TWO PORT
NETWORKS




A pair of terminals at which a signal may enter (or) leave a network is called a port, and a
network having only one such pair of terminals 1s called a one-port network (or) simply a one-
port. Now connections may be made to any other nodes interval to the one-port, and it is there
fore evident that ‘i;” must be equal to ‘i’ in the one port network shown in figure. When more
than on pair of terminals 1s present, the network 1s known as a multi-port network.

In this case 1; = 1 and 1, = 1.

A two-port network 1s a special case of multi-port network. Each port consists of two
terminals, one for enfry and other for exit. From the definition of a pot, the current at entry 1s
equal to that at the exit terminal of a port.

Examples:- Transforms, Power Transmission lines, Bridge circuits, Filters etc.,




Let us consider a network having six terminals to which extemal connections can be

Fig. Six — Terminal network
The special methods of analysis which have been developed for two-port networks, the
current and voltage relationships at the terminals of the networks and existing at the specific
nature of the currents & voltage within the networks.




RELATIONSHIP OF TWO-PORT VARIABLES

In the two-port network as shown in figure.

HT

114

Fig. Two-port network

Here four variables i.e., two voltages and two currents. There are other voltages and
currents that are present inside the box. The box enclosing the network has the function of
indicating that other voltages and currents are not available for measurement (or) are not
important. We assume that the variables are transform quantities and use ‘V;” and ‘I;" as
variables at the input i.e., port 1, and V; and I; as the variables at output port 2. Now only two of
the four variables are independent, and the specification of any two of them determines the
remaining two. For example, if V; and V; are specified. the I; and I; are determined. The
dependence of two of the four variables on the other two is described in a number of ways,
depending on which of the variables are choosen to be the independent variables.




NAME

FUNCTION

EXPRESS

INTERMS OF

EQUATION

OPEN CIRCUIT
IMPEDANCE
[Z-PARAMETERS]

Vi, V2

I, L

Vi=ZnhitZnh
Vo=ZnhitZnl

SHORT CIRCUIT
ADMITTANCE
[Y-PARAMETERS]

I L

V1.V

L=YuVitYpV,
L=YyVitYpV;

TRANSMISSION
[ABCD-PARAMETERS]

Vi. ]y

Vo, I

Vl = AV; — BI_:;
Il = CV} - DI_:g

INVERSE TRANSMISSION
[AIBIC!D!-PARAMETERS]

Vo, I

Vi. ]y

VEZAIVI—BIL
IfCWl -Dlll

HYBRID
h-PARAMETERS|

Vi, I

11,V,

Vi=hp L +hp V)
L=hy ) +hpV,

INVERSE HYBRID
g-PARAMETERS

I, Vs,

Vi,

L=aguVitanh
Vo=gn Vitanh




OPEN CITRCUIT IMPEDANCE — PARAMETERS (OR) Z-PARAMETERS
(V1. Vo) = f1;. I2) Vi=Z1 ) v 221 —_—» (1)
Va2=Zx» 11 +Zx 1> . 2)
Putting in matrix form.
[Vl] :|:le ZIZ:”:Il:l
V2 ZZI Zn IZ

Determination of Z-parameters:

I_;_{:D I ]_:0

.2
TWO-PORT | n L ‘I|: TWO-PORT
Vo Wy

NETWORE NETWOREL
Ly & Foy Zir S Fan

Fig (a) Fig (b)

Mathematically,

— » Input dnving point impedance with out put port open circuited.

I, |I,=0

— » Reverse transfer function impedance with input port open circuited.

——» Forwarded transfer function impedance with put port open circuited.

—— Output driving point impedance with input port open circuited.




The Z-parameters equivalent circuit corresponding to equations (1) & (2) is shown in
figure (c). The voltage sources Vi = Zj2 Iz & V3 = Z1 I; are called current controlled voltage
sources [CCWVS] as their voltages are dependent on current I; and I; respectivelw.

