UNIT - III
TWO PORT NETWORK ANALYSIS

Topics: Two port network parameters - Z, Y, ABCD and hybrid parameters and their relations.
Concept of transformed network - Two port network parameters using transformed variables-
Cascaded networks and analysis of Two-Port networks using the above parameters.

INTRODUCTION:

A pair of terminals at which a signal may enter or leave a network is called a port. A port
is defined as any pair of terminals into which energy is supplied or from which energy is
withdrawn, or where the network variables may be measured, One such network having only
one pair of terminals (1-1") is shown in Fig.(a).

Network

(a)

A two-port network is simply a network inside a black box, and the network has only
two pairs of accessible terminals; usually one pair represents the input and the other
represents the output. Such a building block is very common in electronic systems,
communication systems, transmission, and distribution systems. The Figure(b) shows a two-
port network, or a two terminal pair network, in which the four terminals have been paired
into ports 1-1'and 2-2".

1 Iy I 2
O > < o
+ +
v, Two-port network Vi
O O

1’ 2!

The terminals 1-1' together constitute a port. Similarly, the terminals 2-2' constitute
another port. Two ports containing no sources in their branches are called passive ports;
among them are power transmission lines and transformers. Two ports containing sources in
their branches are called active ports. A voltage and current assigned to each of the two ports.

The voltage and current at the input terminals are V1 and I1; whereas V2 and 12 are
specified at the output port. It is also assumed that the currents I1 and I2 are entering into the
network at the upper terminals 1 and 2, respectively. The variables of the two-port network are
V1, V2, and I1, I2. Two of these are dependent variables; the other two are independent

variables. The number of possible combinations generated by the four variables, taken two at a
time is six. Thus, there are six possible sets of equations describing a two-port network.
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OPEN-CIRCUIT IMPEDANCE PARAMETERS (Z PARAMETERS)

A two-port network is redrawn as in Figure. Here, we consider V1 and V2 as dependent
variables and I1 and I2 as independent variables. Let Z11, Z12, Z21 and Z22 are the Z-parameters.
The voltage V1 and V2 in terms of I1 and 12 are expressed as follows:

, l I
v Two-port V.
_ 1 network 2
Vy=2,1,+ 2,1, 1o—— 2

In terms of matrix equations, the following can be obtained:
4 _ Zy I ||
v Zy Iy
Zy Z, |, . )
is called the impedance matrix.

where matrix
21 2

(&%)

The individual Z-parameters can be found as indicated in the following. When the
output-port is open-circuited, that is, when I2 = 0, the equation will be as follows:

-
/

_ : _"
1=2,,1,+0 thatis Z;, = ; I=0

1 o—>—] <o

' ‘ ) Y Two-port V. Open
From equation we will have the following form: ' network ® circuited

. V.
1
When the input port is open-circuited, that is, when [1 = 0, then equation (11.1) will be
given as follows:

. 4
202 / 11=0 l
~ . . ~ . B . O
and from equation we will have the following equation: pen v, Two-port V,
Circuited network
o— —————o

. v
V,=0+27Z, I, thatis Z,, = [3
)

Therefore, the Z-parameters of a two-port network are as follows:

4 I/;'

_n _0
Y, =0 TP, =0
V V.
212:1 . Zy, = - .

I, |I,=0 I, I, =0
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All these parameters are also called open-circuit impedance parameters.

Z11 is known as the driving-point impedance at the input port, when output port is open-
circuited.

Z71 is known as the transfer impedance at the input port, when output port is open-circuited.
Z22 is known as the driving-point impedance at the output port, when input port is open-
circuited.

Z12 is known as the transfer impedance at the output port, when input port is open-circuited.

As these impedance parameters are measured with either the input or output port open-
circuited, these are called open-circuit impedance parameters. The equivalent circuit of the
two-port network in terms of Z parameters is shown in Fig.

h b
O > < O
it J I e
Zi4 222
Vi Va
Z1 2 ’2 ZE‘I !1
o o
The network is to be reciprocal if 212 =721
The network is to be symmetrical if Zi11=7Z22
PROBLEMS ON Z-PARAMETERS
1) Find Z-parameters for the network shown in Fig.
i 1Q 10 A
o——AAA ANA «o
B +
Vi ;:2 Q g 20 vz
o o}
SOL:
The network is redrawn as shown in Fig.
Applying KVL to Mesh 1, 10 10
V|:31"]_21!_'; (1) E AVAYAY; NN E
Applying KVL to Mesh 2,
Vo =21, +214 ...(11) v, "> §2£2 §2£2 C Vy
Applying KVL to Mesh 3, y I3 l
—20+21,+51;=0 Ie o
2 2
1_“,:?11—?1: (111)
J J
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Substituting Eq. (ii1) in Eq. (1),
4 4
V=3L——-L+_1,
D J

[1 4 X
:T‘J]"_TIE ...(1\"')
J J

Substituting Eq. (ii1) in Eq. (ii),

4

1".2:213+f1"|— !2
b

U||-I"‘a-

4 6
:TI]"F;]_Q (\)
J b

Comparing Eqgs (iv) and (v) with Z-parameter equations,
Ly Lo |
A4S,

2) Find the open-circuit impedance parameters for the network shown in Fig. Determine
whether the network is symmetrical and reciprocal.

—
—

4
5
6
5

Ull-l“a-Ull

40
AYAYAY
I 10 30 I
A VAVAY AYAYAY <«—0
{ {
V, §2 9 Vo
]

SOL:
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The network is redrawn as shown in Fig.
Applying KVL to Mesh 1,
=14 -13)-204+1,)=0

MW=3nh+21, -1 Lod1)
Applying KVL to Mesh 2, D
Va=3(I+13)=-2(1; + )=0 10 bk 30

Vo= 20 +5L,+30 (i) o

SATAY,
Applying KVL to Mesh 3,
2 20
—413 3([34‘13) 1(!1 f|)=U /

[1 3!1‘1‘3;3:” o

L=dr-2;
j—gl E 7 A1)

Substituting Eq. (iii) in Eq. (i),

W=31L+2I, —(%i’]

ca | L
b

(B}

s

2319 _
Mt W & (iv)
g ' g’?

Substituting Eq. (ii1) in Eq. (1),
1 3
Va=2L+5L+3|=h--1,
2 I 2 (8 173 _]

19 3]
g 1T g'?

Comparing Egs (1v) and (v) with Z-parameter equations,
23 19

[Zn Zy “ |8 8
Ly Ly 19 31

8 8
Since Z,, # Z,,. the network is not symmetrical.
Since Z,, = Z,,. the network is reciprocal.

12

3) Find Z21 and Z22 for the network shown ion the fig.
J] i

10 N

v, 1ﬂ§ <+>2 v ’

‘o <
T AV

SOL:
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Transforming the dependent current source in to voltage source, the

network 1s shown as

lh—s
+ @ 1 ,

«—h

Let I; be the current through 2 (). KVL to the outer loop.

—V,+2V,+ L= L+V,=0

-V, +3,+L,—1,=0
Also =V, + (I, +L—1)+2V,=0

V=1, +I,— I, + 2V,

From which
where [ =E‘L
2
v, =—h_In
2 3

-1 =
Hence Z;)=—;Zp=—
n=5n=3
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SHORT-CIRCUIT ADMITTANCE PARAMETERS (or) Y-PARAMETERS
The admittance parameters are also called Y-parameters. To determine Y-parameters, V1 and
V> are taken as independent variables and 11 and Iz as dependent variables. Port currents 11 and
[2 are expressed in terms of the voltages V1 and V2. The network equations are written as
follows:

I, =Y,V +Y,V

| 12 "2

L=Y,V, +Y,V,

The equations can be represented in matrix form as follows:
[1] = [Y] [V]
I h Yy ||

I, Y, Yullh:

where Y11, Y12, Y21 and Y22 are admittance parameters and these can be determined as in the
following.

