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CHAPTER NO.- 01 

CIRCUIT ELEMENTS & ENERGY SOURCES 

 
Learning Objectives:  

1.1-Circuit elements (Resistance, Inductance, Capacitance), Scope of network analysis & synthesize 1.2 

Voltage Division & Current Division, Energy Sources  

1.3 Electric charge, electric current, Electrical energy, Electrical potential, R-L-C parameters,    

Active& Passive Elements. 

1.4 Energy Sources, Current and voltage sources and their transformation & mutual inductance  

1.5 Star – Delta transformation 

 

Introduction: 
 

An electric circuit is an interconnection of electrical elements such as 

resistors, capacitors, inductors, voltage source etc. In electrical engineering, transfer of 

energy takes place from one point to another, which requires interconnection of electrical 

devices. Such interconnection is known as electric circuit and each component of the circuit 

is known as an element. 

 

EXAMPLE-- Consider an electrical circuit as shown in 

the figure. This electric circuit consists of four elements a 

battery, a lamp, switch & connecting wires. Circuit and 

network theorem is the study of the behaviour of the 

circuit: Its behaviour tells us how does it respond to a 

given input how do the interconnected elements and 

devices in the circuit interact? 

 

Electric Current: 
Electric current may be defined as the time rate of net motion of an electric 

charge across a cross sectional boundary as shown in the figure given below. A random 

motion of electrons in a metal does not constitute a current unless there is a net transfer of 

charge with time i.e. electric current. 

 

i = Rate of transfer of electric charge 
= Quantity of electric charge transferred during a given time 

duration/ Time duration 

= 
𝑑Q 

𝑑𝑡 

 

Coulomb is the practical as well as SI unit for measurement of electric 

charge. Since current is the rate of flow of electric charge through conductor and coulomb 

is the unit of electric charge, the current may be specified in coulombs per second. In 

practice the ampere is used as the unit of current. Coulomb is the practical as well as SI unit 

for measurement of electric charge. Since current is the rate of flow of electric charge 



0 

through conductor and coulomb is the unit of electric charge, the current may be specified in 

coulombs per second. In practice the ampere is used as the unit of current. 
 

      Voltage:

 The voltage is the potential difference between two points of a 
conductor carrying a current of one ampere when the power dissipated between these two points 

is equal to one watt. The practical unit of voltage is volt. 
 

Power:  
Power is defined as the rate of doing work or rate at which it can perform 

work. So Power = work done/ Time in seconds 

P = 
𝑑w

= 
𝑑w 𝑑𝑞

= v i
 

𝑑𝑡 𝑑𝑞 𝑑𝑡 

Absolute unit of power is watt. One watt is that power which is required to perform one joule 

of work in one second. The practical unit of power is horse power (HP). This value in metric 

system is 75kg meters per second and in British system is 550 Foot Pounds/second. 

Therefore 

1 HP (Metric) = 75 Kg meters per second= 735.5 watt 1 

HP (British) = 550 Foot Pound/ second = 746 watt 
 

Energy: 
Energy of a body is its capacity of doing work. 

𝐸 = ∫
𝑡 

𝑃𝑑𝑡 

The unit of energy in MKS system is joule and in SI system is KWH. A 

system can have this energy in various forms, such as electrical, mechanical, heat, chemical, 

atomic energy etc. Energy of one form can be transformed to other form, but cannot be 

created nor be destroyed. If one form of energy disappeared, it reappears in another form. 

This principle is known as law of conservation of energy. 

 

1.1 Circuit elements (Resistance, Inductance, Capacitance), Scope of 

network analysis & synthesize 
 

Resistance: 

Resistance restricts the flow of electric current through the material. Unit of 

Resistance(R) is Ohm. From Ohm’s law 

R=V/I 

When an electric current flows through any conductor, heat is generated due to collision of 

free electrons with atoms. If I amp is the strength of current for potential difference V volts 

across a conductor, the power observed by resistor is : 

P=VI= (IR).I=𝐼2𝑅 watts 
    
     Inductance

It opposes any change of magnitude or direction of electric current passing through the    
conductor. Unit is Henry (H).When a current will flow through the coils/Inductor an 

electromagnetic field is created. However in the event of any change of flow on 

direction of current, the electromagnetic field also changes. This change of       field induces 

a voltage (V) across the coil & is given by 
𝑉 = 𝐿. 𝑑

i
 

𝑑𝑡 

Where ‘i’ is current through the inductor. 

------ (1)



Voltage across an inductor is zero when current is constant. 

Hence an inductor acts like short circuit to dc. 

 

Power absorbed by inductor 

P=V x i=Li 𝑑
i
 watts.---------------------------------- (2) 

𝑑𝑡 

Energy absorbed. 
E=∫

𝑡 
𝑝. 𝑑𝑡 = 

1
 Li2 ------------------------------------------------------------- (3) 

 

0 2 

 

From equation (2) & (3): The inductor can store finite amount of energy, even 

the voltage across it may be nil. A pure inductor does not dissipate energy but can only store 

it. 

 

       Capacitance: 

It is the property of capacitor, which have the capability to store electric 

charge in its electric field established by the two polarities of charges on the two electrodes 

of a capacitor. 

The amount of charge store by capacitor is q 

= cv 
i= 𝑑𝑞 =>i=c 𝑑𝑣 

𝑑𝑡 𝑑𝑡 

Therefore if voltage across capacitor is constant, current through it is 

zero. Hence capacitor acts like a open circuit to dc. 

Power absorbed P=V.I= VC𝑑𝑣 
𝑑𝑡 

Energy stored E=∫
𝑡 

𝑝. 𝑑𝑡 = 
1
 CV2 

 

0 2 

A capacitor can store finite amount of energy. Even if the current through it is zero. It never 

dissipates energy. 

Scope Of Network- 

using of network theorem we can solve flowing of current in any branch & also   

determine potential difference in any branch . 

Ex- network used in transmission line 

 

1.2 Voltage Division & Current Division, Energy Sources 
 

Current Divisible Rule 

Two resistors are joined in parallel across a 

voltage V. The current in each branch, as given in ohm’s 

law is 

 
 

     Let R1and R2 are 2 resistor connected in parallel  

     with the voltage source v and current flowing through   

     the parallel R1and R2  are I1and I2respectively  

     let ‘’R’’ be the equivalent   resistance of the above act . 

     R= R1R2/(R1+R2)                      (we know  1/R=(1/R1)+(1/R2)=(R1+R2)/R1R2 



     ⇛R=R1R2/(R1+R2)(proved) 

     From ohm’s law, V=IR 

     I=V/R=V/(R1R2/R1+R2)=V(R1+R2)/R1R2…..(i)……(ans) 

     But ,I=V/R ,I2=V/R2 

    Applying the value V in eq (i)  

     I=I1R1(R1+R2)/R1R2 

    ⇛I1(R1+R2)/R2 

    ⇛I1=I(R2/R1+R2) 

    Similarly 

     I2=I(R1/(R1+R2)) 

 

Example4: A resistance of 10 ohm is connected in series with 

two resistances each of 15 ohm arranged in parallel. What 

resistance must be shunted across this parallel combination so 

that the total current taken shall be 1.5 A with 20 volt applied? 

