In a similar way, the transfer admittance is
defined as the ratio of current transform at output
port to the voltage tranform at the input port. It is
given as

Y, (5)= -(14.7)

@ 14.4 VOLTAGE AND CURRENT
. TRANSFER RATIO

Voltage and current transfer ratios are basically
transfer functions. Voltage transfer ratio is the ratio of
voltage transiorm at output port to the voltage
transform at the input port. It is usually denoted by
G(s). Thus,

Va ()

Gy, (5)= <~ G ...(14.8)
1

In a similar way, the ratio of transform of
current at output port to that at the input port of a
two port network gives the current transfer ratio, It is
represented by « (s). Thus,

I
@y (=7 MW O L.(149)
1

mkwm.oﬁah A series R-L circuit is in parallel with a

capacitance. Find the input impedance in Laplace domain.

SoLUTION. Figure E14.1 represents the parallel
combination of one series R-L circuit with a capa-

Z(s) Ts

Fig. E14.1

citance in Laplace domain. The input impedance is
Z{s) which is obviously

(1/Cs)(R + Ls)
1

—+(R+ L
s (R+ Ls)
_ R+ Ls
1+ RCs+ LCs?
R

s+=
= L

ﬁﬁm~+mm+hw
L LC

Z(s)=

. t impedaalicc
 Input imp s+(R/L)
ZO=—7 T R_ 1Y
By~ ¥ P
nﬁm + hm ﬁnu

Exupiendd Find Zyy ), 231 (5) in the following

circuit. (Fig. E14.2)

soLutioN. KVL gives for loop abcd,
RI, (5)+1, () Ls=V, (5) 00
or, I {s){R+ Ls)=V, (s)
Z, ()= MH MW =(R + Ls) (i)

Again in loop bcfe, KVL yields

V,(5)=1 (s) Ls
ACH
I ,@

Equations (i7) and (iii) give the required résult.

which gives,  Z;, (s)= Ls. -..(1i)

ExampLE 14.3 Obtain the transfer function V, (s)/ V; (s)
in Fig. E14.3.

Fig. E14.3

SovrutioN. The equivalent impedance of nP and

s

R, is given by Z(s).

Obviously,

1
R, x —
1
Z(s)= i

Cs _
N_ +|H| WH Cs+1
Cs
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prope” , i
.o KVL in left | : y &
Applying KVL in left loop of Fig. E143, we get -, v
=1, ()[&s) + - > (s) =2
v, (=1 O[Z)+ Ry 2= 20
VO B2t = ¥ 1
1 1(s+1)
o 3 _
ADIAS R, +Z(s) h RC
e Z -’ (S =
= B 12 (%) s+1
= » .
- Exa : y -
R, + R, o ==AMPLE 14.5 Find(V, / V))and(V, / I,)in Fig. E14.5. |
R, (1+ R Cs) oyl 1Q 10 10 1,
Ry + Ry R, Gs+ R, v, 1Q , ie
R1+R:+Rl R, Cs > 3 * ) 4
= -“._-
1 Fig. E14.5
- R N —— )
R, R, C[ * R, C} SoLution. The figure is redrawn (Fig. E14.6)
= with marking of nodes and voltages at the node.
R, + R, c
R, R, CL5+ E‘—R_--C) o e Ly, e v, 19 v, H
2 ™ T "
ie, Voltage transfer ratio v, o b
T
R, R, C|s+—1_ R L I 1 )
) ' 14
R, R, CL5+E‘_R -C) Fig. E14.6
P

At node (1), application of KCL yields
EXAMPLEEQZ( Sbtain Z, 5 ( s)for a parallel R-C network Vi 1-Y,

1%
L= +1,=—1+ “ -2V, -V, .(1 |
where R=1Q;:C=1F. 153 = 1 17 VYa (0] | |
SouTion. In Fig. E14.4, At node (2), _ i I{\
"R 1 Iy=15+1I¢ ! ’ﬁ“_:_’
X — It
V,-V vV - )
V,0)=1 ()| —5 1V Ve Y-V A\
Pl — 1 1 1
c V.-V =V +V -V
¢ or, - = + — ] ¢
o 20 R 1 17 % =V TV =V |
I,(s) RCs+1 (s+_L)C ~op, V, =3V, +V, =0 -2) ,
RC At node (3), ‘
Iﬁ . I7 - 1'2 | 7“
or Yo~V =K’L_V2_Vb [ '
1 1 1
o Va =V, =V, -V, +V, f
or V, +V, =3V, =0 (3) :
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At node (4), KCL yiclds,
Current through = Current flows between
load of 1Q nodes (3) and (4)
_I\W Vi—V2
11
or 2V, -V, =0 ..(4)

ie.,

From (4), V}, =2V, and from (3) we then get
v, =5%
From (2), we get
v, =3(5V,)+(2V,)=0 or, V, =13V,
and from (1), we get
I, =2(13V,)-(5V,) =21V,

Then mE:S we get

VIV, =~ and V,/I, =L,
21
ExampLe 14.6/ Find Z(s) for the following network
(Fig. E14.7).
2F
= 11
Fig. E14.7

SoLuTiON. The transform network is shown in
Fig. E14.7(a).