When output port is short-circuited, that is, when ¥, = 0, equation will give the
following form:

I / /
" Y Two-port | Short
| | 1 network | V2=0| Circuited
and equation will be calculated as follows: o
I

I, =Y}, +0 or Y, = V

When the input port is short-circuited, that is, when V', = 0, equation can be written as in
the following:

. i 1
£ j:'{-, < 0
= Short V.20 Two-port Vv,
- . . . ; ; 1= network
and equation will be given as follows: Clrcmted__‘_ -
- ; I
"y
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!
Y, = !7[ V. 0 is also known as the driving-point admittance at input port with output port
1172 =
short-circuited.
. _ 1 : . . .
21 =L—; V=0 is also known as the transfer admittance at input port with output port
'z =
short-circuited.
. _ 1 . . L
12 = 7 v —o is also known as the transfer admittance at output port with input port
2P =
short-circuited.
0y = LTL v —0 is also known as the driving-point admittance at output port with input port
2 |1 =

short-circuited.

As these admittance parameters are measured with either input or output port short-circuited,
these are called short-circuit admittance parameters.
The equivalent circuit of the two-port network in terms of Y parameters is shown in Fig.

O = £ = < o 2
Vi Yy Vi2Vo Vo1 Vi Yoo Vs
0 * " o
If the network is reciprocal if Y12 =Y21

If the network is symmetrical if Y11 =Y22

PROBLEMS ON Y-PARAMETERS
4) Find Y-parameters for the network shown in Fig.

I 10 30 Iy
o———NANN, » AYAVAY 0
+ +
Vi § 20 Vs
o ]

SOL:
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Case I When the output port 1s short-circuited, re., I, = 0 as shown in Fig.

2x3 6 11
4o =

ch.|:1+ =] T_Tgl
243 5 5
11 |f.| 10 30 ;2
h=—1
5 -+
/ 5
Y=— — O Vi 20
hl'-[} 11
2 2 5 2
Iy =S(-1)=—=x—F,=——=}; ©
e T T
I 2
=2 =-Z0
hl —0 11

Case 2 When the input port is short-circuited, 1.e., V', = 0 as shown in Fig.

R =3 ]><2_3 2_11Q
eq = +]+2— +3—3 ,oo1Q 30 by
—— N VW0
11
Vy =—1I '
A
. 2Q g Va
Yoy = f: =20
Valy_g 11 -
> 1 >
h=%(-h)=-<x—Vy ===V,
3 3 11 [1
/ 2
Yp=—| =-=0
Val,—o 11
Hence, the Y-parameters are
5 2
oYl T T
o v 2 3

[
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5) Find Y-parameters of the network shown in Fig.

Iy 2 Q Vs 20Q Iy
O—— AN, . ANN—<—0
+ +

;1[.1
Vi Vs
f 3V,
Cr O
SOL:
I = - —lr-,—ir; (i)
2 2 2
;wsz_f'r-‘* :l;-v__;ﬂ ...(11)
i 2 2 ° 2

Applyving KCL at Node 3,
L+1,+3V, =0 ...(11)
Substituting Egs (i) and (ii) in Eq. (iii),
A SR
+

2

[~

Substituting Eq. (iv) in Eq. (i),

I]—%H—%(%I]+%I§]

]
__;']_E;'Z V)
4 4

Substituting Eq. (iv) in Eq. (i),

| (1] 7
[o=—=1V> ——[—J"] +—I'3)
7 712 g

=1 e = e

] 5 :
— —I: ...{"h'”

S~

FE
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Comparing Egs (v) and (vi) with ¥Y-parameter equations,
]

hy b l 4

Yoy Yo | ]
4
6) Determine Y-parameters for the network shown in Fig. Determine whether the network is
symmetrical and reciprocal.

J—'~|U14—'~|*—~J

’ * AVAVAY * «~—0
Vi 2Q ; 4Q g Vs
O o
SOL:
;lzf’_]"-”* Y=y ()
Applving KCL at Node 3,
Jrl:I_f‘_,_I-"‘_I—"' :;-'1_!_3 ...(11)
2 2 -2
Applyimg KCL at Node 2,
Va Vs -,
f[H =—+——
1) 2
R | .. (iii)
4 2
Substituting Eq. (1) in Eq. (11),
Vs
VW=V =l ——
2
oo :
Vy = — 4= (1v)
2 4
Substituting Eq. (iv) in Eq. (11),
N SR s (V)

_+ — — = e — —
2 4 2 2 4

JF]:
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Substituting Eq. (1v) in Eq. (111),

3 il b,
fj_if’:&——(—iﬂ‘ _]
4 202 4

[ :
B R LAV

4 8
Comparing Eqgs (v) and (v1) with Y-parameter equations,

]

W Yl |2
l}'m }E:l_ e
4 8

Since Y, # ¥,,, the network is not symmetrical.

2

Since ¥, = ¥,,, the network 1s reciprocal.

TRANSMISSION PARAMETERS (or) ABCD PARAMETERS

The transmission parameters or chain parameters or ABCD parameters serve to relate
the voltage and current at the input port to voltage and current at the output port.

I, 1,

~ — e
. : :
V; = AV, — BL, . Linear .
I, = CV, — DI, ! two-port E
o— | 5

Here, the negative sign is used with Iz and not for parameters B and D. The reason the
current I2 carries a negative sign is that in transmission field, the output current is assumed to

be coming out of the output port instead of going into the port.

In matrix form, we can write
V, B A B LA
I, C D -1,

. |4 BY. . .
where matrx [(_ 1s called transmission matrix.

The two-port parameters in above equations provide a measure of how a circuit
transmits voltage and current from a source to a load. They are useful in the analysis of
transmission lines (such as cable and fiber) because they express sending-end variables (V1 and

[1) in terms of the receiving-end variables (V2 and -I2). For this reason, they are called
transmission parameters. They are also known as ABCD parameters. They are used in the design

of telephone systems, microwave networks, and radars.
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For a given network, these parameters are determined as follows:

Case 1 When the output port is open-circuited, i.e., [, =0

I]
*-i =
Vs I5=0)
where A is the reverse voltage gain with the output port open-circuited
o L
Similarly, C=—
IE .I'Igz[]

where C is the transfer admittance with the output port open-circuited.
Case 2 When output port is short-circuited, 1.e., V, =10

M

I Vy=0
where B is the transfer impedance with the output port short-circuited.
o I
Similarly, S

fz Fa=0

where D is the reverse current gain with the output port short-circuited.

In simple form,

Vi Vi
A= . B=-

Vi =0 L |v,-0

I I
c=—| . D=-=

Vi =0 L |v,=0

Thus, the transmission parameters are called, specifically,

A = Open-circuit voltage ratio

B = Negative short-circuit transfer impedance

C = Open-circuit transfer admittance

D = Negative short-circuit current ratio

A and D are dimensionless, B is in ohms, and C is in siemens. Since the transmission

parameters provide a direct relationship between input and output variables, they are very
useful in cascaded networks.

The network is to be reciprocal if AD-BC=1
The network is to be symmetrical if A=D
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PROBLEMS ON ABCD-PARAMETERS
7) Find the ABCD parameters for the network shown in the fig.

e |I1 —-I—Jz
al AN A *b
T 10 20 T
Vi §5 L} Va
&g l l B
SOL:
V, = AV, - Bl
I, =CV,- DL
. Vi
When b—b"isopen, I, =0; A =
vl =0

where V, = 6/, and V, = 51,

6
A= —
2
. 1
L= _l =-0
Vs =0 a
When b—b" is short circuited; V, =10
Vv —] — | ]
B= —" D= a AN AN b
Ly, Ly, -0 T 10 20
L 5
In the circuit, = I, = T v, V, §5ﬂ Vo=0
5 17 o i
; _ a B
5
Similarly, I = EVI and — [, = = Vi
D l
-5
8) Obtain ABCD parameters for the network shown in Fig
4 140 10Q Iy
O——A"NN, VNV ~ 0
Vi 20 20 Vs
O O
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SOL:
The network 1s redrawn as shown in Fig
Applying KVL to Mesh 1, 10 10

Applying KVL to Mesh 2,

. /5 2 3 V, §2 Q § 2Q A
Applying KVL to Mesh 3, ! ! !
1 3 P

—2(:’_1_—1]]—[3—3{I;~,+Ig]:()

5[, = 21, - 21, o o
2 2
Iy=—0 ——1> ...(11)
5 5
Substituting Eq. (iii) in Eq. (1),
2 2
V=31, —2[—;,——;;)
5 5
11 4
5 1 52 . (1v)

Substituting Eq. (i11) in Eq. (i1).

