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Iﬂtroduc"on to Four Te’minal N Four Terminal Networks and AttenV
,In the complex COMMunicatiq, ®tworks

stenuators, equalizers gy i SYstems,

. esj
petwork- It is essentia] t, stud ?Se Networ Bher may need 1o use different networks such 2

. . May |,
explains different electria] brone .ferent electricy -
deriving the expressions fo, the sam S of g

e

filters,

inal
¢ realized in the different forms of 2 four terlmrtler
Perties of different types of the network. This c:apf )
elrical ang |, - imple methods 10
; symmetrical networks and simple
o A four terminal networ g 3 Network |,
aVing OnJ

lectri ; : :
, When the electrical Propertieg of t Y one input port (or pair of terminals) and one output port

(minals, the network i € netw , t

te Ork 18 Caued symn‘en.ical Ork are u-“affected even aﬂ:er mte[changu\g mput al\d Ourpu
i hi

, When the electrical Properties of the etwork,

i ) Network : the
petwork is called asymmetricy] network o g; 8et affected after interchanging input and output terminals,
) . SSymmetrica]
, Gince there are two pairs of yor - als network.
: unals, 5 fo . stud
the properties of the Symmetrical ang asymmu:t:r:;mal network is also called two port network. Let us y
Cal networks in detail.

symmetrical Networks

mmetrical netw .
o Any sY frical etwork has two ‘Mportant electrical properti h
1) Characteristic impedance z,) perties such as,

2) Propagation constant (y)
o The two networks having the same electrical properties i.e. characteristic impedance (Z) and propagation
constant (y) are called equivalent networks or identical networks.

|
|
| o Let us study the properties of the symmetrical networks in deail.

| m Characteristic Impedance (Z)

+ Consider that infinite number of identical symmetrical networks are connected in cascade or tandem as Sh.0wn
3 in the Fig. 9.2.1 (a). The input impedance measured at the input terminals of the first network in the chain (?f
| infinite networks will have some finite value which depends on the network composition. This impedance 1s
the important property of a symmetrical network. Thus the characteristic impedance of a smeuical neh:or.k
is the impedance measured at the input terminals of the first network in the chain of infinite networks in

cascade and it is represented by Z,.

P o
'

o o © or—

|
|
Al
| infinity
1
I
|

rst network of chain of infinite network |

‘_i_-,i'
E)
|
i
H
:

I___
[

P —

To
infinity

%
-
[

o o1

\arminals of second network of chain of (nfinits nefworks

;
i
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Fig. 9.3.1 hterative impedances of asymmetrical network
. : ¢ the same value as

terminals of the network when other pair of terminals is terminated In the impedance ol
shown in the Fig. 93.1 (¢) and (d).

-

i . at different

o The iterative impedances for any asvmmetrical network are of different values when mea:;un?d dxﬁeta'l =
ports of the network. The iterative impedances are represented by Zy and Zo respectively at port
port2.

Image Impedances (Z)

« Similar to the iterative impedances, the image impedances are also of different values at

image impedances be denoted by Z; and Z;:. Consider that the asvmmetrical networ

image impedance of port 2 ie. Z; at it's output pair of terminals then the impedance measured at its input

pair of terminals will be image impedance of port 1 ie. Z;. Similarly if port one i3 terminated In the image

impedance of port 1 ie. Z;then the impedance measured at port two_will be the image impedance of port 2
i.e. Z;>. These conditions are illustrated by the Fig. 9.3.2 (a) and (b).

?’ L—'O O O 01——3 )
ESE  [eey , Ayrmeraall 2
i o—to or—2 o—to ot—o

L -
Fig. 9.3.2 Image impedances of asymmetrical network

different ports. Let the
k is terminated with

o When an asymmetrical network is terminated in image impedances at both the ports the network is called
correctly terminated asymmetrical network as shown in the Fig. 933.

