Chapter 4

Two Port Networks

LEARNING OBJECTIVES

After reading this chapter, you will be able to understand:

+ Open circuit or impedance(z) parameters
 Equivalent circuit of z-parameters

 y-parameters or short circuit admittance parameters
» Hybrid parameters

* g-parameters or inverse hybrid parameters

» Transmission or abcd parameters

* inverse transmission parameters

* Inter connection of networks

» Terminated two-port network

* Network functions

» Network graphs

+ Twigs and links

« Incidence matrix and formulation of KCL
 Tie-set matrix and branch currents

INTRODUCTION

A pair of terminals through which a current may enter or leave a
network is known as a port.

The current entering one terminal leaves through the other ter-
minals so that the net current in the port equals zer o.

Linear
network

Figure 1 One-port network

A two-port networks is an electrical network with two separate
ports for input and output.
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Figure 2 Two-port network

To characterize a two-port network required that we relate the ter-

minal quantities V', V,, I and I..

CLAssIFICATION oF NETWORKS

1. Linear circuits:
It is the circuit whose parameters remain constant with change
in applied voltage or current (V' o / ohm’s Law)
Example: Resistance, inductance and capacitance
2. Non-linear circuits:
It is a circuit whose parameters changed with voltage or current.

Example: Diodes, transistor ... etc
Non linear circuits do not obey ohm’s Law.
3. Unilateral circuits Bilateral circuit:
When the direction of current is changed, the characteristic
or properties of the circuit may change. This circuit is called
unilateral circuits.
Example: Diode, transistor, UJT ... etc
Otherwise, it is called bilateral circuit.
Example: R, L, C circuits.

Active and Passive Elements

If a circuit element has the capability of enhancing the energy level
of a signal passing through it, it is called an active element.
Example: Transistors, op-amp, vaccum tubes ... etc. Otherwise it
is called passive elements.

Example: Resistors, inductors, thermistors capacitors etc are pas-
sive elements.

Lumped and distributed network

Physically separable network elements are like R, L and C are
known as lumped elements.

A transmission line on a cable in the other hand is an example
of distributed parameter network. They are not physically separa-
ble. If the network is fabricated with its elements in lumped form,
it is called a lumped network and if in distributed form it is called
distributed network.

Recurrent and Non-recurrent networks

When a large circuit consists of similar networks connected one
after another, the network is called as recurrent network or cascaded



network. It is also called as ladder network. Otherwise a sin-
gle network is called non-recurrent network.

Symmetrical and asymmetrical network

If the network looks the same from both the ports then it is
said to be symmetrical. Otherwise it is called asymmetric
network.

Examples:

Zp
1 r 2/

Figure 3 Symmetrical network

Figure 4 Symmetrical network

Reciprocal and Non-reciprocal networks

If the network obeys the reciprocity theorem then it is called
reciprocal network. Otherwise it is called non-reciprocal
network.

All the passive networks are always reciprocal and all
the active networks are always non-reciprocal.

NEeTWORK CONFIGURATION

T-section
When a network section looks like a ‘7”. It is known as T-section.

Examples:
Z Z,
1 2
ip z, olp
e Z,# 2, °2

Figure 5 Un-symmetrical T-section
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Figure 6 Symmetrical and unbalanced T-section
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Figure 7 Balanced symmetrical T-section
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m-section
Examples:
2
O O
ilp Z Zy olp
lC O

Figure 8 Unbalanced asymmetrical n-section (Z, # Z))
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Figure 9 Unbalanced symmetrical n-section
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Figure 10 Balanced symmetrical n-section

L-section

When the network section looks like ‘L’ the configuration is
termed as L-section.

1 3 & 2 oo
1 t
i/p Z; olp
J '
1/0 0 D!

Figure 11 Symmetrical lattice section

Two-port netwoks

I Iy

1o0—p— I €¢——o02
+ v, Two-port Vv, T
15— | network 59!

A two-port network has two pairs of accessible terminals;
one pair represents the input and the other represents the
output. Both the currents /, and /, enter the network and the
polarities of the voltages are shown in the figure. There are

four variableV, V,, I, and I, of these four variables, two can
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be taken as independent variables, the remaining two will be
dependent variables.

OreN CircuIT oR IMPEDANCE (Z)
PARAMETERS

Here the two voltages V| and V, are functions of /, and 7,

Vi=1d, 1)

V,=1U,, 1)

[V1=12]-[1]

h=2,1+2,1, ()

V,=2,1,+ 2,1, 2)
Z, :Il/_i Zy _?

11=0

I/Z Z 21 Z22 IZ
From (1) and (2), the network can be drawn as shown in figure

Equivalent Circuit of Z-Parameters

/4 I,
+
1 ot
T Z11 222 T
Vi V,
l Zyol Zoql l
4 12l2 2l ¥,

Condition of reciprocity and symmetry

Network must be reciprocal when ratio of response at port
2 to the excitation at port 1, is same as ratio of response at
port 1 to port 2, then the network is called reciprocal.

Condition for reciprocal:

Z. =7

12 21

Condition for symmetrical network:

Example 1:

Find the Z-parameters for the circuit shown in figure

Solution: {VI}Z{ZH an}{ll}
V2 221 ZZZ ]2

Let 7, =0
Vi=I1(Z+Z)
Z =2=Z+Z
11 [l a b
|8
Zzl =21

1 Ll =0

V,=1Z2,
n=%

Let/, =0
V,=1,(Z +Z)
ZZZ = Zc + le
Vl = [2 Zb
Z,=2,

Z,+2,Z,

= [Z]=

Z,Z,+7,
Example 2: The following readings are obtained
experimentally for an unknown two-port network:

'/1 V2 I1 IZ
o/p open 80V 60V 10A 0
i/p open 50V 40V 0 5A

The Z-parameters are

A [8 6]
110 8]
B) [8 10]
_6 8_
© 76 10]
_8 4_

(D) None of the above



Solution: (B)
We know [V] = [Z] [1]

If1,=0;Z, :EandZ2| %
Il 11
Soz,-2_g0
0
2, -2 60
10
If7,=0.
V. v
Z,=-*and Z, =+
2 12
40 50

Z22 Z?ZSQanlez :?:109

[Z]_s 10
6 8

= Z,, = Z,, =8 Q= Symmetrical network

Z,,# Z, = Non-reciprocal network

Example 3:
Za Zb
+ +

T
Vi
.

IfZ =2 £0° Z,=5 £-90° and Z =3 £90°. Then the
above T-network, Z-parameters are

(A) Symmetrical and Reciprocal

(B) Symmetrical and Non-reciprocal

(C) Asymmetrical and Reciprocal

(D) Asymmetrical and Non-Reciprocal

Solution: (C)

Apply KVL, the loop equations are

V=21 +3290°( +1,)

Vi=@2+j3)1 +,31I, 3)
V,=524-90° +3 £90° (I, + 1,

V,=j31+@Gj-5)1,

V,=j31 - 2jI, 4)
From equation (3) and (4)

(2] {2+ j3 3 }: {3.6456"

3£90°
3 =2j] | 3290°

2/-90°

# Z,, = unsymmetrical

VA
11
Z,,=Z, = Reciprocal network.

12
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Y-PARAMETERS OR SHORT
CircuiT ADMITTANCE PARAMETERS

In a two port network, the input currents /, and /, can be

expressed in terms of input and output voltages V', and V,

respectively as [1] =[Y] [V]
where [Y] is the admittance matrix.