) ) A
L'2:213+2[:f[]_:f!j) :i,{]-kg,-’j
5 5 5 5

15 (V)

Substituting Eq. (v) in Eq. (1v),

Lo

Comparing Egs (v) and (vi) with ABCD parameter equations,

15
A B| |4 2
C D| |5 3

4 2
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9) Find transmission parameters for the two-port network shown in Fig

L 100 1.5 Vs Is
o > < 0
Vv, 20 O V,
I I
o o
SOL:
Applying KVL to Mesh 1,
M=100L+25(1,-15)
=351, - 2514 ...(1)
Applying KVL to Mesh 2,
Vs =20(1, + 13)
=207, + 201, ...(11)
Applying KVL to Mesh 3.
“25(1 — 1) +1.5V, —20(1> + 1) =0
2505 4+ 251, +1.5 (351, —25I3) — 201, =201, = 0
2515+ 251, +52.51, —37.51; =200, = 2015 = 0
82.513 =77.51, - 201,
I, =094l —0241, .. (i)

Substituting Eq. (111) i Eq. (1),
Vi =351, -25(0.941, -0.241,)
=11.51, + 61, ...(1v)
Substituting Eq. (111) in Eq. (11), Vy = 201, +20(0.941, —0.241,)

=188I1+152;{2 _“(‘\,-'}

From Eq. (v). I, =0.053 ¥, — 0811, (Vi)

Substituting Eq. (v1) in Eq. (1v),
1y =11.5(0.053V, —-081/,)+ 61
=0.61V5-3.32/, (i)

Page-1 6




Comparing Eqgs (vi1) and (vii) with ABCD parameter equations.
A B |06l =332
C D] 10053 —08I

INVERSE TRANSMISSION PARAMETERS (or) A’'B'C'D’ PARAMETERS
The inverse transmission parameters serve to relate the voltage and current at the
output port to the voltage and current at the input port.

I"rz = A’ I] —B’fr]
[, =C"1 =Dl

e 2

—L is called the inverse transmission matrix.

In matrix form, we can write

qr ’

where matrix [[’ D’

For a given network, these parameters are determined as follows:
Case I When the mput port is open-circuited, i.e., /, = 0

Vs

A=
I"]

1,=0
where A" is the forward voltage gain with the input port open-circuited.

. [
Similarly, C'= I—‘
a']

1= 0
where C’ is the transfer admittance with the input port open-circuited,
Case 2 When the input port is short-circuited, i.e., V, =0

,_ 0
4 =0
where B’ is the transfer impedance with the input port short-circuited.
Similarly,
p=_L
I =0

where D is the forward current gain with the input port short-circuited.

The network is to be reciprocal if A'D’-B’C’'=1
The network is to be symmetrical if A’'=D’

Page-1 7



PROBLEMS ON A’'B’C’'D’-PARAMETERS
10) Find the inverse transmission parameters for the network shown in Fig

10 2Q
o——"N\N AAYAY O
Vi 3Q Vs
o 0
SOL:
Applying KVL to Mesh 1.
V=4l + 3, (1)
Applying KVL to Mesh 2,
ij=3;fl+5;f3 (11)
Hence, 3=V, -4,
| 4
[, =-V—-=1 1)
2 2

3 3
S 11 .
::I]—TI] .‘.(1\"}
A A

Comparing Eqgs (111) and (iv) with inverse transmission parameter equations,

5 11
A B[ |3 3
C’" D] (1 4
[ 3 3
11) Find the inverse transmission parameters for the network shown in Fig
4 1Q 10 I
- QO
10 Va
o
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The network is redrawn as shown in Fig.

Applying KVL to Mesh 1, I 10 10 b
=30 —2Is (1) o—>—AAN AN <0
Applying KVL to Mesh 2, ' '
Vo =1,+15 ..(ii)
Applying KVL to Mesh 3, Vi ;2 ¢ g TQ Va
25+ 1, +413=0 h s Iy
f!_‘,:%f]—iflj (111) ©
Substituting Eq. (111) in Eq. (1),
, 1 |
I'?] :31,] —2[—1{] ——I!_v)
2 4
| .
=2I1+—1, (1)
512
Substituting Eq. (ii1) in Eq. (11),
, | ]
Vo =1y +—1, ——15
2 275 12
1 3 .
:—f]'l'—.'!? *-(1"“'}
.. i 2 4
Rewnting Eq. (1v),
1 ,
—1>, =¥ =21
512
.'!_?:21":]—4;"] --(1'*"1}
Substituting the Eq. (vi) in Eq. (v),
: I 3 .
I"j — —.'J] + —{EI] __:]_I] }
2 4
3 5
== =1 LLvin)
2 2
Comparing Eqs (vi) and (vii) with inverse transmission parameter equations,

A B
C-r D.-r -

(S S S
o | n
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HYBRID PARAMETERS (or) h - PARAMETERS

The hybrid parameters of a two-port network may be defined by expressing the voltage
of input port V1 and current of output port Iz in terms of current of input port I1 and voltage of
output port V.

Vi =hpy + hpVs
I‘: = ]131]:1 + ]1331'3

the matrix form is given as in the following:

" _ My by (L

I by, hy || V5

The individual h parameters can be defined by setting I1 = 0 and V2 = 0.

Case I When the output port is short-circuited 1.e., I, = 0

v
r“!l 1 = f_' 'r'l 'rQ
=0 +
. L . : ) V=0 Short
where /1 is the short-circuit input impedance. Vi Two-port network ICircuited
I ©
= —
I VFa=10
where /1, is the short-circuit forward current gain.
Case 2 When the input port is open-circuited, re., [, = 0
"
.'l!|3 = —] [1=0 12
" O] —_———
Vs h=0 Open ¥ +
where /1, is the open-circuit reverse voltage gain. Circuited v, Two-port network Ve
Iy O —©°
hyy = —=
Vs L=0
where /,, 1s the open-circuit output admittance.
In simple form,
Vi Vv
by =7 by =30
1 1WVy=0 2 1I,=0
I I
by = — hyy = —
I lv,=o0 Vol =o

The network is to be reciprocal if hi2= - h21
The network is to be symmetrical if hi1 h22 -hi2h21=1

Page—2 0




It is evident from Eq. that the parameters represent impedance, a voltage gain, a current
gain, and admittance, respectively. Therefore, they are called the hybrid parameters.
The equivalent circuit of a two-port network in terms of hybrid parameters is shown in Fig
144

- 0
+ +
Vi Mz Va hatly |::| hoo Va
Cr O
PROBLEMS ON h-PARAMETERS
12) Find the h parameters of the network shown in the fig.
a AN AN b
r —h1Q 20 -l T
v, éz Q gdn Va
B! L,
SOL:
Iy = o hy = 2 = = 2
= ) s 2 = s lp =
v, =0 I v,=0 V2 =0 V2 =0

If port b-b" is short circuited, V5 = ). The circuit is shown in Fig.

a A AN b
T —h1q 20 -
z:—\j §2£1 §4ﬂ Va=0
a b
Vi
=7 »Vi=1 Zy
v, =0
Z,, the equivalent impedance as viewed from the port a-a’ is 2 Q
Vl = f| 2V
= L =20
T - =
11 I,
.l.'"j !l
hy = — when V,=0; - [, = ,
l Vo =10 =
1
hoy = —=
2
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If port a—a’ is let open, [} = 0. The circuit is shown in Fig. Then

1"!|3:
I,
V| —fyz; Jr}a— 7‘-
I
Vs, = 3_1,;'4: Iy = ?_
/ d =
?| = -
Va L=0 2

/
fizy = : =5
Va =0 =

‘I:’I
2lh=0
I?
APy N
L—h=0 10 20 —— [y T
X

Vi gzn 40 Vs

Y l
(§]

13) Find the hybrid parameters for the two-port network of Fig.

SOL:

AMAN
[
-
[ =

20 30
Cr AN AN 8]
260
Or T ]

(a)

To find h;; and h,,, we short-circuit the output port and connect a current
source I, to the input port as shown in Fig.(a). From Fig.

