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Network Theory (19EC33)

Overview of Syllabus
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SubjectTitle : Network Theory

Subjectcode: 19EC33

Credits: 04

Total number of Contact hours : 52 hours

Number of teaching hours per week 04 hours

3-C | EZbanarks each

Final CIE=Sum of two best CIE marks and reduced it to 40 marks + 5 marks

Assignment + 5 marks Group Activity .

To

Assignmentsi Problems
A Group Activity i PSPICE Simulation
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Network Theory (19EC33)

Overview of Syl |

Pre -requisites
A Engineering Mathematics
A BasicElectrical Engineering
Objectives
A Different types of Electrical Elements and their characteristics.
A Circuit Analysis Techniques such as Circuit simplification, loop analysis and node analysis.
A Different Network Theorems and its applications, .
A Conceptsof Resonanceand its importance .
A Study of dynamic behavior(Transient and steady state response) of electrical systemsusing initial
conditions
A Applications of Laplace Transforms to electrical systems

A Two port networks and its importance in the analysis of electrical circuits .
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Network Theory (19EC33)

Overview Sy | |
Contents :
Unit -I:
Ch-1: Basic Circuit Concepts
Unit -1l ;
Ch-1 Network Theorems
Ch-2: Resonant Circuits
Unit -1l :
Ch-1 Transient Behaviour and Initial Conditions
Unit -IV :
Ch-1 Laplace Transforms
Unit -V:

Ch-1 Two Port Network Parameters
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Overview of Syl |
Outcomes :

A Apply the network reduction techniques to simplify the electrical circuits and analyze electrical
circuits using loop and nodal analysis.
A Apply the network theorems to find the load quantities, explain the resonant parameters and the
analyzethe circuit .
A Explain and find the transient behavior of electrical circuits with initial conditions.
A Apply the Laplace Transforms for the analysis of electrical circuits.
A Define, explain and find the two port network parameters of electrical circuits and derive the
relationship betweenone parameter to other parameter.
Pre -Requisite for :
A Electronic Circuits
A Communications

A Power Electronics
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Overview

A Text Books :
A Charles K Alexander and Mathew N O Sadiku, AFundamentals of Electric
Circuits 0 3rd edition, Tata McGraw-Hill, 2009.
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Network Theory (19EC33)
Introduction

Definition : Network Theory

Theory : A setof Principles or Ideas are used to perform an activity ( In this

context activity is to study and analysis of a Networks). —\W\
Network ( Electrical ): Interconnection or combination of electrical

Network
elementsis called an electrical network, generally network.
Network Theory : Setof principles or ideas are usedto study the behaviour
of electrical networks.
Circuit and Network

——\\W,
Network - Openloop or ClosedLoop

Network/Circuit

Circuit - ClosedLoop

All circuits are networks but all networks are not circuits
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| ntroducti o

Electrical Elements

Electrical Elements

Active
Elements

Passive

Elements

Independent
sources

Resistors Capacitors Inductors

Dependent sources

Ideal Practical VCVS VCIS ICVS ICIS

Voltage Current voltage current
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| ntroducti o

Basic principles

1. Current : Rate of changeof Chargeis called current, it is denoted asfi 1aad unit is Amperes.
Q0
Q6

1. Voltage : Rate of changeof Flux is called Voltage, it is denoted asii Vand unit is volts.

Qz

Qo

1. Power : Product of Voltage and Current is called Power, it is denoted asi Pand unit is watts.

W

0 w O
Branch : A Path of element is connecting betweentwo nodesis called Branch.
Node : Two or more elements connected at a Point/Junction is called asa Node.

Oh moélaw : Oh madaw states that the voltage across an element is directly proportional to the current flowing
through that element.

‘@B w| O
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V4

| ntroducti oneé

Passive Elements

R

i

1. Resistor[R]: Circuit Symbol

AA resistor opposes the flow of electric current.

MResistors dissipate energy in the form of heat. —— o

AResistors exhibit negative temperature effects. ¢ 1 N

lObeys ohmoés Law o~
vUl , |vmR

Where, R is the Proportionality constant called Resistance measured inOhms RESIStOrs are in Series

V is the Voltage and | is the Current. =

: : o B .
Af Resistors are connected in Series'Y Y - R iR; ig,
Af Resistors are connected in Parallel.— B - Bl

. o e ey, Resistors are in Parallel
Powerd O OI0O—t OYW®MOO O i
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Resistors are connected in Star form. Resistors are connected in Delta form.

1 Star to Delta conversion

Y ny ny
M1 Delta to Star conversion
Y ny ny
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V4

| ntroducti oneé

2. Capacitor [C]:

A Capacitors stores energy in the form of Electrostatic Field.

AD 66 c
s Lo A ) 1
A vt - @WANPEQ #—38 |
A O -6w Joules. Circuit Symbol

A 6

AR If the Capacitors are connected in Series.

A 6 B 0 ;If the Capacitors are connected in Parallel.
A Star to delta and delta to star conversion is applicable to capacitors, only if it

IS in Reactance form.

A Capacitive Reactance®d ~ —— Ohms.
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V4

| ntroducti oneé

3. Inductor [L]:

A Inductors stores energy in the form of Electro Magnetic Field.

A« 00

L
Ave ,-SUnEd - 0N [
A 'O -0"0Joules. Circuit Symbol
A D B 0 ; If the Inductors are connected in Series.
A D ; If the Inductors are connected in Parallel.

B T
A Star to delta and delta to star conversion applicable to Inductors also, only if

it iIs in Reactance form.

A Inductive Reactance,® ¢ “ "@hms.
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Basic Concepts

Electrical Elements

Active
Elements

Passive
Elements

Independent
sources

Resistors Capacitors Inductors

Dependent sources

Ideal Practical VCVS VCIS ICVS ICIS

Voltage Current voltage current

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

Basic Conceptséeé

Independent Ideal Sources

Sourceswhich maintains a constant value and doesnot affected by any other quantity

1. Ideal Voltage Source

Source which maintains a constant voltage, and its is independent of the current drawn from it. These
sourcesare having zero internal Impedance/Resistance.

2. ldeal Current Source

Source which maintains a constant current, and its is independent of the terminal voltage. Thesesources

are having Infinite internal Impedance/Resistance.

A
oA ®A A Vi ?A 3
+ + I Ideal Voltage Source I Ideal Current Source
—— Vas
T Vas ()_VAB C)V ’ v (D I Q | |
lor Tilein Hours Vor Tilbein Hours
B B
o8 oB Figure A e Figure C
- Ideal"Voltage Source Ideal Current Source
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Basic Concept sé

Independent Practical Sources

Sources having some internal resistance or impedance are "() A Vas I Practical Source

called practical sources

| or Time in Hours
—

e

1. Practical Voltage Source

: : . Practical Voltage Source
Due to internal impedance or resistance voltage drop takes

A
9
place and it causesterminal voltage to reduce.
W w Oi I
P ical C S
2. Practical Current Source Q ' § ' el
Current drop takes place.
V or Time in Hours
B —
L B
>

Practical Current Source
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Circuit Simplification

5V BV
Simplification () - A ¢ ) > A
A Ideal Voltage sourcesin series- Can be replaced by a : T . ]
T(_)mv 15V ! C)mv 5V
single voltage source. l ]
10V +5V= 158V 10V + (-bV) = BV
i i i > B > B
A Equivalent voltage is the sum or difference of Serios Aldng Voltages Series Opposing Voltaces
individual voltagessource values. (Voltage Addtion) (Voltage Subtraction)
F —— ] — ——¥

v, 9 V, e "t

= OV, ~ (G v
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Circuit Simplification

Simplification

A Ideal Current sourcesin parallel i Can be replaced by =0A A
AR ST
a single current source. SR b R
= N . 5-!‘!'& 51"-"& W 5..5; ,?nﬂ'; A%
A Equivalent current is the sum or difference of I )
—_— — )
individual current source values. =0 - "
- —n
5 Wi, lu[D Or ~ (D Iy
(1y>15) (i3 > 14)
] )
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Circuit Simplification

Simplification
A Ideal Voltage Sources in Parallel and Ideal current

sourcesin Series

&
5
u
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Source Transformation

Source Transformation
A It is a processof converting practical voltage sourceinto practical current source.
A Usedfor circuit/ network simplifications

A Not applicable to ideal sources

% R

— VW= e . — AAA—
V(j e A0} gR I R =) (5‘“’

'y +y

Voltage source to current source
Current source to Voltage source

v w OY
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Source Transformation

Key Points

1.

2
3.
4

. While converting practical current source into practical voltage source, polarity of voltage source is

Source Transformation is applicable to Practical sourcesonly.
Ignore the resistors that are connected acrossideal voltage sources

Ignore the resistors that are connectedin serieswith ideal Current sources

always positive terminal at the arrow head and negative terminal at the other side.
While converting practical voltage source into practical current source, polarity of current sourcei.e.,

arrow head of current source must be indicated at the positive terminal of the voltage source.

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru
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Source Transformation

Procedure to simplify the electrical networks/Circuits

1. Identify the load element, remove the load element and name the load terminals as A and B or X and
Y etc.

Reducethe ideal voltage sources,that are connectedin series.

Reducethe ideal current sources,that are connectedin parallel.

Apply Sourcetransformation .

Apply Source shifting .

Repeatthe steps2 to 5 until simplified form is obtained betweenthe load terminals .

N o 0ok w D

Connectthe load element and find the load current or load voltage or power delivered or absorbed by

the load element.
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Examples
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Examples
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Examples

M-

e AR

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)
Examples
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Examples
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Examples
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Examples

LoV 50N~
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Examples

oV
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Examples

99 obtam vﬁk Pm(}»b-‘ “4“81 lowrec blhiun A o8
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§
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Examples

1 bliun A B
2) Obtaw Quﬁk Pm}»bl V\“rnal ourG
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Examples

>y
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Examples

A
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é)w!A OB fo-awongs :
-
1 “3&
_‘————-'—AA
o~
& @5 ST |
190 | 9 &
= 3
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Examples
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Examples

3. Obtain the single practical current source between the terminals A and B

10 A ﬂj % 61}

=

Y — 50}

O B
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Examples

3. Obtain the single practical current source between tha terminals A and B

) 14
m,n-ﬂ:j %ﬁﬂ v
60
v L 50 )V I
ok B
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Examples

3. Obtain the single practical current source between tha terminals A and B

) 14 34
1A -’T) %&ﬂ o0V WY
N
60 61l
WV L 50 a0}y
1]
. .y
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Examples

3. Obtain the single practical current source between tha terminals A and B

oA 1 i-"'
SONRS ov-L o
60 61l
0V L 50 Ay
g
os Ly
A

1333 a@) 612

£u il
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Examples

4. Practice Problem

: p4
%rn %:u
LA} AV
ifl 10
1Y 4"
.

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

Key Points

1.

Source Transformation is applicable to Practical sources only.

2
3.
4

. While converting practical current source into practical voltage source, polarity of voltage

Ignore the resistors that are connected across ideal voltage sources.

Ignore the resistors that are connected in series with ideal Current sources.

source is always positive terminal at the arrow head and negative terminal at the other side.
While converting practical voltage source into practical current source, polarity of current source i.e.,

arrow head of current source must be indicated at the positive terminal of the voltage source.
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Procedure to simplify the electrical networks/Circuits
1. Identify the load element, remove the load element and name the load terminals as Aand B or X and

Y etc.

Reduce the ideal voltage sources, that are connected in series.
Reduce the ideal current sources, that are connected in parallel.
Apply Source transformation.

Apply Source shifting.

Repeat the steps 2 to 5 until simplified form is obtained between the load terminals.
Connect the load element and find the load current or load voltage or power delivered or absorbed by

S A R

the load element.
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3. Obtain the single practical current source between the terminals A and B

oA NOTE: 5 Ohms

! A resistor IS

Iﬂhé 612 &0 connected across
the voltage

&0 source, hence 5
Ohm resistor IS
redundant. We can

Bv |
I’: ignore for the

analysis.




Examples

4. Find the current through 10 Ohm resistor for the circuit shown in figure using source

transformation.
PR S Sk -
A Ww 2. W
W | : | oy |
iy & i ' .
)
- an = A
#51\- R : | 2 A o s SA} ! wJ\-’|L‘al
va IOU-( 15'/ l' I elamant
L ==
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5. Simplify the network shown in figure.

502

—W— a0
on ®

1002

1002
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Source Shifting

Voltage Source Shifting
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Source Shifting

Current Source Shifting
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5. Simplify the network shown in figure.

502

—W— a0
on ®

1002

1002
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2A 6.66 0
© A 008V 0,00V
3330 666 0
. A AAN—
AN E B B
3330 1A

999 0
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Examples

6. Find the Current IL in the circuit shown in figure.

100
Vv A |dentify the load element and remove fit,
| @ | then name the load terminals
—\N AN 100
20 60 L —AAN
100 ff{
1
. 50 —\\N\ AN * A

e— VY 02 5 )

10V .
‘ ‘ 100
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Examples

Apply Voltage source shifting for 10 :
PPy J J Convert voltage sources[(10 V, 5 n),5BV,10 n)]into

V source
current sources
10 0
10 &2 VV\, 3IA
W h
34 =
o)
& A .
—A\\N AN o A 6O
50 60
e 2a® §5ﬂ 0o ® osa
S - 10V
mv__‘ 10V oV ———
= ,
] ¢ B

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)
Examples

Combine Voltage sources (8.33V, 18 V)

Combine Current sources (1A, 0.5A) and Series Resistors (6 1, 3.3311)

and parallel Resistors (5 n,1:0n)

100
. ANN
AN 18V
IA
o) :l—'\/v\.* ¢ A
p— E 0
A\ .
60 §3_33n
25A ‘H‘) §3_33n 10V
— ——=s33v
10V T TV
Y
T ® 0
oG
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Examples

Re-arranging the elements Convert voltage sources[(10 V, 10 n),
(26.33V, 9.33 n) ]into current sources

100
a'A"A%
e A
* A 10 ﬂé
9330
§9.33$‘1
v, .
0v], . —_; __? 2633V
_ = 2633V P}
® B
e A
100
Combine Current sources (1A , 2.82 A) o 1330 ® 2824
and parallel Resistors (9.33 n,10n) _
B
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Examples

Connect the load element across AB

o A
§¢_azn @ 3824
=
A
Apply current division formula
8
IL=1.24A
48200 () 3824 . 8 ( 3 )
100
L 8 =
e B
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Star to delta and delta to start conversion

DELTA AND STAR CONNECTED RESISTORS
A A

R3 R1 RA

RC

C B RB Tee (T) network
Pi (r) network R2 C B
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Delta to Star Conversion Formula

Delta to Start Conversion

A

R3 R1

RC

E
T 77 3

NOTE: Denominator is common

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru
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Star to delta Conversion Formula

Star to Delta Conversion

] 14 44 44-

A F
] =|==||| =|||=|I= =|I==|=

5 —

R3 R1
{4 [ =| ||=| r 4 I==|=
RC =|
1
B
C B NOTE: Numerator is common
R2

NOTEStarto delta and deltato start conversionapplicableto
Capacitorsand Inductorsalso,but shouldbe in reactanceformat.
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Examples

7. Convert the given network into equivalent star network

a4l 100

154
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8. Convert the given network into equivalent Delta network

1

1.670

2.50 62

2 . PH X @ ¢® wu UL WP X
HEE Y 5 } ¢
. P X BC ¢® L UL WP X
Y } ¢
Cd
. PH X @C CB® LU WP X
Y } ¢
P®H X
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Examples

9. Find the equivalent resistance between the terminals A and B

Z2{) in 40

20 %E“ 6qa 20

203 S50 50

3Ll
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Examples

Combine the Series connected resistors

20) ]| 40

2% 3% Zpg

20 5t 50

i
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Examples
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Examples
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Examples

10. Find the equivalent resistance between the terminals A and B
410

450 450

A §3n in B B
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Examples

Ry
Ry
4.5%7.5
= = =77
Ri=Re= 3547543 P8
R
1 R.=R.= 7.9%3 =15Q
PTIB T 454+75+3
4.5%3
R.=R = ().
50 PN 4547543 742
362
7150
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Examples

40
ANy 5810
090 090N ——A A
2250 2250
A B A 0—"\W\— —\AN—C B
: 22502 22502
150 150 —ANN————
AAA 60
in
2.2510) 2950 2250 Ao w of
Ar—" \N—— "N AN—— AN NN—0 B
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Examples

11. Find the equivalent resistance between the terminals A and B

10 2

10 £2 10 02 10 £2

10x10 10
= == {2
10+104+10 3
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Examples

0 o
3
Ra ANN— Ya Lgq
Ao——ANN, ——0 i A O—AAN——AAAN—0 B

AAN——
40
D 0

10 Q

Ao vy oR
Ry =100Q
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Network Analysis Techniques

Network Analysis:  To study the behaviour ( Finding the voltages, currents) of electrical circuits.
Types:

1. Mesh Analysis

2. Node Analysis

Terminologies and __ definitions A Ro B IIVI e
[ VVv i
Loop: Any closed path R, % E R
Example: A-B-E-F-A, B-C-D-E-B, E-D-G-F-E, A-B-C-D-E-F-A, A-B-C-D-G-F-A, v, |
A-B-E-D-G-F-A and B-C-D-E-F-G-D. " £
AAA" NW\—4 D
Mesh: Closed path without closed loops inside it. R; Ry
Example: A-B-E-F-A, B-C-D-E-B and FE-D-G-F o
|F——AA
Node: Point or junction where two or more elements are connected together. Vi Rs
Example: A, B, C, D, E, Fand G.
Fundamental Node:  Point or Junction where current is dividing.
Example: B, E, D and F.
Note:
1. All meshes are loops and vice  -versa is not true.
2. All fundamental nodes are nodes and vice -versa is not true
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Network Theory (19EC33)

Network Analysis Techniques

KVL.: Kirchhoff's Voltage Law

Statement:
Algebraic sum of the voltages in any Loopis equal to zero.
‘AHB w T
OR
Algebraic sum of the voltagesapplied is equal to the algebraic sum of the voltage developed acrosgshe
elementsin a loop. A 1 Ro B Vs o

Example:
KVL to loop ABEFA
w YO YO YO m

OR

w YO YO YO
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Network Theory (19EC33)

Network Analysis Techniques

KCL: Kirchhoff's Current Law

Statement:

Algebraic sum of the branch Currents meeting at a node isequal to zero.

