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Syllabus

Network Theory
MODULE-I (9 HOURS) [Online mode: 5 HOURS + 1 Test]
Analysis of Coupled Circuits: Self-inductance and Mutual inductance, Coefficient of coupling, Series connection of coupled
circuits, Dot convention, Ideal Transformer, Analysis of multi-winding coupled circuits, Analysis of single tuned and double
tuned coupled circuits.
Transient Response: Transient study in series RL, RC, and RLC networks by time domain and Laplace transform method with DC
and AC excitation. Response to step, impulse and ramp inputs of series RL, RC and RLC circuit.

MODULE-II (7 HOURS) [Online mode: 5 HOURS + 1 Test]

Two Port networks: Types of port Network, short circuit admittance parameter, open circuit impedance parameters,
Transmission parameters, Condition of Reciprocity and Symmetry in two port network, Inter-relationship between parameters,
Input and Output Impedances in terms of two port parameters, Image impedances in terms of ABCD parameters, Ideal two
port devices, ideal transformer. Tee and Pie circuit representation, Cascade and Parallel Connections.

MODULE-III (8 HOURS) [Online mode: 5 HOURS + 1 Test]

Network Functions & Responses: Concept of complex frequency, driving point and transfer functions for one port and two
port network, poles & zeros of network functions, Restriction on Pole and Zero locations of network function, Time domain
behavior and stability from pole-zero plot, Time domain response from pole zero plot.

Three Phase Circuits: Analysis of unbalanced loads, Neutral shift, Symmetrical components, Analysis of unbalanced system,
power in terms of symmetrical components.

MODULE-IV (9 HOURS) [Online mode: 5 HOURS + 1 Test]
Network Synthesis: Realizability concept, Hurwitz property, positive realness, properties of positive real functions, Synthesis of
R-L, R-C and L-C driving point functions, Foster and Cauer forms.

MODULE-V (6 HOURS) [Online mode: 5 HOURS + 1 Test]

Graph theory: Introduction, Linear graph of a network, Tie-set and cut-set schedule, incidence matrix, Analysis of resistive
network using cut-set and tie-set, Dual of a network.

Filters: Classification of filters, Characteristics of ideal filters.
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“Network Analysis & Synthesis”, Franklin Fa-Kun. Kuo, John Wiley & Sons.
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“Basic Circuit Theory, Huelsman, PHI, 3" ed.,

“HUGHES Electrical and Electronic Technology”, Revised by J. Hiley, K.
Brown, and I. M. Smith, Pearson, 10t ed., 2011.
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Course OQutcomes

Upon successful completion of this course, you (students) will be able to

CO1 |Analyze coupled circuits and understand the difference between the
steady state and transient response of 1st and 2nd order circuit and

understand the concept of time constant.

@ors - Learn the different parameters of two port network.

00k Concept of network function and three phases circuit and know the
difference of balanced and unbalanced system and importance of
complex power and its components.

000" Synthesis the electrical network.

00k Analyse the network using graph theory and understand the
importance of filters in electrical system.
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Two-Port Analysis

¢ Special thanks to Oxford University Press, India and
*** The University of Tennessee, USA



Review of one ports

Various two-port descriptions

Terminated nonlinear two-ports

Impedance and admittance matrices of two-ports
Other two-port parameter matrices

The hybrid matrices

The transmission matrices

Interconnection of networks




Review of one ports
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Review of one ports

Thevenin’s Equivalent Circuit

black box o
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LTI one ports
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Determine the input impedance of the circuit in Fig.