\}1 = 11(2 + 3 ” 6) = 411
Hence,

Vi
h,, = I

—40
1

Also, from Fig. (a) we obtain, by curent division,

__I — 6 I E;
2 o6+3 " 3!
Hence. L 2
h _- f =
S ¥ 3
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L=0 51 30 I

o———\WW WA To obtain h;, and h,,. we open-circuit the input port and connect a
- voltage source V, to the output port as in Fig.(b). By voltage
\Y 26Q v,  division,
- 6 2
[} "71 = "72 _"72
6+3 3
(b)
Hence. vV, 2
hy, =7"=7
vV, 3
Also. Vo,=@3+06)I, =9
I, 1
hy, = <~ S
" 2 9

14) Find the hybrid parameters for the two-port network of Fig.

20
+o AN o+
Vs §4n \F.
- O

SOL:

By definition, h-parameters are given by,
Vi = hyl, +h,V,
I, = hyl, +hy,V;

Using loop analysis technique, the network can be drawn as shown in the Fig. (a).

(
FEUEV. S
5 K
g O
I = I
- O O ..
1 B 2

Applying KVL to loop 1-A-B-1'-1, we get,
_"'1‘][_"]']2'1"1'#;[ = ﬂ

V, = 41, +41,
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Applying KVL to loop 2-A-B-2"-2, we get,
V, = 41, +61,

Rearranging terms in equation

("PI: = ‘\'J:_“]'I|
1,, 4
[ = Va2l
2'. 'l )
i.e. I, = [_§.|I'+[.EJ‘V:

Substituting value of I, in equation we get,

. 2 ‘
V, = 41, + |\M[ 3 )1 |
ba)
\'l = 4!] +-;\,r:_ ; l‘
D
V, = (itl +|
Hence
_ . 4 2
I [ hy hy, _ 'j'j 3
| hyy hy | 21
' |l 3 6

INVERSE HYBRID PARAMETERS (or) g - PARAMETERS

The inverse hybrid parameters of a two-port network may be defined by expressing the
current of the input port I1 and voltage of the output port V2 in terms of the voltage of the input

port V1 and the current of the output port I2.
Lh=guh+go b
I = 91 I 1 - 772 f!‘r

ir
e I

In matrix form. we can write

The individual g parameters can be defined by setting J, =0 and 7, =0,
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Case 1 When the output port is open-circuited, i.e., /, =0
h
g1 = [—
=0
where g, is the open-circuit input admittance.

I2=0

where g, is the open-circuit forward voltage gain.

Case 2 When the input port is short-circuited, i.e., V', =0

h
g = 7

21p=0

where g, is the short-circuit reverse current gain.

V5
8=

I =0

where g, is the short-circuit output impedance.

A I2=0
o—— ——=—20
y T rt network 1: Open
WO-por networ . -
Yi P 2 (Circuited
o— o

s 3

———o

2

Sl_lol't_ Vi=0 Two-port network Vs
Circuited

00

The equivalent circuit of a two-port network in terms of inverse hybrid parameters is

shown in Fig.

2

o

G1zls

oo |
b

A —

The network is to be reciprocal if g12=-g21
The network is to be symmetrical if g11822-812821=1

NOTE: Conditions for reciprocity and symmetry

Parameter Condition for Reciprocity Condition for Symmetry
£ Zin=2Ln In=42Zn
Y Yia =¥y Yip=1Yn
T AD-BC =1 A=D
I AD —B'C =1 A =D
h s = —hy My har = hys hoy =1
g 212 =—g2 g1 &2 — 212 g1 =1
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PROBLEMS ON g-PARAMETERS

15) Find g-parameters for the network shown in Fig.

I 10 20 A
o——A\N/\y AVAVAY ~—0
V, § 30 Vi
o o

SOL:
Applying KVL to Mesh 1,

Applying KVL to Mesh 2,

Hence.

Substituting Eq. (ii1) in Eq. (i1),

h=41,+31,

I2:3f]+5f_‘#
4L =V,-31
l 3
L==W-=1
] 4 1

311
=2+ —1,
44

Comparing Eqs (111) and (1v) with g-parameter equations,

1 3
211 H]j}: 4 4
g2 £» 3 11
4 4

10 I,
o——AAN A «—o0
' 10 :
Vi §1 Q Va
o o
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SOL:

The network is redrawn using source transformation as shown in Fig
Applying KVL to Mesh 1,

_ _ 51
V1L L1+ 1) =0 MDYy S SIS S T
V]:21’]+1’2 (1} f }
Applying KVL to Mesh 2. v, § 10 v,
o =5hLH—-1L-1(l,+1)=0
h=61+21, ...(ii) o© o
Hence, 2L =V -1,
1 1
LH=—W—-—=1> ...(111)
Substituting Eq (i11) in Eq. (1),
) 11
I’2=6 —I’]——J’Q -+-21’3
2 2
—3V, 1, (iv)
Comparing Eqgs (ii1) and (iv) the g- parameter equations,
o g I 1
1n L2 Pl
221 22 =12 2
SRR B e

SUMMARY OF TWO PORT NETWORK PARAMETERS:

Name of the Port variables Equations Condition of | Condition of
parameters reciprocity symmetry
Express Interms of
(Dependent) | (Independent)
Open circuit V.V, L . 1, Vi=z, L+ 2,51, Z;y = Zoy 7y = Zn
impedance i.e. Vi=z.L+2.1L
Z-paramelers Lo -
Short circuit L. L Vi Vg L=ynVi+yaV, Yiz = ¥ Yun =¥=
admittance i.e. L=vyVi+yauV,
y-parameters o .
h-parameters Vioh LV, Vi=h,l + h,V, hj; = =hy  |hyhy = hyhy, =1
L=hy 1 +h,V,
ABCD or v, v, , -1, V,= AV, + B(-1,) | AD-BC =1 A =D
transmission L, =CV, + D(-1,)
parameters - -
Inverse hybrid L.V, Vil L=guVi+g:l; g1z = —Bax BnBn ~ BBy =1
or g-parameters W = €51 "r"] + 8 I,
Inverse v, . L Vv, , -1, V,=A’V, + B(-L)JA'D =B C’'= 1 A'=D
transmission
parameters I,=C"V, + D'(-1,)

Page-27




INTER-RELATIONSHIPS BETWEEN THE TWO-PORT NETWORK PARAMETERS
(OR)
CORRELATION OF TWO-PORT NETWORK PARAMETERSL

CASE-I : Z-PARAMETERS IN TERMS OF OTHER PARAMETERS

i) Z-parameters in Terms of Y-parameters :
We know that, the equations of Y-parameters are

L= "Nn+hV, - i)
[h =Yy 1+ Y5 Vs (i)

From equation(ii), Yo Vo=12-Y21 V1
L Y
Yz, Yp !
Substitute V2 in equation(i)
L =YV, +Y (I—Z—Ev)
1 11%1 12 YEE YEE 1
YZEIl — YllYEEVl + YlZ 12 _ YIEYEIVI
Yoo ls = (Vi1 Yo — Y12 Y20) Vi + Yoo I
Let AY =Y11Y22-Y12Y21
YQQII = AY Vl +Y12]2
AY V; = YooI; — Y3505
Yoo

vz =

le I

v, =1z — — — (i
From equation(i), YiuVi=li-Yi2 V2
V. = I Yiz v
1 Y T Y 2
11 11

Substitute V1 in equation (ii)

I Y.
I, =Y, ( s — Vz) + Yy, V,
Y11 Y11

Yiilo = Youly + V(Y11 Y22 — Yi2Ys,)

YllIE — Yzlll ‘I‘Vz ﬂY
Y21

Vz - - E Il + — Yll [2 ---- (IV)

We know that, the equations of Z-parameters are
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W=Zn h+Zp L - (v)
Vo=Zoyy h+Znly (vi)

Y-
3o | Z
Z]] = — Z]_" =
AY Al
a Y,
‘Z"]:_ -] Z"'_"'_ ]],
) AY Al
ii) Z-parameters in Terms of ABCD-parameters :
We know that Vy = AV, —BI,
J!] = f_Iz — Df:
Rewriting the second equation,
1 D
Vy=—5L+—1
C C
Comparing with Vo =Zo Iy + 25 15,
, 1
Ly =—
C
D
Ly =—
C
1 D A AD A AD - BC
;’3115(). I] = :'I —_Jf] ‘f’_—_J,z —BJIE — _—_.r'] =+ —_—B f_? :f_Jr] + —_— Jrj
C C C C C C
Comparing with =2l +2Z [,
A
zy)=—
AD — BC
Zp = -
C

Hence
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Ly = .
C
| D
.Z?] =— Z__" i
& (._. {_
iii) Z-parameters in Terms of Hybrid (h)-parameters :
We know that Vy=hy Ly +hy Vs
;'II = h__‘r] f!! + .':'!_1-_1- Ij
Rewriting the second equation,
) :r'h l
Vy = — = L+—1>
N s

Comparing with
I*'rj :Z_}] ff] ‘|"ij f’j.