‘axaB o i
OR

Algebraic sum of the Current entering the node is equal to the algebraic sum of the currents leaving the

node.
AL Ro B V2 C
ah O O
Example:
At Node B
Apply KCL
0 0 'O
OR
0 "0 'On
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Network Theory (19EC33)
Examples:

1. Find the branch currents and voltages for the electrical circuit shown in figure.

Y s A PpTT VO piD (P)
B | pfO ¢ pO WM
10V == 158 0Q 0 O 5
O O © T
Substitute 4 in 1
= 0.4A (O O pO pm
= 8 = ¢iO vO pm (v)
L 0.2A Substitute 3 in 2
L 06 A pfO ¢fO p O
pUWO O0cTO m )
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Network Theory (19EC33)
Examples:

2. Find the branch currents for the electrical circuit shown in figure.

TTCw YM TWICwMmMTpw oM TBIHw T N
mMrgw Y i ¢ N T p
H w TP
W TPO
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Network Theory (19EC33)
Examples:

Find

3.

Ve

t he/,,ooffdragteheé el ectrical circuit shown
.4 ¢ 00 ¢O m ()
L g =

+ - [/ 114
30 - T GOI= VO Tt @
- % & 8 =
, - Teo« Te= T=| T

Te « 8'""3 4V

n

f
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Network Theory (19EC33)
Mesh Analysis

Branch Current Method

AL Ro B Vs C

A Number of unknowns is equal to the number of
branches.

A Difficult for complex circuits.

Mesh Current Method j‘- *vla, o :}Vz C
§ Ry a %Rﬂ
A Number of unknowns is equal to the number WT. a
of Meshes(Fundamental Loops) AAN E AM—4D
v oA e L e~ s s o A A R, . Ry
AR Al YA OAR GEOOOAT OO -
| ——A
Vi Rs
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Network Theory (19EC33)
Mesh Analysis

Procedure to apply Mesh Analysis

Step -1: As far as possible try to shift current sourcesinto voltage sourceswithout  affecting the
load elements.

Step -2: Identify the number of meshes(Fundamental Loops)
Step -3: Name the loops as Loop-1, Loop-2 and soon.

Step -4: Assign Mesh currents as 11, 12 etc.(or X, y etc.) to all the meshesand chooseall the mesh
currents direction are either clockwise or anticlockwise.

Step -5: Apply KVL to eachmesh.
NOTE: Number of KVL equations is equal to number of Meshes (Mesh currents / Unknowns).

Step -6: Solve KVL equations using variable elimination method or by applying Cr a meRuléts
find Mesh current.

Step -7: Find branch currents and /or branch voltagesand/or powers from the mesh currents using
Oh m Gaw.
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Network Theory (19EC33)
Examples:

1. Find the branch currents and voltages for the electrical circuit shown in figure.
502 102

B C o Ty P
A AAN A "HH'HI ower |
) T ! U PR ¢H 9w
> > ) T® ! L OB O@Y P WO
— 1 5g |2 ATTHT AN HT ) y D@ CBTMW
10V == 200 ) ) ) @ ! y oD o@T T8 YW
Mesh -1 Mesh -2 ) ) ) T@®o! . 18 T@T X o
) ) ) TR ¢ Law of conservation of
D ) ) ) TR ¢ energy
) ) ) ) ™ ., i
A1l EQ HIEHII Branch Voltages b U v
pt L) pE )) T 6 6 pT6 0
¢t pd pm (P 6666 926
AT E §HIEHT | LP o®o
® )) PR o O
P PG 6 6 CTU@)18 16
o Py Ty 1o (Q) 6 6 pu) ) 6.66V
{ “HTHIHT ) HTUTH
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Network Theory (19EC33)
Examples:

2. Find the Mesh currents for the electrical circuit shown in figure.

200 5V
Mesh -3 ’V‘\h
€
100 5 200

10V ™=

Mesh -1

AN AN
e > Eﬂﬂa

Mesh -

c

10
2

0

~
©

P

Tt

Tt

(<)

)

(0)

Tt

ATTEQHEHT HI
ptpl® )) g1 ))
om ¢ ph pT

ATTEQHEHT HI
¢l )) ¢ )) P
Gt uN Gt ™

ATTEQHEHT HI

P® )) ¢t v ¢ )
Pt ¢ UM U
A1 T HIHEHT ()8 YHT H)T FHE
£ 8 A
£ 8 A
£ 8 A
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Network Theory (19EC33)

Cramer 0Ss

HE  "HE  CHE  H W W W Q| Ao QokfBan: &l e
HE "HE "HE "H y 6 o o] & |Q QUOQGE0E Qi £ 0 ¢ |
HE  HE M H . v , AQRO Gt Qmi M ei &g @i
3 € € W W W Q
. € (Z) (E’ o oo Q w O w 0
y | o @ Yy (o Q w y & & Q
Q0 O O w Q O 0 Q
O Y71y
o Y71y
O YTIY
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Network Theory (19EC33)
Examples:

3. Find the mesh current for the electrical circuit shown in figure suing mesh analysis.

l J_ AlTEQHEIEHIIE
20V 20 10V ) ¢mc(O O Tmm
Ol "L "Dz S T®
10 <7 T40V 20 < E P
T A'1TEQHIEHTE 8
Tng¢g(0O O pnmg(O O n
¢g) T) () Om (9
AlTTEQHIEHIE E|E
¢ )) pmT) ™
) T) pTm (0)

~
L]

A1 T HIHIHYC )RG YHT "H

Mesh | Mesh Il Mesh |l

g y:3 Bi A
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Network Theory (19EC33)
Examples:

4. Find the mesh currents 11, 12 and 13 for the electrical circuit shown in figure suing mesh
analysis.

A AlTEQHEIEHIIE
1 i i cmm O v(0O O Tt
SRS e e 0 9 cr o
AlT'TEQGHIEHIIE &
u(0 O T®0 ¢(O0O O 7
v pPp@A ¢ T ()

E'Hli € €€

Mesh | Mesh Il Mesh Il

) p! (0)

~
L]

A1 T HIHIHYC )RG YHT "H

5 B M A
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Network Theory (19EC33)
Examples:

5. Find the mesh currents for the electrical circuit shown in figure suing mesh analysis.

c D AlTEQHEIEHIIE
s 18 f2 U ¢O p(0O O O m
Loy b S0 v) ) v (P
AlT'TEQGHIEHIIE &
A ™ B E UL ¢cO 0O O ¢c0O "0=0
20} 20 ® g U (<)
AlT'TEQHEHT EHIEE|E
—_— f 10 | 210
VT :’ § ; § p(0 O ¢(0O O ¢O v ¢O m
-w% h esh }i ) ¢ X U (0)
H 20 G 20 gy F AT T HMIHEHY (YR YHT H

£ 8 M 8 MWiH 8 A
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Network Theory (19EC33)
Examples:

6. Find the mesh currents 11, 12 and I3 for the electrical circuit shown in figure suing mesh

analysis.
E"HT i &
A B C D
.......................... _-'|.|||.,I'||IllIIr |
) P! (p)
102 10
g Al TEQHIEHIIE E
2O DDA 606 1o o
h ,2 I F ) v ¢ m (©
H Meshl ¢ Meshll F Meshlll E AlTTEQHI E'HIE E]€

¢(O O O pn m
¢cO 0O pm (0)
AT T "HIHIH7 ()G YHT "H

7,

g "AFE 8 'AHI 8H 8 A
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Network Theory (19EC33)
Examples:

7. Find the mesh currents for the electrical circuit shown in figure using mesh analysis.

Al'TEQHEHIEHIIE
gﬁﬂ gzn éfm VO ¢() )) gmummn
X) ¢ om (p)

- 50V = 20V

T 10V AlTTEQHIEHIE §
T ¢(O 0O 0O pmmgqgmO
Q) L) pT (<)
RECIGIRNESING)
gﬁﬂ gzn gaﬂ

’D ’D & 8 M 8 A

-
(|
l
(g%
o
-
ha
(|
'
ik
o
<
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Network Theory (19EC33)
Examples:

8. Find the mesh currents for the electrical circuit shown in figure suing mesh analysis.

50 20 _ in
ooV ®sa  Zea ATTEQHEDT HAT
O ¢O0 ¢ O om m
o 5o |
v v @ om (g

AlTEQHT E'HISE|E

A vl #oooo&ncmm&l | 61 ACOEAD A o0 0O O vmm
#1 1 OCEOACATCOAAAOADOAIT U
A EBZ\Eﬁ'O O v (p) 0 WO v T (0)
AAl T AGEA OppAD A< EOEATOOEAAOET C
AT T T ADOCATODMA QDETICABGEAT 1 AA n 1 1 HrHEHT {JRG YHT H
30PAO8 AOE

g 8 A% 8 A'HI 8 A
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Network Theory (19EC33)
Examples:

9. Find the mesh currents for the electrical circuit shown in figure suing mesh analysis.

2A I3 BA Ny ™ ® aer Ty g a wpapgepl
e aa *m_d’r’m__ ACTEGETIT HAT
E
zw(:‘) 5 A é.(l) j)osg ;m (OO o0 O 1O g1 ™
_ D S B B ) IS SR (9
< 5 _
o AR—2he AlTEQHI E'HISE|E
24V(:E IQ 81{\;) %40
I 0 ¢! ©)
Ay #00CATABART | OT AOBPAD A e — =
#7171 OEBADANTODABAOAOAI U nii"WrH A ()R JHT "H
A BEO 0O g (P)
AAl I AGEAM OPpAD A< EOEATOOEAAOET € .
AT TTAODOGATCODMEA QDET @Il Gl AA 1A At AE AHI H A
30PAO8 AC
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Network Theory (19EC33)
Examples:

10. Find the mesh currents for the electrical circuit shown in figure using mesh analysis.

ATTEQET

"HHTT i

1(0 O o(O0 O

0O ¢(0 O ¢O0 0 x m

oO‘

)OONT@BAAT 1 OT AOCEKAD A

A~ A

ODADNTOODABAAOAOAT U

(p)

OppADeEx EOEATOOOEAAOQOE
DA TOO KA QDET @il Gl AA |

) 1) 1) X (<)
Al EQHT EHISEE|E
O J)) ¢ o) ) @ (0)
) ¢ o) ™| (<)
: A1 T HrHIHT { JRG YHT "H

A A




Network Theory (19EC33)
Examples:

11. Find the mesh currents for the electrical circuit shown in figure suing mesh analysis.

g 100 I é 241 "O "O c (p)
snv—..—F;,) W KVL tosupermesh
o ) g O p v) )) pB )) m
PO pO ¢O ¢ (<)
Super Mesh VL 10 mesh 1
PO O uv(0O O ummn
f P piO VO LT o
oa 1) |32 Solve equations (1), (2) and (3)
1 F") Y B ,=20A, }=17.33A and;F15.33A
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Network Theory (19EC33)
Examples:

12. Find the mesh currents for the electrical circuit shown in figure suing mesh analysis.

) ) v p
) )y )
KVL to Supermesh
5Q 20 . 3Q VO ¢O dO0 vmoemn ™

VO ¢O 00 pm (0)

Solve the equations (1), (2) and (3)
. - |,=-3.9A
60V == — -
- _sov 1,=1.1A
1,=9.1A
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Network Theory (19EC33)

Dependent/Controlled Sources

D ependent Sources
Current and voltage of source depends on some other current and voltage.

Example : c
P _ @ . B Is Ic c
+ — W
B — o
Gy 101 0 <> 2f, @—r Ve = Vee =
- Bla
, 1A Vee - :
() 1\“5
+ = L o

Applications:  Analysis of amplifiers

Types:

Voltage Dependent Voltage source V= AV V = Bl <>| = CV. | = Dlo
X X X X
Current Dependent Voltage source

Voltage Dependent Current Source
Current dependent Current source

W
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Network Theory (19EC33)
Examples:

1. Find the mesh currents for the electrical circuit shown in figure.

0 107 0 50 10F 34}
A AAA—— ANA—— MV
—, —+[g ' I — g
1001 - 1042
Y T oy 5V T ) T 1oV
Sty | h Sty
Obtain the control variables in terms of KVL to Mesh -2
mesh currents. L (L b) L
KVL to Mesh -1 L L
t E ( ||: l':) ||:= WKT, £ 8 =
] ( ) Therefore E 8 =

Therefore E 8 =
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Network Theory (19EC33)
Examples:

2. Find the mesh currents for the electrical circuit shown in figure.

102 1 e 0
1 $ 13 10 14 1 "In..f?ﬁ..

—--f‘

€ E 8 S g
Obtain the control variables in terms of ( ) & & ( )
E & & & & & & &
mesh currents. .
k&g, & & : -
KVL to mesh -1 Mesh -3
I= I% (I= I=) € ‘A
L L L L L
L L |= A
KVL to mesh -2 =h =Hi & A
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Network Theory (19EC33)
Examples:

3. Find the mesh currents for the electrical circuit shown in figure.

2V
l@ 41 25}
+
S0V
- - 10V = 10V
5V
Obtain the control variables in terms of Apply KVL to mesh -2
mesh currents. T (E b E
T e kN L L L L
Apply KVL to mesh -1 L L
L L (E b
il m
L L Lk E L
3 L L g =41 8 =
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Network Theory (19EC33)
Examples:

Obtaining the relationship between control variables and mesh currents

F+ Vm FT VmO
+ + +
I; I I, +
Rg Vx RIV=s| = IRIRSW LIgSv. |
Te 9E T 4 E Te 4 = E Te 4 5 F
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Network Theory (19EC33)
Examples:

4. Find the mesh currents 11, 12, 13 and 14 for the electrical circuit shown in figure.

1 1 L
io ¥ 59 i5 9
AAA AAA AN
- sV,
| : L
s D 9D Ee
6V~ * (1) s0a

L
1
0
h &

Obtain the control variables in terms of
mesh currents.
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Network Theory (19EC33)
Examples:

5. Find the mesh currents 11 and 12 for the electrical circuit shown in figure.

100
140 40 ey
AAA- AMA _.1:)

=

iy

nuv—.r- 5 ﬂg}l o5V, ) §"’ Q
) ,1

Obtain the control variables in terms of
mesh currents.
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Network Theory (19EC33)
Examples:

Obtaining the relationship between control variables and mesh currents

F+ Vm FT VmO
+ + +
I; I I, +
Rg Vx RIV=s| = IRIRSW LIgSv. |
Te 9E T 4 E Te 4 = E Te 4 5 F
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Network Theory (19EC33)
Examples:

4. Find the mesh currents 11, 12, 13 and 14 for the electrical circuit shown in figure.
L L Te
L L 8t bE)
V.= £ L L ()
KVL to supermesh
— L —L _(I= I=) _(I= I=)
sk 8 E 8 E 8E ()
Obtain the control variables in terms of
mesh currents. At mesh 4 ]
Te —(E E) ()
KVL at mesh -1
—L -¢ &) -¢ &) = R R R S
8 £ 8k 8 E
5Vx current source is common to mesh -2
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Network Theory (19EC33)
Examples:

5. Find the mesh currents 11 and 12 for the electrical circuit shown in figure.

100
AN _
m {,ﬂr :) 0.5V ; current source Is common to
s s mesh -2 and 3,
—_ + T L L
HoOV= 05V 8
') mcg_v. l ,)ém s( (L Ly L L
h 1; Lk ()
KVL to supermesh
L L (E bB)
Obtain the control variables in terms of L = =
mesh currents. Solve equations (2, 3 and 4)
T (E B) () We get.
KVL to mesh 1 -
L L (E b L 5k ==|= . B —
Lk ()
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Network Theory (19EC33)
Node Analysis

Ro Va Ro v R v
N A B : C 0 1 2
A | % AMY | AW |
v Ry Rs _L R, }33 J_ R, %33
1 Vi Vi
F 4
VW VWN—t AN E AMA—4D 2 P—AAN AN—A 3
R; = Ry R» = Ry R> — Ry
A |——w\ | —s—AAA
Vi Rs Vi Rs V- Rs

A Node : A junction or a point where two or more elements are
connected.