Solution: The circuit connected in figure Drop 

across 10 ohm resister = 1.5 * 10=15V 

Drop across parallel combination, VAB= 20-15=5V 

Hence voltage across each parallel resistance is 5V. 
I1= 5/15 = 1/3 A 
I2= 5/15= 1/3 A 
I3= 1.5-(1/3+1/3)= 5/6 A 

 

Therefore I3R = 5 or (5/6) R = 5 or R=6 ohm 
 

 

 

Example5: Calculate the value of different current for the 

circuit shown in given figure. 

 

Solution: Total current I = I1 + I2 + I3 

Let the equivalent resistance be R. 

Then V= I R 

Also V = I1 

R1 Therefore I R = I 1 R1 

Or I 1= I R/R1 ------------------------------------------------------------ (1) 

Now (1/R) = (1/R1) + (1/R2) + (1/R3) 

 

R= 
𝑅1 𝑅2 𝑅3 

𝑅1 𝑅2 + 𝑅2 𝑅3+ 𝑅3 𝑅1 

 

 

From equation 1: I 1= 
𝑅2 𝑅3

 



𝑅1 𝑅2 + 𝑅2 𝑅3+ 𝑅3 𝑅1 

 

Similarly I 2 = 
𝑅1 𝑅3

 

𝑅1 𝑅2 + 𝑅2 𝑅3+ 𝑅3 𝑅1 

 

I 3 = 
𝑅1 𝑅2 

𝑅1 𝑅2 + 𝑅2 𝑅3+ 𝑅3 𝑅1 

  

   Voltage Division Rule 

 

      

                 Let R1,R2 ,R3 are three resistor are connected  

    in series with a voltage source ‘V’ & individual                                        

     voltage drop across the resistor R1,R2 ,R3 are  

    V1,V2 & V3  respectively. 

     Then the equivalent resistance of  above the ckt in  

      R=R1+R2+ R3 

     From ohm’s law ,   V=IR 

      ⇒I=V/R =V/(R1+R2+ R3) 

     Voltage across   R1 is   V1.       So     V1=IR1 ---------------(1) 

    Puting the value of I in eqn  1 

   ⇒ V1=IR=V (R1/R1+R2+ R3)  

    Similarly 

        V2=V (R2/R1+R2+ R3) 

          V3=V (R3/R1+R2+ R3) 

Example9: Find the value of different voltages that can be 

obtained from a 12 V battery with the help of voltage divider 

circuit of figure. 

Solution: 

R= R1 + R2 + R3 = 4 + 3+ 1 = 8 ohm 

Drop across R1=VR1 = 12 × (4/8) = 6 volt 

Drop across R2=VR2 = 12 × (3/8) = 4.5 volt 

Drop across R3=VR3 = 12 × (1/8) = 1.5 volt 
 

 

 

 

Example10: What are the output voltages of the unloaded voltage divider shown in    figure 



what is the direction of current Through AB? 

 

Solution: 

It may be remember that both V1 and V2 are with 

respect to ground. 

R= 6+ 4 + 2 = 12 ohm 
Therefore 

V1= Drop across R2= 24 × (4/12) = 8 volt V2 

= Drop across R3= -24 × (2/12) = -4 volt 

 

It should be noted that point B is negative potential with respect to the ground. 

Current flows from A to b i.e. from a point at a higher potential to appoint at a lower 

potential. 

  Kirchhoff’s Law: 
These laws are more comprehensive than Ohm’s law and are used for solving 

electrical networks which may not be readily solved by latter. Kirchhoff’s law is of two 

types, Kirchhoff’s current law and Kirchhoff’s voltage law. Kirchhoff’s current law is used 

when voltage is chosen as variable while Kirchhoff’ voltage law is used when current is 

chosen as variable. 

 
KCL: According to Kirchhoff’s current law the algebraic sum of currents at any node 

of a circuit is zero. From the figure given below: 
 

 

-I1-I2+I3-I4+I5=0 

=>I1+I2+ I4=I3+I5 

 

 

Hence: 

Algebraic sum of currents entering a node = 

Algebraic sum of current leaving a node. 

 
Example1: Find the magnitude and direction of the unknown current as shown in figure 

given I1= 10 A, I2= 6A, I5= 4A 
 

Solution: Assume direction of current in the network 

 
(i) I1= I7= 10 A 
(ii) I1= I2 + I4=> I4= I1- I2= 10- 6= 4 A 
(iii) At node b: I2 - I3 - I5= 0 

=> 6 - I3- 4=0 => I3= 2A 
(iv) At node d: I4 + I3 - I6= 0 

=>4 + 2 – I6 =0 
=> I6 = 6 A 

 



Assume direction of all current are correct because of their positive 

magnitude. Assume directions of unknown current are arbitrary and any direction can be 

taken. 
 

Example2: Find v and the magnitude and 

direction of the unknown currents in the 

branch xn, yn and zn as shown in figure. 
 

 

 

 
Solution:  

At node y: 10 + Ix + Iz = Iy + 2 

Ix – Iy + Iz= -8 
 

𝑉 + 𝑉 + 𝑉 = -8 [since Ix =  , Iy=− 𝑉 , Iz= 𝑉 ] 
5 2 4 5 5 5 

𝑉 = −8.42 volt 

 

Negative magnitude shows that n to be positive. 

 
Therefore Ix = -

8.42
 = -1.684 A (i.e. from flowing current n to x) 

5 

Iy = - 
(−8.42)

= 4.21 A (ie Current flowing from n to y) 
2 

Iz = 
−8.42

= -2.1 A (ie current flowing from n to z) 
4 

The circuit can be redrawn as given below 

 

 

 

 

 

Example3: Find i1 and i2 as shown in figure   

Solution: The circuit is redrawn in figure 

According to KCL: i1 + i2 = 5 + 4 i2 ------------------- (1) 

i1- 3 i2 = 5 -------------------------- (2) 

 

Here i1 = 
 
; i2 = 

𝑉
 

1 5 

Therefore equation 2: V - 3𝑉 = 5 
5 

=> V = 12.5 volt 
Therefore i1 = 12.5 A and i2 = 2.5 A 



 

Kirchhoffs Voltage Law: 
This law can be stated as 
“The algebraic sum of voltage in any 

closed path of a network that is traversed in single 

direction is zero.” 

Explanation: According to KVL 

V1 – IR1 – V2 – IR2 – IR3 = 

0 IR1 + IR2 + IR3 = V1 – V2 

I= 
𝑉1−𝑉2 

𝑅1+𝑅2+𝑅3 

       Problem 1 

 

 

 

1.3  Electric Charge, Electric Current, Electrical Energy, Electrical 

Potential, R-L-C Parameters,    Active& Passive Elements 

Active element: 
An active element has capability to generating energy OR delivering Power 

is called active element. 

Ex: Active Element: Generators, Batteries, And Amplifiers. 

 

         Passive element: 
Passive element has not capability to generating power or delivering           

power is called passive element 



Passive Element: Resistor, Inductor, capacitor. 

       
    
 Unilateral Element-  in which element the current flowing is in unidirectional is called  

                 unilateral element. 

  Ex: Unilateral Element: - Diodes, Transistors 

      Bilateral Element- in which element the current flowing is in both direction is called   

                 bilateral element. 
                    Bilateral Element: - Resistor, Inductor, Capacitor 

      Rlc Parameter- in RLC series ckt the parameters are resistance, 

                               inductance & capacitance which are oppose  the electricity. 
 

Linear And Non-Linear Elements: 
A linear element shows linear characteristics of voltage Vs current. Resistors, 

Inductor, Capacitor are linear elements and their property does not change in applied voltage 

on circuit current. 