-':'h]
Ly =——
ha:
1
Ly =——
-':'!_H
.'r'? l _; ] lr "_ur'? .-r __r._” —.'r'- }.'r'.? .'r 3
Also. W=hyLi+h>| - Ll I+ Ir» | =l 1 + iz [ = GEL) = Qi —Hat) I+ ik I
Lh) L) Lokl hyy I L]
Comparing with Vi=2y L+ 2, 15,
.'f'.!l Ihll - f’!]ghj] Ah
ha> ha2
-'r' )
z,, =2
hrr
Hence
by —hyahny AR /
22 2/ h2
) = = Zyy =
f’!jj .'f'!_*r_*r hr»
-'r'h] ]
Zy =2 Zyy =—
.'r'h‘r (5%
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CASE-II : Y-PARAMETERS IN TERMS OF OTHER PARAMETERS

iv) Y-parameters in Terms of Z-parameters :

We know that, the equations of Z-parameters are

=4y h+42 L ———- (1)
Vo=£y h+Z2ly (ii)
From equation(ii)
1 Z3
12 — VZ - I1
Z3; Z22

Substitute I2 in equation(i)

1 Zsq
Vi=Zyyh+ Zys (Z_Vz _Z_Il)
22 22

Zop Vi = (Z11Z2 — Z13Z20) 1 + Z13 V5
Let &Z — Z]_]_Zzz _lezzl
Zzz Vl — ﬂZIl ‘|‘ le Vz

Za3 Z13
I]_:EVI—EVE ———(IH)
From equation(i)
L= oy, 212y
Y Zy b Iy’

Substitute I1 in equation(ii)

V, =Z (iv —@I)Jr 7o 1
2 21 le 1 Z112 22 12

Z WV =ZVi + (Z11Z55 — Z15,751)],
Z]_]_Vz = Zzlvl ‘l_ &Z IE

@ V. — — — (iv)
AZ AZ 2

We know that, the equations of Y-parameters are
=Y+ Vs
[y =Yy Vi +Yn Vs

Comparing eq(v), (vi) with eq(iii), eq(iv)
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AZ Y
£ : V4
J':\| — L }32 i
AZ AZ
v) Y-parameters in Terms of ABCD-parameters :
We know that Vy=AV,— Bl
!I Z{'Ilz—ilf_*.
Rewriting the first equation,
1 ., A
f_“. = ——J'1 +—V,
B
Comparing with Iy =Y Vi + Y5 Vs,
. | oA
J':.»| = =-— ]33 - B
l A, D . BC—-AD |
Ly =CVy =D ——1+—V5 |=—11 +| —— |}
B B B B
Comparing with L=+ Vs,
. D
hy=—
B
Vo = BC —AD B AD - BC
12 B B
vi) Y-parameters in Terms of Hybrid (h)-parameters :
We know that Wi=hydy+ha Vs

fg = .I':i'3| f; +.f'i'331'3
Rewriting the first equation,

| Iy
I =—W0 ?]'IE
.'lli'H .ili'||
Comparing with =¥+ Ts5.
. l , Iy~
h=— Yy = -2
M Iy
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CASE-III : ABCD-PARAMETERS IN TERMS OF OTHER PARAMETERS

vii) ABCD-parameters in Terms of Z-parameters :
We know that Vy=2Zyh+ 7 15

Vao=Znh+Znl;

Rewriting the second equation,

I £
h=——-—=1
£ Ay
Comparing with L =CVs—=DI5,
]
(' =-
A)
D:@
£
] A Z Ly £
Also, I'|:Z||;_ Irj____fj +Z|31rg=_||frg— — ]
L 21 £ 21
Zu g, | fudn—Zindn |,
Ly L) ”
Comparing with i=AV, — Bi-,
Z
4= _||
£
3 Lyl —Lyn 2y AL
£ £

| o o, . Iy hyy oy —ya oy |
;\lﬁf} Jr'_'_l :.ili';.\| —J.| 12 Ig +.ili'3;.\;'.:.\ = AI] + h1%n A2 81 J;,\
.llli']| .|!II'|| .llli']| .llli'”
Comparing with Iy =Yy Wy + Y s,
I
Yy = =
.I!'i'||
}, _ .llli'”.'!li';.\;.\ .llli']glllli'ﬂ _ .jhllli'
- 'h]l "!I?]I

[+ 721
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viii) ABCD-parameters in Terms of Y-parameters :
We know that L=Y W+ Vs

[ =Y +122 )5
Rewriting the second equation,

Yss ]
Vy=——Vs+ /5
oy & Yoy 7
Comparing with Vy=AVy —BI>,
1.""'.*'.*
A=——
Yo
]
B=-
Y5
Yoy ]  Yia Yo — Yy Yoo e
Also, 1, Z}"H[— — Vs +— f:J"'}"!:- Va =| - __JI'E'F — I,
}'g| 21 L }'EI 21
Comparing with Iy =CVs— DI,
o Yola Yy Yn AV
Y Y
p-_
ey
ix) ABCD-parameters in Terms of Hybrid (h)-parameters :
We know that Vi=hy Iy +hya Va

fg :.I!IE_".~| JF| +.I’IE_*._*. I:
Rewriting the second equation,

/15> I
=2y 4
T T
Comparing with [ =CVs—=DI5,
;1‘1‘
e
/b
p—_
My
I /12> o oy — hyy hoo /
Also,  Vi=hil—1r—"Z0y |4y by = | Z222L T2 1y LT
o 2y o /b
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Comparing with Vy=AV, —BI5,

oy =y ey AR

hy Moy

Uy
fi2
CASE-1V : HYBRID (h)-PARAMETERS IN TERMS OF OTHER PARAMETERS

B=-

x) Hybrid (h)-parameters in Terms of Z-parameters :
We know that W= +Z£- 15

Vo =Znly+ £ i
Rewriting the second equation,

Z ]
JF_*. — 2] JF T+ I"E
V45) Z2
Comparing with [s =h [y + 1102 V5,
7
Joy = ——=
VA%
]
hyy =
L Zn 1 Zay = Z1a Zo Z12
Also, r1=m|n+zhl— L+ I [" = 'Ih 2y
. In 5:: 22
Comparmg with I] = I:H f+ My Vs,
h.ll _ é}}z'ﬂ _Z}zj_./'*| _ .lé
Zn Zn
VAR
hyy = 212
2

xi) Hybrid (h)-parameters in Terms of Y-parameters :
We know that h=Y1 N+
Iy =Yy + YV
Rewriting the first equation,
] 12

I:I Z—Jr|
Y Y

—15
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Comparmg with

I
[r =Yyt —1

11

Also,

Comparing with

Ir| Z.FE]|JF1+.I’I£|_?I'_'-‘..

xii) Hybrid (h)-parameters in Terms of ABCD-parameters :

We know that

Rewriting the second equation,

Comparmg with

Also, 1y =V, —B|-—

Comparimg with

I
hy=—
Y
Yi»
o =~ ,1_
Y
5 - }.' }."?_? . }"J }.'": }."?
=V +}-'g_~.ra:[ ST Ira++'f|
Y ¥y 1y
fo=hn i+ ha b5,
) £
Iy = —
Y
}'FH}’“ —}'r|g}'r':-| Al
M = = —
h ¥
Ir;:;'-”'rj—Bf:
f]:{..Irj_}i]f_'?
I C
[h=—0H+—
D D
Jrj = h‘2| JF] +.I!'!3_«.f'-_n
1
21 D
C
My =—
D
I C B AD - BC
L+—Vs |= =1+ 222 1y,
D D D
IPJ:.I!I!‘]|JF|+.I!II|_‘.IFE..
5
.I’IE‘|| - —
D
, _AD-BC _AT
" D D
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T-CIRCUIT REPRESENTATION OF TWO-PORT NETWORK