I I

+1.e—— Zn Zyy |—e—w 24

V) Z1215 @) C_I_ ZnIy Va2

- 11 J ‘11-

Fig (c) ; Two Generator Equivalent circuit using £-parameters

Writing equation as

Vi1i=(Zn —Z1) 1 + Z1z (1 —Iz) = (3)
Vi=(Zn-—-Zp)h+(Exn—-Zp)h+Zp T +12) —— (4)

]]_ IE .
S o

In-Zyz Zn-Z1 (Z£21-Z12)1

Fig_ (d) : One Generator equivalent circuit




SHORT — CTRCUIT ADMITTANCE — PARAMETERS (OR) Y-PARAMETERS
(I;. I) = ATV 1. V2) L= Y 1 Vi+ Y2V —m—» (1)
L=Y21 V1 +Y»nV, ——MmM» 2)
Putting in matrix form,
|:II:| _ [Yu Yu][Vl]
I:‘, 1’;.‘,1 Y:‘,:‘, VI‘,

Determination of Y-parameters:

I

Lox TWO-PORT | . TWO-PORT

~ NETWORK NETWOREK
1

Yy & Yo Yo & Yoz
11 d

Fig (a) Fig (b)
M athematicallwy,

I
1'7112—1

- . —  » Input dnving point admittance with out put port short-circuited.
2 prmm—

- o —  » Reverse transfer admittance with input port short-circuited.
1 pm—

——» Forwarded transfer admittance with out put port short-circuited.

¥, =0

- - —  » Output driving point admittance with input port short-circuited.
l m—

NOTE: [Short circuit admittance matrix] = [Open circuit impedance matrix] -1

And Y, izi ie., ¥, ?&ZI ¥, = ! efc.,

i 11 12




The Y -parameters equivalent circuit corresponding to equations (1) & (2) is shown in
figure (c). The current sources Iy = Y12 V2 & [z = Y1 V1 are called wvoltage controlled current
sources [V CCS] as the wvalues of their currents are dependent on voltages V) and V3 respectivelvw.

Fig (c) : Two Generator Equivalent circuit using Y -parameters

IL1I=(Yu+¥Y12)V1-Yr (V1 —-V2) > (3)
L=(Ya-—-Y1i2 )Vi+ Y+t Y1) V2- Y2 (V2—-V1) ———» (4)

From which the following equivalent circuit is obtain as shown in figure (d)

-Y12 . 2

= -

lfY 21-¥ 12V

Fig_ (d) : One Generator equivalent circuit




HYBRID —- PARAMETERS (OR) h -PARAMETERS

The hybrid parameters are wide usage in electronic circuits, especially in constructing
models for transistors. In this case, voltage of the input port and the current of the output port
are expressed in terms of the current of the input port and the voltage of the output port. The
parameters are dimensionally mixed and due to this reason, these parameters are called as
“Hybrid Parameters”.

(V1. L) =f1;, V1) Vi=hyLi+hpVy, —— (1)

L=hyL3i+hnV, —— (2)

Putting in matrix form,

ARt

TWO-PORT . TWO-PORT
NETWORK B NETWORK
hy; & hy hy; & hy




Mathematically,

4

[ — » Input impedance with the out put port short-circuited.
1|%2 =

hy, =

o — » Reverse voltage with the input port open circuited.
1 —

S — » Forward current gain with the out put port short-circuited.
2 —

— » Output admittance with the input port open circuited.

The h-parameters equivalent circuit corresponding to equations (1) & (2) is shown in
figure (c). Where V; = h;; V, & I, = hy; I; are voltage controlled voltage sources [VCVS] and
currents controlled current source [CCCS] respectively.

Fig (c) ; h-parameters equivalent network




INVERSE - HYBRID - PARAMETERS (OR) g -PARAMETERS

The hybrid parameters and inverse hybrid parameters are dual of each other like Z and Y-
parameters.

[g] =[h]
1, Vo)) =fV.L) L=gnVitgpnlh ———»

Vo=gn Vitgnlh, ——m

Determination of g-parameters:

Igzﬂ 9

TWO-PORT ' TWO-PORT
NETWORK NETWORK

g & gn gnn& gn

Fig (a) Fig (b)




Mathematically,

_ I
En V|1, =

I, =

En =

£
1,

I—’lz

7 =0

0 —— Input admittance with out put port open circuited.

——» Reverse current gain with input port short-circuited.

R Forward voltage with out put port open circuited.

e Qutput impedance with input port short-circuited.

The g-parameters equivalent circuit comresponding to equations (1) & (2) is shown in
figure (c). Where I1 = g1z I & V2= g1 Vi are current controlled current sources [CCCS] and
Voltage controlled voltage source [VCVS] respectively.