]2 Y21 )/22 V2

Here, I, =f(V, V)

12 =f(V1’ Vz)
=YV +Y,V, %)
L=Y,V +Y,V, 6)
1 1
Y, _;1 Y, =7l
Ly,=0 21y, =0
1 1
Y, _72 Y, _72
Ly, =0 21y =0

From (5) and (6), the circuit can be drawn as shown in the figure.

Equivalent Circuit of Y-Parameters

I1 l2
+

?
v,

Yo
Yo1 Vi

Y12 V2

S5 —

Condition for reciprocity and symmetrical

1. If Y, = Y, = Symmetrical otherwise asymmetrical
network

2. If Y, = Y, = Reciprocal network. (Or) passive net-
work otherwise Non-reciprocal or active network.

Example 4: Find the Y-parameters of the following
n-circuit shown in below figure.

I Yo I

t 1

‘11 YA YB Vg
Solution: Using KCL at node a
L=V Y+ =-V)Y
L=, +Y)V - (Y)V, (7)
Apply KCL at node b
L=V, Y, +(V,-V)Y.
L=-Y V+{,+Y)V, ®)

From equation (7) and (8)
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1= Y, +Y. Y. Vo1, [1><2+2j|4
Y, Y, +Y, 142
Where, _ K%”j ! 4}
yedy ok
R SL 8 ]
PRl R S
And Y,_=SC U8, | 8412 20 5
Example 5: Find the Y-parameters for the network shown 3 3
in figure s
2 _ —
l I 72 =Y,, == mho
AAM < o
L B
v, 20 40 Y : 4
g L L=hx—g
o o 4+ =
3
Solution: 7, =YV, + 7V, g 12
= X —
12 = YZIVI + Y22V2 : : 20
With 7, =0 5
; I —11=12'><2+1
te 10 28 12 2
=1 =1, x—x—
? e T
1, =1, xz
Vi=1x(1+2]2) 5
V=1 (1+1) s
/ 1 _Il = §V2 X —
1= E= 0.5 mho
I I _
71 =Y, = Tl mho
I=1 ’
] =] x
P 242
Example 6. Find Y-parameters of network shown in figure.
-1 x% Lo 40 j80 1,
O_’_rm_
+T z, Z +
_]ZZ%X% v, Zz —— —j 100 Vs
v v
I, -1
u ==~ mho Solution:
1 Y=[z]"
With 7, =0 71 ~j60 —j100] _ [ j60 100
I Ip | =j100 =20 7100 j20
10 2Q +
40 VW, [Y]1=[Z2"]

O
—720 7100
=i{adj2}:#{ /=7 }
V,=L[(1]2+2) || 4] 1| 8800| j100 — /60



[-j227x107 Q j11.36x107 Q}

1 j1136x10° Q- j6.8x10° Q
Y, =-j227x10° Q
Y,=-j1136x 107 Q
Y, =—11.36x 107 Q
Y,=-j68x107Q

HyBrID PARAMETERS

The Z and Y-parameters of a two-port network do not always
exist.

A two port network can be represented using the 2-param-
eters. The describing equations for 4-parameters are

Vl = h]] Il + h12 Vz
Iz = h21[1 + h22 Vz

]

The value of the parameters are determined as

4 "

1, V.
=—L=0h,=-2=0

o= =05y =

1, I,

1 |4
h21:_1:0;h22:_220

£ 1

Where
h,, = short circuit input impedance
h,, = open circuit reverse voltage gain
h,, = short circuit forward current gain
h,, = open circuit o/p admittance

I, I
+ +
Vi hia Vs \ By, hez v,

Condition of reciprocity

h, =—h

12 21

Condition of symmetry

|A=1
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Example 7 Find the A-parameters of the network shown in
figure

2
ANV < o+
T 1Q

| P 1

— O o—

With 7, =0

o M A
T 1Q 2Q
Vi §29
O

"
—=h,=1+2]|2
] by, [
=1+1=2Q
2
-, =1 x——
242
1
IZZIIXE
I -1
b2
21 ! 2
With 7, =0
2
=V
242
14 1
Vz_}“z_z

V,=1Xx4|(2+2)

V,=1,%x2
1 1
v, t=3
2

G-PARAMETERS OR INVERSE HYBRID

PARAMETERS
These are represented by
[1 :gll Vl +g1212

VZ = g21 Vl + g22 12

|:[1:|:|:g11 g12:||:K:|
v, & &xn ]l
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/}
o 922 f—o+ -
1 .
T 912l T D=—2=0 (No units)
v, |§1}| v > 921V Vs "
l l Thus, the transmission parameters are called specifically
M A = Open circuit voltage ratio

o
B = Negative short-circuit transfer impedance

Figure 12 G-parameter equivalent circuit C = Open circuit transfer admittance
The G-Parameters can be defined as D = Negative short circuit current ratio
1 1 . . .
71 171 Condition for reciprocity and symmetry
g, =—L+=0; g,=—-=0 AD — BC = 1 = Reciprocal
I 4 And Symmetrical 4 = D, if
£ £ /5 /
22 2 g Z 42
o—» <
/ I f — '
gy =—=0; gn=—=0
I, 4 Vi % Ve
v
O O

Condition for reciprocit
p 4 Above circuit T-parameters definedas

&, =78y
1+ Z, VA
Condition for symmetry - { 4 B} A
g1 R I LR
. Zb
1.€,8, -8, 781,-8,7 1
Example 8:
TRrRANsMISSION oOR ABCD PARAMETERS / /
2
The transmission parameters express the required source °—’1—’\1Ng\2’\/‘——’\’\2/\£\2”_‘_°
variables V| and /, in terms of the existing destination vari- t T
ables V, and I,. They are called ABCD or 7-parameters and V+ § /A
1 5Q
are defined by l_ l
V,=AV, - BI, ° 5
1,=CV,-DI, . . . .
Find the transmission parameters for the circuit shown in
v] [4 B[ " figure
1| |c D -L, Solution:
V,=AV, - BI,
The transmission parameters are determined as I,=CV,-DI,
With 7, =0
4
1 5
A:%:O; (No units) V2:V1X5+1
. V. 6
1 v, 5
Lo @
B= v, = V,=1 X5
i C = i - l
b v, 5
C=-2=0 (mho)
1, With ¥, =0



5
1, =1 x
542
oIk 1422 o 1410
5+2
-7 17
=—] x—
50
g _ -1
I, 50
D___]l
12
p=2.
5

INVERSE TRANSMISSION PARAMETERS
V,=A4'V,-B'I,
L=CV-D1

[FHe 2T

The inverse transmission parameters can be defined as

Transfer admittance with sending end open circuit is:

v
B =—2),=0
_11

Transfer impedance with sending end short circuit:

A’ = D’ = Symmetrical
A’'D’ — B'C" = 1 = Reciprocal
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Relationships between parameters

L [Y]=[Z]"
2. [g]=[AI"
3. [ #[T]"

INTER CONNECTION OF NETWORKS

A large complex network may be divided into sub networks
for the purpose of analysis and design. The sub networks
are modelled as two port networks, inter connected to form
the original network. The inter connection can be in series,
in parallel, or in cascade. The inter connected network can
be described by any of the six parameters sets. For example,
when the networks are in series, their undivided Z-parameters
add up to give the Z-parameter of the larger network.