A T-connected two-port network is shown in 1o Z; | | Z3 =02
Figure h ™
Applying KVL, we get the following form: |::|
v, A V,
Vi=1L(Z +£4,)+1 Z
V=124, +1,(£,+ £) -

11 ) 21
Comparing equations with the general equations of Z-parameters

VLZZH‘H T Z|2"'2

and Vy=2y 1, +Zy1,
We get the following,
Z” = ZI + Z2
Zu_ = Zzz Zzl
Zzz = Z2 + Z3
From the above equations, the T-network impedances are
Z: = Zl: - Zz|
Z| = le - le
Z_l - Zz: - Zl:

II-CIRCUIT REPRESENTATION OF TWO-PORT NETWORK
A two-port network can also be represented by an I

—~ o
equivalent 7 circuit as shown in Figure +0—> Y <0 +
Applying KCL, the nodal equation can be writ-
ten as in the following: Vi E’] E@ Va
I =V({}+Y)-Wr
I, =-WY,+V (¥, +1;)

Comparing the equations with the general equations of Y-parameters, we get the following forms:

— O —

Y,=Y+1
Y, =Y, =-Y,
Yy =Y, +Y,
Therefore,
V=-Y,=-1
h=1,+Y,
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17) The Z parameters of a two-port network are Z11 = 20 Q, Z22 = 30 Q, Z12 = Z21= 10 Q.
Find Y and ABCD parameters.
SOL:

AL =L\ Loy — £42 Lo = (20)(30)—=(10){10) =500

Y-parameters

- ) VAL 10 l
=220 2y, R s
AZ 500 50 AZ 500 50
5 Z 2 2
YE]:_ZJ:_i:—LU, YLQ:J:__:__U
AZ 500 50 AZ 500 50
Hence, the Y-parameters are
ER
o Yol |50 0 50
Yor Yo 2
50 50
ABCD parameters
V4 20 5
q— ]]:_:2 B_&Z—DUU::-)(]
Zy 10 VAs 10
l l 77
Ce—— =] pof2_30_ .
~21 1O Z':u] 10

Hence, the ABCD parameters are

A B| [2 50
C D| o1 3

18) The Currents I1 and Iz entering at Port 1 and Port 2 respectively of a two-port network are
given by the following equations:

[, =05V, —0.2V,
[,==02V,+V,

Find Y, Z and ABCD parameters for the network.

SOL:
/ 1
Yy =—| =050, Y, = — 020
h Va=0 &) V=0
[ I
Yg] — ; — —[]2 U, }”33 =— — I Tj
Mily, 2o Valizo
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Hence, the Y-parameters are

Yin Yo |05 02
Yoy Yor !l =02 1
Z-parameters

AY =Y Yoo =12 Y21 = (0.5)(1) = (-0.2)(=0.2) = 0.46

Voo | Y 0.2
=2 ———=-2174Q, Zin=—22_ 9D 44340
AY  0.46 AY 046
Y, ~0.2 _ Yoo 05 _
Zy = -2 0D 540 Zyy =—L = = 1.087 Q
AY 046 AY 046

Zy Zip| [2174 0434
7oy Z»» 1 10434 1.087

ABCD parameters

Yy l _ | l -
‘4:—?‘_:— :3‘ B:_, = — :3
Yo, -0.2 Yo —-0.2
. AY 0.46 Y, 0.5 -
C=-"=-—"T2-23, D=--_ = 25
Yo —0.2 Yoy -0.2
Hence, the ABCD parameters are
A4 B| |5 3
C D 23 25
19) The Z-parameters of a two-port network are: Z11 =10 Q, Z12 =Z21=5Q, Z22 = 20 Q.
Find the equivalent T-network.
SOL:
. N I Z Z3 I
The T-network is shown in Fig P | 2 o
Applying KVL to Mesh 1, + — — +
Vi=(Z,+Z),+Z, 1, ..()
Applying KVL to Mesh 2, v, [] Z, v,
V,=Z1 +(Z,+ Z)L,  ..(ii)
Comparing Eqs (i) and (ii) with Z parameter equations,
Zn=%+2Z =10 o o
Zin=7y=5
Loy =24y =35

Z:Jg = Zg +Z:: - 2(]
Solving the above equations,

71=5Q
Zy=5Q
Z_‘; —_ [5 El
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20) The Admittance parameters of a two-port network are Y11 = 0.09 mho, Y12 = Y21 = -0.05
mho and Y22 = 0.07 mho. Find the equivalent [I-network.
SOL:
The pi network is shown in Fig
Applying KCL at Node, 1,

1] - ;'f-
R(J Rf’:
/ Ry b
= —+— I]— l": (1) + +
R, R, R,
! e N o )
Applying KCL at Node 2, v, gﬁq ; R, Vo
I, :L—2+ —h
R. R
O O
__Ll]+(L+L}[2 (11)
RHJ RB [3(
Comparing Egs (1) and (i1) with Y-parameter equations,
| l
N =—+—=0.09
Rr? R/,
|
Y1 = ——=-0.05
R,
| -
Yy = ——=—0.05
Ry,
| l
}:2 =—4—= (]0?
Rh ¢
. Mo o e equati . o
Solving the above equations, R, =250
Ry, =200
R.=50Q

CONCEPT OF TRANSFORMED NETWORK

In any network, the parameters can be solved by using differential equation method and
using Laplace transform method. To analyze any network on a transform basis, the only
additional step required is to represent all the network elements in terms of complex
impedance and admittance with associated initial energy sources. Therefore, we define the
transform impedance and admittance and then find out their expression for each of the circuit
elements like resistance, inductance, and capacitance.

For a single element, the transform impedance is defined as the ratio of the transform of
the element voltage to the transform of the element current for zero initial current in an
inductor and zero initial voltage in a capacitor.
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V(%)

I(s)

Similarly, the transform admittance is defined as the ratio of transform of the element
current for zero initial current in an inductor and zero initial voltage in a capacitor.

I(5) I

Z(s)=

i) Resistance: For a resistance, the voltage and current are related in the time domain by Ohm's
law.

I
V=R or 1=GV where G= E
The corresponding transform equations are
V(s) = RI(s)
I(s) = GV(s)

The transform impedance of the resistor

Vis)
Z(s) = =R
I(s)
Similarly, the transform admittance of' the resistor
I(5)
Y(s)= o, =G
(5) Vis)

From the above results, we can say that the resistor is frequency independent to the complex
frequency.

ii) Inductance: For inductance, the time domain relation between the current and voltage
inductance as

li(r
wir) = !_”[ )
dt

1 ¢t
in= — vit)di(t).
L'[m

The equivalent transform equation for the voltage
V(s) = LISI(s) — (0 +)]

LS5I(s) = V(s) + Li(0 +)
where i(0+) is the initial current present in the inductor at i = 0+.
[f the initial current i(0+) = 0, the transform impedance for the inductor

Vis)
I(5)

= SL

Z(s) =

and the transform admittance becomes
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I(s) 1
V(s) LS

iii) Capacitance: For capacitance, the time domain relation between voltage and current is
expressed as

Y(s5) =

‘ dv(r)
fl=2¢
{0 dt

| rt
vin = -[ Mi‘l.[”ﬂ'!

c
The equivalent transform equation for the voltage expression is

1| I(s) q(0+)
Vis)= 7 +

5 7
The above equation becomes
v (0+)
I(s)=V(s)— "
Cs
By considering the initial charge on the capacitor zero.
The equation becomes

I
—I(5)=VI(s)
Cs
The transform impedance of the capacitor is the ratio of transform voltage V(s) to the transform
current I(s) and is

Vis)y 1

I(s) cs

The transform admittance of the capacitor is the ratio of transform current I(s) to the transform
voltage V(s) is

Z(s)=

I(s)

Y(is)=
Vis)

Cy

TWO-PORT PARAMETERS USING TRANSFORMED VARIABLES

For the two-port network without internal sources, the driving point impedance
function at port 1-1' is the ratio of the transform voltage at port 1-1' to the transform current at
the same port.

Vi(s)
f(5)

Similarly, the driving point impedance at port 2-2' is the ratio of transform current at the same
port

Zl |{..‘|'j =
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Vi (s)

1,(s)

For the two-port network, the driving point admittance is defined as the ratio
of the transform current at any port to the transform voltage at the same port.