+Qr

m
"
AAAA
VWV
&

L1




Vd 0y nd Allenus "

rks
| \mage Transfer Constant (@9 _ Four Terminal Networks 807 7"
iﬁ on AN asymmetrical p,
|V, when Ctwork iy |
| . 9.3.3, then the rati “Minateq in jt - hown N the
Fig: 7 © of Currentg ] will b 4 mage impedances at both the ports a6 ©
* I, " be dife )
! : . _ 2 erent fr , Ey
transfer om the ratio of voltages -
Hence mage constang 0 is Ak E,
efined 44
o< [BL
E1,
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The real part of image transfer constan
image phase constant.

Aﬁer detalIEd d.




Fig. 7.5.6

Network Functions for Two Port Network

e For the two port network, there are two ports. The variables measured R —
at port 1 are vy(t) and i;(t) while the variables measured at port 2 are 1 Port 1 Port 2
va(t) and i(t). This is shown in the Fig. 7.6.1. L W

e The ratio of the variables measured at the same port either port 1 or _’ v, ME‘ Ja |

port 2 defines driving point function. Hence for two port network, we [ 7

can define, S .

Fig. 7.6.1 Variables of two port netw

,_mmwmmm:

This is the ratio _‘d V)(s) and 1,(s) at port 1, denoted as Z,(s) or the ratio of Va(s) to I(s) at port 2, denoted *
Zx(s). Both are driving point impedance functions.




AOYSS
wwod
:: r A T Network Functions
Lyts) = 1< .
| W " Zye) Q'Y%'(?
L—-"-“""—' . e .
2. Driving point admittance functions - -
The reciprocals ot the driving point im
, _ Pedance functions . " |
wire t[‘i‘rf:pecﬁ\epun\ il T den::edu::t;m::, at ;h: two ports give the drnving puint admittance
functi | % % Tit(8) an
':'Yl(s) = oo : “
‘_ 1 ‘ Vi) M Yp(s) = 126) J

Va(s)
% Transfer Functions for Two Port Network
o The function defined as

2(s) at the two ports respectively.

= it

the ratio of Laplace of two v

; : ari ; : i rt while
the- bthier yatiable is e riables such that one variable 15 defined al one po

al sec . :
network as ond port. Accordingly four transfer functions can be defined for two port

1. Voltage ratio transfer function :

is the ratio of Lapla 5 ;
ity vp_ ff_rzafforM»f: oltage at one port to voltage at other port. It 15 denoted as G(s).
G(s) = Va(s) v }
Lo Viis) O Vi |

2. Current ratio transfer function :

It is the ratio of Laplace transforms of current at one port to current at other port. It is denoted as u(s).

= Las) Li(s)
a(s) = ll(S) or lsz)

3. Transfer impedance function :

It is the ratio of Laplace transformers of voltage at one port to current at other port It is denoted as Z5(s) or
22‘(5).

ol }

o - VO o Vi)
‘zm(s) = T , "‘" Zple) = 1)

4. Transfer admittance function :

It is the ratio of Laplace transforms of current at one port to voltage at other port It is denoted as Y;.(s) or
YZ‘(S).

” |
Yals) = \fL| ® and Yuﬁ v, |

—_— l‘ R by -
ot s o e e T
Sahution ; Transforming  given network in s domain, the v, . '
network will be as shown in the Fig. 7.62 (a). : “l‘ ‘ l
To_find voltage ratio transfer function, we will first find ,, -
V: using potential divider rule as follows, \ ‘ _—

: MM'-M'W“-“




Network Functions
/A-—-'st 1o T

poles and Zeros of Networy Function M

; . ) ) s the
o As the network function is the fatio of Laplace transforms of one variable to other, it can be expressed as

ratio of two polynomials in -4 as,

H(S) = ﬂ?l
Q(s)
o The P(s) is the numerator Polynomial in - having say degree ‘m” while Q(s) is the denominator polynomial in
‘s’ having say degree 'n". So Hys) be er expressed as

o There are 'm’ factors of the Numerator and ‘n’ f,

o

B ) sssed in the
ctors of the denominator So H(s) can be expr
factorised form as,

Ho = KCo2)(s-20) o (s-2,)
(=P (s=p2) (s pn)
o where 2,23, LZm are the roots of the

. ; the
polynomial p 3) = 0 while i P2e Pn are the roots of ‘
) P
polynomual Q(s) = a

e The constant K 15 called SYstem gain factor or scale factor.