14 ﬁb <I2_3 I5
> ——0——— ——————<—@
T i Via N, VZat T
v, / | v,
l 2a 2b l
+

M Vi Np Vap _ .
o ———o——— | L 2

Figure 13 Series connection of two-port networks

[Z]1=1[Z]+1[Z,]

1. Two-port n/w are in parallel when their port voltages are
equal and the port currents of the larger network are the
sums of the individual port elements. The parallel con-
nection of two two-port networks is shown in figure.

Figure 14 Parallel connection of two two-port networks

From the above figure,
L =Y, V. +Y,V,

a 1la la 12a
IZu = Y22(1 Vla + V22a V2a
And
L,=Y,,V,+Y, 7V,
Ly=Y,, V,+ V0 Vs
But from the figure
vi=r,="r,
V,=V,=V,
And
I=1,+1,

12= [2a + [Zb
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Thus, the Y-parameters of the overall network are

[Y]=[Y]+[Y,]

2. Two networks are said to be cascaded when the O/P of

one is the I/p of the other.

loy 1,
&5

i, ha iza l1‘b
¥ ¥ ¥
Vi Vig N, Vop  Vip
«— ° -

Np

—e
+ o+

Vop Vs

— —

Figure 15 Cascade connection of two-port networks

(T1=I[T]IT,]

Example 7: Determine the value of V.

Iy I 1/2
———p——
T +
_[2 05
I1 H_[o.s 1 } Va
(A) 6V (B) 5.5V
(C) 575V

Solution: (C)

Form the given data
L=-12A
V,=12x2=1V

V=21 +0.5I,

V,=0.51 + 11,

Sub 7,and ¥, in equation (10)

1=051, 0.5 = I,=

(=]

V. =2x3+0.5(-0.5)
=6-0.25
=575V

Example 8: (C)
Determine Z

X A=C=2
v, A=3

Z
(A) —-12/9
(C) 13/9
Solution: (C)
_AZ,+B
" CZ,+D
_2x5+3 E
2x5-1 9

1

(V)]

5

=3A

(B) 12/13
(D) 13/11

2Q

(D) None of the above

(10)

5Q

Example 9:
4Q 8l 2Q
+ \ +
v, % 3Q A

The Z-parameters of the two-port network are

A)r7 o0 B) 17 3
-3 5 [O 5}
© 17 0 D) 15 3
. N
Solution: (C)
Applying KVL to the input loop
V=4l =31, +3( +1)
V=71 +0.1,
Apply KVL to the O/P loop
V,=2I,+3(I,+1)
V,=3I+5I,
From equation (11) and (12)
[Z]= 7 0
135

Example 10: A two-port network, shown in fig

x
3

Q b
<_

The admittance parameters, Y|, Y, ¥,
A2 -1 (B)
-1 2
(D)

© 712 1
ol

Solution: (A)
Convert star to delta connection

o — >~ —>

and Y,, are
2 1

3 3

1 =2
13 3
1 05
Loy

(11

(12)



I 1Q Iy
Lo AN o
f & !

v,
‘11 Yas1Q yp31Q f
Yot Ve V.
| |
=) Yy TV,
2 4
-1 2
Example 11:
hao 20 20 2
* t
2 20 340 Va
! J

For the two-port network shown in figure the value of /2, is
given by

(A) 0.125
(C) 0.625

Solution: (D)
H-parameters can be defined by

Vi=h, I +h,V,

111

12 = h21 [1 + h22 Vz

(B) 0.167
(D) 0.25

y
h,=-Latl =0
V2
So/l, =0
The circuit becomes
40Q 20 051, 2Q b
— WA MAN—<—0+
=% f
T I,=0 051,
Vs
r 20 40 l
o 0 —

I
1/2:212+4-72

V, =41,
v
[ =2
o4
V,=2x2=1,
v
V=7
4
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12

= h = 1:lz().25
4

NS

Example 12: Two networks are connected in cascade as
shown in the figure with the usual notations the equivalent
A, B, C and D constants are obtained. Given that C =
0.025.£45°, the value of Z, is

), Z=10430°Q

1 *
2 Z, Vs
v v
(A) 10 £30° Q (B) 40 /-45° Q
© 1Q (D) 0Q
Solution: (B)
‘We know
i 4 l
1 *
& ¢
1+ 4 Z,
A B Z,
[71= =
C D R
ZZ
Given C = 0.025 £45°
1
So C=—
[0 ZZ
_ 1 °
C 0.025
=40 /- 45°.

Example 13: Find the Z-parameters of the two-port circuit
of figure shown below.

Solution:

Z and Z, having same current
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SoV,=(Z,+2)(Z,+2)

=12(2,+2)Q
The circuit is symmetric so Z, = Z,, = 1/2[Z + Z,]

Similarly

p
221:]—2at:O

1
I
—
Z Z
a L b
2 Va
Z, z,

1
2 :E[Zb _Za]

|

.. For a symmetrical lattice network

zZ+7Z, Z,-Z,
2 2
[Z]=
Z,-7Z, Z,+Z,
2 2
Note:
+ +
v [g g} V32,
Z
AZ, +B
Then Z, = —+—
CzZ,+D
Example 14:
Iy 20 20 b
Vi §1 Q Va
l l

The T-parameters of the network are

(A) 3 2 (B) 3 8
L 1} I 3

© 112 D@ r7 2
ot i

Solution: (B)

2Q ! 2Q
T AN > AN T
‘I 19“; T
niwy 1 niw,
1+— 2
[71=
1 1
32
11
20
AN

 — < —>»

te— S<—> 4L

~. A =D = Symmetric
And AD-BC=1=R

Note:

1|12
[L1=1, |

(71 =[T]1T,]

%

=3 2@1 2}
0 1
11
38
13
al

eciprocal

. RN SV AN
v, Z, \L
| |
A
e LA
ZZ ZZ



Example 15: Determine Y-parameters for the following

networks

Solution:

1Q 1Q

Figure (a) and figure (b) are in parallel, so
=]+l

From the figure (a)

Y-A transformation

3Q
o—> A2%%% < o)
T ]
v, §3Q §3Q Vs
o o
2 -
3 3
Y= Q
(1] a2
3 3
From figure (b)
1/s=y,
| |
I
Y,=0 Y5=0
-
yi=| s ¢
(Y] B
s s
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2 -
ry=| 3 +

25+3 —(s+3)
_ T 3s
| =(s+3) 25+3
3s 3s

Example 16: The ABCD parameters of an ideal n:l

n 0
transformer shown in figure are [O x}' The value of ‘X°
will be

>
»

(A) n (B) l/n ©) n (D) 1/n?

