
Network Theory(19EC33)
2020-21

Class -1: Overview of Syllabus and Introduction to Network Theory

MOHANKUMAR V .
ASSISTANT PROFESSOR

D E P A R T M E N T  O F  E L E C T R O N I C S  A N D  C O M M U N I C A T I O N  E N G I N E E R I N G

D R .  A M B E D K A R  I N S T I T U T E  O F  T E C H N O L O G Y ,  B E N G A L U R U - 5 6

E - M A I L :  V M O H A N K U M A R . E C @ D R A I T . E D U . I N



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

Network Theory (19EC33)

Overview of Syllabus

Å Subject Title : Network Theory

Å Subject code : 19EC33

Å Credits: 04

Å Total number of Contact hours : 52 hours

Å Number of teaching hours per week: 04 hours

Å 3- CIEôs,25 marks each

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

Assignment + 5 marks Group Activity .

Å AssignmentsïProblems

Å Group Activity ïPSPICE Simulation
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Overview of Syllabusé

Pre -requisites :

Å Engineering Mathematics

Å BasicElectrical Engineering

Objectives :

Å Different types of Electrical Elements and their characteristics.

Å Circuit Analysis Techniques such asCircuit simplification, loop analysis and node analysis.

Å Different Network Theorems and its applications,.

Å Conceptsof Resonanceand its importance .

Å Study of dynamic behavior(Transient and steadystate response)of electrical systemsusing initial

conditions

Å Applications of Laplace Transforms to electrical systems.

Å Two port networks and its importance in the analysis of electrical circuits .
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Contents :

Unit -I :

Ch-1: BasicCircuit Concepts

Unit -II :

Ch-1: Network Theorems

Ch-2: Resonant Circuits

Unit -III :

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 Syllabusé
Outcomes :

Å Apply the network reduction techniques to simplify the electrical circuits and analyze electrical

circuits using loop and nodal analysis.

Å Apply the network theorems to find the load quantities, explain the resonant parameters and the

analyzethe circuit .

Å Explain and find the transient behavior of electrical circuits with initial conditions .

Å Apply the Laplace Transforms for the analysis of electrical circuits .

Å Define, explain and find the two port network parameters of electrical circuits and derive the

relationship between one parameter to other parameter.

Pre -Requisite for :

Å Electronic Circuits

Å Communications

Å Power Electronics
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Overview of Syllabusé

Å Text Books :

Å Charles K Alexander and Mathew N O Sadiku, ñFundamentals of Electric

Circuits ò,3rd edition, Tata McGraw-Hill, 2009 .
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Introduction

Definition : Network Theory

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

context activity is to study and analysis of a Networks) .

Network ( Electrical ) : Interconnection or combination of electrical

elements is called an electrical network, generally network .

Network Theory : Set of principles or ideas are used to study the behaviour

of electrical networks.

Circuit and Network :

Network - Open loop or ClosedLoop

Circuit - ClosedLoop

All circuits are networks but all networks are not circuits

Network

Network/Circuit
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Electrical Elements

Electrical Elements

Passive 
Elements

Resistors Capacitors Inductors

Active 
Elements

Independent 
sources 

Ideal

Voltage Current

Practical

voltage current

Dependent sources

VCVS VCIS ICVS ICIS
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Introductioné

Basic principles

1. Current : Rate of changeof Charge is called current, it is denoted asñIòand unit is Amperes.

Ὅ
Ὠὗ

Ὠὸ

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

ὠ
Ὠz

Ὠὸ

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

ὖ ὠ Ὅ

Branch : A Path of element is connecting between two nodes is called Branch.

Node : Two or more elements connected at a Point/Junction is called asa Node.

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

ὭȢὩȢȟὠ‌Ὅ
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Passive Elements

1. Resistor[R]:

ÅA resistor opposes the flow of electric current.

ÅResistors dissipate energy in the form of heat.

ÅResistors exhibit negative temperature effects.

ÅObeys ohmôs Law

VŬI, V=R I ohms.

Where, R is the Proportionality constant called Resistance measured in Ohms, 

V is the Voltage and I is the Current.

ÅIf Resistors are connected in Series. Ὑ В Ὑ

ÅIf Resistors are connected in Parallel. В

ÅPower ὖ ὠὼὍᵼ ᵼὍὙὡὥὸὸί

Circuit Symbol

R

Resistors are in Series

Resistors are in Parallel
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Resistors are connected in Star form. Resistors are connected in Delta form.

¶Star to Delta conversion

Ὑ ȠὙ ȠὙ .

¶Delta to Star conversion

Ὑ ȠὙ ȠὙ .
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2. Capacitor [C]:

Å Capacitors stores energy in the form of Electrostatic Field.

Åὗ ὅὠ

Å v(t) Ὥ᷿ὸȢὨὸ; ÉÔ # Ȣ

ÅὉ ὅὠ Joules.

Åὅ
В Ⱦ

; If the Capacitors are connected in Series.

Åὅ В ὅ ; If the Capacitors are connected in Parallel.

Å Star to delta and delta to star conversion is applicable to capacitors, only if it 

is in Reactance form.

Å Capacitive Reactanceὢ Ohms.

Circuit Symbol

C
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3. Inductor [L]:

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

Å• ὒὍ

Å v(t) , ȠÉÔ ὺ᷿ὸȢὨὸ. 

ÅὉ ὒὍJoules.

Åὒ В ὒ ; If the Inductors are connected in Series.

Åὒ
В Ⱦ

; If the Inductors are connected in Parallel.

Å Star to delta and delta to star conversion applicable to Inductors also, only if 

it is in Reactance form.

Å Inductive Reactance, ὢ ς“ὪὒOhms.

Circuit Symbol

L
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Basic Concepts

Electrical Elements

Passive 
Elements

Resistors Capacitors Inductors

Active 
Elements

Independent 
sources 

Ideal

Voltage Current

Practical

voltage current

Dependent sources

VCVS VCIS ICVS ICIS
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Basic Conceptséé

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. Ideal Current Source

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

are having Infinite internal Impedance/Resistance.

Ideal Voltage Source Ideal Current Source
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Independent Practical Sources

Sources having some internal resistance or impedance are

called practical sources.

1. Practical Voltage Source

Due to internal impedance or resistance voltage drop takes

place and it causesterminal voltage to reduce.

ὠ ὠ Ὅὶ

2. Practical Current Source

Current drop takes place.

╘═║ ╘
╥═║
►

Practical Voltage Source

Practical Current Source
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Circuit Simplification

Simplification

Å Ideal Voltage sources in series- Can be replaced by a

single voltage source.

Å Equivalent voltage is the sum or difference of

individual voltagessource values.
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Circuit Simplification

Simplification

Å Ideal Current sources in parallel ïCan be replaced by

a single current source.

Å Equivalent current is the sum or difference of

individual current source values.
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Circuit Simplification

Simplification

Å Ideal Voltage Sources in Parallel and Ideal current

sourcesin Series
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Source Transformation

Source Transformation

Å It is a processof converting practical voltage source into practical current source.

Å Used for circuit/ network simplifications

Å Not applicable to ideal sources.

Voltage source to current source
Current source to Voltage source

Ὅ
ὠ

Ὑ
ὠ ὍὙ
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Source Transformation

Key Points

1. SourceTransformation is applicable to Practical sourcesonly.

2. Ignore the resistors that are connected acrossideal voltage sources.

3. Ignore the resistors that are connected in serieswith ideal Current sources.

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

alwayspositive terminal at the arrow head and negative terminal at the other side.

5. 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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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.

2. Reducethe ideal voltage sources,that are connected in series.

3. Reducethe ideal current sources,that are connected in parallel .

4. Apply Sourcetransformation .

5. Apply Sourceshifting .

6. Repeat the steps2 to 5 until simplified form is obtained between the load terminals .

7. Connect the load element and find the load current or load voltage or power delivered or absorbed by

the load element.
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Examples

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

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

4. Practice Problem



Network Theory (19EC33)

SourceTransformation
Key Points

1. Source Transformation is applicable to Practical sources only.

2. Ignore the resistors that are connected across ideal voltage sources.

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

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

source is always positive terminal at the arrow head and negative terminal at the other side.

5. 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.

Dept. of ECE, Dr. Ambedkar Institute of Technology,Bengaluru
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SourceTransformation
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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 A and B  or X and 

Y etc.

2. Reduce the ideal voltage sources, that are connected in series.

3. Reduce the ideal current sources, that are connected in parallel.

4. Apply Source transformation.

5. Apply Source shifting.

6. Repeat the steps 2 to 5 until simplified form is obtained between the load terminals.

7. Connect the load element and find the load current or load voltage or power delivered or  absorbed by 

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

NOTE: 5 Ohms

resistor is

connected across
the voltage

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

source,

Ohm

hence 5

resistor is

redundant. We can

ignore for the

analysis.
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Examples

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

transformation.
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Examples
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Current DivisionFormula

╘ =
╡

╡+ ╡ ◄╘, ╘ =
╡
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╡+╡
╘◄
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5. Simplify the network shown in figure.
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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.
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6. Find the Current IL in the circuit shown in figure.

Identify the load element and remove it, 
then name the load terminals
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Apply Voltage source shifting for 10 
V source

Convert voltage sources[(10 V, 5 ǹ) , (5 V, 10 ǹ) ] into 
current sources
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Examples

Combine Current sources (1A , 0.5A) 
and parallel Resistors (5 ǹ, 10 ǹ)

Combine Voltage sources (8.33 V , 18 V) 
and Series Resistors (6 ǹ, 3.33 ǹ)
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Re-arranging the elements Convert voltage sources[(10 V, 10 ǹ) , 
(26.33 V, 9.33 ǹ) ] into current sources

Combine Current sources (1A , 2.82 A) 
and parallel Resistors (9.33 ǹ, 10 ǹ)
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Apply current division formula

╘╛ Ȣ
Ȣ

Ȣ

╘╛ Ȣ ═

Connect the load element across AB
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Star to delta and delta to start conversion
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Delta to Star Conversion Formula

Delta to Start Conversion

╡═
╡╡

╡ ╡ ╡

╡║
╡╡

╡ ╡ ╡

╡╒
╡╡

╡ ╡ ╡

NOTE: Denominator is common
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Star to delta Conversion Formula

Star to Delta Conversion

╡
╡═╡║ ╡║╡╒ ╡╒╡═

╡╒

╡
╡═╡║ ╡║╡╒ ╡╒╡═

╡═

╡
╡═╡║ ╡║╡╒ ╡╒╡═

╡║

NOTE: Starto delta anddelta to start conversionapplicableto
Capacitorsand Inductorsalso,but shouldbe in reactanceformat.

NOTE: Numerator is common
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7. Convert the given network into equivalent star network

╡
●

ᵼ Ȣ ♦

╡
●

ᵼ ♦

╡
●

ᵼ Ȣ♦
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8. Convert the given network into equivalent Delta network

Ὑ
ρȢφχὼςȢυ ςȢυὼυυὼρȢφχ

υ
ᵼ ♦

Ὑ
ρȢφχὼςȢυ ςȢυὼυυὼρȢφχ

ςȢυ
ᵼ ♦

Ὑ
ρȢφχὼςȢυ ςȢυὼυυὼρȢφχ

ρȢφχ
ᵼ ♦
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Examples

9. Find the equivalent resistance between the terminals A and B
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Combine the Series connected resistors
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╡═║ Ȣ ♦
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10. Find the equivalent resistance between the terminals A and B
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Examples

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

Loop: Any closed path
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, 

A-B-E-D-G-F-A and B-C-D-E-F-G-D.

Mesh: Closed path without closed loops inside it.
Example: A-B-E-F-A, B-C-D-E-B and F-E-D-G-F

Node: Point or junction where two or more elements are connected together.
Example: A, B, C, D, E, F and 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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KVL: Kirchhoff's Voltage Law
Statement: 

Algebraic sum of the voltages in any Loop is equal to zero.
ὭȢὩȢȟВὠ π

OR
Algebraic sum of the voltages applied is equal to the algebraic sum of the voltage developed across the 

elements in a loop.

ὭȢὩȢȟ ὠ ὠ

Example: 
KVL to loop ABEFA

ὠ ὙὍ ὙὍ ὙὍ πȠ

OR

ὠ ὙὍ ὙὍ ὙὍ
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KCL: Kirchhoff's Current Law
Statement: 

Algebraic sum of the branch Currents meeting at a node is equal to zero.
ὭȢὩȢȟВὍ πȠ

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

node.

ὭȢὩȢȟ Ὅ Ὅ

Example: 
At Node B
Apply KCL

Ὅ Ὅ Ὅ πȠ

OR

Ὅ Ὅ ὍȠ
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Examples:

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

ρπ υὍ ρυὍ π ρ
ρπὍ ςπὍ ρυὍ π ς

Ὅ Ὅ σ
Ὅ Ὅ Ὅ τ

Substitute 4 in 1
υὍ Ὅ ρυὍ ρπ
ςπὍ υὍ ρπ υ

Substitute 3 in 2
ρπὍ ςπὍ ρυὍ
ρυὍ σπὍ π φ

╘ 0.4 A
╘ Ȣ═

╘ 0.2 A
╘ 0.6 A
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2. Find the branch currents for the electrical circuit shown in figure.

πȢπςὼ ψπ πȢπςὼπȢπρὼ σπ πȢπρὼ τπ
πȢπσὼ ψπ πȢπρὼ ςπ π ρ

πȢρὼ τȢρ
ὼ τρὃ
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3. Find the voltage ñVxyò for the electrical circuit shown in figure.

ς σὍ ςὍ π ρ
╘ Ȣ ═

τ σὍ υὍ π ς
╘ Ȣ ═

╥●◐ ╥●═ ╥═║ ╥║◐
╥●◐ ╘ ╘

╥●◐ Ȣ╥▫■◄▼
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Mesh Analysis

Branch Current Method

ÅNumber of unknowns is equal to the number of 
branches.
ÅDifficult for complex circuits.

Mesh Current Method

ÅNumber of unknowns is equal to the number 
of Meshes(Fundamental Loops)
Å)ȟ)ÁÎÄ)ÁÒÅ-ÅÓÈ#ÕÒÒÅÎÔÓ ἓ

ἓ ἓ
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Mesh Analysis

Procedure to apply Mesh Analysis :

Step -1: As far as possible try to shift current sources into voltage sources without affecting the
load elements.

Step -2: Identify the number of meshes(Fundamental Loops)

Step -3: Name the loops asLoop-1, Loop-2 and so on.

Step -4 : Assign Mesh currents as I1, I2 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 CramerôsRule to
find Mesh current .

Step -7: Find branch currents and /or branch voltagesand/or powers from the mesh currents using
OhmôsLaw.
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Examples:

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

ἥἭἯἭἼ
) πȢφφ!
) πȢςς!

ἌἺἩἶἫἰἍἽἺἺἭἶἼ
) ) ) πȢφφ!
) ) ) πȢφφ!
) ) ) πȢςς!
) ) ) πȢςς!