1.

I
1—-‘-‘-

l gi2l>

Fig (c) : Equivalent circuit of g-parameters



TRANSMISSION [T] (OR) CHAIN (OR) ABCD-PARAMETERS (OR) GENERAL
CIRCUIT PARAMETERS:

The transmission ‘T’ (or) Chain (or) ABCD — Parameters can be expressed as
Vi, I)=f[V ) Vi=AV2 -BDL — (1)

I,=CV; -DL, — 2
Putting in matrix form,

e 2]

Determination of ABCD (or) T-parameters:

I,=0

TWO-PORT —‘—T
V

]

2

.2 .2

NETWORK )
A&C :

F'2=ﬂ

]1 'IE
1,
] ]
V1 v
11 li l
2

1 1

Fig (a) Fig (b)

In order to determine the T-Parameters, open and short the circuit output port [receiving
end] and applied some voltage "V to input port [sending end] as shown in figure (a) & (b) to
obtain A_C and B.D respectivelv.




Mathematicallv,

—— Reverse voltage ratio with the receiving end open circuited.

1,=0

——» Reverse transfer impedance with the receiving end short-circuited.

——» Reverse transfer admittance with the receiving end open circuited.

I,=0

Il
LV, =0

ﬂ_

—» Rewverse current ratio with the receiving end short-circuited.

NOTE: For passive network the all the four T-parameters are positive, since I; is itself negative
(or) — Iz is positive.




INVERSE TRANSMISSION (OR) INVERSE ABCD (OR) T! - PARAMETERS:
T!- parameters can be expressed as output variables in terms of input port variablesi e
(V2. I)=fV..I)) V=AWV, -B'; —» (1)

L=CW,-DI, — (2

Putting in matrix form,

aHE B

The equivalent circuit of a two port network is also not possible in terms of T' —
Parameters.

Determination of T!-parameters:

1,=0




Mathematically,

P —» Forwarded voltage ratio with sending end open circuited.
1 =

” ﬂ;p Forward transfer impedance with sending end short-circuited.

— » Forward transfer admittance with sending end open circuited.

D'= I—jr . ﬂ—h Forwarded current ratio with sending end short-circuited.
~I, |V, =

NOTE: - For passive network in the case also all the four T!-parameters are positive, as I; is
itself negative (or) — I 1s positive.




INTER RELATION SHIPS BETWEEN PARAMETERS SETS

If we want to express “o’-parameters in terms of ‘B’-parameters, we have to write ‘B’-

parameters equations & then the algebraic manipulation, rewrite the equations as needed for “o’-
parameters.

Z-PARAMETERS IN TERMS OF OTHER PARAMETERS

Z-parameters in terms of Y-parameters
We know that Y-parameters as
L=YuVi+YpV, — (1)

L=YuVi+Y¥npV; — (2)
Putting in matrix form,

Ll _(fu Tnfh
Il YZI Fﬂ Vl
AR
— =
Vl Yll Yﬂ Il
~[Z21=[¥]1"

-1
ie {le Zu] :[Fu Yu] :i{ Yy _Yu]
Zy Zy Y, I AY | -Y, T

Where AY=Y11 Yo — Y12 Y

-7¥. ¥,
Z, =—2- 7z =11
21 ﬁ}r >3 M




Z-parameters in terms of T-parameters
We know that T-parameters as
Vl = Wﬁwyw B Ig

11: CVZ -DI;
o
C

2

From equation (2), 7, = IEI +

D l

Ly =

) C pi| C
Substituting V; m equation (1)

I
ﬂ:Ai+91,ﬂg:fL+
¢ C C

Put AT=AD-BC

A, AT
VIZEII"'EII

Z-parameters in terms of T-parameters
We know that Tl-parameters as

VEZALV] - Blll EE—

L= ClV, -DIy

Substituting V; i equation (1)
+fﬁ

V=4 =1 +—=1I a I,

D 1_}_thumkﬂwﬂ !

Put AT! = AIDLBIC!