A Example:

A Fundamental Node : A node where Current division takes
place

A Number of unknowns is equal to the number of nodes-1

Aemm 8AOA DA 1T OACAO
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Network Theory (19EC33)
Node Analysis

Procedure to apply Node Analysis :

Step-1. As for as possible try to convert voltage sourcesinto current sources, without affecting the
load elements.

Step-2: Identify the number of fundamental nodes.
Step-3: Name the nodes and assignnode voltagesas V1, V2, V3é

NOTE: Ground potential is always zero.
Step-4: Assign branch currents to each branch as 11, 12, I3 etc., and choose the directions randomly.
Step-5: Apply KCL at each node

NOTE: Number of KCL equations is equal to the number of nodes -1/number of
unknowns.

Step-6: Replace branch currents in terms of node voltages.
Step-7: Solve KCL equations using any mathematical technique to find node voltages.
Step-8 : Find the branch currents/ branch voltages/
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Network Theory (19EC33)
Node Analysis

Ro Va Ro v R v
N A B : C 0 1 2
A | % AMY | AW |
v Ry Rs _L R, }33 J_ R, %33
1 Vi Vi
F 4
VW VWN—t AN E AMA—4D 2 P—AAN AN—A 3
R; = Ry R» = Ry R> — Ry
A |——w\ | —s—AAA
Vi Rs Vi Rs V- Rs

A Node : A junction or a point where two or more elements are
connected.

A Example:

A Fundamental Node : A node where Current division takes
place

A Number of unknowns is equal to the number of nodes-1

Aemm 8AOA DA 1T OACAO
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Network Theory (19EC33)
Node Analysis

Procedure to apply Node Analysis :

Step -1: As for as possible try to convert voltage sourcesinto current sources, without affecting the
load elements.

Step -2: Identify the number of fundamental nodes.
Step -3: Name the nodes and assignnode voltagesas V1 V2, V3é
NOTE: Ground potential is always zero.

Step -4: Assign branch currents to each branch as 11, 12, I3 etc., and choose the directions
randomly.

Step -5: Apply KCL at each node

NOTE: Number of KCL equations is equal to the number of nodes -1/number of
unknowns.

Step -6: Replace branch currents in terms of node voltages.
Step -7: Solve KCL equations using any mathematical technique to find node voltages.
Step -8: Find the branch currents/ branch voltages/
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Network Theory (19EC33)

Node Analysis -Tips
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Network Theory (19EC33)

Node Analysis -Tips

Vi 3 R Vi 5 R
._I Vo ._l vﬂ
» -+
I I
1 6 6 6 1 !
) n
N n N N
E ;
n
vl’_l Vs R Vs Vi Vs R Vo
F——\W— AP
Iy I
g 1M N 6 6 6
n ) >
s N m n
N
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Network Theory (19EC33)

Node Analysis -Examples
1. Find the branch currents and branch voltages for the electrical circuit shown in figure .

|dentify the fundamental nodes

10 20 10 Vio2Q V2
AA"A, VNV —" WY
1A 20 10 CI 2A MC’D gm 1Q G 2A
L
Va=Vge=0V
KCL at node 1
Assign branch currents p O O
Express branch currents in terms of node
1Q Vi, 2Q V2 voltages
Iy Is o)
. C C
A 20 1Q G 2A PO TR P
KCL at node 2
° 0 ¢ O Answer:
V3=Vg=0V W W ¢ W W V=2V
¢ P V,=2V
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Network Theory (19EC33)

Node Analysis -Examples
Branch currents

A 10Q ‘“’112 20 Va
I; |B I3 c
IACD 20 1Q G 2A
D
‘ L
V3=Vg=0V
EnA ) A
Bam £ = A
?:'A'A € " " A
?:'ATA € r]— A
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Node Analysis

-Examples

Network Theory (19EC33)
2. Find the Node voltages for the electrical circuit shown in figure
Identify the fundamental nodes
A AR Vo sa W 30
AN AN
20
1 - 211
gmn §15ﬂ 3h i 08 50 A T8V
1oV T v T
Assign branch currents KCL at node A
0 0 O
Valz 50 Va I 30 Express branch currents in terms of node voltages
* > PTT W ( ‘)( W W
20 I> Iad . P
Ii <pn glsn 3A LA P
1oV .|_ ]- KCL at node B ,
L 0 0 0 -
: W 0w W w pyY c
¥ 7 g7 i T 3 U U (0}
(IR 8 MT A 8 o W om
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Network Theory (19EC33)

Node Analysis -Examples
3. Find the Node voltages for the electrical circuit shown in figure .

|dentify the fundamental nodes Assign branch currents
gA
(2 A 9A
© 0 ——
441 40
—Wh My Is 1Q
e sa | L v | —>—AMN———i]
— VVV |
(PAY 1ry—= hy
[ I 40 1000 §”“
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Network Theory (19EC33)

Node Analysis -Examples

9A
N\ KCLatnode1;,O0 OO0 0 w
\_/ W W W P W W o
41Q C T T
I3 L W TWW T P (p)
KCLatnode2, O O O m
v 2Q, v, 5Q g Vy W 0 0 0 W -
! G pPTT U
5 MW T @ Tgw T (<)
40 100 Q KCLatnode3,w O O O m
200 O O O O O
W Tl
12V 114 T v C T
T IET T 0 TRw TOW W o

AT ITIdATT 8 8 i 8 0
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Network Theory (19EC33)

Node Analysis -Examples
4. Find the V1and V2 using Node voltage analysis for the electrical circuit shown in figure .

|dentify the fundamental nodes and assign branch currents

M vl 500 v
=pAAN I: Ia
106 mv—l- 00 08 <00
I1 1oy
—
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Node Analysis -Examples

Network Theory (19EC33)

0V 400
I1 oV

hd

108}

WE € QP
50V source is connected between non reference
node -1 to ground node.

W LVLTTW o)
Apply KCL at node-2

‘0 O O
W W W PTIT W
UM gm pTr

I TP X ® C

AT IR And V ,=8.82V
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Network Theory (19EC33)

Node Analysis -Examples
5. Find the V1and V2 using Node voltage analysis for the electrical circuit shown in figure .

|dentify the fundamental nodes and assign branch currents

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

Node Analysis -Examples

KCL at node a.

KCL at node b

C
0))
Tt

™ Q TP T8 (©)
@)
(0))

Ia O O
) PTT UT CT
W PP TBIO T (o)
AT U 8 My 8 iy I
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Node Analysis

6. Find Node voltages for the electrical

-Examples

2

A

& A
| 20 6V Itm“
zﬂg 30
3A

410

circuit shown in fi
|dentify the fundamenta

P

ure .
nodes and assign branch currents

Network Theory (19EC33)

) ANA——
20 6V 2V
Vi WA —vs
') Q§ 3Q 40
.! Iz
I JA
Va=Vg=0

2A

D) e
C} Super Node
2¢€0 6V
Vi '—'VWTED-!:
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Node Analysis -Examples

Network Theory (19EC33)

‘::) Super Node
20 6V

NOTE: if an ideal voltage source is connected between two non
reference nodes, consider that common voltage source independently
and write mathematical equation corresponding to the common
voltage sources.

W O g (P)
For further analysis, no need to consider that voltage source. Combine
nodes 2 and 3 to form a single node called as super node.
Apply KCL at super node.

O o ¢ O
W ¢ W W
c L — QN6 T™6 TR 6 G
Apply KCL at nodel
, , 0 0 ¢
W W 0 W : :
( ?) c G 0N o m™w P

Answer: T T T ®B

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru




Network Theory (19EC33)

Node Analysis -Practice problems
1. Carryout nodal analysis and find V..

2. Carryout nodal analysis and find node voltages .

602 v
10£2 10£2 ImaA

e
<
+
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Network Theory (19EC33)

Node Analysis -Practice problems
3. Carryout nodal analysis and find voltage across 2 Ohms resistor (Connected Vertically)

A 4A

Y T T T

4. Find the power dissipated in 6KOhms resistor using node voltage analysis .

e
ik 15mA
- EO—
15V
2k0 (»P 30mA fum 6k
I 8 s+ <<y
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Node Analysis -Practice problems
5. Find the current through 50 Ohms resistor using mesh analysis .

20!1
Q Q
500 y
§ zov %10(1
|t 1
b
100V
= " blov 8 <

6. Find the power dissipated in 6KOhms resistor using Mesh analysis .

&
15mA
hirl 2 J
15V
2kQ (»P 30mA fum lam

I 8 7 <<v
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Network Theory (19EC33)

Node Analysis -Examples
7. Find Vl1and V2 using Node voltage method for the electrical circuit shown in figure .

"TOM € Q

%ﬁ.ﬁ Express control variables in terms of node voltages.
W W
O —IN0 — e Q
¥ ) _:?J: Vs o) an p T
— * Apply KCL at node-1.

cOOch

R A
o EN IR )

Apply KCL at node-2
0O w ¢ O kO]

W W
o o <5 (—J
TEPW T[Eﬁ)oo Cw T[E&,oo
TWw p&W T p
T T° EB«4V

AT L TIgHT AHT T A
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Network Theory (19EC33)

Node Analysis -Examples
8. Find Node voltages for the electrical circuit shown in figure .
WOE QO @E & oUl Eiag (Boa Qi
Express control variables in terms of node voltages.
W W W p
W W W C

Node-1
W pweaoi (o
Apply KCL at node 2
O O p1 1

PT T MEw w ™MW W P T

T q

0.2V, voltage source is between \{ and V,.
TRW W W LWM(w w) o o V)
8T T T
Apply KCL at super node.
’ ’ 0O 0 Mmw O
W W W
® (W) (0 w)

8t T 81 87

AT 1 CIgH 0 i\ qHT f
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Network Theory (19EC33)
AC Quantities

AC quantities are represented in two different formats .
Polar form
Format=-"n
Where, M is the magnitude and 1 is the phase angle

Rectangular form
@ EU
Where, x is the real part and y is the imaginary part.

Conversion from rectangular to polar
Given : x+jy, To find : M andn

- J@ Uandr OA -
Conversion from polar to rectangular
Given :Mandn,To find : xandy

@ - AhaendUu - OEI
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Network Theory (19EC33)
AC Quantities

Conversions are used to perform mathematical calculations

NOTE .
For addition and subtraction -Rectangular form | pf pmnitt pn ETM
Consider o R
g WAITA g B l prn'nw m EpTm
o g @ HU U) o X
Similarly " (@ @) HU U) I pmm” wtt M EpT
For multiplication  and division -Polar form l pm Empr @ mit
Consider o
I - "0 AT'A - 7 I Epimip 7w
| z - z.-. " n n
Similarly ~ " p g I Epimpn” wtl O pn'nw
) .
1 = E
Also E*

1z (@ B)NG B)
90 BU BU EUU .
NN ~ - - . ) Mo~ |
@3 UU) BEZU @U) OEITEAA p - BB E 8
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Network Theory (19EC33)
AC Quantities

Resistors )
R Ohms (Samefor both DC and AC)

Voltage in phasewith the current

Resistors

Capacitors : — Vi
C Farads (DC analysis) I Vs
- X - Ohms (Capacitive reactance AC analysis) (Negative sign- V\Cﬁ
Voltage lags current by 90°) - -
Where, &0 ——+ pf0 &0 'QQORTJOD 00 QR 60&E O W

m Inductors
Inductors

Capacitors ‘ —
[

L Henry (DC analysis)

+jX ;5 Ohms (Inductive reactance AC analysis) (Positive sign-
voltage leads current by 90°)

Where, & ¢* QD 0 U "QQRJOD Q0 QR 6&E W
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Mesh Analysis -Examples

1. Find the mesh currents using mesh analysis

50 20 jag 40
A WA — o™ MWW
- KVL at mesh-1
§] E O T
3020° v (~) gjsn §ﬁn (~) 35.36245° ( )’1‘ ) 0’1‘ .é) )
KVL at mesh-2

¢) Ex¥ o) )) EQ )) m
Ct)e ( 1)k 3 ()
KVL at mesh-3
1) o@&oetu o) ) ) m

( Je ( )e 8 7 ()
Solve equations (1), (2) and (3), we get
) AT R

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Mesh Analysis

-Examples

Network Theory (19EC33)
Cramer 6s rul e: y pcchcTnﬂxLqun
) ) . y . o 8 8
L Qu Qu T on  Q
y Qu Y Qu c?] W m “] Similarly evaluate Y ®¢&¢ ¥
T ® p ¢u Qg )
Y (u Q)) W Qup © (@] Qu QE X T Therefore E y7 8 8 =
Y v Quumn Qyrnoe Qu Qun 5 5
Y (b Tt QPncum Similarly evaluate "O yVand "0 y7
y CCT[QTT[TQCCT[T[T[CUT[
y _ or 8" 8
om Qm  Qu ™
y Tt g QU o
cu Qcu o9 p
Y oy Qpmnod Qb elcuv QP
Y o f(yn QProd QO puvmQpd T
Y oft 1 QUnQxumxumn
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Network Theory (19EC33)

Mesh Analysis -Examples

2. Find the current 4';9 using mesh analysis

VY

i@ [ () (LI I, [E+jE 2 ][Il]=[j50]
2 4—j4||I2 —j30
iy ﬁ) @ »prv J . J
from which we obtain the determinants
Eﬂ% (TI) i A= 5+ J8 J2 = 32(1 + j)(1 ] 4 =68
Applying KVL to mesh 1, we obtain:
(8 +j10 = )1, = (~2)1, - j10L, = 0 Ay = ]3 'HE -J,?a?u‘ =340 — j240 = 416,17/ — 35.22°
Formesh 2, Ay 41617/ —35.220
2 . - o
(4 = j2 = j2)Ih — (= j2)T) — (—j2)I3 +20/90° =0 =7 = 68 =6.12/_3522" A
The desired current 15
Formesh 3, I; = 5. I, =-1,=6.12/14478° A

(8 + j8)1 + j2Ih = j50
J2I + (4 — jhI = —j20 — j10
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Network Theory (19EC33)

Mesh Analysis

-Examples

3. Find the Node voltages using node analysis KCL at node-1
502 2( j3Q 40 ‘O 0O °
WA WW— T W onft ® [ © ©
—_— = =
U Q ¢ Qo
3020° v (~) 50 gﬁﬂ (~) 3s5.36.245° : o U
g (P T[&fo | Hw BV @
¢ TEW Qw T XX LV ©
@ TEW Q0w T™Lvw QF ® T™WLW QF ®
¢ ™GO OO ™uLE VHF O LG QF &
L 50 v, 20 jany g 40 (8 28 7 8 8 T
Wy KCL at node-2
A Is . ’ ’ 0 0 ©
W W W
30£0° V (~ T 602 T ~ ) 35.36£45° - ( —) '
? ( < Qo 0 W oW et v It
2 T L@ of o T LW V¥ ™ e ™6 YBT T U
V3=V6=0 ML OGO TWULWo QF O T Q6P T[EG, 6 YT TU

(8

BRI SR ST FEL I

.8 ) ( 8
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Network Theory (19EC33)

Problems
4. Find |, using node analysis .

Transform to frequency domain.

102 1H
AN STIR 20cosdt — 20/0°, w = 4 rad’s
l.fx 1H —  jwlL=j4
20 cos 4t V —=01F o, gu.m 05H =  juL=j2
0.1F — — 1 _ —j2.5
Jwl
= Applying KCL atnode 1,
20-V, _ V) n Vi —=V>
10 —j2.5 j4
1002 3 j440 A3 or
t_I i} il ! (14 j1.5V) + j2.5V, =20
X
At node 2,
20,00V 2250 2L {1}} g 20 v
21, = —
T T i
1 ButI, = V/—j2.5. Substituting this gives
- 2V Vi—Vo 2
—j2.5 . 4 2

By siumplifying, we get
11V + 15V, = 0
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Network Theory (19EC33)

Problems

1415 j25][v,] _ [20
11 15 ||v2]|T |0

We obtain the determinants as
= ‘14.1,:1.5 j11§5|=15_f5
Al = ﬁ“ ffﬂ =300, As= ll +1{15 EHE'[ =220
V= i‘ == :iuj S = 18.97/1843°V
Vy= T = 1;32?5 = 13.91 /198.3°V
The current I, 1s given by

vy 18.97/1843°
—j2.5 25/ gpe
Transfornung this to the time domain,
ip = 7.59 cos(4t + 108.4°) A

=7.59/108.4° A

I:
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Network Theory (19EC33)
Practice problems

1. Find node voltages
10/45°V

Vil 1 48 5 |v;
® VA *
vea(  =-Be Fje Ina
B (5

2. Find node voltages and mesh currents for the electrical circuit shown in figure .

2H 4 H

+
ganﬂ 5mF = Flglﬁﬂ 30ﬂ§v2

£ =}
N/
18cosl0f V

YT Y T I FYTYTY T
+

V,=3318£-393°V and V,=4452/-127°V

3H

1,=04319--259"A and 1,=02099--577"A
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Network Theory (19EC33)
Practice problems

3. Find node voltages

oy 2000 uF £5(0) v, -j5 02 Vv,
n r—
2 sin(1001) § 1002 0.1 H CT) 1.5 cos{100r) 2/-90° g 10 2 +i10 €2 1.5/0°

L I

v, =16.1cos(100t +29.74°) V

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

Network Theorems
Theorems :

Theorems are statements that can be demonstrated to be true by some accepted mathematical arguments

and functions. Generally theorems are general principles. The processof showing a theorem to be correct is

called a proof.