@

Zin ©

|1 = _,Bll +Z_ Vin = (1+IB)ZZIin Zin = (1+:B)ZZ
2
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Determine the output impedance of the circuit in Fig.

| «—
1 O oyt
—
+

o

Out = — ,Bll = (1-|— IB) OUt Zout _ \Ilout _ Zl
1
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A two-port network

Circuits can be considered by theirs terminal variables
Voltages and currents are terminal’s variables
Complex circuit can be analyzed more easily.
There are many kinds of two port parameters.

| |
o 1 Ve N - 2
N Two port V
V1 wop V2
_ network _
O — O




—_— - ——
o0—— ——o0
+ Linear 5]
v, two-port Vs
- network B |
o— ———C .-
o—
Figure: The reference directions of the four port variables in a linear two-port network. +
Linear
v network
s
—
I
(a)
I, I
B -
. . O— —O0
« A two-port Network is an electrical + +
network with two separate ports for E"{‘e‘“k v,
. ctwor &
input and output. ~ -
<k =
I, I
(b)
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Various two-port descriptions

| = g(v) or ?1 — gl(Vl,Vz)
/ / I, = gz(Vlivz)
Port current

Port voltage
%i) or Vi =N(11)

V, =1, (i1’ iz)
Or hybrid

V; = hl(il’VZ)

i2 — hz (il’Vz)




Impedance Parameters

“* Impedance parameters are very useful in designing impedance
matching and power distribution system. Two port network can
either be voltage or current driven. The input and output terminal
voltage can be presented as follows:

Vi=zl+ 245l

V, =2yl + 2550,

where impedance parameters of the system is zZ =
Ly Ly




Two-port

) network @

=40
= +0

o
Ql

Vi = 2yl + 2441
I b ¥ /
(a)

|

T

(e)

Figure: Definition and conceptual measurement circuits for z parameters.




V=2l + 21,

V, =2, + 251,

Vil |Zu Zp || ] 7] I,
Vol 12y Zym | 15 |,
I I,
= i = -
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Linear Linear
A network \Z I (*) Vi network \E (* I
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Vl Vl
Ly =— Lo = —
11 J 12
1 |2=O 2 |1:O
, VY,
21 — J 22
1 |2:O 2 |1:O

z,, = Open-circuit input impedance

z,, = Open-circuit transfer impedance from port 1 to port 2
z,, = Open-circuit transfer impedance from port 2 to port 1
z,, = Open-circuit output impedance
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» Determine the z parameters for the circuit:

20 Q 30 Q
o—— AW ANVVN—o0
40 €
o O
Z19 3.000E+01 Z1y 2 000E+01
2,1 2.000E+01 7 5 000E+01




Determine the impedance parameters from the circuit in Fig.

L o J2
O -

+—++ 2 )

Vi —— 0.1F V,

o o

In frequency domain

Vl=4I2+E(I1+I2)=EI1+(4+E)I2

S S S
10 10 10
S _ S _ S

10 4s+10

7 _ u Q2| | s S
Zyp Ly 10 3s+10

S S




Or the simplest

approach is apply

L Delta-Star conversion,
Compute the z-parameter of the circuit in Fig. and then solve through

I, R, | Z-parameter
o> Ao
+ +
Vl $R1® R3 V2
e 5
R, Ry




V1:

~ Ri(Ry + Rs)
R1 + R, + Ry

"R +R, +Ry

Ry

(Rl_R

+R; +Rg

)+

RiRg

RiRs
R+ R, +R3

I

1

R R,

I

R +R, +R3

Ry(R +Ry)

I Ry (R; +R3)

R+ R, +Rg

RiR;)

R+ R, +Rj3
RiRs)

R+ R, +Rj
R3(Ry + Ry)

R+ Ry, +Rg

R1+R2+R3_




Z parameter analysis of terminated two-port

O —bll " N -2 |
+ +
V, Two port V, 7,
i network i
O O |
\ 4
Z-parameter equations
V. | |z zo [ 1, ]
1|4 4z v, =-71,
Vo | |21 Zp |1
Vil | 12 l;




From Crammer’s rules

Vi 19
|, = 0 z,,+7Z, _ (2o, +Z WV,
Z11 219 211(20p +Z ) = 2152y

Iy Ip+Z
The input impedance Z;,
L1221

Lin =711 —
11
" Zoo +Z,

and
Zygly = (250 +Z) )1,

L9
Zyp +2Z,

I 1




21229
Vi =29l + 2551, = 7y - l,
Zyp +2Z|

Va VIV, %:1 AR A In

Gain: = , . .
Vs Vs Vl Zin "'Zs Z22 "'ZL %n Z22 +ZL Zin +Zs

I

2

A L
222 +

Zyl
Va §ZL

Terminated two-port Z-parameter model




The circuit in Figure is a two-stage transistor amplifier. The Z-parameters
for each stage are