Z-parameters in terms of h-parameters Z-parameters in terms of g-parameters
We know that h-parameters as We know that g-parameters as
Vi=huLi+hpV, ——

L=hyly ThpV, —— L=gunVitgnh ——

- Vo=g1 Vi +onl, —»
From equation (2) we have 27BN BN

V. —I_l_@f __hmf n 1 b From equation (1) we have
B 17 1 2

hyy Iy hyy iy Vl:ir_l_@jl
En  &n

. P
..le— }lQl s Zn—hn .Z _i- Z __gll
Ly = L=
En &1
Substituting V4 in equation (2)

1
vy :gzl{_l_@jrz]*‘gu I, :@Il + 28

Substituting V5 in equation (1)

4 :]"11}1"“”‘u[_}:l21 1)+ : ]:ﬁhfl"'hu I

hy |y, h,, 2 Put Ag=gi1 80— 812 811

_&n Ag
Put Ah =hy; hyy —hpp hy vy = 2, I+ g_u I
by
Z Zzl — gZI : 222 — Ag

gll gll

gn Eu gn g




Y-PARAMETERS IN TERMS OF OTHER PARAMETERS

Y-parameters in terms of Z-parameters
We know that Z-parameters as
Vi=Zyhi+Zp, — (1)

Vi=Zpyh+inl
Putting in matrix, we have

le le

_Z 21 2

le 2

_le 22

A

i.ﬂ. |:Yll 1711:|:|:le le:|_1
7 Yll FIE le ZH
Where,&ZZZHZH—ZIEZgl

Z _le.

S———r ¢

AZT R AZ




Y-parameters in terms of T-parameters
We know that T-parameters as

Vf% BI;

IFCVQ-DIE
From equation (1), we have
ALY
B B B B
-1 4
L =— 1, ==
pi| B Y B
Substituting I in equation (2)
fFCVz‘DFVﬁéVz} D -
BB

Put AT =AD-BC
D AT
IIZEVI_EVE

=

Y-parameters in terms of T'-parameters
We know that the T-parameters as

Vg:AIV] - Bl 11

I_g: CIV] -D'1 11
From equation (1), we have

4 -1
Iy :?; b v
Substituting I; 1n equation (2)

_ il |
j'l_ch—DhV—E
Put AT! = AIDLBIC!

AT D
IEZTVI-I-?VI
oA D
AT Ry

Bl

4 Vl}: (4D -BC')

v+

Dl

Bl

4




Y-parameters in terms of h-parameters
We know that h-parameters as
Vi=hy i thpVy —
h=hylj thyV; ——

From equation (1), we have
P by
Ty hu
1 -
e
hll hll

Substitutmg [; 1 equation (2)

el K @V}Jrhmy_hﬁlh(huh huhm)

1 1

Put Ah=hy; hyy -hyp by

1

h
I,= 1‘V+MV

hy oy
Ah

h
Fy== y=—
by Ty

Y-parameters in terms of g-parameters
We know that g-parameters as

=guVitenh
Visgu Vit —

From equation (2) we have

- V.
Il :ﬁVl -|-_:l

& &n
&n &n
Substituting I, n equation (1)

Loy =

I=g, V+£'1{ & V+£} (8’11 §n~ 5’115’:11)V i) 7,

& &
Put Ag=g11 81— 21 &1
I Ag V o gll V
gn gll

Yn:ﬁ; Yu:@

g1 &n

&

&




T-PARAMETERS IN TERMS OF OTHER PARAMETERS

-parameters in terms of Z-parameters
e know that Z-parameters as
Vi=Zuyhi+Zplh

Vo=dnlh TL4nl
From Equation (2). we have
VvV, Z
1, = ) 2

Zy Ly
1 Z

. C=—; D=
le le

Substituting I; in equation (1)

le le

VIZZII|:

2
= AVE _gfl
le le

Where AZ = le Zﬂ—zlg Zgl
Ly AL

nA=ZL. p=—2
le le




T-parameters in terms of Y-parameters T-parameters in terms of T-parameters
We know that the T'-parameters as

We know that Y-parameters as V,=AlV, - Bl
[=YuVitYpV, —— L= ClV, “DI,
Putting in matrix form,
L=YyVi+YpV, — 7, |4 B Vl}
-1

From Equation (2), we have L [¢ p

Vi=—=V,+—1, Rewriting the above equation,

¥y Iy RA _ 4 -B
e SO -L] |-¢" D

i

Il
oA b=
¥y Yy . {

V| | 4 -B'|
Substituting V1 in equation (1)

