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COURSE OBJECTIVES:
1. Tounderstand the basic concepts of RLC circuits.
2. To know the behavior of the R,L,C in Steady state and Transient states
3. Tounderstand the two port network parameters
4. To draw the Locus diagram of series and parallel RL,RC circuits and understand the
concept of Resonance
5. Tostudy the propagation, reflection and transmission of plane waves in bounded and
Unbounded media

UNIT - 1I:
D.C.Transient Analysis (First and Second Order Circuits):
Introduction to transient response and steady state response, Transient response of series —RL,
RC, RLC Circuits for D.C.excitation, Initial Conditions, Solution using Differential Equations
approach and Laplace Transform method, Illustrative problems
UNIT - 11:
Two Port Networks:
Impedance Parameters, Admittance Parameters, Hybrid Parameters, Transmission (ABCD)
Parameters, Conversion of one parameter to another parameter, Conditions for Reciprocity
and Symmetry, Interconnection of two port networks in Series, Parallel and Cascaded
configurations, Illustrative problems.
UNIT-I1II:
Locus diagrams: Locus diagrams of Series and Parallel RL, RC, RLC circuits with variation
of various parameters
Resonance: Resonance-Series and Parallel circuits, Concept of Bandwidth and Quality factor.
UNIT-1V:
Transmission Lines — I: Types, Parameters, Transmission Line Equations, Primary &
Secondary Constants, Expressions for Characteristics Impedance, Propagation Constant, Phase
and Group Velocities, Infinite Line Concepts, Losslessness/Low Loss Characterization,
Distortion — Condition for Distortionlessness and Minimum Attenuation, [llustrative
Problems.
UNIT V:
Transmission Lines — Il: SC and OC Lines, Input Impedance Relations, Reflection
Coefficient, VSWR, A4, A 2, A /8 Lines — Impedance Transformations, Significance of Zmin
and Zmax, Smith Chart — Configuration and Applications, Single Stub Matching, Illustrative
Problems.
TEXT BOOKS:

1. Electrical Circuits — A. Chakrabarhty, Dhanipat Rai & Sons.

2. Network Analysis — N.C Jagan and C. Lakhminarayana, BS publications.

3. A Text book of Electrical Technology by B.L Theraja and A.K Theraja, S.Chand
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4. Basic Concepts of Electrical Engineering — PS Subramanyam, BS Publications.
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COURSE OUTCOMES:

Upon successful completion of the course, students will be able to: Gain the knowledge
on basic RLC circuits’ behavior

Analyze the Steady state and transient analysis of RLC Circuits

Know the characteristics of two port network parameters.

Determine the frequency response of RLC circuit using Locus diagram and apply the
concept of Resonance in various circuits

Analyze the transmission line parameters and configurations.
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UNIT-I
DC TRANSIENTS

1. Introduction to Transient Response and Steady state
Response

2. Transient Response series RL, RC, RLC circuits for D.C.

Excitation

. Initial Conditions

4. Solution using Differential Equation Approach and Laplace
Transform Method

5. Illustrative Problems

(OV)



Introduction:

Transients

Whenever the electrical power supplied to a circuit changes momentarily over a short duration of
time, it is called transients.

Transients invariably affect the voltage and current. AC and DC circuits are equally vulnerable to
transients, and steady-state values are reached after the transient period.

For higher order differential equation, the number of arbitrary constants equals the order of the
equation. If these unknowns are to be evaluated for particular solution, other conditions in network
must be known. A set of simultaneous equations must be formed containing general solution and some
other equations to match number of unknown with equations.

We assume that at reference time t=0, network condition is changed by switching action. Assume
that switch operates in zero time. The network conditions at this instant are called initial conditions in
network.

1. Resistor :
R
5“‘ — .x
L, V=ixR .@

Equ: 1 is linear and also time dependent. This indicates that current through resistor changes if applied
voltage changes instantaneously. Thus in resistor, change in current is instantaneous as there is no
storage of energy in it.

2.Inductor:
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If dc current flows through inductor, dil/dt becomes zero as dc current is constant with respect to

time. Hence voltage across inductor, VL becomes zero. Thus, as for as dc quantities are considered, in
steady stake, inductor acts as short circuit.

We can express inductor current in terms of voltage developed across it as



iL = -l- [v,ar

-

In above eqn. The limits of integration is from - to ! 6 -

Assuming that switching takes place at t=0, we can split limits into two intervals as - to ! ( -

I, =

’J'VL dt

~|—

1% i
iL = Z J.VLdt-f- Z jVLdt
—a0 0

e N1
i, =i, € jZOII/Ldt

T |

i, € 37 jVLdz
att =0" we can write i;(07) =

i1(07) = it (07)

I through inductor cannot change instantaneously.

3.capacitor
C
i
Yo
M7
s
v
dv,
ir =C—=

dt

If dc voltage is applied to capacitor, dVC / dt becomes zero as dc voltage is constant with respect to
time.

Hence the current through capacitor iC becomes zero, Thus as far as dc quantities are considered
capacitor acts as open circuit.
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Splitting limits of integration

. 1.
Ve =— licdt+— l(dl
C 30 0

At t(0"), equation is given bv

0+
i-dt

~
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Thus voltage across capacitor can not change instantaneously.

Let us consider the system as shown in figure.

Let (t)=Input or Excitation to the system y(t)Output or
Response from the system

Total response of the system=Transient Response+Steadystate response
Y(£) = Yer(€) + Y ()

Vo) = lim (1) = ()

Ytr (t) :Y (t)'Yss (t)

Problem: Y (t) =4+e*.Find steady state response and
transient response?

Solution:

Y(t) = Yir(8) + Vs (0)
Y (t) =4+e4
Vs = lim (6) = ()



Yis(t)=4+e 4

Yos (H)=4+e

Yoo (t)=4+e
Yss(t)=4+0
Vos()=4

Yir (£) =Y (t)-Yss (L)
Yir (t) =4+e4 -4
Yir (t) =e#

Y (t) =4+e
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A Circuit having constant sources is said to be in steady
state if current and voltages do not change with time.
The amplitude and frequency of sinusoidal wave never
changes in steady state circuit.

At steady state®v. =0, 4 =0
dt dt

In a network containing energy storage elements, with
change in excitation, the current and voltages change from
one state to another state. The behavior of voltage and
current when it is changed from one state to another state is
called transient state.

At Transient stateV. = 0, ¢ = 0
dt dt

The time taken for the circuit to change from one steady
state to another steady state is called transient time

The application of KVL and KCL to the circuits containing
energy storage results differential equations rather than
algebraic equations

When we consider a circuit containing storage elements
which are independent of sources, the response depends
upon the nature of circuit and is called natural response
Storage elements deliver their energy to the resistances.
Hence the response changes with time ,and is referred as
transient response

When we consider sources acting on a circuit, the response
depends on the nature of the source or sources. This
response is called forced response

Total response of the system=Transient Response+Forced
resonse

Solution of differential equation=Complimentary function
Particular solution

The complimentary function dies out after short interval and
is referred as transient response or source free response
The particular solution is steady state response or forced
response



% The first step in finding the complete solution to the circuit is
to form a differential equation
% Several methods can be used to find out complete solution

DC response of Series RL circuit:

Fig. 1.1 Series RL Circuit
Assume inductor is initially uncharged

When switch is closed, we can find out complete solution for
the current

V =1iR + Ldi/dt
di R V
&' 1'71

Comparing above differential equation with

dy
aﬁ'Py:Q

%
Then:y=i,x=t,P=5,Q=—
L L

Integrating Factor=I1.F. =e/ Pdx=¢P [ dx=gPx
y X I.F = [ 1. F.xQdx

y X ePx = [ ePx xQdx

y x ePx = Q [ ePrdx



er
yXer=Q7+K

ePx
y=Q—e " + Ke >
p

K=constant
R %
=1, :t,P:—, = —
y=1x I Q I
4 R
. _ L Tt
== —L
[ R + Ke
L
V R
i=—+ Ke—Lt
R

To get complete solution of i we need to find out k
The value of k can be calculated from initial conditions
At t=0"switch is open

At this condition i (t) =i (0~ ) =0

As it is a series circuit i =i,

iL (0-)=0

Inductor opposes sudden change in current
iL(07)=i(0)=iL(0*)=0

Hence i (0) =0

As it is a series circuit i=iL

i (0)=0

~

V 4+ kett
i(t) = —+ Ke~
=7
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4
(0)= —+ Ke-L°
R

V
0=_+Ke®
R
V
0=_ +KeO
R
V
=— 1
0 R+()
V
K=——
R
V R
i(t) = — e _Lt
i(t) R+
V V R
i(t)=_—_€_Lt
R R
R
i(t) = K(1 —eLH
R

S.NO. Time(t)

1 K,

i)=p,1-et)

1 0 0
2 T 0.6321v
R

7 o0 V

R

Current through the series RL circuit
under charging condition

1.5

. /——_—-
0.5

S|

Currenti

0 T

3T a7 5T

Timet




Time constant: For standard charging circuit it is the time at
which response is 63.2% of its final value
Settling Time: It is the time required by the circuit to reach
steady state.
» Ideal settling time=oo
> If the error is 2% then settling time=4T, this concept is
used in network analysis
» If the error is 1% then settling time=5T, this concept is
used in control systems

Voltage across Resistor Vi =IiR
Ve=Y(1—e)R
R

Voltage across Resistor in the series RL
circuit under charging condition
1.2

0.8 /
0.6
= 0.4 /
0.2
L/

Time t

V=VgtV,

VL = V—VR

R
Vo=V -V —el)



R
V, =V —V+ Vel

R
B B

Voltage across Inductor in series RL

circuit under charging condition
1.2

Instantaneous power through the resistor Pr=Vp X i
R vV R,
Pr=V(1—elhx E(l —e’LY)

V2 R R
Pp=—(1—elHA—eL
R

V2 _2R, R
PRZF(I-H? L _Ze_Lt)

Instantaneous power through the inductor P, =V, x i

R

RV R,
PL=Ve—Lt><E(1_e L)
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Discharge condition:

R
®

- L

Fig. 1.2: R-L Discharging Condition

Switch is moved to K’

di
R+L—=0
IR + qt
di R
E-l_ zl =0
The solution of above equation is
R
i =K'elL
K'is a constant

This constant can be calculated from initial conditions



At t=0 the current i = "
R

R
K = K'e-1°
R
. 4
K = __
R
R
i =Kelt
V R
il=—e L t
S.No. | Time Currenti
V
1 0 R
5 - 0.368V
R
0.135V
3 2T
R
4 3T 0.049V
R
c AT 0.018V
R
0.00679V
6 5T _
R
7 oo 0

Voltage across Resistor Vr=iR

R
Vr=F eI xR

R
Vr=Ve-i

Vr+VL=0

Voltage across Inductor V. =-Vr




Vi= - Ve

1.5

1 \
0.5

-1.5

Hence during discharge condition Voltage polarity across
inductor reverses but current direction remains same.

