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TWO - PORT NETWORKS

A pair of terminals through which a current may enter or leavea
network is known as a port.

Two terminal devices or elements (such as resistors, capacitors,
and inductors) results in one — port network.

Most of the circuits we have dealt with so far are two — terminal
Or one — port circuits.

A two — port network is an electrical network with two separate
ports for input and output.

It has two terminal pairs acting as access points. The current
entering one terminal of a pair leaves the other terminal inthe
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N PORT NETWORK :-

A network having N numbers of ports; is called N
port network.




Two (2) reason why to study two port — network:

» Such networks are useful in communication, control system,
power systems and electronics.

»Knowing the parameters of atwo — port network enables usto
treat it as a “black box” when embedded within a larger
network.

From the network, we can observe that there are 4 variablesthat
Isly, I, Viand V,, which two are independent.

The variousterm that relate these voltages and currentsare
called parameters.




/Z -PARAMETER

Z — parameter also called as impedance parameter and
the unitsis ohm (Q)

| mpedance parameters is commonly used in the synthesis
of filters and also useful in the design and analysis of
Impedance matching networks and power distribution
networks.

The two — port network may be voltage — driven or
current — driven.




Two- port network driven by voltage sour ce.

V, (D Linear network C'D V,

Two- port network driven by current sour ces.

A + + A
Iy <> V, Linear network V, <> P




The “black box” is replace with Z-parameter is as shown
below.

The terminal voltage can be related to the terminal
current as.
V1

=z, +72,1, (1)




In matrix form as:

V. Z, Z, I
The Z-parameter that we want to determine are zy4, Zy, Z51, Zoo.
The value of the parameters can be evaluated by setting:

1. 1,= 0 (input port open — circuited)
2. 1,= 0 (output port open — circuited)




Where;
Thus, Z11 = open — circuit
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EXAMPLE

Find the Z — parameter of the circuit below.

—_— |1 I2 —
+ +
Vi 1000 240Q v,

40Q




SOLUTION

1) 1,=0(open circuit port 2). Redraw thecircuit.

- Iy , Vi—1201, .10 V.= 2401,......(3)
+
+|, 280 120
L =280, ol =22 @
1 2400 > =200 @ f'a= 750" (4)
Vi Iy 120Q Vlsub(y= 2)  [sub@)— (3)
_ 22, =" 2840 ||z, = Y2 =720




11) I, =0 (open circuit port 1). Redraw thecircuit.

P

|n matrix form:

V,= 240I........1()
160

| =—1........ 2

X400 ° @)

sub(1)— (2)

" Z,, =\|/_2 =960

2

V,= 1201, .......(3)
240
e PR C)
sub(4) — (3)
nZ,= \Iﬁ =720

2




Y - PARAMETER

Y — parameter also called admittance parameter and the
unitsissiemens(S).

The “black box” that we want to replace with theY-
parameter is shown below.




The terminal current can be expressed in term of terminal

voltage as:
l1 = YuVit+ YoV (1)
|, = Yo Vit+ YooV 2)

In matrix form: ~ _ —

Il yll y12 Vl
I2 N y21 y22 V2




The y-parameter that we want to determineare Y 11, Y15, Y1, Y 0.
The values of the parameters can be evaluate by setting:

1) ;=0 (input port short —circuited).
11) V,= 0 (output port short —circuited).

Thus;




EXAMPLE

Find the Y — parameter of the circuitshown
below.




SOLUTION

)

V,=0

20Q

| = 2 | ... 2

a o ! (2)
sub (1) > (2)
| 1

Y. =-L_-=-5
v, 4




1, 5Q
15Q
In matrix form;

[v]-

)
| =—1.,....... 4
X 25 2 ()
sub(3) — (4)
L, 4
..Y22_V—2—1—58
V, =-5l,
1
.'.Y12=|—1=——S
V, 5




H - PARAMETER

In these network there are four parameters called the hybrid
parameters or H-parameters, one is measured in terms of ohm,
one in mho and other two are dimension less. Since these
parameters has mixed dimensions, so they are called as hybrid
parameters.

The “black box” that we want to replace with T — parameter isas
shown below.




V1: hlll 1+ h12V2
| ,=hyli+hV,

1

V. _fhs
I lh, ho

h12__ Il—’: [h:l
V2!
V
, hy,==2
Vali 0
I
, hy =2
Vali 0

1

hy, = Short-circuitinput
Impedance
h,, = Open-circuitreverse
_, voltagegain
|V, 'N21 = Short-circuit forward
current gain

hy, = Open-circuit output
admittance
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T (ABCD) PARAMETER

T — parameter or ABCD - parameter is a another set of
parametersrelates the variables at the input port tothose
at the output port.

T — parameter also called transmission parameters because
this parameter are useful in the analysis of transmission
lines because they express sending — end variables (V;
and |,) interms of the recelving — end variables (V,and -

l,).




The “black box” that we want to replace with T — parameter
IS as shown below.




In matrix formis:

V.| JA B[V,

I C D|-1,

The T — parameter that we want determineare A, B, Cand D
where A and D are dimensionless, B isin ohm (Q2) and Cisin
siemens (S).

The values can be evaluated by setting
1) I,= 0 (input port open —circuit)

11) V,= 0 (output port short circuit)




Thus;

B -Y1

c- i O - I_ll
In term of the transr\r/1Fssi 0 parameter, allh K isreciprocal if;

AD -BC=1




EXAMPLE
Find the ABCD - parameter of thecircuit

shown below.
l, 20 4Q l,
+ /\/\/\/ vV V v +

V, 100 v,




SOLUTION V,=10l,

i) 1,=0, VA




i)V, =0, l2=—ﬁ|1
1, 20 4Q |, 5 :_|_1:14
+
l V, =21, +10(,+1,)

Vi 1092 = 4, V, =121, +10I,

- 14
- —= v1:12(—E|2)+10|2
1.2 ©.

IT]= ~B=-Y-6.380

01 14 P




Inverse Transmission Parameter
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The h-parameter (Hybrid
parameter)

H-parameter is the combination of Z and Y parameter defined
by

Vil Tha holl1y
1] [ Vs

orin scalar form

Vl — h]l|1+ h12V2




The h-parameter

The h parameters can found from

_Vp 1 _ 5 _Lply
hy, =— = — =4
2_0

Y11 Z5p

ly




Inverse Hybrid Parameter
(G Parameter)

g-parameter is defined by

['1—|:|_911 glziH:V]_i\
VZJ Lgm O || |2
or in scalar form

l1=011V1+ O12l2




The g parameters can found from

_ i o Yi2Yar_ by
= = Ynn

-0 A1 Yoo Ah




Condition For Reciprocity And Symmetricity:-




Conversion of Two-port
parameters
Two port parameters can be converted to any form as follows

From

|1—|_ yu Yz | Vi _
LZJ _L’ﬂ YZJ[VJ =




Y12

Yoz _

5
L5

Z22

—Z

AZ

AY

2

| AY

AZ

21

—4
AZ

Z, |
AZ

AT

AY
Y |

AY |




Conversion table
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Interconnection Of Two Port
Network

Three ways that two ports are interconnected:

* Parallel /Y __ Y paramelers
S D bk b

Yb

Z parameters
* Series [ :I [Z]= [Za]+ [Zb

ABCD parameters

* Cascade
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