For non-linear elements the current passing through it does not change linearly 

with the time as change in applied voltage at a particular frequency. 

Ex: Semiconductor devices. 

 

 

 

1.4 Energy Sources, Current and voltage sources and their 

transformation & mutual inductance  
 

Independent Energy sources: The voltage & current sources whose values or strength 

of voltage and current does not change by any variation in the connected network are called 

independent sources. 
 

 

 

        Series connected independent sources: 

Consider the series connection of two voltage 

sources as shown in the figure. By KVL the total 

voltage between the terminals is equal to algebraic 

sum of individual sources i.e. the voltage sources 

connected in series may be replaced by a single 

voltage source whose voltage is equal to the 

algebraic sum of the individual sources. 

 



Dependent Energy sources: When the strength of voltage and current changes in 

the sources for any change in the connected network, they are called dependent sources. 

There four different types of dependent sources 

a) Voltage controlled voltage source (VCVS) 

b) Voltage controlled current source (VCCS) 

c) Current controlled voltage source (CCVS) 

d) Current controlled current source (CCCS) 

 

 

 

Source Transformations 

In the circuit analysis, a circuit with either voltage source or current sources is 

preferred. Sometimes a circuit may have both i.e. voltage source & current source. In that case 

it is convenient to transform voltage source to equivalent current source and current source to 

equivalent voltage source . 

 

 

(Transformation of Voltage source to (current source to an equivalent an 

equivalent current source)  voltage source) 

Self Inductance-  

whenever change in current flowing through the any coil ,then the e.m.f is induced in such coil ,        

such induced e.m.f oppose the flowing of change in current ,so this property is called self inductance.  

                                                                E= L (di/dt)  

Mutual Inductance-  

 Whenever change in  current flowing through the one coil ,then e.m.f is induced in second coil  

due to farady’s laws of  electromagnetic induction, such emf oppose the change in current in first coil, 

so this property is called mutual inductance. 

                             E2 =M (di1/dt) 

  E1 = M (di2/dt)                         (M=mutual inductance) 

 



 

1.5 Star – Delta transformation 

       Delta To Star: 

The two systems will be exactly equivalent if the resistance between any pair of terminals 

A, B and C in figure for the star is the same as that between the corresponding pair for the delta 

connection when the third terminal is isolated. 

For the Y-network resistance between the terminal 

A and B is Rab = Ra + Rb ---------------------------------------------------------------------------------------------- eq. (i) 

For the network resistance between the terminals AB is Rab

 = Rab (Rac + Rbc) 

= Rab (Rac+Rbc) ------------------------------------------------------- eq. (ii) 

Rab+Rac+Rbc 

Hence Ra + Rb = Rab (Rac+Rbc)   eq. (iii) 

Rab+Rac+Rbc 

       Simalarly for Y-network resistance between terminal B and C    

                       Rbc = Rb+Rc  

For the network resistance between terminal B and C is Rbc 

= Rbc (Rab+Rac) 

Rb+Rc = Rbc (Rab+Rac)   eq. (iv) 

Rbc+Rab+Rac 

Similarly we can find Rac between terminal A and C is 

Ra+Rc = Rac (Rab+Rbc)   eq. (v) 

Rac+Rab+Rac 

Subtracting eq.(v) from the sum of eq.(iii) and eq.(iv) yields 2 

Rb = 2 Rab . Rbc 

Rab+Rbc+Rc

a Rb = Rab . Rbc 

Rab+Rbc+Rca 

Subtracting eq.(iv) from the sum of eq.(iii) & eq.(v) yields 

2 Ra = 2 Rab . Rac 

Rab+Rbc+Rac 

Ra = Rab . Rac 

Rab+Rbc+Rac 

Similarly subtracting eq.(iii) from the sum of eq.(iv) and eq.(v) yields 2 

Rc = 2. Rbc . Rca 

Rab+Rbc+Rca 

Rc = Rbc . Rca 



Rab+Rbc+Rca 

 

Star To Delta Conversion 
 

Similarly we can find conversion formula for Y to as 

 
Rab = Ra . Rb + Rb .Rc + Rc . Ra 

Rc 

Rbc = Ra . Rb + Rb .Rc + Rc . Ra 

Ra 

Rca = Ra . Rb + Rb .Rc + Rc . Ra 

Rb 

Problem: 



 

 

                Probable Short question with answer 
Q.1- Three 6 ohm resistors are connected in the form of a delta. Find it’s equivalent 

star network.   [W-2013] 

Ans-    data 

 R12=R23=R31=6 ohm 

 R1=R12R31/R12+R23+R31 

      = 6*6 /(3*6)=2 ohm 

 R2=R12R23/R12+R23+R31 

   =6*6/(3*6) =2 ohm 

 R3==R23R31  /R12+R23+R31 

       =6*6  /(3*6) =2 ohm 

Q.2 -  Define Lumped Parameter Network.  [W-2013] 

Ans-  a lumped network is usually a simplification of a distributed network such as transmission line. A   

Transmission line has built in resistance , inductance & capacitance . 

Q.3  If a current entering a ckt is 5A .the circuit consist of 3 ohm & 5 ohm resistors in  

parallel .find current  passing through the each resistor. [W-2013,2019] 

Ans-  By current divisible rule in parallel ckt 

 I1= I (R2 / R1+ R2) =5*(5/(5+3))=5*5 /8  =25/8 

 I2= I (R1 / R1+ R2) =5*(3/(5+3))=5*3 /8  =15/8 



 

 

Q4-What are active & passive network element ? [W-2017] 

Ans- Which element has won source or capable of delivery of electric power to the output is 

known as active element. 

EX-Battery,Generator,Transistor,UPS 

Passive element/circuit 

Which element has no won source or does not capable of delivery the electric power to the 

output is known as passive element. 

Q.5- Define Unilateral & Bilateral Element With Example.[W-2019] 

Ans- Lateral element and circuit 

Which elements is having unidirectional current flowing is known as lateral element. 

Ex-Diode 

Bilateral element 

Which element is having bi direction current flowing is known as bilateral network 

Ex-Transistor,Resister,Inductor,capacitor 

Q.6- five 5 ohm resistors are connected in parallel. What will be the equivalent resistance of the ckt .[] 

Ans-   
1

𝑅
= 

1

𝑅1
+

1

𝑅2
+

1

𝑅3
+

1

𝑅4
+

1

𝑅5
   =  

1

5
+  

1

5
+    

1

5
+   

1

5
+

1

5
 =5/5 =1    

Q.7- what is the internal resistance of an ideal voltage & ideal current source ? 

Ans-   Rint= 0    (for ideal voltage source) 

 Rint =∞  (for ideal current source) 

                                           

                                              Long question 

Q.1- find equivalent resistance across AB in the below ckt shown in fig.[W,S -2019] 



   

 

 

 

Q.2- find current through load resistance by using source conversion technique in the ckt shown in 

fig. 

     [W-2019] 

     

Q.3- derive expression for energy stored in electrical elements like resistor, inductor & capacitor.[W-

17] 

Q.4- find voltage drop across 1 ohm & power   loss across 2 ohm resistor in the given network.[W-17] 

 

  

 

  

  

Q.5- find the equivalent resistance between  A & B for the ckt as shown in fig.[w-20] 

 

      



 

      CHAPTER-2 

                            NETWORK THEOREM 
Introduction- 
 
                                             Electric circuits on network consist of a number of interconnected 

single circuit elements. This circuit will generally contain at least one voltage on 
current source. The arrangement of elements results in a new set of constraints 
between currents and voltages. These new constraints and their corresponding 
equations added to the current-voltage relationships of the individual elements 
provide the solution of the network. There are different approaches for this but the 
solution is always unique. 
 