Solution: (B)
For the given ideal transformer

hon_=h
ol
V,=nV,-0., (13)
1,=0V,-1/n.1, (14)
From equation (13) and (14)
4 B] n 0
c p| oL
n
=X=1/n

Example 17: The h-parameters of the circuit shown in
figure are

I 50 Iy
+ +
Vi 100 %
5 1 0.2 -1
(A) (B)
-1 0.1 1 10

-1
©) [051 . } (D) None of the above
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Solution: Similarly
h-parameters are defined by v y
Vish L +h,V, Z,=2,2,=—"
Ay Ay
]2 = th Il + h22 V2
v, 2, ="z M
From V, =0 = h“:I_‘Q 21 Ay’ 12 Ay
1
h, = L
n = ABCD PARAMETERS IN TERMS OF
1
Z-PARAMETERS AND Y-PARAMETERS
Iy 50 b
[ BN,V Y
" A
[ ]
Vi Vo=0 Zy Y,
®
—e . g2 _-1
ZZI )/2]
L=5Q=h
1 1 C = L = _Ay
ZZI YZl
I =-1
. poZe_h
—==hy,=-1 V4 Y,
]1 21 21 21
Forl =0 .
! o Terminated Two-port Network
—— I Driving point impedance at the input port of a load termi-
+ AN < +
T nated network.
T Figure shows a two-port network connected to an ideal
Vi 10 Q Va generator at the input port and to a load impedance at the
l l output port.
N N /1 2
=7, o Lo+
v ( N/W V32
by =—=1
" v 2
12
hy, = 72 V,=-1Z2,
7 =101 Vi=Z, 1 +Z,l,
2 2 VZ = ZZ]]I + 222]2
L_1_ 0.1Q7" —1Z, =21+ 2,
v,
— _11221
o ’ ZL + ZZZ
Relation between Z and Y parameters
Z,2,1
Zy . 2y V=21, _ﬁ
Y11 = E’ le = Az L + 22
zZ +Z Z,7
Y21:A;Yzz: - W=1|42,- -
Az Az Zy+2y,
Where a7 =21 20 Mg - Zaly
I I, B Z,+7Z,



Example 18:
1 2
T I, +
Vs(O)h N/W zvé 200
1/ 2/

The Z-parameter of a two port network shown in figure are
Z,=2,=10Q, 7 =7, =4 Q. If the source voltage is 20
V, determine /,, V,, I, and input impedance

Solution:

V,=V.=20V

YAVA
Vlzll(zn_zlz ; j
Lt 4y

20=1,[10- x4
20+10

I =211A
I, =- 1 2
PRz
=-2.11x =-0.281A
20+10

V,=—1,x20=0281x20=5626V

. Vv, 20
Input impedance = — = —
I, 211

=9.478 Q

Example 19: The Y-parameter of the two-port network
shown in figure are ¥,, = ¥,, = 6 mho; ¥, = ¥, = 4 mho.
Determine the driving point admittance at port 2 — 2” if the

source voltage is 100 V and has an impedance of 1 Q.

1
+ = —7 °2
1 +
Vs Vi N/W V,
- o S
Solution:
l1 l2
L 2
I
I 72 N/W V,
11 = Is‘ - Vl Ys
I=YV +Y,V.

11 12" 2

L=Y,V,+Y,V,

2101

[ -VY=YV+Y,V,

111

—VI(YS+YH)=Y12V2—IS
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_V — YIZI/Z_[S
AR
YIZI/Z _]x
I, ==Y, W +0,0,
=Y, Y. V.
12:_ 21712 2+Y221/2
Y+,
1_2: Y22Y5 +Y22Y11 _Y21Y12
£ Y +1,
_6x1+6x6—-4x4
1+6
=3.714 mho
Driving point impedance at port 2—2'—;9
&P P P 3.714
Example 20:
1Q 3y Iy
+ — < O
rfwww*<> 2
v, 2Q Vo

Find the H-parameters for the network shown in figure?

Solution:
{K}:{hl M{HA}
[2 h21 h22 I/2
For V,=0
o—»-/\}\/{z/\/‘—@mx ~12
l1:ix
Zc 2i,
O
V
hy, :]_1
Ly,=0
V=1 x1+31
4
d_y=
el
By KCL,
L=2I -1
L=1
1
I_?: 1=h,
For/ =0
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V,=1,%x2

NEeTWORK FUNCTIONS

For a one-port network, the driving point impedance of the
network is defined as

2(s)=")
1(s)
Similarly the driving point admittance
¥(s) = 1)
V(s)

For a two-port network without internal sources, the driving
point impedance at port 1 — 1" is

Vi(s)
Z,(s)= =
1,(s)
Atport2 -2/ itis
v
Z,(5) = 5 ()
1,(s)
1 1
Similarly ¥, (s)= 28y (5= 29
Vi(s) Vy(s)
Y, (s) and Y, (s) are transfer admittances. Voltage transfer ratio
Vy(s)
G, (s) = Vz (
1(5)
y
And G,(s) = Vi)
V()
Current transfer ratio
1,(s)
a,(s) = :
L,(s)
L, (s
oy (5) 2(5)
I,(s)

Transfer impedance

V,(s)
Zu(s)= Iz(s)
1
V.(s)
Z,(s)= [1 (s)
2
Transfer admittance
L, (s)
Y, (s)= %
1
1,(s)
le(s) = V] (s)
2
Example 21:
20 1s
1
o

For the network shown in figure, obtain the driving point
impedance.

Solution:
Z(s) :@
1(s)
1
=2+s5+—
K
2 2
Z(s) = 2s+s° +1 _S +2s+1

N

Example 22: For the network shown in figure, obtain the
transfer functions G, (s) and Z, (s) and the driving point
impedance Z, (s).

1o MN
T 2Q
Vi(s) 2

l ()

]
% s Vys)
. |

Solution: Vi(s)=1(s)[2+2s]

Z“(s):%:2(s+l)

V(s)=1(s)x2s
V,(s) _ 2s s

)= T a2 sel
RACN
Z,(s)= 1.6) =2s



Example 23:
1
2s
o ,_JV\/\/\/‘ o
+ 20 TJr
Vi(s) 25 s
- h(s) |-
e 0

For the network shown in figure. Find G, (s). Z, (s) and
Z,,(s)
11

Solution:
1
2x—
V
I(S)_ ll(s)_ 2S+2
Il(s) 2+i
2s
= 2 +2
4s+1
8s+4
Z.(s)=
n(s) 4s+1
V.(s)-2
Vols) ==
2+
4s+1
V(s 2(4s +1
() (52 245+
V.(s) 8s+4
_8s+2
8s+4

V,(s)=1/(s).2

) _ 7 (=2

1,(s)

Example 24: For the network shown in figure, determine
the transfer function G, (s) and Z, (s)

] 11(s) ﬁbi Io(s) 5
VT(s) —1 ! — T

i - 5F ->F — Va(s)
l 2" |
7 2

Solution:
Transform the circuit into s-domain
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oy — :/2(5)
I
T 2s

o 570

o

i
l

V,(s)=Vi(s)
E 2s
s st+1
2
V,(s o
Gz](s)z 2( )= - S .
Vi(s) 2(s +1)+2s
(s> +1D)s
_2(s2+1)
45% +2
2 +1
G, (s)=
2 (®) 257 +1
V,(s)=1,(s)= X—
4 2s
s s +1
V(s
o ( )=ZZI(S)
I,(s)
B 2(s* +1)
s(3s> +2)

NeTwoRK GRAPHS

The solution of a linear network problem required the for-
mation of a set of equations describing the response of the
network first and then the manipulation of the co-efficient
matrix so produced.

Networks topology deals with concepts involving inter
connections in the networks, rather than the actual nature
of the elements.

Graph
The connection of the network topology shown by replacing
all physical elements by lines is called a graph.

While constructing a graph from the given network all
passive elements and the ideal voltage sources are replaced
by short circuit, all the ideal current sources are replaced by
open circuit.
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Example:
A network and it related graph is shown in figure a and figure b
R L
R ¢ L
— A | (TTY0
VT C R ®
(@)
6
5 4
1 2 3
(b)
Directed graph

A graph in which each branch is assigned a direction is
called a directed or oriented graph.

Complete graph (or) standard graph

For a standard graph, between any pair of nodes only one
branch is connected for all combination.

Example: The no. of edges in a complete graph with

n-nodes in " C, nn-1) =b.

Connected graph

In a connected graph all the nodes are connected by at least
one branch, otherwise it is said to be unconnected.