Il
“w

Fig. E14.7 ()

Z(s)=[R(s)|| Ls)+ L =225, 1

Cs 2+s 25’
Pm +5+2 »m +5+2
25(s+2) 252 +4s
4 2
n Z()=tsr2
25t +4s

Find the driving point impedance for the
wn in Fig. E14.8.

1H
Z 1F 220
20

ipm—m e

Fig. E14.8

SoLuTIoN. The transfer network is shown in
Fig. E14.8(a).

Z(s) R(s)=2

Fig. E14.8 (a)
Here NEHTN ®ll &__ [SL+ R, (5)]

2x=

= s
-—flle9=giyles
s s

1 2
s

2
|A~m+:
ﬁm+:__ﬁ+mv 2
2s5+1

—Z _x@2+5)

+2+s

B 2(s+2)

2 +45+2 +2s% +5
2(s+2)

252 +55+4

2(s+2)

i.e., Z(s),the driving pointimpedance=— .
25" +5s+4

Exampr514.8 Find the driving point admittance of the
network shown in Fig. E14.9.

—]

12F Pm
= 1H

Fig. E14.9

SoLuTION. The transform network is shown in
Fig. E14.9(a)

ies of Network Functions 637

V=1, 0 ES
f 1 u P + nu . H u
1
i and Vols)=1,(s) R+ L
_ Cys
T R+ —y
Vv
Fig- E14.9 (a) o (s) u : Cys
1 1 3 i) R . n_
Y, (s)= = 5 s
“ Here Y ( ~m+m Nm~+.- 2 +2 1 2
” s T s (RC,s+1)C, s
, 1 Azn.ﬁm +C,5+GC,s)
| <~Quw 1y
" W Y (=Y, ()4 Y, ()= o1 C,+C,+RC, G, s
M mm 2 .a[.m i.e., the transfer function (voltage transfer ratio) is
3s% + 4 given by
| JEER _GarRGs )
Z, (5= 25° +4s C+G+RG G s
§)=——=
£ Y(s) 3s?+4

ratio for the network shoun in Fig. E14.11.

Thus Z(s)=Z (5)+—

GCs 1
r G G
_ 25 +4s 2 v R,
_ = —+=
! 3s°+4 S P

! ..N% +105% +8 Fig. E14.11

iv ) mmm +ds SoLuTioN. The equivalent drcuit of Fig. E14.11
! Y(s) = — in Laplace domain is shown in Fig. E14.11(a).
m Z 3 mnP_ w_w..
' here Y (s)= awm * pum . d||_
,. 2s” +10s°+8 v, 1o R, _@ A
4, EXAMPLE 14.9 Find the transfer function of the nefwork w _

shown in Fig. E14.10. o—

Fig. E14.11 (4)
Here, in the leftmost loop,

—Amv
m_l\

1
@ V.= 1 ()| Ry + =— |~ R, L (5)
ves) <._3 Cs

in the second loop,

-R I, ()+ I, (5)=0

TRt

Fig. E14.10 (3) n $

Fig. E14.10

and in the rightmost loop,
R, I (5)=V, (s)

etwork in

SoLUTION. Transforming the given
the Laplace domain [Fig. E1410()}

ExawpLE 14.10 Find the expression of toltage transfer

c
H
A
P
T
E
R
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properties of Network Functions 645

. My, (distance between “zero” to “pole”
-2)=2
and &, =180°

Also, M5, =1and ¢, =0°

at

[ the distance between pole at -3 and
pole at =2 is 1 unit and ®y, is directed
in opposite sense to 4l

Y, -
k=M = = 02
Mye'®:  ©

=20¢ /180° __9q.

Next we consider the pole at -3,

My, =3; 4y =180°
Also, My, =1;6,, =180°
M, e/ %0
K, e ™
1\43 e"‘_‘;
381']80"
=10F00—=30

hd

This gives v(t)=30e™>" —20e™¥.
ExampLE 14.24 Obtain the pole zero diagram of the

given function and obtain the time domain response.