Power at the resistor Pr=Vrxi

R R
—+t Vv =2
PR= Ve L™ X E e it

VZ ZRt
P =—e L
R R

Power at the Inductor PL.=V_xi

R R

— Vv =2
PL=—Ve_LtX Ee it

2 2R
P =_L e_Lt

R
Here Power at the inductor is negative. Hence during discharge
condition inductor acts like a source delivers the power to the

resistor.



Problem: Find the current, voltage across resistor, Voltage
across inductor for the circuit shown

. 30 Q
A\ N\

) %15}4

B0V = "/

Solution:

i = %(1 - e—%=2(1 — e~2t) Amps

tR
Ve=V (1 —e )=60(1—e2) Volts

tR
V., = Ve-1=60e-2t Volts
D.C. Response of Series RC circuit:
During Charging:

Assume that capacitor is initially uncharged
Ve(@=0

At t=0 switch is closed

Apply KVL

~V+Vg+ =0

V=Vr+V,



1
V=KQxR+EfK0ﬁ

Differentiate above equation with respect to time
1
0=R®_+_(®
dt ¢

® | 1_(t)=0
dt  RC

_t
i(t) =k XxXe RC

K=constant. This can be calculated from initial conditions
We know that V(0 = 0

According to capacitor property
Ve =Vc(0) = V(0 +)

VC (0) =0

Hence at t=0 capacitor acts like short circuit

|4
0=z

|/
i(t) = Ee RC

Ve(t) = i(t) X R

VvV
VR(t) = EG_RC X R

t

Ve(® =1 ke
Ve=V-Vg

_t
Ve=VVe RC

Ve=(1—-e Ro)
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Problem:

A series RC circuit consists of 10Q2 Resistor and capacitor of
0.1F as shown in figure. A constant of 10V is applied at t=0Find
the current, voltage across resistor, Voltage across capacitor



20V T SN —0.1F

Solution:

Vv _t
: — _ . RC
i Re

VR:Ié RC
_t
Ve=V (1 —-e ro)

By substituting V, R,C values
i = 2e~t Amps

Vr = 20e-t Volts
Ve=20(1—et) Volts

DC response of series RLC circuit:

Let’s assume that capacitor and inductors are initially
uncharged

(0-) =0
i1(0-) =0
Lets Switch is closed at t=0

NS Vav

Fig: Series RLC Circuit



Apply KVL

iR+LY+1[idt =0
dt C

Differentiate above equation with respect to't’
di i ..

RE+L +1i=0
dt dt2 ¢

i R 1 j=0

dt? Ldt LC

Letd =D
dt

2+ + Hi=0
L LC

The above equation is second order linear differential equation,
with only complimentary function .The particular solution is
zero

Characteristic equation for above differential equation is

RD 1
D2+ __+_)=0
L LC

The roots of above equation are

R
Assume ki=—_
2L

Ko=V()?- L1
2L LC

Di, D2 =K; £ K;

D1 =K1 + KZ



D2 =K; — K;

Here K; may be positive or zero or negative
Case (i):

&> b

2L LC
Kz is positive

Roots are real and unequal
The response is called over damped response
The solution of current equation is:
i = C1(K1+K2)t+ Cle(Kl_KZ)t

Case (ii):

(£)2< 1

2L LC

K2 is Negative

Roots are complex conjugate
The response is called under damped response

The solution of current equation is:

i = eX1(cq cos Kyt + ¢ sin Kjt)

Case (iii):
R 2 1
()= _
2L LC
K,=0

Roots are real and equal
The response is called critically damped response

The solution of current equation is:



[ = (Cl + Clt)Klt

o=
Overdamped Response t

1N

Underdaped response

i V
\ = Critically damped Resonse

Problem: The circuit as shown in figure consists of resistance,
inductance and capacitance in series with a 100V constant
source when switch is closed at t=0.Find current transient

s R
2\ N\

i
_ 00 L 20.05H
100V = )
C=—=20uF

T

~Y

Solution:

R=20Q

L=0.05H
C=20uF=20 x 10-¢F

0 4*-40000

R 2
() =(
2L 2%0.05

1 1
LC 0.05x 20 x 10-6

= 10+6



R 2 1
() < —
2L LC

Roots are complex conjugate

The response is called under damped response
The solution of current equation is:

i = eXi(cq cos Kot + ¢ sin Kpt)

ki=— X =-200

2L

Ke=V(%) ?~ L =V20000="10"=j979.8
2L LC

I = e 29(¢; c0s979.8t + c5 sin 979.8t)

At t=0,i=0

O=c1c0s979.8t

c1=0

I = e200(¢, sin 979.8t)

At t=0
V,=100
Ldi = 100

dt

4 =1°-100/0.05=2000

dt L

At t=0: 4 = 2000
dt

979.8tc2 c0s 979.8t = 2000

2000
C == —=2.04
2
979.8

The current equation is

[ = e~200(2.04 sin 979.8t) Amps



S domain approach:
Advantages of S domain approach

1. All the elements behave as impedances in s domain so using
various simplification techniques, the impedances can be
combined easily to obtain simple form of the network.

2. The terms related to voltage drops across the elements are
of simple form like [I(s) x Z(s)], according to ohm’s law.

3. No integral or differential terms are present in the set of
network equations.

4. From s domain network, the system function, resultant
transform impedance etc. can be obtained. These concepts
are important to analyse the network in s domain

Element S domain representation
Resistor R
Inductor SL
Capacitor 1
S




UNIT - II

TWO PORT NETWORKS:

e Impedance Parameters

e Admittance Parameters

e Hybrid Parameters

e Transmission (ABCD) Parameters

e Conversion of one parameter to another

e Conditions for Reciprocity and Symmetry

e Interconnection of two port networks in Series
Parallel and Cascaded configurations

e Illustrative problems



UNIT-II

Two Port Networks

Port: Port is a pair of terminals at which the current enters or
leave the network

At port we can measure the network variables.
> Net current at the port=0

2 port network: In 2 port network we have 2 pairs of
accessible terminals; usually one pair represent input port and
other pair represent output port.

Symmetrical Network: If the network is divided in to 2 parts
one part should be mirror image of another part

Reciprocal Network: obeys Reciprocity Therom

All passive networks are reciprocal networks

Rl RS

Ro

> In the figure
% 1-1'represents Input Port



% 2-2" represents Output port
» We have 4 variables at 2 ports
% V1, I1 voltage and current at port1l
% V2, I> voltage and currents at port2
» Out of 4 variables 2 are independent variables and 2 are
dependent variables
» So we have 4C2=6 Combinations

So we have 6 parameters for the 2 port network
They are

1. Z parameters or Open circuit parameters

2. Y parameters or Short circuit parameters

3. h parameters or hybrid parameters

4. g parameters or inverse hybrid parameters

5. ABCD parameters or Transmission parameters

6. Inverse ABCD parameters or Inverse Transmission
parameters

Z parameters or Open circuit parameters:
Vi=Zi11l1+2Z121>

Va=2Z21I11+221>

V1, V2 Dependent Variables

I:, Io Independent Variables

Case-I:

I>=0(Port2 is open circuited)

Vi=Z11l1

|74

ZH = ?1
15,=0

Z11=0pen Circuit Input Impedance in Q



V2=27>111

l"’
Ly =—=

| 1,=0

Z>1=0pen Circuit Forward Transfer Impedance in Q
Case-II:

[1=0(Port1l is open circuited)

Vi= Z12In
V
Zy =4
2 L=0

Z12=0pen Circuit Reverse Transfer Impedance in Q

Vo= Z2I>
V
Ly = i7
215,=0

Z>>=0pen Circuit Output Impedance in Q

Zizlp

S

N

=

S R
N

1'

Fig. Equivalent Circuit Of 2port Network in terms of Z parameters

Condition for Symmetry: Zi1=2Z2>



Condition for Reciprocity: Zi2=2Z>1

Problem: Find Z parameters of for the circuit as shown

a — /4 T] ‘ = ' <_—I2 + b
! a ° T
V1 Zb V2
oo L = 54
Solution:

In the circuit we have 2 loops

Apply KVL to loop1l

W Zg+ (1 +1)—Vi=0

Vi=(Za+ Zp1+Zpl>

Apply KVL to loop2

LZc+ (1 +1)—Vy,=0

Vo=2Zyh+(Zp+ ZJ)1;

Comparing above equations with Z parameter equations
Vi=Zili+Z121>

Va=2Z21I11+2212

Z11= Za+Zp
Z21= Zp
Z12=Zp
Z2= Zb+Zc

The network given in the problem is known as T network



Yparameters or Short circuit parameters:
I1=Y11V1+Y12V2

I>=Y21V1+Y22V2

I1, Io Dependent Variables

V1, V2 Independent Variables

Casel:

V>=0(Port2 is short circuited):

[1=Y11V1

Y11=Short circuit Input Admittance in mhos or Siemens

V1

=0

I>=Y21V1

/
) =
21 V1

V=0

Y21=Short circuit Forward Transfer Admittance in mhos or
Siemens

Case?2:

V1=0(Portl is short circuited):

Ii= Y12V2
y £
fy=i
2 =0

Y12= Short circuit Reverse Transfer Admittance in mhos or
Siemens



b= Y2V>

Y22= Short circuit Output Admittance in mhos or Siemens

— /4 - Iy

ke o[] wne] ey
J > Y21 Vi i

11 21

Fig. Equivalent Circuit Of 2port Network in terms of Y parameters
Condition for Symmetry: Yi1=Y22
Condition for Reciprocity: Yi2=Y21

Problem: Find Y parameters of for the circuit as shown

a I | | n b
toh z =
V1 Ya YC V2
a’ — b’
Solution:
Apply KCL

—11+V1YA + (Vl —Vz) =0

I1 =Y 4+Yp)1-YEV>



—4+VoYe+ V=V =0

Iy=—YgV1+(Y5+Y)Vs

Y11=Ya+Ys

Y12=Y21=-Y5

Y22=Yp +Y¢

Comparing above equations with Y parameter equations
I1=Y11V1+Y12V>2

I>=Y21V1+Y22V2

The network given in the problem is known as TT network
h parameters or hybrid parameters:

V1, Io Dependent Variables

I1, V2 Independent Variables

Vi=hiili+hi12V2

I>=h21I1+h22V>2

When V, = 0, the port 2-2’ is short circuited.

| 74
Then /A3 =—-

Short circuit input impedance (L]

y A
1ly,=o0 11
_ L — A
hy = T Short circuit forward current gain | <L
1ly,=0 H,

Similarly. by letting port 1-1" open. /;, = 0O

| 24 : . 5
2 = b Open circuit reverse voltage gain {i]
I/Z L=0 ZZZ
7 . : 1
= A Open circuit output admittance =
21n=0 22

Condition for Symmetry: hiih22-hi2h21=1

Condition for Reciprocity: hi2=-h21



—>l1 -*— IZ

T " hat Iy T
v1 ™ []m ¥

hqz V5 l

SR

Fig. Equivalent Circuit Of 2port Network in terms of h parameters

Problem: Find h parameters of for the circuit as shown

a AYAVAV NN b
T =0 h 10 20 T

Vi §29 §4Q Vs

~? [

Solution:
hl L . hl . 1
/’1127 'hz1:T '/’12:7 'hzzzv
1 V2=0 1 yé=0 2 11=0 2 11=o
V>=0(Port2 is shorted):
a - b AAY ‘ AVAYAY e b
i g
T h1q 20
— V § 20 §4Q V2 =0
Zoe

bl



Vo=l BV

=2

;
|4
/’n=71
d

i)

) WM1%=&—Q=£

1ly,=0

1
hy=——=
b1 >

Portl is open circuited:
Iy
NN\ —~ N NN

T 2Q Yy Iy
Vi § 2Q ;4 Q

.4
2=,
211=0
/
V=I121=2
¥ y 2
Vo= Iy IX—[_ZZ
|4
/;IZZVT =
2ln=0
I
/722=—2 Or s
I/2[1=c)




g parameters or inverse hybrid parameters:
[1=g11V1+gi21>

V2=g21V1i+g22l>

I1, Vo> Dependent Variables

V1, I Independent Variables

Condition for Symmetry: g11922-g12g21=1
Condition for Reciprocity: gi2=-g21

ABCD parameters or Transmission parameters:

V1=AV2-Bl>

[;=C V2-DI>

V1, I Dependent Variables
V>, I> Independent Variables

[>=0(Port2 open circuited):

Vi=AV;
I1=C V>
v I
A—=21 and C=-1
Z Z
1,=0 1,=0

A=0pen circuit Reverse Voltage Gain

C=O0pen circuit reverse Transfer admittance in mhos or
Siemens

V>=0(Port2 Short circuited):
Vi= -Blz



/4 I
—B=-14 and -D=-1
Il V=0 I =0
|4 I
A=-1 andC=-1
LZ 1,=0 LZ 1,=0

A=0pen circuit Reverse Voltage Gain

B=Short circuit Reverse Transfer Impedance in ohms
C=0pen circuit Reverse Transfer Admittance in mhos
D=Short circuit reverse current gain

Condition for Symmetry: A=D

Condition for Reciprocity: AD-BC=1

Inverse ABCD parameters or Inverse Transmission
parameters:

V>=A"V1-B'l1

[,b=C"Vi-D'I1

V>, I, Dependent Variables

V1, I1 Independent Variables
Condition for Symmetry: A’=D’
Condition for Reciprocity: A'D’-B'C'=1

Interconnection of 2 port networks:

1. Series Connection--------------- Z matrices added
2. Parallel Connection-------------- Y matrices added
3. Cascade Connection------------- ABCD matrices are

multiplied



5 = l1x l2x 2
+ — =7 +
A
v1x X V2x
Vi l l V2
I I
Y l
Y Vi y V2y
o 2o o P
T = lay — b

Fig.Series connection

—— I1x

lox <—

+

V2x

\12&

b

\

+

Vay

Fig:Parallel connection

ﬁ

1 —h Ax X By
)
3
Ny

Fig:Cascade Connection
» If T network is given it is easier to calculate Z parameters
> If the TT network is given it is easier to calculate Y

parameters

A, Y B, | '
% v}3
TVZy *2
Ny



UNIT-III:
Locus diagrams:

Locus diagrams of Series and Parallel RL, RC, RLC
circuits with variation of various parameters

Resonance:

Resonance-

Series and Parallel Circuits
Concept of Bandwidth
Quality factor



UNIT-3
L DIAGRAM RESONANCE

Locus diagram:

The path traced by tip of the phasor diagram is known as locus
diagram

Applications of locus diagrams:

Locus diagrams useful in

1. Determining Frequency Response of RLC circuits
2. Circuit Analysis
3. Design of Electric wave filters
4. Analysis of operating characteristics of AC machines and
Transmission Lines
Current Locus of series RL Circuit:
Here we have 2 conditions
1. Fixed Resistance(R), Variable Reactance(X\.)
2. Fixed Reactance(XL.), Variable Resistance(R)

Current Locus of series RL Circuit with Fixed Resistance(R),
Variable Reactance (XL):

I, R
; AAAY
Ve 2
g % X,

Fig: 3.1Series RL circuit (Fixed Resistance(R), Variable
Reactance (X.L)) Excited with AC Supply



\Y% V20°

[ = gt = X

L +/(RZ + (X)?)< tan—! (R)

Vv ). €
[ = (20° — (—))
V(RZ + (X1)?) tan-1 R
S.No. X, I
1 0 Y 00
R
2 R s
RV2
3 o0 02—-90°

Current locus is a semi circle of centre (— 0) and radius “_

Current Locus of series RL Circuit with Fixed Reactance (XL),

2R

Variable Resistance(R):

Fig: 3.2Series RL circuit (Fixed Reactance (Xi), Variabl

Resistance(R))Excited with AC Supply



V V£0°
I= 'R_‘l'_]'X_ — X[
L +/(R% + (X1)?)z tan—! (r)

V X,
[ = (20° — (=)
V(R? + (X1)?) tan-1 R
S.No. R I
1 0 4
< <2 —90°
X,
2 4 o
Xt X N 45
3 0o 0£0°

. .. Vv .
Current locus is a semi circle of centre (0,——) and radius —
2XL 2X],

3.4Current Locus of series RC Circuit:

Here we have 2 conditions

1. Fixed Resistance(R), Variable Reactance(Xc)
2. Fixed Reactance(Xc), Variable Resistance(R)

Current Locus of series RC Circuit with Fixed Resistance(R),
Variable Reactance (Xc):

\Y% V£0°
¢ V(R? + (X¢)?)2 —tan—1 (r)

v X,
[ = (20° + (—))
V(RZ + (X0)?) tan-1 R




2
(

by
I

1%

Fig: 3. 3Series RC circuit (Fixed Resistance(R), Variable Reactance (Xc)) Excited
with AC Supply

S.No. Xc I
%
1 0 2,00
R
|4
2 R — 2 +45°
RV2
3 o0 02+ 90°

. .. \% .
Current locus is a semi circle of centre (—,0) and radius Y_
2R 2R

Current Locus of series RC Circuit with Fixed Reactance (Xc)
Variable Resistance(R):

\Y% V£0°
¢ V(R% + (X¢)?)2 —tan—1 (r)

Vv

[ = (20° + (&))
V(RZ + (X¢)?) tan-1 R



Fig: 3. 4Series RC circuit (Fixed Reactance (Xc), Variable Resistance(R)) Excited
with AC Supply

S.No. R I

1 0 V
=—290°
2%,

2 X 14 o

C X—O/_L + 45
2
3 0o 02+ 0°

. — Vv .
Current locus is a semi circle of centre (0,—) and radius —

2Xc 2Xc

3.4 Locus Diagrams of Parallel Circuits:

/ ) e
. $
(8 <& RC

kT

v®)

-




Variable X.:

Variable R.:




Variable Rc:

Resonance: If circuit has both inductor and capacitors resonance
occurs

At resonance imaginary part of impedance or admittance is zero

The study of resonance is very useful, particularly in the area of
Communications. For example, the ability of a radio receiver to
select a certain frequency, transmitted by a station and to
eliminate frequencies from other stations is based on the principle
of resonance.