350 2.667 1.0262x10° 6,790.8
Z = =
Y1 210° 6,667 1.0258x10°  6,793.5
|
0.5Q Il s ™ ? ~ ~ I0ut
AN
+ /4 + Z- +
V, @ A N\ v, Vour< 160
| ;r Stage 1 N ) r Stage 2 )
Zin ‘ ZinZ‘
Determine a) The input impedance Lin

b) The overall voltage gain
c) Check the matching of the load and output impedance




Solution

Z1oZ
7 g __f12%21
in2 11 S
6
_1.0262-10° — 6790.8x1.0258-10
6/93.5+16
=3,159 Q
Vout _ Z, Zsq
V, Zoo + £ ZLino

~16(1.0258-10°)
(16 + 6793.5)3,159
= 0.7629




Z,,1 =2kl Z;,, =2000 // 3159
L1229
Zyp + 214
2.667 x10°

_I_
6667 +1224.7
=687.9 Q
Vo 2y In
V

S

Lin =21y —

ZL1 + Z22 Zs + Zin

(12247 ~10°
1224.7+ 6667 )| 75+687.9

=-203.4

0.902 225 6
V2 _ Vl V2 in

=1224 .7Q)

L Iy

Zyy+Z, Zin+Ze




The overall voltage gain

A\/S _ Vout _ Vout V2
Vs V2 Vs
=0.7629x (—203.4)
=-155.2V /V
Out put impedance vV
Lout = I_2
2 Iv,=0

Job for you... To show that?

219291
R, + 244

Lowt = Zpp —




219291
R, + 214

2. 667 x10°

0.5+350
=14.276k Q

Ry, = Zoy /1 2k =1.7542K Q)

6790.8-1.0258 x10°
1754.24 +1.0262 x10°

Lowtt = Zpp —

= 6667+

Z,,: =6793.5-

=16.93Q

Thus, the load is closely matched to the output impedance.
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Admittance Parameters

* Admittance parameters are very useful for describing the network
when impedance parameters may not be existed. This is solved by
finding the second set of parameters by expressing the terminal
current in term of the voltage. The input and output terminal
current can be presented as follows:

l; = Y11y + Y1V,

;= Y21V YooV,
Yiuu Yo
Yo o Y

where admittance parameters of the systemisy =

These parameters are call short-circuited admittance parameters.




where vy,

Y12
Yo1
Yoo

1

Yo =22
=l
V2=0

o=l

12

y -2

22 35
Vl‘V,:O

short-circuit input impedance

short-circuit transfer impedance from port 2 to 1

short-circuit transfer impedance from port 1 to 2

short-circuit output impedance




/| /5 !
e -~ -
Two-port @
+
Nz @ network @ Vs 4 @ ®
/ vl + vl _ iy
Y il
/;71”1’ §A|~\“ l'll 0
b
(a) (b)

/, /s
._9 ‘:—
@ ) %JJ:)Vz U @D @

——o
) = /‘l ‘ y — L
l l“l‘ N0 2 *lillit
(c) 4 (d)
s>
P—t—r
(D @ 1
| l;
& l.' I {
(e)

Figure: Definition and conceptual measurement circuits for y parameters.

VSSUT, Burla Network Theory Dr. Gyan Ranjan Biswal



. = V1 + y12V2
ll ; I, =Yy, §
C ) =Y Vi +Y»nVs,
+ Yu V, . I2 _ y21
vV "
IICD 1 y2| = VI 5 Vl
| Yiz | Vi | [y]
| | Y11 _ y
(a) 1 V 2
} Yo 2
5 l, Yo
I, C
o 1 :
+ ¥1i2= V2 V2 C* 12
Y= Vz (_}
) (b)

jan Biswal
Ranjan
Dr. Gyan
Network Theory
Burla
VSSUT,



| |
L _
Yii= , Yo = v
1v,=0 21v=0
| |
_ L LY
Yo = —V , Yoo = —V

Y., = Short-circuit input admittance

Y., = Short-circuit transfer admittance from port 1 to port 2
Y,, = Short-circuit transfer admittance from port 2 to port 1
Y,, = Short-circuit output admittance




_ Vl _ V2

Yii = 1 Yo = 1

1 1

_ Vl _ V2

Yio = 1. Yoo = 1.