2s
s (s+1)(s* +25+4)

SoLuTioN. Using partial fraction,

1(s)= 2s
T (s+1)(sP+25+4)
K K, K5
=671 Gr1-jB) (+1+jB)

Liy=K, e+ Ky e 0TI Ky g +i
Li(t)=K, :

The pole zero plot has been exhibited in the
adjacent figure (Fig. E14.27)-
A jo
(-1+j3)x Py

—_— O 5
P (0}

(-1-j3) xP;
ey :

Fig. E14.27

Mop et
e - ptép-p)
M(’2 -prt

K, =H
My, _p
l-cjlm
L BBy
[ Mpp =1; My _p =Mp, _p =3
dop =180°; 4, _p ==90°3 &y, _p =90

K, F0.67¢11% =-0.67

Mon,

M"z"’l
I

. (Please check with Fig. E14.28)

. -10P o
t — +90
][ an PP, }

¢ ton

and K,=H : )
2 ](¢P—Ii+¢P2—ﬁ
MP"PI e

-2 2e
(ﬁxZJg)ei(90°+%)

jl:tan“ g7—+90"—1303:|-
1

=0.67¢
=0.67 ¢~ /(607
Ajo

*Mop, -10P
~ i y {y
S |

\IO 0—k

=

e SR

AM-A4U>»ITON

v

F
>

~

MPz'Pn
1

o s i

XP, {
|
Fig. E14.28 ,
. K;, being the conjugate of K, will be given by
K, =067/ [K, =K, ]
L iE)=—0.67et +0.67 ¢t (607 o= (14BNt
+0.67 ¢/ (60°) o= (1-j3)¢

ExampLE 14.250) Check the stability of the following
polynomial by applying Routh-Hurwitz criterion :

P(s)=st +2s3 +4s2 + 12 5+ 10

SoLuTioN. Routh array of the polynomial can
be obtained from the following coefficients.

by=1; by=4; b, =10; b, =2; b, =12

Cl =M -_:8-_—12. ==2
b, 2 8
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by by —by by 20-1x0 _

AL 10
2 b, 2
d HD flf c, nleHNINxHouNN
1 [N -2
d, =bs =0 .
o = ¢y dy—cy d, nuoxHolTvio -10
d 16
N fi=d,=
This gives
st 1 4 10
s 2 12
2 | -2 10 .
st 22 0
s | 10

There is a sign change in the 1st column of the
array. Hence the system is not stable.

" ExampLE 13.25(f) For what value of ‘K’ the polynomial
s? +10s% +355° + Ks+24=0 is said to be stable ?
Solve by using Routh Hurwitz Array.

SoLuTION. Given Polynomial is
5% +10s° +35s2 + Ks+24 =0.
Routh Hurwitz Array is shewn below

st 1 35 24
s 10 K
§2 mmx—OIwanﬂ_ uoxnhlcxanwp
10 10
a; xK-24x10
st A
ay
s 24
For stability of the network, o.; >0
350-K
ie., T >0 or K <350.

Hence the range Kis (0 < K <350).

ExampLe 14.26(a) A polynomial is given by
P(s)=5%+25 + 45+ M.
“M" is adjustable. Apply Routh Hurwitz criterion.
SOLUTION. Routh array gives

$ 1 4
s? 2 M
8-M
- 1 et
s 2
s M

B |

646 Circuit Theory

—__|

We see that if M is less than 8, the system i
stable. There will be no change in the sign of 14
column. If M =8, then also there is no change in sign
in the first column and hence the system will also be
stable. -
ExampLE_13.26(b) Check whether  the \ozqs_.au
EG:SE.& P(s)= st+sd+ 252 +2s+3is stable or nof.
Comment on your findings.

SoLUTION. Given polynomial is

P(s)=s* +s° +252 +25+3

where total number of rows are (4+1)=5
Routh Hurwitz Array is shown below :

2 3

In above array, we found third row of first
column has a zero value. Hence the subsequent
value is infinite. Let us now assume a small value
in place of the zero value. The modified array is
given below :

s 1 2 3
s> 1 2
s € 3

1 -

s 2e-3 >0

€
s? 3
2¢

|wv@
£

For stability point of view, e>01i.e.,

This gives €>3/2

Hence to have the stability of the function, we
should have any value of ¢ more than (3/2).

ExampLE 14.27 What should be the value of L such that
Z(s)=1in the network of Fig. E14.29 ?