Series Resonance:

R L C

f~
-\t
/

\7

Current I= v
Z

Z=R + (XL_)



XL=(1)L

1
Xe=—
€7 wC

At resonance:(Z) =0

XL,—Xc)=0
XL:XC
! 1
w =
’ w,C
1
2 _
“r = Ic
1
W, = ——
VLC
1
27Tfr=\/T—C
1
f =
" 2mIC

At series resonance Z=R=Minimum impedance=Z7,,;,

Hence current is maximum
|74 |74

Imax=Z_ = E

min

Iff < f,, Xc > X, — Nature of circuit is Capacitive — Ileads V

Iff = f,, Xc = X, — Nature of circuit is Resistive — I in phase with V -
Unity powerfactor

Iff > f,, Xc < X}, — Nature of circuit is Inductive — I'in lags V



Impedance &Phase Angle at Resonance:

e S B

X
0|
90% Y >
flags V, /./
: V&
i //
! "/"
o i
‘ "/ f
,///
| =% Inductive
-gper~ capacitive :
! leads ¥, i Hags V.

leads v,

Voltage &currents at resonance:

Zl

~— |Z| Impedance

i Current




Bandwidth of series RLC circuit:

F)
n. \ N

Vorl

;=€ f { =1
1% ' Z 5
. s

It is the range of frequencies at which current will be 70.7% of
maximum value

B.W=f,-f1

f,=Upper cut-off frequency in HZ

w 2=Upper cut-off frequency in rad/sec
fi=Lower cut-off frequency in HZ

w 1=Lowr cut-off frequency in rad/sec
fr=\/f1f2 in HZ
w r=Resonant frequency in rad/sec

At f1: I=0.7071Imax
K=0.707Imax
Z

=0.707Y

Z min

=0.707Y
R

NI<

N[<

=0.7071

R

1
z
Z=R/0.707



Z=+/2R
Z2=2R?
R? + (XC —XL)2=2R2

Rz = (X¢ — X1)?

R=XC - XL
R—L — wlL —————————————
w1C

At f2: I=0.707Imax

K=0.707Imax
Z

V=0.707Y

Z Z min

¥=0.707¥
R

=0.7071
R

N

N =

Z=R/0.707
Z=+2R

Z2=2R?

R? + (X, — )?=2R?

R2 = (X1 = Xc)?

From (1)&(2):
1

w1C ®1 @2 wC



1 1

—+ — = w,L + w4l
wiC w,C ° 1

1.1
(—+—)—= (01 + w)L
w1 wy C

(a)1+a)2)=(w + )L

Cwiw? 1 2

1
w1W? =E ______________ (3)
(1)+(2)-

1

w1C w2C

2R=(w, —w)+1 -

w1C w2C

2R=(w, _w1)+Q(Qz—_w1)

C2wiwr
1

2R=((1)2 —(1)1)(L + ) """"""" (4)

Cwiw?
From (3)
1

w1 = lf

Sy P —— - (5)
Substitute (5) in (4)
2R=(w; — w1)(L+L)

Wy —Wq — TTTTTTTTTTTTT (6)

Equation (6) represents band width in rad/sec

Quality Factor:

_ 2m* Maximum Energy Stored

Energy Dissipated Per cycle



For Inductor:

Maximum Energy stored=!'LI 2_1 Vmax)z

2 max. 2 R

¥
Energy dissipated per cycIe=(l’?T

— Vinax
V= Ny

Energy dissipated per cycIe=(_)2 = f * L ype= f * ! . (Vmax 2 _ Vynax?

T RZ R2

21 * Maximum Energy Stored

Energy Dissipated Per cycle

1 Viay*
21T*2L( R
Q= :
IV ax
2R?
Q=2 _wLl_X

R R R

For Capacitor:

— 1 1 Xc

2nfCR  ©CR R

Relation between Q and B.W:
_fr
Q_B.W

A higher value of the circuit Q results in a smaller bandwidth. A lower value
of Q causes a larger bandwidth

Voltage Magnification:

Vg =V = Supply Voltage



Vi =jQV=|QV|[£90°
Vi =—jQV=|QV]|£—90°
In series resonance Voltage Magnification across L&C

Parallel Resonance:

Re Xe
e —
e N—_
- R X
v
Y= Y1 + YZ
1 1
Y =

+
Rc —jXc R+ jXL

Simplifying Making Imaginary part=0

1
Wy = ——
VIC
p 1
" omIC

Resonant Frequency of a Tank Circuit:

fr= — T _

Variation of Z with frequency:




Iff < f,, X;,> Xc — Nature of circuit is Inductive — I lags V

Iff = f,, X, = Xc — Nature of circuit is Resistive — I in phase with V —
Unity powerfactor

Iff > f,, Xy < XcL = Nature of circuit is Capacitive — I in leads V

Bandwidth of Parallel RLC circuit:

V&l

Vinax \ o
ek |
0.707 Viae

Quality Factor:

21 * Maximum Energy Stored

Energy Dissipated Per cycle

For Inductor:




For Capacitor:

Q=Rx*2nfC = wCR=£
Xc

Relation between Q and B.W:

_Ir
Q_B.W

A higher value of the circuit Q results in a smaller bandwidth. A lower value
of Q causes a larger bandwidth

Current Magnification:

Ir =1 = Supply Current
V. =—jQI=|QI|£ —90°
Vi, =—jQI=|QI|£ +90°

In Parallel resonance Voltage Magnification across L&C



UNIT - IV:
Transmission Lines — I

e Types

e Parameters

e Transmission Line Equations

e Primary & Secondary Constants

e Expressions for Characteristic Impedance,
Propagation Constant

e Phase and Group Velocities

e Infinite Line Concepts

e Losslessness/Low Loss Characterization

e Distortion

e Condition for Distortionlessness and
Minimum Attenuation

e Illustrative Problems



UNIT-1V

TRANSMISSION LINES-I

Introduction:

Transmission Line: It is @ medium used for transmitting electric
waves.

Transmission line consists of two uniform wires

Examples of electric waves: Telephone messages, Electric
Power signals

Sending End: The end of the transmission line to which Source
is connected

Receiving End: The end of the transmission line to which Load
is connected

Classification of Transmission Lines:

1) Open wire Lines: Air will acts like dielectric. Affected due to
atmospheric conditions. High initial and maintenance cost.
Advantage: Less capacitance

2) Cables: Used where the erection of open wire lines is not
possible. We use dielectric between conductors .And also we
use protective sheath. Fault detection is difficult

3) Co axial Cables: Consists of one hollow conductor and other
conductor is coaxially placed on the hollow conductor.
Between these two conductors a dielectric is used. Used for
high voltage applications

4) Wave guides: Used for high frequency transmission.
Transmits the power based on principle of total internal
reflection

Constants of Transmission Lines:



1) Primary constants or Transmission line parameters:
Independent of frequency. They are R, L, C, and G. Here R
and G are series parameters. C and G are shunt parameters

R=Resistance of the transmission line per 1 meter length
measured in 2/m. Due to resistance of the line we have
voltage drop and power loss in the transmission line

L=Inductance of the transmission line per 1 meter length
measured in H/m. Due to alternating current flowing through
the transmission line alternating magnetic flux establishes.
Inductance =Flux linkage/Current

C=Capacitance the transmission line per 1 meter length
measured in F/m. Two conductors separated by dielectric forms
capacitance

G=Conductance the transmission line per 1 meter length in
Siemens/m. Due to imperfections in dielectrics and insulators
in transmission system conductance exists. Leakage current
flows due to conductance

2) Secondary constants: Depends on frequency. They are Zo
and Zo=Characteristic Impedance in Q

y =Propagation constant=a + j

a =Attenuation constant in nepers/m=Indicates reduction in the
magnitude of wave

B =Phase constant in rad/m=Indicates phase lagging of wave
Transmission Line equations:

Let’s start the analysis of the transmission from receiving end.
Consider a section of Ax meters.

Apply KVL:

—V(x) + [(x)RAX + [(x)joLAXx + V(x + Ax) = 0



V(x + Ax) — V(x) = [(x)RAX + I(x)jwLAx
V(x + Ax) — V(%) = [(x)(R + joL)Ax
V(x + Ax) — V()

A =[(x)Z

Z=R + JwL

V(x + Ax) — V(x)

li = i
Axlinoo ( Ax ) Alxriloo (I(X)Z)
dV(x)

= - [(x)Z
Apply KCL:
dl

&) =V(XX)Y

dx
Y=G+ JwC
d?V(x) dI(x)

dx? =7 dx
d2V(x)

oz - IV(x)Y
d2V(x)

oz - ZYV(x)
d2V(x)

= v2

o Y 2V(x)

Here y2 =7Y

vy = VZY=Propagation Constant of transmission Line
d2v(x)
dx?