2.1 NODE ANALYSIS & MESH ANALYSIS 

Two methods one Node analysis and the other mesh analysis are used to 

analyse a circuit depending on the arrangement and types of elements in the circuit. 

Nodal analysis is based on Kirchhoff’s Current Law (KCL) and Mesh analysis is based on 

Kirchhoff’s Voltage Law (KVL). 

 
NODAL ANALYSIS 

Let us consider a circuit shown in fig 2.2 with four 

nodes. A convenient way of defining voltages for any network is 

the set of node voltages. 

One node i.e. 4 (generally the node at the 

bottom)is marked as reference node with ground and other 

nodes are associated with a voltage. The reference node also can be called as Ground 

Node. In fig 2.2, the voltages V1, V2, V3 are called Node Voltages because they represent 

the potential differences between the nodes 1,2 & 3 and reference node respectively. 

That is the voltage of each of the non-reference 

nodes with respect to the reference node is defined 

as a node voltage. 

Consider the circuit in figure 

 
i1 = V1 – V2 , i5 = V1 – V3 

R1  R5 

Now applying KCL at node 1, the sum of currents 

leaving is zero. 

Therefore i1+i5 –i = 0 



i = V1-V2 + V1-V3   eq. (1) 

R1  R5 

 
Similarly at node 2 -i1= V2 – V1 , i2 = V2 , i3 = V2 – V3 

R1 R2 R3 

V2 – V1 + V2 –V3    + V2 = 0   eq.(2) 

R1 R3 R2 

At Node 3 Sum of currents leaving are 

-i3 = V3-V2 , i4 = V3 , -i5 = V3 – V1 

R3 R4 R5 

 
V3 – V2 + V3    + V3- V1   _ eq. (3) 

R3 R4 R5 

All the above these equation can be solved to determine the individual 

node voltages V1, V2& V3. 
Example 1 

Find the node voltages V1 and V2 for the 

circuit at figure. 

Solution At node 1 apply KCL sum of all 

the current leaving the node (1) is zero current leaving 

node 1 are V1, V1-V2 and -2A (2A is entering) 
10 15 

V1 + V1- V2_ -2 = 0 

10 15 
V1( 

1 
+ 

1 
) – 

𝑉 2 
= 2 

10   15 15 

5V1 – 2V2   = 60 -------------------------------------------------------eq. (1) 
Similarly At node 2 current leaving are 𝑉2 , 𝑉2−𝑉1 and -4A 

5 15 
𝑉2 

+ 
𝑉2−𝑉1 

-4 = 0
 

5 15 

4V2 – V1 = 60   eq. (2) 

Solving the above two equations (1) & (2) 

We get V1 = 20V, V2 = 20V 

 
Example 2 

Find V1, V2 and V3 for the circuit in figure. 

Solution 

At node 1 

V1 –V2 + 
𝑉1−𝑉3 

+ 3 = 0 
2 

3V1-2V2-V3 = -6   eq. (1) 

At node 2 
 
V2-V1 + 

𝑉2
+ 

𝑉2−𝑉3 
= 0 

3 4 

-12V1 + 19V2 -3V3 = 0 _ eq.(2) 



 
 
 
 
 
 
 

At node 3  
𝑉3−𝑉1 

+ 
𝑉3 

+ 
𝑉3−𝑉2 

= 7
 

2 5 4 

-10V1- 5V2 +19V3 = 140   eq. (3) 
 

 
Example 3 

 
 

Solution 

By solving we get V1 = 5.238V, V2 = 5.12V & V3 = 11.47V 

Find the node voltage V1& V2 

 
To write node equation treat node 1 and 2 

and the voltage source together as a Sort of Super node 

and apply KCL to both nodes at the same time. The 

super node is individual by dotted line. 

Applying KCL, we get 
-1+𝑉1 + 𝑉2 + 𝑉2 = 0 

 
 
 
 

eq. (1) 
2 2 5 

And from voltage source V1 – 2 = V2   eq. (2) 

Now we can solve for V1 and V2 using both equations. 

 

MESH ANALYSIS 
Mesh analysis is restricted to the category called Planar Circuit whereas 

nodal analysis can applied to any electrical circuits. A planer circuit is a circuit if the 

diagram of the circuit can be drawn on a plane surface without crossover. Example of 

planner and non-planar circuit are shown in fig (2.7). 
 

Figure depicts a circuit comprising two meshes. 
 

They are  
Mesh 1: V5  R1  R2 V3 

Mesh 2: R3  R4  R2 R3 

The two mesh currents are labeled as i1 and i2 flowing in clockwise 

direction. Now we will apply KVL around each mesh. 



SUPERMESH 

When a current source is common to two meshes we use the concept of 

super mesh to analysis the circuit using mesh current method. A super mesh is a larger 

mesh created from two meshes that have a current source as common element. A super 

mesh encloses more than one mesh for each common current source between two 
meshes, the number of meshes reduce by one, thus reading the number of mesh 

For mesh 1 

i1R1 + (i1-i2) R2 = V5   eq. 1 
For mesh 2 

i2R3 + i2R4 + R2 (i2-i1) = 0   eq. 2 
 

Eq.(1) & (2) can be rewritten as 
(R1+R2)i1 – R2i2 = V5   eq.3 
-R2i1 + (R2+R3+R4) i2 = 0 

Finally the two equations can be put in matrix form

 
 

Which can be solved for i1 and i2. 
 

Examples 4 find the mesh current i1 and i2 for the circuit shown in figure. 
 

For first mesh 2i1+3(i1 – i2) = 9 eq.1 
4i2-5+3(i2-i1) =0 eq.2 

Equation can be rewritten as 

5i1 -3i2 = 9   eq.3 
-3i1+7i2 = 5   eq.4 

By solving i1 = 3A, i2 = 2A 
 

Example 5 

Determine the voltage drop across 3Ω resister using mesh analysis in figure. 
 

 

 



Solution to Example 6 

The 2A current source is common to mesh 2 & 3. So we create a super 

mesh as shown in dotted line. 

For super mesh 
6i3 + 3i2 + 5(i2-i1)-8= 0 
 -5i1 + 8i2 + 6i3 = 8   eq. 1 

 

For mesh 1 

-12+8+5(i1-i2) = 0 
 5i1 – 5i2 = 4   eq.2 

 

From current source i2-i3 = 2 
By solving we get i2 = 2.664 

Voltage across 3Ω resistor = 2.66×3 = 8v. 
 

Example 7 

Use node analysis to find V1, V2, V3 & i1 

Solution 

Applying KCL at node 1 

We get 
𝑉1−𝑉2 

+ 
𝑉1−𝑉3 

= 2
 eq. 1 

 
 

20 2 

Applying KCL at node 2 
𝑉2−𝑉1 

+ 
𝑉2 

+ 8 = 0
 eq.2 

 
 

20 4 

Applying KCL at node 3 
𝑉3 

+ 
𝑉3−𝑉1 

= 8
 

 
eq.3 

 
 

2 2 

By solving all these equations we can get V1= 16v, V2= -24v, V3 = 16v, i1 = 0A 

 
Examples 8 

Find the voltage V2 using mesh analysis. 