A Proved theorems can be used to analyze the given system, and theorems helps to analyze the complex
systemseasily.

A In electrical system most popular theorems are

T h e v e ifheardins

Nor t dhedem

Superposition Theorem

Reciprocity theorem

Mi | | mlheoes and

o o A 0w Dh e

Maximum Power Transfer Theorem
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Network Theory (19EC33)

Theveni nds Theor em
1. T h e v e n T Therotem

Statement : Any active linear bilateral complex electrical network between open circuited load terminals can be replaced
by a single practical voltage source between the sameopen circuited load terminals .

A practical voltage source is a series combination of ideal voltages source and a resistor (DC circuit)/Impedance(AC

Circuits).

The voltage source being equal to the voltage measured between the open circuited load terminals, denoted as V;y or V¢
and Resistor/Impedance being equal to the equivalent Resistance/ Impedance measured between open circuited load
terminals by replacing all independent sourcesby their internal impedances, denoted asR; or Z,.

Internal Impedance of an ideal voltage sourcesis zero, Hence replace it by short circuit .

Internal Impedance of an ideal current sourcesis infinity , hencereplace it by open circuit .

A Linear
Network
Containing
Several emf's

Il
)

Resislances
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Network Theory (19EC33)

Theveninds Theorem
Procedure to obtain T h e v e n eguaiv@alent circuit .

Step-1 Identify the load element, remove the load element and name the load terminals.

Step-2: Find the open circuit voltage using any network analysis technique.

Step-3: Find the equivalent resistance/Impedance between the open circuited terminals by replacing all
independent sourcesby their internal impedance.

Step-4. Replace the given circuit between the open circuited load terminals by the Th e v e nequivalent
circuit .

Step-5: Connect the load element between the load terminals and find the required load quantity using

current division or voltage division formula.

NOTE: For the circuits with dependent sources, find R oy using the ratio=V o/l s¢
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Network Theory (19EC33)

Theveni ndos -Exampes e m
xample
1. Obtain the T h e v e n equivalent circuit between the terminals A and B.

Step-2. To find V1

1.5 A/_\ o 0 O o O
= w prO ¢ O P
5W O Apply KVL at mesh-1
W A A VO ¢ 1D ¢
10w » " Z,, 14 Ohms
clO qm .
0O ™S
20v() ON20WS3 At mesh-2
1B
—a B

W PP®) Rt o WAV

Step-3: To find R
20W3 Y Y Y ¢®BU pT
o Y Ejov
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Network Theory (19EC33)

Theveni ndos -Exampes e m

2. Obtain the T h e v e neguaiv@alent circuit to find the current through R of 10 ohms

Removethe load element and name the load terminals .
L

w wg wgt LVE(O p B O
W Wg Wgt XP( O p&@O
W Wg PTITTwW gt VE(O pmrmp @& O
W Wg PNTNW gt Xp( O pmnmp B( O
Apply KVL atmesh-L, p @ O p O Uy o
Apply KVL at mesh-2; o0 p 1lfO o8 W3

s 8 T
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Network Theory (19EC33)

Theveni ndos -Exampes e m

To find Ry Re arranging the resistors T h e v e Equimadest circuit
0@ —h-—*-“"‘hnﬂﬂr‘?ﬁfm
100
520 71102 Vi
: ' 65375V I) gn
= Ryq
1090 1960
Given R=10 Ohms
o b
L M1, g &
Y LRIXD) p BEP @ Tma
Y p 10 Qa i
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Network Theory (19EC33)

Theveni ndos -Exampes e m

3. Obtain the T h e v e neguiv@alent circuit and find the current through RL of 20 Ohms
600 50v R 0N 60Q 50V 00

= 100V

_rw- = =Wy S
+ ],
60V 300 gﬁﬂﬂ 100V

+
-‘» 60 V— N 600

60 lzu 12”
S0 fe Fa %‘;ﬁ }ﬂﬂ
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Network Theory (19EC33)

Nortonods Theorem
1. Nor t oThéosem

Statement : Any active linear complex bilateral electrical network between open circuited load terminals
can be replaced by a single practical current source betweenthe sameopen circuited load terminals .

A practical current source is a parallel combination of ideal current source and a resistor (DC
circuit)/Impedance(AC Circuits).

The Current source being equal to the current measured through the short circuited load
terminals, denoted as | or Is- and Resistor/Impedance being equal to the equivalent Resistance /

Impedance measured between open circuited load terminals, denoted asR,, or Z,,

A Linear
Metwork
containing — ‘ In Ry=Rrs
several energy
sources and
resistances
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Network Theory (19EC33)

Nortonods Theorem

Procedure to obtain Nor t oeqgodivalent circuit .

Step-1 Identify the load element, remove the load element, name the load terminals and short the load

terminals.

Step-2: Find the short circuit current using any network analysistechnique.

Step-3: Find the equivalent resistance/Impedance between the open circuited terminals by replacing all
independent sourcesby their internal impedances. (NOTE: R{,=Ry)

Step-4: Replacethe given circuit betweenthe open circuited load terminals by the No r t equiGaknt circuit .
Step-5: Connectthe load element between the load terminals and find the required load quantity using current

division or voltage division formula.

NOTE:

A For the circuits with dependent sources, find R y using the ratio=V 5./l 57 Rty=Ry
ATheveninés Theorem is the dual of Nortonds Theoren
AThevenindés equivalent circuit can be convert edersant

using source transformation
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Nortonobdébs Theorem
Example :

2. Obtain the No r t oegdivalent circuit between the terminals A and B.

& Tofind I,
5W 0
— AN AN — A L’j I== [ IE" F -
10W
. ¢ ¢t ¢m P
20 V D "o>20W§ O> l GO pi® 07O ™ <)
O pd 0 o
1B L 88
5 W 5 e 5 8= °A
AN W — A ry.
10W -
TofindR T (I} z,, 14 Ohms
20W 3 2 2 2 (X pT
s N-g o B
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Norton's Theorem _
To find |

3. Obtain the T h e v e n andl 6 Norton's equivalent circuit N
between the terminals A and B. 10 ¢0 @O O ¢
v

61, I,V 7 0 O.,O O.,O
60
|,*§ o |*" From(), £ E =

mg 60 t mg 0

@ " @ — To findRL_V% = - s
@y 20V N 0
2 O
TofindV ¢
" T OO0 @ Oc¢rm m
_ 8, : 'f 0 O
=8
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Superposition Theorem
3. Superposition  Theorem

Statement : Any active linear complex multisource  electrical network, the voltage across or current
through any given element is equal to the algebraic sum of individual voltages or currents, produced
independently acrossor in that element by eachsource acting independently, with all the remaining sources

are replaced by their respectiveinternal impedances.

O O OAl& 6 6
B w) o) "Qw
NOTE: Superposition theorem not applicable to find the power
GEDEN (G DI
FCE9) (e &) 4) JFEq &4 R4 H(Eq) | ES
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Network Theory (19EC33)

Superposition Theorem

Procedure to apply superposition theorem .

Step-1 Identify the load element and load quantity (either current or voltage)

Step-2: Consider only one source and set remaining sources equal to zero (replaced by their internal
impedance) (NOTE : Internal Impedance of the voltage source is zero, hence replaced by short
circuit . Internal Impedance of the current source is infinity, hence replaced by open circuit .)
Step-3: Find the required quantity and denote that quantity as!| @ V @for other source | 0rd/ Gadd soon.)
Step-4: Repeatthe steps2 and 3 for all the sources

Step-5: Find the resultant(Total) output using the following relation.
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Superposition Theorem
Example :

4. Find the current through the branch PQ using superposition theorem .

Case (1): active 4.2V source and set 3.5V to zero.

., ) 1|
b

5 42V 3 2

s
4.2V=

20 P87 9)——
A —WW—3g

!8‘"E"E 8

Case (2): active 3.5V source and set 4.2V to zero.

|g(=|
o " =|
Cross Verification: () b
= = 8 O B 87T )
E 88 — ( ) '8‘"E"E 8 A
= 8 = Resultant current
4 £ E+ 8 8 ) ) ) (@ T 8 B
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Find the current through 2 Ohms resistor using superposition theorem and also verify the same.

Case(1): Activate 5V source and set 4A source to zero
Control variable, ¥
w 00 (p)

KVL equation

cO T w c¢cO v ™
00 1(0O0 cO v Tt

0 O 1t 0 ] pYXO UL
KVL asupermesh _ 8 = .
U CO TG 00 T g Case(2): Activate 4A source and deactivate S5V source.
0 5O (0) Control variable is y ) ) ) 10O
L ¢O pO 00 m . ® of O+ ¢0 © A2 ¢
00 CO 0 (1) 4A, source is common to mesh 1 and 2 )
Solve (1) and (4) we get. .O O T (0)
0 08 o8& Super mesh KVL equation
From the circuit., 2 © @ GO., m
L L 8 = ¢O 1( dO 0O 1
pO ¢O m (1)
O m™ xO0
O 08 ocd
L L 8 &

I OO2NRAY3 (G2 (0KS &dzZLISBI2IRAAGAZ2Y (KS2NJ




Network Theory (19EC33)

Reciprocity Theorem
4. Reciprocity Theorem

Statement : Any active linear single source electrical network, the ratio of responseto excitation remains
sameeven after interchanging their position.

If the responseis voltage, excitation is current and vice-versa

R1 Rz R1 RZ
M\ M\ M\ M\

-4

v ™o 3 O

Procedure
Step 17 Firstly, selectthe branches betweenwhich reciprocity hasto be established.

Step2i The current in the branch is obtained using any conventional network analysis method.

Step 31 The voltage sourceis interchanged betweenthe branch which is selected

Step4 i The current in the branch where the voltage source was existing earlier is calculated.

Step51 Now, it is seenthat the current obtained in the previous connection, i.e., in step 2 and the current which
is calculated when the sourceis interchanged, i.e., in step 4 are identical to eachother.
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Reciprocity Theorem
5. Verify the reciprocity theorem for the electrical circuit shown in figure by finding I,.

X — A MA—— x ——AWW!
20 h 10 20
20
Ci)mv 30 gzn Y h 30 '
10V
y ' b y

Apply Reciprocity theorem,

i )

If 11 and I2 are equal, then the given system
IS reciprocal in nature.
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Reciprocity Theorem
6. Verify the reciprocity theorem for the electrical circuit shown in figure by finding V.

¥ D—

10L0%A

()
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Network Theory (19EC33)

Mi | | mands Theor em
5.Mi | | malrhedrem

Statement : Any active linear electrical network of two or more practical voltages sources are connected
between the two terminals can be replaced by a single practical voltage source between the same two

terminals .

Resultant practical voltage source consisting of an ideal voltage source of V volts, connectedin series with

the single resistor/impedance of R Ohms.

Where, Bf I<land{ Bl - 'O — @& 20D 'GW ¢ GON 6 G OO REGUEAN Qi
A —®A
Ré R2§ ............ §Rn _R§
v,z) _t)v2 4C)v E,t)"
e5 _¢B
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Mi | | manods TExanple e m
7. Find the current through 2 Ohms resistor using Mi | | marhedbrem

~s

W C @é Qo A cm
Q@ O ©O Mi | | maEquivalent circuit

POw
‘ y . v CQo
Y uvniYC mMAI A 1Tm Oﬁ
O a0

CO $* & "HO $+ MUY ¢ O
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N~ ] R otz T ﬁ R
L, (D @ Wi, T

o = T
i —
-._:.I: 'E.I.-F e o
i
- _f—'-:\ﬂ-l i
= il

K
b
=

V1=10, V2=5V, V3=15V, I11=2A, 12=3A, 13=4A




Network Theory (19EC33)

Maximum Power Transfer Theorem

6. Maximum Power Transfer Theorem

A As the name implies, it evaluates the condition( Resistance or Impedance) to be satisfied to transfer
maximum power from sourceto the load.

A Defined under different cases,depending on the type of circuit and load.

A Case(l): DC network - Resistive Load - Variable Resistive Load

A CaseQ): AC network - Resistive Load - Variable Resistive Load

A Case): AC Network - Complex Load - Variable Resistive and Fixed Reactance Load

A Case@d): AC Network - Complex Load - Fixed Resistive and Variable Reactance Load

A Case6): AC Network - Complex Load - Both Resistive and Reactance are variable
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Maximum Power Transfer Theorem

Case(1): DC network - Resistive Load - Variable Resistive Load
Consider a DC electrical circuit with variable resistive load shown in figure. Where, R is the network resistance, R, is
the load resistanceand V is the applied voltage.

A Power delivered to the load resistor is given by
I 0 )2 7A000 (p)
From the circuit,
i ° ) — (@60 —
+ As per the maxima theorem, P is maximum when its derivative with respect to RL is
TV equal to zero. )
Differentiate equation (3) w.r.t RL and find RL
Cne N

Statement : In any DC electrical network with variable Resistive load, the maximum power will be transferred

from source to the load if the load resistance is equal to the network resistance.
iSHM e N8
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2 2)
Qn (Y Y)&a &8 wY&(Y Y)®
(0)% O
(Y Y)Y& wYc(Y YY) m
(Y Y) ¢¥W <¢Y m
Y Y ¢V c¢¥W ¢c¢Y m Prax
Y Y W
1 4

i
=,




Network Theory (19EC33)

Maximum Power Transfer Theorem

Case(2): AC network - Resistive Load - Variable Resistive Load
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,
R, is the load resistanceand V is the applied voltage.

R+jX ! Power delivered to the load resistor is given by
0 )2 7TA000 (p)
ve L From the circuit,
) + (©: GO —— (0)

VO )

As per the maxima theorem, P is maximum when its derivative with respect to RL is
equal to zero.

Differentiate equation (3) w.r.t RL and find RL

che I T

Statement : In any AC electrical network with variable Resistive load, the maximum power will be transferred

from source to the load if the load resistance is equal to the magnitude of the network

Impedance. aEne V4 £ 8
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Network Theory (19EC33)

Maximum Power Transfer Theorem

Case(3): AC network 1 Complex Load i Fixed Reactance and Variable Resistive Load
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,
R, is the load resistance, X, is the fixed load reactanceand V is the applied voltage.

RHX Power delivered to the load resistor is given by
X, 0 )2 7A000 (p)
o From the circuit,
Rp S
) T o C @ C0 T (0)
As per the maxima theorem, P is maximum when its derivative with respect to RL is
equal to zero.

Differentiate equation (3) w.r.t RL and find RL

Che v4 & L)

Statement : In any AC electrical network with fixed reactance load and variable Resistive load, the maximum

power will be transferred from source to the load if the load resistance is equal to the magnitude of the network

Impedance along with load reactance. &8N g 44 = = 8
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Network Theory (19EC33)

Maximum Power Transfer Theorem

Case(4): AC network T Complex Load T Fixed Resistive and Variable Reactance Load
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,
R, is the load resistance, X, is the fixed load reactanceand V is the applied voltage.

. Power delivered to the load resistor is given by
R+X 1 0 )2 7TA000 (p)
. | From the circuit,

Ve - ) P o @60 T (0)

As per the maxima theorem, P is maximum when its derivative with respect to RL is
equal to zero.

Differentiate equation (3) w.r.t XL and find XL
CLy L

Statement : In any AC electrical network with fixed resistive load and variable reactance load, the maximum power
will be transferred from source to the load if the load reactance is equal to the conjugate of the network
reactance. &HL L8
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Network Theory (19EC33)

Maximum Power Transfer Theorem

Case(5): AC network T Complex Load i Both Resistive Reactance are variable
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,

R, is the load resistance, X, is the load reactanceand V is the applied voltage.