) ) ) ) πȢττ!
Branch Voltages

6 6 ρπ6
6 6 ρπ6

6 6 υØ) σȢσσ6
6 6 ρπØ)ςȢςς6
6 6 ςπØ)τȢττ6

6 6 ρυ) ) 6.66V

Mesh -1 Mesh -2

I 1
I 2

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰ
ρπ υ) ρυ) ) π
ςπ) ρυ) ρπ ρ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰ
ρυ) ) ρπ) ςπ) π
ρυ) τυ) π ς

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻἩἶἬ

A B C

D

Power
ὖ ρπὼὍ φȢφφὡ
ὖ σȢσσὼπȢφφ ςȢρωὡ
ὖ φȢφφὼπȢττ ςȢωπὡ
ὖ φȢφφὼπȢςς πȢτψὡ
ὖ τȢττὼπȢςς πȢωχὡ
Law of conservation of 
energy
ὖ
ὖ ὖ ὖ
ὖ
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Examples:

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

Mesh -1 Mesh -2

Mesh -3

ἓ ἓ

ἓ

ἋἸἸἴὁἕἤἘἼἷἵἭἻἰ
ρπ ρπ) ) ςπ) ) π
σπ) ςπ) ρπ) ρπ ρ

ἋἸἸἴὁἕἤἘἼἷἵἭἻἰ
ςπ) ) ςπ) ) ρπ) π
ςπ) υπ) ςπ) π ς

ἋἸἸἴὁἕἤἘἼἷἵἭἻἰ
ρπ) ) ςπ) υ ςπ) ) π
ρπ) ςπ) υπ) υ σ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȢ ἩἶἬ ἿἭἯἭἼȢ
ἓ Ȣ Ἃ
ἓ Ȣ Ἃ
ἓ Ȣ Ἃ
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Cramerôs Rule

Ў

ὥ ὦ ὧ
ὥ ὦ ὧ
ὥ ὦ ὧ

ὢ

Ὠ
Ὠ
Ὠ

Ў

ὥ Ὠ ὧ
ὥ Ὠ ὧ
ὥ Ὠ ὧ

Ў

ὥ ὦ Ὠ
ὥ ὦ Ὠ
ὥ ὦ Ὠ

Ў

Ὠ ὦ ὧ
Ὠ ὦ ὧ
Ὠ ὦ ὧ

Ὅ ЎȾЎ

Ὅ ЎȾЎ

Ὅ ЎȾЎ

ÅύὬὩὶὩȟὥȟὦὥὲὨὧὥὶὩὧέ
ὩὪὪὭὧὭὩὲὸίέὪόὲὯὲέύὲί

ÅὨȟὨὥὲὨὨὥὶὩὧέὲίὸὥὲὸὸὩὶάί

Ἡἓ Ἢἓ Ἣἓ Ἤ
Ἡἓ Ἢἓ Ἣἓ Ἤ
Ἡἓ Ἢἓ Ἣἓ Ἤ
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Examples:

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

ἓ Ἃȟἓ ἋἩἶἬἓ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓ

) ςπ ςὍ Ὅ τπ π

σ) ς) ςπ ρ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓ

τπ ςὍ Ὅ ρπ ςὍ Ὅ π

ς) τ) ς) σπ ς

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓἓ

ς) ) ρπ τ) π

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

ς) τ) ρπ σ
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Network Theory (19EC33)

Examples:

4. Find the mesh currents I1, I2 and I3 for the electrical circuit shown in figure suing mesh 
analysis.

ἓ Ἃȟἓ ἋἩἶἬἓ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓ

ςπ Ὅ υὍ Ὅ π

φ) υ) ςπ ρ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓ

υὍ Ὅ τȢυὍ ςὍ Ὅ π

υ) ρρȢυ) ς) π ς

ἙἭἻἰἓἓἓ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

) ρ! σ
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Network Theory (19EC33)

Examples:

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

ἓ Ȣ Ἃȟἓ Ȣ ἋἩἶἬἓ Ȣ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓ

υ ςὍ ρὍ Ὅ ςὍ π

υ) ) υ ρ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓ

υ ςὍ Ὅ Ὅ ςὍ Ὅ =0

φ) ς) υ ς

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓἓ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

) ς) χ) υ σ

ρὍ Ὅ ςὍ Ὅ ςὍ υ ςὍ π
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Examples:

6. Find the mesh currents I1, I2 and I3 for the electrical circuit shown in figure suing mesh 
analysis.

ἓ Ἃȟἓ Ȣ ἋἩἶἬἓ ȢἋ

ἙἭἻἰἓ

) ρ! ρ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓ

ςὍ Ὅ Ὅ ςὍ Ὅ =0

ς) υ) ς) π ς

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓἓ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

ςὍ σὍ ρπ σ

ςὍ Ὅ Ὅ ρπ π
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Examples:

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

ἓ Ȣ Ἃȟἓ Ȣ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓ

υὍ ς) ) ςπ υπ π

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓ

ςὍ Ὅ σὍ ρπ ςπ0

ς) υ) ρπ ς

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻἩἶἬ

χ) ς) σπ ρ
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Examples:

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

ἋἸἸἴὁἕἤἘἼἷἻἽἸἭἺἵἭἻἰ

υὍ ςὍ φὍ Ὅ φπ π

υ) ψ) φ) φπ ς

ἓ Ȣ Ἃȟἓ Ȣ ἋἩἶἬἓ Ȣ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓἓ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

φὍ ωὍ υπ σ

φὍ Ὅ σὍ υπ πÅυ!#ÕÒÒÅÎÔÓÏÕÒÃÅÉÓÃÏÍÍÏÎÔÏÍÅÓÈÅÓρÁÎÄς
#ÏÎÓÉÄÅÒÃÕÒÒÅÎÔÓÏÕÒÃÅÓÅÐÁÒÁÔÅÌÙ

ÅÉȢÅȢȟὍ Ὅ υ ρ
ÅÃÏÍÂÉÎÅÔÈÅÍÅÓÈÅÓρÁÎÄς×ÉÔÈÏÕÔÃÏÎÓÉÄÅÒÉÎÇ
ÃÏÍÍÏÎÃÕÒÒÅÎÔÓÏÕÒÃÅÔÏÆÏÒÍÁÓÉÎÇÌÅÍÅÓÈȟ#ÁÌÌÅÄ
3ÕÐÅÒÍÅÓÈȢ
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Examples:

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

ἋἸἸἴὁἕἤἘἼἷἻἽἸἭἺἵἭἻἰ

Ὅ Ὅ σὍ Ὅ τὍ ςτ π

) χ) τ) ςτ ς

ἓ Ἃȟἓ ἋἩἶἬἓ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓἓ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

Ὅ ς! σ

Åψ!#ÕÒÒÅÎÔÓÏÕÒÃÅÉÓÃÏÍÍÏÎÔÏÍÅÓÈÅÓρÁÎÄς
#ÏÎÓÉÄÅÒÃÕÒÒÅÎÔÓÏÕÒÃÅÓÅÐÁÒÁÔÅÌÙ

ÅÉȢÅȢȟὍ Ὅ ψ ρ
ÅÃÏÍÂÉÎÅÔÈÅÍÅÓÈÅÓρÁÎÄς×ÉÔÈÏÕÔÃÏÎÓÉÄÅÒÉÎÇ
ÃÏÍÍÏÎÃÕÒÒÅÎÔÓÏÕÒÃÅÔÏÆÏÒÍÁÓÉÎÇÌÅÓÏÕÒÃÅȟ#ÁÌÌÅÄ
3ÕÐÅÒÍÅÓÈȢ
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Network Theory (19EC33)

Examples:

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

ἋἸἸἴὁἕἤἘἼἷἻἽἸἭἺἵἭἻἰ

1 Ὅ Ὅ σὍ Ὅ Ὅ ςὍ Ὅ ςὍ Ὅ χ π

) τ) τ) χ ς

ἓ Ἃȟἓ ȢἋἩἶἬἓ Ἃ

ἋἸἸἴὁἕἤἘἼἷἙἭἻἰἓἓἓ

ἡἷἴἾἭἭἹἽἩἼἱἷἶἻȟ ἩἶἬ

) ) ς) σ) ) π σ

Åχ!#ÕÒÒÅÎÔÓÏÕÒÃÅÉÓÃÏÍÍÏÎÔÏÍÅÓÈÅÓρÁÎÄσ
#ÏÎÓÉÄÅÒÃÕÒÒÅÎÔÓÏÕÒÃÅÓÅÐÁÒÁÔÅÌÙ

ÅÉȢÅȢȟὍ Ὅ χ ρ
ÅÃÏÍÂÉÎÅÔÈÅÍÅÓÈÅÓρÁÎÄσ×ÉÔÈÏÕÔÃÏÎÓÉÄÅÒÉÎÇ
ÃÏÍÍÏÎÃÕÒÒÅÎÔÓÏÕÒÃÅÔÏÆÏÒÍÁÓÉÎÇÌÅÓÏÕÒÃÅȟ#ÁÌÌÅÄ
3ÕÐÅÒÍÅÓÈȢ

) φ) σ) π ς
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Examples:

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

Ὅ Ὅ ς ρ
KVL to supermesh
ςὍ ρ υ) ) ρπ) ) π
ρυὍ ρςὍ φὍ π ς

KVL to mesh 1
ρπὍ Ὅ υὍ Ὅ υπ π
ρυὍ ρπὍ υὍ υπ σ

Solve equations (1), (2) and (3)

I1=20A, I2=17.33A and I3=15.33A



I 1
I 2

I 3

) ) υ ρ
) ) ψ ς

KVL to Supermesh
υὍ ςὍ σὍ υπ φπ π
υὍ ςὍ σὍ ρπ σ

Solve the equations (1), (2) and (3)
I1=-3.9A
I2=1.1A
I3=9.1A

ὛόὴὩὶάὩίὬ
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Network Theory (19EC33)

Examples:

Network Theory (19EC33)

12. Find the mesh currents for the electrical circuit shown in figure suing mesh analysis.
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Dependent/Controlled Sources

Dependent Sources
Current and voltage of source depends on some other current and voltage.
Example :  

Applications: Analysis of amplifiers

Types:

1. Voltage Dependent Voltage source
2. Current Dependent Voltage source
3. Voltage Dependent Current Source
4. Current dependent Current source
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Network Theory (19EC33)

Examples:

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

Obtain the control variables in terms of 
mesh currents.

╘═ ╘Ƞ╘║ ╘
KVL to Mesh -1

╘ ╘║ ╘ ╘ ╘═
╘ ╘ ╘ ╘ ╘

╘
Therefore ╘ Ȣ ═

KVL to Mesh -2
╘═ ╘ ╘ ╘
╘ ╘ ╘ ╘

╘ ╘
W.K.T., ╘ Ȣ ═
Therefore ╘ Ȣ ═
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Network Theory (19EC33)

Examples:

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

Obtain the control variables in terms of 
mesh currents.

╘ὀ ἓȠἓὁ ἓ ἓ

KVL to mesh -1
╘ ╘◐ ╘ ╘

╘ ╘ ╘ ╘ ╘
╘ ╘

KVL to mesh -2

ἓ ἓ ἓὁ ἓ ἓὀ ἓ ἓ

ἓ ἓ ἓ ἓ ἓ ἓ ἓ ἓ
ἓ
ἓ ἋȢ

Mesh -3
ἓ Ἃ

╘ ═ȟ╘ ═ἩἶἬἓ Ἃ
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Network Theory (19EC33)

Examples:

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

Apply KVL to mesh -2
╥ ╘ ╘ ╘
╘ ╘ ╘ ╘
╘ ╘

╘ Ȣ ═╪▪▀╘ Ȣ═

Obtain the control variables in terms of 
mesh currents.

╥ ╘Ƞ╥ ╘Ƞ
Apply KVL to mesh -1

╘ ╥ ╘ ╘ ╘ ╥
╘ ╘ ╘ ╘ ╘ ╘

╘ ╘
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Examples:

Obtaining the relationship between control variables and mesh currents

╥● ╡╘ ╥● ╡ ╘ ╥● ╡╘ ╘ ╥● ╡╘ ╘

╒╪▼▄░ ╒╪▼▄░░ ╒╪▼▄░░░ ╒╪▼▄░○
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Network Theory (19EC33)

Examples:

4. Find the mesh currents I1, I2, I3 and I4 for the electrical circuit shown in figure.

Obtain the control variables in terms of 
mesh currents.

╘ ═ȟ╘ ═ȟ╘ ═╪▪▀╘ ═
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Network Theory (19EC33)

Examples:

5. Find the mesh currents I1 and I2 for the electrical circuit shown in figure.

Obtain the control variables in terms of 
mesh currents.

╘ ═ȟ╘ ═╪▪▀╘ ═
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Network Theory (19EC33)

Examples:

Obtaining the relationship between control variables and mesh currents

╥● ╡╘ ╥● ╡ ╘ ╥● ╡╘ ╘ ╥● ╡╘ ╘

╒╪▼▄░ ╒╪▼▄░░ ╒╪▼▄░░░ ╒╪▼▄░○
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Network Theory (19EC33)

Examples:

4. Find the mesh currents I1, I2, I3 and I4 for the electrical circuit shown in figure.

Obtain the control variables in terms of 
mesh currents.

╥● ╘ ╘

KVL at mesh -1

╘ ἓ ἓ ἓ ἓ

Ȣ ╘ Ȣ╘ Ȣ ╘
5Vx current source is common to mesh -2 
and 3.

╘ ╘ ╥●

╘ ╘ Ȣ ╘ ╘

╘ ╘ ╘
KVL to supermesh

╘ ╘ ╘ ╘ ╘ ╘

Ȣ╘ Ȣ ╘ Ȣ ╘ Ȣ╘

At mesh 4

╘ ═

╘ ═ȟ╘ ═ȟ╘ ═╪▪▀╘ ═

Supermesh
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Examples:

5. Find the mesh currents I1 and I2 for the electrical circuit shown in figure.

Obtain the control variables in terms of 
mesh currents.

╥ ╘ ╘

KVL to mesh 1
╘ ╘ ╘ ╘

╘ ╘

0.5V 1 current source is common to 
mesh -2 and 3, 

Ȣ╥ ╘ ╘

Ȣ ╘ ╘ ╘ ╘

╘ ╘
KVL to supermesh

╘ ╘ ╘ ╘
╘ ╘ ╘

Solve equations (2, 3 and 4)
We get.

╘ ═ȟ╘ ═╪▪▀╘ ═
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Node Analysis

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

Å Example:
Å Fundamental Node : A node where Current division takes

place
Å Number of unknowns is equal to the number of nodes-1.
Å6ȟ6ȟ6ȣÁÒÅÎÏÄÅÖÏÌÔÁÇÅÓ
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Node Analysis

Procedure to apply Node Analysis :

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

Step-2: Identify the number of fundamental nodes.

Step-3: Name the nodesand assignnode voltagesasV1, V2, V3é

NOTE: Ground potential is always zero.

Step-4: Assign branch currents to each branch as I1, I2, 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/power from node voltages using ohmôs law.



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

Network Theory (19EC33)

Node Analysis

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

Å Example:
Å Fundamental Node : A node where Current division takes

place
Å Number of unknowns is equal to the number of nodes-1.
Å6ȟ6ȟ6ȣÁÒÅÎÏÄÅÖÏÌÔÁÇÅÓ
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Network Theory (19EC33)

Node Analysis

Procedure to apply Node Analysis :

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

Step -2: Identify the number of fundamental nodes.

Step -3: Name the nodesand assignnode voltagesasV1, V2, V3é

NOTE: Ground potential is always zero.