Zy =

1,(5)
Yus)= ——
(s V,(s)

;\{.\'J
Y“_r_?{.'l] = —

V:{ 5)

The four other network functions are called transfer functions. These functions give the
relation between voltage or current at one port to the voltage or current at the other port as
shown hereunder.

i) Voltage Transfer Ratio: It is defined as the ratio of voltage transform at one port to the
voltage transform at the other port and is denoted by G(s)

llv';'gl:.'l'}
Gy (s) = =
Vi(s)
i F][.'!i]
{J|j{l‘;} =

V 3 (%)

ii) Current Transfer Ratio: It is defined as the ratio of current transform at one port to the
current transform at the other port and is denoted by a(s).

/(%)
I,(s)
I,(s)
I, (s)

iii) Transfer Impedance: It is defined as the ratio of voltage transform at one port to the
current transform at the other port. and is denoted by Z(s).

oL(s) =

lf;"r:li"":I =

V,(s)

Ly =
I,(s)
Vi(s)

. 1
Z12(8) = I,(s)

iv) Transfer Admittance: It is defined as the ratio of current transform at one port to the
voltage transform at the other port and is denoted by Y(s).

Ya(8) = Vi(s)
I(5)
Fiol$) = )

The above network functions are found by forming the system of equations using nodal or
mesh analysis and taking the transforms of equations by setting the initial condition to zero and
solving for ratio of the response to excitation.
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PROBLEMS ON TRANSFORMED NETWORKS
21) Find the Z-parameters for the network shown in Fig.
10 10

A

S 1H V,
° :
SOL:
The transtormed network is shown in Fig.
Applying KVL to Mesh 1, 1 1
M=+l —sl; i) € o
Applving KVL to Mesh 2. . )
Vy = sl +s1; i) v Nogs ) 3 O
Applying KVL to Mesh 3, A h< N
—shy+sl, +(2s+ 113 =0 ° -
5= - I — - 15
25+1 25+1

{111)
Substituting Eq. (111) in Eq. (1).

A A
V= (s+ 1)y —s I — I,
1={s+h [1_5+1 T )

_[_~ +3_5+1]},]*[ s }h e
25+1 2541

Substituting Eq. (111) in Eq. (11).

I'3=_~.f3+_\( - I — - fg)
25+1 25+1

| 4 §° 45 I, W)
2e+1 2541

Comparing Eqgs (1v) and (v) with Z-parameter equations,

9

.~3+3.s+f 5
[-’é’u qul_ 2541 2541
A

Z:-‘] ZE] ; . .\] + 5

2541 25+1
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22) Determine Y-parameters for the network shown in Fig.

SOL:

1 1
—F —F
h |2 |2| o
O— | | «—0
v, 31 H 31 H Vy
o o

The transformed network as shown in Fig.

From Fig. 2 ) 2 (5
1= 5 t .
== V-3V (1) - r
Applying KCL at Node 3,
s Vs
EU]—HJ_T*EEH—IEJ
s 1. 5 s 85
—13'1-—]3-"—]3:—]]-"—1:
2 s 2 2 2
" 'NE " 'HE " o
=——"h+ Vs ... (i)
2(s° +1) 25 +1)
Substituting Eq. (1) in Eq. (1).
h=2h-2—n+—2 1,
2 21 2(s” +1) 2(s7+1)
F,\ ,\3 ,\3 )
slse W)
2 45T+ s~ +1)
0 +25 s .
= 5 Vi — 5 Vs s
Hs=+1) (s +1)
Applying KCL at Node 2,
-
fz_—E*LI:-'—IEJ
3 F
24
S A 7 (V)
25 2
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Substituting Eq. (11) in Eq. (1v).

I
- |

.\j--._, i 5 .\3 N .\3 .
J'rg_ IE__ - I|-- 5 Ij
25 21 2(s” +1) 257 +1)

5 .
§°+2 5

25 4(s* +1)

-

A(s* +1)

Vs

.53 p \4-1(13'3-1-—11
== 2 1" 3
s~ +1) ds(s™ +1)

Comparing Eqs (111) and (v) with Y-parameter equation,

2

\J-f'l'ﬁ .'13 1
Y N 4(s” +1) (57 +1)
i,}-?J }-EE,I .53 \4+6.53--4.
4s°+1)  ds(s*+1) |

23) Determine the transmission parameters for the network shown in Fig

| O, 1 @
-:E} e AVAVAY r‘_Q
g 1
Vy { = Vs
o o

SOL:
Applying KCL at Node 1.

V A
h _—]*“1—123

5

s+l .
= =V, 1)
&
Applying KCL at Node 2.
I
I ===+ =)
1
5
=(s+D 15 W

AV
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Substituting Eq. (11) in Eq. (1).

s+1
I =——[(s+ ) Vo —I,]-V
Y

II}.+H3

5

—1 | Pyt

5

_f.i;z-i-_\-i—l)rj_(.\--l]h
lk ke 5

Comparing Egs (11) and (111) with ABCD parameter equations.

1)

s+1 -1
S I l
=18 5 54+
¢ D '
5 5
24) Find h-parameters for the network shown in Fig.
1 1
- F - F
! J 4 e
c?—»—' : | | «~—0
Vi g 1H g 1H Vi
0 o
SOL:
The transformed network as shown in Fig.
From Fig. I 2 @ 2 @ [
I = 3 | 1 ] :
2
.T v, s % s Ve
§ ., 8,
Applying KCL at Node 3.
Sy LS
EL 1=¥3) T*EE 3—12)
s, b s s 5
EIS "I-TIJ -.-Elj :EI] "EI:
2 2
r N r H r -
Vi = - s ...
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Substituting Eq. (11) in Eq. (1).

Applying KCL at Node 2,

Substituting Eq. (11) in Eq. (1v).

2 2
§ . 5

2s? +1)

;1

2(s” +1)

5 5 5 )
=l N-——"
2 A5+ 5= +1)
S +2. , 5 .
= 5 : Vi — : Vs sl
d(s° +1) 4(s" +1)
v
L=2+=(s=13)
5 2
2,9
S e AL 4 (V)
25 2

]+ 2
I,]_-lf.sj Hf]+ : v,
s{s=+2) K
. As” +1)
I =——3 1y +
HNs~+D ] s(s7+2)
- W e? 4
_ 1.\ f]*.dl‘.': |:II,2
s 42 sls”+2)
Fff]]
_ff;u

52+ 2 s 5 . 5 .
1"3_ IE__ 5 I|-- 5 Ij
25 20 2(s=+1) s +1)
5 s2+2 5
__1—‘.1-.- - 2 &
Hs=+1) 2s s~ +1)
_\3 P \4-1(1.‘3'3-4-—11,
-_= 2 17T 3
s +1) ds(s™ +1)
j.hz I'g +H4+6:3"'Jrr2
-+ 2 ds(s”+1)
L A(s2 +1) 5
fﬁgl_' _\I_\] +2) _\1+3
h2 5 2s” +1) 4
I_ sT+2 0 s(s +2]|

LAv)

Page—48




INTERCONNECTION OF TWO-PORT NETWORKS

When the two networks are interconnected, the input and output quantities are to be
determined with Cascade Connection, series and parallel connections. The cascade connection
is useful to determine ABCD parameters of two interconnected networks; the series connection
is useful to determine Z parameters of two interconnected networks; the parallel connection is
useful to determine Y parameters of two interconnected networks. With the help of
relationship between two-port parameters, the other parameters also are to be determined.

i) CASCADE CONNECTION:
The Figure shows two-port networks connected in cascade. In the cascade connection, the

output port of the first network becomes the input port of the second network. Since it is
assumed that input and output currents are positive when they enter the network, we have

Iy =—1,

I I /; I
O ————————O————— ————0
+ + + +
— 5 5 —

Let A1,B1,C1,D1 be the transmission parameters of the network N1 and A2,B2,C2,D2 be the
transmission parameters of the network No.