Power delivered to the load resistor is givenby0 )2 7 A00OO0 (p)
R+jX L From the circuit, ) t (©):; Co — (0)

VO ) )
Casef): Consider X,
As per the maxima theorem, P is maximum when its derivative with respect to RL is equal to zero.
ni QAo
V@ RL B&S’]A'T Tt
L

Differentiate equation (3) w.r.t XL and find RL C=Ly

Casef): Consider R,
As per the maxima theorem, P is maximum when its derivative with respect to RL is equal to zero.

. AQ;
R A;?Aa -
Differentiate equation (3) w.r.t RL and find RL ¢hg \/=| L 4 nl. A

Statement : In any AC electrical network with variable resistive load and variable reactance load, the maximum

power will be transferred from source to the load if the load Impedance is equal to the complex conjugate of the

network Impedance. (oI TR F
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Network Theory (19EC33)

Maximum Power Transfer Theorem

Procedure to solve problems on maximum power transfer theorem

1. Identify the load element, Remove the load element and name the load terminals as A
and B.

2. Obtainthe T h e v e pguivaters circuit betweenthe terminals A and B.

3. Reconnectthe load element betweenthe terminals

4. Apply the maximum power transfer theorem and find the load element required to

transfer maximum power.
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Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples

1. Find the value of R that will receive maximum power and determine the maximum power

Removethe load element and name the load terminals .

Obtain the T h e v e neguiv@lent circuit between the
terminals aand b.
Tofind V4

W 6g 6 g
® xPp( 9 p&O
KVL at Mesh-1p @ 0 pmie 8 =
KVL at Mesh-2¢ ®#0 pmft 8
Ty 8 =) 8 (k)1 8 T° ® <V — - = -
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Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples

To find Ry

o

Re arranging the resistors

O 8
5210 7142
-'-_HH
10.9 102 19610
a b

Y LEIXP) P BED @
Y p 1O Qa i

T h e v e Equimadest circuit

Rog
—AMMA————
100

ML
6.5375V I) g R

Apply MPT theorem

As per the statement, R=Req
Therefore, R=10 Ohms.
Maximum Power

- 6
UI’AQW* 38 f=|=44v
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Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples
2. Find the value of RL that will receive maximum power and determine the maximum power
600 sov Ry 400 60 |2
o

_rw- = =Wy
| e
60V 00 gmn 100V

’ 0 3w o
|

| 24
— o fZyg= 20+24=840
gﬁlﬂﬂﬂ 0 s~ Ry = 44Qfor Py,
=20Q =240 To find P_,,, find Thevenin's voltage Vy

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples
800 0V oy 400
B A A B W,

1|

* + &* +*
V= ] ganﬂ HDHC — 100V

Applying KVL to the two | Tm:ingpathfmmhtnﬂwegctthewltagﬁuﬂwwnintheﬁg
=60, -30I; +60 =0 o ~Vp=50+20-60=10V
I; = 0.6667 A A B
1 P "llrm -lﬂ‘-"
_‘Iﬂ:[: - EJI: + 100 =0 ﬂ'ﬂ\l"(:) (:)mv Wmlz
I=1A * Prax ="
Drop across 30 0= 30x1;, =20V — (10)2
= = 0.5681 W
and drop across 60 Q=60 xI, =60V 4x44
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Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples

3. Find the load element and its value that will be connected between the terminals A and B for
receive maximum power and determine the maximum power

-j1ﬂ'ﬂﬂ -{100 O ={100 02 :
1 oA (] o A @A
§1m:1 ——Zpq
1mv@ 200 1000 =—Z,
o B
e a B

As there is direct short across 20 Q, it becomes redundant.

100 % - j100 104 £-90°

Zoq = (100) ]I (~j100) = 100 = ji00 141421 Z-45

= 70.7106 £-45*=50-{50 Q
ZL = E:‘I l!nﬂ*iimﬂ
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Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples

il A - 201, +201, +100 = 0
+ I o -l =5A  ..(1)
100V 0 ;‘m“ V™M 1, (= {100 + 100) - 201, +201, = ©
) Iy Iz ln 201, =[120 = j100]1, =0 .. (2)
Multiply equation (1) by 20 and subtract
from equation (2),

[-100+j100]1, = —100

- 100 + 100 £ 180°

2 = TTo0epm0 " Tz - Y0701 £+4SA

Vg = [;%100 = +7071£+ 457V

_ vy )2 o)

Prax = g ="axm0 -2 W
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Network Theory (19EC33)
Resonance

Definition
A A phenomenon in which applied voltage and resulting current are in phase
A An A.C. circuit is said to be resonanceif it exhibits unity power factor condition - Applied voltage is in
phasewith the resulting current.
A Two types
ASeries Resonance
AParallel Resonance

A Applications

Communication - radio receiver has ability to select the desired frequency signal, transmitted by

station.(Selection of required frequency components and rejecting the unwanted signals ).
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Network Theory (19EC33)

Series Resonance

In electrical system, the basic elements Resistor, Inductor and Capacitors are connected in series and the

circuit is excited by an A.C. source which undergo resonance based on certain conditions is called series

R L ¢
i —
Definition s
Applied voltage is in phasewith the resulting current
Power factor is unity
Net imaginary part is equal to zero.

Inductive reactanceis equal to the capacitive reactance.
Net impedance is equal to only resistive

Resulting current is maximum and net impedance is minimum .

resonance

)
7
v

(G- - et e e e

Realization

U Varying the frequency of the sourcewith Cand L are fixed - frequency tuning
U Varying Cwith L and frequency are fixed - Capacitive tuning
U Varying L with Cand Frequency are fixed - Inductive tuning
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Network Theory (19EC33)

Series Resonance

1. Frequency tuning

Varying the frequency to achieve, Inductive reactance and capacitive reactance. Hence net imaginary part get cancelled
out and applied voltage is inphase with the resulting current.

Consider an RLC serieselectrical circuit.

Net Impedance, : 2 HE8x 8) P

R JwL
] J2 (8x8) C — ANN——— TN —
6
' s ° 1
V.=V_ /0 (%t I = ——
By varying the frequency, at some particular frequency G CD q joC
1, L

Ckwg ITF=D_.>(5TV‘I &) O BXARDBEAO O QAT Ou

Peak power delivered at the load is
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Network Theory (19EC33)

Series Resonance
Important Parameters 2. Frequency Response :

1. Resonant frequency The response of magnitude of current vs frequency is

The frequency at which inductive reactanceis equal the frequency response

to the capacitive reactance is called resonant s .
)
frequency. i
) —
e, Ng Na E
0707 pax o= e o e e e 1--_-
'
]

Weknowthat, 8 5 AT & —

1

1

1

x : Bandlvidth i

= ! '

¢ E . 5 E E A
~ n 5 /2 Frequency, /
“E \/—gl HH "HOH'H N HT Bandwidth of a Series Resonant Circuit

where, R, is the resonant frequency in radians per Where, f, and f, are halff power
secondand f is the resonant frequency in Hertz. frequencies/Corner frequencies/cutoff

frequencies. f;-lower cut off frequency and f,-

. upper cu off freguencx,
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Network Theory (19EC33)

Series Resonance

3. Bandwidth L
Derivation of Q.
The difference between the two half power Poo
frequenciesis called Bandwidth . L ¢ "O‘Y ‘
B —Yo
e, A8  H "HI ® 0d °©
| I —f ()
4. Quality factor Or
The ratio of resonant frequency to the bandwidth is Pae
. 6 C“ Su_
called quality factor. O.., .
? Yo
e, 0 — D Tl p.( O
f) c* C 0 (]_6)
Also defined as the ratio of the energy stored in the E‘Yc‘)
oscillating resonator to the energy dissipated per ] ¢
i )
cycle. O L =

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Series Resonance

A Sharpness of the response could beneasured by Quality factor.

A If ©>10 (called as high Q circuit)

Alf QO10 (Called low Q circuit)
A Higher the Q, lower the Bandwidth and higher the selectivity.

A lower the Q, higher the bandwidth and higher the selectivity.

Network Theory (19EC33)

>

Amplitude
Q, (least sclectivity)

(> (medium selectivity)

Q1 (greatest sclectivity)

X

pommmm e n-----.---

ettt ettt
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Network Theory (19EC33)

Series Resonance

Properties of Series Resonance 2. Current Response curve

1. Voltage Response curve

V] A

I A

I R VHI /R

m

0.707 I,,R 0.707V, /R

m

U N

eY

0 (.dl

g
S

g
S

Bandwidth B Bandwidth B
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Series Resonance

3. Impedance Curve

L apacidive Induchwe
Zip Mo XL XL Ko
A -
8
T
=3
g =]
o
E

(i [ e —— gy p——— o e —— e — — —

-

-

I
Dynamic iy
impedance  Series Hesonance

Frequency,

Network Theory (19EC33)

Inducte
Susceplarca

Raaclanze

-1BL

Incuctive

X » X

- ! -
Inductive and Capacitive

Reactances are equal hers

: XL=Xe i

, Capscitive
TP Xos X,

X

& ieactaree in Chms

&
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Network Theory (19EC33)

Series Resonance

4. Phase Curve

Ly a=10 |

I?I!-I-:-.r_lqu_ Lmocdrm
1 kiart Wy JCE]

-w -I'-I-I-'IT-----------

L .|I:F|
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Network Theory (19EC33)

Series Resonance

Derivation of Half power frequencies

Refer the frequency responseof seriesRLC circuit shown in figure.

At resonance frequency f, £ = I and eurrent is 1,

At halfl power frequencies f; and f; the current is %

Z=v2R
Z=R+jX; —JXo=+RE+ Xy — Xp)2

=]? b=

VIZ+ (X, - Xc)? = V2R ‘
R4(X, - Xg)P = 2Rr® Ry f(BYE,
(Xp - X = I i =

XL — Xﬂ = I
Frequency is always positive
At frequeney wy the eirenit impedance X > X eafiency y=p

3
Xo-X. = R __R RV, L
1 “ 2L+\/(2L tIC
—— —untl =
e £
1— wf LC In terms of frequency fi
—— = R
RunC 13;:%5’ =0 fi= o R+\/(R)2+ 1
— 2 = | = — | = — —_—
2B _L _ 0 2 2L 2L Lo
T T Ie
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Series Resonance

Network Theory (19EC33)

At frequenecy two the eirenit impedance Xy > X

Xp—Xep = R
1
L—— =
w2 Ldgc i
walC—1
woll = R
walC — RunC—1 = 0
R 1
2 _ = —_—— =
Y1 TR T IO 0
R 1
ﬂ-—l, h——E: ﬂ——m
]
_Eey@® e _m, [rENT L
w2 = 2 oL 9L LC

Frequency is always positive

R RYE 1
“’E_Eﬂ,/(ﬁ) tIc

In terms of frequency fa

1 | R Y 1
fFﬁ[ﬁﬂ/(ﬁ) T I0
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Network Theory (19EC33)

Series Resonance
A Relation between resonant frequency and half power frequencies
A Show that the resonant frequency is the geometrical mean of half power frequencies

We know that at half power frequencies,

[IJ;L—"'— = + R

. =
-R

£
T,
|
|
i
- al-

But from condition of resonance, wy, =

A

Adding the above two equations

.0 =
(@ +@) L= +=|z = 0 ,
By @y, ie. l'l-f: = fﬂ
f oo, +40, % 1 '
(W:'”ﬁﬂ--k%l"&?‘iﬁ =0 fo = Jhi-f
L = 2121)1
(0 +03;) (“’1"’: e
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Network Theory (19EC33)

Series Resonance

Derivation of Half power frequencies

Refer the frequency responseof seriesRLC circuit shown in figure.

At resonance frequency f, £ = I and eurrent is 1,

At halfl power frequencies f; and f; the current is %

Z=v2R
Z=R+jX; —JXo=+RE+ Xy — Xp)2

=]? b=

VIZ+ (X, - Xc)? = V2R ‘
R4(X, - Xg)P = 2Rr® Ry f(BYE,
(Xp - X = I i =

XL — Xﬂ = I
Frequency is always positive
At frequeney wy the eirenit impedance X > X eafiency y=p

3
Xo-X. = R __R RV, L
1 “ 2L+\/(2L tIC
—— —untl =
e £
1— wf LC In terms of frequency fi
—— = R
RunC 13;:%5’ =0 fi= o R+\/(R)2+ 1
— 2 = | = — | = — —_—
2B _L _ 0 2 2L 2L Lo
T T Ie
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Series Resonance

Network Theory (19EC33)

At frequenecy two the eirenit impedance Xy > X

Xp—Xep = R
1
L—— =
w2 Ldgc i
walC—1
woll = R
walC — RunC—1 = 0
R 1
2 _ = —_—— =
Y1 TR T IO 0
R 1
ﬂ-—l, h——E: ﬂ——m
]
_Eey@® e _m, [rENT L
w2 = 2 oL 9L LC

Frequency is always positive

R RYE 1
“’E_Eﬂ,/(ﬁ) tIc

In terms of frequency fa

1 | R Y 1
fFﬁ[ﬁﬂ/(ﬁ) T I0
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Network Theory (19EC33)

Series Resonance
A Relation between resonant frequency and half power frequencies
A Show that the resonant frequency is the geometrical mean of half power frequencies

We know that at half power frequencies,

[IJ;L—"'— = + R

. =
-R

£
T,
|
|
i
- al-

But from condition of resonance, wy, =

A

Adding the above two equations

.0 =
(@ +@) L= +=|z = 0 ,
By @y, ie. l'l-f: = fﬂ
f oo, +40, % 1 '
(W:'”ﬁﬂ--k%l"&?‘iﬁ =0 fo = Jhi-f
L = 2121)1
(0 +03;) (“’1"’: e
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‘ Network Theory (19EC33)
Series Resonance

A Derivation of Bandwidth
We know that

We know that at half power frequencies, 1
1 Mo = 1c
m?’L_EbI_E = + R
1
L-— = =R
TN (0; ~wy) + (0 ~1y) = 1—5’
: : R
Subtracting the above two equations (0-0) = 3
S T 0§ R, ie. (f-fy) = 'EEE
(wy = ay) *[E'E]E = -
{ ~ }+ {ﬂz-tﬂl 1 - E Eﬂ:ﬂﬁdﬂl'{fj-ﬂ}-ﬁ
07—y wo, JLC L
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Network Theory (19EC33)

Series Resonance
A Derivation of frequencies at which maximum voltage across the L and C.

Variation of Vy, V. and V with frequency is as shown in Fig.

it is clear that, voltage
across C and voltage across L is not
maximum at resonant frequency. At
resonant frequency f;, the voltages V.
and V; are equal in magnitude but
oppesite in phase. The voltage V. is
maximum at frequency f. which is less
than f, and the voltage V| is maximum

at frequency f; which is greater than f,.
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‘ Network Theory (19EC33)
Series Resonance

Consider that voltage across capacitor is V; and it is given by,

Vo = 1[&} butI=

v

Ve = — e 8)
: . —

wC, R +(mL mﬂ]

To find frequency at which V. is maximum, we have to differentiate V. with respect
to o and equate it to zero. But first removing radical sign by squaring expression. Then

d V3 -
eqmﬁngﬁ-ﬂ;ﬂmwhuﬂr'& is maximum, V- is maximum. By squaring equation (3),
we have,
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‘ Network Theory (19EC33)
Series Resonance

- Vv
€ wRICY +(w? LC-1)

‘Now, differentiating V2 with respect to mand equating to zero, we have,

dVi _ VRoR*CP+2PLC-DROLO) _ | - ? - Lo
do [0? R? C? +(w? LC-1)}]
W = L-F‘—I rad/sec
Then equating only numerator terms to zero, we have, _ LC 22
vi I‘zmni c? +z[u2 LC-1)(2alC)]=0 Therefore, the frequency f. at which capacitor voltage V. is maximum, is given by,
2
But V is input voltage which can not be zero. fo = ;—t &-:? s (6)
20R? C? +2(20LC){w?LC-1) = 0 T
From equation (6), fe = J
20R?C? +40’L’C? - 40lC = 0 :"_LC
40°L2C? = 4wlC-2wRIC?

fe = fory1-BC . @)

: o = AelC 20RIC2
dol?C? 4qol?cC?
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‘ Network Theory (19EC33)
Series Resonance

Similarly let us calculate the frequency at which the voltage across the inductance is at

its maxdmum.

The voltage across inductor is V| and is given by,

V, = I.{wl) butl=

vL-

Squaring equation (8),
Vo=

L

i'-l- L =

v o=
L @RI H{wPLC-1)?

2
R? +(mL—iJ

L
L

V(wlL)

wl

v L2

R? +{oL-1 ’
wl

vt 12

RICYw? +(w?LC-1)2

o? 2
vi.e' 122

.-- (B)

By differentiating V with respect to @ and equating only numerator term to zero, we
have,

2w LC-a?*RIC2-2 =0
w RLC-RICYH =2
o = 2

' Therefore, the frequency | at which inductor voltage V; is maximum is given by,

£, = L

2x ’L - RI;:J e (9)

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

S e I’i es R esonance Resonance by varying circuit capacitance

Resonance by varying circuit inductance Consider a series RLC cirenit as shown in Figure is
become resonant by varying capacitance of the circuit.