 
Solution 

Applying KVL for super mesh 
30i1+20(05+i1)+10=0 
 50i1 = -20 
 i1 = -

2 
= - 0.4A, V2 = 20(i1+0.5) 

5 

= 20×0.1 = 2v 



 

2.2 Superposition Theorem 
In a linear bilateral network containing two or more independent sources, 

the voltage across or current in any branch is algebraic sum of individual voltages or 

currents produced by each independent sources acting separately with all the 

independent sources set equal to zero. 
Procedure to solve the circuit using superposition theorem 

1. Select only one source and replace all other sources with 

their internal resistance. If the source is an ideal current 

source replace it by open circuit. If the source is an ideal 

voltage source, replace it by short circuit. 

2. Find the current and its direction through the desired 

branch. 

3. Add all the branch currents to obtain the actual branch 

current. 
 

Examples 9 

Find the   current   through   2Ω   register   using 

superposition theorem. 
 

Solution 

First we find the contribution to I due to 5V 

source by replacing 2A current source with open-circuit. 

Applying KCL for the circuit in figure. 

 
𝑉−5 

+ 
𝑉 

+ 
𝑉 

= 0
 

3 2 6 

V = 
5 

v, I1 = 
5 

Amp 
3 6 

Next we find the contributions I2 due to 2A current source 

by replacing the voltage source by short-circuit. 
 

 
 

I2 = 2×
2 

= 1Amp 
4 

Total current flowing through the 2Ω resistor = I1+I2 = 1+
5 

= 
11

Amp 
6 6 



5 

5 

Limitation of Super-position Theorem 
1. Not applicable to the circuits consisting of only dependent sources. 

2. Not applicable to the circuits consisting of non-linear elements. 

3. Not applicable for calculation of power, since power is potential is propositional 
to the sequence of current or voltage. 

4. Not useful to the circuits consisting of less than two independent sources. 
 

Example 10 

Find current I using Superposition theorem for the circuit in the figure. 

 

Solution: 

The circuit has three voltage sources. First we find the contribution to I1 

due to 2V. Therefore short-circuit the remaining two voltage sources as shown in figure. 
 

I1 =
 2 

= 
10 

= 
5 

A
 

  

2+
6      16 8 

 

I1 = 
5 

×
2 

= 
1 

A 
8     5 4 

 
 

 

When 4V acting as shown in figure 

I1 =
 4 = 5 A 

 

2+
6      4 

 

I2 = 
5 

×
2 

= 
1 

A 
4     5 2 

 
 

 

When 3V is acting alone as shown in figure 

I3 = - 
3
Amp 

4 

When all the sources are acting together total 

current will be 
I = I1 + I2 + I3 = 

1 
+ 

1 
- 

3
= 

1+2−3
= 0Amp 

4 2     4 4 



Example 11 

Find current Ia 

Solution: Let us assume that only 12V is acting done and current 
through it ia1, open circuit 4A and 1A current source and short-circuit the 6V voltage 

source as in the figure. 

 
 

 
Ia1 = - 

12 
= - 

4
A 

9 3 

When 4A current source is acting alone as shown in figure. 

 
Ia2 = 

4×6 
= 

24 
= 

8 
A 

9 9 3 

 

 

When 1A is acting alone as shown in figure. 
Ia3 = 1×

3 
= 

1 
A 

9 3 

 

 

When 6V is acting alone as in figure 

 
Ia4 = 

6 
= - 

2 
A 

9 3 

 

When all the sources are acting total current will be 

Ia = Ia1 + Ia2 + Ia3 + Ia4 

= - 
4 

+ 
8 

+ 
1 

- 
2 

= 
−4+8+1−2 

3 3 3     3 3 

= 
3 

3 

= 1amp 

Ia = 1A 

 
APPLICATION OF SUPER-POSITION THEOREM 

The super-position theorem is applicable for any linear circuit having time 

varying or time invariant elements. It is useful in circuit analysis for finding current & 

voltage when the circuit has a large number of independent sources. 



a 

h 

e 

g n 

LIMITATION OF SUPER-POSITION THEOREM 
1. Not applicable to the circuits consisting of dependent sources. 

2. Not applicable to the circuits consisting of non linear elements like 

diode, transistor etc. 

3. Not applicable for calculation of power. 

THEVENIN’S THEOREM 
Thevenin’s theorem states that any linear active two terminal network 

containing resistance and voltage sources or current sources can be replaced by a single 
voltage sources Vth in series with single resistance Rth. The Thevenin equivalent voltage 

Vth is the open circuit voltage at the network terminal and the Thevenin resistance Rth is 

the resistance between the network terminals when all the sources are replaced with 
their internal resistance. 

Fig (a) shows a linear network containing resistance, voltage sources or 

current sources with output terminal AB using Thevenin’s theorem the linear network 

can be replaced by single voltage source Vth in series with a single resistor Rth as shown 

in fig(b). Now any resistor can be corrected between the terminal AB and current 

through it can be obtained easily. 
Procedure to find the current through a branch using Thevenin’s Theorem. 

 

1. Remove the branch through which current is to be found and mark the terminal 

AB. 
2. Calculate the open circuit voltage Vth between the terminal AB. 

3. Replace the independent sources with their internal resistance. (if the internal 

resistances are zero, then voltage source should be short-circuited and current 

source should be open-circuited) 

4. Calculate Rth between the terminal AB. 

5. Correct thevenin’s voltage sources in series with Thevenin resistance with output 
terminal AB. 

6. Correct the removed resistance between AB and find the current through it. 
 

 

Example  
Find VTH, RTH 

 
nd the load current 

flowing through and load voltage across the load 

resistor in figure by using T evenin’s Theorem. 
 

Solution 

Step 1 

Open the 5kΩ load resistor figure. 

Step 2 

Calculate / measur the Open Circuit 
Voltage. This is the Thevenin Voltage (VTH) 
figure. We have already removed the load resistor from figure 1, so the circuit became an 

open circuit as shown in fi 2. Now we have to calculate the Theve in’s Voltage. Since 



) 
o 

s 

e 

a 

a 

3mA Current flows in both 12kΩ and 4kΩ resistors 

as this is a series circuit because current will not 

flow in the 8kΩ resistor as it is open. 

So 12V (3mA x 4kΩ 

4kΩ resistor. We also kn 

flowing through the 8kΩ 

will appear across the 

w that current is not 

resistor as it is open 

circuit, but the 8kΩ resistor is in parallel with 4k 
resistor. So the same voltage (i.e. 12V) will appear 

across the 8kΩ resistor a 

terminals. So, 

4kΩ resistor. Therefore 12V will appear across the AB 

 

VTH = 12V 

 

Step 3 

Open Current   Sources   and   Short 

Voltage Sources figure. 
 

 

Step 4 

Calculate /measure the Open Circuit 

Resistance. This is the Thev nin Resistance (RTH) 

We have Reduced the 48V DC source 

to zero is equivalent to repl 

(3), as shown in figure () 

resistor is in series with a p 

ce it with a short in step 

We can see that 8kΩ 

rallel connection of 4kΩ 

resistor and 12k Ω resistor. i.e.: 

8kΩ + (4k Ω || 12kΩ) ….. (|| = in parallel with) 

RTH = 8kΩ + [(4kΩ x 12kΩ) / (4kΩ + 12kΩ)] 

RTH = 8kΩ + 3kΩ 

RTH = 11kΩ 
 

 
Step 5 

 

 
Connect the 

 

 
RTHin series with Voltage 

Source VTH and re-connect the load resistor. This is 
shown in figure i.e. Thevenin circuit with load 

resistor. 