* The network function is also called a system function or transfer function when it s a ratio of Laplace

transtorm of output variable 0 the Laplace transform of input variable of that system.

Kl Poles

*The values of s ¢ complex frequencies. w

denominator of a system unction are called
* S0 values s = P .

hich make the system function infinite when substituted in the
poles of the system function

Pr are the poles of M(s)

has same value wige

L conjugate values is called a pair of

L : SYslem function o
m&ad\mqmm\halkdm:rismoqmnmm:um

QSovllnus-n..;,, Zg are the zeros of His)

'%nhmmmmhmm.wmumm

COMugatler reros
°hmu,hmdhmmwmmﬁ“wwwuawm function 1o
LY

1W0(s+d
- el = prywe

2 SPO=0 g (14«0 Hamcn 2=~ 41 th o o His
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Network Analysis

While Q(s) =0 gives 5(52 +2s+ 2) = 0. This gives,
s=0, ~1+j, =1-j
e So there are 3 poles. While 10 is the scale factor.

encies. At the poles, the ne .
ero. At all the other frequencies,

t‘WOIk function becomes infinite while at the
« Poles and zeros are the critical frequ the network function has a finjy,
zeros the network function becomes z

non-zero value. . -
. . into account 1n addition to the finite
* For a network function, if poles and zeros at zero and infinity are taken in

of poles.
poles and zeros then the total number of zeros is equal to the total number of p

Singularities
* A complex system function H(s) is said to be analytic in a re
region. The points in s-plane at which the function H(s) is analytic are
function H(s) is not analytic i.e. H(s) and its derivatives are

gion if H(s) and all its derivatives exist in that

called ordinary points.
e There are some points in s-plane at which the
nonexisting. Such points are called singular points or singularities of the function H(s).

e At all the poles, H(s) approaches infinity and is non-existing at the poles. Thus poles of H(S) are the
singularities of the function H(s).
D.C. Gain
o The d.c. has a zero frequency. The H(s) is complex frequency function. The value of H(s) at zero frequency ie.

at s = 0 is called d.c. gain of the system function. When s =0 is substituted in H(s). the resulting value is a
constant, indicating gain at zero frequency.

20(s+ 2
For example, H(s) = (;3_.}:—-:‘);)_
5
Then ats = 0, H(s), ., = mq“;g

¢ Thus 8 is the d.c. gain of the system function H(s).

*As s=join frequency damain, the d.c. gain is also indicated as H(j0). Z(j0) etc. This is because w = 0 for d.
hence s = j0 indicates d.c. condition.

Pole-Zero Plot

Consider a complex plane with x-axis indicating real axis denoted as o axis whi i E
‘ : ‘hile y-axis indicating imaginary ax$

denoted as jo axis. Such a plane is used bhdicau.- values of the variable ‘s’ and hence c;"‘.dg,. 1.:¢ All the

mwmwhkhmwd\hsbu!ﬂ!mof's‘mbeeuﬂyirdiahd'msuchs-plane ’

The piot abtained by locating all the poles and 2eros of the system '

the system function H(s). The s-plane is shown in the Fig. 771,

function in s-plane is called pole-zero plot o
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Network Anaelysis 7.-22 NW\FM
s$+3s+1 =0
_-3tV9-a _-3:5
,2 F 2 T2
i s, = -03819
oL s, = — 2618
Hence the zero is located at s = — 1 while the poles are located at s = - 0.3819 and s =~ 2.618 as shown in the
Fig. 7.7.3 (b).
CEENDEER Determine the ‘system function if the de. gain of the system is 10 A
a&nd pole-zero plot is as shown in the Fig. 7.7.4. o B
. ! . :
3 2 -1 0
Rmm e -)
Solution : From the pole-zero plot, system function has 3 poles at . Fig. 7.7.4
s=-1, —=2+j, -2-j and one zero at s = - 3.
H(s) = K (s+3) K (s+3)

(+D) (s+2-0) (s+2+))  (s+1) (2 +45+5)

Now d.c. gain is value of H(s) at s = 0.