Consider a series RLC cireuit as shown in Figure is .
become resonant by varying inductance of the eircunit. i;’-‘ {7591

+
c m% wngy it %H

+
vy i{1) R

Figure: Resonanee by varying capacitance
Let € is the eapacitance at wy

Figure : Resonance by varying inductance

Let L, is the inductance at w 1
Xp—-XL = R = —unl =R
tw C
1
Xp—-Xp = R — = R+uwl
1 . n i O
—_— et —]
wC ! c = _il_
I 1 R wil +w 1
1 7 P20 o Let 5 is the capacitance at s
Let Lo is the inductance at w
Xp—Xe = R =wl-— =
Ar—Xpg = R . (s
]. = MEL — R
Iy — — = .
i L e, Iis ttgLrg ,
1 n Oy = —/———
Ly = s += wil — wo R
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Network Theory (19EC33)

Series Resonance

Following are the important properties of the series resonant circuit,
1) Under resonance, applied a.c. voltage and resulting a.c. current are in phase.
2) Under resonance, the series resonance circuit shows unity power factor condition.

3) Under resonance, the total reactance of the circuit becomes zero. The impedance of
the circuit becomes purely resistive, thus the voltage and current are in phase.

4) The impedance under resonance is of minimum value as compared to the

impedance at any frequency other than the resonant frequency.
5) Under resonance, the current in the drcuit is of maximum value (as impedance is
minimum) and hence power in the circuit is maximum under resonance. Series ResonanceExamples

6) Under resonance only, the series resonant circuit acts as voltage amplifier with the
quality factor of the circuit ie. Q, acting as amplification or the magnification
factor.

7) Under resonance, energy stored by L and C is of equal value, hence quality factor
of the circuit is nothing but the quality factor of L and C at resonating frequency.

8) The quality factor of the circuit decides selectivity of the circuit. Its required value
must be large encugh. It decides how much the rescnant circuit is selective.

9) The impedance under resonance is capacitive in nature while above resonance it is
inductive in nature. In general, the series resonant circuit is used when high power
output is required at a perticular frequency and impedance requirement is lower.
Basically in series resonant circuit under resonance impedance is minimum (ideally
zero), hence it is used in m-derived filters (to be discussed latter) to increase
attenuation to infinity suddenly.
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Network Theory (19EC33)

Series Resonance Problems

1. Determine the resonant frequency for the circuit shown in figure. Also find the
current at resonance and the voltage across each element and the impedance at

resonance 20 0 1 mH 20 pF
Solution —— AN ——— T I
Given data:
R=20 Ohms, L=1ImH and C=20 uF, Vs=50V. -
To find: N
OO F Fy Fio Fd V=50V
W Vixt vTTwW
,‘ p Lo O 04D + (B BCHIT B P @D ppdt
~ c“vV0 0 Qll 8 T 8 T 8 -"-nl8<)V
AL T b wma G .
1 =| FID%:F. =| 8 8 w Od gy, @ C O T @m P @ C T dr
TF 8 N
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Network Theory (19EC33)

Series Resonance Problems

2. A series RLC circuit has a capacitance of 0.5microfarads and a resistance of 10
ohms. Find the value of the inductance that will produce a resonant frequency of
5000Hz. Also calculate the maximum energy stored in the inductor at resonance
Assumethe supply voltage to be 220V.

Given data:

R=10 Ohms, C=0.5uF, f,=5KHz, Vs=220V. |

To find : NOTE. /F/)751‘al‘am‘en%0us maximum energy
L, E, . :O EO"O,a i EU(\/EQOJ))
Solution : 0 AL € 0 & Qi

Q st VT T =>

L=2.0285mH

: P..
O c O v v

O T W e ok Qi
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Network Theory (19EC33)

Series Resonance Problems

3. A series RLC circuit with R=20 Ohms and L=1H results in a leading phase angle of

40° at afrequency of 50Hz. At what frequency will the circuit be resonant?
Given data:
R=20 Ohms, L=1H, (=40°, f=50Hz
To find :
C,f,
Solution
O Y Qox Q)
Leading phase angle(l leads V)- Capacitor : XC>XL
NOTE: Lagging phaseangle (V leads|/ | lagsV)-Inductor : XL>XC

Pal

e« OAT ® ® FY
3 ;) CuoP Tw TP
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Network Theory (19EC33)

Series Resonance Problems

4. A 40 Ohms resistor is Iin series with a coil, a capacitor and a 200V variable
frequency supply as shown in figure. At a frequency of 250Hz, a maximum current of
0.8A flows through the circuit and voltage acrosscapacitor is 400V. Determine

a) The Capacitanceof the capacitor. And ‘00 R+, %
b) The resistance of the coll YW MWA——{¢
NOTE : Hov”
Coll=series combination of L and R(coll resistance) )

Given data : 200V

R= 40 Ohms, Vs=200V, Imax=0.8A, fo=250Hz, VC=400V

To find :

C, L, R(Coll resistance)
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Network Theory (19EC33)

Series Resonance Problems
Given data:
R= 40 Ohms, Vs=200V, Imax=0.8A, fo=250Hz, VC=400V
To find :

C, L, R(Coll resistance)
Solution

o 08 L
T IO TE— ' F 8 07

At resonance®  ®
—  ¢"7Q0; L=0.318H

At resonance® =40+R
Imax=V/Z
C TUTT I”=|u|

T1TY FIDS’
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Network Theory (19EC33)

Series Resonance Problems

5. A series circuit has a resonance frequency of 150KHz, a bandwidth of 60KHz and
Q=4. Determine the cut off frequencies.

Given data : |
fo=150Khz, BW=60KHz, Q=4. (N2C>>5TE.
To find : ST e
Solution
0 JaQ  (p)
Oow Q "Q (Q)
Q. QMTURTCCAp T T
"Q p Y OGE Qp Yy v OO g Lg,
"Q ow Q o) L _—|F3£
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Network Theory (19EC33)

Series Resonance Problems

6. A Series RLC circuit has R=20 Ohms, L=0.02 H and C=0.06 micro Farads,
Vs=200V. Find

a) Resonantfrequency

b) Circuit impedance and current under resonant condition

c) Maximum value of the voltage acrossthe L and f,

d) Maximum vale of the voltage acrossthe Cand f..

L MATAINC: A ( )rp JY @ @)

andw ¢“ QU8

-|'|_|=D=|=o 8 T N 4V
nlF 3 78
Wahw @ —(Eh JY (© )M and® ¢“"QD
= |:|=|=. 8 T° H 4V
IJ 3 78
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Network Theory (19EC33)

Parallel Resonance- Introduction

A Electrical elements, such as R, L and C and its combinations are connected in parallel called
Parallel Circuits.
A Similar to the series circuit, parallel circuits also exhibits the resonance condition, when the
circuit is excited by an AC source.
A In parallel circuit, the resonanceis a phenomenon at which
1. Voltage and currents are inphase
2. Net susceptanceis equal to zero (Imaginary part of admittance)
3. Power factor is unity
4. Maximum impedance and minimum current

NOTE :

0 Current magnification circuit/ Anti -resonance circuit

U There is no general circuit - parallel connection of circuit elements - Infinite
circuits

U No general formula/expression for resonant frequency - differs from one circuit

to another circuit
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Network Theory (19EC33)

Parallel Resonance- Introduction

Frequency response Impedance response

Currant

Inductive
K = A

I apacive
.:":L"; E .:':.|_
—_—-

Crynamic
impedance
G -
i
0 : - Y -
[ fr) Frequency. f u ; Frequency, F

i)

Parallel Rasonance Parallel Resonance
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Network Theory (19EC33)

Parallel Resonance- Introduction
A Bandwidth:

A Relation between resonant frequency to the half power frequencies:

B /IR
A Quality factor(Current Magnification factor):
i i
i od 9 F T3
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Network Theory (19EC33)

Parallel Resonance- Introduction

A Example Circulating

1. RLC parallel circuit : o ‘ c:}enu*
I-

| P I
Consider the electrical elements R, L and C are connected in parallel, Y
where, | is the current supplied to the circuit, Iz, I, and I are the @ Vs :

L g
current through R, L and Crespectively. W,
AR (SOléNeIA
o 2 PP i

Y @ ‘D

o 2 PP P 6 g

Y Qo © oY

W i

(b’_
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Network Theory (19EC33)

Parallel Resonance- Introduction

A Example:

) o -
2. RL-RC parallel circuit ‘I=F R, R,
Consider the electrical elements R, L and C are connected in parallel, where, | v

IS the current supplied to the circuit, 1, and |- are the current through the & r

branches of Inductor and Capacitor respectively. R, and R are the resistors
connectedin serieswith the Inductor and Capacitor respectively.

& b P ' p~ p~ Parallel Resanance
O O Y @ Y (@)
Rationalize the denominator
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Parallel Resonance- Introduction

Network Theory (19EC33)

At resonance netsusceptanceis equal to zero
Tt

1_.'
.I'=E R{- ﬁ'_,-_
v

Parallel Resanance
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Network Theory (19EC33)

Parallel Resonance- Introduction

LY ] Parallel Resanance

() 4
V[4F — 1, 4. f—F
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Network Theory (19EC33)

Parallel Resonance- Introduction
Summary: dr.Y

Z
Q"
—_C L

V Vv
*‘.I'=_— R, K, | =- R, I=— R,
£ Z /
Parallel Resonance
(ﬂu}v Vv v [ v
L i " iy l —I—C [l ’=7
Vv
1 1 o L g

R
Parallel Resanance Parallel Resonance Parallel Resonance
Parallel Resonance
=| J 9 F 44 l
4 -
! r F] . ZNA F
0. T R does not affect
\ F:I F _|=] the resonant

frequency
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Network Theory (19EC33)

Parallel Resonance- Problems

A cotl of inductance 10 H and 10 Q resistance is connected in parallel
wkhlw’}'m The combination is applied with a voltage of 100 V. Find
resonant frequency and current at resomance.

Solution : R,=100Q, L=10H, C =100 pF At resonant frequency, the impedance of parallel resonant circuit is given by,
Frequency of resonance is given by, Ly = L"[R'.L
3
£, = k3 _‘_-3.'-5_ _ 10
I K 100102 x10
. 1 99 = 10x10°Q
2x x| (10x100x10-%7) (10)?

This shows that impedance is very high at resonance.
The current at resonance is given by,
Vv

]ﬂ_ = —r—
as=

100
10=10"
= 10 nA

= 5.033 kHz

Thus the current is at its minimum value as the impedance is maximum.

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Network Theory (19EC33)

Parallel Resonance- Problems

Two impedances Z, = 20 + | 10 and Z; = 10 - j 30 are conmected
in parallel and this combination is connected in series with Zy = 30 + j X. Find the
value of X which will produce resonance.

Solution : From given information, given circuit is as shown in Fig

Total impedance is given by,
Z= ZyHZil Z3) — 1
i {20+ 10) (10 j 30)
0+ *+ 555510+ (10-7 30) '1]’" I'J|:'II
e
a (200 +j 100~ j 600+ 300)
B0+ P+ 5=
- 00+ o + BR-i%0)
The circuit shown in Fig. will resonate, if imaginary part is zero,
) (500) (15 1) (30+j 20) X-23 = 0
ORI+ TG0 + oy 13
5m p " 5 = iy x -4 E
= m+m+rﬁm-1m+12ﬂ+iﬂ]-3ﬂ+]:K+ﬁ[ﬂ.'l-_|1ﬂ] 13
L X = 384602
2500 . 50
= [,'Il-l-ﬁ +][I-ﬁ]
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Transient Response Analysis- Introduction
Time Response Analysis

The study of behaviour(Output/Response) of a system with respect to time is called Time Response analysis
Time response is divided into two parts
1. Transient part
The response /Output before reaching the steady state or final value.
2. Steady State Part

The time response or part of the response after vanishing the transient part.

NOTE : Transients due to energy storage

elements present in the system and its ¢ e .! i— &l
Initial values. Slep 4 i Slep
Natural Response : . Lﬂu
Stored energy releasedto the resistive part of (1) ==
the network I
Forced Response : 0 L e i)
. . B M L
An external energy supplied to the electrical g d—* Trarsiort
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Transient Response Analysis- Introduction

A Energy storage elementsin the electrical system- Inductor and Capacitor .
A Initial conditions are evaluated at the time instants t=0-, t=0* and t>0 (before, just and after switching

action respectively)

lo ——m=t

Voltage acrossthe capacitor cannot changeinstantaneously —_— o0 0
Capacitor charging |
Swntch H N e |+““| _____ =~
e AAN , “ o
2 o . [ |
- ig 063V |- — — Capa%t&rta(;t;argmg i :
[dﬂr\ging T q g o 4_-| i i :
++ | ++ i |
—— am : |
i [ 3 1— 0 é 1lT 2T 3T 4T 5:1' 8T Ti
a7 Time Canstant, {T} ! y
Too3 - M- (e (e B-o- 4 TrbarBEd < »
F BEa Ha Ha r =
F F F o () o <m Y
g |= -"_
o (4 o.s ~ M 4 o( ) o mav
, o o I o o sC o
Equivalent Circuit . 1
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Transient Response Analysis- Introduction

Capacitor Discharging

Switch B

Yy —
- Idisd‘larging .q
Sh i Ry
Cir:unit C B T
q
L
o(d4 — (M- (™ «-
of(9 ope ~

Equivalent Circuit

Capacitar Volage

Vs

0.5Vs

I EE

Capacitor Discharging
Voltage

Capacitor Fully
Dhschanged

'

V¢

P
-

2T aT 4T 5T 6T
Time Constant. (T} Tirne, t

Ry R [ e T
Ofs ) T <RV
OF( ) e ® <4V
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Transient Response Analysis- Introduction

Current through the inductors cannot changeinstantaneously
Inductor Charging and discharging

I Steady State Value

I - - — —

1= Y (1-ety
03% Imax R

37% W )
;"-I'FL — V{E-Rt' L}

>t

t=yrR T It a1 a1
+— Transient Time |-|

3 g o™ ug o(ea— o™« H o g lrrlw™ T B F I+ la™o i <

] ) “D—mrmY¥  C) EDegrmY

(SN RS A Si=mtaY () EDemra?

L, -
Equivalent Circuit o—E—o  o——oc— o | O——WE—o0  o— N
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Transient Response Analysis- Introduction

Resistor- current and voltage acrossthe resistor changesinstantaneously

Elamant Bahaviour immadiataly Bshaviourast — m
Summary sfter axcitation is given Le. steady state
t=0% Instant

- R R R
— AW | ——— AW ——— | ———A——

L 0.C. s5C

. ! o | 0—0 op———a | o s
S.C.

- Y s - é e ™ r : o
c S.C. o.c

° H o | o e | o s o °
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Transient Response Analysis- Introduction

Initial and final conditions of energy storage elements

Procedure

1. Identify the energy storage elements and its state

NOTE : State-Uncharged/Charged state.

2. Draw the equivalent circuit at t=0- and find the current through the inductors and voltage acrossthe capacitors. i.e., i, (0°)

and v(0)

NOTE :i,(0") =i.(0%) and v(0")=v(0")

3. Draw the equivalent circuit at t=0+, by replacing inductor by i, (0*) Amperes, capacitor by v-(0*) volts and resistors are kept

asit is.

NOTE : Charged current value and charged voltage value of inductor and capacitor respectively would be called as steady state

values.

NOTE : To find the steady state values

1) Current through the inductor is maximum at steady state and would be calculated by replacing the inductor by short
circuit. i.e., ig—=i (0-) =i, (0%)

i) Voltage acrossthe capacitor is maximum at steady state and would be calculated by replacing the capacitor by open circuit .
I.€., Vo= V(07)=v(0%).

4. Find the initial voltagesand currents at t=0+.

4. Draw the equivalent circuit at t>0 and obtain system equations (KVL/KCL) .

5. Find the derivatives of initial voltages and currents using the above initial conditions, "‘&¥—i(0%) ,

—"Qrt )h—0(m )HhE Q-0 T
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Transient Response Analysisi Examples

1LFor the circuit shown in figure, the switch K is

closed at t=0, then ZEE KM )h—i(0%) andStep?: At t=0*

— Q). Fromequation(1)
Solution: O Y@ - ,QSDI —
Step-1 o 0 'YQO .  AAAA——
L is the energy storage element-Uncharged state —n) ~ =Q1)
Step-2: t=0- Q@ ~ L v v. L
‘oAn) ™ & ) TAsec |
AT ) QAm) mo8 Differentiate Equation (1) w.r.tt
YQ® 0Q Q) . :
Step-3: T =55 B (<) o—o——aww—]
Equivalent circuit att=0* From equation (2).
Step-4. O_ ) ‘F? @ ocC
Q) To Att=0+ |
Step-5: equivalent circuit att>0 m ) am) X .
Step6: apply KVL S By~ W<
> Y@ ° ol SDRNIE VO @ (= §
® Y@ —55 P p %]ATI H
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Transient Response Analysisi Examples

2.For the circuit shown in figure, the switch K is closed at
t=0, then £E EmM)h—i(0*) and —"Qr ).