/ 

L 

Step 6 

Now apply the last step i.e. calculate the 

total load current & load voltage as shown in figure. 

IL = VTH/ (RTH + RL) 

= 12V (11kΩ + 5kΩ) → 

= 12/16kΩ 

IL = 0.75mA 

And 

VL = ILx R 

VL = 0.75mA x 5kΩ 

VL = 3.75V 

NORTON’S THEOREM 

Norton’s theorem states that any linear active two 
contains resistance and voltage source or current source can be 

 
 
 
 
 
 
 
 
 
 

terminal network 
replaced by single 

current source or current source can be replaced by single current source IN in parallel 

with a single resistance RN. The Norton’s equivalent current IN is the state circuit current 
through the terminals AB and resistance RN   is the resistance between the network 
terminals when all the sources are replaced with internal resistances. 

Procedure to find the current through a branch using Norton’s theorem. 
1. Remove the branch through which current is to be found and mark terminal AB. 

2. Short-circuit the terminal AB and find current through it and denote it as ISC. 
3. Replace the independent sources with their internal resis ances (if internal 

resistances are zero then voltage source should be short circuited and current 

sources should be open-circulated). 
4. Calculate RN between the terminals AB. 

5. Connect the short-circuit current (Norton’s) In in parallel with RN with output 

terminal AB. 
Correct the removed branch between terminals AB and find current. 

Example 

Find the current in RL using Norton’s Theorem 
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q 
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After Norton conversion . . . 
 
 

Remember 

a current source is a co 

that 

ponent 

whose job is to provide a constant 

amount of current, outputting as 

much or as little voltage necessary 

to maintain that constant current. 

 
 
 

As with Thevenin's 

Theorem, everything in the original 

circuit except the load resistance has 

been reduced to an equival nt circuit 

that is simpler to analyze. Also similar 

to Thevenin's Theorem are the steps 

used     in     Norton's     Theorem     to 

calculate the Norton source current (INorton) and Norton resistance (RNorton). 

As before, the first step is to identify the load resistance and remove it 

from the original circuit. 

Then, to find the 

Norton current (for the 

source in the Norton e 

circuit), place a direct wir 

current 

uivalent 

(short) 

connection between the load points 

and determine the resultant current. 

Note that this step is exactly 

opposite the respective step in Thevenin's Theorem, where we replaced the load 

resistor with a break (open circuit). 

With zero voltage dropped 

between the load resis or connection 

points, the current through R1 is strictly a 

function of B1's voltage and R1's resistance: 

7 amps (I=E/R). Likewise, the current 

through R3 is now strictly a function of B2's 

voltage and R3's resistance: 7 amps (I=E/R). 



= V   [ ]= 0S 

 

For the above network, 
we are going to find-out the value of 
unknown resistance called “RL”. In 
previous post, I already show that when 
power is maximum through load- 
resistance is equals to the equivalent 
resistance between two ends of load- 
resistance after removing. 

So, for finding load- 
resistance RL. We have to find-out the 
equivalent resistance like that for this 
circuit. 

The total current through the short between the load connection points is the sum of 

these two currents: 7 amps + 7 amps = 14 amps. This figure of 14 amps becomes the 

Norton source current (INorton) in our equivalent circuit. 

Current through load of 2  resistor = 14 X .8 /2.8 = 4 Amp. 

Maximum Power Transfer Theorem 

In a linear bilateral network containing an independent voltage 
source in series with resistance RS delivers maximum power to the load resistance RL 

when RL=RS 

Let us consider a circuit shown in fig(a) 

Current I= 𝑉𝑠 
𝑅𝑠+𝑅𝑙 

Power delivered to the load PL = I2RL = (
 𝑉𝑠 

)2 RL 
𝑅𝑠+𝑅𝑙 

To find the value of RL for optimum power transfer differentiate PL with respect to RL and 

equal to 2nd 

𝑑𝑃𝑙 

𝑑𝑅𝑙 
2    (𝑅𝑠+𝑅𝑙)2−2𝑅𝑙(𝑅𝑠+𝑅𝑙) 

(𝑅𝑠+𝑅𝑙)2 

⇒ (RS +RL)X = 2 RL (RS/+RL) 
⇒RS + RL = 2RL 

 
⇒ 

 
Maximum power will be = (VS/2RL)2 × RL = VS2/4RL 

Example 

Find the value of RL for the given network below 
that the power is maximum? And also find the Max Power 
through load-resistance RL by using maximum power transfer 
theorem? 

 
 

RS = RL 



 
 
 

Now, For finding Maximum Power through 
load-resistance we have to find-out the value of Vo.c. Here, 
Vo.c is known as voltage between open circuits. So, steps are 

For this circuit using Mesh-analysis. We get 

Applying Kvl in loop 1st:- 

6-6I1-8I1+8I2=0 

-14I1+8I2=-6 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (1) 

Again, Applying Kvl in loop 2nd:- 

-8I2-5I2-12I2+8I1=0 

8I1-25I2=0 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (2) 

On solving,eqn (1) & eqn (2), We get 

I1 = 0.524 A 

I2 = 0.167 A 

Now, From the circuit Vo.c is 

VA-5I2- VB = 0 

Vo.c/ VAB= 5I2 = 5X0.167 = 0.835v 

So, the maximum power through the RL is given by:- 
 



Milliman’s Theorem 

This theorem states that Any number of current sources in parallel may be 

replaced by a single current source whose current is the algebraic sum of individual 

source currents and source resistance is the parallel combination of individual source 

resistance. 

The alternative statement of Milliman’s theorem is Any number of voltage 
source   V1,   V2,   V3,   ----------Vn    having   source   resistance   R1,   R2,   R3 --------------------------- Rn 

respectively connected in parallel may be replaced y a single voltage source Vn and 

resistance Rn where 

The above two statements are identical because a voltage source can be 

connected in to current source and vice-versa. 

Reciprocity Theorem 

The Reciprocity theorem states that if the source voltage and zero 

resistance ammeters are integrated, the magnitude of the current through the ammeter 

will be the same. In lead the principle states that in a linear positive network, supply 

voltage V and current I are mutually transferable. The ratio of V and I is called the 

transfer resistance. 
 2.3  Problem 1 

 



Problem 2 



Problem 3 
 

 

 



Problem 4 
 



Problem 5 
 



 

 

Problem 6 
 

 
 



Short questions 

Q.1- state maximum power transfer theorem. 

Ans- It  state that “ in a linear bilateral network the maximum power will be transferred or 
delivered to the load only when the load resistance  is equal to the source or internal 
resistance” 

 

Q.1- define KCL & KVL 

Ans- KCL (kirchoff’s current law)— 

     It state that “the algebraic sum of current meeting at a point or node I zero”.. 

Explanation 

     Let us consider the incoming current takes as the current takes us negative current . 

→ Applying KCL to the above node we get   

I1+I2-I3-I4+I5-I6=0                                     

⇛I1+I2+I5=I3+I4+I6

 

 

KCL can be state that the algebraic sum of the incoming current is equal to the outgoing 
current. 

Kcl is applied in nodal analysis . 

KVL(kirchoff;s voltage law) 

   It state that in a closed ckt the algebraic sum of voltage and voltage drop (IR drop) & the 
emf are zero. 