Step -4 : Assign branch currents to each branch as I1, I2, 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/power from node voltages using ohmôs law.
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Node Analysis -Tips

ἓ
ἤ ἤ

ἠ

ἓ
ἤ ἤ

ἠ

)
6 6 6

2

ἓ
ἤ ἤ

ἠ
ἡἱἶἫἭἤἑ ἤ

)
6 6 6

2

ἓ
ἤ ἤ

ἠ
ἡἱἶἫἭἤἑ ἤ

)
6 6

2

ἓ
ἤ

ἠ
ἡἱἶἫἭἤἑ ἤ

)
6 6

2

ἓ
ἤ

ἠ
ἡἱἶἫἭἤἑ ἤ
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Node Analysis -Tips

)
6 6 6

2

ἓ
ἤ ἤἻ ἤ

ἠ

ἓ
ἤ ἤἻ ἤ

ἠ

ἓ
ἤ ἤἻ ἤ

ἠ )
6 6 6

2

ἓ
ἤ ἤἻ ἤ

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

Identify the fundamental nodes

Assign branch currents

KCL at node 1
ρ Ὅ Ὅ

Express branch currents in terms of node 
voltages

ρ
ὠ ὠ

ς

ὠ ὠ

ς
ρ ὠ πȢυὠ ρ

KCL at node 2
Ὅ ς Ὅ

ὠ ὠ

ς
ς
ὠ ὠ

ρ
πȢυὠ ρȢυὠ ς ς

Answer:
V1=2V
V2=2V
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Node Analysis -Examples
Branch currents

ἓἋἌ Ἃ

ἓἌἎ ἓ
ἤ

Ἃ

ἓἌἍ ἓ
ἤ ἤ

Ἃ

ἓἍἎ ἓ
ἤ

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

Identify the fundamental nodes

Assign branch currents KCL at node A
Ὅ Ὅ Ὅ

Express branch currents in terms of node voltages
ρπ ὠ

ς

ὠ

ρπ

ὠ ὠ

υ
ρ

ψὠ ςὠ υπ ρ
KCL at node B

Ὅ Ὅ Ὅ
ρ

σ
ὠ ὠ

υ

ὠ

ρυ

ὠ ρψ

σ
ς

σὠ ωὠ σπ ςἋἶἻἿἭἺȡἤἋ Ȣ ἤἩἶἬἤἌ Ȣ ἤ
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Node Analysis -Examples
3. Find the Node voltages for the electrical circuit shown in figure .

Identify the fundamental nodes Assign branch currents
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Node Analysis -Examples

KCL at node 1, Ὅ Ὅ Ὅ ω
ὠ ὠ

ς

ὠ ρς

τ

ὠ ὠ

τ
ω

ὠ πȢυὠ πȢςυὠ φ ρ
KCL at node 2, Ὅ Ὅ Ὅ π

ὠ ὠ

ς

ὠ

ρππ

ὠ ὠ

υ
π

πȢυὠ πȢχρὠ πȟςὠ π ς
KCL at node 3, ω Ὅ Ὅ Ὅ π

ω
ὠ ὠ

τ

ὠ ὠ

υ

ὠ

ςπ
π

πȢςυὠ πȢςὠ πȢυὠ ω σ

ἋἶἻἿἭἺȡἤ Ȣ ἤȟἤ Ȣ ἤἩἶἬἤ Ȣ ἤ
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Node Analysis -Examples
4. Find the V1 and V2 using Node voltage analysis for the electrical circuit shown in figure .

Identify the fundamental nodes and assign branch currents
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Node Analysis -Examples

ὥὸὲέὨὩρ
50V source is connected between non reference 
node -1 to ground node. 

ὠ υπὠ ρ
Apply KCL at node-2

Ὅ Ὅ Ὅ
ὠ ὠ

υπ

ὠ ρπ

ςπ

ὠ

ρπ
πȢπςὠ πȢρχὠ πȢυ ς

ἋἶἻἿἭἺȡἤ ἤand V 2=8.82V
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Node Analysis -Examples
5. Find the V1 and V2 using Node voltage analysis for the electrical circuit shown in figure .

Identify the fundamental nodes and assign branch currents
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Node Analysis -Examples

ὠ ςπὠ ρ
KCL at node a.

Ὅ Ὅ ς
ψπ ὠ

υπ

ὠ ὠ

ρπ
ς

πȢρςὠ πȢρὠ πȢτ ς
KCL at node b

Ὅ Ὅ Ὅ
ὠ ὠ

ρπ

ὠ

υπ

ὠ ὠ

ςπ
πȢρὠ έȢρχὠ πȢπυὠ π σ

ἋἶἻἿἭἺȡἤἩ Ȣ ἤȟἤἪ Ȣ ἤȟἤἫ ἤȟ

╥ ╥╪ ╥╫Ƞ╥ ╥╫ ╥╬
ἤ Ȣ ἤἩἶἬἤ Ȣ ἤ
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Node Analysis -Examples
6. Find Node voltages for the electrical circuit shown in figure .

Identify the fundamental nodes and assign branch currents
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Node Analysis -Examples

Answer: ╥ ╥Ƞ╥ ╥Ƞ╥ ╥Ȣ

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. 

ὠ ὠ ς ρ
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.

Ὅ σ ς Ὅ
ὠ φ ὠ

ς
υ
ὠ

τ
ςȠπȢυ6 πȢυ6 πȢςυ6 ς

Apply KCL at node1
Ὅ Ὅ ς

ὠ

ς

ὠ φ ὠ

ς
ς σȠὠ πȢυὠ ρ
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Node Analysis -Practice problems
1. Carryout nodal analysis and find V2.

2. Carryout nodal analysis and find node voltages .

╥ Ȣ ╥╪▪▀╥ Ȣ ╥

╥ Ȣ ╥▫■◄▼
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Node Analysis -Practice problems
3. Carryout nodal analysis and find voltage across 2 Ohms resistor (Connected Vertically) .

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

╟ Ȣ ╦╪◄◄▼

╥ ╥▄►◄░╬╪■■◐╬▫▪▪▄╬◄▄▀Ȣ ╥▫■◄▼
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Node Analysis -Practice problems
5. Find the current through 50 Ohms resistor using mesh analysis .

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

╘ ╞▐□▼ Ȣ ═╫◄▫╪

╟ Ȣ ╦╪◄◄▼
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Node Analysis -Examples
7. Find V1 and V2 using Node voltage method for the electrical circuit shown in figure .

ὍȟὍὥὲὨὠ
Express control variables in terms of node voltages.

Ὅ
ὠ

ρπ
ȠὍ

ὠ

ρπ
ὥὲὨὠ

Apply KCL at node-1.
ςὍ Ὅ Ὅ ςὠ

ς
ὠ

ρπ

ὠ

ρπ

ὠ ὠ

ρπ
ςὠ

πȢςὠ πȢρὠ πȢρὠ πȢρὠ ςὠ
╥ ╥▫■◄▼

Apply KCL at node-2
Ὅ ςὠ ςὍ Ὅ

ὠ ὠ

ρπ
ςὠ ς

ὠ

ρπ

ὠ

ρπ
πȢρὠ πȢρὠ ςὠ πȢςὠ πȢρὠ

πȢσὠ ρȢψὠ π ρ
╥ ╥▫■◄▼Ȣ

ἋἶἻἿἭἺȡἤ ἤἩἶἬἤ ἤ

I3
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Node Analysis -Examples
8. Find Node voltages for the electrical circuit shown in figure .

ὠὥὲὨὠὥὶὩὧέὲὸὶέὰὺὥὶέὥὦὰὩίȢ

Express control variables in terms of node voltages.
ὠ ὠ ὠ ρ
ὠ ὠ ὠ ς

Node-1
ὠ ρςὠέὰὸί σ

Apply KCL at node 2
Ὅ Ὅ ρτ π

ὠ ὠ

πȢυ

ὠ ὠ

ς
ρτ π τȠςὠ ςὠ πȢυὠ πȢυὠ ρτ

╥ Ȣ╥ Ȣ╥
0.2Vy voltage source is between V3 and V4.

πȢςὠ ὠ ὠ υȠπȢςὠ ὠ ὠ ὠ υ

Ȣ╥ ╥ ╥
Apply KCL at super node.

Ὅ Ὅ πȢυὠ Ὅ
ὠ ὠ

ςȢυ
ὠ πȢυὠ ὠ

ὠ ὠ

ς
φ

Ȣ╥ ╥ Ȣ╥ Ȣ╥

ἋἶἻἿἭἺȡἤ ȟἤ ἤȟἤ ἤἩἶἬἤ ἤ

super node
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AC Quantities
AC quantities are represented in two different formats .
Polar form

Format= -᷁ ᶮ
Where, M is the magnitude and iɲs the phase angle

Rectangular form
Ø ÊÙ

Where, x is the real part and y is the imaginary part.

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

- Ø Ù andᶮ ÔÁÎ

Conversion from polar to rectangular
Given : M and ,ɲ To find : x and y

Ø -ÃÏÓɲandÙ -ÓÉÎᶮ
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AC Quantities
Conversions are used to perform mathematical calculations .

For addition and subtraction -Rectangular form
Consider

! Ø ÊÙÁÎÄ" Ø ÊÙ
! " Ø Ø ÊÙ Ù

Similarly ! " Ø Ø ÊÙ Ù

For multiplication and division -Polar form
Consider

! -᷁ᶮÁÎÄ" -᷁ᶮ
! "z - -z ᷁ᶮ ᶮ

Similarly ᷁ᶮ ᶮ

Also
!z " (Ø ÊÙ)(Ø ÊÙ)
ØØ ÊØÙ ÊØÙ ÊÙÙ

ØØ ÙÙ ÊØÙ ØÙ ÓÉÎÃÅÊ ρ

NOTE :
! ρπȠ! ρππ᷁ ᵼρπ Êπ

! ρπ᷁ωπᵼπ Êρπ

! ρπ᷁ωπᵼπ Êρπ

! ρπ ÊπᵼρπÏÒρππ᷁

! Êρπᵼρπ᷁ωπ

! Êρπᵼρπ᷁ωπÏÒ ρπ᷁ωπ

!
ρ

Ê
ᵼ Ê

! ÊzÊᵼÊ ρȢ
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AC Quantities

Resistors :
R Ohms (Samefor both DC and AC)
Voltage in phasewith the current

Capacitors :
C Farads (DC analysis)
-jX ╒ Ohms (Capacitive reactance AC analysis) (Negative sign-
Voltage lagscurrent by 90o)

Where,ὢ ᵼρȾύὅȟύὬὩὶὩȟὪὭίὸὬὩὪὶὩήόὩὲὧώȢ

Inductors :
L Henry (DC analysis)
+jX ╛ Ohms (Inductive reactance AC analysis) (Positive sign-
voltage leadscurrent by 90o)
Where,ὢ ς“ὪὒᵼύὒȟύὬὩὶὩȟὪὭίὸὬὩὪὶὩήόὩὲὧώȢ

Resistors

Capacitors

Inductors



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

Network Theory (19EC33)

Mesh Analysis -Examples

KVL at mesh-1
υ) Êυ) ) σπ᷁π π
ἲ ἓ ἲἓ ᷁

KVL at mesh-2
ς) Êσ) φ) ) Êυ) ) π
ἲ ἓ ἲ ἓ ἓ

KVL at mesh-3
τ) συȢσφτ᷁υ φ) ) π
ἓ ἓ Ȣ ᷁

Solve equations (1), (2) and (3), we get
)ȟ)ÁÎÄ)

1. Find the mesh currents using mesh analysis
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Mesh Analysis -Examples

Ў ρσςπὮςτππὮχυπχυπ
Ў ▒ or  Ȣ ᷁Ȣ

Similarly evaluate ЎὥὲὨЎ

Therefore ╘
Ў

Ў
Ȣ ᷁Ȣ ═

Similarly evaluate Ὅ
Ў

Ў
and Ὅ

Ў

Ў

Cramerôs rule:

Ў
υ Ὦυ Ὦυ π
Ὦυ ψ Ὦψ φ
π φ ρπ

, ὢ
σπ Ὦπ
π

ςυ Ὦςυ

Ў υ Ὦυψ Ὦψρπ φφ Ὦυ Ὦυρπ π
Ў υ Ὦυψπ Ὦψπσφ ὮυὮυπ

Ў υ Ὦυττ Ὦψπςυπ
Ў ςςπὮτππὮςςπτππςυπ
Ў ▒ or Ȣ ᷁ Ȣ

Ў

σπ Ὦπ Ὦυ π
π ψ Ὦψ φ

ςυ Ὦςυ φ ρπ

Ў σπψ Ὦψρπ σφ Ὦυφςυ Ὦςυ

Ў σπψπ Ὦψπσφ ὮυρυπὮρυπ
Ў σπττ ὮψπὮχυπχυπ
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Mesh Analysis -Examples

2. Find the current I 0 using mesh analysis
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Mesh Analysis -Examples
KCL at node-1

Ὅ Ὅ Ὅ
σππ᷁ ὠ

υ

ὠ

Ὦυ

ὠ ὠ

ς Ὦσ

φ πȢςὠ ὮπȢςὠ
ὠ ς

σȢφυ᷁φȢσ
φ πȢςὠ ὮπȢςὠ πȢςχχ᷁ υφȢσ ὠ ὠ

φ πȢςὠ ὮπȢςὠ πȢρυσὠ ὮπȢςσὠ πȢρυσὠ ὮπȢςσὠ
φ πȢςὠ ὮπȢςὠ πȢρυσὠ ὮπȢςσὠ πȢρυσὠ ὮπȢςσὠ
( Ȣ ▒Ȣ ╥ Ȣ ▒Ȣ ╥

KCL at node-2
Ὅ Ὅ Ὅ

ὠ ὠ

ς Ὦσ

ὠ

φ
ὠ συȢσφτ᷁υȾτ

3. Find the Node voltages using node analysis

πȢρυσὠ ὮπȢςσὠ πȢρυσὠ ὮπȢςσὠ πȢρφφ6 πȢςυ6 ψȢψτ᷁τυ
πȢρυσὠ ὮπȢςσὠ πȢρυσὠ ὮπȢςσὠ πȢρφφ6 πȢςυ6 ψȢψτ᷁τυ

Ȣ ▒Ȣ ╥ Ȣ ▒Ȣ ╥ Ȣ ᷁

╢▫■○▄╪▪▀ ◄▫█░▪▀╥ ╪▪▀╥
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Problems
4. Find I X using node analysis .
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Problems
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Practice problems
1. Find node voltages

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

Å Proved theorems can be used to analyze the given system, and theorems helps to analyze the complex

systemseasily.

Å In electrical system most popular theorems are

1. TheveninôsTheorem

2. NortonôsTheorem

3. Superposition Theorem

4. Reciprocity theorem

5. MillmanôsTheorem and

6. Maximum Power Transfer Theorem
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Theveninôs Theorem
1. TheveninôsTheorem

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 VTH or VOC

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 asRTH or ZTH.

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 .
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Theveninôs Theorem
Procedure to obtain Theveninôsequivalent 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 Theveninôsequivalent

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 TH using the ratio=V OC/I SC
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Theveninôs Theorem-Examples
Example :
1. Obtain the Theveninôsequivalent circuit between the terminals A and B.

+_20 V

5W

20W

10W

1.5 A

A

B

¶

¶

5W

20W

10W
A

B

¶

¶

Step-2. To find VTH

ὠ ὠ ὠ ὠ ὠ
ὠ ρπὍ ςπὍ ρ

Apply KVL at mesh-1
υὍ ςπὍ ςπ
ςυὍ ςπ
Ὅ πȢψὃȢ

At mesh-2
Ὅ ρȢυὃ

ὠ ρπρȢυ ςππȢψᵼ ╥▫■◄▼

Step-3: To find RTH

Ὑ Ὑ Ὑ ςπȿȿυ ρπ

Ὑ ╞▐□▼

Ὅ

Ὅ
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2. Obtain the Theveninôsequivalent circuit to find the current through R of 10 ohms

Removethe load element and name the load terminals .