2 2

I 15} L I
S - —_— S
O ~¥492 '0) O ')
4 + + s
\ Yii+Yi2 Y22 +¥i2 v, VvV, |¥u Y| v,
Y12V2 Y21V
o o o o
(a) (b)

VSSUT, Burla Network Theory Dr. Gyan Ranjan Biswal



e Obtain the y parameters for the || network shown:

2 Q)
O AVAVAVAY, O
4 €) 8 €
O O
Yu  |7.500E-01 Y1 -5.000E-01
Y, |-5.000E-01 Voo 6.250E-01




i 2Q =
O AR O
i +

O |
Q |

+ Q9

1
vi=0 342 8e3 v, (DL y12——25—)’z1

1

1
Yiut+ Y =4:>y11 =4—y12 =0.75S

Q|
Q|

() 1 1
Yoot Y= é = Y :8—y12 =0.625S
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« Determine the y parameters for the T network shown:

Y

Yo1

2

&

80 4Q
0 AAM——AA—L—0
%Q
O O
1.500E-01 Y12  |-5.000E-02
-2.500E-01 2 500E-01

Yo




+ O

O |
&1
ol

(b)
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At nodel,vlgvO =21, +

V, , V-0
2

ButllzVl — Vo 3V

—Vo , therefore, 0 = VimVo 3V
8 8 4

0=V,-V,+6V, =V, =-5V

0
Hmum,h::_5vg_\4::—075\g

and y,, = \I/l _705Ve 5155

1 oV,




At node 2, Vo —0

+21,+1,=0

or —1,=0.25V, -15V, =—1.25V,
I, 125V,
V, -5V

0

Hence,y,, = =—-0.25S

Similarly, we gety,, and y,, using Fig. (b). At node 1,

-V, :2I1+\;° +V°_V2

Butl, = O_8V° , therefore, 0 =— Vo + \;‘3 + Vo ;VZ

or0=-V, +4V, +2V, -2V, =V, = 2.5V,




Hence, y,, = =V _ 055

V, 25V,

At node2,V°;V2 +21,+1,=0
2V,

or—1,=0.25V, —411(2.5)v0 ~ 5.0 =-0625V,
Thus, y,, = o 0625V, _ 4555
V, 25V

Notice that y,, # Y,, In this case, since the network
IS not reciprocal.




Determine the admittance parameters from the circuit in Fig.

ly < l,
O— Y, O
+ 5V, +
O | 0

I =YV +Y, (Vp V) = (Y + Y5V, = YoV,

{Il}:{Yl_FYZ Y le} Yig =Y1+Yy, Yip =Y




Compute the y-parameter of the circuit in Fig.

|, 10 |1 l,

o—> AN La
+
Vi §1Q §19 V1 g
o

l, =V, +(V V1) 2V, V1—2V1__V2
1. 1 a9 2

I, = _g I, = _g[_v1 +(; Vl):| = _5V1+¥V2

{Il} 2 a {Vl} Yi1 =2, Y12:_%
Va Y21:—% ) Y22:%2




Y parameter analysis of terminated two-port

+ T " +

V1 WO por V2 Y,

i network i

O —'y S—
\ J

Y-parameter equations

I V
1 Yiu Y2 | Vil =y,
5 Yor Yoo | V2
|1} Y11 Y12 Vi
Yor Yoo +Y ||V




From Crammer’s rules

) Y12
V. = 0 Yyo+Y | (Y2 +Y1)
| = —
Y11 Y12 Vi1 (Yoo +YL) = Yo Y1
+Y
The input admittance Y;, Ya Y2 T
Y=y, — Y12Y21
Y11 (Yoo + Y1)
and
YorVp = (Yo +Y )V,
V2 _ Yo1 Vl

Yoo + YL




Yy
12Y21 v,
Yoo + YL

l; = Y1 Vi + Y1oVo =| Vi1 —

Gain:

Terminated two-port Y-parameter model
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Two-port Devices and the Hybrid Model

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

Input
port

Two-port
active
device

Output
% port

Fig. 8.4 A two-port network.

