UNIT -V

TWO-PORT NETWORKS

Introduction

A pair of terminals at which an electrical signal may enter or leave a nefwork is called
a port. The terminals or port is required for connecting input excitation to the network. It
is also required for connecting some other networks such as load. The terminals are most
useful for making measurements. In general, the minimum number of terminals required is
two.

A network having only one pair of terminals or one port is called one port network.
The Fig. 7.1 (a) shows a one port network.

A network consisting two pairs of terminals is called two port network as shown in
the Fig. 7.1 (b). The terminals are generally named as 1-1" and 2-2° In general, a port
designated 1-1°, is connected to the driving energy source while the other port designated
2-2" is connected to the load. A port at which energy source is connected is called driving
point of the network or input port. A port at which load is connected is called output
port.

Fig. 7.1 (c) represents a network with n-port called n-port network. In such networks,
generally one port is connected to energy source, one port is connected to load and other
ports may be connected to the different networks.
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Fig. 7.1
Two Port Network Parameters

Consider a two port network as shown in the Fig. 7.2. In all there are four variables;
two voltages and two currents. In general, any two port network has one pair of voltage
and current at each port.

Assuming the variables at input and output ports
as transformed quantities, the voltage and current at

1 Iz
1t *+— ., input terminals are V, and I, while at output terminals
d + * b . . . .
v, ':;ﬁv s‘;?': 1 Vy are V, and I,, as shown in the Fig. 7.2. The directions
1 o—o7>1= = o2 of both the currents [, and I, are assumed to be

flowing into the network. Such currents entering the
network are assumed to be positive. Also the voltage
Fig. 7.2 Two port network have the positive. Also the voltages have the positive
reference polarities.

Before starting the discussion on the two port network parameters, let us make certain
assumptions necessary in the analysis. The assumptions are as follows.

1. The voltages and currents in the network present inside a box are not available for
the measurements.

2. The network should consists only linear elements along with dependent sources if
any. But independent or active sources should not be present in the network inside
box.



3. If the network inside box consists energy storing elements such as inductor and
capacitor, then initial conditions of such elements should be zero.

In order to describe the relationship between port voltages and currents, one requires
the linear equations equal to the number of ports. So in two port network analysis, we will
require two linear equations interms of four above mentioned variables. We can obtain
these equations by considering two variables as dependent variables while other as
independent variables. As the network consists only linear elements, the linear relationship
can be obtained by writing two variables interms of other two variables. There are six
possible ways of selecting two independent variables out of four variables. Thus there are
six different pairs of equations defining their own sets of parameters such as impedance
(), admittance (y), hybrid (h), inverse hybrid (g), transmission and inverse transmission
parameters. In next sections, we will discuss z-parameters, y-parameters, hybrid
parameters and transmission parameters in detail.

z-Parameters

These are also called impedance parameters. These are obtained by expressing vollages
at two ports in terms of currents at two ports. Thus, currents I, and I, are independent
variables; while V, and V, are dependent variables.

Vi = fi(l, k)

V2 = ffli, )

In equation form, above relations can be written as, |
Vi znlhi+z2lz .. (1)
V:=2znh+zals - (2)

In matrix form, above equations can be written as,

Vi Zip Zp2 I
V5 Zy Zm I,
or VI = [

The individual z-parameters can be obtained by assigning wvalues of independent
rariables to be zero. The z-parameters can be defined as follows.

[A] Letl; = 0; port - 2 is open circuited.

From equation (1),

The parameter z,, is called open circuit driving point input impedance.
From equation (2),

zz1=-?i' Q
I 12 =0




The parameters 23, is called open circuit forward transfer impedance.
[B] LetI; =0;ie. port - 1is open circuited.
Form equation (1),

Vi
212 = v—

In @

I1 =0

The parameter z,; is called open circuit reverse transfer impedance.
From equation (2),

?.-21=I— Y]
2 Iy =0

The parameter z; is called open circuit driving point output impedance.

these parameters are defined only when the current in one of the ports is
zero. This corresponds to the conditions that the one of the ports is open circuited. Hence
#-parameters arc named as open circuit impedance parameters.

iy Example 7.1 : Find the z-parameters for the network shown in following Fig. 7.4
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Fig. 7.4
Solution : By definition z-parameters are given as,

Vi

zyp h+zpp Iy

Vi = FAT) l|_ + Zas [a

11, 10Q 150 2
+°—--'-'--;M|M_ . A o 4 (A) Let I, = 0, i.e. port 2 is open
. circuited as shown in the Fig. 7.4 (a).
Vi l 502 V, As port 2 is open circuited, the
b= current flowing through 5 Q is also I,
1 Note that no current will flow through
. ' 5~ 15 Q as it is connected to open
: terminals.
Fig. 7.4 (a)
Applying KVL at input side, we get,
~-10L=-15L+Vi=0
Vi=15]
Zn = 1;-@- =159
Llpz=0
From the Fig. 7.4 (a), we can write,
V=51
Zn = V2 =50



(B) Let I, = 0, i.e. port 1 is open
- 1, circuited as shown in the Fig. 7.4 (b).

1 100 150 2 ) o
+o AAAA— AMMN———o + As port 1 is open circuited, the
- * current flowing through 5 Q is also I,
* Note that no current will flow through
Vi 5ﬂ§ l V2 10 Q as it is connected to open
“ 1y terminals.
- o — Applying KVL at output side, we
1 2
get,
Fig. 7.4 (b) ~15L-5L+« V=10
V: = 200
v
m = 7o
2=
= 20Q
From the Fig. 7.4 (b), we can write,
Vi=51L
V
S Zip = I]| =50

2in=0

Hence z-parameters of the given network are
21 L12 15 5
= = 0
[21 [:’f. 71 £ 13] [ 5 2[}:|

y-Parameters

These are also called admittance parameters. These are obtained by expressing currents
at two ports in terms of voltages at two ports. Thus, veltages V, and V, are independent
variables, while I, and I, are dependent variables. Thus, we have

L = fﬂf"’n Va)
II = fz(vir VZ}
In equation form, above relations can be written as,
L = yuVi+yVa - (1)
L = yuVi+yaV;: v (2)

In matrix form, above equations can be written as,

_ | ¥Yun Y v
Ya ¥nllV%

Lyl V]

Lo

P

| M
I

ar 1]

The individual y-parameters are defined as follows,
[A] Let V, =0 i.e. port-2 is short circuited.

From equation (1)

[|-
Yu = O
1~|IIrl "ll'z-ﬂ‘

The parameter y,; is called short circuit driving point input admittance.



From equation (2)

—_ 12
Yoo = WLI_UU

The parameter y,, is called short circuit forward transfer admittance.
[B] Let V; = 0 i.e. port-1 is short circuited.

From equation (1),
L
= 4]
¥z F:"‘ﬁ »

The parameter y,, is called short circuit reverse transfer admittance.

From equation (2),

Vi=0

The parameter y,, is called short circuit driving point output admittance.

Thes» parameters are defined individually only when the voltage in any one of the
ports is zero. This corresponds to the condition that one of the ports is short circuited.
Hence y-parameters are also called short circuit admittance parameters.

Problem

Calculate the y parameters for the two-port in Fig.
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To get y,, and y,,, consider the circuit in Fig.(a).
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To get v,, and y,,, consider the circut in Fig.(b).

I, 60 I, 3Q I,
—e——"\/\, «—\\)\, -
+
Vi=0 § § C)
(b)
I 1 o
’fz‘vl‘3||{3+5||5}‘3||5_2
— o1, =11
2 °©T 346 1 32
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Thus,
1 -1
8 12
= S
[v] a1
12 2
h-Parameters

These are also called hybrid parameters. These parameters are very useful in
constructing models for transistors. The transistor parameters cannot be calculated using
by either short circuit admittance parameter or open circuit impedance parameter
measurement. These parameters are obtained by expressing voltage at input port and the
current at output port in terms of the current at the input port and the voltage at the
output port. Thus, the current I, and voltage V, are independent variables; while current
I, and voltage V, are the dependent variables. Thus, we have,

Vi = f, V)
I, = (I, V,)
In equation form, above relations can be written as,
V, = hy I, + h, V, . (1)
L = hy+hpV; - (2)
In matrix form, the above equations can be written as,

[‘-ﬁ} _ |:hu hu]{l. }
I, hy hy [V,
The individual h-parameters can be defined as follows

[A] Let V, = 0; i.e. port - 2 is short circuited.

From equation (1),

hyy =£ Q

1 \I"z-ﬂ

The parameter h,, is called short circuit input impedance.



From equation (2),

=

1

hy =

The parameter h,,; is called short circuit forward current gain. It is unitless.
[B] LetI; = 0; ie. port - 1 is circuited.
From equation (1),

V.
hm=?;

h =0

The parameter h;, is called open circuit reverse voltage gain. It is also unitless.
From equations (2),

2

Ij=0

The parameter h,, is called open circuit output admittance.

All above parameters are having different units such as ohm for short circuit
impedance and mho for open circuit output admittance, the name of the parameter is
hybrid parameter.

Problems-
Determine the h-parameter with the following data:

I. with the output terminals short circuited, V1 =25V, l1=1A, [ =2
A

li. with the input terminals open circuited, V1 =10V, V=50V, [ =2
A
Solution

The h-parameter equations are,
Vi=hih + iV
Iz = ha1h + haaVa
a. With output short-circuited, V> = 0, given: V; =25V, =1 A and
lp=2A.

25=hy,; x1 B B

and 2=h2,><l} hy,=25Q,and h,, =2

b. With input open-circuited, /; = 0, given: V; =10V, V2 =50V and
I, =2A.

I'U'z hu XSU}

I‘.l l 1 )
and 2= hy, x50 = hu—g-ﬂ.land;’rﬂ_EU_QMG

Thus, the h-parameters are:

- [259 0.2 -.}
2 0.04Q



ABCD Parameters or Transmission Parameters or
Chain Parameters
These parameters are known as transmission parameters. These are generally used in

the analysis of power transmission in which the input port is referred as the sending end
while the output port is referred as receiving end. These are obtained by expressing
voltage V, and current I, at input port interms of voltage V, and current I, at output port.
Thus, voltage V, and current I, are independent variables while voltage V, and current
I, are dependent variables. Thus, we have,

Vi = (V2. -1)

I = £(V,,-1)
Generally we have considered the currents in both the ports are entering the port and
both are positive. The negative sign with I, indicates that, for the ABCD parameters the

current I, is leaving the port-2.

In equation form, above relations can be written as,
I, = CV,+D(-1L) o (2)

In matrix form, above equations can be written as,
] (e o]l
I, C D|-1,
The individual ABCD parameters can be defined as follows.
[A] Let -1, = 0, ie. port -2 is circuited.
From equation (1),

v

A/

_lzno

The parameter A is called open circuit reverse voltage gain. It is unitless.

From equation (2),

_L

Vs 0

_12:-0

The parameter C is called open circuit reverse transfer admittance.
[B] Let V, = 0, i.e. port - 2 is short circuited.
From equation (1),

_vl
B-_—I! Q

Vam D

The parameter B is called short circuit reverse transfer impedance.

From equation (2),

The parameter D is called short circuit reverse current gain. It is also unitless.

ABCD or Transmission parameters are also called chain parameters.

These parameter are effectively used for the analysis of power transmission line, so
commonly known as transmission parameters.



Inmp  Example : Find the transmission or gemeral parameters for the circuit shown in

Fig. 4.10.

11} 21}

ag—= =% b

1 50 Vy

Fig. 4.10

Solution : By definition, transmission parameters
are given by,

Vi

]

AV, + B(- 1y
CV,+ D (-1

1

L

A) Let = I, = 0 i.e. open circuit terminals b - b’
(i.e. port-2) as shown in the Fig. 4.10 (a).

Fig. 4.10 (a)

From circuit drawn above, we can write,

V, = 5], o ()

Applying KVL at the input side, we get,

-11-511+V1 = ﬁ
6L, = V, ... (id)
From equation (i),
_ v
I, = 5 ... (iii)

Substituting' value of I; in equation (ii) , we get,

V.
() - v
5
Vz = EVI
v, 6
A 4 = —
Vz-lzaﬂ 5

B) Let V, = 0 ie. short circuit port-2
(terminals b - b’) as shown in the Fig. 4.10 (b).

Applying current divider rule, we get,

b= -5 7]
_ (5
-1, = I (E] Fig. 4.10 (b)
1 7
D=4 =3

Applying KVL at the input side, we get,
~L=-5L+1L)+V, =

-6L-51, =

61, +51, =

| I I
= | =
- ':_,,1



..f,'[‘lejﬁl2 =V,
(%ﬁ] I, = V,
:ézlz =V,
(%) = v,

B = _1";12 =+%ﬂ

Vami

Hence transmission parameters matrix is given by,
17
A B] .
C D|

INVERSE HYBRID (OR g) PARAMETERS

If V4 and | 5 are chosen as independent variables, the two-port network equations may be written as

=] o
| =l

Li=gVi+gnh
Vo=guVi+enly
In matrix form, these equations are written as
I - gn &n |y
v, g1 & ||,

The constants g 44, 0 1. 9 4, and g 7 are known as inverse hybrid parameters or g-parameters. The g-parameters are defined as follows by using Equations

If 15 =0 the output port is open circut.

I
Bil =
Vl Ie=0 open circuit input admittance.
\£
g1 = =
Vl Ia=0 open circuit forward voltage gain.

V 1 = 0 the input port is short circuit.

)
g2 =~

12 Vl=0 short circuit reverse current gain.

: ‘
g ===
12 V1=0 snort cireui output impedance.

From the definitions of the g-parameters, it is seen that g 44 has the dimensions of admittance, g 1 and g 4o are dimensionless, and g o7 has the dimensions of
impedance.



Problem
Obtain the g parameters for the circuit of Fig.

Figure

We obtain g, and g2, using the circuit below.
]| R] R3 ]3=ﬂ

Vi

"

-.f= — = ——
' R +R, Su V. R +R,

By voltage division,
r RI o VE RE
}3 = R 1 — Ea=7=
 + R, K, R+R,

We obtain g;> and gz using the circuit below.

By current division,

R, I, R,
"r|=_ = -'rz ——— gl._,=—=— =
R +R, © I, R+R
Also,
.
V,=L(R+RIR)=I|R+—2F | o Va_p  RE
2 2 : < R +R, B R +R,
_ _ Ry
En R, Rz'glz R, + R,
R\R
2 12
= = -+
B2 R|+R2’g22 3 R, +R,

Inverse Transmission Parameters



The transmission parameter and the inverse transmission parameter are duals of each other

f instead of quantities V; and Iy, quantities V5 and Iy are expressed in terms of V3 and I, the resuting parameter (4, B', C", D)

are called inverse transmission parameter

_|,I

- -
-— | .
+ -

Port Two-Port Port V.
1 Network ‘
-— .

The inverse transmission parameters of the two port network in figure having

direction of voltages and current as shown. are given by
V, = AV, + B'(-1,)
I =C'V; + D'(—I)

in matrix form,

- (&
I, c

BI
Dl’

Y

The inverse transmission parameters can be defined as

V;
A = 72; I, = 0 forward voltage ratio with sending end open circuited.
1

C' = %; I, = 0 transfer admittance with sending end open circuited.
B = L}; V, = 0 transfer impedance with sending end short circuited.
D= I—j; Vi = 0 forward current ratio with sending end short circuited.
Name of the Port variables Equations
parameters
Express Interms of
{Dependent) | (Independent)
Open circuit Vi Vg L. 1 Vi=zy b+ 2,1,
impedance i.e. V,= + 21
z-parameters 1=+ zply
sgnr_tu:ircun_ L. I Vi Vy L=yyY+yaVs
agmittance 1.e. L. = vV o+ v
y-parameters :=¥a i+ ¥aV:
h-parameters V. L L.V, Vi=hy I + h,V,
I: = h!t ll # hzz v:_
ABCD or Vi L V.= AV, + B(-1,)
transmission =CV, + D{-1
parameters I y + D(=1;)
Inverse hybrid LA Vi L h=gnVi+ gl
or g-parameters Vo =guVi+8zlz
transmission
parameters L=CV, + D'(-1,)

Table 4.1 Summary of two port network parameters



Interrelationships between the Parameters

During analysis of a two port network it is often required to obtain more than one set
of parameters for a given two port network. Then it becomes time consuming and tedious
to obtain different sets of parameter by using their respective basic definitions. Hence to
make the analysis easier, any set of parameters is expressed interms of all the remaining
sets of parameters. In other words, parameters are derived from each other. In this section,
we will derive such interrelationships between the parameters.

z-Parameters Interms of other Parameters
The equations for z-parameters are as follows,

Vi=12z,L+z,1, - (A)
V: = le I. +21] I] o {B:I

[A] Interms of y-Parameters
The equations for y-parameters are as follows,
L = yp Mty W e (1)
L = yu Vityn ¥ e (2)
Writing equations in matrix form, we have,

HEIEEN M

Solving above equations, using Cramer’s rule for V,; and V,. We can write,

|]| ¥i2
V. = I, ¥yn Yo =yl
L= -
Yu Y| Yu¥an—¥a¥y
Yn ¥n
- Yz 1 - Yi2 1 )
Yu¥n-—Ya¥n | Yu¥n—YaV¥n ®
yn
Similarly, v, = ya b e 4T L=y, ]
lyn Y|z| YuYa~—Ye¥Ya
Ya Yn
o =¥ 1, + Yu I, .. (@)
Yu¥Ya2~"Yu¥Yau Yn¥an—"YuYa
Let YnY¥n~—Yn¥n =4y
Rewriting equations (3) and (4), we have,
= | ¥z Y2
A EAN .6
= | ZYn Yu
and AN AN .6
Comparing equations (5) and (6) to equations (A) and (B), we have,
¥ =¥
mo R -
-1 =3
In = Ay Zy Ay




[B] Interms of h-Parameters
The equations for h-parameters are as follows,

Vi=h,L[+h,V e (1)
I = hy, I +hy, V, . 2
From equation (2) we can write,

hpVy = -hy [ +1,

~h _
Vv, = [h;‘]l, +[h‘::|[2 .. 3)

Substituting value of V, in equation (1) we have,

-h 1
hi-h h
Vi = [hll“"—“"‘“‘l;zzn]ll +E‘l‘z‘]z
v, = hy hy-hy hy 1+ hy, I, e ()
h,, by

Comparing equations (4) and (3) with equations (A) and (B) respectively, we have,

- hllhn'hlzhn - hlz

u = hZI zu"_ll
2y =i S
hn hI!

[C] Interms of Transmission (ABCD) Parameters
The equations for transmission parameters are as follows,

V, = AV,+B(-1) e (1)
I, = CV,+D (1) (2

We can rewrite equation (2) as follows,
CV,=L+D],

v, = [é] I +[-g] L, .. 3)

Substituting value of V, in equation (1), we have,

o A @l e
v = [A] o[22l
V, = [ié-] I +[AD;BC] b e (8)

Comparing equations (4) and (3) with the equations (A) and (B) respectively, we have,

A AD-BC
in = R Zp = C

0O




y-Parameters Interms of other Parameters
The equations for y-parameters are as follows,

L = yyVi+yp ¥,
L = yu +yn Vi

[A] Interms of z-Parameters
The equations for z-parameters are as follows,

V, = z, L +2, 1,
Vz = z:l II+ZH 11

Writing equations in matrix form,

MBIt

Solving above equations using Cramer’s rule for I
Vioz
I = Vi Zn| _ zpM-zpV
I I Zy) "2 T 22y
I Zp
z -z
= z v+ B 'Vz
Zn T~ I3 In 2 2~ 32 2y
zy Y
z W, Zyy Vo —2Zq,*
b dl 21 2
Similarly, L = AT el TR
Zy g Zyy 2y~ Ep Ty
Zn ZInm
_ —Zy Zy
e — "+ - V2
1 "Z2 T Epp Iy Zy 233~ 23 Zg
Let Az = zj 2y =22y