LM
4 B[4 -8]" 1[D B
1.e. = S
Where AT! = AIDLBI(!
| | 1
D g B C

I =Y, e vy + : 171] +1, 0,
r, Y,

AT T ATV T ATV

Where AY = Yll Ygg — Ylg Ygl

we=A pTh

Y, b, NOTE: -[T)=[T']"




T-parameters in terms of h-parameters T-parameters in terms of g-parameters
We know that h-parameters as We know that g-parameters as

Vi=hy L +hpVy ——
L=hyl; thy 'V,

From equation (2), we have Vo=gy Vy +gnl, ————>
From equation (2) we have

L=gnVi+tgplh, ——m

v, &g
v, :_1__11;1
£

A=—: p=52

Substituting I; in equation (1) Suhstimtgi;ilg —_— aﬁiatinn M
1

V, &g
I, :gu{_l__ufz] +gnl,
. hl gn E&xu
—A 1
=—V,+211I, _Euy 28,
hﬁl hﬁl & i
Put Ah=hy; hy —hyp hyg Put Ag=g11 20— 812 811
@' D:ﬂg

& En

_}Z” V, + : fl}mlm

1 1

C=




TL-PARAMETERS IN TERMS OF OTHER PARAMETERS

Tl-parameters in terms of Z-parameters
We known, that the Z-parameters as
Vi=ZnynLi 2121
Vo=Zo ) X 21>
From Equation (1), we have

V. Z.
I, =1 Zug
le zll
ol = 1 Dlzzll
zll le
Substituting I, in equation (2)

V, =Zy I, +zﬂ[ " Zu Il]
zll le

Z
_Zn, Az,
le le
Where AZ = Z11 Zor— Zo1 Z12
e ) NS
Zis Z

'_A]': B]':




Lparameters in terms of Y-parameters
¢ known, the Y-parameters as
[=YuVitYpV, ——
L=YuVitYpV, —
From Equation (1), we have

Vl — I Fll V — - Jlr1
h, §, I
. Al :__Yll. B =
4
Putting V; 1n equation (2)

L =Y,V +Yn[_}ql V+ 4 ]
r, I

Where AY = Yll Ygg - Ylg Ygl
Cl :ﬁj Dl :ﬁ
Iy Iy

Tl-parameters in terms of T-parameters
We know that the T-parameters as
Vl = MM B I_:;
[=CV,-D],
Putting in matrix form,

e L

Rewriting the above equation,

KNl
~[i]Le ) )

A/EEI

L[4 B[4 -B]7_1
et ptl |-C D AT|C

Where AT = AD-BC
.-.AI:E; B=—":(C'=—:D
AT AT AT

NOTE: -.[T1=[1]”




Tl-parameters in terms of g-parameters

Tl-parameters in terms of h-parameters
We know that g-parameters as

We know that h-parameters as
Vi=hy L1 +thpV, ——
L=hyl; +hpV, ———> L=guVitgnh ——

From equation (1), we have Vo=gu Vit enlh ——mM

4
V, = mf

From equation (1), we have

=
hy  hy I _
11:_1_@;!1: g"Vl+ifl
En &n En En
Crl — - gll : Dl _]'
En En
Putting I, in equation (2)

—g 1
I, =hy I, +hy| — 4 h” szgzll]l"'gn[ HVI-I__II:|
h, hu g1 &n

Putting V, in equation (2)

_fw g, AR, _%?+ I,

h, : h, ! &1 &n
Put Ah =h;; hy, —hyp hyg Put Ag= g1 22— 812 811
hﬂ_ Dl—ﬁh _'_Alz_ﬂg' B].:_gﬂ

)

L (T=2 =—
h, i h, 4] 4]




h-.PARAMETERS IN TERMS OF OTHER PARAMETERS

h-parameters in terms of Z-parameters
We know that Z-parameters as
Vi=ZyaL v 2 1n
Vo=ZFon ) + 721>

From Equation (2), we have

7. — Vs, _le Ilz—zll I, + v,
£y Ly

., =

Put I in equation (1)