—y2V(x) = 0

Solution of above differential equation: V(x) = Kjevx + Kye-vx
K1, K2 Constants
d?I(x) dV(x)

dx? Y dx




d2I(x)

— 7 = YI(¥)Z
d2I(x)
=21
d2I(x)
e - YA®
d2I(x)

e YA =0
Solution of above differential equation:I(x) = Kzerx + Kye-vx
K3, K4+ = Constants
At x=0: V(x) = Vy
I(x) = IR
Vr = Kie¥ % + Kpe
Vr=K; + K,
IR = K3e¥ % + KyeV©
Ir= K3 + K4

V(x) = Kjevx + Kyevx
dV(x)
dx

= Kiyerx—Kyye ¥

[(x)Z = Kyy evx — Kyy e7vx
At x=0: V(x) = Vy

I(x) = IR

IRZ = K;yev? — Kyyev0

IRZ =y (K1 — Ky)

IRZ
Ki—Kp) = —
( 1 2) Y



(K1 — Kp) = 1rZg

Z,= vE=Characteristic Impedance
Y

I(x) = Kzevx + Kyevx
dI(x)
dx
V(x)Y = K3y evx — Kyy e7vx

= K3y eyx — K4Y e VX

At x=0:V(x) = Vg
I(X) = IR
VRY = K3y er0 —Kyyevo

VRY = v (K3 — Ky)

ViY
K3 — Ky = T
VRY
K3 — Kq= Nove
Vr
Kg_K4=\/W
Vr
Kz — Ky = %
Ki+ Ky, = Vi
K1 — Kz = IrZp

K3+K4= IR



VR

K3—K4= Z

Solving above equations:

(Vg + IrZy)
Ki=——F—
_ (VrR—IrZo)
2 2
L+ (R
Kq = a—
3 2
L — (R
K, = Lo
4 2

V(x) = (VR+1RZ0) .y x n (VR—ZIRZO) eV X

(e¥*+e V%) v (eV*—e=¥%)

V(x) = Vgcoshy x + IgZq sinh y x

V(x) =

V
IR " (Z_R) IR — (ﬁ)
I(X) — Toeyx + _ZZQ_e—YX

I(x) =e Dy e Dy
Zo 2 2

Vg .
I(x) = ~*sinhy x+1_ cosh yx
Zo

Transmission line equations in terms of Receiving end voltages
and Currents:

V(x) = Vg coshyx + IzZg sinh yx

Vg .
[(x) = ~*sinh yx+1_ cosh yx
Zo

Let I=Length of the transmission line

At x=I: V(x) = Vg



I(X) = IS
Vs = Vg coshyl + IgZg sinh yl

— VR
I = . sinh yI+1 cosh yl

Transmission line equations in terms of sending end voltage
and Currents:

V(x) = Vgcoshyx — IgZg sinh yx

Vs .
I(x) = =~ sinh yx+I_cosh yx
Zo

Input impedance and Transfer impedance of the
transmission line:

Vg = Vg coshyl + IgZy sinh yl

VR .
Iy = Z—zsmh YI+1, cosh vyl

Vr
Load Impedance: Zg = o
R
VR = IRZR
Vg = Vi cosh yl + IzZ; sinh yl
Vg = IjZg cosh yl + IgZ, sinh vl

Vs = Ir(Zg cosh yl + Zy sinh yl)

By coshyl +Z sinhvyl
0

g R

Z1=7g coshyl + Z; sinh yl
Vs
Transfer Impedance: Zt = o
R

Vg .
I = Z—‘:smh Y1+ cosh y1

— IR .
I, = . sinh yl+1, cosh yl



(Zgsinh yl + Zycosh yl)
S =
Zy

|4
Input Impedance: Z;, = I—S
s
(Zg coshyl + Zy sinh yl)
(Zgsinh yl + Zocosh yl)
Zy

Zin=

B Zo(Zp coshyl + Zy sinh yl)
= Zocoshyl+ Zg sinhyl

_ Zgcoshyl (Zp + Zy tanh yl)
™™ coshyl (Zo + Zg tanh yl)

Il<_>

For infinite line: |=

tanhyl =1
ZQ(ZR + Zo tanh )/l)
(Zy + % tanhyl)

Zin=

7 = Zo(ZR +Zo><1)
T (Zo+Zr x 1)

- _ Zo(Zr+ Zo)
" (Zo+Zp)

Zin =12y

Hence the input impedance of infinite line is characteristic
impedance

For a line terminated with Zo: Zz:=7
Zo(Zy + Zy tanhyl)
(Zy + Zy tanh yl)

Zin =



Hence a short line of finite length terminated with

For a line terminated with Open circuit: Zp=00
Zin=Zoc

Zo(Zp + Zo tanh yl)
Zoc = (Zo + % tanhyl)

. Zo(1 + Zy tanh yl/ZR)
0C™  (Zo/Zg+ tanhyl)

, Zo(1 + Zo tanh yl/ )
0C™  (ZoJoo + tanh yl)

, Zo(1+0)
oc (0 + tanh yl)

For a line terminated with Short circuit: Z;=0
Zo(0 + Zy tanh yl)

Zsc= (7, + 0 tanh y1)
Zo(Zy tanh yl)
sc= Zo
Zo
Zoclsc= tanh vl Zotanhyl
ZocZsc=Zo°

-\/ ZocZsc

Zsc ~ Zo tanhyl

Zoc Zy
tanhyl




Zsc _
ZOC

(tanh yl)?

Wave length and velocityv of propagation of transmission
line:

21
A=_
B
A
VvV =_
T
V=AXS
anf
T
2nf
y= ——
B
v =2nf/fw
v=w/p

The above velocity also called as phase velocity

Group velocity:

dw
Vg =@

This concept is used in case of wave guides where multiple
waves are transmitted.

Attenuation constant(qa) and phase constant (B):

Propagation constant=y = a + jf

¥ =VZY=V(R + jwL)(G + jwC)

a+jB=vV(R + jwL)(G + jwC)



(a +jB)2=(R + jwL)(G + jw()

a’+2 a jf+(jB)?=RG+]j RwC + jwLG-w?LC
a?+2 a jB-B% = RG-w?LC+ j(RwC — wLG)
a?— B2+ j2 a B= RG-w?LC + j(RwC — wLG)
Compare real parts: a? — 2= RG-w?LC

Compare imaginary :2 a B= RwC — wLG
RwC — wlLG

af >

In polar form |y| = Va2 + p2 = \/\/(RZ + w?L?)(G% + w?C?)

Square on both sides

a2 + B2=V(R? + w?L?)(G? + w?C?

a?+ B2 + a2 — B2 = V(R? + w?L?)(G? + w2C? + RG-w?LC

2a2 = V(R? + w2L?)(G? + w?C? + RG-w?LC

1
a2 = 5{\/(R2 + w?L?)(G? + w?C? + RG — w?LC)

a=1 (VTR ¥ DG+ w207 + RG — w2LC)

a? + B2 — (a? — 2) = V(R? + w2L?)(G? + w?C? — (RG-w?LC)

282=V(R? + w2L?)(G? + w2C? — (RG-w?LC)

Condition for minimum attenuation:

1/2

a=1{(V(R? + w?L?)(G? + w?C? + RG — w?LC}

The value of a depends on R,L,C,G



CasellL isvariable:

For minimum attenuation: 42=0Q
dL

d1 1/2
L1 NRTF 0% [2)(GF F w2C% + RG — w?LC} ' =0
dL?2

1/2
~ L (VR + w?ID)(G? + wPC? + RG — w?LC) =0

1/2
= (VR + w?1D)(G? + w?C? +RG — w?LC} =0

1 X

2V (R2+w2L2) (G2 4+ 02C2+ (RG—w?LC) 2V (R%Z+w2L2) (G2 +w2C?)

w2C}=0

1
2V(R24+w2L2) (G2 4+ w?2C?)

(2w?L)(G2 + w2C?) — w2C=0

\/G2+u)2C2_ C
RZ+ w?L72

LVG2 + w2C2=CVR2 + w?2L2
Square on both sides

L2 (G2 + w2C%)= C2(R? + w?L2)
L2G2+L2w?C2 = C2R2+C2w?2L.2
1.2G2 = (C2R2

LG=CR

Case2:Cisvariable:

For minimum attenuation: 42=0Q

(2w?L)(G* + w?C?) —



d1 1/2
41 NRT Fw?[2)(G? F @?CZ + RG — w?LC} ' =0
dc 2

1 1/2
l _(VRTF 07 D)(GF T w?C? + RG — w?LC} ' =0
2dC

1/2
4 (NREF 07 2)(GF F @%C% + RG — w?LC) " =0
dc

1

1 X { (R? + w2L2)(2w2C) —
2V (R24+w2L2) (G2 4+ w2C24+ (RG—w?2LC) 2V (R24+w2L2) (G2 +w2C?2)
w?L}=0
1
2 2] 2 2 — 2 =

{2\/(R2+w2L2)(G2+w2C2) (R? + w2L?)(2w2C) — w2L}=0

REfw?l?_

T -

Square on both sides:
C2(R? + w?L2)= [2(G2 + w2C?)
C?R2+(C2w2L2 = L2G2+L202C?
C2R2 = [2(G2

CR=LG

Waveform Distortion:

If the receiving end signal is not exact replica of sending end
signal it is said to have waveform distortion.