Theveninôs Theorem-Examples

ὠ ὠȢ ὠ ȢᵼυȢςὍ ρπȢω Ὅ
ὠ ὠȢ ὠ ȢᵼχȢρ Ὅ ρωȢφὍ

ὠ ὠȢ ρππὠ ȢᵼυȢςὍ ρππρωȢφὍ
ὠ ὠȢ ρππὠ ȢᵼχȢρ Ὅ ρππρπȢω Ὅ

Apply KVL at mesh-1;ρςȢσὍ ρππȠὍ ψȢρσὃ
Apply KVL at mesh-2;σπȢυὍ ρππȠὍ σȢςψὃȢ

╥╣╗ Ȣ ╥
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To find RTH Re arranging the resistors

Ὑ υȢςȿχȢρ ρπȢωȿȿρωȢφ
Ὑ ρπὕὬάί

TheveninôsEquivalent circuit

Given R= 10 Ohms

╘
╥╣╗
╡▄▲ ╡

ᵼ Ȣ ═Ȣ

Theveninôs Theorem-Examples
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3. Obtain the Theveninôsequivalent circuit and find the current through RL of 20 Ohms

Theveninôs Theorem-Examples
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Nortonôs Theorem
1. NortonôsTheorem

Statement : Any active linear complex bilateral electrical network between open circuited load terminals

can be replaced by a single practical current source between the 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 IN or I SC and Resistor/Impedance being equal to the equivalent Resistance /

Impedance measured between open circuited load terminals, denoted asRN or ZN
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Nortonôs Theorem

Procedure to obtain Nortonôsequivalent 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 analysis technique.

Step-3: Find the equivalent resistance/Impedance between the open circuited terminals by replacing all

independent sourcesby their internal impedances. (NOTE: RTH=RN)

Step-4: Replacethe given circuit between the open circuited load terminals by the Nortonôsequivalent 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: 
Å For the circuits with dependent sources, find R N using the ratio=V OC/I SC; RTH =R N

ÅTheveninôs Theorem is the dual of Nortonôs Theorem
ÅTheveninôs equivalent circuit can be converted into Nortonôs Equivalent circuit and vice-versa 

using source transformation
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Nortonôs Theorem
Example :

2. Obtain the Nortonôsequivalent circuit between the terminals A and B.

+_20 V

5W

20W

10W

1.5 A

A

B

¶

¶

5W

20W

10W
A

B

¶

¶

To find I N

╘╝ ╘═║ ╘╢╒ ╘

ςυ) ςπ) ςπ ρ
ςπὍ ρπὍ σπὍ π ς

Ὅ ρȢυὃ σ
╘ ȢȢ═

╘╝ ╘╢╒ ╘ Ȣ ═

To find R N

2 2 2 υȿȿςπ ρπ
ἠἚ

Ὅ

Ὅ

Ὅ
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Norton's Theorem
3. Obtain the Theveninôsand Norton's equivalent circuit
between the terminals A and B.

To find I N

τὍ φὍ φὍ Ὅ ςπ ρ
τὍ ςπȠὍ υὃȢ
φὍ φὍ π ς

Ὅ Ὅ
Ὅ Ὅ Ὅ

From (1), ╘ ╘ ═
╘▼╬ ╘╝ ╘ ═Ȣ

To find R N

2
ὠ

Ὅ
To find V OC

τὍφὍ φὍςπ π
Ὅ Ὅ
╘ ═Ȣ

╥╞╒ ᶻ ╥Ȣ

╡╝ ╞▐□▼

Ὅ

Ὅ

Ὅ

Ὅ

Ὅ
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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 respective internal impedances.

Ὅ Ὅ Ὅ ÁÎÄ6 6 6
Ὢὼ ὼ Ὢὼ Ὢὼ

NOTE: Superposition theorem not applicable to find the power

╟╘╡ ╟╘╡ ╟╘╡

╟╘╡ ╟ ╘ ╘ ╡ ╟╘╡ ╘╡ ╘╘╡ ╟╘╡ ╟╘╡



`

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

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 asIôor Vô(for other source Iôôor Vôôand so on.)

Step-4: Repeat the steps2 and 3 for all the sources.

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

Ὅ Ὅ Ὅ ỄȢ
ÁÎÄ

6 6 6 ỄȢ
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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.

╘╟╠
╘╣╡

╡ ╡

╘╟╠ Ȣ Ⱦ ȿ

ἓἜἝ Ȣ Ἃ

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

╘╟╠
╘╣╡

╡ ╡

╘╟╠ Ȣ Ⱦ ȿ

ἓἜἝ Ȣ Ἃ

Resultant current
) ) ) πȢτ πȢυᵼ Ȣ ἋȢ

Cross Verification:
╘ ╘ Ȣ
╘ ╘ Ȣ

╘ Ȣ ═
╘ Ȣ ═

╘╟╠ ╘ ╘ᵼ Ȣ ═Ȣ

I 1 I 2



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, V3

ὠ σὍ ρ
KVL equation

σὍ τὠ ςὍ υ π
σὍ τσὍ ςὍ υ π

ρχὍ υ
╘ Ȣ ═

Case(2): Activate 4A source and deactivate 5V source.
Control variable is V3

ὠ σ Ὅ ᵼ σὍ ς
4A, source is common to mesh 1 and 2

Ὅ Ὅ τ σ
Super mesh KVL equation

ςὍ τὠ σὍ π
ςὍ τ σὍ σὍ π
ρυὍ ςὍ π τ

Ὅ πȢτχὃ
Ὅ σȢυσὃȢ

╘ ╘ Ȣ ═Ȣ
!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎǳǇŜǊǇƻǎƛǘƛƻƴ ǘƘŜƻǊŜƳΣ LҐLΩҌLΩΩҐҔ-3.23A 

LΩ

I1 I2

IΩΩ

I1 I2

Ὅ Ὅ τ ρ
KVL at supermesh
υ ςὍ τὠ σὍ π σ

ὠ σὍ σ
υ ςὍ ρςὍ σὍ π
ρυὍ ςὍ υ τ

Solve (1) and (4) we get.
Ὅ σȢςσὃȢ

From the circuit., 
╘ ╘ Ȣ ═

I
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Reciprocity Theorem
4. Reciprocity Theorem

Statement : Any active linear single source electrical network, the ratio of responseto excitation remains

sameevenafter interchanging their position .

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

Procedure :
Step 1ïFirstly, select the branches between which reciprocity has to be established.
Step 2 ïThe current in the branch is obtained using any conventional network analysis method.
Step 3 ïThe voltage source is interchanged between the branch which is selected.
Step 4 ïThe current in the branch where the voltage source wasexisting earlier is calculated.
Step 5ïNow, it is seenthat the current obtained in the previous connection, i.e., in step 2 and the current which
is calculated when the source is interchanged, i.e., in step 4 are identical to eachother.



`

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

Network Theory (19EC33)

Reciprocity Theorem
5. Verify the reciprocity theorem for the electrical circuit shown in figure by finding I 2.

Apply Reciprocity theorem, 

╘ ╘╣

╘ Ⱦ ȿ

╘ Ȣ ═

If I1 and I2 are equal, then the given system
is reciprocal in nature.

╘ ╘╣

╘ Ⱦ ȿ

╘ Ȣ ═



Current division formula

░ ᷁
▒

╥▼ ╘ᶻ ▒

╘
╘
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Reciprocity Theorem
6. Verify the reciprocity theorem for the electrical circuit shown in figure by finding VS.
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Millmanôs Theorem
5. MillmanôsTheorem

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, connected in series with

the single resistor/impedance of R Ohms.

Where,╥ Вἱ
ἶ ἤἱἑἱ

ἑἱ
and ╡ Вἱ

ἶ
ἑἱ
Ὃ ὥὲὨὲὭίὸὬὩὲόάὦὩὶέὪὴὸὥὧὸὭὧὥὰὺέὰὸὥὫὩίέόὶὧὩί
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Millmanôs Theorem-Example
7. Find the current through 2 Ohms resistor using MillmanôsTheorem

ὠ
ὠὋ ὠὋ ὠὋ

Ὃ Ὃ Ὃ
ȠὙ

ρ

ὋȦ Ὃ Ὃ

ὠ υπὠȟὠ ςπὠὥὲὨὠ ρφὠ

Ὑ υɱȟὙςπɱÁÎÄ2 τɱ

ḈὋ
ρ

Ὑ
ᵼπȢςὛȟὋ

ρ

Ὑ
ᵼπȢπυὛὥὲὨὋ

ρ

Ὑ
ᵼπȢςυὛ

ὠ ςφὠέὰὸÓÁÎÄ2 ςɱ

MillmanôsEquivalent circuit

Ὅ
ςφ

ς ς
Ὅ φȢυὃ



V1=10, V2=5V, V3=15V, I1=2A, I2=3A, I3=4A
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Maximum Power Transfer Theorem

6. Maximum Power Transfer Theorem

Å As the name implies, it evaluates the condition( Resistance or Impedance) to be satisfied to transfer

maximum power from source to the load.

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

Å Case(1): DC network - Resistive Load - Variable Resistive Load

Å Case(2): AC network - Resistive Load - Variable Resistive Load

Å Case(3): AC Network - Complex Load - Variable Resistive and Fixed Reactance Load

Å Case(4): AC Network - Complex Load - Fixed Resistive and Variable Reactance Load

Å Case(5): 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,RL is
the load resistanceand V is the applied voltage.

Power delivered to the load resistor is given by 

0 )2 7ÁÔÔÓ ρ
From the circuit,

) ς; Ḉ0 σ

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

ÉȢÅȢȟ
Ä0ÍÁØ
Ä2

π

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

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.

ἱȢἭȢȟἠἘ ἠȢ



0
62

2 2
Ὠὴ

ὨὙ

Ὑ Ὑ ȢὠȢρȢὠὙȢςὙ Ὑ Ȣρ

Ὀὶ
π

Ὑ Ὑ Ȣὠ ὠὙςὙ Ὑ π
Ὑ Ὑ ςὙὙ ςὙ π

Ὑ Ὑ ςὙὙ ςὙὙ ςὙ π
Ὑ Ὑ π
╡ ╡╛

Pmax

R=RL
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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,
RL is the load resistanceand V is the applied voltage.

Power delivered to the load resistor is given by 

0 )2 7ÁÔÔÓ ρ
From the circuit,

) ᵼ ς; Ḉ0 σ

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

ÉȢÅȢȟ
Ä0ÍÁØ
Ä2

π

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

ḈἠἘ ╡ ╧

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. ὭȢὩȢȟἠἘ ╡ ╧Ȣ



0
62

Ὑ 2 8

Ὑ 2 8Ȣ6Ȣρ 62Ȣς2 2 ȢρȢ π
Ὑ Ὑ ὢ ςὙὙ ςὙ π

Ὑ Ὑ ςὙὙ 8 ςὙὙ ςὙ=0
Ὑ Ὑ ὢ π
Ὑ Ὑ ὢ

Ὑ Ὑ ὢ
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Maximum Power Transfer Theorem
Case( 3) : AC network ïComplex Load ïFixed Reactance and Variable Resistive Load
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,
RL is the load resistance,XL is the fixed load reactanceand V is the applied voltage.

Power delivered to the load resistor is given by 

0 )2 7ÁÔÔÓ ρ
From the circuit,

) ᵼ ς; Ḉ0 σ

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

ÉȢÅȢȟ
Ä0ÍÁØ
Ä2

π

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

ḈἠἘ ╡ ╧ ╧╛

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. ὭȢὩȢȟἠἘ ╡ ╧ ╧╛ Ȣ
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Maximum Power Transfer Theorem
Case( 4) : AC network ïComplex Load ïFixed Resistive and Variable Reactance Load
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,
RL is the load resistance,XL is the fixed load reactanceand V is the applied voltage.

Power delivered to the load resistor is given by 

0 )2 7ÁÔÔÓ ρ
From the circuit,

) ᵼ ς; Ḉ0 σ

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

ÉȢÅȢȟ
Ä0ÍÁØ
Ä8

π

Differentiate equation (3) w.r.t XL  and find XL
Ḉ╧╛ ╧

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. ὭȢὩȢȟ╧╛ ╧Ȣ
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Maximum Power Transfer Theorem
Case( 5) : AC network ïComplex Load ïBoth Resistive Reactance are variable
Consider an AC electrical circuit with variable resistive load shown in figure. Where, R+jX is the network Impedance,
RL is the load resistance,XL is the load reactanceand V is the applied voltage.

Power delivered to the load resistor is given by 0 )2 7ÁÔÔÓ ρ

From the circuit,) ᵼ ς; Ḉ0 σ

Case(i): Consider XL

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

ÉȢÅȢȟ
Ä0ÍÁØ
Ä8

π

Differentiate equation (3) w.r.t XL  and find RL Ḉ╧╛ ╧
Case(i): Consider RL

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

ÉȢÅȢȟ
Ä0ÍÁØ
Ä2

π

Differentiate equation (3) w.r.t RL  and find RL ḈἠἘ ╡ ╧ ╧╛ Ƞ╡╛ ╡

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. ὭȢὩȢȟ╡╛ ▒╧╛ ╡ ▒╧Ȣ
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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. Obtain the Theveninôsequivalent circuit between the terminals A and B.
3. Reconnectthe load element between the terminals
4. Apply the maximum power transfer theorem and find the load element required to

transfer maximum power.
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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 Theveninôsequivalent circuit between the
terminals a and b.
To find VTH

ὠ 6Ȣ 6 Ȣ

ὠ χȢρ Ὅ ρωȢφὍ
KVL at Mesh-1ρςȢσὍ ρππȠ╘ Ȣ ═
KVL at Mesh-2ςπȢυὍ ρππȠ╘ Ȣ ═

╥╣╗ Ȣ ╘ Ȣ ╘ ᵼ Ȣ ╥▫■◄▼



`

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

Network Theory (19EC33)

Maximum Power Transfer Theorem -Examples

To find RTH Re arranging the resistors

Ὑ υȢςȿχȢρ ρπȢωȿȿρωȢφ
Ὑ ρπὕὬάί

TheveninôsEquivalent circuit

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

ὖÍÁØ
6

τὙ
ᵼ Ȣ ╦╪◄◄▼
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Maximum Power Transfer Theorem -Examples

2. Find the value of RL that will receive maximum power and determine the maximum power
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Maximum Power Transfer Theorem -Examples
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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
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Maximum Power Transfer Theorem -Examples
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Resonance

Definition :

Å A phenomenon in which applied voltage and resulting current are in phase.

Å An A.C. circuit is said to be resonance if it exhibits unity power factor condition - Applied voltage is in

phasewith the resulting current .

Å Two types

ÅSeries Resonance

ÅParallel Resonance

Å 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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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

resonance.

Definition :

ü Applied voltage is in phasewith the resulting current
ü Power factor is unity
ü Net imaginary part is equal to zero.
ü Inductive reactanceis equal to the capacitive reactance.
ü Net impedance is equal to only resistive
ü Resulting current is maximum and net impedance is minimum .