" |f the current i; and the voltage v, are independent and if the two-port is

linear,

vy =hy i+ hysv,

Iy =Ny i+ hssv,

= The quantities h,,, hy,, h,;, and h,, are called the h, or hybrid, parameters.

= H-parameter is commonly used in transistor modeling.




_ ¥
h11=_

- = input resistance with output short-circuit (ohms).
h

3y =0

Ly

= fraction of output voltage at input with input open-circuited, or
1:'
2

=0 more simply, reverse-open-circuit voltage amplification
(dimensionless).

= negative of current transfer ratio (or current gain) with output short-
circuited. (Note that the current into a load across the output port
would be the negative of i;.) This parameter is usually referred to,
simply, as the short-circuit current gain (dimensionless).

_ I
h21=-_

I

Vo= 0

fz
h?? —

Vs

= output conductance with input open-circuited (mhos).

il=ﬂ
i =11 = input o = 22 = output
=21 = forward transfer r = 12 = reverse transfer

In the case of transistors, another subscript (b, e, or ¢) 1s added to designate the type of configuration.
For example,

Ny, = Iy, = Input resistance in common-base configuration

hg, = Iy, = short-circuit forward current gain in common-emitter circuit

VSSUT, Burla Network Theory Dr. Gyan Ranjan Biswal



eThe h-parameters are named
specifically as follows:

= hy; = short circuit input ] s,
impedance " —
+
= hy, = open circuit reverse +
voltage gain hiaV O th?-"' 2,
= h,, = short circuit forward

current gain

= h,, = open circuit output
admittance V; =hyl +h,V,
I, =hyl, +h,,V,

NS MM




Two-port "
network @ 2 @
{ Ay T hioks hy lf
I = hyd, + hsl y k=
(b)
(a)
I
-
O———o
_+,.
@ @) v N ©) ©)
Ol
' i
iy =~ g =B
,. " 1"' v : ' /l | i)
) A (d)
-
@® @ Vs
o
I
f151 [;",g -
(e)

Figure : Definition and conceptual measurement circuits for h parameters.
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—f> ———
, Two-port "
W @ network NNE @ @
0
Lh=guW + gl we. 1
el l |I 0
V= 5 |‘ I oY | /
(b)
(a)
/)
.G—q—).
i
0) ) h A ® @ ¥,
© b0
= l:'\ - Vl“
s /_ i } " = ‘l ‘I )
(c) (d)

Q

(e)

Figure: Definition and conceptual measurement circuits for g parameters.
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Hybrid Parameter Model

Linear Two port
Device

Vi = hllli +hlZVo = hili +hrVo
|, =h,l.+h,V =h1 +hV
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h-Parameters

h,; = h; = Input Resistance

h,, = h, = Reverse Transfer Voltage Ratio
h,, = he= Forward Transfer Current Ratio
h,, = h, = Output Admittance

VSSUT, Burla Network Theory Dr. Gyan Ranjan Biswal



The Model

h;
iy (in ohms) iy
+?—'\_} NN o i) +
+ hﬂ
Vi h, Vs C) (Y) hj'fl E;SV) Vs
_d 5 1

Fig. 8.5  The hybrid model for the two-port network of
Fig. 8.4. The parameters h, and hy are
dimensionless.
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Transistor Hybrid Model

¢ CE- configuration

Vg = f,(I5,V:)
. =f,(I5,V.)

e Using Taylor’s series expansion

AV, :(11 Al + oty AV,
Ol v OV, .

Al 28_1_:2 Al + Ay AV,
Ol v OV, .




e For small signal (incremental analysis)

Vb — hielb + hrch

Ic — hfelb + hoch

Where




e |f a parameter is constant, its incremental change is zero.