Causes of waveform distortion:

1) Change in ZoWith respect to frequency
2) Change in a With respect frequency
3) Change in g With respect frequency
1) Change in ZoWith respect to frequency:



Due to this selective power absorption takes place
To avoid this problem Z, should be independent of frequency

R+ jwL
ZOZ\/—]
G+ jwC
RT{T =+ )
— R
’ G<1+j%)
To makeZ indepndent of frequency: 1 + jw_L =1+ jw_C
0 R G
. wL . wC
%=1
L C
R G
R_L
i c
\/R
Zo=V =<0°
0= "¢
R L

T =_=7 =\/£<0°
G C 0 C

2) Change in a With respect to frequency:
This type of distortion is called frequency distortion

1/2

a="{V(R? + w?L*)(G* + w?C? + RG — w?LC}

Due to frequency distortion, attenuation is different at
different frequencies. Due to this, audio signals are more
affected compared video signals. To avoid this problem
a should be independent of frequency .We use equalizers to
reduce frequency distortion

3) Change in g With respect to frequency:

This type of distortion is called phase distortion



B =§1 (V(R? + w2L?)(G? + w2C? — (RG — w?L()}

V=@

Q
Due to phase distortion, velocity of propagation is different at
different frequencies. Due to this, video signals are more
affected compared audio signals. To avoid this problem
B should be independent of frequency. We use co axial cables to
reduce phase distortion

Distortion less line:

If the line is free from frequency and phase distortion then
such line is called as distortion less line.

It means a and velocity of propagation should be independent
of frequency.

¥ =V(R + jwL)(G + jwC)

¥ =VRG + jRwC + jwLG + j2w?LC

¥ =VRG + jRwC + jwLG — w?LC

¥ =VRG — w2LC + (RC + LG)

Q=
Al

C=

—

G

¥2= RG — w?LC + (RC + LG)

(a + jB)?= RG — w2LC + jw(RC + RC)
(a +jp)?=RG — w?LC + jw2RC

(a + jB)?*= RG — w?LC + 2jwVRCRC
(a + jB)?= RG — w2LC + 2jwVRCLG

(a +j,8)2=(\/m)2 + (ja)\/Lf)z + 2VRG jwVIC



(a + jB)?=(/RG + jwVLC)?
a=VRG

a is independent of frequency. Hence frequency distortion is zero

,8=w\/E
w

VvV =_
p

Velocity is independent of frequency. Hence phase distortion is
zero

Loss less line:

R=0, G=0
7 0+joL
"7 "0 +jwC
jwL
ZFﬁm
L
VA =\/—
"7 ¢

¥ =VZY=V(0 + jwL)(0 + jwC)
¥ = jwVLC

Hence a« = 0 and B = wVLC

w

wVLC

Velocity of propagation v =

S
o
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Unit-Vv

Transmission Lines-1II

Incident &Reflected Waves:

Is | : Ir

T L1 7
Vs [j VR
1 1

Fig: 5.1
Consider a transmission line as shown
The travelling waves travel from source to load

The impedance offered to these waves on the line is known as
Characteristic Impedance (Zo)

When wave reached receiving end impedance offered to the
wave is Zr

If Zr= Zothere is no change in impedance hence there is no
reflection of the waves.

If Zr# Zothere is change in impedance hence there is a
reflection of the waves.

Let’s starts analysis from receiving end

|= length of transmission line

At x=0, Receiving end

If we travel towards sending end x value increases

Maximum value of x =1



At x = [ sending end

V(x) = (VR+1RZo) eV X 4 (VR—ZIRZO) e Y X

V(x) =V*(x) +V(x)
I(x) =I*(x) +I"(x)
_(VR+IRZ)

V*(x) — " evx =Incident Voltage wave Travel from sending
2

end to receiving end

V-(x) = .(VR-IRZ0) o-vx=Reflected Voltage wave Travel from
2

receiving end to sending end

[*(x) =0R+VR/20) gvx =Incident Current wave Travel from sending
2

end to receiving end

I"(x) =(R-VR/20) o-vx=Reflected Current wave Travel from
2

receiving end to sending end
At any point on transmission line:

1. Transmission voltage is sum of incident and reflected
voltages

2. Transmission Current is sum of incident and reflected
currents

Reflection Coefficient (K):
Reflection Voltage Coefficient (Ky):

Ky = Reflected voltage at Receiving End
\Y

Incident Voltage at Receiving End
At receiving end: x=0
(VR—IrZo) eV X
2

Reflected Voltage=V(x) =

At receiving end: x=0



Vr— IRZ
Reflected voltage at Receiving End = M

2
Incident Voltage = V*(x) =(R+IRZ0) ey x
2
Ve + IRZ
Incident Voltage at Receiving End = w

Ky = (Vr—IRZ0)
(VR+IRZo)

Ky = (IRZr—IRrZo)
(IRZR+IRZ0)

Ky = (Zr—Z0)
(Zr+Zo)

Reflection Current Coefficient (Ki):

__Reflected Current at Receiving End

Incident Current at Receiving End

At receiving end: x=0

(IR—VR/Zo) o=V X
2

Reflected Current=I"(x) =

At receiving end: x=0

(Ir — Vr/Zo)
2

Reflected current at Receiving End =
Incident Current = I*(X) =(R+VR/Z0) gy x
2

(Ir + Vr/Zo)
2

Incident Current at Receiving End =

[ = (IR—VRr/Zo)
IrR+VR/Zo)
CR-TR)

Ki =vg e
ol ZB)
KI — (ZO_ZR)
(Zo+Zr)




Kv, K1 are complex numbers

Ki= -Kv

If line is terminated with Open Circuit:
ZR= (09

_ (Zr—70)
(Zr+Zop)

7 (1-29)

If line is terminated with Short Circuit:

ZR =0
— (Zr—70)
(Zr+Zo)
_(0-Zp)
(0+Zo)
Ky =-
Ki =1

If line is terminated with impedance Zo

ZR= Z()

— (Zr=70)
(Zr+Zo)




KV — (ZO_ZO)
(Zo+Zo)

Kv =0
Ki =0

Disadvantages of Reflection:

1. Due to reflection the part of Energy rejected by load.Hence
output reduces

2. There is a reduction in efficiency

3. If the attenuation is not large ,reflected wave appears as
echo at sending end

4. If the generator impedance at sending end is not Zo then
reflected wave is again reflected again from sending end and
becomes a new incident wave.The energy is transmitted
back and forth till all the energy get dissipated in the line
losses

Hence it is necessary that line must be terminated with Zo to
avoid reflection.

Transmission line is operating at high frequency:

If the transmission line is operating at high frequency waves

1. Skin effect is considerable
2. At high frequency f is high hence G is high hence GOL>>R,
GOC>>G.Hence R and G can be neglected

Skin effect:The concentretion of alternating current near the
surface of the conductor is known as skin effect

G+jWC

Characteristic Impedance Zo

At high frequency:R,G can be neglected



WL
Zo=\/]_
jwce

Zo=\/E
C

Lossless line:
For loss less line R=0,G=0

Characteristic Impedance Zo=v = T =\/L:=Ro(Because

G+jWwCc  0+jWC C
purely resistive)

Propagation constant

y=V(R + jWL)(G + jWC)

For lossless line R=0,G=0

y=v(0 + jWL)(0 + jWC)

y=V({WL)(WC)

y=jWVLC
y=a+j
a+ijp=jWVLC

a+jp=0 + jWVLC

Comparing real and imaginary parts
a=20

B =WVLC

Velocity of propagation P = Af

A=_
p



2T

P=—Ff
B
Q)
P=—
B
For lossless line f = WVLC
)
P =
WVLC
1
P=—__
VLC

Voltage and Current equations for lossless line:

(x) = Vg coshyx + IpZ, sinh yx

Vi
(X) = _smh yx +1 cosh yx
Z, R

Atx=l:
V(x) =Vs,I(x) = Is
For lossless line: y=jB=jW+LC and Zo=Ro
(x) = Vg coshjf + IgRy sinh jS
(x) = Vg cosh B + jIgRy sinh 8
() =""sinhjB +1 coshjp
R, K

VR
I(x) =k coshp +j R—smh,B
0

For open circuitend Ip =0

(x) = Vg cosh g

Vr .
(x) =j _sinhp
Ry



Fig: 5.2:0penCircuit Line
For short circuitend: V5 =0

(x) = jIgRo sinh B

(x) = Ip cosh B

Fig: 5.3:Short Circuit Line

For a line terminated with Ro:

(x) = Vg coshjB + IgR( sinh j§
Vg

Ip=—
R Ro

V(x) =V coshjB + YRR sinhjp
R RO 0



(x) = Vg cosh jB + Vi sinh jB
V(X)= VReJ'ﬁ

V(X) = Vg Lﬁ

|4
I(x) =k coshp +j _Rsinhﬁ
Ry

Vr

IR = R_O

Vi Vi
(x) = _coshf +j _sinhf

R, R,

Vg
Ix)="¢p

Ro

Fig: 5.4: Line Terminated with Zr

Standing Waves:

Maximum point is called anti node

Minimum point is called node



Fig: 5.5: Standing Waves

Standing wave ratio:

Maximum Voltage

Voltage Standing Wave Ratio(VSWR)=

Minimum Voltage

VSWR=/me
|Vmin|

Maximum Current

Current standing Wave Ratio(ISWR)=

Minimum Current

ISWR=/"m

|Imin|

The value of VSWR can be measured by connecting RF voltmeter across
line at apoint

ISWR can be measured by connecting RF ammeter in series with line at a
point

In practical we can’t measure ISWR as we have to cut the line and insert RF
ammeter and Rejoin the line

Hence practically VSWR measurement is done
Hence standing wave ratio means VSWR

Relation between Standing wave ratio and magnitude of Reflection
Coefficient:

Let |K| = Magnitude of reflection coefficient

|Vmax|

S=Standing wave ratio=

IVminI



S value is in between 1 to o

|K| value is in between 0 to 1

S=|Vmax|
|Vmin|

Vinax| = [VIT + V]~
[Vininl = [VI* = V]~
V+=Incident Voltage

V—=Reflected Voltage

Wl _ Wl VAE D
‘vaml"|vw=4vr-"lVﬁ(l—ﬁj;)
4
|k| = VT
_ L4kl
1—|k|
s 1+ |k|
1 T—[k|

14+s 1—|k|+1+|k|
1—-s 1-—|k|—1- k]

1+s 2
1-s 2|k
s—1

|k| =
s+1



|Vmax| - |Vmin|

|k| =
|Vmax| + |Vmin|
In terms of currents:
Vi
1 i+ - Mra+ET)
[.SW.R= = I _ it _ 1+lk|
Lminl — HIF=111~ |1|+(1—|flj) 1—|k|

| | — ISWR_l_llmaxl_llminl
ISWR+1 |Imax|+|1min|

Zmax = ZoS

The Voltage will be maximum if both incident and reflected voltages are in
phase

The Voltage will be minimum if both incident and reflected voltages are in
180° out of phase

Impedance matching:

When high frequency line is terminated in its characteristic
impedance Ro,it operates as a smooth line.Under such
conditions reflections are absent.