1
£y

Vl :lefl "‘E“'11|:_Z:E’1 Il + Vl ]
Zﬂ le

£

Zﬂ 22

AL =711 L — 12 L

v,




h-parameters in terms of Y-parameters
We know, Y-parameters as

h-parameters in terms of T-parameters
We know that the T-parameters as
L=YuVi+tYnV, — (1)
Vl = AVZ -B Ig
L=Yu V7YV, — (2)
From Equation (1), we have L=CV,-D, ——
V, = 4L h v, From equation (2), we have
h kL
-1
hy=—: hy
by

Put V; in equation (2)
1 :Yzllf_l_iyz] +h 7

n Iy Put I, m equation (1)

Y, AY I -
= bt lq:AVl—BBH%VE}:%m%VE

1 1

CAY=YnYn-Yn Yy “AT=4AD-BC




h-parameters in terms of g-parameters
We know that the g-parameters as
L=aVitgp, — ()
Virg Vit — ()
Putting in matrix, we have

h-parameters in terms of T'-parameters
We know that the T!-parameters as

Vg:m BIIL —

L= ClV, -DH;

From equation (1), we have
| |
:E{.B_]l :B_I .|.lV

Vl All 15!12

Put V; m equation (2)
B

; -AT . (!
R 7

I,=C' 4 }—D‘Il :del v,

AT = 4'D =B

_§11 @’11_
1 &y &n

_ _5'11 E’u_
[ &n &n)

-[H=[gl"

16

AZ= g - e

:
m

- 4
Fﬂ hu}: &1l gu} :l{ & ‘@’u}
’ by hy & &n] N8 &

RTINS

Ag

A~ :

14 Ag Ag




g-PARAMETERS IN TERMS OF OTHER PARAMETERS

g-parameters in terms of Z-parameters
We know, Z-parameters as
Vi=ZnLi +Z2 1z
Vo=Zn ) ¥ 721
From Equation (1), we have

V; Z
I, = | N 1,
Ly Ly

1 — Lq

- 8 = L
VAT AR

Substituting [; in equation (2)
V. Z
Zy Ly

oA
£y, £y,

AL =711 Loy — L2 £y




g-parameters in terms of Y-parameters g-parameters in terms of T-parameters
We know, Y-parameters as We know that the T-parameters as

L=YuVi+YpV, —— (1)

Vi=AV, -B])
L=YuV, 7 YoV, — (2 _
From Equation (2), we have L= CY,-Dh

T Y From equation (1), we have
v,=2-4y, ——iVl+ifl /B

n n V——-I- 5
1 o
. _1- =
Put V; in equation (1) --5’11‘15 gﬂ_i
Y. 1
L=YyV+0,| -2V +—I
1 =" 1{ Y, 1 T, 1] Put Vgi]lﬁ[]llﬂ'[iﬂll (2)
AY e i
=—V+21, I =C +BI -DI, —EV ﬂ—TI
Y, | T, 4 4 44
TAY=Y 1 Yn-Yin Yy AT =AD-BC

' _ﬂY_ _Yu Vg —g' g —iT
- 8n Yn: ) Y, - Bl A! ) 1




g-parameters in terms of T'-parameters
We know that the T!-parameters as

Y;FAW] - Blll EE— (])

I_:g - CWl -DI Il — (2)
From equation (2), we have
I = g11 1= I_ll
D D
C' -1

S 8 :E; g :E

PutI; m equation (1)

1 . 1
Vlz,et‘Vl—Bllc V+I1]:MV1+B I

Dl Dl Dl Dl 2
‘AT = A'D' - B'(*
AT! B!

. &y :FQ En :E

g-parameters in terms of h-parameters
We know that the h-parameters as

Vi=hyLi+hpVy ——
I_g = hgl nr hﬂ Vg e
Putting 1 in matrix, we have

[hu hy |
oy |

[y by
i hll Iy |
[gl [

5’11]:[}‘11 hu]_l_i[hm _hu]
&n| M My An|—hy By

ie. [gu
&

" Ah=hy; hyy - hyphy

_11: gll _hu ? gl] A gﬂ hll

STy, Ah ah Al




Parameters




INTER CONNECTION OF TWO-PORT NETWORKS

Two-port networks mav be inter connected in various configurations, such as series,
parallel, cascade, series-parallel and parallel-series connection, resulting in new two port
networks. For each configuration certain set of parameters mav be more useful than others to
describe the networl.