Realization :

ü Varying the frequency of the sourcewith C and L are fixed - frequency tuning
ü Varying C with L and frequency are fixed - Capacitive tuning
ü Varying L with C and Frequency are fixed - Inductive tuning
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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 Ê8 8ͯ ρ

: 2 8 8ͯ ς

)
6

ȿ:ȿ
σ

By varying the frequency, at some particular frequency 
╧╛ ╧╒

Ḉ╘ἵἩὀ
╥

╡
═□▬▄►▄▼6ÏÌÔÁÇÅÉÓÉÎÐÈÁÓÅ×ÉÔÈÔÈÅÃÕÒÒÅÎÔυ

Peak power delivered at the load is 

╟╟▄╪▓
╥

╡
╦╪◄◄▼ φ
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Series Resonance
Important Parameters :

1. Resonant frequency :

The frequency at which inductive reactance is equal

to the capacitive reactance is called resonant

frequency.

i.e., ἦἘ ἦἍ

We know that, 8 ʖ,ÁÎÄ8

Ḉ Ἐ
Ἅ

Ἓ ἘἍ
ἺἩἬȾἻἭἫor ἮἛ ἘἍ

ἒἭἺἼἻ

where, ȒO is the resonant frequency in radians per

secondand fO is the resonant frequency in Hertz .

2. Frequency Response :

The responseof magnitude of current vs frequency is

the frequency response.

Where, f 1 and f 2 are half power
frequencies/Corner frequencies/cutoff
frequencies. f 1-lower cut off frequency and f 2-
upper cu off frequency,
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Series Resonance
3. Bandwidth

The difference between the two half power

frequencies is called Bandwidth .

i.e., ἌȢἥȢ Ἦ ἮἷἺ ω

Derivation of Q.

ὗ ς“

ρ
ςὒὍ

Ὅ
ςὙὸ

╠
ⱷ╞╛

╡
Or

ὗ ς“

ρ
ςὅὠ

Ὅ
ςὙὸ

ὗ ς“

ρ
ς
ὅ
Ὅ
‫ὅ
Ὅ
ςὙὸ

╠
ⱷ╞╒╡

or

╠
╡

╛

╒

4. Quality factor

The ratio of resonant frequency to the bandwidth is

called quality factor.

i.e.,ὗ ρπ

Also defined as the ratio of the energy stored in the

oscillating resonator to the energy dissipated per

cycle.

i.e.,ὗ ς“ ρρ



`

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

Network Theory (19EC33)

Series Resonance

Å Sharpness of the response could be measured by Quality factor.

Å If Q>10 (called as high Q circuit)

ÅIf QÒ10 (Called low Q circuit)

Å Higher the Q, lower the Bandwidth and higher the selectivity.

Å lower the Q, higher the bandwidth and higher the selectivity.
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Series Resonance

Properties of Series Resonance :

1. Voltage Response curve

2. Current Response curve
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Series Resonance

3. Impedance Curve
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Series Resonance

4. Phase Curve
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Series Resonance
Derivation of Half power frequencies
Refer the frequency responseof seriesRLC circuit shown in figure.
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Series Resonance
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Series Resonance
Å Relation between resonant frequency and half power frequencies .
Å Show that the resonant frequency is the geometrical mean of half power frequencies .

We know that at half power frequencies, 

Adding the above two equations
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Series Resonance
Derivation of Half power frequencies
Refer the frequency responseof seriesRLC circuit shown in figure.
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Series Resonance
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Series Resonance
Å Relation between resonant frequency and half power frequencies .
Å Show that the resonant frequency is the geometrical mean of half power frequencies .

We know that at half power frequencies, 

Adding the above two equations
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Series Resonance
Å Derivation of Bandwidth

We know that at half power frequencies, 

Subtracting the above two equations

We know that
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Series Resonance
Å Derivation of frequencies at which maximum voltage across the L and C.
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Series Resonance
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Series Resonance
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Series Resonance
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Series Resonance
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Series Resonance

Series Resonance-Examples

Problems_Series_Resonance.docx
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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.

Solution :
Given data:
R=20 Ohms, L=1mH and C=20 uF, Vs=50V.
To find :
ὪȟὍ ȟὠȟὠȟὠȟὤ

Ὢ
ρ

ς“ὒὅ
ρȠ█▫ Ȣ ╚╗◑Ȣ

╩╣ ╡ ╞▐□▼Ƞ╘□╪●
╥

╡
Ȣ ═Ȣ

ὠ ὍÍÁØὙᵼυπὠ
ὠ Ὅάὥὼὼὢ ᵼςȢυØςØσȢρτØρȢρςυØρπØρØρπ

╥╛ Ȣ ╥▫■◄▼

ὠ Ὅάὥὼὼ ὢ ᵼ
ςȢυ

ςὼσȢρτὼρȢρςυὼρπὼςπὼρπ
╥╒ Ȣ ἤ
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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
5000 Hz. 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, fo=5KHz, Vs=220V.
To find :
L, Emax

Solution :

Ὢ
Ȣ

ᵼυπππ
Ȣ Ȣ

=>

L=2.0285mH

Ὁ
ρ

ς
ὒὍάὥὼ

Ὁ πȢτωὐέόὰὩίȢ

NOTE: Instatanteneous maximum energy

Ὁ
ρ

ς
ὒὍάὥὼ

ρ

ς
ὒ ςὍάὥὼ

Ὁ πȢωψὐέόὰὩίȢ
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Series Resonance- Problems

3. A series RLC circuit with R=20 Ohms and L=1H results in a leading phase angle of
40o at a frequency of 50Hz. At what frequency will the circuit be resonant?
Given data :
R=20 Ohms, L=1H, ű=40o, f=50Hz
To find :
C, fo

Solution :
ὤ Ὑ Ὦὢ ὢͯ

Leading phase angle(I leads V) - Capacitor : XC>XL
NOTE: Lagging phaseangle (V leads I/ I lags V)-Inductor : XL>XC

• ÔÁÎ ὢ ὢ ȾὙ

ὸὥὲ• ᵼπȢψσω;ὢ
Ȣ

;ὢ ςὼσȢρτὼυπὼρ

╒ Ȣ uF ,█▫ Ȣ ╗◑Ȣ
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Series Resonance- Problems

4. A 40 Ohms resistor is in 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
b) The resistanceof the coil
NOTE :
Coil=series combination of L and R(coil resistance)
Given data :
R= 40 Ohms, Vs=200V, Imax= 0.8A, fo=250Hz, VC=400V
To find :
C, L, R(Coil resistance)



`

Given data :
R= 40 Ohms, Vs=200V, Imax= 0.8A, fo=250Hz, VC=400V
To find :
C, L, R(Coil resistance)
Solution :

ὠ Ὅάὥὼὼὢ

τππὠ πȢψὼ
Ȣ

;╒ Ȣ ◊╕

At resonanceὢ ὢ

ς“Ὢὒ; L= 0 .318H

At resonanceὤ=40+R
Imax=V/Z T;

πȢψ
ςππ

τπὙ
Ƞ╡ ╞▐□▼Ȣ
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Series Resonance- Problems
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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.
To find :
f1, f2

Solution :

Ὢ ὪὪ ρ

ὄὡ Ὢ Ὢ ς
Ὢ φππππὪ ςςυὼρπ π

Ὢ ρςςȢωχὑὌᾀὥὲὨρψςȢωυὑὌᾀȟȠὪ Ȣ ╚╗◑Ȣ
Ὢ ὄὡ Ὢ Ȣ ╚╗╩Ȣ

NOTE: 
Q>5

Ὢ Ὢ
ὄὡ

ς
ὥὲὨὪ Ὢ

ὄὡ

ς
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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) Resonant frequency
b) Circuit impedance and current under resonant condition
c) Maximum value of the voltage acrossthe L and fL

d) Maximum vale of the voltage acrossthe C and fC.

ὠάὥὼὍȢὢ Ƞὤ Ὑ ὢ ὢ Ƞὢ andὢ ς“ὪὒȢ

╥╒□╪● Ȣ ╥▫■◄▼
█╬ Ȣ ╗◑Ȣ

ὠάὥὼὍȢὢ ς“ὪὒȠὤ Ὑ ὢ ὢ Ƞὢ andὢ ς“Ὢὒ

╥╛□╪● Ȣ ╥▫■◄▼
█╛ Ȣ ╗◑Ȣ
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Network Theory (19EC33)

Parallel Resonance - Introduction

Å Electrical elements, such as R, L and C and its combinations are connected in parallel called
Parallel Circuits .

Å Similar to the series circuit, parallel circuits also exhibits the resonance condition, when the
circuit is excited by an AC source.

Å 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 :
ü Current magnification circuit/ Anti -resonance circuit .
ü There is no general circuit - parallel connection of circuit elements - Infinite

circuits .
ü No general formula/expression for resonant frequency - differs from one circuit

to another circuit .



`

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

Network Theory (19EC33)

Parallel Resonance - Introduction

Frequency response Impedance response
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Network Theory (19EC33)

Parallel Resonance - Introduction

Å Bandwidth:

█ █
█▫
╠

Å Relation between resonant frequency to the half power frequencies:

█▫ ██

Å Quality factor(Current Magnification factor):

╠
╡

ⱷ▫╛
ⱷ▫╒╡ ╡

╒

╛
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Network Theory (19EC33)

Parallel Resonance - Introduction
Å Example:
1. RLC parallel circuit :

Consider the electrical elements R, L and C are connected in parallel,
where, I is the current supplied to the circuit, IR, I L and IC are the
current through R, L and C respectively.

ὤ ὙȿὮὢȿὮὢ

ὣ
ρ

Ὑ

ρ

Ὦὢ

ρ

Ὦὢ

ὣ
ρ

Ὑ

ρ

Ὦ

ρ

ὢ

ρ

ὢ
At resonancenet susceptanceis equal to zero

ρ

ὢ

ρ

ὢ
π

ρ

ς“Ὢὒ
ς“Ὢὅ

█▫
Ⱬ ╛╒

ὣ
ρ

Ὑ
ὤ Ὑ

ὍάὭὲ
ὠί

ὤ
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Network Theory (19EC33)

Parallel Resonance - Introduction

Å Example:
2. RL -RC parallel circuit :

Consider the electrical elements R, L and C are connected in parallel, where, I
is the current supplied to the circuit, IL and IC are the current through the
branches of Inductor and Capacitor respectively. RL and RC are the resistors
connected in serieswith the Inductor and Capacitor respectively.

ὣ
ρ

ὤ

ρ

ὤ
ᵼ

ρ

Ὑ Ὦὢ

ρ

Ὑ Ὦὢ
Rationalize the denominator

ὣ +

ὣ + +

ὣ + }+{ - }

ὣ +

ὤ
ρ

ὣ
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Network Theory (19EC33)

Parallel Resonance - Introduction

At resonance net susceptanceis equal to zero

- π ρ

We know that, ὢ Ƞὢ ‫ὒ

=

ρ
‫ὅ

Ὑ
ρ
‫ὅ

‫ὒ

Ὑ ‫ὒ

[Ὑ ‫ὒ ]=‫ὒ[Ὑ ]

Ὑ

‫ὅ

‫ὒ

ὅ
‫ὒὙ

ὒ

‫ὅ
ρ

‫

Ὑ

ὅ

ὒ

ὅ
‫

ὒ

ὅ
ὒὙ
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Parallel Resonance - Introduction

ρ

‫

Ὑ

ὅ

ὒ

ὅ
‫

ὒ

ὅ
ὒὙ

‫

Ὑ
ὅ

ὒ
ὅ

ὒ
ὅ
ὒὙ

ⱷ▫

╡╛
╒

╛
╒

╛╡╒
╛
╒

;

╡╒ ╡╛
╛

╒
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Network Theory (19EC33)

Parallel Resonance - Introduction

Summary:

█▫
Ⱬ ╛╒

R does not affect
the resonant
frequency

ⱷ▫

╡╛
╒

╛
╒

╛╡╒
╛
╒

;

╡╒ ╡╛
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Network Theory (19EC33)

Parallel Resonance - Problems
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Network Theory (19EC33)

Parallel Resonance - Problems
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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

Initial values.

Natural Response :
Stored energy released to the resistive part of
the network
Forced Response :
An external energy supplied to the electrical
network
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Transient Response Analysis - Introduction
Å Energy storageelements in the electrical system- Inductor and Capacitor .
Å Initial conditions are evaluated at the time instants t= 0 -, t= 0 + and t> 0 (before, just and after switching

action respectively)

○╒◄ ╒
░◄▀◄ᵼ

╒
░◄▀◄

╒
░◄▀◄

○╒◄ ○╒▫ ╒
░◄▀◄

█▫►◊▪╬▐╪►▌▄▀╒╪▬╪╬░◄▫►
○╒▫ ╥▫◄■▼
○╒ ╥▫■◄▼

Capacitor charging

Voltage acrossthe capacitor cannot changeinstantaneously

Equivalent Circuit
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Transient Response Analysis - Introduction

Capacitor Discharging

○╒◄ ╒
░◄▀◄ᵼ

╒
░◄▀◄

╒
░◄▀◄

○╒◄ ○╒▫ ╒
░◄▀◄

█▫►╬▐╪►▌▄▀╒╪▬╪╬░◄▫►
○╒▫ ╥╬╥▫◄■▼
○╒ ╥╬╥▫■◄▼

Equivalent Circuit
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Transient Response Analysis - Introduction

Inductor Charging and discharging

░╛◄ ╛
○◄▀◄ᵼ

╛
○◄▀◄

╒
○◄▀◄

░╛◄ ░╛▫ ╒
○◄▀◄

█▫►╬▐╪►▌▄▀╘▪▀◊╬◄▫►
░╛▫ ╘═□▬▄►▄▼
░╛ ╘═□▬▄►▄▼

█▫►◊▪╬▐╪►▌▄▀╘▪▀◊╬◄▫►
░╛▫ ═□▬▄►▄▼
░╛ ═□▬▄►▄▼

Current through the inductors cannot changeinstantaneously

Equivalent Circuit



`

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

Transient Response Analysis - Introduction

Resistor- current and voltage acrossthe resistor changesinstantaneously

Summary
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Transient Response Analysis - Introduction

Initial and final conditions of energy storage elements
Procedure :
1. Identify the energy storageelements 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 across the capacitors. i.e., iL(0-)
and vC(0-)
NOTE : iL(0-) = iL(0+) and vC(0-)=vC(0+)
3. Draw the equivalent circuit at t=0+, by replacing inductor by iL(0+) Amperes, capacitor by vC(0+) volts and resistors are kept
as it 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
i) Current through the inductor is maximum at steady state and would be calculated by replacing the inductor by short

circuit . i.e., iSC=iL(0-) = iL(0+)
ii) Voltage acrossthe capacitor is maximum at steady state and would be calculated by replacing the capacitor by open circuit .

i.e., vOC= vC(0-)=vC(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, ὭȢὩȢȟ i(0+),

Ὥπ ȟ ὺπ ὥὲὨ ὺπ .
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Transient Response Analysis ïExamples

1.For the circuit shown in figure, the switch K is

closed at t=0, then ÆÉÎÄÉπ ȟ i(0+) and

Ὥπ .