But practically the load connected to the line may not equal to
the Ro giving rise to reflections

In order to overcome this difficulty impedance matching is
required



Impedance matching with A,%
8

Input Impedance of 2 |jpe:
8

Fig5. 6The Eigth wave Line

Zo(Zr + Zo tanh yl)

Zin = Zo + % tanhyl

For lossless line a =0

y=a+jB=0+js=jp

Zo(Zr + Zo tanh jBI)
Zo + Z tanh yjpl

Zo(Zp + jZo tan Bl)
Zo+ jZg tan fl

Zin =

Zip =

Z (Z +jZ tan_2ﬂ
0 R 0
A 8
Lin = 2T A

Zy+jZgtan 18

T
Zo(Zp +]Zy tal’lz)

in — . L3
Zo + jZg tan 4




- Zo(Zg +jZo)
. (Zo +jZp)

Zo (V(Zg* + Zo®)

|Zin| =

V(Zo?* + Zg%)

IZinl =17y

2 line converts any impedance into magnitude of impdance Z,
8

Input Impedance of 2 line:
4

== —r
RO
EQ) =2 $%

Fig5.7Quarter wave line

_ Zo(Zgr + Zo tanh yl)
" Zo+ Z tanh yl

For lossless line a =0

y=a+jB=0+j=jp
Zo(Zp + Z, tanhj,Bl)

Zin = Zo + % tanh yjpl

Zo(Zp + jZytan B)
Zin =" 7 7. tan Bl
g



[ =A/4

T
ZO (ZR +jZ() tani)
T Zo+jzptn,
T
Zo (ZR +jZ0 tani)
Zin = A
ZO +]ZR 2
T Zp
Zotan, (—x + o
tanz
Ziy =
mn s ZO
n7
A%
Zin= Zn

If Zgr = co(Open circuit line)
Zpn=0
If Zp = 0(Short circuit line)
Zip= 00

A
— line acts like impedance inverter

Input Impedance of % line:

Fig.5.8 Halfwave line



_ Zo(Zg + Zo tanh yl)
" Zo+ Zztanhyl

For lossless linea =0

y=a+jf=0+jp=jpB
ZO(ZR + ZO tanhj,Bl)

Zin = Zo + % tanh yjpl
ZO(ZR +]ZO tan,Bl)
Zin = Zy + jZp tan Bl
2T
b=
A
l=_—
2
ZO(ZR +]ZO tann)
Zin = Zo+ jZp tanm
- _ Zo(Zr +j0)
T Zo+j0
Zin=17Zp
E line acts like one to one transformer
Smith chart :

P.H.Smith of Bell laboratorories developed smith chart.

Smith chart is graphical tool for solving radio frequency
transmission line problems

Configuaration of smith chart:

Basic difference between circle diagram and smith chart is that
values of resistive and reactive componenets are reprsented in
rectangular form which are extended to infinity



But in smith chart infinite resistance and reactances are
transferred to an area inside the circle

As reistive and reactive components are in circular form smith
chart is also called as circular chart

Smith chart is basically a polar plot of the reflection coefficient
k expressed in terms of normalised impedance
Ro(l + |k|L® — 2,85)

(1 —|k|£@ — 2Bs)

Lin =

Normalized input impedance

Zin  (1+1K|20 — 2B5)
Ry (1—1[k[£0 —2Bs)

Normalized input impedance is a complex quantity expressed in
rectangular form

: : k|2@—2
Q=F+]Xi _ (+1kl2@—2ps)

Ro C T (1—|kl2@—2Bs)
|k|£@ — 2s can be represented as u + jv
1+u+jv)

A ey cyrayny

Rearranging above equation

_ 1—u2—p?

r. ——
Lo 1—u2402
2v
1—u24v2

X;=



Fig5.9:Coonstant r and constant x circles

Properties of smith Chart:

Fig 5.10 properties of smith chart



. Smith chart may be used for impedance as well as
admittances
. The smith chart comnsists of constant r; circles and

constant x; circles
The values of ri and x; are normalized

The constant r; circles have their centers on horizontal
axis i.e.u axis and the constant X circles have their
centers on vertical axis i.e.v axis

. In smith chart it is possible to locate all the possible
values of impedances inside the outer circle of unit radius
. The impedance of a line of any length can be read at any
point on the given S circle.For properly terminated line
and any length, the impedance is represented by the
point (1,0) which acts like a center of smith chart

. The horizontal line passing through the center of the
smith chart is real axis or rifor impedance plot and gi axis
for admittance plot

To the extreme left of the chart indicates zero impedances
at load point or short circuit condition

To the extreme right of the chart indicates infinite
impedances at load point or opencircuit condition

. The outer circle of the chart is called B circle of the chart

which indicates electrical Ien%\th of line

. The distance corresponds to — jndicates 360° on the
2

chart

A=720°

The clock wise movement along outer rim indicates travel
towards generator from load and anti clockwise
movement along rim indicated travel towards load from
generator



8. On the periphery of the smith chart,three scales are are
provided.The outermost scale is used to calculate distance
from generator in wave lengths.The next scale is used to
calculate distance from load in wavelength.The innermost
scale is used to determine angle of reflection coefficients
in degrees.

9. If the smith chart is used for impedances ,the inductive
reactances are above the u axis and capacitive reactances
are below the u axis.If the smith chart is used for
admittances then ri axis becomes gi axis and x; axis
becomes biaxis.Then extreme left of girepresents zero
conductance or open circuit .While the extreme right of g;
represents infinite conductance or short circuit

10. The voltage maxima occurs where Zinmax) located
while voltage minima occurs where Zin located.The
voltage minima occur to the left of center of the
chart,along riaxis while voltage maxima occur to the right
of centre of chart along ri axis

Applications of smith chart:

1. It is used in the transmission line is used to calculate
impedance provided at any load

2. The chart is even employed to calculate admittance values
provided at any load

3. Used in the measurement of the length of the short-
circuited section of the Tx.line in order to offer the
required amount of inductive reactance of capacitance

4. Used for the purposes of impedance matching

5. Employed to know the value of VSWR amongst others.

Single stub matching:

In single stub matching technique a stub of suitable length is
connected in parallel wirth a line at acertain distance from load

By using such stub Antiresonance is achieved.Hence at
antiresonance impedance equal to Ro



\\f

Fig.5.11 Single stub matching

Because of paralleling of the element it is convinient to work
with admittances

The input admittance looking towards the load from any point
on the transmission line

Yg = G() i]B
This may be admittance at a point A before stub was connected

The point A is located such that at point A ,Go=1_
Ro

Then at a point A ,a short vstub is connected

This line is selected such that its input susceptance is ¥B
This stub is connected across transmission line

Total admittance at input is given by

S — 1
Ys = G, + jB + B= C':|O=R_0

Zs=Ro

Thus the input impedance of the line pointing towards load is
1
/Zs= =R

y¢ O



Thus a line from source to the point A is then terminated with
Ry

It acts like a smooth line

The reflection and hence standing waves occur in betweenthe
portion of the line from point Ato the load.But making this
distance less than wave length ,the losses can be minimized

For the impedance matching using single stub, it is very
essential to know the exact point at which stub is connectedto
the line and also exact length of the stub

For this two independent measurements must be made on the
line
It is easy to measure standing wave ratio and voltage

minimum nearest to the load

The measurement on the line is made for voltage minimum
because voltage minimum can be mesured accurately rather
than voltage maximum
The input impedance of the transmission line
Ro(1 + |K20 — 2Bs])

(1—- K20 —2ps])

Lin=1"1Ls =

The input admittance of the transmission line

1 (1- K28 - 2Bs])
Yin =75~ Ryl + K20 — 2B3D)

Writing in terms of rectangular coordinates

1 — |K|2 - 2jIK] sin(@ — 26s)

Y¢=Gs+jBs=G
S s T]bs 0[1_|_|K|2+2|K|cos((2)—2,5’~'9)J

Gs+ B 1 —IKI? = 2jIK| sin(@ — 2B5)
Go 1+ |K|? + 2|K| cos(@ — 2B5)




Fig5.11:Admittance Conditions on line

Location of short circuit stub=4L [0 + 7 — cos—1|K]|]

Length of short circuit stub=L=2Ltan—1 _V12T1|<1|<|2



MALLA REDDY COLLEGE OF ENGINEERING AND TECHNOLOGY
DEPARTMENT OFELECTRONICS AND COMMUNICATION ENGINEERING
B.Tech Il year — | Semester Examination

NETWORK ANALYSIS AND TRANSMISSION LINES

Model Paper-1

Time: 3 hours Max. Marks: 70

Note: This question paper Consists of 5 Sections. Answer FIVE Questions, Choosing ONE
Question from each SECTION and each Question carries 14 marks.

