le. 15

Two-Port Networks

1. Determine the Z-parameters for the circuit shown in the figure.
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Fig. 15.1

Solution:  Let I; be the current in 4 Q

| =<

1

v,
Vo=2(,-I)+ L= V,=21,—- + +1,

2
Applying KVL to outer loop
2V 3, -1 Y
1==2h=ht
Vi
Y =-31,-1,
V,=-6I,-2I, (nH

Substituting in V,
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15.2 Network Analysis

V,=51,-2I, 2)
From equations (1) and (2)
Z,=-6; Z, =-2
Zy =5; Zy =-2

2. For the current shown in problem 1, find Y-parameters.
Solution:  Subtracting Equation (1) from (2)
V,-V,==6I-2I,-5I, +2I,
i "%
11 11

I = 3)

6
In order to eliminate /,; multiply equation 2 with 5 and add it to equation 1

6 12
VZX g =611 - ?12

V,=-6I,-2I,

6 -22
5 3
I, = 5 Vi 11 Vs (4)
From equations (3) and (4)

-1 1
Yn=77s Yo=11

-5 -3
CRETEE AT

3. For the Two-port network shown in the figure, the input impedance with
cd open = 125 + J50. Input impedance with cd short = 200 + J150; output

impedance with ab open =100 Q. Find Z,; Z, and Z. .

Zs Zc
Ik
b o o d
Fig. 15.2
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Two-Port Networks 15.3

Solution:  From the given data

Z,, = 125 + J50
1

v =200+ J150
Y

The following relations hold good for a T’ network
Zy=Zn—2p
Zy =2y -Zp

Ze =2y -7y

Zn _ Zy
4z 2y 2y, — 2y, Zy,

Also Y, =
Zy Zyy —Zy5 Zy, = (100) (200 + J150)
Zyy =12y
7% = —100 (200 + J150) + Z,, Z,,
=— 100 (200 + J150) + 100 (125 + J50)

z2% =12500 [233.13°

Z,, =111.8 [116.565 =-50+J100

Z, =125 +J100 + 50 — J100 = 175 — J50
Zg = Z,, =—50+J100

Zc =100 + 50 - J100 = 150 — J100.

4. Find the transmission parameters for the network shown in the figure.
L2 4 I

214

Fig. 15.3
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154 Network Analysis

i i
Solution: V,=AV,—-Bl,;, A = v, 5L=0> -B = 7. =0
2 2
11=CV2_D12, - ZIZZO’ - - EVZ:O
when I,=0; V, =31,
and -Vo+2[+11=0

Fig. 15.4

Loop equation for the 1st loop
V=3I, -1I,
Loop equation for the 2nd loop
-2l +L,-1,+4,=0

3,=5L,= 7 =5=-D
2
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Two-Port Networks 15.5

5. For the parallel networks shown in the figure obtain the Y-parameters of

the combination.
1Q 2Q
2Q 4Q
10 2
1Q Vo
1 o 2
1Q 12 Q
Fig. 15.5
Solution:  The Y-parameters of the upper network are given
1 -1
Y”:EU; Y21=76;
-1

5

The Y-parameters of the lower network are given by

Yy =2 Yp=-1
Y22=33nd Y21=—1
Y-parameters of the combination are given by
| -1
-1

1
6. If the Y-parameters of a network are given by Y, = 5 Y=Y, =1and

Yy = 5 Find inverse transmission parameters

Solution:
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15.6 Network Analysis

-1 -1
Alz = = Blz_z—l
Y, 2 12
C1=_AY=§, D1=i:__1
Y, —4° Y, 2

7. Obtain the Z-parameters for the two-port unsymmetrical lattice network
shown in the figure.

4
1 2
3
3
1’ 2’
4
Fig. 15.6
) _(Z,+2z,)(Z, +Z)
Solution: Z AR A

where Z , Z, are called series colours and Z,, Z_are called the diagonal

of the network.
Since the network is symmetrical

Z, +Z7Z 7
Zy = a2 bzzzzzz
 Zy-Za  3-4 -1
R T R

8. For the network shown in the figure, obtain Z-parameters, h-parameters
and inverse h-parameters.

40

+0 o +

V4 8Q 23

_o o -
Fig. 15.7
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Two-Port Networks 15.7

Solution:  The Z-parameters can be directly written from the figure.
Z,, =8, Zi, =Zy =88 Z,, =12Q

h-parameters can be expressed in terms of Z-parameters as

AZ 8 8
h11=Z_22 WhereAZ=‘812‘=32
ST T3 27 Zy T 1273
1
hﬂzﬁ:__gzi; hzzz—:L
Zy, 123 Zy 12
1 1 Z,
_— __-0. — =_
gll_le _8 > 812 = Z” - 1
Z,, AZ
821=Z_”:1§ 822=Z_11:8
Objective-Type Questions
1. A Two-port network
(a) is always an active network
(b) is always a passive network
(c) both active or passive
2. A Two-port network without sources are called
(a) active parts (b) passive parts (c) linear parts
3. A Two-port network with sources in their branches are called
(a) active parts (b) passive parts (c) non-linear parts

4. The Two-port network is reciprocal of
(a) the determinant of the Transmission matrix = 1
(b) Z, =2,
(c) bothaandb
5. For a Two-port bilateral network
(a) AD-BC=0 (b) AD-BC=-1 (c) AD-BC=1
6. The Z-parameters of a symmetrical T network are Z,, =3 Q; Z, =7, =2;

Z,, = 3 Q, then the series and diagonal elements of an equivalent lattice
are

(a) 3Q;2Q (b) 2Q;3Q () 1Q:5Q
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15.8 Network Analysis

7. The h-parameters for the current shown in the figure are given by

[e; O

Fig. 15.8

@ 11 () 1-1 ©
1 1
2

-1

i l\)l’—‘

1 5 1
8. The Z-parameters of the network given in question number 7 are
(a) 2 2 ()2 3 (c) 3 2
2 3 2 2 2 2
9. Dimensionally the units of &, represents
(a) admittance (b) impedance (c) voltage gain
10. Dimensionally the units of &, represent
(a) open circuit output admittance
(b) short circuit input impedance
(c) open circuit reverse voltage gain
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