: Kx3
% H(s)[s=0 = 5 =10
K = @=16667
3
Hence the system function is,
Hes) = _ 16667 (s+3)

(s+1) (s’+ 4s+ 5)



Necessary Conditions for Driving Point Functions

o The driving point impedance function is nothing but the input impedance of the network as viewed through
the input terminals. The driving point admittance function is reciprocal of impedance function. Hence dnving
point functions are called immitance functions. While defining these functions, all initial conditions are

H assumed zero. The immitance functions is generally a ratio of two separate polynomials in ’s

_ Po
Z(s) or Y(s) = Q)

¢ After cancelling the common factors in the numerator polynomial P(s) and denominator polynormual Q(s). the
wmm for the driving point functions are as foll
. of the numerator pol)mﬂmiﬂ-l P(s) and the denominator polynomial Q(s) must be real and

ows |

and zeros must be conjugate.

seros are imaginary then such poles

zero and f the real part is zero, then the pole or
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Review Questions ‘

1. Explain the necessary conditions for driving point function

S ¥
- Write short note on driving point function ’ %h
. 1 function analysis :
3. State whether the following function is suitable for driving point fu
5(453 +22 404 2)

Z(s) = e s o [Ans. .
o= S oo " Not

‘ , jon analysis :
State whether the following function is suitable for driving point function Y
5(35 +452 454 9)
Z(s) = -
S+ 354 4243 42 e
S

Necessary Conditions for Transfer Functions %
The transfer functions are also the ratios of two separate polynomi Alsim &

P)

Q(s)

Transfer funcion =

After cancelling the common factors in the polynomials P(s) and Q(s), the necessary conditions for the trang,,
functions are as follows -

1. The coefficients of P(s) and Q(s) must be real and positive.

2. The complex and imaginary poles and zeros must be conjugate.

3. The real part of the poles must be negative or zero and if it is zero, the pole must be simple, iﬂdUding origiy

4. There should not be any missing term between the highest and lowest degree of Q(s), unless all the even -
odd terms are missing,

5. The polynomial P(s) may have negative terms or even some missing terms between the highest anq loweg
degree.

6.

The degree of polynomial P(s) may be as small as zero independent of the degree of the polynomial Q(s).

Review Question

\
1. Explain the necessary conditions for transfer functions, :
Time Domain Behaviour from Pole-Zero Plot | INTU : May-12, 13]

* The behaviour of a system can be predicted only by looking at the pole-zero plot. The poles are the complex
frequencies explaining the time responses. Also zeros are useful in finding partial fraction expansion.

* We will discuss graphical methods for obtaining the residues b
pole-zero plot.

Y partial-fraction expansion directly from

¢ Consider the network function as follows,

_ AD (S—Zo)(s—zl)
Sl Y S T

T TECHNICAL PUBLICATIONS™= An up thrust for knowledge
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sfer
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even or

lowest {

Phaburent fu”.-lll{’! )

then ¥
Fls)y = Kg . K K - P
b Py "91‘\—22 ‘
d zeros are p)
, The poles an Plotted on the ¢ % 4
Plex plane e
Fig, 7.11.1 plane as shown in A

pole to the product of the
POI!."

mM”*MqhmmﬂtﬂvW"m'

, With the help of ruler and Protractor
can be determined. Consider following function,
3s
44 2+6 s+ 4
¢ For finding partial expansion, factorize the denominator by general method,
we get

vectors from the other poleg ¢, that

F (3) =

s:’+4s2+ 63+ 4

1]

(s+2)(s2+ 25+ 2)

3s
3
(s+2)(s?+ 25+ 2)

Finding roots of s%+ 25+ 2 = 0 by the formula,

F(s)

]

s = — 2 TR0 g4t

3s

Fp) = G+2)(s+ 1 +j1)(s+ 1 —j1)

¢ The pole-zero plot is as follows, shown in the Fig. 7.11.2.

T —

Fig. 7.11.1 Pole-zero plot

€ an determine the length and angles of the vectors 5o that residues

=2 ~
*—

Fig. 7.11.2 Pole-zero piot

( o

g

180" (a)
3 pole ats = -2