SERIES —CONNECTION

Fiz, Series — Connection of Two Two — Port Networks

Figure shows a series-connection of two two-port networks MNy; and N, with open circuit

immpedance (or) Z-parameters Z,; and £, respectively.
1.e., for network N,




similarly, for network Ng.
[rf} ) [z z} [r]
p'.’.‘.'.- Ei]b Eﬂb If.‘.'.-

Then, their series connection requires that
hi=ha=Ihy DL=ha=hy Vi=Via+ Vi V2=V +Vy

V1 =Via+ Vip =(L11a 1a + £12a2 I2a) + (L1160 Iip + L1726 Im)
=L+ Z1p) 1 + (L12a + Z1) 12
e L=lha=ln&hh=hi=1In
Similarly

V1=V + Vo =(a1a Lna + L334 I30) + (L1 Inp + L2306 Im)
= {Za1a+ Zo1p) I1 + (L22a + Zomp) 2

L=lha=ha & Lh=lu=Ix

S50, 1n matrix form the Z-parameters of the series-connected combined network can be written as

[F:} _ [En Zy } |:I]:|
IF: E:] Eﬂ I:
Where Ell = E]_]_a + Ellh
Ziz=FAipa+ L
L1 = Za1a+ Lap
Lz = Lyra + Lo
[or] [£]=[£d + [l

This result may be generalized for any number of two-port networks connected 1n series. “The
overall Z-parameter matrix for series connected two-port networks 15 simply the sum of Z-
parameter matrices of each individual two-port network conmected in series”™. The series
connection 1s also called series-series connection.




PARALLEL — CONNECTION

Fig Parallel Connection of Two Two — Port Networks

Figure shows a parallel-connection of two two-port networks MN; and N with short-
circuited admittance (or) Y-parameters Y ; and Y, respectively.

for network M.,

(I [P ®
L] [P Fa
network Mg,
[ Fa| [Wa
| To | [ Foe Fros | | Fas

1=

Then, their parallel connection requires that
V1 =Via= Vi I =Ta=Lip: Va=Waa= Vo =1+ I

I =T+ L =(Y11a Via + Y12a Vau) + (Y116 Ve + Y13 Vo)
= (Y11a+ Y11p) V1i+ (Y122 + Y12p) V2
" Vi=Via=¥un & Vo=V =Vy




Similarly
Iz = b+ Im = (Y212 Via + Y222 Vag) + (Y2 Vin + Y2 Vi)
= {:Ylla + Tzlb} Vi+ (Yot Yﬂb} Va
=Via=Ni.& V2= =V

S0, m matnx forn the Y-parameters of the parallel-connected combmed network can be wntten as

[L} _[}’n }’1:} [E}

L] |¥n Y]V

Where Tll = Tl la +-T1 1b
Y=Y+ Yin
Y21 =Yaa+ Yo
Tﬂ = Tﬂa + Tm

[or]  [Y]=[Ya] +[Ys]

This result may be generalized for any number of two-port networks connected in
parallel.

“The overall Y-parameter matrix for parallel connected two-port networks 15 sumply the
sum of Y-parameter matrices of each individual two-port network connected in parallel”. The
parallel connection is also called parallel-parallel connection.




CASCADE-CONNECTION

The sumplest possible inter connection of two-port network 1s cascade (or) Tandem-
connection. Two Two port networks are said the connected in cascade if the output port of the
first becomes the input port of the second as shown 1n figure.

Network (Ng)

Fig Cascade Connection of Two two port networks

FOR T-PARAMETERS

Similarly, for network Ny,

.| _[4. B [Va
Il‘.’- E-.'.'- D_._,‘ _I:._,‘

Then, their cascade connection requires that
I, =Via -I2a = Iin: In=1Iz
V1=V Vaa= Vin: Vo= V2




R ..
o Dj [—IJ
.

Eir

174 B Vo |
Ea- Da- _I:a-_

A4, B, I,
= Ea- Da- _I:_

S0, 1 matrix form the T-parameters of the cascade connected combined network can be written

(4 B[V,
c D||-1,

4 B] [A B.|[4 B
¢ D| |c., D ||c, D,
[T]1 = [Ta] [Te]

In the equation form
A=A A B, G
B=A.By+B.In
C=Ci A+ D, G,
D=CiBp+DysI»

This result mav be generalized for any number of two-port networks connected in
cascade.
“The overall T-parameter matrix for cascade connected two-port networks 1s simply the
matrix product of the T-parameter matrices of each individual two-port network 1n cascade™.