For example: if V. is constant, then it is equivalent to v_=0.
if I is constant, then it is equivalent to i,=0.

h= Mol % h, = b
re aV — Vv or re _V
Clig C li,=0 ¢ l1,=0
CE
BO—AW, +—&0¢C
+ : Nie : +
Vb : hre'ln",: CD CD hfeftl ghue : Ve
- I | -
EC : ______________ . ____E (O E cC
h- GGG e e
E{E > "ﬂf\r £« {,;JE




Graphical analysis of CE configuration

" The large-signal response of transistors are obtained graphically. For
small signals the transistor operates with reasonable linearity, and we
inquire into small-signal linear models which represent the operation
of the transistor in the active region.

A -
o Ic
Ry B r"/ R
AN ——O—] ; L
E— LE | VOE
Iy T =]
( ::‘. VBE i -
b { |__: Veeo
(. - |
] =
Vieg —

Fig. 8.1 The CE fransistor configuration.




Graphical Analysis of the CE Configuration

= Notation instantaneous values are
represented by lowercase letters (i for
current, v for voltage, and p for power).
Maximum, average (dc), and effective, or
root-mean-square (rms), values are
represented by the uppercase letter (dc)
values instantaneous total values are
indicated by the uppercase subscript of
the proper electrode varying components
from some quiescent value are indicated
by the lowercase subscript.

. = f(IB,VCE)

—0.6

—0.5

|
=
I~

|
it
b

Base voltage Vg, V
I
=
Ll

I
=

Fig. 5.11

I
T'=15°C
Vex=—-1.0 V=
—0.3
—02
.-"""..'-

/. ——

f‘/’-

-1 -2 —3 —4 -5
Base current /3, mA

Typical common-emitter input
characteristics of the p-n-p
germanium junction transistor
of Fig. 5.10.




|/P and O/P Characteristics

Ic (mA)
iiiii
‘ 90 pA | : ! : T (A PR e T
” / [70uA T 100 - cE=
/] | — 60pA | . 90 - Vep=20V
(Suturation region) 5 |- 1 s = S0pA L e 80—
i 70 |-
4
60 —
N 50—
4n —
o 30 |-
= l - 20
‘ s =
—t 1 | 1 afeg ] | /s =0pA I [ P | O
o 5 DI 20 Ve (V) o 02 04 06 08 L0y (v
ra (Cutoff region) "

Teea™ Bleno

O/P or Collector Characteristics (n-p-n) /P or Base Characteristics (n-p-n)

Ic:f(|B1VCE) VBE:f(IB’VCE)
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e Find the hybrid parameters for the two-port network:

2 Q 3 Q
o— MWWV ANVVW—0

6 Q
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2Q 30 b
O—AA— WY O
+ +
From Fig. (a), 1 G V, § 60 V,=0
V1=|1(2—|—3||6)=4|1 _ ~
Vl O O
Hence, hll — |_ - 4 Q (a)
1
6 , 2 L=0 »29 30 L
=1 =21, e —
6+3 ° 3 S .
Hence-: |—2 =—— Vi 6 Q @) V2
1
o o
(b)
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O— MWW WW——0
+ +
From Fig.(b),
9.(b) AOR! §6Q V,=0
6,2,
' 6+3 % 3° o o
Hence, hlzzﬁ:% (@)
‘ L=0 20 30 L
Also, V2 =(3+6)|2 =9|2 O A AMMN——— 5
1, 1 ¥
Thus, hzzzvzzgs v 60 @ v,
o o

(b)
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Determine the h-parameter of the two-port circuit shown in Fig.

Iy

+ [
Vl
O
R 1
vl_a—zllfgva
LoV Ve Ve Ve
R R R

1
V, ==V I, =—al,
1 a 2
A R
d
_ R 1_
1l
| a i




Find the h-parameter of the circuit in Fig. assuming L,=L,=M=1H

In frequency domain

N

IA1 =1 -V;




V, =sL,1, +SMI; =sL, 1, +sM (I, =V, )

SMV, — (1+sL,)1, = sMI, -V,

In matrix form

1+sl, —sM Vil |skh Ol
sM —(1+sLy) |1, ] [sM —1|V,

V,] [1+sly  —sM T [sy o071
{lj{sm ~@+sLy) | [sM 1]V,




WithL,=L,=M=1H

Vi| |1+s

L, | | s

1
2s+1

s s
—(1+5s) S

v
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Transmission parameter

The T-parameter or transmission parameters are used in power system and it is
called ABCD parameter. The transmission parameter is defined by

\F

or

vy

This means that the power flows into the input port and flow out to the load

from the output port.