(@) (i)

Connected graph

Example:

Sub graph
It is a graph with less no. of branches as compared with the
original graph.

Example:

Sub graph

Planar and non-planar graphs

A graph is said to be planar if it can be drawn on a plane
surface such that no two branches cross each other.

A non-planar graph can not be drawn on a plane surface
without a crossover.

Tree and co-tree

A tree is a connected of a network which consists of all the
nodes of the original graph but no closed paths. The number
of nodes in the graphs is equal to the number of nodes in
the tree.

Example 25: For the given graph shown in figure, draw the
number of possible trees

Solution:
There are four nodes. The possible trees are shown in the

AN LALL
PN\ WA

1AL

Twigs and Links

The branches of a tree are called its ‘twigs’. For a given
branch, the complementary set of branches of the tree is
called the co-tree of the graph. The branches of co-tree are
called links, i.e., those elements of the connected graph that
are not included in the tree links and form a sub graph.



For the graph shown in the figure the tree branches are “ace”
as shown in figure

The set of branches (b, d, f) represented by dotted lines form
a co-tree of the graphs. These branches are called links of
this tree.

For a network with ‘b’ branches and ‘n’ nodes, the num-
ber of twigs for a selected tree is (n — 1) and the number of
links ‘I’ with respect to this tree is b — n + 1. The number
twigs is called the rank of the tree

Incidence matrix (A)

For the oriented graph shown in the figure, the incidence
matrix is

4 Nodes Branches —
| a b ¢ d e f
5 1 0 1 0 0 1
A= |-1 -1 0 1 0 O
i 0o 1 0 0 1 -1

In matrix 4 with ‘n’ rows and b columns an entry a,in the
ith row and jth column has the following values ‘
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a;=1, if the jth branch is incident to and oriented away
from the ith node

aij = 1, if the jth branch is incident and oriented towards
the ith node

a,=0, if the jth branch is not incident to the ith node

Note: Consider incoming branches are “—ve” sign and out-
going branches are “+ve” sign.

Example 26: Draw the graph corresponding to the given
incidence matrix
-1 0 0 O +1 0 41 O
0 -1 0 0 0 0 -1 +1
A={0 0 -1 -1 0 -1 0 -1
0 0 0 0 -1 41 0 O
+1 +1 +1 +1 0 0 O O

Solution:
There are five rows and eight columns which indicate that
there are five nodes and eight branches

a b ¢ d e f g h

If-1 0 0 0 +1 0 +1 O
200 -1 0 0 0 O -1 +1
A=3]0 0 -1 -1 0 -1 0 -1
40 0 0 O -1 +1 0 O
541 +1 +1 +1 0 O O O

The graph can be drawn as shown in figure

Incidence Matrix and Formulation of KCL
AI=0

Where 4, is the Incidence matrix and / represents branch
current vectors 7, I,...

Consider the graph shown in figure

4 b 5 ¢

It has four nodes a, b, ¢ and d. Let node ‘d’ be taken as refer-
ence node. Let the branch currents be i , i,..., i
Applying KCL at nodes a, b, and ¢
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—i,+i,=0
—12+15—14=O
—13—15—16=O

-1 0 0 1 0 o]l [o
Inmatrix form, | 0 -1 0 1-= 1 0" [=|o
0 0 -1 0 -1 —1/|™] |o

Al =0 ... (KCL)

I'b

Relation Between Twigs and Links

The number of twigs on a tree is always one less than the
number of nodes.

ie., twigs=(m—1)

Let n = number of nodes

Also, if ¢’ represents the total number of links, while ‘b’ the
total number of branches

L=b-(n-1)

L=b-n+1

Tie-set Matrix

For a given tree of a graph, addition of each link between
any two nodes forms a loop called the fundamental loop. In
a loop there exists a closed path and a circulating current,
which is called the link current.

The fundamental loop formed by one link has a unique
path in the tree joining the two nodes of the link. This loop
is called a tie set.

Consider a connected graph shown in figure (a). It has
four nodes and six branches. One of its trees is arbitrarily
chosen and is shown in figure

1. b 2

No. of nodes n =4

No. of branches b = 6

No. of tree branches or twigs =n — 1

No. of link branches I=b—-(n—1)=3

Leti, i, ..., i, be the branch currents with directions as
shown in figure ‘a’. When a link is added to the tree, a
closed circuit is formed. The closed loops are as shown in

the figures.

By convention a fundamental loop is given the same ori-
entation as its defining link, i.e., the link current. /, coin-
cides with the branch current i, direction in ab. Similarly
I, coincides with the branch current direction in bc and /7,
coincides with the direction of cd.

Tie-set

Consider the above figure. Kirchoff’s voltage law can be
applied to the fundamental loops to get a set of linearly
independent equation.

These are three fundamental loops /, 7, and I, corre-
sponding to the link branches 1, 2 and 3 respectively. If V,,
V,, ...V, are the branch voltages, the KVL equations for the

three fundamental loops are

V+V.~V,=0
V,+V,=V,=0
V,~V,=0

The above equation can be written in matrix form.

loop "

L branches— V.
([t oo o0 1 -1 ; 0
210010 1 -1 0 ; =0
31001 -1 0 0] % |0

Vs

! 7

ie,BV,=0...(KVL)

Where B is an [ X b matrix called the tie-set matrix or fun-
damental loop matrix and ¥, is a column vector of branch
voltages.



Tie-Set Matrix and Branch Currents

[1,1=[B"][1,]

100 0 1 1
B=l0 1 0 1 —-10
001 -1 0 0
(1 0 0]
0 1 0
g |0 0 1
0 1 -1
1 -1 0
-1 0 0
0
1, ]1
L
(,1=] " 1=\ 1,
: I,
L
_i6 m
il [1 0 0]
Ll 0o 1 0
il o o 1)
i lo 1 -1
i 1 -1 0|°
il |-1 0 o0

The branch currents are

i=1 Q=1 i=1,
i, =11, =1 -1, ii=—1
Cut-set

It is a set of branches of a connected graph (G), where in
the removal of all the branches of the set causes remaining
graph to have two unconnected sub-graphs, i.e., the cut set
is a minimal set of branches of the graph, remove of which
divides the graph in to two sub graphs.

Example:

Standard graph
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5 \
C( ) C( )

RN
6
)

5
c(1,2,3 2,4,5 3,4,6

Note:
+1: If branch j leaves node (i)
aij =4 —1: If branch j enters node (i)
0: If branch j is not incident on (i)

Properties of a Tree in a graph

1. It consists of all the nodes of the graph.

2. [If the graph has N no. of nodes the tree will have (N
— 1) branches.

3. There will be no closed path in the tree.

Note:

1. Rank ofa graph=(n—-1)
Where n = number of nodes

2. The number of trees for a given standard graph = (n)"

3. Total number of KCL equations equal to n — 1

4. Number of fundamental tie sets for a graph equal to
number of Links
ie,L=(b-n+l)

5. Rank of tie-set matrix = (b — n +1) = Links

6. Number of nodal equations in a given graph equal to
(n—1) = f-cut sets.

7. Number of mesh equations = f-loops =6 — n +1

Fundamental cut-sets

The fundamental cut-sets are defined for a given tree of
the graph. From a connected graph, first a tree is selected,
and then a twig is selected. Removing this twig from the
tree separates the tree into two parts, All the links which go
from one part of the disconnected tree to the other, together
with the twig of the selected tree will constitute a cut-set.
This cut-set is called a fundamental cut-set of the graph.