SECTION-I

1. a.What are the initial conditions? Why are they needed? Explain [7M]

b.The switch in the below figure has been in position a for a long time, Att =4 s the
Switch is moved to position b and left there. Determine v(t) at t = 10 s.[7M]

2

+
2uv @ 0.1F T Moy 2209

(OR)

2. a.nthe given circuit the switch is opened at t=0.Find (i) Va,(0-) (ii) ix(0-) (iii) ix(0+)
(i) Vap(0+) (V) ix(t=00) (Vi) ix(t) for t>0. [7M]

1002

20v

60 2

vy

b.For the circuit shown below Figure, find the current equation when switch S is opened
att = 0+. [7M]

100%7

SECTION-II



3. a.Derive the relation between ABCD and ‘Z’-parameters.[7M]

b.Write the equations for Z, Y, ABCD, inverse ABCD, h, g parameters.
A two port network has the following parameters: Z11=4Q,712=1Q, 721 =3 Q and
Z22 =3 Q. Calculate short circuit parameters. [7M]

(OR)
4. a)Determine h parameters of the following network[7M]
+ O MWW T T T a3+
Iy 162 EJ“-,:q |_ =
= . =
Vi =1 £2 =:’: > T g =T Vs
Ry 2V [‘ -
b) Determine Y parameters of the following network[7M]
1 '—T_:_T—' 2
1WIZ-‘
Ya Vb
1"e l l o2
SECTION-I11
5. a) Explain the locus diagram of series R-L circuit when R is variable. [7TM]
b) Explain the locus diagram of series R-C circuit and when C is variable. [TM]
(OR)
6. a) Derive expression for half power frequencies of a R L C series network. [7TM]

b) Construct the admittance locus diagram and determine the variable inductance values so
that the phase angle between the supply voltage and supply current is zero for the Fig.5.

w = 200 rad/s.[7M]

201LF
52
AMA—
70 XL

)

Ly
SECTION-IV

7. a) Derive the Condition for Distrotionless Transmission Line. [7]
b) Measurements on a Transmission Line of length 120Km were made at frequency of
6000Hz.If Zoc=520(-30deg) and Zsc=640(43deg) find Z, and P.[7]

OR



8. a. Explain the conditions which are used for minimum attenuation in transmission line [7]
b. The propagation constant of a lossy transmission line is 1+j2 m™and its characteristic
impedance is 20+j0Q at o= 1rad/s. Find R, C, L, G for the Line. [7]

SECTION-V

9. a)Derive the relation between reflection coefficient andcharacteristic impedance[7]
b)Write short notes on smith chart. [7]
OR

10. Atransmission line of length 0.40X has a characteristic impedance of 100Q2 and is [14]
Terminated in a load impedance of 200 + j180w. Find the
a. Voltage reflection coefficient
b. Voltage standing waveratio
c. Input impedance of the line.
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B.Tech Il year — | Semester Examination
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Model Paper-2

Time: 3 hours Max. Marks: 70

Note: This question paper Consists of 5 Sections. Answer FIVE Questions, Choosing ONE

Question from each SECTION and each Question carries 14 marks.

SECTION-I

1. a) Inaseries RL circuit with R =3 ohm and L = 1 H, a DC voltage of V =50 V is

applied at t = 0. Find the transient response of current and plot the response. [7M]

b) A dc voltage of 100V is applied in the circuit shown in figure below and the switch is
kept open. The switch K is closed at t = 0. Find the complete expression for the current.
[7M]

200 100

+
——100v 0;@ %O.IH

(OR)

2. For the below circuit (Fig. 1), find the current equation i(t), when the switch is opened

att=0. [14M]

) -+
[ 5 5.7 lie——

101 SET




SECTION-11

3. a) Obtain the transmission line parameters when the two transmission networks having the
transmission parameters Al, B1, C1, D1 and A2, B2, C2, D2 are connected in
cascade.[7TM]

1Q 2Q 3Q
lo N\ AVAVAV, NN N o 2
4Q 6Q
' | | o2
b) Obtain ‘Y’ — parameters for the given network shown in below figure. [7M]
(OR)
4. Determine the g parameters for the circuit shown in below figure. [14M]
14
LF AN O

SECTION-I11
5. Show that the resonant frequency wo of an RLC series circuit is the geometric mean of w;and

o, the lower and upper half power frequencies respectively. [14M]
(OR)
6. Avoltage V =500 V is applied to a series circuit consisting of fixed inductivereactance
X =50hms and a variable resistance R. Sketch the admittance and current locus diagrams. [14M]
SECTION-IV
7. a) Derive The Expression for Transmission Line Equation.[7]
b) GivenR =10.4 Q/mt L = 0.00367 H/mt
G = 0.8x10"* mhos/mt C = 0.00835 pF/mt.

Calculate Zo ang Yat1.0 KHz. [7]



OR
8. a)Derive the expression for a and B in terms of primary constants of a line[7]

b) Explain transmission line parameters in detail. [7]
SECTION-V
9.a) Establish the relations for Zs, and Z, of rf lines and sketch their variation with f1.
b) A 60ohm lossless line is 30m long and is terminated with a load of 75+j500hms at 3MHz

find its reflection coefficient, VSWR, if the line velocity is 60% of the velocity of light [7]
OR
10. a) Explain the principle of single stub matching.[7]
b) Calculate the skin depth for the following conditions. [7]

Copper f=10'Hz, p=po, 6=5.8x10’s/m

[7]
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NETWORK ANALYSIS AND TRANSMISSION LINES

Model Paper-3

Time: 3 hours Max. Marks: 70

Note: This question paper Consists of 5 Sections. Answer FIVE Questions, Choosing ONE

Question from each SECTION and each Question carries 14 marks. 5*14=70M

SECTION-I
1. a) Transform the below circuit in to ‘S’ domain and determine the Laplace transform
impedance. [TM]
o—3J060 >
2H
= 202 g —— 1/2F
o

b) Att=0, switch 1 in below figure is closed, and switch 2 is closed 4 s later. Find

i(t) for t > 0. Calculate ifort=2sandt=5s. [7M]
g  f=4
'.','.'u"'.\' 2 Gb

(OR)
2. a) Inthe given circuit the switch is shifted from position 1 to 2 at t=0.Determine i(t) for t>0.
[7M]

;S Switch R=R,+R,




b) What are the initial conditions? Why are they needed? Explain. [7M]

SECTION-II
3. Determine the transmission parameter and hence determine the short circuit
admittance parameters for the below circuit. [14M]

EEATA A SE——
102
1o AN o2
15€2 152

- 1502
o o 5!

(OR)

4. Explain about the ABCD —parameters and derive the condition for symmetry and
reciprocity. [14M]
SECTION-I11

5. Explainthe procedure to draw the locus diagram of R-L series circuit when L is varying.
[14M]

(OR)

6. Aseries RLC circuit has to be designed so that it has a band width of 320 Hz and inductance of
the coil is 0.2H. It is has to resonate at 350Hz, determine the resistance of coil and capacitance
of condenser. If the applied voltage is 150V, determine the voltage across capacitor and coil.

[14M]
SECTION-IV
7. a) Derive the attenuation constant and phase constant in terms of primary
constants[7]

b) Explain different types of loading for transmission lines.[7]
(OR)

8. a) Derive the characteristic impedance of a transmission line in terms of its line

constants[7]
b) At BMHz the characteristic impedance of a transmission line as 40 -j2ohms and the
Propagation constant 0.01+j0.18 per meter. Find theprimary constant. [7]

SECTION-V
9. a) Explain the principal of singlestub matching [7]
b) Write Short notes on Smith Chart [7]

OR
10.a) Derive the relation between reflection coefficient and characteristic impedance

b) Write short notes on smith chart.[7+7]
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SECTION-I

1. a) The switch in the below figure has been in position a for a long time, At t =4 s the switch
is moved to position b and left there. Determinev(t) att= 10s. [7M]
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b) In the given circuit the switch is opened at t=0.Find (i) Va (0-) (ii) ix (0-) (iii) ix (0+)
(iv) Vap (0+) (V) ix (t=00) (V1) ix (%) for t>0. [7M]
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(OR)

2. a)For the circuit shown below Figure, find the current equation when switch S is opened
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4.

o

~

8.

9.

att=0.[7TM]

b)In a series RL circuit with R =3 ohm and L = 1 H, a DC voltage of V =50 V is applied at
t = 0. Find the transient response of current and plot the response. [7M]

SECTION-II

a )Find the Z parameters and Y parameters of the T- network shown in figure below. [7M]

?
b) Explain about driving point and transfer impedances. [7TM]
(OR)
Draw the equivalent circuits of Z, Y, h, g parameters. [14M]
SECTION-II1
Explain about the series resonance and derive the expression for resonant frequency. [14M]
(OR)
Define the bandwidth and derive the expressions for bandwidth of series resonating circuit and its
relation with Q-factor. [14M]
SECTION-IV

Explain the conditions which are used for minimum attenuation in transmission lines. [14M]

(OR)
Derive the secondary conditions for loss less transmission line.[14M]
SECTION-V
a)Explain the principal of single stub matching [7]
b)Write Short notes on Smith Chart [7]
(OR)

10. Derive the relation between reflection coefficient and characteristic impedance [14]
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