T-parameter can be calculated from

LY R}
11_V 12 — |

2 11,=0 2 v,=0
t _I_l t __I_l
21 _V 22 — |

Vi

1

Va

A B
C D

) -1y

Open or short circuit at
the output port




—_— —_—
O o)
+ +
Linear
V-
Vi two-port -
O ®)
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a = Open-circuit voltage gain

b = Negative short-circuit transfer impedance
¢ = Open-circuit transfer admittance

d = Negative short-circuit current gain

AD-BC=1 ad-bc=1




e Find the transmission parameters for the two-port network:

1. 10Q 3
o———— MW + —
20 Q)
@, O
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From Fig.(a),
V, =(10+20)I, =301, and V, =201, -3I, =171,

Thus
A= Vi =30I1 =1.765, C= L = l, =0.0588 S
, 171, Vv, 171,
i 3,
O AN + —
+

Q
O 1

(a)
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From Fig.(b),
Vl_va Va
——41, =
10 20 (b)
ButV, =3I, and I, =(V,-V,)/10,
=V, =3I, V=13l
3l 17

=1, -"L4l,=0=—1 =-I
1 20 2 20 1 2

20 VvV, -131,

D=--1=2"-1176, B=-—L= =15.29 O
17 V, (17/20)1,




Determine the t-parameter of the circuit shown in Fig .

QD oo




One of the most importance characteristics of the two-port circuit with
T-parameter is to determine the overall cascade parameter.

1y s Nl I3 S~y

O—»— —»—O——P» —»—0

+ + + +

V]_ T 1 V2 V3 T2 V4

O— o— — O
N J - J




Inverse Transmission parameter

V, {A’ B’]Vl_




TABLE 19.1

zZ y h g d t

8 & 2 Y2 Yo A hy 1 82 A Ay d 1
! N A,\‘ A, hs, h,, 21 811 C C c ¢
o .. ¥ ¥u o b 1 g A 1 DA
o * Ay Ay hs> hy; g g C C c ¢
Zm %o 1 b 4 gz D A 2 1
Y A, Tax, ™M "™ Rl Thy 82 #m B B b b
=y B by A B L _L LG d
A. A, T Yoz hy hy g2 22 B B b b

A- 9 | q ) a9 A
h e Zi2 = _¥n hy, hy> g2 _&n E il ) E l
23 22 Y Y A, A D D a a
Z3) | Y2 A, 221 21 1 C A, ¢
= = hy, h,, e - = = = =
Zy L5k) Yu Yu A, A, D D a a
1 % Ry Y12 h,  his c A ¢ !
& Z) Zy, ¥ ¥ Ay A, 5 85 A A d d
m Ay 1 b hy B A b
7 Zy Yoz Va2 A, A, =) fa A A d d

A. 22 A h 22
T 214 4 _¥n = 1 e =y ._]_ 822 A B 1 __ll.
Z3 Z3 Y21 ¥ai hy, h, g2 g2 A, A,
2 A\ h”’ A

. Zn = _In 22 ., g ol C D A a
Z) 7 Yo Yo hy, hy, 821 821 A, A,

7y A, Yo 1 1 hy, A, g2 D B
t =2 = s = =8 = = a b

Zy> Zy Yi2 Yiz h» h;, 212 212 Ay Ay
U om A yn b A g 1L € A

z), z), ¥i2 Yiz h; hy, g2 g2 Ay Ay

A. = zyy201 — 21223y, A, = hyhay = hyshyy, A; = AD - BC
AL = ¥i¥a2 — Yiyar. A, = 2182z — 8282 A, =ad ~ be
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Some Extra Problems