:| Vo =V — Iy, =1y

a5




FOR TI-PARAMETERS

Two-Port
MNetwork (M)

o o]l

Similarly, for network M.
!}an-] _ Aa-] Ba-] !'—"?:Ia-:I
I:a-] Ea-] Da-] _"Er]a-:I

Then, their cascade connection requires that
I =Tha': N (U EE O
V1=V : Vas =Vi': WVa=Va'

Bb] } [ !}:';I:] }
1 1
& - I]-:




1

A" B'l|4' B'|[F

ool e F]=F:|=]§ Iy =1,
c, D, ||Cc D ||-I
So, in matrix form the T!-parameters of the cascade connected combined network can be written

ds
7] |4 B[R
I: - c] D] _I]

Whete

A4 B'| |4 B'||4 B,
¢ p'| |¢ b'|lc! D'

(@ [T]=[T][T']
(or)  In the equation form
Al= Al AL+ Byl G
Bl = A,! Bl + B,! D!
Cl=Cpl Al + Dyl G
D! =Gyl B,! + Dy D!
This result may be generalized for any number of two-port networks connected in
cascade.
“The overall T!-parameter matrix for cascade connected two-port networks is simply the
matrix product of the T!-parameter matrices of each individual two-port networks in cascade™




SERIES PARALLEL - CONNECTION

Fig Series — Parallel Connection of Two Two — Port Networks

Two two-ports are connected 1n series while the output ports are connected in parallel as
shown 1n figure. Then, the connections require that

Vi1=WVia+ Vin: IL=Tha=ILIn:
V2= Vaa=¥on.. I =Tan + Iy :
For network, Na

AR
L] [ e

Similarly, for network N,
h] 1& H]f.‘.b
| s P

IIs |




N Fis _ My, +hy Ry, Ry ||
I, My + g Ay, +hy || T
" =l =l & V2=Viu=Vy

S0, 1n matrix form the h-parameters of the series-parallel-connection can be written as

V) _ My Ry ||
I fy R || T
Where hy; =hyja +hy

hiz =hyjz +

h3; =hy1a + b
hy; = haaa + ham

[or]  [b] = [ha] + [Bs]

This result may be generalized for any number of two-port networks connected in series-
parallel.

“The overall h-parameters matrix for series-parallel-connected two-port networks is
simply the sum of h-parameter matrices of each mdividual two-port network connected in series-
parallel”.




PARAILIFEFEL SERIES CONNECTION

Figure shows a parallel-series-connection of two two-port networks Ny and N with g-
parameters g, and gy, respectively. In this case input ports are connected in parallel while the
output ports are connected 1n series. Then the connection requires that,

V1 =Via=¥in.: Ij =ILa+ L :

Fig. Parallel-Senes Connection of Two Two — Port Networks

For network, Na

I _g]].z Eiz.
e
Similarly, for




:| +|:I]b:| _ |:g1]= T8 Enize T B
2a Vs En. T B2 1. T Ens
Vi=Vi=¥un&bh=Iha=Ix

50, in matrix form the g-parameters of the parallel-series-connection network can be written as

|:I1j|=|:.§':|:| g]:j||:F:|j|
4 En En|ll:

Where g11 = 8112 + 111
£12 = 812a + 12b
821 = 821a + 21b
822 = 8222 ¥ S
[or]  [2] = [2a] + [Z]

This result may be generalized for any number of two-port networks connected in
parallel- series.

“The owverall g-parameters matnx for parallel-series connected two-port networks is
simply the s of g-parameter matrices of each mdividual two-port network connected in
parallel- series™

Inter Connection Individual Parameters Matrix Overall Parameter matrix

Series-Series [Za]. [£] [£] = [£a] + [£a]
Parallel-Parallel [Yal. [Xs] [Y] = [Xa] +[Xs]
Cascade (or) Tandem [T] [Tal. [Ts] [T] =[T4] * [Ts]
[T!] : [T1] = [T%] * [T%]
Series-Parallel [h] = [ha] + [By]
Parallel-Series [2] = [2a] + [2x]