Example 27: Obtain the fundamental cut-set matrix o, for
the network shown in figure

Solution:
A selected tree of the graph is shown is the figure
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The twigs of the tree are {3, 4, 5, 7}. The remaining
branches 1, 2, 6 and 8 are the links, corresponding to the
selected tree.

The fundamental cut-set matrix is formed as fundamental

Cutset branches—

-1 06 1 0 0 1
2l-1 -1 0 1 0 O
30 10 O 1 -1
40 0 -1 -1 -1 O

The branch voltages in terms of twig voltages are
Vi=-V,=V,==V,-V,
V==V, =Vi=+V, =V,

2

V=V,
Vi=",
Vi=Vs
Vi=V,=V,=V,=-V,
,=v,
Vi=V,=Vs=V,= Vg

In matrix form

vl [-1 =1 0 0
v,| |1 -1 0
ol 0 011V,
Vil | 0 0 0|V,
V.l o 0o 1 of,
vl 1o -1 0 1|,
v, 10 0 0 1
Vel [0 0 -1 1)

Example 28: A standard graph consists of 55 branches, the
number of f-cut sets, Tie-sets, f-cut sets matrices and Tie
-set matrices are

Solution:
Given b =55
55— n(n—1)
2
n(n—1)=11

n=11
L=b-n+1=55-11+1=45
f-loops or Tie-sets = links = 45
f-cut set matrices = Tie-set matrices
f-loop matrices = (n)" >

=(11y

Example 29: Identify which of the following is NOT a tree
of the graph, shown in figure

4 h 5
(A) begh (B) defg
(C) abfg (D) aegh

Solution: (C)
Tree is a connected graph, with out forming a closed path.
From the given options (C) is not satisfied. Above statement

Example 30: Minimum no. of equation required to analyze
the circuit shown in figure is

(A) 3 (B) 4
©) 6 (D) 7
Solution: (B)
4
1\2 3
5



No. of nodes =5

Nodal equations=N—-1=4

Number of mesh equations=L=b—-n+ 1

=8-5+1=4

Minimum number of equations = min (nodal, Mesh equations)

Example 31: Match List [ with List Il for the co-tree
branches, 1, 2, 3, and 8, of the graph shown in the figure
and select the correct answer using the codes given below
the lists.

8
6 p
) 7
1 24 3 A4
2
List | List Il
p. Twigs 1. 4,5,6,7
Links 2. 1,2,8,8
r.  Fundamental cut set 3. 1,2,8,4
s. Fundamental loop 4. 6,7,8
A)p-1,9-2,r-3s-4
B) p-3,9g-2,r-1,5s-4
©C)p-1,qg-4,r-3,s=-2
D) p-3,qg-4,r—-1,s=-2
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Solution: (A)

Total no. of branches = twigs + Links

From the given data

Links=1,2,3,8

o Twigs=4.,5,6,7=n—-1=4

Given nodes = 5

Fundamental cut set having at a time only one tree branch

ie.,1,2,3,4
twig
.. f~loops = having at a time only one link
=6,7,8
Link

Example 32: What is the total number of trees for the
graph shown below?

1 3
4
(A) 4 B) 8
©) 12 (D) 16

Solution: (D)
For a standard graph total number of trees = (n)"
Where n =4

no. of trees = (4)*?>=4>=16

EXERCISES

Practice Problems |

Directions for questions 1 to 31: Select the correct alterna-
tive from the given choices.

1. The z-parameter of the network shown in the figure is

(A) _Zl +22 Z1 (B) [ Z1 22

L Z2 Z1 + 22 _Zl + 22 Z1 - Z2
© ., @, .

_z2 zZ, + z, _Zl Z + Z,

2. For the lattice circuit shown in figure, Z = ;2 Q and
Z, =2 Q. The values of the open circuit impedance

Z

12
:| are
22

le

parameters Z ={
Z

21

Zy
1 2
Z,
Za
1’ o'
Zp
A) M- 1+/] B) [1-/ 1+
[1-j 1+j] =1+ 1-j
© [1+j 1+/] D) T14; -1+
1-j 1-j] =1+ 1+

3. A two port network is represented by ABCD param-

V, A BV,
eters given by Al c pll_s
1 2

If port-2 is terminated by R,, the input impedance seen
at port-1 is given by .
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(A) 4+ BR, B) 4R +C
C+DR, BR, +D
©) DR, +4 (D) B+ 4R,
BR, +C D+CR,
4. The admittance parameter of the network shown in the
figure is
I 20 20 Iy

T 3Q T
V.

T 2V, f
e O

A) 11 s B) -1 57
4 4 4 4

13 L3

L4 4 L4 4]

© 11 5 M 11 =57
4 4 4 4
-3 13

L4 4 L4 4]

A B
5. The transmission parameter [ c D} of the two port

network shown in the figure is

,o1Q 1Q I,

+o0—p AN +

1 fo I

Vv, Vs

| |
A) 11 2 ®B) g
{2 1} {3 2}
© r; D@ 2
Y L

6. If two identical sections of the network shown in the
figure are connected in parallel, the Y-parameter of the
resulting network is given by

I4 1s Iy
> ANV <

o 0
f f
v, 2s 2s Vv,
v '
o o]

N
w5,

6 -2
© {_2 6}

4 2
2 4

6 2
™5

(B) [

A |
b

The element Z,, of the two port network shown in the

above figure is

(A) R+sL,

1
C) —+sL
©) o ok

1
B) —+sL
®) Cs :

(D) sL,

. In the two-port network shown in the figure below, Z,

and Z,, respectively are

ot b,
I O !
} 1 |

(A) r, and fr,
(C) Oand fr,

(B) 0and -fr,
(D) r,and —fr,

2

. A linear transformer and its 7" equivalent circuit are

shown in figure (a) and figure (b) respectively. The val-
ues of L , L, and L, respectively are

iy 1P
Ao—>» E_}i «—o(C
L] [ ]
12 6
Bo oD
(a)
La Lb
A N Y
(e} 0
B D

(A) 10H,4H, 2 H
(C) 10H,4H, 2H

(B) 14 H, 8H, —2H
(D) 14 H, 8H, +2H



10. For the network shown below the ‘Z’ parameter will be
2F  1H |

I \ 2
ANV <
:/ ° 2Q N
I " I
v, 2H Vs
o o
! +2s 2+ ] I s ! +2s
T, s —
(A) | 2s (B) 2s s
| 2+ s | |2+ s :
1 +2s s ] |
— ——s5 s
©) |2s (D) | 25
| s 2+5 | | s 2—s

11. An impedance match is desired at the 1—1" port of the
two-port network shown in the given figure. The match
will be obtained when Z equals

3Q 3Q
Z, 1 2
v 6Q 30z
0 o 0 O
1 2
A) 6Q B) 3Q
(A) 3 (B) 16.
2
B) —Q D) =Q
(B) 2 (D) 3

12. The admittance parameter of the 2-port network shown
in the figure are ¥, =10Q, Y ,=Y, =6 Qand ¥, =8 Q

The values of y, y, and y, will be respectively

END

(B) 4,2 and -6
(D) 16, 14 and -6

(A) 2,4and 6
(C) 2,4and -6
13.

17.

To construct a High pass filter as in the above circuit
(A) z,, z, are capacitors and z, inductor

(B) z, z, are resistors and z, capacitor

(C) z, z,are inductors z, capacitor

(D) z, z, are resistors z, inductor.