* Find [z] and [g] of a two-port network if
(10 15Q]

=15 4

e Solution:

If A=10, B=1.5 C =2, D=4, the determinant of the
matrix IS
A, =AD-BC=40-3=37




zllzgzlzo:S, zlzzAC;=327:18.5
221:é=%:0.5, zzzzg:gzz
911:%=1%=0.2, 912=—AKT=—%:—3-7
921:%:11:0-1, 922=i=]]'_'05=0.15

0
5 185 0.2S -3.7
Thus. (2] { }Q’ ol { 0.1 0.15 Q}




VSSUT, Burla Network Theory Dr. Gyan Ranjan Biswal



Interconnection of two-port network

Two port networks can be connected in series parallel or
cascaded

Series and parallel of two-port have 4 configurations
— Series input-series output (Z-parameter)
— Series input-parallel output (h-parameter)
— Parallel in put-series output (g or h-*-parameter)
— Parallel input-parallel output (Y-parameter)

With proper choice of parameters the combined parameters
can be added together.




+ +
V11 Zl V21
P
Vi
+ +
) Vio Z2 V22
o +—0
/=71+Z>
G —O
+ + +
G, Va1
—
V,
+
G2 Vay -
o—7_— 0
G=G 1+G 2

Va

V,

@7
+ o+
Vi1 Hl
—
Vi
+
) Vi, H2
67_
H=H,+H,
G
+
Y1
—
\
_ Y
o—1
Y:Y1+Y2
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Interconnection of Two- Port Networks

Three ways that two ports are interconnected:

*  Parallel 4[ y } Y parameters
S [yl=ly,] + Ly, ]

AR

Z parameters
*  Series [ a] [Z]=|.Za] n I.Zb]
ABCD parameters

* Cascade T, [T, [T ]= I_Ta] I.Tb]




Interconnection of Networks

Example: Bridge-T network




! Z i
i i
| |
i i
e e .4
B !
| |
R i
| |
l, — "/i i"/ — |,
1 Z z 1
+ | 1 z |
i i +
i !
! !
W, ! Z; !
! ! v
! ! :
! !
! !
! !
- I I
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Z, + 7,

For network N2 Yy, =
ZZ,+ZZ,+Z,Z,
’ — _ 23
7] |:Zl +4 4 } . T 22,+22,+2,2,
Z, Z,+Z, Lo - Z,
N LZ,+ 7,7, + 7,7,
| Z +Z,
Y =72, v 22, + 2.2,
For network N1 b L
JI11 T Z4
1
T]=| - co
—_—
0 1 Vo = _L
Z
1
Y = 2_4
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Y-parameters of the bridge-T network are

o Z,+Z,

Mee 7 27 +Z7Z,+7,7,

1 Z,

Yow =" 7 T 77 177, + 7.7,

1 Z,

“Mee 7 77, +7,7.+ 7,7,
1 Z, +Z,

You = 7 N 77 77 12,7,
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Interconnection of Networks

I | I, |
[z]=1Z.]1+]2] — <~ -
4 +
+ ) [+
Vla Na V2a
V] I]' I]b 1217 'Iz V2
— -
+ +
V” Nb V2b
-/ .
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Interconnection of Networks

 Evaluate V,/V; In the circuit in Fig.:

s L L
—VWW—0 O
. Z11=12Q "
Zp =8 Q
Z,; =8 2
25, =20 Q

10 Q
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This may be regarded as two - ports in series.
For N,

Zioy =2y =10=12,4, =27,

Thus,

12 87 [10 101 [22 18
[Z]:[Zah[zb]{s 20}{10 10}{18 30}
But

V,=z,l,+2,1, =221, +18l,
V, =24l,+2,,1,=18l, + 301,




Also, at the input port 'V, =V, -5l,
and at the output port V, =-201, = I, = _\2/_(2)

— V, -5, =221, —%vz =V, =271, - 0.9V,

=NVA :18I1—2—8V2 1, =22y,

18
2.5
18

And also, VZ: 1 =0.3509
V. 2.85

S




Thank you
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