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CHAPTER

7
Two-port Network

7.1 INTRODUCTION

A port 1s a pair of nodes across which a device can be connected. The voltage 1s measured across
the pair of nodes and the current going into one node is the same as the current coming out of the
other node in the pair. These pairs are entry (or exit) points of the network.

So, a network with two input terminals and two output terminals is called a four-terminal network
or a two-port network.

It is convenient to develop special methods for the systematic treatment of networks. In the case
of a single-port linear active network, we obtained the Thevenin's equivalent circuit and the Norton's
equivalent circuit. When a linear passive network is considered, it is convenient to study its behaviour
relative to a pair of designated nodes.

In a two-port network, there are two voltage o ':1 E %
variables and two current variables. According y A Port! | pl;::;; Port 2 Tv
to the choice of input and output port, these 1; network . ’

voltage and current variables can be arranged in
different equations, giving rise to different port
parameters.

In this chapter, we will discuss the behaviours of two-port networks.

Figure 7.1 Block diagram of a two-port network

7.2 RELATIONSHIPS OF TWO-PORT VARIABLES

In order to describe the relationships among the port voltages and currents of an n-port network, ‘n’
number of linear equations is required. However, the choice of two independent and two dependent
variables is dependent on the particular application.
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For n-port network, the number of voltage and current variables is 2n. The number of ways in
2n 2n!
mxnl  (nh)?

which these 2n variables can be arranged in two groups of n cach is . 50, there will be

2n!
== types of port parameters.

{n!}:
For a two-port network (n = 2), there are six types of parameters as mentioned below:—
Open-Circuit Impedance Parameters (z-parameters),
. Short-Circuit Admittance Parameters (yv-parameters),
Transmission or Chain Parameters (7- parameters or ABCD — parameters),
Inverse Transmission Parameters (7'-parameters),
Hybrid Parameters (h-parameters), and
6. Inverse Hybrid Parameters (g-parameters).
Note: Inverse parameters (77 and g) are not included in WBUT syllabus.

W & W o —

7.2.1 Open-Circuit Impedance Parameters (z-parameters)

The impedance parameters represent the relation between the voltages and the currents in the two-
port network.
The impedance parameter matrix may be written as,

Wl lan 22|l 4 ") Vi=zl+ 21,1
V, Zn Il la Vy=2 1) + 25,1,

In this matrix equation, it is easily seen without even expanding the individual equations, that

£
Z) = I_I = Driving Point Impedance at Port-1.
l {,=0
V
Zy3 = f_l = Transfer Impedance
201 =0
l'..-"".
e = Transfer Impedance
L 17, =0
Zyy = T = Driving Point Impedance at Port-2
211 =0

It can be seen that the z-parameters correspond to the driving point and transfer impedances at each
port with the other port having zero current (i.e. open circuit). Thus these parameters are also referred
to as the open circuit parameters.

7.2.2 Short-Circuit Admittance Parameters (y-parameters)

The admittance parameters represent the relation between the currents and the voltages in the two-
port network.
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The admittance parameter matrix may be written as

1, o m |LA L=y M+ .20
= or
[ Yoy Ya |V L=y Vi + vl

The parameters vy, ¥y, Va1, Vo, ¢an be defined in a similar manner, with either ¥, or F, on short
circuit.

me= i;l_: - = Driving Point Admittance at Port-1
Via = ;—;i; ) = Transfer Admittance
Vo = f—f = Transfer Admittance
iy, =0
Vi = :;_ir » = Driving Point Admittance at Port-2

' =
It can be seen that the y-parameters correspond to the driving point and fransfer admittances at each

port with the other port having zero voltage (i.e., short circuit). Thus these parameters are also
referred to as the short circuit parameters.

7.2.3 Transmission Line Parameters (ABCD-parameters)

The ABCD parameters represent the relation between the input quantities and the output quantities in
the two-port network. They are thus voltage-current pairs.

However, as the quantities are defined as an input-output relation, the output current is marked as
going out rather than as coming into the port.

11 _,E
L ] - - .
Linear
‘iﬁT Port 1 passive Port 2 TVz
a network 3

Figure 7.2 Two-port current and voltage variables for calculation of transmission line parameters
The transmission parameter matrix may be written as
e o)l o e n
I C DlI-L l,=CV, - DI,
The parameters 4, B, C, D can be defined in a similar manner with either port 2 on short circuit or
port 2 on open circuit.

A= = Open Circuit Reverse Voltage Gain
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p1 "
B = i = Short Circuit Transfer Impedance
21y, =0
d R ‘
C= A = Open Circutt Transfer Admittance
211, =0
/\ G ' 2 2
D= - = Short Circuit Reverse Current Gain
21y, =0

These parameters are known as transmission parameters as in a transmission line, the currents enter at
one end and leaves at the other end, and we need to know a relation between the sending end
quantities and the receiving end quantities.

7.2.4 Hybrid Parameters (h-parameters)

The hybrid parameters represent a mixed or hybrid relation between the voltages and the currents in
the two-port network.
The hybrid parameter matrix may be written as
W by by | W= hL+h,h
= or
/, hyy hyy || V5 Iy = hy I, + hys Vs

The A-parameters can be defined in a similar manner and are commonly used in some electronic
circuit analysis.

hy, = I;_’:r‘:" = Short Circuit Impedance at Port-]
hy,= ::]: I = Open Circuit Reverse Voltage Gain
hyy = j;—: = Short Circuit Current Gain

V=0
hyy = {;i— » = Open Circuit Output Admittance

As the h-parameters are dimensionally mixed, they are also named mixed parameters. Transistor
circuit models are generally represented by these parameters as the input impedance (/4,,) and the
short-circuit current gain (4,,) can be easily measured by making the output short-circuited.

7.3 CONDITIONS FOR RECIPROCITY AND SYMMETRY

A network is said to be reciprocal if the ratio of the response transform to the excitation transform is
invariant to an interchange of the positions of the excitation and response of the network.
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A two-port network will be reciprocal if the interchange of an ideal voltage source at one port with
an ideal current source at the other port does not alter the ammeter reading,

A two-port network is said to be symmetrical if the input and output ports can be interchanged
without altering the port voltages and currents.

1. Conditions in terms of z-parameters

Condition for Reciprocity We short circuit port ; /s Lz .

2 — 2" and apply a voltage source V_ at port 1 — 1"

Therefore, V, =V, V,=0,1,=-1 Vs N I

Writing the equations of z-parameters, 1 7
Vi= z2udi— 2121 Fig. 7.3(a) Reciprocal network

0=z, =213

Solving these two equations for /5,

r =21
J-VJ- o A Iy /
N2~ 21222 1 » «
Now, interchanging the positions of response and ro
excitations, i.e.. shorting port 1 — 1" and applying V. 1 N
atport 2 -2V, =0, V,=V, I, =1 1
Writing the equations of z-parameters,
s Ueeg = Fig. 7.3(b) Reciprocal network
= =zl + 71,
Vi= —z3ly+ 21,

Solving these two equations for /],

Iy=V, -l (7.2)

-

11922 T 2122y

For the two-port network to be reciprocal, from Eq. (7.1) and Eq. (7.2), we have the condition as,

Ly =14y

Condition for Symmetry
Applying a voltage V, at port | — 1" with port 2 — 2" open, we have the equation,

V‘I’
Vi=zyhy =z, - 0=z, = 1 ™5 (7.3)
Vi, =0
Now, applying a voltage V, at port 2 — 2° with port 1 — 1” open, we have the equation,
V
V‘=:2!'U+:31!1=:3:!z =1 "!."L =:22 (?;4}
211 =0

For the network to be symmetrical, the voltages and currents should be same. From Eq. (7.3) and
Eq. (7.4), we have the condition for symmetry as,

I=1y
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2. Conditions in terms of y-parameters

Condition for Reciprocity
From Fig. 7.3(a), writing the y-parameter equations,
L=w/V I

. P ——==y, 7.5)
=L =YV, N {

From Fig. 7.3(b). writing the y-parameter equations,

. f;: J'Ill_,-‘ !r
e, ™ "N &

X

From the principle of reciprocity, the condition for reciprocity is,

Y12=Y2

Condition for Symmetry
As already stated, a two-port network is said to be symmetric if the ports can be interchanged without
changing the port voltages and currents and thus the condition of symmetry becomes,

Yu=Y¥»

3. Conditions in terms of ABCD-parameters

Condition for Reciprocity
From Fig. 7.3(a), writing the ABCD-parameter equations,

V.=A-0-B(-13)=BI; % 9
: 3 L= == (7.7)
L,=C-0-D(-1;)=DI, ¥, &
From Fig. 7.3(b), writing the ABCD-parameter equations,
0= AV - Bl, I, AD-BC
ot - = 7.8
-1,=CV,- DI, V. B (7:5)
From the principle of reciprocity, the condition for reciprocity is, -Iiz -{"w;BC].
(AD - BC)=1
Condition for Symmetry
From Eq. (7.7), I,=DI;= D%‘— (7.9)
- I'+CV, | (.w— 3("] } A
* Q. (7.8), I,== ~=—=1V CV.t=V, — 7.10
From Eq. (7.8), 1, B D{J 3 +CV, B (7.10)
From Eq. (7.9) and Eq. (7.10), we have the condition for symmetry as,
A=D
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4. Conditions in terms of h-parameters

Condition for Reciprocity
From Fig. 7.3(a), writing the h-parameter equations,

Vo= by dy+ by - 0=y I, - L _

-f_-f=fiz|f|+frzz+{1=f111.(1 ,’: —h”

From Fig. 7.3(b), writing the h-parameter equations,

“=—h“!|’+h|ji'r; — flj _hl:
Iy==hy [[ + hy,V, Ve

From the principle of reciprocity, the condition for reciprocity is,

_\hlz= ~hy,

L

From Eq. (7.11), I,= ﬁ.f_
¥

hl |h:: = J'IJ;'ZI
J!'ll

s
From Eq. (7.12), fz=-"'1'[1:_]1y~]+'f'z:‘“l=”2
1

From Eq. (7.13) and Eq. (7.14), we have the condition for symmetry as,

(hyyhys = sy, ) =1

(7.11)

(/.12 )

(7.13)

(7.14)

Table 7.1 Conditions of Reciprocity and Symmetry in terms of different Two-Port Parameters

Parameter Condition of Reciprocity Condition of Symmetry
£ 12 ™ A 1 =¥
¥y g N rn

I' (ABCD) (AD — BC) = | A=D
h hyy, = —h,, (hy /155 — hishy) = 1

7.4 INTERRELATIONSHIPS BETWEEN TWO-PORT PARAMETERS

Each type of two-port parameter has its own utility and is suited for certain specific applications.
However, it is sometime necessary to convert one set of parameters to another. It is possible through
simple mathematical manipulations to convert one set to any of the remaining sets. It is discussed

below.

1. z-parameters in Terms of Other Parameters
(a) In terms of y-paramelers
The z-parameier equations are,

4 - - -
Vi= 20+ 251,

(7.15)
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Vo= 204+ 23005
The y-parameter equations are,
L= i+ b,

I, = ys, Vi + vsibs

- . / Vs e s :
From Eq. (7.16), V5= 1_2 - 'v" V| ; substituting this in first equation,
I, v, o S Y12
h= wh "‘.V:_'-'[J,:': e J_,::I V;] or V= Ay f,—ﬁ—yf:
where, ﬂ_" == U!ILFII - J"|1|r’1])
Substituting this value in second equation of Eq. 7.16
YVas Y2 M) 4T
= Jh i S + Vi3 Vs - : 2 2
fz _‘-‘*'[ ﬂf‘p I ﬂ_}’ I:] _'t_* 2 Qr, Vz .ﬂ"j.' I| ,ﬂ:l' !_
Comparing Egs (7.15), (7.17) and (7.18), we get,
e Vol s Mine e, Milog YL
BECCING e s ey Ry

(b) In terms of transmission parameters
The Transmission parameter equations are,

From second equation of Eq. (7.19).

(1) (2)

From first equation of Eq. (7.19),

- 2] (2o (225

Comparing Eq. (7.20) and (7.21) with Eq. (7.15), we get,
A AD-BC AT

SO e ey
(c) In terms of hybrid parameters

The hybrid parameter equations are,
Vl = hl |II + hl]VZ

Iy = hy 1y + hy, b,

I

From second equation, V, = ( iy ]!, +(—-]!3

h::

From first equation, V, =I:”I,+I:|3|I—- I )!1+(h] ]II]=[ ;!”ﬁnﬁ_ Mok ]I, +( ::'3 )I:,
2 22 22 2

(7.16)

(7.17)

(7.18)

(7.19)

(7.20)

(7.21)

(7.22)

(7.23)

(7.24)
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Comparing Eqs (7.23) and (7.24) with Eq. (7.15), we get,

_ By hyy = sy _Ah hys .

