
 
 
17.5-6 
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17.5-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.5-8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.5-9 
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17.5-10 
 
 
 
 
 
 
 
 
 
 
Section 17-6: Z and Y Parameters . . . 
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17.6-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.6-3 
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17.6-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.6-5 
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Section 17-7: Hybrid Transmission Parameters 
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17.7-3 
 
 
 
 
 
 
 
 
 
 
17.7-4 
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17.7-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section 17-8: Relationships between Two-Port Parameters  
 
17.8-1 
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17.8-2 
 
 
 
 
 
 
 
17.8-3 
 
 
 
 
 
 
 
 
17.8-4 
 
 
 
 
 
 
 
 
 
Section17-9: Interconnection of Two-Port Networks 
 
17.9-1 
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17.9-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17.9-3 
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Verification Problems 
 
VP 17-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VP 17-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V   I  I I V V

Z
V

I
Y

I

V
mS

  Y 24mS,  so the report is not correct.
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PSpice Problems 
 
SP 17-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SP 17-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I1 0 1 1 
R1 1 2 12 
R2 2 3 3 
R3 2 0 6 
I2 0 3 0 
 
.end 

NODE VOLTAGE : NODE VOLTAGE NODE VOLTAGE 
(   1) 18.0000  (   2) 6.0000 (   3) 6.0000 

I1 0 1 0 
R1 1 2 12 
R2 2 3 3 
R3 2 0 6 
I2 0 3 1 
 
.end 

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE 
(    1)  6.0000 (   2) 6.0000 (    3) 9.0000 

V1 1118 18    Z   = ⇒ = V2 21  6  Z   6= ⇒ =

V1 12  6  Z   6= ⇒ = V2 22 9  9  Z   = ⇒ =

V1 1 0 1 
R1 1 0 6 
R2 1 2 3 
R3 2 0 12 
V2 2 0 0 
 
 
.end 

NODE VOLTAGE NODE VOLTAGE 
(    1)  1.0000 (    2)  0.0000 

VOLTAGE SOURCE CURRENTS 
NAME CURRENT 
V1 -5.000E-01 = -I1 
V2  3.000E-01 = -I2 

Y

Y

11

21

5

33

=

= −

.

.
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SP 17-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V1 1 0 0 
R! 1 0 6 
R2 1 2 3 
R3 2 0 12 
V2 2 0 1 
 
.end 

 NODE VOLTAGE NODE VOLTAGE 
(    1)  0.0000 (    2)  1.0000 
 
VOLTAGE SOURCE CURRENTS 
NAME CURRENT 
V1  3.333E-01 = -I1 
V2 -4.1.67E-01 = I2 

Y12 333 4167 =   Y  =  22− −. , .

I1 0 1 1 
R1 1 2 2 
R2 2 3 3 
E 3 0 2 0 6 
V2 2 0 0 

.end 

 NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE 
(    1) 2.0000 (    2) 0.0000 (    3)  0.0000 
 V1=2⇒ h11=2 
 
 VOLTAGE SOURCE CURRENTS 
 NAME CURRENT 
 V2  1.000E+00=−I2 ⇒  h21 = −1 

I1 0 1 0 
R1 1 2 2 
R2 2 3 3 
E 3 0 2 0 6 
V2 2 0 1 
 
.end 
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SP 17-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE 
(    1) 1.0000 (    2) 1.0000 (    3)  6.0000 
 V1=1⇒ h12=1 
 
 
 VOLTAGE SOURCE CURRENTS 
 NAME CURRENT 
 V2  1.667E+00=−I2 ⇒  h22= 1.667 

I1 0 1 1 
R1 1 3 1 
R2 3 0 1 
R3 2 3 2 
R4 2 0 1 
V2 2 0 0 
 
.end 

 NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE 
(    1) 1.6667 (    2) 0.0000 (    3)   .6667 
 V1=1.667⇒ h11=1.667 
 
 VOLTAGE SOURCE CURRENTS 
 NAME CURRENT 
 V2  3.333E-01==−I2 ⇒  h21= -.33 
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Design Problems 

 
DP 17-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DP 17-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DP17-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R R R
R R

22 + R + R

Need R  R < 10 try R = 6

R = R +
140

30
+

(4.8)(22)

26.8
= R + 4.667 + 3.94

Now R = 16.6 = R + 4.667 + 3.94   thus R = 8

in 1 a
b c

b c

1

in 1 1

in 1 1

= + +
+ +

< ⇒

( )( )

,

2 20

10 Ω

Ω

R =
140

24 + R

R =
14R

24 + R

R =
10R

24 + R

a

b

c

Need V V  for balance

R V

R R

R V

R R
(1)

R V

R R

R

R R
(2)

A B

1

1 3
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2 4

3

1 3

4

2 4

+

+
=

+

+
=

+

V

Dividing (1) by (2) yields:  
R

R

R

R
  for balance1

3

2

4

=

also V I R     So    I = h I h R I

I

I
h

h R

A
I

I

I

I
h

h R

require :  79 = 80
h R

     or      
R

80
R  in k

 R = 1k

2 2 L 2 21 1 22 L 2
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1
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22 L

i
L

1
21

22 L
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1 1
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V h I h V (1)

I h I h V (2)
 1 11 1 12 2

2 21 1 22 2
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DP 17-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For R  ,  need R =
V

I

I =
V

R
h I + h V from (2)

or     V (h +1/ R ) = h I  (3)

Substituting (3) into (1) V h I
h h

h R

I

R h h R  h

(since h 1
R

R  okay since < 10

in in
1

2
2

L

21 1 22 2

2 22 L 21 1

1 11 1
12 21

22
L

1

in 11 12 L 21

22
L
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4 3
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45 5 10 10 80 5
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( )
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Ω
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I21
2

1 I2

=
=0

V I = 2I     so  Z  Similarly  Z

and V V I RL

V V

Thèvenin:  Z Z    so for max power transfer use R = 4

P

Vs

2 V V

2 1 1 21 12

L s 2 2

1 s

T 22 L

RL
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s
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⇒ = −
=

= =

=

�
��

�
��

= ⇒ =

8
4

4 12
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Ω Ω
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DP 17-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T =
1 0

Y(s) 1

�
��

�
��

Z =
1

Cs
T = T T T Ta b c d

Ta

Tb

Z =
L s

L C s
resonant frequency 5kHz1

1 2
2 +1

Tc Y(s) =
C s

L C s
resonant frequency 10kHz2

2 2
2 +1

Td Y(s) =
1

R
C L C

L
1 1 2

essentially a short circuit at 7.5kHz 

T =
1  Z(s)

0   1
 

�
��

�
��


