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6.1 The different type of two port network as follows

1. Z-Parameters (Open circuit impedance parameters)
2. Y-Parameters (Short Circuit admittance parameters)
3. h-Parameters (hybrid parameters)

4. ABCD-Parameters (Transmission line parameters)

Z-Parameters: In the two-port network the input voltage (V1) and output voltage(V2) can
expressed in terms of input current (I1) and output current (1)

[ VI=[Z][1]
V1J:[Z11 Zy3 ] [11]
VZ Z21 ZZZ IZ

Vi=Z1ul1+Zpl

Vo=2Zo1l1+Z2l

Let us assume that port-2 is open circuited then 1,=0
lezz—:uzzozlnput impedance
221:‘11—12||2=0:F0I'W0rd transfer impedance
Similarly, when port-1 is open circuited then 1:=0
212=Y—:|I1=O:Reverse transfer impedance
Zzz=‘I/—22|I1=o=Output impedance

Y-Parameters: In a two-port network, the input current I1 and |2 can be expressed in terms
of input and output voltage V1 and V. respectively as

[11=[Y] [V], where Y is admittance matrix

b
L] Y21 Yool [V
l1=Y11V1 + Y12V
2=Y21V1+Y2V>

Assuming that port 2 (o/p) is short circuited (V2=0)
( Y11=]I/—1| V=0 ) = Input driving point admittance
1
( Y21=II/—2 | V=0 ) = forward transfer admittance
1
Similarly, the port 1 (Input port) is short circuit (V1 = 0)

I .
( Y12=V—1| V1=0) = reverse transfer admittance
2



( Yzzz‘ll—l V1= 0) = output driving point admittance
2

h-Parameter: h-parameter representation in widely used in modelling of electronic
components and circuits, particularly transistors. as both open circuit and short circuit terminal
conditions and utilized hence, this type of parameter is known as hybrid parameter.

Hence input voltage and output current are expressed in terms of input current and output
voltages,
V1 = huli+h2V2
I2 = ha1l1+h22V2

Vl] - h11 hlz] [11]

12 h21 h22 VZ
Assuming short circuit conditions at the output (V2 = 0)

hi; = % V2=0 = input impedance
1
hy,; == ;—i| V2=0 = forward current gain
Similarly for this input open circuited ( 11= 0)
hy, = % l1=0 = reverse voltage gain
2

hy, = 1172' l1=0 = output admittance

ABCD Parameter:

The ABCD parameter can be expressed as the following set of equation
Vi=AV,-Bl
I,=CV,-Dl;

These are useful for defining transmission lines expressing sending end voltage and current in
terms of receiving end voltage and current.

Assuming that point 2 is open circuited, A = V1/V2 |12=0 =reverse voltage ratio
C =11/ V2 |12=0 =transfer Impedance
Similarly, Port 2 is short circuited, B = -V1/12 |V 2= =transfer admittance

D = I1/12|V2=0 =reverse current ratio

6.2 Conversion of Parameters:

(a) Z-Parameters in Terms of h-Parameters
Z- parameters equation can be represented as
V1= Zil + Zaolo (6.1)
V2 = Zoul + Z2l> (6.2)



Similarly, h- parameter can be represented as

V1 =huls + hi2Vo (6.3)
l2 = h21l1 + ha2V2 (6.4)
From (6.4) V2 = Iz_hh—“h

—_ Ip—h311q
Vi=hyuli + hp (—)
ha2

h1z

e (6.5)

V1= (hy - ﬂ)|1 +
22

Comparing equation 6.5 and 6.1
We get,

hazh11—hz1h12

Z11 =
hZZ

, Z12=h12/ hy

From equation 6.2

=ty 1
V, = . 11+ o 12 (6.6)

Comparing equation 6.3 and 6.6, it can obtain as

In=—7=, Zn=—
hyy' ha2

(b) ABCD parameter in terms of Z parameters

The ABCD parameter can be represented as

Vi=AV2-VI; (6.7)
l1=CV2- Dl (6.8)

The Z parameter can be represented as
Vi=Zul + Zs2l2 (6.9)
V2 =Zoli+ Z2l2 (6.10)
From (6.10), I1= %

Putting I1 in equation 6.9, we get

Vi= Zu(Z 2% ) + Zul,
Vl = @ V2 _ Zy1Z33—213271 |2 (611)

Z31 Zz1

Comparing equation 6.7 and 6.11, we get

A= Z11 B _Z11222= 212221

Z71 Z71



From6.10, l=— -2z (6.12)
Z31 Z31
Comparing 6.12 & 6.8, we get
C=—
Z21
D= Zz2
Z31
6.3 Conversion T — m and m — T network
I
ﬁ i _4_7
+ 1 | Zz +
V, Z
T network
We know that
Zin=21+23
In=21p=23
Ln=2+123

Yuu=Y1+Y>2
Yo=Y =-Y>
Y2o=Y2+Y3
(211 Z12] Vi1 Y12]
Z= Y =
Z21 Z33] Y21 Yoy
(211 Z12] fv -1
Z= Y
7y Zp| ]
1 ReE _Y12]

Where AY = Y11Y22 - Y12Y21

AY = Y1Y2 +Y2Y3 + Y3Y1



7 7 Zz =
= [ 11 12] — AY AY

Zyy Zp) T | 1
AY  AY
Comparing the above equation, Z11 = % =21+ 73
_ Y _
Zip=—7-= I3
__Ya_
In=—->= I3
Zon="2=27,+73
_hti;
Z1+Z3= - (6.13)
_h:_%
Zs = AY ~ AY (6.14)
Zo+ Z3= 2= V1Y, (6.15)
Solving equation 6.13,6.14 & 6.15
Zo= h = __h
AY V1Y, +YyYa4YsY;
Z1= S N
Zy= ——2——
3T VY, t1Ya Y5,
Similarly,
Yii Y
Y - [ 11 12] = Z—l
Y21 Y22
-1 [Z11 Z12]
AZ ZZl Zzz
Y11= % Az= 711255 — Z132
lez_% :Z1Z2 +Z2Z3 +Z3Z1
- _Za
Yo = AZ
—Zu
Y22 = AZ
Therefore, Y11 = ZALZZ =Y,+Y, orY;+Y, = ZZ?
z z
Y= _ALZZ= =Y, 0I‘Y2=ﬁ
= _Za_ _ - %
Yo = AZ oY AZ

_ Z3Z3
AZ

Z
YZZ :ﬁ: Y2+Y3 Y2+Y3

(6.16)
(6.17)
(6.18)

(6.19)



On solving equation 6.16, 6.17, 6.18 & 6.19

Zy _ Zy
AZ 247y +Z273+7374

Y1

_Z3 _ Z3
AZ ~ 7175 +Z373+737,

Y2

Zy
Z1Zy +Z7Z3+Z3Z¢

Y3=

6.4 Inter-connection of two ports:

(6.20)

(6.21)

(6.22)

where voltages and currents are shown.

Let us consider two ports A and B
iyl
N i2| +
v, A V3
il
O il E
v, v L.

Suppose these two networks are connected together in a certain manner ,so that resulting
network(N) is also a two port network .Then N can also characterized by two port parameters.

6.4.1 Cascade connection;

-------------------------------------------------

®
®

RO

is . ]
4 A 2 |1| |2|+ +i1” ig” iy +
W o v Vi B vy

-------------------------------------------------

ERC RO

®
®

®
#E B R R

The connection of A and B is known as cascade connection. Let V;, V,, I;, and I, be the port

voltages and currents of N.

Here I, =1 Vi=V,
Il — I” VI - V”
2 1 27"
|2:12|| V2:V2”

For network A,

(6.23)



v = A, - Bulj

1I'=cw) -Dull

IR |

Similarly for network B,

e
a1 )

From (6.23)
V_fA Bi|[%
llll_[cl Dl] [—Ié]
C |

e Bl
[11]_ [Cl Dl C2 DZ (6.26)
Thus, we see that in the cascade connection ABCD parameter have to be multiplied.

6.4.2 Parallel connection: -

™

F

* vy N voll *

The connection of N; andN, as shown is called parallel connection.
Let V;,V,, I; andl, be the port voltages and currents of the combination.
Then equations of N; andN, in terms of y-parameters are
L' =yu'Vi" +y,'V'
L' =y1"Vi" + y2,'V,'
and



L" =yi"Vi" +y,"V,"
L" =y,,"Vi" + v,V
The inter connection two two-port network it is clear that
L=L+L" L=5L+1,"
AndV, =V, =V" V=V =1,"
Therefore , I, = 1," + I,
=y Vi + v Vo + vV vV
L =11’ +y1"YVi+ 2 +y12") Ve (6.27)
L=L+1L"
=21 Vi +¥22' Vo' + v "V + 2"V
=21 Y2 D Vi+ (a1 +y22") Ve (6.28)
But equations for combination in terms of y-parameters will be
Iy = y11V1 + y12Va (6.29)
I; = y21V1 + 22V (6.30)
Comparing the above equations we have,
Y11 =Y11 + 11" Y12 = Y12 +Y12”
Y21 =Y21 Y21 V22 = Va2 Y22
6.4.3 Series Connection:

F 3
F
|

The series connection of two two-port networks are N; andN,

Let the Z-parameters of the network N; are Z,,',Z1,', Z,1', Z5,' and that of network N, is
211,’Z12,1 221,1 ZZZI'

The Z-parameters equation for network N1 are

V' =Zy,'I + 73,1



Vo' = Zo' I + Z35' 1
Similarly, for network N,
V' =7u"h"+ 7"
V" =25 + 235" L
We have, V; =V, + 1"
=2l + 2 L+ Z0 1L+ 2L
=2l +Zi L+ 211" + 235"
Vi=(Zyu' +Z1" M+ (Zp + 712" (6.31)
V,=V,+V,"

:Z21,11, +ZZZIIZI +221l1111l +ZZZIIIZII

Vo= (Zz1l + 221”)11 + (221” + Zzzn) I, (6-32)
Vi =Zyh + 2150 (6.33)
V2 = 221V1 + Z22V2 (634)

Comparing the equation 6.31 to 6.33 and 6.32 to 6.34
The equivalent Z-parameter of series connection are
Zyn=Zi1' + 201" Zag =2y + 715"

Zoy = Zo1 +Zo1"  Zyy =Zyy' + 75"

6.5 Equivalent T and & representation.

T and m network are the two network which are used frequently to represent
transmission lines, filter etc.

The 1 network is shown below.

_—
¥

V4 Y1 Y, Vs

)

We find out Y1, Y2 and Y3 is terms of y-parameters,

When we short circuited at port 2,



V;
Then Y11 = ﬁ|V2 = 0

Vi1 = YitY3 (6.35)
Yo = Vo= 0 As—1=V1Y3
= %11”3 =-Y;
w Y1=-Y3 (6.36)
Similarly, we can find out Y12 and Y22 by short circuited by port 4
y22=Y2+ Y3 (6.37)
Yi2=-Y3 (6.38)

weget -~ yn=Yi+Ys, VYi2=-Y3
Y21 =-Y3 V2 =Y2+Y3

on solving the above equation, we get,
Yi=yu+Vye

Y2=Y2+VYy12

Y3 =-y12

T — Network

If Z- parameter of a network are known then it is can equivalent to construct an equivalent T-
model.

When open circuit at port 2, we have

Z11= ‘I/—l| lo-o =2Z1+2Z3 (6.39)
1
Zn= A 1:=0  As Vo=Zsh
= Zsh :123
Iy
~Zn=123 (6.40)
Similarly, by open circuit at port-1
Zp=22+173 (6.41)
VAV WA (6.42)

Now solving equation (6.39), (6.40), (6.41), & (6.42),



we obtained as

VAR WAL WAY)
Zy=122»-21
Z3=212

6.6 Reciprocity and symmetrical:

A two port network is said to be symmetrical if the Input and output ports can be interchanged
without changing the port voltage and current.