Rewriting equations (3) and (4),

z -Z
w2 ]uel e

; and I, we can write,

..3)

. (@)

.. (5)

.- (6)

Comparing equations (5) and (6) with the equations (A) and (B) respectively, we have,

“ ne [
z -z
Yu = fz Yz = ﬁ:,_z
=Z Z
Ya = ;z] ?z::%

[B] Interms of h-Parameters
The equations for h-parameters are as follows,

Vi=h, L +h, ¥
L
We can rewrite equation (1) as follows,

hy Ii+hy W,

hy L = Vi=hp, V)

[l

e

.. (A)
.. (B)

. (1)
- (2)

e (1)
- (2)

...(3)



Substituting equation (3) in equation (2), we have,

I = hy "hl“""l ':—:f"ﬁ]"'hn V2
o [efoe -2
L = [;%}“ " []'n hzzh'“hu ha ]"""3 ()
Comparing equations (3) and (4) with the equations (A) and (B) respectively, we have,
Yn = ﬁ Y1z = -hh_lrz
¥ =:_';1: Yoy = huh::h'uhlzhzl

[C] Interms of Transmission (ABCD) Parameters
The equations for transmission parameters are as follows,

V, = AV, +B(-1) e (1)
L = CV,+D (1) . )

We can rewrite equation (1) as follows,

"B'I: = VI-AV2

T [--l';]v, +[%] v, . (3)

Substituting value of I, in equation (2), we have,

+1 A
I‘ - C-V2+D[-§V,-§]Vz
D AD
- (B[
D BC-AD
I, = [E]‘,'+[ B ]V.‘, ... (4)
Comparing equations (4) and (3) with the equations (A) and (B) respectively, we have,
D _ BC-AD
yun = g = B
-1 A
ya = § Y2 = g

h-Parameters interms of other Parameters
The equations for h-parameters are as follows,

'\IFI L hu II+h12 "lfz e {ﬂ]
lz = h21 I]"}‘hn ‘I'Fz e {B}

[A] Interms of z-Parameters
The equations for z-parameter are as follows,

Vi=zyhi+zp 0 (1)
Vo = 2y hj+zn 1, - (2)



We can rewrite equations (2) as follows,

Z-zz Iz = = 22-1 Il + v:
_ |~ zn [+1

Substituting value of I, in equation (1), we have,

(-2 +1

Vl _ [Z'I'I Zn _ZII 321]11 +|:ﬂ__1_:| 1‘;1 - {4]
T2 Zn
Comparing equations (4) and (3) with equations (A) and (B) respectively, we have,

= InZp = Zpin = Ziz

hy = T hy, =

- 1
hay = 4] ho = —
2 Zm 2 Zm

[B] Interms of y-Parameters
The equations of y-parameters are as follows,

L = yuVi+ya 'V, w (1)
I = yuVitya V) - (2)
We can rewrite equation (1) as follows,
ynVi = Li-ynVy

v = [ ]ue[3]v -0

¥u ¥n

Substituting value of V; in equation (2), we have,

1 '1"11} ]
I, = — |I; + V., |+ V
2 }’11(-},11} 1 [ Vi 2|t ¥ V2

I, = [Yi Il*[&'n“yuhl]"”z
Yu

¥u
I, = [Yi 1, +[}"11.‘r’zz'}"1z}'n]vz o (@)
¥u 1
Comparing equations (3) and (4) with equation (A) and (B) respectively, we have,
1 ~ ¥z
hyy = — hys = —=
" ¥n ? ¥u
¥u Yn¥z—¥u¥aun
h = — h =
s ¥n " ¥u

[C] Interms of Tramission Parameters
The equations for transmission parameters are as follows,
V, = AV,+B(-1,) - (1)
I, = CV,+D(-1,) - (2)