Solution :
Step-1:
L is the energy storage element-Uncharged state
Step-2: t=0-

Ὥπ πὃ
Ὥπ Ὥπ πὃȢ

Step-3:
Equivalent circuit at t=0+

Step-4:
Ὥπ πὃ

Step-5: equivalent circuit at t>0
Step6: apply KVL

ὠ ὙὭὸ
ὒὨὭὸ

Ὠὸ
ρ

i(t )
Step7: at t=0+

Fromequation(1)

ὠ ὙὭὸ
ὒὨὭὸ

Ὠὸ
Ὠ

Ὠὸ
Ὥπ

ὠ

ὒ

Ὑ

ὒ
Ὥπ

▀

▀◄
░

╥

╛
A/sec

Differentiate Equation (1) w.r.t t

π
ὙὨὭὸ

Ὠὸ

ὒὨὭὸ

Ὠὸ
ς

From equation (2).

=

At t=0 +

▀░

▀◄
=

╡▀░

╛▀◄

▀░

▀◄

ἤἠ

Ἐ
ἋȾἻἭἫ
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Transient Response Analysis ïExamples

2.For the circuit shown in figure, the switch K is closed at

t=0, thenÆÉÎÄÉπ ȟ i(0+)and Ὥπ .

Solution :
C- Energy storage element-Uncharged state

ὺ π ὺ π πὠέὰὸίȢ
At t=0+

Equivalent circuit

Find i (0 +)=V/R A.
At t>0
Equivalent circuit

i(t )

Apply KVL

ὠ ὙὭὸ
ρ

ὅ
ὭὸὨὸ ρ

D. (1) w.r.t

π
ὙὨὭὸ

Ὠὸ

ρ

ὅ
Ὥὸ ς

At t=0+
Ὠ

Ὠὸ
Ὥπ

ρ

Ὑὅ
Ὥπ

▀

▀◄
░

╥

╡╒
═Ⱦ╢▄╬

D. (2) w.r.t

π
ὙὨὭὸ

Ὠὸ

ρ

ὅ

ὨὭὸ

Ὠὸ
σ

At t=0+

Ὥπ ὨὭπ / dt

▀

▀◄
░

╥

╡╒
═Ⱦ╢▄╬
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Transient Response Analysis ïExamples

3.For the circuit shown in figure, the switch K is closedat

t=0, thenÆÉÎÄÉπ ȟ i(0+)and Ὥπ .

L, C storageelements- Uncharged state
At t=0-

Ὥπ Ὥπ πὃ
ὺ π ὺ π πὠέὰὸί

At t=0+

░ ═
At t>0

i(t )

ὑὠὒὩήόὥὸὭέὲ

ὠ ὙὭὸ ὒ
ὨὭὸ

Ὠὸ

ρ

ὅ
ὭὸὨὸ ρ

At t=0+

ὠ ὙὭπ ὒ
ὨὭπ

Ὠὸ
ὺ π

▀░

▀◄

ἤ

Ἐ
Ἃ/sec

D (2) w.r.t 

π Ὑ
ὨὭὸ

Ὠὸ
ὒ
ὨὭὸ

Ὠὸ

ρ

ὅ
Ὥὸ ς

At t=0+

▀░

▀◄

ἤἠ

Ἐ
ἋȾἻἭἫ
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Transient Response Analysis - Introduction

Initial and final conditions of energy storage elements
Procedure :
1. Identify the energy storageelements 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 across the capacitors. i.e., iL(0-)
and vC(0-)
NOTE : iL(0-) = iL(0+) and vC(0-)=vC(0+)
3. Draw the equivalent circuit at t=0+, by replacing inductor by iL(0+) Amperes, capacitor by vC(0+) volts and resistors are kept
as it 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
i) Current through the inductor is maximum at steady state and would be calculated by replacing the inductor by short

circuit . i.e., iSC=iL(0-) = iL(0+)
ii) Voltage acrossthe capacitor is maximum at steady state and would be calculated by replacing the capacitor by open circuit .

i.e., vOC= vC(0-)=vC(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, ὭȢὩȢȟ i(0+),

Ὥπ ȟ ὺπ ὥὲὨ ὺπ .
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Transient Response Analysis ïExamples

1.For the circuit shown in figure, the switch K is

closed at t=0, then ÆÉÎÄÉπ ȟ i(0+) and

Ὥπ .

Solution :
Step-1:
L is the energy storage element-Uncharged state
Step-2: t=0-

Ὥπ πὃ
Ὥπ Ὥπ πὃȢ

Step-3:
Equivalent circuit at t=0+

Step-4:
Ὥπ πὃ

Step-5: equivalent circuit at t>0
Step6: apply KVL

ὠ ὙὭὸ
ὒὨὭὸ

Ὠὸ
ρ

i(t )
Step7: at t=0+

Fromequation(1)

ὠ ὙὭὸ
ὒὨὭὸ

Ὠὸ
Ὠ

Ὠὸ
Ὥπ

ὠ

ὒ

Ὑ

ὒ
Ὥπ

▀

▀◄
░

╥

╛
A/sec

Differentiate Equation (1) w.r.t t

π
ὙὨὭὸ

Ὠὸ

ὒὨὭὸ

Ὠὸ
ς

From equation (2).

=

At t=0 +

▀░

▀◄
=

╡▀░

╛▀◄

▀░

▀◄

ἤἠ

Ἐ
ἋȾἻἭἫ
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Transient Response Analysis ïExamples

2.For the circuit shown in figure, the switch K is closed at

t=0, thenÆÉÎÄÉπ ȟ i(0+)and Ὥπ .

Solution :
C- Energy storage element-Uncharged state

ὺ π ὺ π πὠέὰὸίȢ
At t=0+

Equivalent circuit

Find i (0 +)=V/R A.
At t>0
Equivalent circuit

i(t )

Apply KVL

ὠ ὙὭὸ
ρ

ὅ
ὭὸὨὸ ρ

D. (1) w.r.t

π
ὙὨὭὸ

Ὠὸ

ρ

ὅ
Ὥὸ ς

At t=0+
Ὠ

Ὠὸ
Ὥπ

ρ

Ὑὅ
Ὥπ

▀

▀◄
░

╥

╡╒
═Ⱦ╢▄╬

D. (2) w.r.t

π
ὙὨὭὸ

Ὠὸ

ρ

ὅ

ὨὭὸ

Ὠὸ
σ

At t=0+

Ὥπ ὨὭπ / dt

▀

▀◄
░

╥

╡╒
═Ⱦ╢▄╬
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Transient Response Analysis ïExamples

3.For the circuit shown in figure, the switch K is closedat

t=0, thenÆÉÎÄÉπ ȟ i(0+)and Ὥπ .

L, C storageelements- Uncharged state
At t=0-

Ὥπ Ὥπ πὃ
ὺ π ὺ π πὠέὰὸί

At t=0+

░ ═
At t>0

i(t )

ὑὠὒὩήόὥὸὭέὲ

ὠ ὙὭὸ ὒ
ὨὭὸ

Ὠὸ

ρ

ὅ
ὭὸὨὸ ρ

At t=0+

ὠ ὙὭπ ὒ
ὨὭπ

Ὠὸ
ὺ π

▀░

▀◄

ἤ

Ἐ
Ἃ/sec

D (2) w.r.t 

π Ὑ
ὨὭὸ

Ὠὸ
ὒ
ὨὭὸ

Ὠὸ

ρ

ὅ
Ὥὸ ς

At t=0+

▀░

▀◄

ἤἠ

Ἐ
ἋȾἻἭἫ
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Transient Response Analysis ïExamples

4.For the circuit shown in figure, the switch K is

Openedat t=0, then ÆÉÎÄÖπ ȟ v(0+)and ὺπ .

Solution :
L-uncharged state

Ὥπ Ὥπ πὃ
At t=0+

○ ╥▫■◄▼
At t>0

Apply KCL
ρ Ὥ Ὥ

ρ
ρ

ὒ
ὺὸὨὸ

ὺὸ

ρππ
ρ

D (1) w.r.t.t

π
ὺὸ

ὒ

ρ

ρππ

Ὠὺὸ

Ὠὸ
ς

At t=0+
Ὠὺπ

Ὠὸ
ρππὺπ ᵼ ἤȾἻἭἫ

D. (2) w.r.t.t

π
Ὠὺὸ

Ὠὸ

ρ

ρππ

Ὠὺὸ

Ὠὸ
σ

Ὠὺὸ

Ὠὸ
ρππ
Ὠὺὸ

Ὠὸ

At t=0+
Ὠὺπ

Ὠὸ
ρππ
Ὠὺπ

Ὠὸ
▀○

▀◄
○ȾἻἭἫ
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Transient Response Analysis ïExamples

5.For the circuit shown in figure, the switch K is

Openedat t=0, then ÆÉÎÄÖπ ȟ v(0+)and ὺπ .

Solution :
C-Uncharged state

ὺ π ὺ π πὠέὰὸί
At t=0+

○ ἤἷἴἼἻ
At t>0

Apply KCL

ρπ
ὺὸ

ρπ
ρπ

Ὠὺὸ

Ὠὸ
ρ

Ὠὺὸ

Ὠὸ
ρπ ρπ

ÖÔ

ρπ

At t=0+

Ὠὺπ

Ὠὸ
ρπ ρπ

Öπ

ρπ
▀○

▀◄
v/sec

D (1) w.r.t.t

π ρπ
Ὠὺὸ

Ὠὸ
ρπ

Ὠὺὸ

Ὠὸ
ς

At t= 0+

π ρπ
Ὠὺὸ

Ὠὸ
ρπ

Ὠὺὸ

Ὠὸ
Ὠὺπ

Ὠὸ

ρπÄÖπ

ÄÔ
▀○

▀◄
○ȾἻἭἫ
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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

ὺὸ ὙὭὸandὭὸ

6. C

ὺὸ
ρ

ὅ
ὭὸὨὸὥὲὨὭὸ ὅ

Ὠὺὸ

Ὠὸ

7. L

ὺὸ ὒ
ὨὭὸ

Ὠὸ
ὥὲὨὭὸ

ρ

ὒ
ὺὸὨὸȢ
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6.For the circuit shown in figure, the switch K is closed

at t=0, then ÆÉÎÄÖπ ȟ v(0+)and ὺπ .

Solution :
L, Cïuncharged state.

Ὥπ Ὥπ πὃ
ὺ π ὺ π πὠέὰὸίȢ

At t=0+

○ ╥▫■◄▼
At t>0

Apply KCL

ρπ
ὺὸ

ς
ὺὸὨὸπȢυὼρπ

Ὠὺὸ

Ὠὸ
ρ

At t=0+
▀○

▀◄
●
○▫■◄▼

▼▄╬
Ȣ

D (1) w.r.t. t

π
ρ

ς

Ὠὺὸ

Ὠὸ
ὺὸ πȢυὼρπ

Ὠὺὸ

Ὠὸ
ς

At t=0+

πȢυὼρπ
Ὠὺὸ

Ὠὸ

ρ

ς

Ὠὺὸ

Ὠὸ
ὺὸ

πȢυὼρπ
Ὠὺὸ

Ὠὸ

ρ

ς
ςπὼρπ π

πȢυὼρπ
Ὠὺὸ

Ὠὸ
ρπ

Ὠὺὸ

Ὠὸ

ρπ

πȢυὼρπ
▀○

▀◄
● ╥ȾἻἭἫ
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7. In the network shown in figure, the switch is changed from the
position 1 to the position 2 at t=0, steady state condition having reached
before switching . Find the valuesof i, di/ dt and d2i/dt 2 at t=0+
Solution :
Capacitor C- Reachedsteadystate condition at t=0-
The equivalent circuit at t=0-

ὺ π σπὠ ὺ π
At t=0+
Equivalent circuit

σπὭπ σπ
░ ═Ȣ

At t>0

Apply KVL

σπὭὸ ρπ Ὥὸ σπ π ρ
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Ὀ ςύȢὶȢὸȢὸ
σπὨὭὸ

Ὠὸ

ρπὨὭὸ

Ὠὸ
π σ

ὨὭὸ

Ὠὸ

ρπ

σπ

ὨὭὸ

Ὠὸ
At t=0+

▀░

▀◄
ᵼ ═Ⱦ▼▄╬

Apply KVL

σπὭὸ ρπ Ὥὸ σπ π ρ

D (1) w.r.t.t.

σπ
ὨὭὸ

Ὠὸ
ρπὭὸ π ς

At t=0+
Ὠ

Ὠὸ
Ὥπ

ρπὭπ

σπ
▀

▀◄
░ ἋȾἻἭἫ
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8. In the network shown in figure, the switch is changed
from the position 1 to the position 2 at t=0, steady state
condition having reached before switching . Find the
valuesof i, di/ dt and d2i/dt 2 at t=0+
Solution :
Inductor L- Uncharged state
Capacitor C-Steadystate condition at t=0-

░╛ ░╛ ═
At t=0-
Equivalent circuit

ὺ ὺ τπᵼςπὭ τπ
○╒ ╥○╒

At t=0+
Equivalent circuit

░ ═
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At t>0
Equivalent circuit

Apply KVL

ὨὭὸ

Ὠὸ
ςπὭὸ ρπ ὭὸὨὸ π ρ

At t=0+
ὨὭπ

Ὠὸ
ςπὭπ τπ

▀░

▀◄
═Ⱦ▼▄╬

D (1) w.r.t.t
ὨὭὸ

Ὠὸ
ςπ
ὨὭὸ

Ὠὸ
ρπὭὸ π ς

At t=0+
ὨὭπ

Ὠὸ
ςπ
ὨὭπ

Ὠὸ
ρπὭπ

▀░

▀◄
═Ⱦ▼▄╬
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9. In the network shown in figure, the switch is changed
from the position a to the position b at t=0, steady state
condition having reached before switching . Find the
valuesof i, di/ dt and d2i/dt 2 at t=0+
Solution :
Capacitor C= Uncharged state

○╒ ○╒ ╥
Inductor L=Steady state condition .
At t=0-
Equivalent circuit .

░╛ ░╛ Ȣ═

At t=0+
Equivalent circuit .

░ Ȣ ═
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At t>0
Equivalent circuit

Apply KVL

ρπ ὭὸὨὸρπὭὸ
ὨὭὸ

Ὠὸ
π ρ

At t=0+
ὨὭπ

Ὠὸ
ρπὭπ ᵼ ═Ⱦ▼▄╬

D (1) w .r .t .t

ρπὭὸ ρπ
ὨὭὸ

Ὠὸ

ὨὭὸ

Ὠὸ
π ς

At t= 0+

ρπὭπ ρπ
ὨὭπ

Ὠὸ

ὨὭπ

Ὠὸ
π ς

ὨὭπ

Ὠὸ
ρπὭπ ρπ

ὨὭπ

Ὠὸ
ὨὭπ

Ὠὸ
ρπὼπȢρ ρπȢ ρππᵼ ρπὼρπ ρπ

▀░

▀◄
● ═Ⱦ▼▄╬
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`

10. In the network shown in figure, the switch is closed at

t=0. Find the values ofὭȟὭȟ ȟ ȟ ὥὲὨ ὥὸὸ π

Solution :
Capacitor C=Uncharged
Inductor L=Uncharged

At t=0+

░
╥

╡
═Ƞ░ ═

░╛ ░╛ ═

○╒ ○╒ ╥

At t>0

Apply KVL

ὠ ὙὭὸ
ρ

ὅ
Ὥὸ ὭὸὨὸ ρ

π ᷿Ὥὸ ὭὸὨὸὙὭὸ ὒ ς
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Apply KVL

ὠ ὙὭὸ
ρ

ὅ
Ὥὸ ὭὸὨὸ ρ

π
ρ

ὅ
Ὥὸ ὭὸὨὸὙὭὸ ὒ

ὨὭὸ

Ὠὸ
ς

D (1) w.r.t t

π Ὑ
ὨὭὸ

Ὠὸ

ρ

ὅ
Ὥὸ

ρ

ὅ
Ὥὸ σ

At t=0+
ὨὭπ

Ὠὸ

ρ

Ὑὅ
Ὥπ

ρ

Ὑὅ
Ὥπ

▀░

▀◄

ἤ

Ἅἠ
ἋȾἻἭἫ

From (2)

ὨὭὸ

Ὠὸ

ρ

ὒὅ
Ὥὸ ὭὸὨὸ

Ὑ

ὒ
Ὥὸ τ

ὥὸὸ π
▀░

▀◄

═

▼▄╬
D.(3) w.r.t.t. 