14.
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For the given equivalent circuit find input impedance,
output impedance and output voltage

Ri Ro
A WW—,  —WW—
‘I‘ V’ + AVI \Iz
(A) 0,0, (B) o, R, Av,
(C) R, R, Av, (D) R, R, A

Find the driving point admittance of the network shown.
Given

R=1MQ
C=10puF
L=1000H
ZE) . o
"1l
Cs
1x10° (1+10s)105s
A —MM— B ——M—
@) 1+10s+10%s? ® s +10°s+10°
10s 10
C D
© 1072 s> +10s +1 D) 107°s* +10s +1

Circuit below shows a lattice circuit z_ = 4/ Q and
z, = 4 Q find the values of open circuit impedance

:|:le ZIZ:|
ZZI ZZZ

a Z | c

| Ny |

V1 V2

l Z l

b I d
2425 2-2j 2+2j 2+2j
(A) , 1 ® | ., :
242j —2-2j 242 2+2j
c 242j 2-2j 2-2j 2-2j
© 2-2j 2+2j 2-2j —2-2j

The RC circuit shown in the figure is

+
R ¢

S —>
<K—>

S
]

«—
|
—
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(A) A low- pass filter (B) A high- pass filter _ 65, _4
(C) A band- pass filter (D) A band- reject filter (B) 2, = 11 2= 11 Q
18. For the two-port network shown below, the short circuit 6 _16
admittance parameter matrix is ©) z,= 11 O Z, = ETH Q
1o AN 02
05Q
T T D) Z“:iQ;221:iQ
V; 05Q 05Q V, 11 11
l l 22. For the graph shown in the figure, the order of the tie
1o 02 set matrix is
4 -2 1 -0.5
A B
) [—2 4} ®) {—0.5 1 }
1 05 4 2
©) D)
05 1 2 4
19. A two port network is shown in the figure. The param-
eter h,, for this network can be given by (A) 4x4 (B) 4x8
I Iy (C) 8x4 (D) 8x8
+ o A + 23. If V,, O, V, represents branch voltage matrix, cut set
matrix, and the twig voltage matrix then the relation
Yi R V2 between them is given by
. o A r,=0v’ ®) V,=0"r7
1 ! © r,=V,0 D) V,=0"V,
A) — B) += 24. A planar graph has 5 nodes and 9 branches. The num-
2 2 . .
ber of meshes in the dual graph is
-3 3 (A) 5 (B) 4
© — (D) += (€) 14 (D) none
25. F th h gi 1 hich of them i
20. The impedance parameters Z,, and Z , of the two-port S lr::;r‘? ¢ graph given below, which of them is non
network in the figure are P ' )
@1 3 (if) 4 4
4
(A) Z,=275Qand Z,=0.25Q 1 3 5
(B) Z,=3QandZ,=0.5Q .
() Z,=3Qand Z,=025Q (i) 5 Wy gs
(D) Z,=225QandZ,=0.5Q 2 4 4
21. The Z-parameters Z,, and Z, for the two-port network (A) iandii (B) ii and iii
in the figure, (C) iii only (D) iv only
26. The minimum number of equations required to analyze
FRRLIR Loy the circuit shown in the figure is
40 T c c
E, Es f 11

R R

A z, =0z 1%q %C
T T T




27.

+

=6V ( 2)
T 1! 27

(A) 3 B) 4
© o D) 7
A two-part network shown below is excited by external
dc sources. The voltages and the current are measured
with voltmeters V|, V, and ammeters 4 , 4, as indicated.

Under following switch conditions the readings
obtained are:

(1) §,-Open, S,-closed

A =0A,V,=45V,V,=15V,4,=1V
(ii) S,-closed, S,-open
A=4A,V=6V,V,=6V,4,=0A

N >SS1 82
@ o - - X o — @ +
2 —port +

niw 15V T

-
N

28.

The Z-parameter matrix for this network is

1.5 1.5 1.5 45
A B
) {4.5 1.5} ®) {1.5 4.5}
1.5 45 45 15
© L.s 1.5} &) [1.5 4.5}

From the above questions data the /-parameter matrix
for this network is

30.
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v, .

1

The voltage gain

250 | Iy
o e
50 V! Vi N Vs 100 Q
(A) 111 (B) —1/11
(C) —1/99 (D) 1/90

The incidence matrix of a graph is as given below

-1 1 1 0 0 O

P K S
= € gra 1S
0 -1 0 -1 o - <&
1 0 0 0 -1 -1
(A) 2 (B) 2
1 3 1A3
©) 2 (D) 2
1 3 1A3

(A) -3 3 @) |3 1 31. The incidence matrix of a graph is as given below
-1 0.67 +3 0.67
1 000 1 0 O
303 31 0100 -1 1 0
© L 0.67} ) {—3 —0.67} A=
0010 0 -1 1 -1
29. In the circuit shown below, the network N is described o010 0 -10
. . 0.1Q -0.01Q
by the following ¥ matrix [Y] = 0010 010 The number of possible trees is
' ' (A) 40 (B) 70
(C) 50 (D) 240
Practice Problems 2 (A) Vi=AV +BI
Directions for questions 1 to 23: Select the correct alterna- I;=CV + DI,
tive from the given choices. (B) Vy=4V +CI,
1. Which parameters are used in the analysis of transistors? I;=BV, +DI,
(A) Z-parameters (C) Vy=4V -BI,
(B) Y-parameters I[;=CV - DI
(C) h-parameters (D) V=4V -CI,
(D) Transmission parameters I,=BV — DI
2. If a transmission line is represented by a two port net- 3. A two-port network is reciprocal if and only if
work whose parameters are 4, B, C, D, then the sending A) Z,=2,. B) Y,=Y,

and voltage end current are given by .

(C) BC—AD=-1. (D) hy,=h,
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4. A two-port network is symmetrical if

(B) z

1 1222

T T 1

(D) Both 4 and C

(B) A=D

(A) le = ZZZ
(©) hyhy, = hhy, =1
5. A two-port network is reciprocal if
(a) ZlZ = ZZ]
(C) Yll = Y22

6. For the two port network shown in the figure which of

(D) BC-AD=1

the following statements is true.

(A) It has Z-parameter.

(B) It has no Z-parameter.
(C) It has no Y-parameter.
(D) It has no transmission parameter.

7. Two two-port networks have Z-parameters

71 = lex
(2l =,

21x

Then the open circuit transfer impedance of the cas-

caded network is
(A) Zle + ZlZy

Z, . Z
C 21x“21y
© Z, +7Z

1lx 22y

8. A two-port network is represented by V, = 32/, + 61,
and V, = 6/ + 241,. Which one of the following net-

22x

7 Z Z
12x and [Z] _ 1y 12y
VA ! Z Z

21y 2y

(B) Zle + ZZly
Z, 7

12x“12y

Z., +7Z

12x 12y

D)

works is represented by these equations.

(A) 260 26 Q
%69

(B) 18 Q 26 Q
%GQ

©) 26 Q 18 Q
%GQ

(D) 26 Q 18 Q
j6Q

9.

10.

11.

12.

Z-matrix for the network shown in the given figure is

I 10
+ o—p—| +
T 1 F I
v 3 2H v,
3 .
— 2 25+ 3 —2s
(A) | 3s (B) s
[2s 1 | 25 2s+1
r 3
P E 25 2s 25+ ;
© |7 s o
| 2s 2s+1 2s+= 2s
L s

Find values of Z,, Z,, Z, in the network shown

Z,=169Q,7,=10Q,7,=15Q,7, =10 Q
(A) Z,=10Q,2,=5Q,7Z,_6Q

(B) Z,=26Q,2,=25Q,Z,=10Q

€) 2=69Q,2,=5Q,7Z,=10Q

(D) Z,=25Q,2,=26Q,7,=10Q

The ABCD parameters of an ideal n : 1 transformer

n o
shown in the figure are L x}' The value of x will be

1
(A) n ®
1
© (@) =

The short-circuit admittance matrix of a two port net-
work is

0__1
2

- 0

2

The two-port network is



13.

