TWOPORT NETWORK FUNCTION AND RESPONCES
INTRODUCTION

A network having two end ports i1s known as a two portnetwork. The ports may supply or
consume electrical power. A complex network can be represented as a two port network

constitutes two stations and a black box in between the station as below.

L, B\MJK Va_

Box.
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The study of the above network becomes complicated as the network present inside the
black box 1s known so far the techniques has been developed , the two port networks are
analyzed by using different parameters.

One can imagine the network inside the black box may be impedances or
admittances connected in series or parallel randomly. Now applying KVL and KCL we can
define the equations

As
Vi=Zulh+Zih
Vo =7\ +Zxl

Or

=Y VitY Vs

L+Y2 Vi+Yn Vs
2 .22, 2y, & Zyy--—>7Z- Parameters
Yiu.Ye. Yu.& Yan--=2Y-Parameters
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IMPEDANCE PARAMETERS:

Impedance and admittance parameters are commonly used in the synthesisof filters. They are
also useful in the design and analysis of impedance-matching networks and power distribution
networks.

A two-port network may be voltage-drivenorcurrent-driven as shown in Fig.
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network network
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The terminal voltages can be related to the terminal currents as.

Vi=Zuli+ Z1alh
Vo=2Zyli+ Znly

or in matrix form as,
[{"s] = Zl: ZLIII;:.] 1ZI Iﬂ]
}3 ZZ:. Z 2zlbald= Iz
where the z terms are called the impedance parameters, or simply z- parameters, and have units
of ohms.

The values of the parameters can be evaluated by setting I;= 0 (input port open-circuited) or I, =0

(output port open-circuited). Thus,
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Since the z parameters are obtained by open-circuiting the input or outputport, they are also
called the open-circuit impedance parameters.

Specifically,

Z,,= Open-circuit input impedance

Z ,= Open-circuit transfer impedance from port | to port 2

Z,,= Open-circuit transfer impedance from port 2 to port |

Z,,= Open-circuit output impedance

Sometimes Z, and Z,,are called driving-point impedances, while Z,, and Z,, are called

transfer impedances.

ADMITTANCE PARAMETERS:

In general. for a two port network consisting of 2 loops,
L=ynVityn Vs
L=y Vityn Vs

or in matrix form as,
4 r F
b- [ Bl
2 Y2 Y [lVal= 3
Where, the y-terms are called the admittance parameters. or simply y- parameters, and have

units of siemens.
The values of the parameters can be determined by setting V= 0 (input port short-circuited) or

V>= 0 (output port short-circuited). Thus,

I 1,
Now, y,, =—V, =0 y,, ==V, =0
vy
I
11 —_
=Ty,
1
V,=0 Circuit to find Yy, and Y,
I_I
¥ = ‘:1 _
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Since the y parameters are obtained by short-circuiting the input or output port, they are also
called the short-circuit admittance parameters.

Specifically,

y1i= Short-circuit input admittance

y12= Short-circuit transfer admittance from port 2 to port 1

y21= Short-circuit transfer admittance from port | to port 2

y22= Short-circuit output admittance

HYBRID PARAMETERS:
This hybrid parameters is based on making V, and I the dependent variables.
Thus,
Vi=hyl;+hy 'V,
I, =hy I+ hy Vs

or in matrix form as.

4] s ] v )

The h terms are known as the hvbrid parameters (or, simply, h parameters) because they are a
hybrid combination of ratios. They are very useful for describing electronic devices such as
transistors,
The values of the parameters are determined as,
V, =0y = 2|1, =0

V.

| 2

h :ﬂ
1

Iﬂ
h, =—

V, =0 hy, =‘r—21:, =0
2 2=y,
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The parameters hyy, hja, hay, and ha, represent an impedance, a voltage gain, a current gain, and
an admittance respectively. This is why they are called the hybrid parameters.

To be specific,

hy = Short-circuit input impedance

hi>= Open-circuit reverse voltage gain

ha;= Short-circuit forward current gain

h2;= Open-circuit output admittance

The procedure for calculating the / parameters 1s similar to that used for the z or y parameters.
We apply a voltage or current source to the appropriate port, short-circuit or open-circuit the

other port, depending on the parameter of interest, and perform regular circuit analysis.

TRANSMISSION PARAMETERS:

Since there are no restrictions on which terminal voltages and currents should be considered
independent and which should be dependent variables, we expect to be able to generate many

sets of parameters. Another set of parameters relates the variables at the input port to those at the

output port. Thus, I, -1,
— —
o o
=+ -t
Linear
Vi=AV,- Bl b two-port V2
- _
]] = CV:- D]g

or
[i1= & BILz]

1 D ‘[z
The two-port parameters 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 (V; and ;) in terms of the receiving-end variables
(V2 and —1>). For this reason, they are called transmission parameters. They are also known as
ABCD parameters.

The transmission parameters are determined as,
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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

AandDare dimensionless, B is in ohms, and C is in siemens. Since the transmission parameters

provide a direct relationship between mput and output variables, they are very useful in cascaded

networks.