π Ὑ
ὨὭὸ

Ὠὸ

ρ

ὅ

ὨὭὸ

Ὠὸ

ρ

ὅ

ὨὭὸ

Ὠὸ
υ

At t=0+
ὨὭπ

Ὠὸ

ρ

ὅὙ

ὨὭπ

Ὠὸ

ρ

ὅὙ

ὨὭπ

Ὠὸ
▀ ░

▀◄

╥

╒╡
═Ⱦ▼▄╬

D (2) w.r.t.t

π
ρ

ὅ
Ὥὸ

ρ

ὅ
Ὥὸ Ὑ

ὨὭὸ

Ὠὸ
ὒ
ὨὭὸ

Ὠὸ
ὨὭὸ

Ὠὸ

ρ

ὅὒ
Ὥὸ

ρ

ὅὒ
Ὥὸ

Ὑ

ὒ

ὨὭὸ

Ὠὸ
ὥὸὸ π

▀░

▀◄

╥

╒╛╡
═Ⱦ▼▄╬
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`

11. In the network shown in figure, the switch is closed at t=0. Find the
valuesofὺ π ȟὺ π ȟὺ π ὥὲὨὺ π Ȣ
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12. In the network shown in figure, a steady state has reached with
switch open. At t=0 switch is closed. Find the three loop currents at t=0+.
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11. In the network shown in figure, the switch is closedat t=0.
Find the valuesofὺ π ȟὺ π ȟὺ π ὥὲὨὺ π Ȣ

Solution :
L=2H is the energy storage element- attains steady state at
t=0-

at t=0-, equivalent circuit .

Ὥπ υȾσπȿρπᵼ Ȣ ═
╥╫ 0 Volts.

╥╪ ╥ ᵼ ᶻ Ȣ ᶻ ᵼ3.33V

At t=0+
Equivalent circuit
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Nodalanalysis
ὠ υὠ

υ ὠ π

ρπ

ὠ π

ρπ

ὠ π ὠ π

ςπ
πȢςυὠ π πȢπυὠ π πȢυ ρ
υ ὠ π

ρπ

ὠ π ὠ π

ςπ

ς

σ
πȢρυὠ π πȢπυὠ π πȢρφφχ ς

Solveequations (1) and (2)
╥╪ Ȣ╥
╥╫ Ȣ ╥
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12. In the network shown in figure, a steady state has reached with
switch open. At t=0 switch is closed. Find the three loop currents at t=0+.

Solution :
L=1H ; attains steadystate at t=0-
C1=05F; attains steadystate at t=0-
C2=1F; attains steadystate at t=0-
At t=0-
Equivalent circuit .

Ὅπ
φ

ς τ
═

ὺ π ὺ π ὺᵼτὠ ρ
The charges on capacitors are equal if the capacitors are
Connected in series.

ὗ ὗ
ὅὺ ὅὺ

πȢυὺ π ὺ π
πȢυὺ π ὺ π π ς

Solve (1) and (2)
○ Ȣ ╥Ƞ╪▪▀○ Ȣ ╥
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Ὥπ Ὥπ ρ ρ
Apply KVL to super mesh

ςὭπ τὭπ Ὥπ
τ

σ
φ π

φὭπ τὭπ τȢφχ ς
Apply KVL to mesh 2

τὭπ Ὥπ
ψ

σ
π

τὭπ τὭπ ςȢφφχ σ
Solve(1),(2) and (3)

░ ═
░ Ȣ ═
░ ═

At t=0+
Equivalent circuit .
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Solution of homogeneousdifferential equation
Consider a differential homogeneousequation of first order.

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ π ρ

Rearrange the equation by separating the variables.

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ

ὨὭὸ

Ὠὸ

ὦ

ὥ
Ὥὸ ς

Multiply dt on both sides

ὨὭὸ
ὦ

ὥ
ὭὸὨὸ

ὨὭὸ

Ὥὸ

ὦ

ὥ
Ὠὸ σ

Integrate on both sides
We get,

ὨὭὸ

Ὥὸ

ὦ

ὥ
Ὠὸ

ὨὭὸ

Ὥὸ

ὦ

ὥ
Ὠὸ

ÌÎὭὸ
ὦ

ὥ
ὸ ὑ

ὑὭίὨὩὪὭὲὩὨὥὸὸ Њὸέπ έὶὥὸὸ π

ÌÎὭὸ ÌÎὩ ÌÎὑ

ÌÎὭὸ ÌÎὑὩ

░◄ ἕ▄
╫
╪◄

General solution- K is unknown
Particular solution ςK is known
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Step responseof RL seriescircuit

At t=0, V is applied to the circuit and at t=0-, inductor is
at rest(uncharged condition)
Hence, iL(0-)=0 Amperes, iL(0+)=0 Amperes.
At t>0,
KVL equation

ὠ ὙὭὸ ὒ
ὨὭὸ

Ὠὸ
ρ

ὒ
ὨὭὸ

Ὠὸ
ὠ ὙὭὸ

ὨὭὺὭὨὩὙέὲὦέὸὬίὭὨὩί
ὒ

Ὑ

ὨὭὸ

Ὠὸ

ὠ

Ὑ
Ὥὸ

Multiply dt on both sides,we get

Multiply dt on both sides,we get
ὨὭὸ

ὠ
Ὑ Ὥὸ

Ὑ

ὒ
Ὠὸ ς

Apply integration on both sides

ὨὭὸ

ὠ
Ὑ Ὥὸ

Ὑ

ὒ
Ὠὸ

ÌÎ
ὠ

Ὑ
Ὥὸ

Ὑ

ὒ
ὸ ὑ
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ὔὕὝὉȡὠ 6Å
If inductor carries initial current

-ÌÎ Ὥὸ ὸ ὑ σ

ὥὸὸ πȟὭὸ π

ὑ ÌÎ
ὠ

Ὑ
τ

At t>0

ÌÎ
ὠ

Ὑ
Ὥὸ

Ὑ

ὒ
ὸ ÌÎ

ὠ

Ὑ

ÌÎ
ὠ

Ὑ
Ὥὸ ÌÎὩ ÌÎ

ὠ

Ὑ

ÌÎ
ὠ

Ὑ
Ὥὸ ÌÎὩ ÌÎ

ὠ

Ὑ

ὠ

Ὑ
Ὥὸ

ὠ
Ὑ

Ὡ

Ὥὸ
ὠ

Ὑ

ὠ
Ὑ

Ὡ

░◄
╥

╡

╥

╡
▄
╡
╛◄

░◄ ░▼▼ ░◄►◄

ὠ ὒ
ὨὭὸ

Ὠὸ

ὠ ὒ
Ὠ

Ὠὸ

ὠ

Ὑ

ὠ

Ὑ
Ὡ

ὠ ὒȢ
ὠ

Ὑ
ȢὩ Ȣ

Ὑ

ὒ

╥╛ ╥▄
╡
╛◄
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Step responseof RC seriescircuit

ὠ π ὠ π πὠέὰὸίȢ
At t>0

ὠ ὠ ὠ
ὠ ὭὙὠ
Ὥ Ὥ Ὅ

ύȢὯȢὸȢȟὍ ὅ
Ὠὠ

Ὠὸ

ὠ Ὑὅ
Ὠὠ

Ὠὸ
ὠ ρ

Rearrange the equation by separating the 
variables

ὠ ὠ Ὑὅ
Ὠὠ

Ὠὸ

ὠ ὠ Ὑὅ
Ὠὠ

Ὠὸ
Ὠὠ

ὠ ὠ

Ὠὸ

Ὑὅ
ς

Integration on both sides

Ὠὠ

ὠ ὠ

Ὠὸ

Ὑὅ
ὑ

ÌÎὠ ὠ
ρ

Ὑὅ
ὸ ὑ σ

Where K is the integral constant defined at t=0+

ÌÎὠ ὠ ÌÎὩ ὑ
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ÌÎὠ ὠ ÌÎὩ ὑ
At t=0+
w.k.t. VC=0

ὑ ÌÎὠ

ÌÎὠ ὠ ÌÎὩ ὰὲὠ

ÌÎὠ ὠ ÌÎὠ ÌÎὩ

ÌÎ
ὠ

ὠ ὠ
ÌÎὩ

ὠ

ὠ ὠ
Ὡ

ὠ ὠὩ 6Ὡ

ὠὩ 6Ὡ ὠ

ὠ ὠ ὠὩ

ὠ ὭὙὠ
ὭὙὠ ὠ

w.k.t., ὠ ὠ ὠὩ

ὭὙὠ ὠ ὠὩ

ὭὙὠ ὠ ὠὩ

ὭὙὠὩ

░
╥

╡
▄
◄
╡╒
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Summary
Homogeneous differential equation
Form -1

ὥ
ὨὭ

Ὠὸ
ὦὭὸ π

Solution :

Ὥὸ ὑὩ
Where, K is the initial condition

Or 

ὥ
Ὠὺὸ

Ὠὸ
ὦὺὸ π

Solution :

ὺὸ ὑὩ
Where, K is the initial condition
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Summary
Homogeneous differential equation
Form -2

ὥ
ὨὭ

Ὠὸ
ὦὭὸ ὧ

Solution :

Ὥὸ
ὧ

ὦ
ρ Ὡ

Zero initial conditions

Ὥὸ
ὧ

ὦ
ὑὩ

Or 

ὥ
Ὠὺὸ

Ὠὸ
ὦὺὸ ὧ

Solution :

ὺὸ
ὧ

ὦ
ρ Ὡ

Zero initial conditions

Example :ὒ ὙὭὸ ὠ

Ὥὸ
ὠ

Ὑ
ρ Ὡ

Ὥὸ
ὠ

Ὑ
ὑὩ

Example : RC ὺ ὸ ὠ

ὺ ὸ ὠ ὠὩ

ὺ ὸ ὠ ὑὩ
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P. In the network shown in figure, the switch is initially at the
position 1 and the steady state having reached, the switch is
changedto the position 2 at t=0. find current i(t) .
Solution :
L- energy storageelement-charged state at t=0-.
At t=0-
Equivalent circuit

Ὥπ
ὠ

Ὑ
ὃȢ

At t>0, equivalent circuit .

Apply KVL

ὙὭὸ ὙὭὸ
ὒὨὭὸ

Ὠὸ
π

ὒ
ὨὭὸ

Ὠὸ
Ὑ Ὑ Ὥὸ π ρ

Ὥὸ ὑὩ ς
Where, K is the initial value of current through he inductor
i.e., at 0-.

Therefore+ σ

ἱἼ
ἤ

ἠ
Ἥ
ἠ ἠ
Ἐ Ἴ



`

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

Transient Response Analysis - Introduction

P. In the network shown in figure, the switch is closed at t=0,
a steady state having previously been attained. Find current
i(t) .
Solution :
L- charged state at t=0-
At t=0-
Equivalent circuit

Ὥπ ὃ

At t>0
Equivalent circuit

Apply KVL

ὠ ὙὭὸ ὒ
ὨὭὸ

Ὠὸ

ὒ
ὨὭὸ

Ὠὸ
ὙὭὸ ὠ ρ

w.k.t.,

Ὥὸ
ὠ

Ὑ
ὑὩ ς

Where, K is the initial value of current through the inductor .

ὥὸὸ π ȟ
ὠ

Ὑ Ὑ

ὠ

Ὑ
ὑ



ὠ

Ὑ Ὑ

ὠ

Ὑ
ὑ

ὑ
ὠ

Ὑ Ὑ

ὠ

Ὑ

Therefore, 

Ὥὸ
ὠ

Ὑ

ὠ

Ὑ Ὑ

ὠ

Ὑ
Ὡ

░◄
╥

╡

╡

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

Solution :
C-charged state at t=0-
At t=0-
Equivalent circuit

ὺ έ ρππὠ

At t>0, equivalent circuit .

υπ ὠ ὠ

υπ ρὼρπ
Ὠὺ

Ὠὸ
ὼυπππὠ

υπ
υ

ρπππ

Ὠὺ

Ὠὸ
ὺὧ

Ὠὺ ὸ

Ὠὸ
ςππὺ ρπ ρ

ὺὸ
ὧ

ὦ
ρ Ὡ

ὺ ὸ
ρπ

ςππ
ὑὩ ς
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Summary
Differential equation -1

Á
ÄÙÔ

ÄÔ
ÂÙÔ π

Solution :
ÄÙÔ

ÄÔ

Â

Á
ÙÔ

ÄÙÔ

ÙÔ

Â

Á
ÄÔ

ÄÙÔ

ÙÔ

Â

Á
ÄÔ

ÌÎÙÔ
Â

Á
Ô +ᴂ

ÌÎÙÔ ÌÎÅ ÌÎ+ ρ

ÙÔ +Å ς
Where,K is integral constantat t= 0+ .

If  y(t)=0, at t=0 + . from (1).

ÌÎÙÔ ÌÎÅ ÌÎ+
+ π

ḈὁἼ

If  y(t)=y(0 + )=x, at t=0 + . from (1).

ÌÎÙÔ ÌÎÅ ÌÎ+
+ Ø

ḈὁἼ ὀἭ
Ἢ
ἩἼ

NOTE: 
Å y(t) may be current i(t) or voltage v(t)
Å i(t) may be branch currents/loop 

currents/ iL(t)
Å v(t) may be branch voltages/Node 

voltages/vC(t).



`

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

Transient Response Analysis 

If  i(t)=0, at t=0 + . from (1).

ÌÎÉÔ ÌÎÅ ÌÎ+
+ π
ḈἱἼ

If  i(t )= , at t=0 + . from (1).

ÌÎÉÔ ÌÎÅ ÌÎ+

+
6

2

ḈἱἼ
ἤ

ἠ
Ἥ
ἠ ἠ
Ἐ

Ἴ

Example :
Å Consider a circuit .

Å At t>0
Å KVL equation

ὙὭὸ ὙὭὸ
ὒὨὭὸ

Ὠὸ
π

ὒ
ὨὭὸ

Ὠὸ
Ὑ Ὑ Ὥὸ π

Å This is in the form of differential equation-1

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ π

Å w.k.t., the solution for differential equation.