We can rewrite equations (2) as follows,

D{I]_} "'I1+C‘|‘rz

[__1:” I +[%:| V2 e (3)

I



Substituting value of I, in equation (1), we have,

M-1 C
'\fl = sz_B,\[F]II-P[E]v:]
BC] B
"ﬁ = [J'!I.——E.-- Vz‘l'[ﬁ] []
B [AD- BC
v V'l = [ﬁ] I]'i'-—'—ﬁ'—} Vz

. (4)

Comparing equations (4) and (3) with equations (A) and (B) respectively we have,

AD - BC
hu"'_"“ﬁ"“

T-parameters in terms of other parameters
(i) T-parameters in terms of Z-parameters:
Step-I: We know that T-parameter equations;
V,=AV, - BI,
I,=CV,- DI,
and Z-parameters equations;
M=z, L+Z,1
Vy=Zoy hy + 250 1,
Step-11: In order to obtain as equation (1), elimated /, from equations (3) and (4).

From equation (3), we have

W-2Zy 1
A

Put this value in equation (4), then we get

V,= 2y (MJ +Zy I

Ay
/ 2 » P Z'7 Z"

or v,==2LV + I, [/.22 -k -'J

- 11 Zy,
or ZZI "I s ,: —IJ [le Z:Z._‘ ZIZ ZZI)

Zy Zy)

. Z, 1 _(Zn Zyy =7y Zs,
or V. = 2 1,

AT \ Zy

For obtaining as equations (2), rewrite equation (4), then we get
Zyh=V,— 2,1,

1 7y
or I=—V-—=1
Ay Z5)
Step-I11: Comparing equations (1) and (5), then we get
A:Z” and‘;_f:xllzzz_xlz 221:"‘\_2
2 £ 2

Similary, comparing equation (2) and (6), then we get

C=_Landu=f"£

21 21

A
(2)

3
.(4)

.(5)

.(6)



(éf) T-parameters in terms of Y-parameters:
Step-1: We know that 7-parameter equations:

V,=AV,- B, A1)
1,=CV,- DI, ¢4
and Y-parameters equations:
L=Y,V,+Y,, ¥, .(3)
L=Yy i+, 1, -A4)
ALy [12—- Y>aVa j A Vs
il
T TR T PV TS S
M Moy
= Tyt o [l e N
o2
\f'z_\ —E
r Compose equ @ Witk &
= — Yy Fc= * \!|\YLJ—'Y|:_Y:_|
==
V;_‘
Yoy
(iv) T-parameters in terms of /i-parameters:
Step-1: We know that 7-parameter equations;
V,= AV, BI, A1)
l,=CV,- DI, ~A2)
and h-parameters equations:
Vi=h, 1, +h, V, A3)
L=hy I, +hy, V, .4)
Step-I1: In order to obtain as equation (1), eliminated /, from equations (3) and (4).
From equation (3), we have
= W-ha Vs
Iy,
Put this value in equation (4), then we get
(¥, =My ) .)
Is = , = ,'n I
"\ Iy
sy . ( hys h»,)
- = ' ,1 h iy - =
. £ My i v by,
o @V _ ['&l‘! by — Iy hzz] v, 40,
My )
Iy Iy — Iy, frw] My
o= —= =V, + I
or , [ o, 2 o, 2 A3)
For obtaining as equation (2), rewrite equation (4), then we get
hy I, ==hy,, Vo + 1,
_h [
or I = 2y +—1, .(0)

.rfi':] hz]



Step-111: Comparing equations (1) and (5), then we get

— Ah

A= My by — By Doy _
hyy

I

and B =11

Similarly, comparing equations (2) and (6), then we get

- hyy 1
= e and D = -
h]] L)

INTERCONNECTIONS OF TWO-PORT NETWORKS
To-port nefworks may be interconnected in various confiquraions, sch as series, paralel, castade, series-paralll, and paralle-series connecions. For each

confiquraon a certai set of parameters may be more useful han ofhers to destribe the network
Series Connection

Figure 10.19 shows a series connection of two-port networks N and N,

I ]
I
o I I1n Ii!' : o4
]1 : : Nu - : I?
1
: _ i [Z,] ]:'a_ :
| :
I I
Wy : : Wy
|
: lis Ly, :
| + Nb * :
I
v v I
[ 1B b
Z i
Pt . = 12 = : o
! I

Figure 10.19: Series connection of two two-port networks
For network N 5.