Inter Relationship between parameters:

|. Z-parameters in terms of Y-parameters

(Z1=[YT"

Y‘n _Y-,
w=2Z,=—2z, =—2z =1
AY ~© AY °

Where AY =Y, Y,, -Y,,Y,,

Z

2. Z-parameters in terms of h-parameters

_Ah

1n -

I 2 -
Z,="27, ="z, -
hy, = hy, h,, - hy

VA

Where Ah = hyh,, —h,h,,

3. Z-parameters in terms of ABCD-parameters

Z“:ézp =Mzﬂ1:lzﬁ :2
c - C - C T C
4, Y-parameters in terms of Z-parameters
Zﬂ‘| _Z e _Z‘| Z
YV, =—2Y,=—2Y,=—2Y,=""01
AZ 7 AZ -~ AZ — AZ

Where AZ=2,Z,, -Z,Z,,
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5. Y-parameters in terms of ABCD-parameters
v, =2y, =-AL=BC, _ L1y -4
B - B - B — B

6. h-parameters in terms of Z-parameters

hy, = AZ h, = Z h,, = —Za h,, = !
Z, * 0z, 27, = Z

7. h-parameters in terms of Y-parameters

Y‘; Y‘\ [
hy, :L h,, :_ihn == Zy =£
Y, O Y, Y,

Condition of symmetry:-

A two port network 1s said to be symmetrical if the ports can be interchanged without port

voltages and currents.

[_\_J\"'—'\’.S = 'iq’:bl]g

1).In terms of Z-parameters:-

EVYI s/l 11l2mQ =2y
Vs/hZ|fj]l=0Q =2,

S0.811 =3

2). In terms of Y-parameters:-

Iy =¥ Vs + 1215
Q= 1o 15+ 12515
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Vs ¥a3
1y ¥11¥22 = ¥21Mn2
U=y Wi+ V2l

la= vo,Vy + yogls

Vs Yi1

ls  Y11¥32 =Yayn

£e, ¥11=¥12

3). In terms of ABCD- parameters:-

Ve= Al
I =cVy

(o] =3

then,—= =
. £1

Again,
V,m AV, Bl
0-CV;, - DL

l'l'

Condition of reciprocity:-

A two port network 1s said to be reciprocal, if the rate of excitation to response 1s invariant to an

interchange of the position of the excitation and response in the network. Network containing

resistors, capacitors and inductors are generally reciprocal.

1) Interms of Z- parameters:-

Vi=Z14ds + 2120
Ve m Zogly + 322l
Now. I}= ZJ;I; VB, ZJIII'

C=2:0+ z'.‘zfz‘
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o Vil
2= ZIJZ')') = U322y

Similarly,
V.= 'Z’_‘J; + Zozdg

Tsfis

henca, [, = ZiiZn - Ziilon

Comparing /= and I, we get,
213 =2

2) Interms of Y- parameters:-
Iy =F1 W + Vel

[z=Foali + V22l
So,
Iy = =124 Vs
L =-Y1,Vs
se.Yz, = Vi

3) Interms of ABCD-parameters:-
= Al; = Bl
Iy =CV; - Dig
So, Ve = Blz

—
-

3
11 = DI;

Ig=

Similarly,

0= AV, - Bl

. ) A
—L=cVe—Pla =V = D5
AD - ECV
=>[;= B <
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Se, Lz =1,
= 4D -BC =1

Series Connection:

The fig. shows a series connection of two

two-port networks Na and Nb with open
circuit Z-parameters Za and Zb respectively.

For network Na,

] E.:; “.a ]
-.u
Similarly, for network Nb.
[15] = P um“{ ]
3B Z210 L3k
Then, their series connection requires that

Ly = l3a= ipl: =i3q = I

Vi= Vig+ Viplzs = Vg + Ty

Now,Va = Vig + Vi

= (zim ftﬁ + Zim '{se)*' (Ziabfs.b + zisbfsb)
= Quia+Z.apdiy + @uea + 2145

Similarly, Vs = Vg + Vgs ® @2 + Z29p1 = @ogg + Soapdiz

144
5

T

So. in matrix form the Z-parameters of the series connected combined network can be written as,

bil= iz

Where, 11 = Z13q + J115
213 = J13¢ +J13n
22y = 2240 + 2248
Zos = ZTouu + Z2a8

So, [Z1=1Z4] +[Zs]
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Parallel Connection:

Here,

Vg = Via=Tys

Vg = Vag = T3y

Iy = lLig+ s

= YaaaVau o Vaaa Vaa # Yaaulas + Yol
Ig=lsa+las

. VZ‘:GV:G -+ V”'IGI-'IG + V’.‘sbvzh + v::bvih

I:‘*] TPt |

=[¥] =[Va]l + [Vl

Cascade Connection:

Now,

o Bl o | N

il ol o | W

Then, their cascade connection requires that

Iy = lyg=lzq— iaplsp — I3

Vi= Vagloa = Viplin = 1%
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