Ὥὸ ὑὩ ȟ7ÈÅÒÅȟ+ÉÓÉÎÔÅÇÒÁÌÃÏÎÓÔÁÎÔÁÔÔ πȢ
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Differential equation -2

ὥ
Ὠώὸ

Ὠὸ
ὦώὸ ὧ

Solution :

ὥ
Ὠώὸ

Ὠὸ
ὧ ὦώὸ

Ὠώὸ

ὧ ὦώὸ

ρ

ὥ
Ὠὸ

Ὠώὸ

ὧ ὦώὸ

ρ

ὥ
Ὠὸ

ρ

ὦ
ÌÎὧ ὦώὸ ὑᴂ

ὦ

ὥ
ὸ

ÌÎὧ ὦώὸ ὦÌÎὑ ÌÎὩ

ὦÌÎὑ ÌÎὩ ÌÎὧ ὦώὸ
ὦὑ

Ὡ

ὧ ὦώὸ

Also, ╚
╬

╫
▄
╫

╪
◄
◐◄Ȣ▄

╫

╪
◄

ὦὑὩ ὧ ὦώὸ

ὦώὸ ὧ ὦὑὩ

ὁἼ
Ἣ

Ἢ
ἕἭ

Ἢ
ἩἼ

If  y(t)=0, at t=0 + . from (2).

+
Ã

Â
Å ÙÔȢÅ

+
ὧ

ὦ

ḈὁἼ
Ἣ

Ἢ
Ἥ
Ἢ
Ἡ
Ἴ

If  y(t)=x, at t=0 + . from (1).

+
Ã

Â
Å ÙÔȢÅ

+
ὧ

ὦ
ὼ

ḈὁἼ
Ἣ

Ἢ

Ἣ

Ἢ
ὀἭ

Ἢ
Ἡ
Ἴ
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Example :
Å Consider a circuit .

Å At t>0
Å KVL equation

ὙὭὸ ὒ
ὨὭὸ

Ὠὸ
ὠ

ὒ
ὨὭὸ

Ὠὸ
ὙὭὸ ὠ

Å This is in the form of differential equation-2

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ ὧ

Å w.k.t., the solution for the differential equation.

Ὥὸ
ὧ

ὦ
ὑὩ ȟ7ÈÅÒÅȟ+ÉÓÉÎÔÅÇÒÁÌÃÏÎÓÔÁÎÔÁÔÔ πȢ

If  i(t)=0, at t=0 + .

+
Ã

Â
Å ÉÔȢÅ

+
ὠ

Ὑ

ḈἱἼ
ἤ

ἠ
Ἥ
ἠ
╛
Ἴ

If  i(t )= , at t=0 + . 

+
Ã

Â
Å ÉÔȢÅ

+
ὠ

Ὑ

ὠ

Ὑ Ὑ

ḈἱἼ
ἤ

ἠ

╥

╡

╥

╡ ╡
Ἥ
ἠ
╛
Ἴ

ἱἼ
ἤ

ἠ

ἤ

ἠ
Ἥ
ἠ
Ἐ
Ἴ ἤ

ἠ ἠ
Ἥ
ἠ
Ἐ
Ἴ



`

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

Transient Response Analysis - Introduction

P. In the network shown in figure, the switch is moved
from the position 1 to 2 at t=0. Find VC(t) at t>0.
Solution :
C-charged state at t=0-
At t=0-
Equivalent circuit

ὺ έ ρππὠ
At t>0, equivalent circuit .

υπ υπππzρπ
Ὠὺ ὸ

Ὠὸ
ὺ ὸ

υz ρπ
Ὠὺ ὸ

Ὠὸ
ὺ ὸ υπ ρ

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

ὥ
Ὠὺὸ

Ὠὸ
ὦὺὸ ὧ

Solution for the above equation is

ὺὸ
ὧ

ὦ
ὑὩ

Now, ὥ υz ρπȟὦ ρὥὲὨὧ υπ
Also

ὥὰίέὑ
ὧ

ὦ
ὼ

Where, ὼ ὺ π ρππ

Ḉὺ ὸ υπ υπ ρππὩ ᶻ

ἾἫἼ Ἥ Ἴ
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P. In the network shown in figure, the switch is moved
from the position 1 to 2 at t=0. Find i(t) at t>0.
Solution :
L-charged state at t=0-
At t=0-
Equivalent circuit

Ὥέ τὃ
At t>0, equivalent circuit.

τπ ςὭὸ πȢυ
ὨὭὸ

Ὠὸ

πȢυ
ὨὭὸ

Ὠὸ
ςὭὸ τπ ρ

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

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ ὧ

Solution for the above equation is

Ὥὸ
ὧ

ὦ
ὑὩ

Now, ὥ πȢυȟὦ ςὥὲὨὧ τπ
Also

ὥὰίέὑ
ὧ

ὦ
ὼ

Where, ὼ Ὥπ τ

Ὥὸ
τπ

ς

τπ

ς
τὩ Ȣ

Ὥὸ ςπ ςπ τὩ
ἱἼ Ἥ Ἴ
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P. For the network shown in figure, steady state is reached with
the switch closed. The switch is opened at t=0. Obtain
expression for ὭὸὥὲὨὺ ὸȢ
Solution :
L-charged state at t=0-
At t=0-
Equivalent circuit

Ὥπ πȢρυὃ
At t>0, equivalent circuit.

σπππὭὸ ωπzρπ
ὨὭὸ

Ὠὸ
π

πȢπω
ὨὭὸ

Ὠὸ
σπππὭὸ π ρ

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

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ π

Solution for the above equation is

Ὥὸ ὑὩ

Now, ὥ πȢπωȟὦ σπππ
Also

ὥὰίέὑ ὼ
Where, ὼ Ὥπ πȢρυ

░╛◄ Ȣ ▄ Ȣz ◄
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ὺ ὸ ὒ
ὨὭὸ

Ὠὸ

ὺ ὸ πȢπω
Ὠ

Ὠὸ
Ȣ ▄ Ȣz ◄

ὺ πȢπωzπȢρυz σσȢσσzρπὩ Ȣ ᶻ

○╛◄ ▄ Ȣ ᶻ ◄
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Transient Response Analysis - Introduction

P. For the network shown in figure, the switch is open for a long
time and closesat t=0. Determine ὺ ὸȢ
Solution :
C-charged state at t=0-
At t=0-
Equivalent circuit

ὺ έ 1200V
At t>0, equivalent circuit.

Apply KCL
ρςππὺ ὸ

ρππ

ὺ ὸ

σππ
υπzρπ

Ὠὺ ὸ

Ὠὸ

υπzρπ
Ὠὺ ὸ

Ὠὸ
πȢπρσσὺ ὸ ρς ρ

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

ὥ
Ὠώὸ

Ὠὸ
ὦώὸ ὧ

Solution for the above equation is

ώὸ
ὧ

ὦ
ὑὩ

Now, Á υπzρπȟὦ πȢπρσσὥὲὨὧ ρςȢ

Also, ὑ ὼȟύὬὩὶὩὼ ὺ π ρςππ

ὺ ὸ ωππωππρςππὩ
ἾἍἼ Ὡ
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P. Find i(t) for t>0.
Solution :
L-charged state at t=0-
At t=0-
Equivalent circuit

Ὥέ 17.5 A.

At t>0, equivalent circuit
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Apply KVL

πȢσ
ὨὭὸ

Ὠὸ
ρυὭὸ π ρ

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

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ π

Solution for the above equation is

Ὥὸ ὑὩ
Now,Á πȢσὥὲὨὦ ρυȢ
Also, ὑ ὼȟύὬὩὶὩὼ Ὥπ ρχȢυ

░◄ Ȣ▄ ◄
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Transient Response Analysis - Introduction

P. For the network shown in figure, the switch is changed the
position from a to b at t=0. Find ὺὸὪέὶὸ πȢ
Solution :
C-charged state at t=0-
At t=0-
Equivalent circuit

ὺ έ υV
ὺπ πὠȢ
At t=0+, equivalent circuit.

ὺπ ςȢυὠand Ὥπ ρȢςυὃ
At t>0, equivalent circuit.

Apply KVL

τὭὸ
ρ

ρ
τ

ὭὸὨὸ π

Differentiate the equation w.r.t.t 

τ
ὨὭὸ

Ὠὸ
τὭὸ π ρ
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τ
ὨὭὸ

Ὠὸ
τὭὸ π ρ

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

ὥ
ὨὭὸ

Ὠὸ
ὦὭὸ π

Solution for the above equation is

Ὥὸ ὑὩ
Now, ὥ τȟὦ τ
Also, ὑ ὼȟύὬὩὶὩὼ Ὥπ ρȢςυ

░◄ Ȣ ▄◄

From the circuit
○◄ ░◄
○◄ Ȣ▄◄
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P. In the network shown in figure, the switch is
in position óaôfor a long time. At t=0, the switch
is moved from a to b. Find v2(t) . Assumethat the
initial current in the 2H inductor is zero.
Solution :
L1=1H-charged state at t=0-
L2=2H-Uncharged state at t=0-
At t=0-
Ὥ π πὃȢ

Ὥ π ρὃ

At t=0+
○ Ȣ ╥

At t>0

ρ

ὒ
ὺ ὸὨὸ

ὺ ὸ

ρ
ς

ρ

ὒ
ὺ ὸὨὸ π

ὺ ὸὨὸςὺ ὸ πȢυ ὺ ὸὨὸ π

d.w.r.t.t

ὺ ὸ ς
Ὠὺ ὸ

Ὠὸ
πȢυὺ ὸ π

ς
Ὠὺ ὸ

Ὠὸ
ρȢυὺ ὸ π ρ

Equation (1) is in the form of 

ὥ
Ὠώὸ

Ὠὸ
ὦώὸ π

Hence, the solution is

○ ◄ ╚▄
╫
╪◄ᵼ Ȣ▄ Ȣ ◄
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Laplace Transforms-Introduction

Laplace Transforms :
Laplace transform is a mathematical technique, which converts time domain equations into
frequency domain.

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

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

Å Difficult to incorporate initial conditions .

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

Å Analysis of systems in frequency domain
is easyeven for higher systems.

Å Initial conditions are automatically
incorporated .
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Laplace Transforms-Introduction

Laplace Transforms :
Definition :
Any continuous time function f(t) defined for tÓ0 and its Laplace transform is given by

ὒὪὸ ᵼὊί ὪὸȢὩ Ὠὸ ρ

Where, s is the complex variable, i.e.,▼ Ɑ ▒ⱷ
WhereⱭis the real part, which controls the amplitude and
ⱷis the imaginary part, which controls the frequency.

Inverse Laplace transform :
Definition :

ὒ Ὂί ᵼὪὸ
ρ

ς“Ὦ
ὊίὩ Ὠί ς
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Laplace Transforms-Important Functions

Laplace Transforms of standard test input signals :

Unit Step Signal

►◄
◄
◄

╡Ἳ
Ἳ

Unit Ramp Signal

►◄
◄◄
◄

╡Ἳ
Ἳ

Unit Parabolic Signal

►◄ ◄◄
◄

╡Ἳ
Ἳ

Unit Impulse Signal

►◄
◄
▄■▼▄

╡Ἳ



ὒὪὸ ᵼὊί ὪὸȢὩ Ὠὸ ρ

1. Step signal

Ὢὸ όὸ
ὃ
π
ὸ π
ὸ π

Ὂί ὃȢὩ Ὠὸ

Ὂί ὃȢ
Ὡ

ί
ȿὸ πὸέЊ

Ὂί ὃȢ
Ὡ

ί

Ὡ

ί

Ὂί
!

Ó
ὪέὶόὲὭὸίὸὩὴίὭὫὲὥὰὃ ρ

Ὂί
ρ

ί

ὒὪὸ ᵼὊί ὪὸȢὩ Ὠὸ ρ

2. Ramp signal

Ὢὸ ὶὸ
ὃὸ
π
ὸ π
ὸ π

Ὂί ὃὸȢὩ Ὠὸ

Ὂί
ὃ

ί



ὒὪὸ ᵼὊί ὪὸȢὩ Ὠὸ ρ

3. Unit Impulse signal

Ὢὸ ὸ‏
ρ
π

ὸ π
ὸ πέὶὸ π

Ὂί ρȢὩ Ὠὸ

Ὂί ρȢὩ ȿὸ πȢ
Ὂί ρ

ὒὪὸ ᵼὊί ὪὸȢὩ Ὠὸ ρ

4. f(t)=sinwt

1. Coswt
2. Sinhwt
3. Coshwt
4. eat

5. eatsinwt
6. eatcoswt
7. e-at

8. e-atsinwt
9. e-atcoswt
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Laplace Transforms-Introduction

Laplace Transforms :
Laplace transform is a mathematical technique, which converts time domain equations into
frequency domain.

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

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

Å Difficult to incorporate initial conditions .

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

Å Analysis of systems in frequency domain
is easyeven for higher systems.

Å Initial conditions are automatically
incorporated .
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Laplace Transforms-Introduction

Laplace Transforms :
Definition :
Any continuous time function f(t) defined for tÓ0 and its Laplace transform is given by

ὒὪὸ ᵼὊί ὪὸȢὩ Ὠὸ ρ

Where, s is the complex variable, i.e.,▼ Ɑ ▒ⱷ
WhereⱭis the real part, which controls the amplitude and
ⱷis the imaginary part, which controls the frequency.

Inverse Laplace transform :
Definition :

ὒ Ὂί ᵼὪὸ
ρ

ς“Ὦ
ὊίὩ Ὠί ς
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Laplace Transforms-Examples

ȢἮἼ

,ρ &Ó ρȢÅ ÄÔ

,ρ
Å

Ó

,ρ
ρ

Ó
Å Å

Ἐ
Ἳ
ḉÅ πÁÎÄÅ ρ

ȢἮἼ Ἃ

,! &Ó !ȢÅ ÄÔ

,! !
Å

Ó

,!
!

Ó
Å Å

ἘἋ
Ἃ

Ἳ
ḉÅ πÁÎÄÅ ρ
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Laplace Transforms-Examples

ȢἮἼ Ἴἶ

,Ô &Ó ÔȢÅ ÄÔ

We know that, Integral by parts

ÕȢÄÖ ÕȢÖ ÖȢÄÕ

Let, Õ Ôand ÄÖ Å ÄÔ

ÄÕ ÎÔ ÄÔ

Ö
Å

Ó

Ḉ,Ô ÔȢ
Å

Ó

Å

Ó
ȢÎȢÔ ÄÔ

,Ô π
Î

Ó
Ô Å ÄÔ

Î

Ó
,Ô

Similarly

,Ô
ÎÎ ρ

ÓȢÓ
Ȣ,Ô

.

.

So, Generally

ἘἼἶ
ἶȦ

Ἳἶ
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Laplace Transforms-Examples

ȢἮἼ ἭἩἼ

,Å &Ó ÅȢÅ ÄÔ

,Å Å ÄÔ

,Å
Å

Ó Á

,ἭἩἼ
Ἳ Ἡ

Similarly

ἘἭἩἼ
Ἳ Ἡ

ȢἮἼ Ἳἱἶ Ἴ

ὒÓÉÎʖÔ ÓÉÎʖÔȢÅ Ὠὸ

We know that

ÓÉÎʖÔ
Å Ὡ

ςὮ

╛ÓÉÎʖÔ
Å Ὡ

ςὮ
ȢÅ Ὠὸ

ὒÓÉÎʖÔ
ρ

ςὮ
Ὡ Ὡ Ὡ Ὡ Ὠὸ

ὒÓÉÎʖÔ
ρ

ςÊ
Ὡ Ὠὸ

ρ

ςὮ
Ὡ Ὠὸ

ὒÓÉÎʖÔ
ρ

ςÊ

Ὡ

ί Ὦ‫

Ὡ

ί Ὦ‫

╛Ἳἱἶ Ἴ
Ἳ ⱷ