L - Iy, » 712

L]

Jh| |

= = Zan =
- -

...;.11*—-"'"

B hs,

-

Similarly, the inter-relation of the other parameter in terms of the remaining parameters is obtained by
writing the remaining parameter equations in the same format as those of the other parameter; and
comparing the co-efficients of the two sets of equations, a relation is obtained.

A summary of the relationships between impedance z-parameters, admittance y-parameters, hybrid
h-parameters, and transmission ABCD-parameters is shown in Table where Az = (2,25, ~ 2,525). Ah =
(hyhyy — hyshy)), AT = (AD — BC), AT = (A'D’ - B'C’), and Ag = (2,182 — 812821)-

Table 7.2 Interrelationships between Two-Port Parameters

[z] vl [ABCD] [A’B°CD] [h] gl
22 .22 A AT o ] A hy -
(2] I Av Ay c C 2 W g hy by g &
2 Iy s | A 1 | 1 & AT A TR gy Ag
&y 8 c C s hy hy My g
m o7 A & 1 L. A R
(V] A= A= Yir M2 B B B’ B’ Iy by Faa Laa
. ... Yan Vn LY | AT D hy A gy |
o A S 11 = _ Ak hy, 1 g»
(ABCD) =5 .1 V2 V2 A B ar-: Ar’ ) hy g g3
' L :12 B .ﬁ‘r - 'Fi C D C. .‘I' . h:r_: . I g” nﬁg
T3 £y Vs T AT" AT’ h, h,, 821 £21
n Az N, D B | Ay Ag g2
ABCD 12 S Yi2 V12 AT AT A B My s g2 £
L ) B Ay _ ¥ & A G I ili Ah _Eu |
=TT Vi2 V12 AT AT My My g1 g2
Az I L B Al B £2 _ 8
(h] . n Y i D D A’ 1’ by My Ag Ag
_ I I Y Ay 1 € AT ¥ hy hy By B
‘in 4n n Mo b D A ¥ Ag Ag
1 = Ay ¥ C AT g | hs, By
el =T =1 Va2 WYm i 1 D B Ah A g1 8n
' A | i @ AT & by by 8 8»n
= T} Y22 L)) A L 24 2 Ah Ak
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7.5 INTERCONNECTION OF TWO-PORT NETWORKS

In certain applications, it becomes necessary to connect the two-port networks together.
The common connections are (a) series, (b) parallel and (¢) cascade.

(a) Series Connection of Two-port Networks
As in the case of elements, a series connection 1s defined when the currents in the series clements are
equal and the voltages add up to give the resultant voltage.

In the case of two-port networks, this property must be applied individually to each of the ports. Thus,
if we consider 2 networks r and s connected in series

At port |,

b =l =0 0 Vo + ¥,

Similarly, at port 2,
/

rl

=lp=hand V, + V¥V,

The two networks, r and s can be connected in the following manner to be in series with each other.

I o
*—> Linear —9
ViA VnT Port r1 passive Port r2 TV,E AV,
network
+ r +
Ve v
Is1 lsa .
= P Linear - -
Vsi A Port s1 passive Port 2 AVge
network
[ ] s L ]

Figure 7.4 Series connection

Under these conditions,

of two-port networks

M=+ V) =(z, + 21 + (213, + 212015

VZ - {Vrl + V;.]} - {zllr'

za M) + (222, + 202015

It is seen that, the resultant impedance parameter matrix for the series combination is the addition

of the two individual impedance matrices.
1£] = |£r] + |Z5]

Note: In the interconnection of series networks, there is a strong requirement of isolation, since the
ground node of upper network form the non-ground node of the lower network. For the port
properties to be valid, the voltages V, and ¥, must be identically zero for the two networks » and s to
be connected in series. If ¥, and V, are not zero, then by connecting the two ports there will be a
circulating current and port property of the individual networks r and s will be violated.

(b) Parallel Connection of Two-port Networks
As 1n the case of elements, a parallel connection 1s defined when the voltages in the parallel elements
are equal and the currents add up to give the resultant current.
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In the case of two-port networks, this property must be applied individually to each of the ports.
Thus, if we consider 2 networks r and s connected in parallel,

At port 1,
L.+l =1L and V,=V,=V Iy Iy y le &
Similarly, at port 2, ailiiealiit ™ ks AV
» 85D ’ Via Vi passive Vrz 2
Iptlp=lLand V=V, =V, network

The two networks. » and s can be connected in . r .

following manner to be in parallel with each other.
Under these conditions, s ls2
' o Linear [—<*
L=, + 1) = (v, + Y+ (e + V)V T " P“;:iv': TUﬂ
networ
Iy =, + 1)) = (31, + Yy N + (022, + v V3 —o s *e

It is seen that, the resultant admittance parameter

matrix for the parallel combination is the addition of Figure 7.5  Parallel connection of two-port

the two individual admittance matrices. networks
[¥] = [¥r] + | V5]
> Linear . "*""—: : g1 i .
passive passive
T Vin network T Viz Vo Vi Tv,, Pab e T Ve
A r
A ! ! A
¥ V
*I'J f;| ,ﬂ fﬂ ;ﬂ +l
> Linear - = Linear <
passive passive
Vs network Vo Visi network Ve
3 L ] ® L 2 ) 5
Figure 7.6(a) V, =10 Figure 7.6(b) V =10

Note: As in series connection, parallel connection is also possible under the condition that V, = V,

Il

0; otherwise they cannot be connected in parallel as that will violate the port properties.

(c) Cascade Connection of Two-port Networks
A cascade connection is defined when the output of one network becomes the input to the next

network.
In
. -
Linear
V1| Portri passive
network
¢ r

It can be easily seen that /,

connection.

Iz I51
- K -
Port r2 Via Vs 1T Port 51

|

-

Figure 7.7 Cascade connection of two-port network

f.t'l ﬂﬂd Vrz
Therefore it can easily be seen that the ABCD parameters are the most suitable to be used for this

| ¥

—

Vr
Irl

]=

A B

r r

e 0

I

o r

‘.[i

Vs

rd P:Fl "4.'-' Hﬁ V.ﬂ-‘.
!rl ' ‘rxi i Cs D.-: "’.t'!

Is2
- ®
Linear
passive Port s2 Vso
network
s ®
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Vi1 TV T4 B.1[V.] [4 BN V.l [4 B[4 B,]1[¥,
e slHe sl sle sl
|4 B |4 Bl
[C DHC D]H

Thus 1t is seen that the overall ABCD matrix is the product of the two individual ABCD matrices.
This is a very useful property in practice, especially when analyzing transmission lines.

A B)| [4 B[4, B,
-l e aite. b

7.6 TWO-PORT NETWORK FUNCTIONS

Two-port network functions are broadly divided into two groups:
|. Transfer function, and
2. Driving point functions.

7.6.1 Transfer Function

It is defined as the ratio of an output transform to an input transform, with zero initial condition and
with no internmal encrgy sources ecxcept the controlled sources.

For a two-port network, having the variables /,(s), /5(s), V,(s) and V5(s), the transfer function can
take the following four forms:

V(. V5l
Voltage Transfer Function G,(s)= I[T}:Ulll:"}: 2(5)
V,(s) Vi(s)
Current Transfer Function @,,(s)= II{S}lHn(&‘): l,(s)
i f:_l_('!"l} ¥ I|{.‘f}
V y l,!_. &
Transfer Impedance Function Z ,{3.-)=.__._.'“};z1 (5)= 2(5)
1d p 21
V2(5) Vi(s)
Transfer Admittance Function }’w[.\'jz—f‘ (5) + Yor(8) = 10,
12 21

Note: (i) For a one-port network, Z(s) = 1/Y(s); but for a two-port network, in general Z,, = 1/Y,,;
G, # Ve,
(i) Z and Y functions will becomes z and y parameters under the conditions of open-circuits

or short-circuits, respectively.

7.6.2 Driving Point Function

It takes two forms:
Driving Point Impedance [Z(s)] For a two-port newtork in zero state with no internal energy
sourceds, the driving point impedance s the ratio of transform voltage at any port to the transform

current at the same port.
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Fi(s) Vsi(s)
y (.‘l' =I_:Z11{p“l']= -
() Etny ™ 1,(s)

Driving Point Admittance [Y(s)] For a two-port network in zero state with no internal energy
sources, the driving point admittance is the ratio of transform current at any port to the transform
voltage at the same port

) e Ll ST,

AC 2 (5)
Note: (i) Driving point impedance and admittance functions together are known as immittance
function.
(2) Z and Y functions will becomes z and y parameters under the conditions of open circuits
or short circuits,

SOLVED PROBLEMS

7.1 Find the Z and Y parameter for the networks shown in figure.

@) o ®) Vo2
Z,. 08 2
Z
1'e L e
L g " .
1 2’
(c) ® t . (d) 1o——"P_, °?
V j
y Yy
L ] ° .
e L o2
Solution
1 2
() BYKVL, (Z,+Z),+Z.1,=V,
z. Zh

Thus, the Z-parameters are: I 1 I2

:]|={Zu+zr]‘ :uz::]:Z:., :::=[Zf|+z|*] L ‘ ®
(b) By KCL. ' )
o 1y ly e
f, = =2 ==h-=H 1o— 2
- 1. 1

d ‘(1 — = l—:— —l" +_';f1

an 2 7 Z+ Z*
e o2

Thus, the y-parameters are,
1 i

FiE" 7 =Y Ja=Ju= 7

Since, Ay = ¥,V = V12V =0, the z-parameters do not exist for this network.
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(c) BYKVL,

L+l
v, = ; =¥, ur,l":( ]f, (-:7

Thus, the z-parameters are,

]1 and VE:(F]J, (:,)IE

Since, Az =z|,245 = 2525, = 0, the y-parameters do not exist for this network.

(d) By KCL,
L=Yh+N-NY.=L{F, +¥)-NY
L=Y,V,+(V,-V)Y.==VY.+V,(Y, +Y.)
Thus, the y-parameters are:
m=l+ L=y == iymm=L+X
7.2 Obtain the z-parameters for the circuit shown in figure.

@ 1) 10 20 10 1,
+ o v
Vi 20 20 Vo
(b) Iy 20 2 Q) I
+ n +
Vi 40 10 Vo
Solution

1"—1‘:'.L T :—'2

1" ® l L el

1e T ™ T .2
Y, Yo

ve—4 |

(a) The given circuit can be considered as the cascade connection of the following two networks:

1 o—A\WA MWW—-me 2 1 o—AMA AMN—=e 2

10 10Q

2151

1" - .2 1" e

(a)
From Prob. 7.1(a), 2),, = 2114 = 2234 = 232 = 382
<124
So, the transmission parameters are,

z 3
A, =Ay,= Sl =2
" Zy 2

10 10

211

- 2
(b)
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s 9u4g
B, =B, = f‘:l = =§Q
11
O =l al)
2y 2
D,=Dy= B2

So, the transmission parameters of the resulting network are:

SE— 312 5/213/2 5/21 [7/2 1572
e a2 sn2llz szl 132 12

So, the z-parameters are:

A 7
=11 = E = j ‘1
Al 4
2= —C_-iﬂ |
A -
=21 = ‘E — 3“ Q
_Db_17
0T F T3 L9 |
(b) BYKVL, (1y=1a)
Vi =2, +4l; I, 20 2 0 A Ia
Vl = II r jl ' 13 * I L“i—f:r"fz}*h
and 2h L)+ + b -l —4l;=0 Vs 40 10 g Vo
Eliminating /, from above equations, - ! -
26 -+
i Tfl T ffz
4 6
F_g e :J"I] T '.Ff:

Thus, the z-parameters are:

206/7 477
&= | , Q
/T 6/7

7.3 For the network shown, find z and y-parameters.

Iy 210 /5
"~ AMANA -8
. +
Vi 10Q 21} 314 Vs,
. .
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T.16 I Circuit TheorY and Networks

Solution  From the figure, we can write the KVL. equations,

h (h-13) 29 (I2 —314) I2
« «
+
Vi — 31/ Va
- (I =214 = 13) B
5 - b - e
V' - f} (i}
Vl""'?..fl—q'fl—?.f] (1)
,
and, 21, -25,+ 2L, -4, - 2L - IK=0 = L= ?{.’3—.’1]
. 2 2
From (1), ¥, =-=§!T + §!3=-D.4f, + 0.4/,
- con  Ep 4 R
From (i1), 11=2.'3—4fl-gfz+§!,:-3.21,+I.2!1

-04 04
[z] = (9]
-32 1.2

Az = (-04x1.2)-0(04)x(-3.2)=0.8

i 0.4
1.2/0.8 ———
1.5 =0.5
= & U=[4 HS]U
j g0 [} > L]
3-#1’?0-8 ﬁ‘s_.