Mathematically,

For symmetrical network,

1% 1%
ﬁ at (I, = 0)= i at (I, =0) (6.43)
|1 |2=0
PASSIVE
Vi NETWORK
|1:0 |2
PASSIVE
NETWORK vz

If the network is reciprocal the ratio of response transform to the excitation remains same if we
interchange the position of the excitation and response in the network.

f—: at (V, = 0):% at (V, = 0) (6.44)
Z-parameter
Vi =211 + 7130
Vo =Zy1lh + 20
I, =0, ‘I/—iat (I, = 0)=Zy, ‘I’—j at(l, = 0)= Z,,

Zy1 =2y

For reciprocity,

2 at (V, = 0)=22 at (V, = 0)
2

2

Iy

Vi =211 + 2151,

0=Z,,1; + Z5,1,
Z32

S =22
1 Zo1 2

V1 = _@IZ X le + 12212
Z21



Vi=1I, [212 - ﬂ] =1, [—Z“Z“_Z“Z“]

Zn Zn
i_ [212221—211222] (6.45)
I Zn '
Similarly,

Z
=>12 - — ﬁ11
AV

Vo =211 + Zy,1,

_ Zy4
_22111 _ZZZZ 11
12

Z17Zy1—Z11Z
V, = Il[ 12Z21—211 22]
AY)

2 _ [Z12Z21—Z11Z22] (6.46)

11 Z12

From equation (6.45) and (6.46),
Zip =2y

ABCD Parameter:

Vl = AV2 - BIZ

11 = CVZ - DIZ

Symmetrical:

4 oat(l, = 0)

Iy

i _A

Pl (6.47)
2 at (1, = 0)

Iz

O—CVZ - DIZ

CV, = DI,

v, _D

L=¢ (6.48)
From equation (6.47) and (6.48),

4_D

c c

A=D

Reciprocal:

V]_:O, OZAVZ_BIZ



AV, —Bly = I, =5V,

B
Il_CVZ_DIZ_CVZ D VZ:Z m

=at(V;=0) =

(6.49)

BC—-AD

at (V, =0), V,=-BI, = 2=
12 12

11 = _DIZ

2 at (V, = 0)=-B (6.50)
2

From equation (6.49) and (6.50)

B
BC—-AD

BC-AD=-1
AD-BC=1

=B

h-parameter:
Vi =hy L + hyoVs
Iy = hyi 11 + hy, Vs

Aat(l,=0)=2at(l,=0) ,I,=0,
I I

h
V,=—21
hz2

h
Vi =hiily + hyy [—h_z:h]
Vl — Il[hllhzjl;:vlzhz;[]ﬁ t (12 — O) [h11h22;h12h21]

1
I =0, I, =hyV,= 12 = h_zz

h11h22 - h12h21 =1 y Ahzl(symmetrical)
at(Vz =0) = at (V1 =0)

V,=0, V; = h1111
I

12 :h2111 ﬁ[]_ :h_221

Vl—hll_ﬁ_at(VZ—O)—;

Py

O=hy11; + hypVy = Vohyy = _h1111:>ﬁ =-
Iy hi

(6.51)

(6.52)

(6.53)

(6.54)



Py _ _Pu
h21 h12

hiz = —hyq
Q.1 Find out the Z, Y, ABCD parameter of the given out

|'1 2 3 |2
+T, ANV AN\ —e T+
4

R

Vi-2li—-4(li+12)=0

V1= 611+ 4l 1)
Va—3l—4 (11 +12) =0

Va2 = 4ly + 7l @)
Vi1 =21l + Z1al2 (©)
V2=Zo1l1 + Zal> 4

Comparing the equation (1) & (3), (2) & (4)
Z11 = 6Q, Z12=4Q

71 =40 ,Z2=7Q

l1=y11V1 + y12V2 (5)

l2 =y21V1 + y22\V> .(6)

From equation (2)

_V-4n
7

_ Vo—414
Vi= 611 + 4 (—7 )
V1=6|1+§V2- %h

4., _ (42-16
Iy - ;Vz—( )|

7

Vi-(3) Vo= ()= 2 1

7 4
i = gvl - %VZ (7)
Comparing the equation 5 and 7

I

.4
1
VY
NE
N——
=

From equation (1)
Vi—4,

6

Vi—4l,

Vs = 4(7) + 71



4 16
V> =2 V1 - ?|2+7|2

16 4
7l - ?|2:- EV2+V2

|2(42;16) - %Vl + V2
|22‘j6 =- %V1 +V2
4 6
I, =- %V1+ £V2 (8)
Comparing 6 and 8

Yo1 = _4/26 y Y22 = 6/26