Solution:
C- Energy storage element-Uncharged state
L(T) L (@T) TwWE BO I
At t=0*
Equivalent circuit . ' Apply KVL
6 Y@ ¢
v @ sC
D. (1) w.r.t
Y Q@
Find i(0*)=V/R A. Arreos O
At t>0 0
Equivalent circuit . . é_zom )
e ———AAN—

=0 ‘ x |
O—AAAA—

D. (2) w.r.t
oo p VW paw)
(06] o\ Qo
At t=0+
2® (O —er)  —oR)/d
H
! ) 7T &
P . -4 L]
vs®) T
L m
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Transient Response Analysisi Examples
3.For the circuit shown in figure, the switch K is closedat
t=0, then £E EmT)h—i(0*) and —"Qrt ).

L, C storage elements- Uncharged state

At t=0-
Q) YAm) Tmo
O (M) O () TOE O 522%)@”0“’0985
At t=0+ b Y@ bos g W6  p
K [
—0—0—AAAN— OC
At t=0+
Q6@
". @ € G Y@) O ’Ezo) O (1)
=) A
m, g/Vsec
) — D (2) w.r.t
At t>0 L2 Q™ p,
| x K L Tt Y—’Q(‘) =%~ 5 Q) (<)
O At t=0+
Y “ TC W) AN ..
my = ATl "H'H
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Transient Response Analysis- Introduction

Initial and final conditions of energy storage elements

Procedure

1. Identify the energy storage elements and its state

NOTE : State-Uncharged/Charged state.

2. Draw the equivalent circuit at t=0- and find the current through the inductors and voltage acrossthe capacitors. i.e., i, (0°)

and v(0)

NOTE :i,(0") =i.(0%) and v(0")=v(0")

3. Draw the equivalent circuit at t=0+, by replacing inductor by i, (0*) Amperes, capacitor by v-(0*) volts and resistors are kept

asit is.

NOTE : Charged current value and charged voltage value of inductor and capacitor respectively would be called as steady state

values.

NOTE : To find the steady state values

1) Current through the inductor is maximum at steady state and would be calculated by replacing the inductor by short
circuit. i.e., ig—=i (0-) =i, (0%)

i) Voltage acrossthe capacitor is maximum at steady state and would be calculated by replacing the capacitor by open circuit .
I.€., Vo= V(07)=v(0%).

4. Find the initial voltagesand currents at t=0+.

4. Draw the equivalent circuit at t>0 and obtain system equations (KVL/KCL) .

5. Find the derivatives of initial voltages and currents using the above initial conditions, "‘&¥—i(0%) ,

—"Qrt )h—0(m )HhE Q-0 T
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Transient Response Analysisi Examples

1LFor the circuit shown in figure, the switch K is

closed at t=0, then ZEE KM )h—i(0%) andStep?: At t=0*

— Q). Fromequation(1)
Solution: O Y@ - ,QSDI —
Step-1 o 0 'YQO .  AAAA——
L is the energy storage element-Uncharged state —n) ~ =Q1)
Step-2: t=0- Q@ ~ L v v. L
‘oAn) ™ & ) TAsec |
AT ) QAm) mo8 Differentiate Equation (1) w.r.tt
YQ® 0Q Q) . :
Step-3: T =55 B (<) o—o——aww—]
Equivalent circuit att=0* From equation (2).
Step-4. O_ ) ‘F? @ ocC
Q) To Att=0+ |
Step-5: equivalent circuit att>0 m ) am) X .
Step6: apply KVL S By~ W<
> Y@ ° ol SDRNIE VO @ (= §
® Y@ —55 P p %]ATI H
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Transient Response Analysisi Examples

2.For the circuit shown in figure, the switch K is closed at
t=0, then £E EmM)h—i(0*) and —"Qr ).

Solution:
C- Energy storage element-Uncharged state
L(T) L (@T) TwWE BO I
At t=0*
Equivalent circuit . ' Apply KVL
6 Y@ ¢
v @ sC
D. (1) w.r.t
Y Q@
Find i(0*)=V/R A. Arreos O
At t>0 0
Equivalent circuit . . é_zom )
e ———AAN—

=0 ‘ x |
O—AAAA—

D. (2) w.r.t
oo p VW paw)
(06] o\ Qo
At t=0+
2® (O —er)  —oR)/d
H
! ) 7T &
P . -4 L]
vs®) T
L m
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Transient Response Analysisi Examples
3.For the circuit shown in figure, the switch K is closedat
t=0, then £E EmT)h—i(0*) and —"Qrt ).

L, C storage elements- Uncharged state

At t=0-
Q) YAm) Tmo
O (M) O () TOE O 522%)@”0“’0985
At t=0+ b Y@ bos g W6  p
K [
—0—0—AAAN— OC
At t=0+
Q6@
". @ € G Y@) O ’Ezo) O (1)
=) A
m, g/Vsec
) — D (2) w.r.t
At t>0 L2 Q™ p,
| x K L Tt Y—’Q(‘) =%~ 5 Q) (<)
O At t=0+
Y “ TC W) AN ..
my = ATl "H'H
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Transient Response Analysisi Examples

4.For the circuit shown in figure, the switch K is A i -
Openedat t=0, then /£E §(# )h—v(0*) and — O(11 ). —77< ;Imﬂ
Solution:
L-uncharged state Apply KCL | v ()
AT ) QAm) To P Q10 -
At t=0+ P L(0) »
— D00 —= A IH
p 5 LOQO o P gnu
v 07}
l D (1) w.r.t.t
o - VO p QYEO ©
oog 5 pmmo At =0+ N
T m YOt Q 0(m ) Q@ )
Q) ‘ . D P70
At t>0 O3 p TTO(TT )+ ATTHH  mo
» D. (2) w.r.tt P oF1"™HH
| - QuEo p Qu(o ©
LA - . :QQ) ‘pnn’ﬂ‘), ‘
(0) - Q o)
[ P75
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Transient Response Analysisi Examples

5.For the circuit shown in figure, the switch K is m.ﬂ.(%) %7( %lkﬂ —1F
Openedat t=0, then /£E O(# )h—v(0*) and — 0(11 ).
Solution :
C-Uncharged state Apply KCL At t= 0+
V() L(() TMwEaoi VO Q {0) Q 0) Q0(0)
At t=0+ Pt PRy (P TP ey P T
Qo ad Qu(m) pmAQT)
Qo PTMPT p T (0'¢] AO
w (i) - - O( )
£ At t=0+ - oT1 “HH
10 A D | 1 ki) 1t ‘Q @1t ) , T[(pn S ))
i r] |1 | y \ -
At t>0 =) 20 P
- v/sec
<
o D (D w.r.t.t

[_ Q o) ‘Q 0(0)
I"-"-Qi) I k2 = | wF T en QO P ™

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Transient Response Analysisi Examples

Important points and expressionsto be remembered
1. Voltage acrossthe short circuit is zero

2. Voltage acrossthe open circuit is maximum

3. Current through the open circuit is zero

4. Current through the short circuit is maximum

5. R
0O Y@ and'@
6.C
S BN O 1 [
v(0) 5 @Qowe Q) 0 o
7.L
Q@
0() U—égwemo) P voas
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Transient Response Analysisi Examples

6.For the circuit shown in figure, the switch K is closed 10A %“‘ %*H ToSE
at t=0, then /£E (A )h—v(0*) and — 0 (11 ).
Solution: Apply KCL
L, Ci uncharged state. L(0) o . Q §0)
Cam) ) we PTC UOR T g
At t=04 (M) (M) mee &ol,, Q () pm
| ) owlj;v - (’QC‘J) @ @ T
" Ty . Tl "H'H
m(i\:) %zu li ‘1? v%‘] D (1) w.r.t. t . o4 .
iy () ’ N 3
I R pPQEY | ‘ Q (0
¢ 00 V(O) TGP T —— ()
tt=0+
At t>0 SIS M e 22© PR 0(0)
| P ¢ Qo
| R < 1T -
HEYR é‘.*ﬂ IH Tl‘-‘&p.nl-' nm TP T o Ec apm mn
‘- Q (o
n TGP TT ’Qc‘)( ) p T
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Transient Response Analysisi Examples

7. In the network shown in figure, the switch is changed from the ]lliﬁc m
position 1to the position 2 at t=0, steady state condition having reached 1 2
before switching . Find the valuesof i, di/ dt and d?2i/dt 2 at t=0+ WV 1,
Solution : 100 . T '
Capacitor C- Reachedsteady state condition at t=0-
The equivalent circuit at t=0-
onin) om
2 )y =
l At t>0
oy ) 200

i () \ b

' T Db(m) om 0L () | yF
A.. -

: . 10Q2
Equivalent circuit .
200 i(n
Apply KVL
10 £2 =iV s s
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Transient Response Analysisi Examples

Apply KVL
oTiI®) pmm @ o1 T
D (1) w.r.t.t.
Q@ .
OFag P mTQ) 1 (<)

At t=0+
Q. p QT )
5(‘)@T ) O Tl
- o " N e
) — ATl "H'H

0(c)0 8 8
ocRQ® p Q@ ©
® Qo °
QW p Q@
(96) O QO
At t=0+
ol D
P * TV
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Transient Response Analysisi Examples

8. In the network shown in figure, the switch is changed ,.{-Q—Mfs
from the position 1to the position 2 at t=0, steady state PV =
oD
i)

I

condition having reached before switching. Find the
valuesof i, di/ dt and d?i/dt 2 at t=0+

Solution:

Inductor L- Uncharged state

Capacitor C-Steady state condition at t=0- At t=0+

=~ | uF

4C ) W) = Equivalent circuit
At t=0-

Equivalent circuit 2040

- [ = D
oy ’) 1 | T i (07)

— 40V
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Transient Response Analysisi Examples

Att>0
Equivalent circuit D (1) w.r.t.t
20 Q Q") Q@ e
AN -5 C(Fax P T G
] (90) Qo
- ’) T I At t=0+
_ Q Q) Q@
(r)
' ®_  STgs POV
W) . m
_ =IVmr
Apply KVL
Q@ e
oo © ) pm @WQO m P
At t=0+
Q@ ) .
-Q(O ) ¢fr) tm
P Al ki

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Transient Response Analysisi Examples

9. In the network shown in figure, the switch is changed ad 1k
from the position ato the position b at t=0, steady state ;&‘:
condition having reached before switching. Find the 100V =
valuesof i, di/ dt and d?i/dt 2 at t=0+ = 0.1 pF ” gl H
Solution:
Capacitor C= Uncharged state

o( ) ol )
Inductor L:SteadyFstate conglition : " At t:_0+ o
At t=0- Equivalent circuit .

Equivalent circuit . | kL2
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Transient Response Analysisi Examples

At t>0
Equivalent circuit 1 KL}
0. p.F‘[ /D .
T i(n
Apply KVL
s~ 3 . QM@
pT WQO p M) 0o 0
At t=0+
Q@ ) }
TR T m
D (1) w.r.t.t
oy Q@ Q®
pmTQ) pTm 05 O c

At t= 0+
Q@) Q-
pTQT) pT ’Ezo) ,g)
Q Q) . Q@ )
0 pTTQT) P55
0
.g) PTW pTE PTOR P UP T P T

2P
P e =IVmi

(c)
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Transient Response Analysisi Examples

10. In the network shown in figure, the switch is closed at
t=0. Find the valuesof hOh—h—h—® & -0 ® 1

V=
Solution :
Capacitor C=Uncharged
Inductor L=Uncharged
1D T
_ F F | — - L L
At t=0+ : a iy(n iar)
i 3
AN ANV L
L ) Apply KVL
in(0%) i2(0%) i’ o Y 0 g (A "AY)Qo P
() g=N:C) = v~ AN g sy
] - () AY)Qe YUY i—2 ¢
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Transient Response Analysisi Examples

Apply KVL y.JIIr
vy P e e s D.(3) w.r.t.t.
G Y'Y F (A) AY)Qo  p T ORY el ORI Y ORI
0 TS AL 20 ™ 0O Qo o0 QO0
e~ v~ A VA L N Ty n { t=0+
m 0) 0)Qo0 Y QX0 L—
= (20 A0) Ao b5 ¢ 0an) o QUMY o 0@
D () w.r.tt [90] . oY Qo OY Qo
L A0 P, P, O T L
Yoo 39 9 (@ — et
At t=0+ o D (2) w.r.t.t
n P . P OO Q'Y
Q6 Y8 ) N3 noE 9] FAY Yo 0
S ) Q "qb) 1~ bl
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Transient Response Analysisi Practice Problems

11 In the network shown in figure, the switch is closed at t=0. Find the 0q
valuesof 0 (Tt ) (1t ) (1 )M ¢ @ (11 )8 A Y 08 L

SV—F/ 1Y
1082
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Transient Response Analysisi Practice Problems

12. In the network shown in figure, a steady state has reached with AN
switch open. At t=0 switch is closed. Find the three loop currents at t=0*

—~05F
v —

— 1 F
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Transient Response Analysisi Examples

11 In the network shown in figure, the switch is closedat t=0.
Find the valuesof 0 (1t )l (11 )R (11 )D€ W (1T )8

Solution
L=2H is the energy storage element- attains steady state at

t=0-
at t=0-, equivalent circuit .

1052

AATA"
100 v,(0) 2001
oy » AL I?aiﬂrl
5V —
F ity

‘A ) uvFodp it 8 =
W%( ) 0 Volts.

m( ) ot 282(

life! 1 200
AMA ""i A 4 Vi)
5V 2 1y
100
At t=0+
Equivalent circuit
100
A
100 v.{07) 200
MM » AP $ (0"}

YW

§lﬂﬂ
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Transient Response Analysisi Examples

Nodal analysis
W LW
V W) w@) i) o)
p T P T C T
o) o) @ (P)
L W) w(m) w(t)

alr

pT Cm
o) Mro@) ™eex (¢
Solve equations (1) and (2)
™ ) 87
() 8 T

100
Ay

100 v (07) 20

AN y AN

5V —

giﬂﬂ
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Transient Response Analysisi Examples

12. In the network shown in figure, a steady state has reached with AN
switch open. At t=0 switch is closed. Find the three loop currents at t=0*

Solution : L 05 F
L=1H ; attains steady state at t=0- 6V — -
C1=05F; attains steady state at t=0- 3
C2=1F; attains steady state at t=0- () —1F
At t=0-
Equivalent circuit .
. ¢
TT =
2 ooom e T
Ay b(m) OV(T) L+ T W o)
The charges on capacitors are equal if the capacitors are
-) Lot Connected in series.
4 () IE“}.:' 'I"-|{ﬂ_} l‘?)’ l‘?)’
|
VT /D — 50 60
hi07) ) va{lr) ‘ @0 (‘ﬂ ) 0 ()
aoj< 1 | o () 0 (m) T S
Solve (1) and (2)
o( ) 8 {-®() 8 g
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Transient Response Analysisi Examples

At t=0+ 20
Equivalent circuit . LYY
o) Am) p (P) 18y
Apply KVL to super mesh sy o) 3
“ » ., T T
¢Qm) T(Am) "Am)) - ¢ T
! . © 4(0°) 1A L4y
e ) M) HX Q) ‘ Woy< | 3
Apply KVL to mesh 2 |
P

(A ) "Am)) =L
TQm) 1TQm) ¢doex (0
Solve(1),(2) and (3)
i) =
() 8 =
() =
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Transient Response Analysis- Introduction

Solution of homogeneousdifferential equation Q@ w,_ .
Consider a differential homogeneousequation of first order. E E)Q 0
Q@ .,
(JOE (Jo(b) I (p) < s (I) ;
Rearrange the equation by separating the variables.
@ 2 b VOQQQH®Q HO &1 £ IOd T
Qo o A R
Q@ W\, 1 1 10
—= = | ‘@) <) ®)
20\ O i 1o
Multiply dt on both sides B
W B2 8 4 <
Q@ Qo (4 Em ()
%? gQ o) (0) General solutionK is unknown
Integrate on both sides Particular solutionc K is known
We get,
Q@
Q &,)’Q(‘)
@) W
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Transient Response Analysis- Introduction
Step responseof RL seriescircuit

At t=0, V is applied to the circuit and at t=0-

inductor is - .
’ Multiply dt on both sides, we get
at rest(uncharged condition) Py 9

Q@ Y

Hence, i, (0))=0 Amperes, i (0*)=0 Amperes. 5 $Qo0  (©
At t>0, v ©
KVL equation Apply integration on both sides
D . Q@ Q Y
®» Y@ 0—% (p) , @ ~Q0
W o §)
0@ . vy @
T IR e Y,
QQ) BOEE § WQQI {5 @)) 50 v
0@ w
Y Qo Y
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Transient Response Analysis- Introduction

-!— — Maximum valua
(0:632) £
« tima
CRN=
506 6 A7)

If inductor carries initial current
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Transient Response Analysis- Introduction

Step responseof RC seriescircuit

v(t) K
) x "HH'H :
V [ . t=0
v ) = ?
0 -t |
w(m) wid) mweadaoi W W YOo—
Qo
At t>0 (9 (oXe
w @ o o vo @
w QY w : .
v~ o ) Integration on both sides
Q Q ° y
s Qo Qo
’ 00 W W 0
RO (I s, P . .
w YO@’ w P I o o) vra o
Rearrange the equation by separating the Where K is the integral constant defined at t=0+
variables s, s e ,
Q) | (w w) | O v

b
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Transient Response Analysis- Introduction

w QY w
QY w w

wkt, 0 © wQ

Yy o (o ¢go)

MNMY 0w 0 wQ 1
A
av o ) —
Vv |
£ :Tr- 1F
(0.368) i
e T
time
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Transient Response Analysis- Introduction

Summary
Homogeneous differential equation
Form -1

LQQ L

W W) T
Solution

@ Q"
Where, K is the initial condition

Or
w—"n 40 wu(d) T

Qo0
Solution

b@® o)

Where, K Is the initial condition
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Transient Response Analysis- Introduction

Summary
Homogeneous differential  equation
Form -2
QQ . -
Ony O® @
Solution 3
vy O o~ —
@) =p Q
Zero initial conditions
W
@ © 500
®
Or
ooQ—lQO) L0 O
Qo
Solution

0(d) %))(p o))

Zero initial conditions

Example e Y@
oy @ _
(00) Z p Q
® - o0

Example RC—Y 0
b © o o)
b © & vl
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Transient Response Analysis- Introduction ,
P. In the network shown in figure, the switch is initially at the f&" W
position 1 and the steady state having reached, the switch is T . ') L
changedto the position 2 at t=0. find current i(t). i)
Solution

L- energy storage element-charged state at t=0-.
At t=0-
Equivalent circuit

Ay
ATAA"

) Q) o8
i{r}

At t>0, equivalent circuit .