74 Find the y-parameters for the 2-port networks shown,

(a) 0.2V,
Iy 5Q >
b - -
+ +
Vi 20 O 041, Va2
+ = +
Vi 120 an V;
0.25V,
() Iy 10 10 I2
+ —» +
Vv, 10 V2
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Two-port Network I 147
Solution
(a) We consider two cases to find out the y-parameters.
Case (I) Making port- 2 shorted and applying a voltage of V| at port- |
50
h 50 I2
— 2 AAAA i i
0.4/,
Y=t 200 <'> VE =0
.
By KVL,
171, + 201, = ¥,
El‘ld lZf, : 20!3 -
i 20
0 20 /
h= =021, =2 w=+ =020
Iy &0 (1
12 20
Solving,
17 W
12 0 I,
= ==0.12V), = y,=-+ ==0.120
> l? 20 - ll ¥V, =0
12 20
Case (IT) Making port-1 shorted and applying a voltage of V, at port- 2
h, 50 f2 _,WM A >
— i + =
—'wv—<> ’ —>
/ 2V
02 SR
V,=0 20 02 0.4/, <‘_ - Vs
8/,
&
By KVL,
171, + 20/, = -0.2V,
and 121, + 201, = V,
-0.2V, 20
l"'! 2“ !I
f! - ~ :-0.24F] = Y11 =55 = —3.140
17 20 Vs V=0
12 20
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T.18 I Circuit Theory and Networks
Solving,
17 -0.2¥,
12 /5
5, = ——=0.194V, = y)y=—" =0.19490
a 17 20 2 T V=0
12 20
0.2 -0.24
Thus, 1] = i 120
U [-0.12 0.194] o] &y
(b) We consider two cases.
Case(l) V,=0 vy 120 3Q v,
Case (II) V,=0 0.25V;
b, "8 120 12 e 120 2
*—AMN ¢ vd ° AAA
Vi=0 <> 30 Vs Vi 12Q V=0
0.25 V,\Y,
. . .
Case(l): Vi =0 Case(ll): Vo =0
By KCL,
Vs 0-F, |
fl-‘:zyzhf—u=T ( 12 ]:’."u-gu
¥ . Vs 5
h=yaVali=0=3+15 = ra=30 L
1 I
I =y, Wiy, =0 [E"’ E]VI =2m=-0
W I
Iy= vy Vily =0 —_é‘ = .r.‘!l__ﬁrj
(c) For ¥, = 0, the circuit becomes as shown.
f1=}‘11V1={] +2}Vl=3i;2 = 1‘3_1=3rj
/|
AIS‘L _T=V3=}1]3=_In
A 10 10 l2 N 10 I
_"L A —— AW = —— A -
4
V,=0 1% 213 V, I:D' 213 Ve
T s B
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Two-port Network

For V, = 0. the circuit becomes as shown.

I, : ! 10
-4=3 (i) >

1—34-3]"'[:;"]:}2“‘—'—!3 {”) Vi i 10

=1+, (iii)

I3

10

3V

I

and V, = -{1'5‘- (1v)

From (1) to (iv),
h=W+15L=VW-2V=-V, = y,;=-10

From (1), y,=-30
Thus, the Y-parameters are:

-1 -1
=33 [0

From the interrelationship, we get the z-parameters as:

-1 0
[z] = [-I ”3] (£2)

7.5 Measurements were made on a two-port network shown in the figure.

(1)
(i1)

(a)
(b)

+1 o i! LE o +2 *—»
v, Vs ?H‘L=1ﬂﬂ
__1!. ."21

With port-2 open, a voltage of 100£07 volt is applied to port-1, resulted in, /, = 10£0° amp and

V‘I =25Z20° volt.

With port-1 open, a voltage of 100£0° volt is applied to port-2, resulted in, /, = 20£0° amp and

V, = 50£0° volt.

Write the loop equations for the network and also find the driving point and transfer impedance.
What will be the voltage across a 10 € resistor connected across port-2 if a 100£0° volt source

Is connected across port-1.

Solution

(a)

From the given data, we get the z-parameters as:

M 100£0°
2= = =10Q
Il 0

L, _, 1020

Vs 2520° 5
21 o

L, _, 1020

- ¥ ~ 50.20°
=
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7.20 I Circuit TheorY and Networks
V, 9
P - I‘-’JUJ{L ~50
e /s i 2020

S0, the loop cquations are:

V=101, + 2.5/,
V,=2.51,+5I,

l:h} Hﬂﬂ:. Vl=1004{1n ﬂﬂd V?_:—IERL:—H”:

Putting these values in loop equations,
100 =10/, +2.51, = 1,=10-0.251,

and -101, = 2.51, + 51,
or, ~101, =2.5(10 = 0.251,) + 51,
or, ~151, =25 - 0.6251,
=25
or, f:—m =—1.74 A

.~ Voltage across the resistor = -LR;, = 174V
7.6 (a) The following equations give the voltages ¥, and V, at the two ports of a two port network,
V= SI+20,, Vo=25+h ;
A load resistance of 3 €2 is connected across port-2. Calculate the input impedance.
(b) The z-parameters of a two port network are z,, = 5 Q, z,, = 2 L, z,, = z,, = 3 L. Load resistance
of 4 €2 is connected across the output port. Calculate the input impedance.

Solution

(a) From the given equations,
V, =5l + 21, (1)
V,=2I+1, (n)

At the uutpul,-i"z =-LR, =31,
Putting this value in (11),

Putting in (i), ¥, = 51, + (“—2—’*] =4,
I'r
- Input impedance, Z,, = f_] = 4Q)
|

4

I
(b) [Same as Prob. (a)] Z,, = }-'— = 3.50
1
7.7 Determine the h-parameter with the following data:
() with the output terminals short circuited, V=25V, /,=1 A, ,=2 A
(i) with the input terminals open circuited, ¥, = 10V, V,=350V [,=2 A
Solution The h-parameter equations are,
Vl - h”Il T J'IIFI
I, = hyly + hy Vs
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Two-port Network I 121

(a) With output short-circuited, lf’2 = (), given: VI =25V, I=1A and I,=2A.

. 15 — h-” b4 I
v a2 2
and 2=hy X 1} = Iy, =25Q,and h,,
(b) With input open-circuited, /, = 0, given: V, =10V, ¥, =50 Vand /, = 2 A.
10 =Ry, x 50

} = hu:%:ﬂl and hﬂ*—*z—lﬁt}?:!}ﬂeiﬂ

and 2=y, x50

Thus, the h-parameters are:

[zsn 0.2 ]
] =

2 0.04Q°"
7.8 The y-parameters for a two-port network N are given as, 1 1 /, 2
) =40,y,=50,y,;=y; =40] - | [
If a resistor of 1 ohm is connected across port-1 of N, then 102 _Vi N Va
find out the output impedance. v ¥ o

Solution Output impedance 1s given as,

% o €11422 =~ 41242
= I+ Z,
Here, e 49"1 s Ju=Yn+= 4 ﬂ"l. Y= 5 qu
Va9 5 5
2= == = —[)
Ay T 20-16 4
Yia 4
Zia= gy B mam—m=]f)
12 21 .ﬂ'l.' 4
ol i
ﬂnd 219 v = a =1L
Putting these values,
le—{—l)x{-llﬂxl
A in=21Zn _ 4 =£Q
- 2+ 2, 5/4+1 9

79 (a) The h-parameters of a two-port network are hy, =
100 Q, &y, = 0.0025, hy, = 20 and 5y, = 1 mO. Find
"SIV,

(b) The h-parameters of a two-port network are hy, =
| Q, hy5 =—hs; =2, hy, = | B. The power absorbed
by a load resistance of 1 € connected across
port-2 is 100 W. The network is excited by a
voltage source of generated voltage V, and internal resistance 2 €. Calculate the value of V.

Solution

(a) The h-parameter equations are:

v, = 1001, + 0.0025V, (i)

Va RL = 2K
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1.22 I Circuit Theory and Networks
I, =201, + 0.001V, (i)
By KVL at the output mesh, ¥, = -2000/, (1i1)
[, = 0.001F, B V,
Vi= IUU[ 30 } +0.0025V, = 5(— 2{]00] 0.005V, + 0,0025¥%,
From (1),
V,
or i 200
(b) The h-parameter equations are:
fz - _‘?"Il . p l'r:l_ {ii}
Since the load resistance of 1 € is connected across port-2,
Vlf =100 = F,=10V
BYKVL, V,=-LR,=-1, = L=-10A
and 2L+ V=V, (i)
From (ii), putting the values of /, and V,,
~10==2L,+10 = L=10A
From (i),
V.=2x10+¥,=20+1+2V, {by (i)}
=20+ 10+2x10
or, V, =350V
7.10 The z-parameters for a network N are: 10 B i
2 l - -
5. R Vs Vy N V, 50
The terminal connections for the network are shown in the "t T"
adjacent figure. Calculate the voltage ratio Vy/F,, current
ratio —-/4//; and input resistance V//;
Solution  The z-parameter equations are:
V, =21 + 1, (1)
V,=2I, + 51, (1)
By KVL at the input and output circuits,

L+Vi=V, = 3L +L=V, (i) by (1)}
and 5L+ V=0 = 2I,+10,=0 (iv) {by(ii)}
Solving (ii1) and (iv),

. 1 3 ¥,

0 100 10 : 0 2
— 4 R

2 10 2 I
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Two-port Network I 123
)
L 5
20 10 10
V,= N £ [ e S
Now, »=(21,+51,) (28 23] :=agVs
V, 5§
v, 14
Again,
—_ _f20 21), 1B
V= (2 + Iy) = (28 - Zg]rj =2V
Vi 9
ol ¥ oy
.
7.11 For the two-port network in figure, terminated in a | £ I
=
V, 2 V, + Az * ¥
resistance, show that, —2=—21_ apd —L=2U 3
Solution The z-parameter equations are: - =
Vi=2ud + 20hy (i) I
Vy =z, + 230, (ii)
By KVL at the output, V==, x1 = [,=-V,
Vo= 2+ 20y = 25 ) + 23, (= 13)
From (ii], or, Vz(l + :13} = Izlfl {iii}
Vs <3
or £ = 4 (Proved)
From (1),
V"r 1+ z,
V, = _“[ 2 ( : _z]].;.:.z(—Vz} {hY(m]}
=2
- m["n*'—'nzn—:u:u]
. 22
. z + Az
L 2
i ¥, V., 2 z 2, 2 Z
L=l x-2= “+ﬁ"x TR Rl (Proved)

E Kl T+ 142, 142,

7.12 Calculate the T-parameters for the block 4 and B separately and then using these results, calculate
the 7T-parameters of the whole circuit shown in the figure. Prove any formula used.
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Circuit TheorY and Networks
¢ N S e |
: 30 | 50 |
| AN—o 3|T *— A ;
I |
! ' '
r 20 ;| e *l 1F== 40 :
| X |
I: o 1+ . :
! A 1, ____&8 |
TS i =T A =Sy |
(b) | 10 1 10 |
I AN :} AMA :
| | | |
| 20 L 20 |
| || |
| |} |
| | | |
ool N Ir 8 . | |
Solution

(a) We consider the given network as a cascade connection of two networks as shown.

For Block A:
Opening the port-2,

By KCL,
Lol 1o | dngls
(E+3‘JF|'§ =1
and —lP’ -Iv-[i-l-.f)l" =0
3 l 3 2
Solving for V, and V5,
21.(1 + 3s) 21
V, = : ny - I
= T+ i 20 BEETS
V, ’
Aﬂ:[.f’_ ={l +3..'f-'}
2 l,=0
and A =T{L - “:5‘”
211, =0 =
Short-circuiting port-2,
A -
fl - E‘ T ?| - EVI
and Vi==-3l, = B ,=-—— =3Q
) I V=0
_ B SV, 35
and D, ’!;=n_"xV!_2

Iy 30 I,
. > NN ——<—
+ +
Vi 20 WF—=— Vs
“ . .
Block A

Downloaded From : www_.EasyEngineering.net

Scanned with CamScanner



Downloaded From : www.EasyEngineering.net

Two-port Network | 128
For Rlock B: [y 5 () I>
. 4 -+
Opening the port-2, - WV v
By KCL,
| I vy 1F—— 40 Vz
5 » i
B - °
l ] l Block B
and —glﬁ+(-§+-&-)l@=ﬂ
Solving for V, and ¥V,
91, 4]
. d pr-n = I
1= faen W (1 +9s)
V
LI
2 f: =()
\
/ (1495)
and Co==- =
Vs 1,=0 4
Short-circuiting port-2,
-
f,—(§+x]l"| I 50 Iy
e S0 -
o+
Y,
and V,=-5I, = B"’:_I_ =5Q Vi ——1F V=0
2y, =0
/ . o
and D, = —— =(5s5+1)
I: F:=[I

Since the two networks are connected in cascade, the overall transmission parameter matrix 1s
obtained as,

i 1 [ 9/4 §
(7= [T,1x[7,]= . % 9 [ (35s+3) (305 +8)
AX[T]= [53;1] - [|+4s) (5s+1)| [(11.255+1.75) (255 +5)

(b) [Same as Prob. (a)]
. s ! 1 4 1= 3/2 1
e M=y, g ™ D=5,

S 2
i [E]K[?},]=|:3 2]
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7.26 I Circuit TheorY and Networks
7.13 Two identical sections of the network shown in the figure are con- 20
nected in parallel. Obtain the y-parameters of the resulting network and W
verify by direct calculation.
_ } - y - 10 10
Solution For the circuit, y, =30, y,=1,=-20" and
Vay =381 :

L =

The y-parameters for the combination will be,

. ! i, T -|
=0+ n)=69Q
¢ » -]
Y=y =W+ y)=-40Q

Y=0n+ryn)=6Q"

-

To find the y-parameters by direct calculation, we consider the resulting network as shown.

For the entire network, y,,=4+2=6Q7"; y, =y, ==4Q7'; y,,=4+2=6Q"" (Proved)

I 20 s
- L] - ® +
v Vv I 40 /
1 10 10 2 — 2
~e ® . = o +
215 ) VY 215 20 Va
10 10 " »

7.14 Two networks have general ABCD parameters as shown below:

Parameter Network-1 Network-2
A 1.50 5/3
B 11Q 40
C 0.25 siemens | siemens
D 2.5 3.0

If the two networks are connected with their inputs and outputs in parallel, obtain the admittance
matrix of the resulting network.

Solution For network-1]:

D A8 8
= F i a~
__AD-BC _ 15x25-11x025 _ 1
Y2 B I g 5

AU S A,

i A The

Ll A E

£ T T o
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Two-port Network | 127
For network-2:

' 2 i —

m=g=7 @
AD - BC *

- i =“%nl
== @
N SR N
= Ixa 120

So, the admittance matrix of the resulting network is:

s 5/22 -1/11 " 3/4 -1/4)| | 43/44 -15/44 q-
M= =1l Wil ~1/4 5/12| |-15/44 73/132

Two identical sections of figure are connected in series. Ob- 2 2

tain the z-parameters of the resulting network and verify by
direct calculation. All values are in ohm,
1

Solution The z-paramcters of cach scction:

27 3 =0 =10,5,=3Q T

50, the z-parameters of the combined senies network are:
2n=0B+43)=68Q,z,=2,=(1+1)=2Q,2,,=(3+3)=6 1

To find the z-parameters by direct calculation, we consider the resulting network as shown.

/s 2 2 /5
- > - L ]
+ + Iy 20 20 I2
' + +
10
v" 9 2 UE :> V] VE
10
1 — W ANWW——
e o 210} 2 €
. [ ]
For the resulting network,
| g |
:[]=; =6ﬂ :!]---T =ZQ
I f: —1)) | f.:..‘-'..
V V.
zz:=}l =6ﬂ El2=1—l —ZQ
2 J'J =l 2 .|'| =)
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7.16 (a) Find out the z- and h-parameters for the circuit shown in Fig. (a). All values are in ohm.
(b) Hence, obtain the hybrid parameters for the two-port network of Fig. (b).

1 2
1 1 2'
1 2
2
1 1
1 o "
(a)
Solution
(a) For Fig. (a), the z-parameters are:
U " £
:”“‘ }'-'- =4£1,-]:=::1=—{1,_”-—_‘*‘ =41
L, =0 211, =0
Az 16—-4
= = =541
. <12 4
=19 2
h,=—2===0.35
i 2 4
»
W W T
) <1 4 *
] | L
h‘!‘j = = —= 0.25 n
e :]l 4

(b) The connection is scries-parallel connection. For this connection, the overall h-parameters will
be the sum of individual h-parameters.

h,=(3+3)=6Q

by =(0.5+0.5)=1

hy = (=0.5-0.5)=~1

hyy = (0.25 +0.25) = 0.5Q7" |

7.17 (a) Find the equivalent z-network for the 7T-network shown in the Fig. (a).
(b) Find the equivalent T -network for the m-network shown in the Fig. (b).

Z,=20 2Z,=250 Y,=020
1 2 1 VWA 2
Zc=50 Y;=020 Y,=050
1 2’ 1 2'
(2) (b)
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Solution

(a) Let the equivalent z-network have Y. as the series admittance and Y, and Y, as the shunt
admittances at port-1 and port-2, respectively.
Now, the z-parameters are given as:

2= {Zr,+Z{-}=?!],;‘:.3::3]=Zf-=5ﬂ:33={zﬂ+zt-)=7.5ﬂ

Az= (Tx7.5-5%5)=27.5Q? I I
o Ye - o
oo 15 ! 1 T )
TN Ay 218
V1 Vj, ?'E V?
Zc 5
YR = T e U
5 &S - |-
b
= ;=775 0
e
},:l o {.rll +.rI1J o 27.5 = 11 O
B s22 % 72 275
SITEDRA - -
ﬂnd F{* == _l-_'” o z?.s = ll U
Thus, the impedances of the equivalent z-networks are:
, Iy 550 fa
B0 *: VW =1
e
zB=-},'—=|3.7sn,+ Vi S11a 13750 Va
B
I
Z{' — f — 5.5 ﬂ ; ;
Equivalent m-network
Zp= Zg=
(b) Ys=10 0.625Q 0250
1 MAA 2 1 2
Y, =020 Y>=050 Z:=125Q
- L 2' 1 2'
m-network Equivalent T-network

The y-parameters,
Ju= 1.2 U, V2=V = -1 U, and Y= 1.50

Ay=(12x15-1)=08
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B Y2 1.3 A - . I
ol ﬂ.].' = (.8 Q‘ =12 =21 &J, n's n" o
Z‘l_{'|1_"t1}_ "_E'S_='ﬂi6259

0.8

0.2
ZE-{hIE_H|‘}= ﬁ=025ﬂ f
2r=:|z=ﬁ=li25n

7.18 The z-parameter of a 2-port network are:
:” = 10 Il, :2_1_‘: 20 11, :12= :ll = 5.
Find the ABCD-parameters. Also find the equivalent 7-network.

Salution
From the inter-relationship, we get the ABCD paramcters as:
A=30.00 )
Ly,
B = z“z:}j"2|]2jt = ]0!2(’—5)(5 =35£1
25, 5
c=-1 1020
:3| 5
=77 20
= —_— = . 4
:*_r| 5

To find the equivalent 7-network, we have the relations,

z21=(Z,+Z,)=10Q

X
_—
l
I
L
-
—
I
N
I
L
[
P

and 2y =(Zy+ Zc) =200

7.19 Z-parameters of the two-port network N in figure. are, z,, = 45, 2|, = 25, =

(a) Replace N by its T-equivalent.
(b) Use part (a) to find the input current /, for V= cos10001.

I 1 = fz
vy | N Vo
12K
Vs
6K

La=80 JZa=1612
1 2

Ze=50Q

1 2'
Equivalent T-network

= Z,=50,Z,=15Q,Z,=5Q
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Two-port Network I 731
Salution Za Zg
1 2
s 35
(a) The z-parameters are: [z]= (£2) Ze
3s Os
Since the network is reciprocal, its T-equivalent exists. Its 1 2
clements are: Equivalent T-network
Z, = (2}, —255) =38, Zﬂ = (29 - ::]] = 05,

and Ze= 29 =21,=38

' |
:
I | : [P
—— 0" © o —
: S 65 |
zrl_“::}: 33@ :
_____________ o
i Vs §12K
6K

(b) We repeatedly combine the series and parallel elements of above figure, with resistors in k€2 and
s in Krad/s to find the input impedance, Z,, in k{2.

_ ¥ (65 +12) (35 +6)
Zin T s (65+12)+ (35 +6) )
or Z(N=(3j+4)=5£36.9°kQ
So, the current,
oiges BRI £ i ) e
i(f) = AT Scnhﬂ{lﬂm 36.97) (mA)

720 The z-parameters of a two-port network NV are given by, z,,=( 25 + 1/ ), 212= 25, = 25, 25, = ( 25 + 4).
(a) Find the T-equivalent of N.
(b) The network N is connected to a source and a load as shown in figure. Replace N by its
T-equivalent and then find /,, /5, V|, and V.

& 80 % 10

Vs(f) = 12 cost
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Solution

(a) To find the equivalent T-network, we have the relations,

m=(Z,+ Z{-}=(23 + -::JQ
:.’:1 = Z{' = 25 b = ZA = ::_.il' ‘Zﬂ' = 4‘11 z‘:' =25 L2

r
I

12

and

[ 0

i3

1
“A=5 Zz=40
1 2

Zeo=25()

1 "
Equivalent T-network

(b) The equivalent circuit is shown below.

1a
I S0 ‘{ 40 I
L 4

3 | +
10

Ve = 12£0° Vi F2s0
g sQ

. .

BYKVL, 1,(3+))+5L(;2)=12£0°
L(j2)+1,(5+;3)=0

12£0° j2 12.£0° 2290°
0 (5+ j3) 0 5.831230.96°
I, = , = - | =3.294-10.22°(A)
B+j) j2 16 + j14
j2  (5+ j3)
Solving,
3+ j) 12£0°
j2
and A —1 =1.132-131.19°(A)
T3+ )) j2
J2  (3+j3)
V,=12£0°- 1, x3=12-329%x34£-10.22°=2.28 + j1.75=2.884£37.504° (V)
and Vo= =061+ j)==-113(1+ j)£-131.186°=1.59£93.81°
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So, the currents and voltages are:

i(1y=3.29 cos (1 =10.2°) (A) |
ir(t)=1.13cos (1 =131.2°) (M;
v(1)=2.88 cos (1 +37.5°) (A)
vo(1) = 1.6 cos (1 +93.87) (A)

7.21 For the bridge-TRC network, find the y-parameters and its equivalent -network.

05F

1
l 10 0.50Q l
1 AAAV—o—ARAA 2

DA F o
1’ s 2
Solution  The given network 1s the parallel combmation of the two networks:

1 10
5F 10 2
¥ 1——A\VW\——"VW—e02
e i o2
o T
— F
e L 1'e . o2
fa) Network (h) Network
7
For network (a), the y-parameters are: [y,] = O
’ |—8fd 8/2
[(1+ 2/5) 2/s
For nctwork (b), the z-parameters are: [z,] = Q
i 2/« (1/2 + 2/%)
9 . 23 {If'2+2!5} _.§'+4
THE Az, T (14 2/5)(1/2+2/5)—4ls?  s+6
Iy ” I
PR "SE "R TR o s o s
riay — Tab Az, (s+6)/2s s+6
Vt ?a ‘Fb vﬂ
El \h (.‘\‘ + 2)!2 2(3 + 2} ' '
};zzb: ﬁ: = : "}12 : T l l -
p (s+6)2s s+6 'e *2
) . Equivalent r network
s+4 4
s+6  s+6
For network (b), the y-parameters are: [v,] =
4 2(s +2)
| 54+6 s+6
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Thus, the overall y-parameters are:
(s +4 4 |
o F T s/2 =g/2 s4+6 s+ 6
Y| = [y, ]+ 1] = +
ML | il #12 4 2s+2)
s+ 6 s+6
" 2 +85+8 s2+65+8)
B 2(5 +0) 2(s + 0)
s+6s+8 §+105s+8
2(s+0) 2(s +6)
Equivalent & network can be found out from the relations:
Y,= it n)d= T + 6}: h=0nt )
e S SU 57+ 65+8
s+6) b S 1 e (s + 6)
722 For the notch-filter network, determine the y-parameters.
2r 2F
| =l
20 21 l
1 = r: 2
V, 1 g 10 Vs
1‘I b . I 2!
Solution  The given network is the parallel combination of the two networks:
iF ar 20 20
1e || |—e2 i oe—NWW———V\F—42
10 emnelll &
1'e L 1'e e L -y
fa) Network (b) Network
I _I+28 L _(] ]_I+2:.'
For network {ﬂ}. Z11a ( ¢ l] = T y 212 = L1 = 1, 29y, = s l|= o
A= | + -:l.»:
45
_ Zyp, 28(1+2s) _ 224
Yia = = (1+4s) ' Vi2a = V21a = A-,
. 4.'!'2 v _ Na _ 2\” + 2."1‘}
T (1+4s)" R Az (14 4y)
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+ 28 + 28
For network (b), z,,= (/s +2)= I ‘.Zi VI =2 = %; =/s+2)= ] fﬁ
i Hs+1)
5
Z3p (1 + 2s) 2|24 | i (1+2y)

- » V2o

Vv = = ;l,' =¥ =g .
U™ Az, 4(s+1)" 0 THET Az T 4(s+1)

: Az, d(s+1)
Thus, the overall y-parameters are,

e e il e Emzl+2.-.-;+u+z.ﬂ_(|+z.-.~;{ﬁ.13+12.-.~+1;~
Yu=ryn=0n.t 1+ 45 4+4s As+1D(4s +1)

2

45 1 - 165" + 165 + 45 + |

T T ds+1)  A@s+D)(s+D)

and Yi=Vn =0tV =

723 A network has two input terminals a, b and two output terminals ¢, d. The input impedance with
c-d open-circuited is (250 + j100) ohm and with ¢-d short-circuited is (400 + j300) ohm. The impedance
across c-d with a-b open-circuited 1s 200 ohm. Determine the equivalent 7-network parameters.
Solution For ¢-d Terminals opened,

(Z,+ Zy)=(250 + j100) (1)
But, for ¢-d terminals shorted,
Lple : =
Z,+ T A (400 + j300) (i)
Again, with a-b terminals opened,
(Zy+2Z-) =200 (1ii)
From (n) and (1), we get,
Zglc .
- Zx,=150+ ;200
Zy+Zg P 4
or ZoZ —2Z5—2ZyZ-=200(150+ j200) {by (111)
or Z;=200(-150 - j200) =10%(1 - ;2)°

Zz=(100 - j200)Q

-

and Ze= (100 + j200)8 |
724 Find the driving point impedance at the terminals 1-1” of the ladder network shown in figure.
(@) ;e f]mski B Jmﬂ 2
B e 1P =
1'® L3 .2
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736 I Circuit Theory and Networks
10 1H 10 1H 10 1H
®) 1 e— WV ——AVW—T—9—VWW—T0—9— 2
L pvmens _ Rcrmmas ) e
1"e 3 e @ 2

Solution
(a) The driving point impedance at 1-17 is

"
] s+ 35%+1
Zy=s+ N T
£+ | S T+ LS
§ +
s

(b) The driving point impedance at [-1° is,

I _Sﬁ+3£5+B.¥41-|153+1152+ﬁ5+1

z”_“+”+5+ l B S+ 2504 832 402 1 3s
(s+1)+ l
5+ !
(¢ + 1)+ !
§
7.25 For the Notch-filter (Twin-T) network, determine: AR =
(a) y-parameters, >
(b) the voltage ratio transfer function V,/V, when no- C c
load impedance is present, and [ |
(¢) the value of the frequency at which the output volt-  + 4 ' +
age 1s zero. Vi ac—— R Va
Solution - -

(a) The given network is the parallel combination of the
two networks:

0

0
X
X

e i L —- | &— AN ANA—@ 2
R/2 =G
1'e L 1" e * e
fa) Network (b) Network

For network (a),

oo R o L e _(1 RY_2+RCs
i R T R ke i S U T
ﬂ:d=l+*ﬁ€ﬁ

("‘.‘S_
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: Z334 _ RCs(2+ RCs) S T L RFC** |
I a m,u o ZR“'FRCH} ’ Ji2a™ J2la ™ ﬂ:u ZR“ + RC‘F}‘
C's(i + ! C.'i')
s “lla _ :
e~ Az~ (1+ RCs)
For network (b),
9 _1+2RCs. 1 . (1 _1+2RCs
:IIh-['ZL_'*S.'-}-R]'" (s ""I!.".l"'*Ilﬁ“m"lztv'(;+2]" 2
| + RCs
Az, = —

"2

L Fmb _ (1+2RCs) i e T ! ;

M= 7 = 2R(RCs + 1)’ Ay I Ay 2R(RCs + 1)’
' & 21 B “ +2RL'.T]
Y2 = Az "= 2R(RCs +1)

Thus, the overall y-parameters are,
= (e + ) = RCSQ@+ RCs) | (1+2RCs) _ (R*C?s? + 4RCs + 1)
2= e T =5 RCs) T 2R(RCs +1) . 2R(RCs +1)
1 RC’y* +1

J1

, _{1, i }_— RECE.'I'E B -
Y= W2e ™ Ni2p 2R(1 + RCs) 2R(RCs+1)  2R(RCs+1)

and Y2
= el kel
(b) Now, 1 =" T 2"
Iy= yy Vi + v Vs
When no-load impedance is present, /; = 0,
Va vy _ RC’s*+] «_ 2RRCs+1)  _ RACs2 +1
vaa  2R(RCs+1) (R’C?*s>+4RCs+1) (R*C*s* +4RCs +1)

W
(c) ForV,=0=s1+RCs*=0
Putting s = ja, | — ¥ R°C* =0

1

m: =i
RC
e 5
Thus, the notch frequency is given by, f, SZRC
726 Find the open circuit impedance parameters for the two-port network shown in the figure below.
10mH
1e L8N 2
o0 10Q
1'e 2
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738 I Circuit TheorY and Networks

Solution For this m-network, the y-parameters are given as,

e 4N 100 ),
i '(F* u.um)‘("'“ T]

(1 1Y (o1 100
-‘ﬂ‘[lﬂ*ﬁ.ms)‘(“"* - ]

Ay = {yt WV — ViV ) o [0*3 ¥ @J o (O‘I 2 #] ¥ (- g)i
w0022 20,(1%)'-(- 10

A
(0024 20)
5

Thus, the z-parameters are,

Va2 _ 01+100/s _ 01s+100 _ 5v+5000 ., |

T Ay T 0.02+ 30/ 0.025+30  s+1500

. Ma__ —100/s 100 5000
2T T Ay 0.02+30/s 0.025+30  s+1500

¥ 02+4100/s _ 02s5+100 _ 10s+ 5000
2 =3, =002+30/5s _ 0025+30  s+1500

Qb Ans.

9

F.

727 Find the open-circuit impedance parameters of the circuit given in the figure. Also, find the A-
parameters of the circuit.

Solution BY KVL,

(/10 + 5)1, + 51,
and 51, + (j15 + S)L,
Thus, the z-parameters are:
I =(5+/10)Q z,=2,,=5Q Z,, =(5+/15Q  Ans.
The hybrid parameter matrix may be written as

Wl [ Mma || 4
I, hyy Iy || Vs

1!
By

(1)
(n)

Il
o
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Two-port Network | 739

From Eq (11), we get,

N S v,
h=-ssa5h * 55513
o i
EY R LA (1)

Putting this value of /5 in Eq (i), we get,

. 5 | .
{5+}|U]f|+5[—mfl+m—5]-yl
(5+ j10)%(5+ j15)~ 25 5
v, = + 2 Vs
g ’ (5+15) SIS
30+ 525 1 .
138 AT ()

Comparing Eq (i11) and (iv) with the standard equations of A-parameters, we get,
I | !

728 Determine the z-parameters for the network shown in the figure.
I I
Y NN ANN—0 2
- 5Q 100 *
Vi 200 Va
1'e e 2

Solution We consider two situations:
(a) When /[, = 0, i. ¢. port-1 is open-circuited: In this case no current will flow through the 5Q

resistor.
ls=0 /
1 2
10— AAN N\NN—0 2
 § 50 100 x
V 200 Vo
1'® 2

Figure(a) Whenl, =0

BY KVL in the right mesh, we get,
IDJ’: +20!: - P:_j - D

= =30 Q
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740 I Circuit Theory and Networks
From Fig. (a), we get,
I'"l e 20!:
V.
:'|2 — iT1 — Eﬂ' ﬂ
=0
(b) When /5 = 0, 1e., port-2 is open-circuited:  In this case no current will flow through the 10 £2
resistor. i lo=0
BY KVL in the left mesh. we get. — <,
” v Vs
:l | = fl - 25 Q o
L1, =0 1'e e 2
10—\, ANN——e 2
v 50 10Q »
Vs 200 V2
1'e e 2

Figure (b)) Whenl, =10

From Fig. (b), we get,

Therefore, the z-parameters of the network are:

25 20
[z]= [20 30] (Q)  Ans.

729 Find the y-parameters for the network shown in the figure.

50 Q2
. —AW— .
200 10Q
- .

Solution  We consider two situations:
When V=0, i.e., port-1 is short-circuited
In this case, no current will flow through the 20 Q resistor., The modified circuit is shown in Fig. (a).

By KCL at nod¢ 2,
F! _{] V! -{) -l
0 ¢ S 4
/, ] |
y — e ——— .
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Iy 500 o I
> ANN - ®
V,=0 i Vo
] ®

Figure(a) When V, =10

Also, from Fig. 7.5 (a) we get,

/)

N .
- =30 = 0.02 O Ans.

Y2 =

When V, = 0, i.e., port-2 is short-circuited

In this case, no current will flow through the 10 £ resistor. The modified circuit is shown in Fig. (b).
By KCL at node 1,

-0 ¥-0
RS
_|4 b )
J“_IELZ:H-E‘*‘%_O'UT 0 Ans.
- .
Yy 20 Q Vo =0
[ ] £

Figure(b) When V, =10

Also, from Fig. 7.5 (b) we get,

I

0.02 ) Ans,

Therefore, the y-parameters of the network are

007 002]
V1= 002 o2 -
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730 For the network shown in the figure, determine the ABCD parameters.

i 10 20 1Q b
1 AN\ N—=<e 2
i +
vV, 2Q 20 Vs
1"e e 2
Solution The ABCD-parameter equations are,
1= AV, - BI,

For the network shown in the figure. we convert the delta consisting of the resistances of 2 £ cach
into its equivalent star so that the circuit becomes as shown in Fig. (a) and Fig. (b).

2%2 2
(e el a rs T e
20
i 10 3 10 b Iy 1.670Q 167Q b
1 —ANN AMA——e 2
*
1.67Q V,
e 2
(a) Modified network (b)
To find the ABCD parameters, we consider two situations:
When V, =0, i.e., port-2 is short-circuited
As shown in Fig. (c), by KVL we get,
1.671, +0.67(1, + 1,) = V,
or, 233/, +0.671, =V,
i:'lnl.i., “.h?{fl + !2] T I.h?f: - 'U
233
or, [, =— 0.67 I, =-351,
/
D= l— TL =35
211,=0
Iy 1.67Q 1.67Q I
1 ——AAN AMN—~— 2
+
v, 1.67Q Vy=
1"e e 2
(c)
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Two-port Network | 743
Putting this value in the first equations, we get,
I’J‘
233x(-35)1,+0671, =V, = B= |-TL =750
21¥y=0
When 7, = 0, i. e. port-2 is open-circuited
Here, no current will flow through the right side 1.67 £ resistance. BY KVL, we get,
V,=(1.67 +0.67)I, = 2.33],
and, V,=0.67],
. 4 R s
C= V_: = W =150
2,331
= —| = ! =35
=1, _ =067, =
ly 1870 1.67Q Ilh=0
1 —AAN ANN——e 2
+
v, 1.67 Q V,
1o .2
(d)
Therefore, the ABCD parameters of the network are
A=3.3; B=T738; C=150; and D=33 Ans.
Find the hybrid parameters for the network shown in the figure.
I I,=0
1 E2
1e = . 2
10Q 150Q
50
1'e .2
Solution BY KVL,
15/, +51, =V, (1)
51, + 201, = ¥, (ii)
Thus, the z-parameters are
In=0C+710)Q z3=2,,=5Q Z, =(5+j15)Q Ans.

The hybrid parameter equations are,
Y=y b+ gy B

Downloaded From : www_.EasyEngineering.net

Scanned with CamScanner



Downloaded From : www.EasyEngineering.net

T44 I Circuit TheorY and Networks

From Eq (11), we get,

. T
e l, + 30 V, (111)

Putting this value of /5 in Eq (i), we get,

v,
15£l+s[-11 ]:V,

31%30
35 o .
=5 VI;T!I_’_EFI (1v)
Comparing Eq (1) and (iv) with the standard equations of A-parameters, we get,
55 | I |
732 Find the v parameters for the following network:
200
AT
. ANN A" .
p 10 0 50 *
Vi 40 Q) Vg
I "o

Solution  This two-port network can be considered as the parallel connection of two two-port
networks as shown below,

. 4'A"A" A"A"A" “ 20 Q

? 10 Q 5Q i L oS

v, 400 V, Vi V2
g PRy

. . (b)

(a)

For network (a), the z-parameters arc:

200 =500 25, =25, =400); 2z, =450; . Az=(50x45-40")=650

b |
-

Thus, the y-paramcters arc

-l

Ve = Az T 650 " 130 ™

212 40 4
1= e T s RN ™ R

_Zie _ 0 _
Y2a = Az T 650 " 13

=3 _45_ 9 ho

mho

mho
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For nctwork (b), the y-paramcters arc

|
Yite = Ya2p = 5q MO} Y3 = Vayp = =55 Mho
We know that for parallel connection of two two-port networks the overall y-parameters are the

summation of individual y-parameters. Thus,

9 l
1) S (.!'rlle: +."Ilh) =( 130 1{]] =0.119 mho

4 I

-I'.IT = Yy = [:"’l!u +."l|!h) = (— E — E) = —0.1 I I mhﬂ r .-‘tﬂ.‘l'.
Vas = (Vas, + Vazp) = (—L + J_): 0.127 mho

72 T Ve T 7220 13 20

733 Obtain the ABCD parameters for the network shown in the figure.
100 20 Q 50 Q
o——AAA, ——ANA- AAN -
Input 50Q 20Q 10Q  Output
s —

Solution  This two-port network can be considered as the cascade connection of two two-port
networks as shown below.

10Q 20 Q2 50 0Q
*——AAA— AN——e - AMA— o
50 0 20 0 1002
[ 3 ] [ = L]
Network (a) Network (b)

For Network (a), as this is a T-network, the z-parameters are given as,

. _Az 1700 _
e e, "3 S B ™ 3 an
" l _L _ <2 _?0_1
™ 2 g e 3

For Network (b), as this is a m~-network, the y-parameters are given as,

e 1) 4 WL T —— L Y
_1-”-(ﬁ+ﬁ)—mmhﬂ, Vs = Yoy = 5[][“]“]. _133-(50‘*"0]—25 mho

7 3 1 \° |
Ay = (v yn —J’u}'zl) =100 X 55 —(——) = —
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__11'1 s 31"?-5 - i | 2 I =
A T T AT TN
. _ Ay _ 1125 _2 .. Wi W00}
< Yoy  —1/50 © Smhﬂ < yy ~ -1/50 2

For the entire network, the ABCD paramcters are given as,

€ o)

7.34 Calculate the ABCD parameters of the network shown in the figure below.

20 0 20 Q

1 e—50\ 50 ——e 2
30 0

1'e e 2

Solution  For this T-circuit, the z-parameters are given as,

2, = 2, —(304,/20)Q

A, B,1 [4 B [6/5 347 [6 507 [208 179
c, o, | lc, p,|7so 15| 25 157|068 59

z 30+ j20 2
A: 1 = :( + -—]
Az " (60+,20)20 L /3
- 60+ j20)720
gl 60+ )20) =(_59+j40]£1
2y 30 3
> Ans.
I B
C = > = mho
B 2 B 3“'|‘j2(] N E
e *(1”3)

735 Determine the hybrid parameters for the network in the figure shown below.,

] Ans.

by 2 hy
. ; AN ; °
Vi | A s | V2
| |
> I J .

Solution For this m-network, the y-parameters are given as,

I | n+r | 1 | ry + ry
'}Il -I = e + — —_— 1 = : .1']: - rl*1_| = = —; ".11 = — + - s = -
N nn i n R § 3
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BY inter-relationship, the h-parameters are obtained as,

I
h“_FI_[n+ﬁ]

Y12 T 4
Al =——==- -
Y "+ h+n
172
3
Vs s r;
hyy == = .:
Y n+r T
nn

) (i tn)(ntn)-nn x[ 1 s ]_(r. +13)(rs +13)—nry
2 53 % —
o T n ryor n+n r(n+r)

7.36 Find the hybrid parameters of the circuit given in the figure.

. - ANN - .
Vi 1 f)llvf—/aﬂ Vo
- L

Solution  For this m-network, the y-parameters are given as,

1.1
H|={T+j)=

| _3 __111 _——IfZ _l
hll H_J hll_ ™ = x Vo I
|
. S | 2 el -3y
e Rl v e M=y = =3
737 For the network shown in the figure, determine the z and y 2V,
parameters.
Solution BY KVL for the three meshes. we get,
V.=Iﬂf|+3f3+2{f|+f!]=3*l2!l+5!1=r1 {i} 2 €1 Iz
Vo=2(l,=2V)+2(1, + 1) = 21, + 41, - 4V, = ¥, (ii) A
vy =2(1, + 1) (iif) V2
- -
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From (11) and (111),
Vy, =2l +4l,-4(2], + 21,) = V, = - 61, - 4l, (1v)
From (1) and (1v), we get,

12 3
I=[..ﬁ 4] (€2) Ans.

_[]_]_ 2/9 5/18 5 4
y=|z 113 -213 (C)) ns.

738 The h-parameters of a two-port network shown in figure are i, = 100082, h,5 = 0.003, i, = 100,
and /15, = 50 x 107 mho. Find ¥, and z-parameters of the network if ¥, =107 20" (V).

500Q Iy

Solution The h-parameter equations are,

Fl o ”f]""h” e IUUDIT+U.003V2 {l]
[, = hy I, + hyyVy = 1007, + 50 x 10 ’*lr",_. (1)
By KVL for the two meshes,
V, = V,- 5001, (1)
V, =-200/, (1v)

From (i) and (1),

V.~ 5001, = 10001, + 0.003V,
o, 10— 15007, =0.003V, (V)
From (11) and (1v),

= 23’6 =100/, +50x 107V,

or, I, ==-55%x10"°¥, (Vi)
From (v) and (i),

0.003%; =107 +1500(-5.5x 107" ¥,

=2 V,==1905V  Ans.
The z-parameters are calculated as follows.
h, h,
:||=;f:=—5[]ﬂﬂ :I'?:}I'I: =6'Uﬂ :3|=—ﬁ=—2}<|ﬂﬁn
:31=h] =20x10°Q Ans
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739 For the two-port network shown in the figure, find the z-parameters.

2V
s 10 10 | 10 b

Solution We consider two cases:
When 7, =0 Here, as the output port is open-circuiied, no current will flow through the 1£2 resistor

connected at port 2. The modified circuit is shown in Fig (a).

2v
h 10 10 : 10 =0
——AAA W»—@ AAVA—<—e
- Sttt -
!
v, fh—ﬂl 20 20 V2
. .

(1)

By KVL for the middle mesh, we get,
[+2V, +2I-2x(l,-N=0

- f=(%f.-§-’1) (i
By KVL for the left mesh, we get,
Vi=L+2x(,-D=31,-2
=3/-2X (%!, —%Vl] 1by equation (1)}
or, Vi =114,
K
Iy = =11Q
] "I =0
Also, by KVL for the right mesh, we get,
V1=21=2x(—§-f,—%l’,):%f,-%i’,:%fl-%xllxﬁ:—ﬂ!,
,"J1
I J!:ﬂ
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When /I, =0 Here, as the output port is open-circuited, no current will flow through the | £ resistor
connected at port 1. The modified circuit is shown in Fig (b).

2V
ly=0 10 1 1 b
- i ANN—<o
. P — e
|
v, 20 20 l”z'” V,
[ ] ®

(h)

BY KVL for the middle mesh, we get,
[=-2V,+21-2%x(l,-1) =0

_ (2 2 .
- I-(§!3+§V,] (1)
By KVL for the left mesh, we get,
—or=3x(2L+2¥ =21 +2
H—Zf—zx(513+5 ,)—5f3+5ﬂ
=5 V=4l
:]_1::}—' =4Q
Iflz

Also, by KVL for the right mesh, we get,

=31, “23"(%"2 + % V:) { by equation (ii)}
11 4 11 4
K
- Saui 9 =-19Q
2 /=0

Therefore, the z-parameters of the network are,

z]= [1; _41](12) Ans.

740 Find the z and vy parameters of the network shown in the
figure.
Solution  We convert the dependent current source into

its equivalent voltage source as shown in the figure
below.

0.8 1y
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Two-port Network | 151

By KVL for the two meshes, we get,

and,

L+1x(,+L)=V,=V, =2, +1, (i)
102, + 92, + | % (I, + 1) = Vy = Vo= 101, + 111, (i)

From (1) and (i1), we get the z-parameters as,

2 1
[:]=[m “:|(ﬂ) Ans.

Therefore, the Y-parameters are,

2 IT" [1az =
':'”I= = i i
b1=F] [10 11] [-10:11 lez]h o

741 The network shown in the figure contains both dependent current source and dependent voltage
source. For this circuit, determine the y and = parameters.

Solution

2V
Iy 1Q 1 Iy
. > ‘\l\/\,—@ -« e
Vi 10 2V, 20 Vo
L] °

We first find out the y parameters. To find the y parameters, we consider two situations:

When V=0 Here, port | is shorted and hence, the dependent voltage source is zero, i.c., short-
circuited. The 1 £2 resistance in port 1 becomes redundant. The circuit is shown in Fig (a).

h A 10 I
- A'A"A" -
-
v
Vi=0 | 2V; -3 | 220 V,
L ]
(a)
By KCL at node (A4), we get,
—fl—EV:—[f:—FTz):ﬂ=5fl+f:=_3:3 {i]
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By KVL for the outer loop, we get,

i

Substituting the value of /5 in (1), we get,

/, 3
Y= 5 =50
l/: |'.=|.'] 2
h+%ﬂ=—%ﬂ
. 174
/
Yo =5 =-30
2 ¥y =0

When V, =0 Here. port 2 is shorted and hence, the dependent current source is zero, i.e., open-
circuited. The 2 € resistance in port 2 becomes redundant. The circuit is shown in Fig (b).

By KVL for the left loop, we get,

W=D

By KVL for the outer loop, we get,

From (n),

2I1+!'3+l"|=0 — f1=—3k|
J A
T 1 NN 1
o 21 Vi

¥, =0

n=h=-3h = =4/
/)

1l yy=0

Y11 =40

Therefore, the y parameters of the netwrok is given as,

4 3]

(1)
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Hence, the z parameters are given as,

. =

-1 | =
[z]=[v] '= j -33 =| 2 - (2)  Ans.
, -3 3 4

L N
742 The model of a transistor in CE mode is shown in the figure. Determine the & parameters of the
maodel.
/

<o

Aeply ‘e
Vo

Id
-

Solution The equations of i parameters are,
Vi=hy B+ by 1y
Iy =hy y + hy, 1V,

To find A paramecters, we consider two cases:
When 1, =0 Hecre, the dependent current source 1s open-circuited, The modified circuit is shown in

Fig (a).

=

Also, V;, =1, (11, + "d)

— h‘j'l - T - Ij
2 II':““ ﬂ'.' + r-l.l‘

When V, =0 Here, the dependent voltage source is short-circuited. The modified circuit is shown

in Fig (b).
,1 Ty rn, ;2
o> AAA—ANA—
pelp
Yy Vo
L
(b)
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Vi =1(m+r,)

"

=5 ny =—
I ¥y =0
Alﬁﬂ. !1 =ﬂr[hh
/5
=/ h:” ===
1

= (:}, + 7. ]Q

=

F': =1}

ch

Therefore, the & parameters for the transistor model is given as,

-(r,, +r,)
T i (O

H e
!

'r.'q+rdi

Ans.

743 Find the hybnid parameters for the network of the fhigure (which represents a transistor).

Lr R L
MMF «
- Ay -
Yy Hy Vo
© °
Solution Case (I): When V, =0
The circuit 18 modified as shown in the higure.
—
AN .
A3
Va
L]
By KCL at node x,
;‘?T l!'
R‘j+R]+ﬂ'ﬁ=f1 = K={l-a)
BYKVL,
R. R
Vi=LR +V.=1L R + 1-a(--L~L

»+ Ry
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K B (1-a)R, R,

BY KCL at node Y,
Shalwal, = 1 :-aI,-(I-rr)( % Ry ]:,:-f,[R3+”R3]

R, R, + R, R, + R,
([ R+ aRy 1
- = —( R, + R, ) Ans.

oy =

21 Tl-

Case (I1): When 7, =0

Here, the dependent current source is to be opened (since /, = 0).
The circuit is modified as shown in the figure.

e ek ATAY; ANN——e
+ A A HS +
v R, Vs
. o

Vo=6L(R, + Ry)
and Vi=LR,

V R, |
hy, = A Y 7 Ans.
- f:“” e
I, l
111 = — - w¥ g
and ha = 3 R+ R Ans
214,=0 2 -
Therefore, the hybrid parameters are
(I"ﬂ)R‘r R} H-u R"} +HR 1
h :R'i" - : h-;: = :, h-l -_— = ]:. h-rp: AE.
744 Determine the y and z parameters for the network shown in the figure.
2V,
10
. vv\.—<> * .
+ +
Vi 1Q 2V, 20 Vs
. B

Solution  We convert the dependent current source into equivalent dependent voltage source. The
modified network i1s shown in the figure.
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2V,

Iy 10

- -

* 10

V, Iy 20
2V,

[

BY KVL for three meshes, we get,

Vi=1xX(l,=-6L)+2V, = ;=1 +2V,- ¥, (1)

and 1%J, -2V, +2(L,+1,)-2V,+ 1 x(I,—1)=0= 2V, + 2V, =1, +2I, + Al (i)

and, Vo=2x(l,+ 1) (111)
Substituting the value of /; from (i) into (ii) and (iii), we get,

2V, +2V, =1, + 2L, +4(1, + 2V, - V,) = 6V, - 6V, =3I, + 21, (1v)

and, Vo=2(LL+ 1, +2V,- V)= 2V, -3V,= 2], + 2, (v)

BY (iv) — (v), we get,
I, =4V, -3V, (vi)
Also, from (v) and (vi), we get,

> h=-3V+3, (vil)
From (vi) and (vii), we get,
4 5
y=| : (mho) Ans.

N 1 I B
:=[_1~] =[_3 3] = 4 (€2) Ans.

745 Find the h-parameters [or the two-port network shown in the figure.

0.5V,

i 30 I,
¥ a0
V, 3L, Vs
g

Solution To find & parameters, we consider two cases:
When J, =0 Here, no current will flow through the 3 € resistance.
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Two-port Network | 157
By KVL at the left mesh, we get, =0 3q
l’]=4}((0.51"|)+313 b
+ 40
= ZVI - 3f1
= Vl
Also, by KCL at Node (X), we get, -

l, = KF +05V, =¥, +05V,

=V, +05x (-31,)

= 2.5!2 — VI
/5 l
hl: E_V: -_2.5=U.4 li

f|={l

v,
Vl =_3lf2 =_3x(ﬁ)=_|£V1

V
hyy = V_l

=13

I.ﬂu

When ¥, = 0 Here, the port 2 is short circuited. The 1Q resistance becomes redundant. The
modified circuit is shown in Fig (b).

0.5V,
y 30 2
—— "V @—4—
¥ 40
) 31,
™
(b)
=05x[31,+41,+41, +31,]
=3.SI|+35!:
- 251, =351,
_ 1 o 35
hzl_fl F‘=ﬂ— T 1.4
Also.
IFI=33’|+4f|+4f:+3fzz?fl+?!1=?fl+?x(-l.4f|)
=“2‘8’I
V
|

¥y =0
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Circuit TheorY and Networks

Therefore, the h parameters of the network are given as,

-28 -12
[h] = |:_ vy B ] Ans.

MULTIPLE-CHOICE QUESTIONS

7.1

1.3

14

f o

1.6

Ll

1.8

19

7.10

7.11

Which one of the following pairs is correctly matched?
(a) Symmetrical two-port network: 4D - BC = |

(b) Reciprocal two-port network: z;, = z,,.

(¢) Inverse hybnd parameters: A, B, C, D

(d) Hybrid parameters: (V, ) =/f(/,, V5)

What is the condition for reciprocity in terms of A-paramcters?
(@) hyy = hy (b) hyalay = by (€) by + by =0 (d) hyy =
For a reciprocal network, the two-port ABCD parameters are related as follows
(a) AD - BC =] (b) AD - BC=10 (¢) AC-BD=10 (d) AC-BD=1
For a symmetrical two port network
(@) z,, =2y (b) 2y, =2, (©) zZyzn-27=0 (d) z;, =z and z,, = z,,
For a two port network to be reciprocal, it is necessary that
(a) z;; = 25 and y |, = vy, (b) z, =z and AD - BC = 0.
(¢) hyy=-h,,and AD - BC =) (d) y,» =¥, and h,, = —h,,
A two port network i1s symmetrical 1f
(8) 242y —212291=1 (b) AD-BC=1 (€) hyhyy = hyshyy = ) ¥y e = viave = |
A two port network 1s reciprocal 1if and only if
(a) 2|y = 2,, (b) BC - AD = -1 (€) ¥i12 = ¥y (d) hyy, = hy,
In terms of ABCD parameters, a two port network is symmetrical if and only if:
(a) A=8 (b)y B=C (c) C=D (d) D=4
The condition for reciprocity of a two port network having different parameters are:
1. hyy = =hy 2 81y =~ 3. A=D
Choose the correct combmation,
(a) | and 2 {(b) | and 3 (¢) 2 and 3 (d) 1,2 and 3.

Two two-port networks with transmission parameters 4,, B, C,, D, and 45, B,, C,, D, respectively
arc cascaded. The transmission paramcter matrix of the cascaded network will be
i [ A B,LF[AI 33] & [ A B,”A: B:]
L Il:‘I D I _CI DI | CI D! C'_‘ D 2
{ﬂ'iﬁ &m} mjlm@+qg1{¢ﬁ—&m1
_CIC.! DID_‘ _{Cl A: i DIC.-‘) {Cl C: + DI Dz}

Consider the following statements.
For a bilateral network,

. A=D 2 )3 =2y 3. hyy = =h,
Of these statements.
(a) 1,2 and 3 arc correct (b) | and 2 arc correct
(¢) 1 and 3 are correct (d) 2 and 3 are correct.
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In a two port network containing linear bilateral passive circuit elements, which one of the following
conditions for z parameters would hold?

(8) 2, =2 (b) 2527 = 212 (€) 232 = 27y (d) z); = 23,

The relation AD - BC = 1, where 4, B, C and D are the elements of a transmission matrix of a network,
is valid for

(a) any type of network. (b) passive but not reciprocal network.
(c) passive and reciprocal network. (d) both active and passive network.
When a number of 2-port networks are connected in cascade, the individual:

(a) Z, matrices are added. (b) Y, matrices are added.

(¢) chain matrices arc multiplied. (d) H-matrices are multiplied.

Ihe A parameters iy, and fi,, arc related to z and y paramelters as

(@) hyy =z and hy,= (b) hy, =z, and hy, = y5;

-
- ¥

€) h,= ~

— [

82 ond b= (@) by = —— and hy, =y,

<22 =1 I

Two two-port networks e and £ having A B C D parameters as

A,=4=D, Ag=3 =Dy B .=5C,=3 and By=4,Cyg=2

arc connected in cascade in the order of @, f. The equivalent A parameters of the combination is

(a) 17 (b) 22 (¢) 4 (d) 31.
With the usual notation, a two-port resistive network satisfies the condition A=D = %— B= % G
The z;, of the network is
5 4 2 |
(a) 3 (b) 3 (¢) 3 (d) 3

The reciprocal of a network function is

(a) an immittance function, if the original function 1s an immittance function.
(b) a transfer function, if the original function is a transfer function.

(C) never an immittance funcrion.

(d) never a transfer function.

A two-port network 1s defined by the relations [, =2V, + V5, [, =2V, + 3V, . Then z;, 18

(a) -20Q (b) —1Q © ->0 d) -%n

Consider the following statements
I. Transfer impedance is the reciprocal of transfer admittance.
2. One can derive transfer impedance of a network if its driving-point impedance and admittance

are known.
3. Driving-point impedance is the ratio of the Laplace transform of voltage and current functions at
the input.
Of these statements:
(a) 1, 2 and 3 are correct (b) 1 and 2 are correct
(c) 2 and 3 are correct (d) 3 alone is correct.
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721 Consider the following statements
|. The two-port network shown below does NOT have an impedance matrix representation.

1@

£ 2

1'% .2:

2. The two-port network shown below does NOT have an admittance matrix representation.

1e T_ L
Y
1'e i e

3. A two-port network is said to be reciprocal if it satisfies z,, = z,, or an equivalent relationship.
Of these statements:

(a) | and 2 are correct (b) 1 and 3 are correct

(¢) | and 3 arc correct (d) None 1s correct,
7.22 If two two-port networks arc connected in serics, and if the port current requirement is satisfied,

which of the following is true?
(a) The z-parameter matrices add (b) The y-parameter matrices add.
(¢) The ABCD-parameter matrices add. (d) None of these.
7123 If two two-port networks are connected in parallel, and if the port current requirement 1s satisfied.
which of the following 1s true?
(a) The z-parameter matrices add (b) The y-parameter matrices add.
(¢) The ABCD-parameter matrices add (d) None of these.
724 1f two two-port networks are connected in cascade, and if the port current requirement is satisfied,
which of the following 1s true?
(a) The z-parameter matrices add (b) The y-parameter matrices add.
(¢) The ABCD-parameter matrices add (d) None of these.
725 The z;; and z,, parameters of the given network are a0 50 40
(a) 8Q,7.75Q N
(b) 150,9Q
(c) 12Q.85Q 100 5Q
(d) None of the above.
726 For the network shown, the parameters 4y, and h,, arc . .
(a) 5£2and -2/3 Q2 (b) 3.4 Q and -2/5Q Iy Iy
(¢c) 3.4 Qand -3/5€Q (d) None of the above. + >—"\MA AMN——0 +
727 The maximum value of the transmission parameter A for a pas- L o
sive, reciprocal, linear two-port network 1s V, 40 Vs
(a) | (b) 2
(c) 3 (d) none of the above. - .-
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728, The unique feature of ABCD parameters as compared to x, v and & parameters 1s
(a) none (b) short-circuit functions
() open-circuit functions (d) reverse transverse functions

7.29. The driving point impedance of the infinite ladder network shown in the given figure is

(given R, =2 Q and R, = 1.5 Q)

(a) 30 (b) 350 (©) %n (d) |n(|+i]ﬂ

730 A 2-port network is described by the relations:

What 1s the value of the /,, parameter of the network?
(a) 1 mho (b) 2Q (¢) -2 mho (d) 4Q
731 What are the suitable values for Z, and Z,, to make the input impedance, Z, of the network equal to
R
| 2 l
. AR .
R
Zin —> Z, A
3 .
(a) R and R (b) 2R and R (¢) 3R and 2R (d) 4R and 4R
732k 0 ‘e .
*— - L
Tepl ‘e
Vi Hpe V2 V2
o
o .

Which one of the following gives the A-parameter matrix for the network shown in the figure?