C=1F L |

_l—

) 5Q 2Q

Fig. E14.29

Scanned with CamScanner



properties of Network Functions

649 -,
= 1 2 :
2 (5) 2s +-4Z + 1 ]
= -s —
$ s g3 | Uhhsmg () in 1),
25t 4 (2 2 Vils) .
=V (s)[% R =6+, R21[5c1+L+L]_K2@ j
3 ‘ R R TR, |
4 o Vi(s)= R
- 5" +3 2 2(5)[[&"-5 ]{5 gy }___
=V, (9| 1341 RS R R
5 or v. (S) Gl ( )
’ \ = s
V, (s) _ st e hits) :
- =
Vi(s) st +3s2 +1 A (s) = 1 . |
4 [{RWSQR:R:]{SQ*- } lel ' |
i.., 1 8= T—\ Rl Rj R J L.
s” +3s241 - 1 _ 1
— T (l+shs+1+ -1 (s+)[(s+2) -1 r
ExampLE 14.31 Find G,, (s) for the network shown in G 1 e
Le., = :
Fig. E14.36 u;hen Vi (s) 1s the applied voltage at the 206 = e | |
input terminals _ B |
%ﬂft;in the voltage transfer function of f
ol R the netwincsfiown in Fig. E14.37.
Vy(s) V. 1=C,=1F C 5 '
1 CST cst 28) [1 R 19] o | )
A | &
P o} I
BT TEETERETA |
Fig. E14.36 Brersenrtoem T B !
Fig. E14.37 E k L
El4 gng(\)/N.(sI)ILeﬂ\ﬁe\eséi?:\ :11:1 I:e:;vork of Fig. SOLUTION. Let us first transform the network to B
SR 3 1 at the junction of f d i ig. 38). |
Ry, Ry, C; ie. at niode (1), - requency domain (Fig. E14.38) i :
R(S)  Ls J
Applying KCL at node (1), ' ‘ l
V1 (s)- V3 (s) + V2 (s)- V3 (s) _ V3 (s) | |
R, R, L "y
Cl S (e b =R l )
e Fig. E14.38 , ; ‘
=V, (9)C, s
= ? 1 Here, I(s)= ——E () \ \
Vi (s) 1 1| %0 CoE 1 !
o, L=V (s)|sCp+—+—|-22 (1) R+ Le+oo |
R R, R,| R, s |
1 1 & | . Vel le E@ 1 f
It may also be evident that the current passing B s)=1(s) Cs R+ Lo+ T "Cs I ,‘
through R, also passes through C, _ ! Cs | 4
|
" Y (s)-V, (5) =V2 () . V() Cs ~ 1 | 4
i R, A T E(s) R+Ls+ L LCs®+RCs+1 ‘ '
sC, Cs
7 1 Obviously Vi) gives the voltage transfer ratio and B
_ g voltage transfer ratio an |
ot 0= "2 (S)] +V, (s)[sc2 + ;{—] E(s) |
R, : 2 Vis) _ 1 |
ie., V3 (s)= V.2 (s) [sC2 R2 +1] «(2) E(s) LCs?+ RCs +1 )

k | ————————— o _,,.'..H
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This gives,
G, s
1+RC,s
I, (s)=1I; (s) C, s
Gty RC, s
C,s )
O ESaTRC. 94C, 5
1 51+ RC, 5)+C,
LG = Current transfer ratio
I, (s)

sC,
x sC, +5C; (1+ RCG, s)

Thus, current transfer ratio
=‘ Cz .
2+ C (1+RC2 s)

ExampLE 14.3)f Obtain the driving point admittance of
the network shown in Fig. E14.46,

R
Ls
Pt nasie it 3
Fig. E14.46
SOLUTION.
(R+L) L L(ryrg
Z(S)= Cs = CS
R+ ILs+-L 1+ RCs+ LCs?
CS CS
R+ Ls

- 1+ RCs + LCs?

<. Y (s), the driving point admittance
_ 1 LCs®+RGCs+1
" Z(s)  R+Ls
2
Y (s)= 1+RCs+LCs )
R+Ls

ExampLE 14.38 Find the a‘riviﬁg point impedance of the
network shown in Fig. E14.47.

1 1

G (&)

I._

1/s 1/2s
R,(5) Ry(s)
=1

Fig. E14.47 PE— :

’

ie.,

652 cireyy The
0
y

SOLUTION. R, and Cz are paralle]
Y, (s)= YRi (8)+ Yc2 (s)

1 1
=1+ =1+— =
2s
1
1 Z, (s)=
1.e., 2() 1+2S

However, Z, (s) is in series with G

1 1 1 3
Zy ()= Zy () + ——=—" 1 _ 3541
Cls 1+2s 4 m
5(2s+1)
Y, (s)=
1() 3s5+1

Again Z, (s)and R, (s) are in parallel.
1 1
B AT
s(25+1)+1=252 +4s5+1
3s+1 3s+1
1 = 3s+1
Y(s) 252 +4s+1

Z(s)=

3s+1
252 +4s+1

ExampLE 14.39 In the network of Fig. E14.48, find
pole-zero plot.

i N
10 _l_
vl ¢5i1 lHl +vc=vz
i
— ~—

Fig. E14.48

i.e., Driving point impedance =

SOLUTION, Let us first convert Fig. E14.48 to
s-domain circuit (Fig. E14.49).

Iy(s)

&= o

! J2
V1(5) 2Vy(s) é 5li(s) s -f—

+
T

e AT
Fig. E14.49

Using KCL at right hand loop,

@ 0,6, g
s 2/s
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