Apply KVL
s ey O LD
D;)m v oo m
UTC‘) Y Y Qb) Tt P

ool
Where, K is the initial value of current through he inductor
l.e., at O-.

Therefore + — (0)
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Transient Response Analysis- Introduction

P. In the network shown in figure, the switch is closedat t=0,

a steady state having previously been attained. Find current R
100 . j
Solution in L
L- charged state at t=0-
At t=0-
Equivalent circuit Apply KVL
R AR O X (¢
AP w Y U——-
R, 0@ Qo
v m;) o “ b Y® & (0
° w.k.t., ’
s w L (—
At t>0 Q) va v () )
Equivalent circuit Where, K is the initial value of current through the inductor .

Ry Gd mh
U I 0 W
. ¥ ¥
i Ry + Ry Y Y Y
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Transient Response Analysis- Introduction

P. In the network shown in figure, the switch is
moved from the position 1to 2 at t=0. Find V(1) at
t>0.

Solution

C-charged state at t=0-
At t=0-

Equivalent circuit

F kil

100 V— ) P TTCoT

At t>0, equivalent circuit .

5k
s

+ |
50V — = wF

00V — L sy vl = 1 uF

UTT W W
U TT T — UL TTTT TW
P P Qo
v @ .
U TT — 0 W
o PTL TT 1 O
QD (0)

Qo0

Gmut  pT P

0(0) g(p )
p
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Transient Response Analysis

Summary
Differential ~ equation -1
AW
A——= A
o AW T
Solution o A
A WO A. .
Y
— A O
uo A
A A. .
uQ A
e A .
| -0 +
uo  z0 +e
o A0

aw A0 ©

P

Where,K is integral constantat t= 0*.

If y(t)=0, att=0 *. from (1).
o 1RO i1
+ TI
co(
If y(t)=y(0 *)=x, att=0*. from (1).
iwo TR0 11
+ @ )
cory sHll

NOTE:

A y(t) may be current i(t) or voltage v(t)

A i(t) may be branch currents/loop
currents/ i (t)

A v(t) may be branch voltages/Node
voltages/v(t).
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Transient Response Analysis

Example
A Consider a circuit . !,
| R
AN
v r&c If i(t)=0, att=0 *. from (1).
L N A ~ — N oA
" :{:D 3 o 1RO 17
+ T
A Att>0 Ci(D
A KVL equation
Y YD L adp T If i(t)=—,att=0"*. from (1).
Q0
o%ﬁé (Y Y)Q) I EQ | I&é‘) 17+
A This is in the form of differential equation-1 + >
L@ s
-5 @@ & CiC Aoy ()
A w.k.t., the solution for differential equation. d
@ oo EAREDT OAGEAIDAT 08
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Transient Response Analysis- Introduction

Differential  equation -2

Solution
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Transient Response Analysis- Introduction

Example >

i ircui If i(t)=0, at t=0 *.
A Consider a circuit . A I()=0, a

A Att>0
A KVL equation
Q@ , If i(t)=——, att=0"*.
Y Q) U# W i
0@ ... 54 goal)
"Top O © e o
A This isin the form of differential equation-2 Y Y Y o)
u’Q (ﬁ) 5 v A x n T T vy ()7
Doy 2@ o cie T 77"
A w.k.t., the solution for the differential equation. s w . -
L o) B e AR EBT A RS AS D@ T T DEELNELECHC > R BN C )
Q) VO W EABEDBT OAAANDAITTO8 n n n R

®
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Transient Response Analysis- Introduction

P. In the network shown in figure, the switch is moved
from the position 1to 2 att=0. Find V(t) att>0.

Solution :

C-charged state at t=0-
At t=0-

Equivalent circuit

100V =——

L (€

At t>0, equivalent circuit .

1
=
-
[y
tll

¥ |
VAT 1 pF

1 5 ki)

2 +
100V -

& L

L ey velfh=— 1 pF

[OVIN (o) R
UT[’QL‘))T(T‘)TFETT 00 v (0
O A} \
LZP T —55 L@ v (p)

Equation (1) is in the form of differential
equation-2

. A SN
Qo

Solution for the above equation is

0 5 00 )

Also -
w \ re r w A}
WAaLE -
Where, U0 (T) pmT
Co (9

'?’I“ I-(" D

Now,® vzpmho poé @

UTT

vm ( vT pn)ﬁz(z )

uH |
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Transient Response Analysis- Introduction

P. In the network shown in figure, the switch is moved
from the position 1to 2 att=0. Find i(t) at t>0.

Solution :

L-charged state at t=0-
At t=0-

Equivalent circuit

0
. ey 1)

At t>0, equivalent circuit.

0 -
g j %uj H
B

40V —

H

T ¢@ m@

0@ Qo
T[EB)T(‘) c@ 1m (p)

Equation (1) is in the form of differential
equation-2

L@ L -

“p ©W ©
Solution for the above equation is

vy D

)

= 00 )

°K

50 h

Y — 1“4% r)gllil{
TH
40V T i

Now,® T CchEQ 1 m
Also -
WAOLE = W
W
Where,w 11 ) T
TT ([TT
@ (_ T).Q_8
q q
@ c¢m(gm1Q
L(') "H |
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Transient Response Analysis- Introduction
P. For the network shown in figure, steady state is reached with 109~ i (0

the switch closed The switch is opened at t=0. Obtain T
expressionfor ‘Qo)w & M (0)8 1 _
Solution 15V — §3E[ﬂﬂ g'}ﬂmﬂ v (1)
L-charged state at t=0- 1
ot e . O _
quivalent circui oniXp) wnrpT a5 Now, ) T8ty ommm
100 12 QX0 — Also
ARy TEl o O THXD) T () HADE O
oy ’ j o Equation (1) is in the form of differential Where, 0o Q) 1@ L
T equation-1 8z <
'r.f. (o= 4 q ,Q,q(‘)) _ =f ( a 8 [ |
O— QYo ™
o o Qo
(m ) T@’ vo Solution for the above equation is
At t>0, equivalent circuit. (_)
A0 0LvQ

Eﬂ]ﬂﬂg ;:> %E}ﬂmHl

il
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Transient Response Analysis- Introduction

ELLLIES

F_) g'ﬂﬂ mH !
ip (1

10042 > g Ar)
e .

13V—=

;mn ggﬂnﬂl v (1)

e .

v

S 0.0 (o)
U(O)’ 0 06
0 (© TBI(§£8 m &9
WM ( co@&adpmQ 8°
oy( < .( 872 )<
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Transient Response Analysis- Introduction A 3{ .
P. For the network shown in figure, the switch is open for a long 1200V velf) == 50 puF
time and closesat t=0. Determine v (0)8 300 02 =
Solution : _ —_—
C-charged state at t=0- Apply KCL
At t=0- o pgmm () U (0 Q (0)
Equivalent circuit VTEP TT ——
p 1§Tl)n( ) OTT Qo
100 0 C
A VEPT —gr TBIp@dY) pc (P
l Equation (1) is in the form of differential equation -2
1200y === Q((D) B
T “he O ©
Solution for the above equation is
v (¢ ) 1200V . w . (_)
At t>0, equivalent circuit. ) o0 = Ug}
100 53 Now,A vTEpmhn m8ip ak @ p@
—Vvv Also,0 - o QQWQL (M) pgmm
0V RS vems SO4F 0 (© ((S)n mM(WT TP ¢ HA
- "Il Q
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Transient Response Analysis- Introduction

P. Find i(t) for t>0.
Solution

L-charged state at t=0-
At t=0-

Equivalent circuit

60 0
A AR

@®  Fwa  mez )

sa(}) %mnfm)%ﬁm

¢ ) 175A

25D %lmn -}( 200 -‘trD guau

At t>0, equivalent circuit

60 £1
{{} | 0
25 A §|¢un 20 §|‘[r] 0.3 H

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru



Transient Response Analysis- Introduction

15 L2

03H

Apply KVL

W—~s PU@ T (p)
Equation (1) is in the form of differential equation -1
Q@ .,
“e VB T
Solution for the above equation is
. ® oel)
Now, A T@wé @ p 8
Also,0 o) QQWQ AT ) P W
3 8w
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Transient Response Analysis- Introduction
P. For the network shown in figure, the switch is changed the

SV

#
2!'.1?1'“]

position from ato b att=0. Find 0(0)'Q¢ & T8 211
Solution :
C-charged state at t=0-
At t=0- L(TT ) c® cand Q) P& LV O
Equivalent circuit At t>0, equivalent circuit. | ¥
| |
|
o D -
. :n§ ) gzu
5N — 2ﬂ§1-"{“-} ifr
Apply KVL
P
0 E) W tl@ 5 o
o(m) Twd T
At t=0+, equivalent circuit. Differentiate the equation w.r.t.t
Q@
5
R T '@ ™ (P)
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Transient Response Analysis- Introduction

T—— T@ n (p)

Solution for the above equation is

. ® ool
Now, ® Thw T
Also,0 oD QQWQQr ) P& U

€9 8 m ™
From the circuit
o(4 (9
O(a 8 H <
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Transient Response Analysis- Introduction

P. In the network shown in figure, the switch is 1V = 1H §%n %2}' r
in position ¢ dod a long time. At t=0, the switch
Is moved from ato b. Find v,(t) . Assumethat the
initial current in the 2H inductor is zero.

Solution : e o
L 1=1H-charged state at t=0- L Q0 cu (O ™ U (9Q0 T
L2=2H-Uncharged state at t=0-
At t=0- ’md.gg)jr.t.t
Q(t) po T Qo
D (0) _—
(—=— PB(O (p)
At t=0+ Q0 N
B Equation (1) is in the form of
o ( ) 8 T Q)
Qo
At >0 ) Hence, the solution is
P~ VL0 e s <
5 L (0QO0 D L (0QO0 Tt o (< IL-(i) ; 8-(8 ) <
C
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Laplace Transforms-Introduction

Laplace Transforms

Laplace transform is a mathematical technique, which converts time domain equations into

frequency domain.

problem
in time
domain |

A Integro -differential equations modelling
is the well known/conventional
mathematical model used to describe the
electrical systems.

A Analysis of systems using IDE and
finding the solution is difficult for higher
order systems

A Difficult to incorporate initial conditions.

solution
in time

inverse | domain
Laplace

A Laplace Transforms converts Integro -
differential  equations into  simple
algebraic equations.

A Analysis of systemsin frequency domain
IS easyevenfor higher systems

A Initial  conditions are automatically
incorporated.
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Laplace Transforms-Introduction

Laplace Transforms
Definition ,
Any continuous time function f(t) defined for t @ and its Laplace transform is given by

0{AO)}+ "Qi] @R Qo (p)

Where, s is the complex variable,i.e., ¥ d = ©

Where Qs the real part, which controls the amplitude and
o is the imaginary part, which controls the frequency.

Inverse Laplace transform
Definition

N s P
L {Qi]}+ QO o0 Qi [Q Qi G
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Laplace Transforms-Important Functions

Laplace Transforms of standard test input signals :

Unit Step Signal

Unit Parabolic Signal
u(t) < ‘ <« <
| a (13)]) a (11
1
> o
0 2 ° : ORE
T
Unit Ramp Signal Unit Impulse Signal
<
r(‘t) 9 { » } a(t) 4 <
=|(|) N > =|(I)
0 : | 0 t
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LA}t Q] aoE Qo

1. Step signal )
o3 D 0l0
@ o© ()
i) o0& Qo
Qi) 08—i§0 o &b

B o e
) Oc{i i]

i) 3

QED € QO QOMNQD W
o p
Qi) -+

P) 0{"@O)}+ "Qi] O CIQo (p)

2. Ramp signal
man Y 00|0
@ 1© {25
"di) o8 Qo

qi) 2

‘[:u-dvzu-v|:—‘[:v-du

du = dt u=t
1

v=—=e® dv=e"*
5
t ® = 1
Y(s)=|——e=| - —Ze . dt
(s) { SE L [_[[r Se }
1= 1 = 11 1
=|0-0|-|—= =todt| == = odt=2. 2= —
t%l




0O} + Qi ] @ )eo (p) 0{' @9} + "Qi] @ )es ()

3. Unit Impulse signal 4. f(t)=sinwt
3 . P O TI _ By
W 1O o neio sin(g) = & =&
"adi) pd Qo 2]
» @t —grlet 1= i 1= _oh .
,qi) p&) g‘) 8 Y(S):ID‘ o Etdtzz_jl[u_e]-:ate Etdt_z__].[ g-ista-stHt
e 1 1 1 1
Y(§)= = —— = ——
1. Coswt 2]s—Jjo 2]5+ jw
3 Coshwr g Ll 1 () 1 1 (-3
4: eatOS W Zj[S—jm} [:S+jm} Ej[:S—I—jm) (S—jm}
5. edsinwt _1 (stje)-(s—Jo) _1 2jo
6. edcoswt 2][52—55]{34_;;{3_(_-]5])2) 2jis" +©
7. et o
8. e?dsinwt s +e°
9. e¥coswt sin(ot) «—£— 2
5% +@m°




Laplace Transforms-Introduction

Laplace Transforms

Laplace transform is a mathematical technique, which converts time domain equations into

frequency domain.

problem
in time
domain |

A Integro -differential equations modelling
is the well known/conventional
mathematical model used to describe the
electrical systems.

A Analysis of systems using IDE and
finding the solution is difficult for higher
order systems

A Difficult to incorporate initial conditions.

solution
in time

inverse | domain
Laplace

A Laplace Transforms converts Integro -
differential  equations into  simple
algebraic equations.

A Analysis of systemsin frequency domain
IS easyevenfor higher systems

A Initial  conditions are automatically
incorporated.
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Laplace Transforms-Introduction

Laplace Transforms
Definition ,
Any continuous time function f(t) defined for t @ and its Laplace transform is given by

0{AO)}+ "Qi] @R Qo (p)

Where, s is the complex variable,i.e., ¥ d = ©

Where Qs the real part, which controls the amplitude and
o is the imaginary part, which controls the frequency.

Inverse Laplace transform
Definition

N s P
L {Qi]}+ QO o0 Qi [Q Qi G
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Laplace Transforms-Examples

gy A

, | &a 18d AO
A

A} '3
|

AU '6[A AT

A = ¢A  TATA o
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Laplace Transforms-Examples

gy i
, O &l O8 AO
We know that, Integral by parts

GA O

Similarly

,E{"i }

1a p
@ °

So, Generally

1A

l‘Il

{O

}

Dept. of ECE, Dr. Ambedkar Institute of Technology, Bengaluru




Laplace Transforms-Examples

D

Similarly

’H"H H ’}|

gdap Ti 1T
O{OET}S O OEI&h Mo
We know that
OET 32

J C';'Q

A 0

d1fAF 1T A i ,
{(OET}S O 0 A Qo
OOETb& Q Q Q Q Qo

¢ Q
_0C Jdaos P o
{OETS ng Q Q6 o, @
. Q ( ) Q ( )
u{OEmC@EW e
4011 13 "17| .
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