14.

15.

16.

17.

(A) Non-reciprocal and passive
(B) Non-reciprocal and active
(C) Reciprocal and passive

(D) Reciprocal and active

The admittance parameter Y, in the two-port network
shown in the figure is

Iy I

o MM °
20Q

Eqf 50 10Qlg,
(A) —=0.2 mho (B) 0.1 mho
(C) =0.05 mho (D) 0.05 mho
For a two-port network to be reciprocal
A Z,=2, B, =7,
(C)h, =-h, (D)AD-BC=0
Which parameters are widely used in transmission line
theory?

(A) Z-parameters
(C) ABCD parameters

The H-parameters of the circuit shown in the figure
are:

(B) Y-parameters
(D) H-parameters

o= MAM — o

+ 100 +

Vi 20 Q V,
X 0.1 0.1 B 10 -1
(A) -0.1 03 ®) 1 0.05

30 20 0 1
© 120 20 ® -1 00

The impedance matrices of two, two-port networks

, 32 15 5
are given by 5 3 and - If the two net-

works are connected in series, the impedance matrix of

the combination is
®) 18 7
7 28

3 5

@A) {2 25}

© {15 2} D) {3 7}
5 3 25 3
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¥ 10 +
Vi 1Q 10 W

The Y-parameters for the network is

A21 B2—1
()[12} ® |

0.5 1 0.5 -1
© {1 0.5} ®r 11 os

. If the graph of an electrical network has ‘N’ nodes and

‘B’ branches. The number of links ‘L’ is given by
(A) N-B+1 (B) B-N+1
(C) N+B (D) B-N

. A connected network of N > 2 nodes has at the most

one branch directly connecting any pair of nodes. The

graph of the network

(A) Must have at least ‘N’ branches for one or more
closed paths to exist.

(B) Can have an unlimited number of branches.

(C) Can only have at the most N branches.

(D) Can have a minimum number of branches not de-
cided by N.

. If B is tie-set matrix and ‘/,” Loop current matrix then

branch current matrix /, is given by
(A) I,=BI, (B) 1,=1B"
(©) ,=B"I, (D) 1,=B"l,"

. Consider the network graph shown in the figure. Which

one of the following is NOT a ‘tree’ of this graph?
A) 7\ (B) W

© (D)

. A network has 7 nodes and 5 independent loops. The

number of branches in the network is
(A) 13 (B) 12
(C) 11 (D) 10
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PRrEvious YEARS’ QUESTIONS

1. The parameter type and the matrix representation of

the relevant two port parameters that describe the cir-
cuit shown are [2006]
o 1—> «Ph
+ +

00
(A) Z-parameters, { }

“}
|

S =
- O

(=]
(=]

B) H —parameters{
) H —parameters{

(=]

0
0
(D) Z-parameters, {0 J

. The R-L-C series circuit shown is supplied from a var-
iable frequency voltage source. The admittance-locus
of the R-L-C network at terminals 4B for increasing

frequency o is [2007]
(A) 4 B) im4
Im/_\
\y/ Re
© 4 © .t
Im
\Jﬁ’ R

3. In the figure given below all phasors are with refer-

ence to the potential at point ‘O’. The locus of volt-
age phasor V, as R is varied from zero to infinity is
shown by [2007]

(B) Locus of Vyy

Locus of Vyx o 2V

©) 0 2V (D) Locus of Vyx

Locus of Vyy o 2V

4. The number of chords in the graph of the given circuit
will be [2008]

(A) 3 (B) 4
© 5 (D) 6

5. The two-port network P shown in the figure has ports
1 and 2, denoted by terminals (a, b) and (¢, 0), respec-
tively. It has an impedance matrix Z with parameters
denoted by z, A1Q resistor is connected in series
with the network at port 1 as shown in the figure. The
impedance matrix of the modified two-port network

(shown as a dashed box) is [2010]
e 1Q a (o
- WW-e— e
P
@ @ Heo
f b d
(4) Gyl Zy Al (B) g+l &y
e Zoy 37 1 . Zy - 1
(C) Zl] +1 ZlZ (D) (le +1 ZIZJ
Zy Zy 2+l z,

Common Data for Questions 6 and 7: With 10 V dc con-
nected at port A in the linear non reciprocal two-part net-
work shown below, the following were observed:

(1) 1 Q connected at port B draws a current of 3 A.
(i1) 2.5 Q connected at port B draws a current of 2 A.




6.

For the same network, with 6 V dc connected at port
A, 1 Q connected at port B draws 7/3 A. If 8 V DC is
connected to port 4, the open circuit voltage at port B

is [2012]
(A) 6V B) 7V

©) 8V D) 9V

With 10 V dc connected at port A, the current drawn
by 7 Q connected at port B is [2012]
(A) 3/7TA B) 5/7A

© 1A D) 9/7A

. A combination of 1 uF capacitor with an initial volt-
age v(0) = -2 V in series with a 100 Q resistor is
connected to a 20 mA ideal dc current source by oper-
ating both switches at # = 0 s as shown. Which of the
following graphs shown in the options approximates
the voltage v_across the current source over the next
few seconds?

[2014]

t

9.

10.
Zn—>

11.

11
-2
A (D) V. " !
I o ¥ [Z] v, R,
— L i t -~ =
-2
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In a linear two-port network, when 10 V is applied
to Port 1, a current of 4 A flows through Port 2 when
it is short-circuited. When 5 V is applied to Port 1, a
current of 1.25 A flows through a 1 | resistance con-
nected across Port 2. When 3 V is applied to Port 1,
the current (in Ampere) through a 2 | resistance con-
nected across Port 2 is [2015]

Find the transformer ratios a and b such that the
impedance (Z, ) is resistive and equals 2.5 | when the
network is excited with a sine wave voltage of angular
frequency of 5000 rad/s. [2015]

% %RzZSQ

b

=10 puF L=1mH

C%% e 3

b
(A) a=0.5,b=2.0
B) a=2.0,b=0.5
(C) a=1.0,b=1.0
(D) a=4.0,b=0.5
The Z-parameters of the two port network shown in
the figure are Z | = 40Q, Z , = 60Q, Z, = 80Q , and
Z,,=100Q. The average power delivered to R, =20€2,
in watts, is . [2016]

10Q
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ANSWER KEYs

EXERCISES

Practice Problems |

1. C 2. D 3. D 4. D 5. C 6. C 7. B 8. B 9. C 10. C
11. A 12. D 13. C 14. B 15. B 16. B 17. C 18. A 19. A 20. A
21. C 22. B 23. D 24. A 25. D 26. B 27. C 28. A 29. B 30. D
31. A

Practice Problems |

1. C 2. A 3. C 4. D 5. A 6. B 7. C 8. C 9. C 10. C
11. B 12. B 13. C 14. C 15. C 16. D 17. B 18. B 19. B 20. D
21. C 22. B 23. C

Previous Years’ Questions

1. C 2. A 3.A 4. A 5. C 6. B 7. C 8. C 9. 0.5454
10. B 11. 35.55
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