Vla lea ZI.Z«: Ila

Vo Lota ZLarg || L2a

(10.62)V 1, = Z11al1a + Z124l24
(10.63)V2a = Za14l1a + Z220l 20

For network N g,

Vie Zaww Zyw || Lis

Vap Zoww Znb |1y

(10.64)V = Zyyplip + Zy2plap

(10.65)Vap = Zoyplip + Zagplap

The condition for series connection is

Li,=1li,=1,, and 1, =15, = 1, (current same)
(10.66)V,=V,,+ Vs

(10.67)V,=V,,+ Vy



Putting the values of V 15 and V 1, from Equation (10.62) and Equation (10.64),
Vi =Zndiat Zizdaa+ Zyplie + Zy2slap
(10.68)  =Zpl) +Zpaly + Zyply + Zygply [ha=lp =11, Iia=1p=1,]

Vi =Enat+Zup)h + (Zygg + Zy1p)ha
Putting the values of V 73 and V 3 from Equation (10.63) and Equation (10.65) into Equation (10.67), we get

(10.69)V, = (Za1a+ Zap)l) + (Zaza + Zyap)]1

The Z-parameters of the series-connected combined network can be written as

Vi =2yl +24pl,
Vo =2yl + 2],

where

2yl =ZyatZy
202 =ZyatZy
7ol =2yt 2oy
202 =ZyatZyy

or in the matrix form,

[Z] = [Z4] + [Z,].
The overall Z-parameter matrix for series connected two-port networks is simply -

the sum of Z-parameter matrices of each individual two-port network connected in senes.

Parallel Connection

Figure 10.20 shows a parallel connection of two two-port networks N g and N .

The resultant of two admittances connected in parallel is ¥ 1 + Y 2. So in parallel
connection, the parameters are Y-parameters.

) 1
«o——1 - +§' -
v, v Na ;8
1 : 12 [Y.l Vz. : V2
-0 - — — - - O
' ]
) ]
' ]
' |
' ]
'
| Iyy Ii" ‘
; x N, * "
- v Vas -
; = A N ;
] 1
' 1

Figure 10.20: Parallel connections for two two-port networks
For network N 5.

Ila Ylla YIla Vla
Ly, Yo Y224|| Va

or

(10.70)]1, = Y11.Via+ Y124V 24
(10.7D)5, = Y21,Via + Y224V 20



For network N p,

|:Ilb ] B I:Yub leb] |:Vlb ]
Ly | |Yas Yo || Vas

10.72)11, = Y1sVie + Y126V
(10.73), = Y21,V ip + Yo Vo

Now the condition for paralel,

Via=Vips=Vi. Vou=Vy, =V, [Same voltage]

and

10.7H], =1,,+ 1},

(10.75)1, = Lo, + L,

I =YneViet Y12aVoa+ YisVis + Y1V
=YneV1+ YizaVa+ Y1 Vi + Y125V

(10.76)1; = (Yyia+ Y11u) Vi + (Yia + Y125) V2

Similarly,

(107D = (Y1 + Yau) Vi + (Y2, + Ya2) Vs

The Y-parameters of the parallel connected combined network can be written as
L =Y,Vi+YV,
L =YV, +YnV,

T = y\lq,+ Vb
\,‘9_: \’l1&+\}4Ll)

1 9l < \'1) ot Y2y

log. = Tana? \/9,9_.33
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13.52  Network Analysis and Synthesis

h)l
£n ‘—‘“Zh
‘ ,1”
£n =-A_I;

Table 13.3 Inter-relationship between parameters
AX=X||X22‘XI2 /Y2l

7 sly
" REINCRERI  The Z parameters of a two-port network are Z, =20 2 Z,, = 3002 2,%4

=10 £2 Find Y and ABCD parameters.
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