Mathematically      ∑ 𝐼𝑅 +∑ 𝐸=0                     (IR=voltage drop  ,E=applied voltage) 

 



Q.3- state the millman’s theorem. 

Ans- Statement--  it state that “if ‘N’ no of voltage source  are in series with ‘N’ no of 
resistance then the equivalent ckt can be replaced by single voltage source called millman’s 
voltage & equivalent resistance is called millman’s resistance”. 

 

Q.4- In order which conditions super position theorem is applicable. 

Ans- in which ckt more than one voltage & current sources are present & also becomes linear & bilateral elements 
then this theorem is applicable. 

 

Long questions- 

Q.1- state & explain superposition theorem . 

Q.2-in the network configuration find the current & voltage drop through 5 ohm resistor. 

   

Q.3- what should be the value of ‘R’ such that maximum power transfer can take place from the rest of the ntwork 
to’R’ obtain the amount of power. 

  

Q.4- state & explain milliman’n  theorem. 

Q.5- state & explain reciprocity theorem. 



Q.6- find current in the 3 ohm resistor in the ckt shown by applying thevenin’s theorem. 

  

Q.7- find thevenin ‘s equivalent ckt & calculate current through 3 ohm resistor . 

 

    

 

 

 

 

 

Q.8- find the current ‘I’ in the ckt as shown in the following fig using superposition theorem. 

    
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

CHAPTER 3.0  

Power Relation in AC circuits & Transient Response of passive 

circuits 

 
Scope of learning: 

 
3.1-Definition of frequency, Cycle, Time period, Amplitude, Average value, RMS value, 

Instantaneous power & Form factor. Reactive power, power Triangle of AC Wave 

3.2-Phasor representation of alternating quantities 

3.3-Single phase Ac circuits-Behaviors of A.C. through pure Resistor, Inductor & Capacitor 

3.4-DC Transients-Behaviors of RL series ckt & draw the phasor diagram and voltage triangle, DC 

Transients-Behaviors of R-C series circuit & draw the phasor diagram and voltage triangle, DC 

Transients-Behaviors of R-L-C series circuit & draw the phasor diagram and voltage triangle. 

3.5-Define Time Constant of the above Circuit. 

3.6-Solve numerical simple problems of above Circuit 

Introduction: 

Alternating current is the current which constantly changes in amplitude, and reverses direction at regular 

intervals. 

Properties of alternating current: 

                      An A.C. source of electrical power 

 Changes constantly in amplitude and the   changes are so 

regular Alternating voltage and  current have a number 

of properties associated  with any such waveform. These 

basic properties include the following list: 
 

 3.1-Definition of frequency, Cycle, Time period, Amplitude, Average 

value, RMS value,Instantaneous power & Form factor. Reactive power, 

power Triangle of AC Wave: 

Frequency(f)- 

                          One of the most important properties of any regular waveform identifies the number of 

complete cycle per second. 

   

   f=1/T     (T-time perood) 

  unit-herz (Hz) 

 

 

 

 

 

 



 

 

Time 

Voltage & 
current  

Period(T)- 
                           The amount of time required to complete one cycle of the waveform is called time 

peroiod. This is  logically the reciprocal of frequency. 

                           T=1/f 

Wavelength(λ)- 

wavelength is measured in distance per cycle while period is measured in time 
per cycle. 

C= λ/T = λf 

λ =c/f 

Amplitude- 

                           Mathematically, the amplitude of a sine wave is the value of that sine wave at its peak. 

This is the maximum value, positive or negative, that it can attain. 

The Sine Wave- 
    

In discussing alternating current and voltage, you will often find it necessary to 
express the current and voltage in terms of maximum or peak values, peak- to-peak values, 
effective values, average values, 
or instantaneous values. Each of these values 
has a different meaning and is used to describe   

Vm
 

a different amount of current or voltage. 
Im

 

Peak Value[Ip] 

 

 

 

Refer to figure, it is the maximum value of voltage [Vp] or Current [Ip]. 

The peak value applies to both positive and negative values of the cycle. 

Peak-Peak value [Ip-p] 
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AVERAGE VALUE 

The average value of an alternating current or voltage is the average of all the 

instantaneous values during one alternation. Since the voltage increases from zero to peak 

value and decreases back to zero during one alternation, the average value must be some value 

between those two limits. 

The average value of A.C. is the average over one complete cycle and is clearly 

zero, because there are alternately equal positive and negative half cycles. 

 
Average voltage = 

2 
 peakvalue 



ROOT MEAN SQUARE VALUE 
Circuit currents and voltage in A.C. circuits are generally stated as root- 

mean-square or rms values rather than by quoting the maximum values. The root- 
mean-square for a current is defined as the value of steady state current which when 
flowing through a resistor for a given time produces the same amount of hit as 
generated by the alternating current when passed through the same resistor for the 
same time. 

 

Irms 


V

rms 

 

 

 1.11 

Irms  m
 

Form Factor = 
 

V
ave 

It is the ratio of RMS value to average vale of voltage or current. 
 

SINE WAVES IN PHASE 
When a sine wave of voltage is applied to a pure resistance, the resulting 

current is also a sine wave. This follows Ohm’s law which states that current is directly 
proportional to the applied voltage. To be in phase, the two sine waves must go through 
their maximum and minimum points at the same time and in the same direction as 
shown in the figure. 

 
 

1 
T 

T 
0

 
 



0_ 90_ 180_ 270_ 360_ 

Sine Waves Out of Phase 
Figure shows voltage wave E1 which is considered to start at 0° (time one). As 

voltage wave E1 reaches its positive peak, voltage wave E2 starts its rise (time two). Since 

these voltage waves do not go through their maximum and minimum points at the same 

instant of time, a phase difference exists between the two waves. The two waves are said to 

be out of phase. For the two waves in figure, the phase difference is 90°. 
 

PHASORS 

In an a.c. circuit, the e.m.f. or current vary sinusoidally wih time and may 

be mathematically represented as 

E = E0 sin ωt 

and I = I0 sin (ωt ± θ) 

Where θ is the phase angle between alternating e.m.f. and current. 

Displacement of S.H.M. also varies sinusoidally with time i.e. 

Y = A sin ωt 

And its instantaneous value is equal to the projection of the amplitude A on Y-

axis. Therefore,instantaneous values of alternating e.m.f. (E) and current (I) may be 

considered as the projections of e.m.f. amplitude (E0) and current amplitude (I0) 

respectively. The quantities, such as alternating e.m.f. and alternating current are called 

phasor. Thus a phasor is a quantity which varies sinusoidally with time and represented as the 

projection of rotating vector. 

3.2 Phasor representation of alternating quantities 

 
The generator at the power station which produces our A.C. mains rotates 

through 360 degrees to produce one cycle of the sine wave form which makes up the supply. 

In the next diagram there are two sine waves. 
They are out of phase because they do not start from zero at the same time. To 

be in phase they must start at the same time. 

The waveform A starts before B and is LEADING by 90 degrees. 
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3.3   Single phase Ac circuits-Behaviors of A.C. through pure Resistor, 

Inductor & Capacitor 

 Pure Resistance Ac Circuit 
 
  
 A resistance R connected  to an ac source is shown. Its voltage can be written as 

   

 e= Etm sin wt 

i  Im sin wt 

    i=( Etm /R)  sinwt 

 
    

 
 

The above two equations depict that voltage and current in resistive 

network are in phase. Figure shows the voltage and current waveform and phasor 

diagram. 