I u, ntr, @4
(8) | r,+ry (b) " I
he
@, B+, | . oty |
Iy v 1e K, K, @ p
¢ | d |
( } ﬂ;ﬁ { } ' + Mo
1 o Ty | : e T1y |
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733 In a two-port network, the output short-circuit current was measured while the source voltage at the
input was | V; the value of the output current would provide the parameter

(a) B (b) Vi2 (c) h:| (d) ¥ai
734 The y-parameter ‘y,," of the network shown in the figure

/5 6 Q2 40 12
+ i: +

v, e 141, v,
_lt -I-
(a) 1s 2 mho (b) 15 6 mho (¢) 18 3 mho (d) does not exist

7.35 The phasor current through the inductance in the circuit shown 1s

o) (m],: 4 ® [ ﬂ]zay
i=10cos 2t (‘D 20

V2 V2

(c) 5£45 (d) 5£-45
736 For the two-port network, the parameter y,, will be

2
L]
yﬂ
L L
2!‘
(a) ,+Y, (®) g,-Y (c) ;-g, (d) g, +hh+Y,
737 For the given two-port network, z,, will be
20 20
1e .2
1 T
Vi 10 20 Vo
1 Y
1e .2
(a) 2/5Q (b) 3/5Q () 1/5Q (d) 4/5Q

1

-

5

E h, h /
738 The h-parameters for a two-port network are defined by [ l] = [I - J”{H: : } For the two-port
21 2

network shown in the figure, the value of /5 1s

given by ly 4Q 20 2 Q Iy

(a) 0.125 (b) 0.167

(c) 0.625 (d) 025 E, %Eﬂ 40 E,
° @
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09 02
7.39 The z matrix of a two-port network as given by [uz {]ﬁ]' The element vy, of the corresponding v

matrix of the same network is given by

(a) 1.2 (b) 04 (c) -04 (d) L8
740 For the two-port network shown in the figure, the z-matrix is given by
zZ Z+Z | 2 Z

1. I § 9 |l . a0 5
Ly +Z, Zs L +4, 4,
- B 1.1"1 21 Inl"z
& 2 Z =

(c) |. % -3 B
_Z: zl +A‘fz _£'| £| +£fg @ ®

741 The parameters of the circuit shown in the figure are R, = 1 M Q, R, = 10, A= 10° V/V_If ¥, = 1 pV,
then output voltage, input impedance and output impedance respectively are

R, R
o —AAN——
+
v, AV,
L -

(@) 1V, 10802 (b) 1V,0,10Q (€) 1V,0,e (d) 10V, 10Q
742 The parameter type and the matrix representation of the relevant two port parameters that describe
the circuit shown are

Iy > < b
. L
+ +
Z V,
. o
(8) t 0 0 b) I : 1 0
d4) = paramelers, Aramcicrs,
& 0 0 0 0 1
(c) h t o (d t L
c arameters, = paramelers,
¥ 0 0 s 0 1
743 The impedance parameters z,, and z,, of the two-port network in the figure are
3n 5Q 40
—A\\N
10Q 51)
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(a) z;,,=2.75Qand>,,=025Q
(b) z;,=3Qandz,=05Q
() z2;;,=3Qandz,=025Q
(d) z;,,=225Qandz), = 0.5 Q
744 For the lattice circuit shown in the figure, Z, = j2 Q and Z, = 2 Q. The values of the open circuit

- 1 S
impedance paramelers = = [ ] are

1 Z, e 3

2@ Z; ® 4
(1= I+ (1= 1+
= I B B LS -
(i) 1] =i+j 1=j
1+ 1+ (1= =14
T i@ |
UL e i i & M

0
745 The ABCD parameters of an ideal # : | transformer shown in the figure are [; X} The value of X

will be I b
| L L
(8) n (b) =
l V‘l T VE
(c) n’ (d) —
n .
746 The h-parameters of the circuit shown in the figure are n:i
01 0l 5y 3 100 2
(a) (b)
-0l 03 1 005
30 20 10 1 Vs 200
(c) (d)
120 20 =1 005 . .
747 In the two-port network shown n the figure below, z,, and z,, are, respectively,
I, I
* » -« @
"o f"1 "o
L3 -
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(a) r, and fr, (b) 0 and -fr, (c) O and Sr, (d) r, and —fr,
748 A two-port network is represented by ABCD parameters given by

e o)l

If port-2 1s terminated by R,. then the input impedance seen at port-1 given by

o A+BR, o ARHC
Y C+ DR, BR, + D
DR, + A . B+ AR,
) BR, + C D Dicr,
EXERCISES

7.1 Current /, and /, entering at ports 1 and 2 respectively of a two-port network are given by the
following equations:
I, =05V, -0.2V,
Iy = =02V + ¥y
where V, and V, are the voltages at ports 1 and 2 respectively. Find the y, z and ABCD parameters
for the network. Also lind its equivalent z-network.
v =050;.y,=-020;y,,=-020;: 50 =1 0U;
2, =2.174 Q; 2y, = z,, =-0.435 Q; z,, = 1.086 £2;
A=5,B=50,C =230,D=25;Y,=030;1,=020; ¥,=08 U]
7.2 Determine the z-and y-parameters of the networks shown in figure.

j40 Q /80 Q
(a) et ¥ ¥ ¥Y . YN g ) " 1120 1 |0_
_ . i i B !
-j160Q | :=[ _{lzn JTﬁ{]} T A @)
- /160 - 80 jno  —j2
" " 5 4.
._ -
j40 Q2 /B0 Q2

O e )
30

WE
0 30 + 740 40
(b) O i O A |

(14 25) |
{z= [ 1] ()
| | + =

il
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7.3 Obtain the z-parameters for the circuit shown in figure and hence draw the z-parameter equivalent
circuit.
I} 20 210 I
A . =
% 2
Vi 10 20 Vs o 1 &3 @)\
2 6
" - L% 3
74 Find the open-circuit and short-circuit impedances of the network shown in figure.
40
AN
» A AW . . :
. 10 an 4 - 3] 19
Vi 20 Va V= e 4 ; z-parameters do not exist
19 2
. . LU, A /
7.5 Find the z-parameters for the 2-port networks shown in figure containing a controlled source.
3V,
/s 10 Iz
-—> W\/‘—<> )
+ +
Vi 2Q 10 Vo = =]
(z=| 1 3 |(82)}
5 - 2 2
® ] ) ) :

7.6 A 2-port network made up of passive lincar resistors is fed at port 1 by an ideal voltage source of V
volt. It is loaded at port 2 by a resistor R.
(1) With V= 10 volt and R = 6 Q currents at ports 1 and 2 were 1.44 A and 0.2 A respectively.
(i) With V=15 volt and R = 8 Q current at port 2 was 0.25 A.
Determine the z-equivalent circuit of the 2-port network. {Y,=0.2; Y3=0.3; Y= 0.5 (mho))
7.7 Calculate the 7-parameters for the block A and B separately and then using these results calculate
the 7-parameters of the whole circuit shown in figure. Prove any formula used.

10 20 10 3
W A AN— {A,,=Ah=Du=D,,=5
A 5
V, 20 20 Vs CH=C,,=;:B”=B,,=5:

~ - lm 15,'2]]
T =
3/2 17/2
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7.8 Find out the z-parameters of the two-port network shown in the figure.

20 20
— AW AMN—
26
6 2
——AMA AAM— o AP L
202 20

7.9 Find the z-parameters for the lattice network shown 1n the figure.

/ / / /
> Za < i Ls <o
+ 4+ + T T -

Vi 6 é Vz Vi Zp Zp Va
@ Za ® B I Za I

Zy+2Z,\ Zy~2,\
IN=n= 5 2= 2y = 5 :

AZ.+2Z,) 2Zf
2Z,+ 2, 7t 22 2.
7.10 Current /; and /, entering at port-1 and port-2 respectively of a two port network are given by the
following equations: 7,=0.5V,-0.2V,, I,=-0.2V +V,, where V, and V, are the voltages at port-1 and
port-2 respectively. Find the v, = and ABCD parameters for the network. Also find the equivalent -

® |

network.
o3 -02 @y z=| L1 0435] o
ol = 540435 1.087
5 50
T = :Y,=030,Y,=080,Y.=020
[ ESE 2D
7.11 Two 1dentical sections of the circuit shown in the figure are connected in series. Obtain the =-
parameters of the combination and verify by direct calculation. [2))= 25, = 682; 2y, = 2,, =4 (1]
10
> > AW e—
+ +
Vi 020 050 V,
. .
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7.68 I Circuit TheoryY and Networks
7.12 Test results for a two-port network are
(a) port 2 open-circuited, J, = 001£0°(A),V, = 14£45(V ).V, =23£-264"(V)

(b) port 1 open-circuited, /, = 001Z0°(A),V, =1£=-90°(V),V; =15£-531"(V)
The source frequency in both the tests was 1000 Hz. Find z-parameters.

140245 100£ =90 {ﬂ)
2302£-264" 150Z£-53.1

7.13 Find the z-parameters for the network shown in the figure.

L 40 60 I
- L
+ +
Vy 90 90 Vs
. . .

[5 o)

7.14 For the network shown in the figure, find the y-parameters and also the equivalent T-network.,

8Q
| |
@ AN AN @
% 10 40 .
Vy 20 Vo
= b

62/112 -30/112
-30/112 38/112

]. Z,=8/130,Z,=32/13Q,Z. = 30:’13!1]
7.15 Find the A-parameters for the network shown in the figure.

Iy 80 In
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7.16 The h-parameters of a two-port network are

hy, =35Q; hy,=26x10"" hy,=—-098; hy, =03 %10 mho

The input terminals are connected to 0.001V sinusoidal source and a 10* ohm resistance is connected

across the output port. Find the output voltage. [0.26 V]
7.17 Find the y and z-parameters for the network shown in the figure.

I 10 10 I

137 27), [-3/5 -25], .
21 31| a5 135 [(PRO)

7.18 Find the y-parameters for the network shown in the figure.

0.21,

Iy 50 I
—r—AANN— +- - o
V, 20 1] Vs

0.4/,
= -

0.2 -0.24 .
-0.333 0.4833

7.19 Find the transmission parameters of the network shown in the figure.

h 50 /% I
:_"_MAF \i;,/ * :
V

Vi T 49 V2

. N
_E E-
26 13
a7
20 £

720 Determine the 7-paramecters for the network shown in the figure using the concept of interconnection
of two two-port networks.

1H 1H 1H
1 O—WIW—CE
2 4 3 5
1E 1E |+ 35 +5§ 35+4.1; + 5§
T T Is+sd 1435245
1:. .21
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7.70 I Circuit Theory and Networks

721 Determine the v parameters of the overall network, considering two networks connected in parallel,

10
AN
° ANN— AMNM— g
10 10
V-| 10 VE

-—

I

-
|
¥ ]

]
ed | WA
-
i 1
& W

o~
'
]
1
|| ]
]
|
|
—
o
R

7.22 The z-parameters of a two-port network are
2 =508 25, =308 2, =25, =200
Calculate the y-parameters and ABCD paramerters of the nerwork.

¥ip = 00273 mho; y,, = 00454 mho; y;, = 5, ==0.01818 mho;
A=25,B=55Q; C=005mho; D=15

723 For the symmetrical two-port network, calculate the z-parameters and ABCD parameters.

ly 400 00 b

[z =22, =60Q: 2, =2, =20Q: 4 = D =3; B=1609Q; C = 005 mho;]

SHORT-ANSWER TYPE QUESTIONS

7.1 (a) Consider a lincar passive two-port network and explain what are meant by (1) open-circuit imped-
ance parameters and (1) short-circuit admittance parameters.
(b) What are the open-circuit impedance parameters of a two-port network? How can the transmis-
sion parameters be obtained from open-circuit impedance parameters?
(c) Establish, for two-port nctworks, the relationship between the transmission paramceters and the
open-circuit parameters.
(d) Define z- and y-parameters of a typical four terminal network. Determine the relationship be-
tween the z and y parameters.
(¢) Express A-parameters in terms of z-parameters for a two-port network.
(f) Derive expressions for the y-parameters in terms of ABCD parameters of a two-port network.
7.2 (a) What do You understand by a reciprocal network? What i1s a symmetrical network?
(b) Write technical note on derivation of short-circuit admittance parametcr y 5 of a symmetrical and
reciprocal two-port lattice network.
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(¢) How will You find the mequivalent of a given network when its y-parameters are known?
7.3 (a) Explain what are meant by the transmission (ABCD) parameters of a two-port network. Derive
the conditions necessary to be satisfied for the network to be (1) reciprocal and (11) symmetrical.
Or,
Prove that for a reciprocal two-port network,
AT =(AD - B(C) =1
(b) Prove that for a symmetrical two-port network,
Ah = (hyhay — hyshy) = |
74 (a) Two two-port networks are connected in parallel. Prove that the overall y-parameters are the sum
of corresponding individual y-paramcters.
(b) Two two-port networks are connected in cascade. Prove that the overall transmission parameter
matrix 1s the product of individual transmission parameter matrices.
(c) Two two-port networks are connected in series. Prove that the overall z-parameters are the sum
of corresponding individual z-parameters.
7.5 What are transmission parameters?” Where are theY most effectively used? Establish, for two-port
networks, the relationship between the transmission parameters and the open circuit impedance
parameters.

ANSWERS TO MULTIPLE-CHOICE QUESTIONS

7.1 (d) 12 (c) 13 (a) 74 (a) 75 (d) 76 (c) 1.7 (b)
78 (d) 79 (a) 7.10 (b) 711 (d) 712 (d) 7.13 (c) 7.14 (¢)
7.15 (c) 7.16 (b) 7.17 (b) 7.18 (a) 7.19 (d) 720 (d) 21 (b)
1.22 (a) 7.23 (b) 724 (d) 725 (a) 726 (b) 727 (d) 728 (d)
729 (a) 730 (¢) 731 (a) 732 (c) 733 (d) 734 (d) 735 (a)
7.36 (b) 71.37 (a) 738 (d) 739 (d) 740 (d) 741 (a) 742 (c)
743 (a) 744 (d) 745 (b) 746 (d) 747 (b) 748 (d)
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