Vp _ Aj B] l:
Ll ¢ b\ -1,
Bl 14 By | 1
L'V Ve, Dy N—=1y

#
Since V' =V, and [} = —1,, we can write

Jf B A B: J:)
SN TR B

Combining Eqs

) (4 B[4 B[] [4 Bl w
LI |l pIc, DI-1"1 1 D|l-1,

For the network N1,

For the network N,
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Hence A B| |4 Bl 4 B
’ C DI ¢, DNC, D

The above equation shows that the resultant ABCD matrix of the cascade connection is the
product of the individual ABCD matrices.

ii) SERIES CONNECTION:

The Figure shows two-port networks connected in series. In a series connection, both the
networks carry the same input current. Their output currents are also equal.

ly —* l1x ox — bk
+ " - +
Vix X Vax
I I
| *' |
; Viy Vay ;
ly =-— iy 'fzf — I

Let us consider two, two-port networks, connected in series as shown. If each
port has a common reference node for its input and output, and if these references
are connected together then the equations of the networks X and Y in terms of Z
parameters are

Vix=2yxlix + 23 by
Vax = Zy\x iy + Zyy Iy
Viv=Znyliyy * £y Ly

Vay = Zyyylyy + Zyy Ly
From the inter-connection of the networks, it is clear that

L=hy=1Lyl,=hLy= Ly
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and V=V, + Vs Vo=Voy + Vyy
Vi=2Zuyxh + Zpxh + 21, + Zyyy I
=Eut iyl + Zt+ Zp) L
Vay=2yxh + Ly + Zy\y ) + Zyyy I
= (Zux + Xyl + (Zyx + 29,
The describing equations for the series connected two-port network are
Vi=Zyh+ 2,1
Va=2y L + 2,1,
where 2, =Z,x+ 2,y Zyy=Zpyt Zyyy

lyy =Lyt 2y Ly = Lyx t Zyy

Thus, the resultant Z-parameter matrix for the series-connected networks is the sum of
Z-parameters of each individual two-port network.

iii) PARALLEL CONNECTION:

The Figure shows two-port networks connected in parallel. In the parallel connection, the
two networks have the same input voltages and the same output voltages.

- F‘l ’2! - -
+ +
Vix x Vax
— I'I — - I P
T Vi V2 T
— ,1]" l.?y -
+ +
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hy=YaxVix + Yoy Vax
Ly = YoxVix + Yaox Vay
hy=YuyVir+ Yoy Vay
Ly =Yy Viy+ Yooy Vay
From the interconnection of the networks, it is clear that
N=V=VipVy=Vy=Vy
and I, =1+ 1Lph=05L+ 1y
L=Y )V +Yuh+t VitV
=NtV + Tt Yy b
L=V +HhyV,+ HhyyVy+ V)
=Lyt HiyyVy+ (ax + Yap) V3
The describing equations for the parallel connected two-port networks are
L=mhWh+¥,V
L=+
where Y, =Y x+ Yy Y=Yt Yy

) =Yty Yo =Yox + Yy

Thus we see that each Y parameter of the parallel network is given as the sum of
the corresponding parameters of the individual networks.
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PROBLEMS ON INTERCONNECTED NETWORKS
25) Determine ABCD parameters for the ladder network shown in Fig.

L 20 2 H A
oA S0 «—o
v, ——2F “1F gufz Vs
o 0

SOL:

The above network can be considered as a cascade connection of two networks N, and N,
The network N, 1s shown in Fig.
Applying KVL to Mesh 1,

[ [ Iy 2 28 I
I|—[2T—)f1——f3 L) VWV 7900 ?
2s 25
Applying KVL to Mesh 2, A
pplying 0 Mesh l l v, 1 21_5 v,
u=_h%m+_}z.4m
25 25
From Eq. (11), © ©
I =2sV,—(4s?+ 1)1, . (iii)
Substituting Eq. (111) in Eq. (1).
: | : 2 l
I1=[2Tz)|_2.5lg—f—1.\ +1”25T3h
=(4s+ 1) —(85” + 25+ 2)]5 (V)

Comparing Egs (1v) and (11) with ABCD parameter equations,

yh Bi| 1ds+1 8 +25+2]
G D] 452 +1 |

The network N, 1s shown in Fig.

Iy A Iy Iy
O— - O O—> < O
v, —1 § 1 Vs v, 2ls) =<1 Vy
o o o 0
(a) (b)
Applying KVL to Mesh 1.
l l
h= L'+ Iy (1)
. i s+1 s+1
Applying KVL to Mesh 2.
Vy = l I+ : Iy’ -..(11)
> =T R

Page—53




From Eq. (11).
L'=(s+1)y' -1’ ...(111)
Also. =1, A1)

Comparing Egs (1v) and (111) with ABCD parameter equations,

A B | 1 0
Cy, Dy |s+1 1

Hence, overall ABCD parameters are
[,-1 B]_ ds+1 8s* +25+42 [ 1 ()}_ 8s' +10s7 + 8s+3 857 +25+2
¢ D 2s 45t 41 |ls+l 1 45 +4s2 +3s+1 45’ +1

26) Find Y-parameters for the network shown in Fig.

1F 1F
| | | |
| | T | |
ly 20 20 L,
Oo————AAN +—A\NN
Vi guz ——2F Vs
o o

SOL:
The above network can be considered as a parallel connection of two networks, N and N,.
The network N, 15 shown in Fig.

Iy 20 20 by Iy 2 (@ 2 Iy
< AVAVAY AVAVAY, < o AVAVAY . NN C
% ——2F Vs % l L Vs
1 S 1 _I‘ 25
o o 0 o
(a) (b)

Page—54




Applying KCL at Node 3.

f]’+1f2’_3..\r3 “]
: -1
From Fig. "=
2
l ] A1)
=S -<h
2 2
Vy =V
.I'r'J’_
) 2
l l
=—F—=15 ..
2 2

I 5 T
13,2 o291
2 2 2 2
L
(2s+ Dy =—+—
2 2
v, = S P S . (iv)
2(2s+1) 2(2s+1)
Substituting Eq. (1v) in Eq. (11).
"ol 1 1 |
=1 — v, + V|
2 21 2(25+1) 2(2s+1) |
ds+1 l
S
By +4 Bs+4
Substituting Eq. (iv) in Eq. (111).
Va1 l I
1"1’_—_—— I]— |
2 21 225+41) 22s+1)
| ds +1 :
o IR S
Bs+4 8s+4
Comparing Egs (v) and (v1) with ¥Y-parameter equations,
ds+1 |
o hy By +4 Bs+4
Var" Vo l ds+1

_H.'~+—1 s +4
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The network N, is shown in Fig.

1 1
S A A SR S S O R A
o O o | -
: I | il | ;
v, §1 Q Vs Vi %1 Vs
o o o o
(a) (b)
Applying KCL at Node 3.
_||rj”+_||r3” 1-3 _|:|.:|
From Fig.
L Irj _Ir-'
.I'r] -_ l =
s
= sV —s ¥ (i)
Ty —Th
.I'r] = — I_ =
o3
=5l —5l5 c..(111)
Substituting Egs (11) and (111) n Eq. (1).
sV — sV +sVs —s¥y = 3
E:_",_\-I-HI':,’:_\I'] - \1'3
]-r \ ]-r \ ]-r .
= + (v
’ 25 +1 ! 25 +1 ’ (v)
Substituting Eq. (1v) in Eq. (11).
L =sh=s||— |h+——F> |
'\ 2s+1 (2s+1) |
sts+1) |, 5 .
== i - Vs V)
25 +1 25 +1
Substituting Eq. (1v) in Eq. (11).
fg":_\r:,__\[[ ° )I;T[ - )13
'\ 25+ 25+1
5 s+ :
=— M+ Vs ALY
[l\+l}] i l\*l]_
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Comparing Egs (v) and (v1) with Y-parameter equations,

cosls+ D) .uz
Tt w2+l 2s+1J1

i.}?]” }‘22” L] .\] .‘\'.\"']] [ ]
| 25+1 2s+1 |

Hence, the overall Y-parameters of the network are

45’ +8s+1 (457 +1)
Wi Y ||V +T '+ 17 || 4(2s+1) 4(25+1)
[}-u’ }':2}_[}-3""}’31” Y12’+Y22”}_ {4.92+l} 45% +8s+1
C4(2s+1)  4(2s+1)

27) Two identical sections of the network shown in Fig. are connected in series. Obtain Z-
parameters of the overall connection.

L 20 2.0 A

Vo
e o
SOL:
Applying KVL to Mesh 1.
V=3I +1, (D)
Applying KVL to Mesh 2.
V,=1,+3I, (D

Comparing Egs (1) and (1) with Z-parameter equations,

(2" Zp"[l _[3 1
| Zy” Zpn"| 113
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