 

POWER IN RESISTIVE NETWORK 

The instantaneous power 

curve is plotted in figure it is seen that 

the power curve is always positive in 

case of resistive network and equal to 
 

 
 

p  e  i  E I sin
2
 wt  E I 1 cos 2wt  /2 

     

     The above power equation shows that the power has two components, one is 
constant i.e. E

tm 
I

m & an ac component 
E

tm 
I

m cos 2wt . The average value of ac component 

2 2 

in one cycle is zero. Therefore Average power p    
E

tm 
I

m = 
E

tm  
I

m
 

2 

 Et I 

 



Inductance AC Circuit 

  

                       By kvl    

      V= L di/dt 

 di= v dt/L 

 di= Vmsinwt dt  /L 

 i= ∫ 𝑑𝑖  =∫ Vmsinwt dt  /L 

 i=−
𝑉𝑚

𝐿
 (coswt/w) 

 I= Vm/wL( sin(wt-90)) 

 I= Vm/XL sin(wt-90)       (wL =  XL =inductive reactance) 

 I=Im  sin(wt-90) 

  v=Vm sinwt   ..........(1) 

 I=Im  sin(wt-90)..........(2) 

here current (I) is 90 lag to voltage (v) 

---  power factor (cosφ) =cos 90=0 

    Power=  vi cos φ=vi cos90 =0 

(XL= wL=2πfL=inductive reactance) 

Inductive reactance oppose the change in current 

Wave diagram,  

 

 

 



Vm 

phasor diagram 

   

Power In Inductive Network 

The instantaneous power in a purely inductive network is 

p  e  i  E sin wt  I sin 
 

wt 90

 ET m Im sin wt.cos wt 

 
ET m Im  sin 2wt 

2 

The average power in a pure inductor during a cycle is zero. 

        Capacitance In Ac Circuit 

Figure shows a capacitor C connected to an ac source equation of voltage & current 

are given below 

v =Vmsin wt ,I= Imsin 
 

wt 90/2






Equation shows that current leads voltage by  90∘ and 

capacitive reactance denoted as XC . Its unit is ohm. 

 

 

  

 
Im  

1
 

 
 

wC 

 
Where 

1
 

wC 

 
 
is known as 



 

Power In Capacitive Network 

The instantaneous power in a purely capacitive network is 
p  v  i  Vm sin wt  Im sin 

 
wt 90/2

   

= 
Vm Im sin 2wt 

2 

The average power in a pure capacitive network is zero. 

 
 

 
 

                                                               ET 
 E

L 
 E

R 
 I  R  jX

L 

Hence  IZ  I  R  jX
L 

 Z   R  jX L   R  jwL 

 

Where magnitude of Z  



The quantities R, XL , Z are shown in the impedence diagram.  

3.4-DC Transients-Behaviors of RL series ckt , R-C series circuit , 

R-L-C series circuit. 

Dc transient- 

          Whenever a network containing energy storage elements such as inductor or capacitor is 
switched from one condition to another,either by change in applied source or change in network 
elements,the response current and voltage change from one state to the other state.The time taken to 
change from an initial steady state to the final steady state is known as the transient period.This 
response is known as transient response or transients.The response of the network after it attains 
a final steady value is independent of time and is called the steady‐ state response.The complete 
response of the network is determined with the help of a differential equation. 

 

DC RESPONSE OF AN R‐ L CIRCUIT 

 
Consider a circuit consisting of a resistance and inductance as shown in figure.The inductor in the 
circuit is initially uncharged and  is  in series with  the  resistor.When the switch S  is closed ,we 
can find the complete solution for the current.Application of kirchoff’s voltage law to the circuit 
results in the following differential equation. 

R
2
  X 

2
 

L 



 

Figure 1.1 

V = Ri + L               …………………………………1.1 

+
𝑅

𝐿
𝐼 =

𝑉

𝐿
……………………………………..1.2 

 
In the above equation , the current I is the solution to be found and V is the applied constant 
voltage. The voltage V is applied to the circuit only when the switch S is closed. The above equation 
is a linear differential equation of first order.comparing it with a non‐ homogenious differential 
equation 

  + P x = K .............................................................. 1.3 

whose solution is 

X=e
-pt

  ∫ 𝐾 e-pt
 dt  +c  e

-pt
   ………………………..1.4 

Where c is an arbitrary constant. In a similar way , we can write the current equation as 

i = c    dt 

Hence , i = c    + ........................ 1.5 

To determine the value of c in equation c , we use the initial conditions .In the circuit shown in 

Fig.1.1, the switch s is closed at t=0.at  t=0‐ ,i.e. just before closing the switch s , the current in the 

inductor is zero. Since the inductor does not allow sudden changes in currents, at  t=o+ just after the 

switch is closed,the current remains zero. 

Thus at t = 0, i =0 

Substituting the above condition in equation c , we 

0= c+ (V/R)  

Substituting the value of c in equation c , we get 

i = ‐  

i = (1‐  ) 

 



i = (1‐  ) (where  

i =   (1‐ ) ( where ) ................................. 1.6 
 

 

Figure 1.2 

 
Equation d consists of two parts, the steady state part V/R) and  transient part 

 

When switch S is closed , the response reaches a steady state value after a time interval as shown 

in figure 1.2. 

Here the transition period is defined as the time taken for the current to reach its final or stedy state 

value from its initial value.In the transient part of the solution, the quantity L/R is important 

in describing the curve since L/R is the time period required for the current to reach its initial 

value of zero to the final value =   V/R. The term L/R is called the time constant and is denoted 

by τ . 

So, τ = sec 

 
Hence, the transient part of the solution is 

i =        = 

 Voltage across the resistor is 

=R i = R (1‐  ) 

Hence , =V (1‐   ) 

 

 

Similarly, the voltage across the inductance is 

= L  = L =V  

The responses are shown in Figure 1.3. 



 

                     Figure 1.3 

 
Power in the resistor is 

= i =  V (1‐   ) 

= (1‐   ) +    

 
Power in the inductor is 

 

 = i = V 

 

= ( ‐  ) 

 
The responses are shown in figure 1.4 . 

 

 

 

 

DC RESPONSE OF AN R‐C CIRCUIT 

 

Consider a circuit consisting of a resistance and capacitance as shown in figure.The capacitor in 
the circuit is initially uncharged and is in series with the resistor.When the switch S is closed at 
t=0 , we can find the complete solution for the current.Application of kirchoff’s voltage law to 
the circuit results in the following differential equation. 



 

 

Figure 1.6 

V = Ri +   ……………………………………………………………..1.7 

By differentiating the above equation, we get 
 

 

 

 

0 =R + i ………………………………1.8 

 

Or 

+ 

 

i =0 

  
 

………………………………1.9 

 

Equation c is a linear differential equation with only the complementary function. The particular 
solution for the above equation is zero. The solution for this type of differential equation is 

 

i = c    …………………………………..1.10 

To determine the value of c in equation c , we use the initial conditions .In the circuit shown in Fig. 

the switch s is closed at t=0. Since the capacitor does not allow sudden changes in voltage, it will act 

as a short circuit at t=o+ just after the switch is closed. 

So the current in the circuit t=0+  is  (V/R) 
 

Thus at t = 0, the current i = V/R 
 

Substituting the above condition in equation c , we have 

V/R= c 

 
Substituting the value of c in equation c , we get 

i =   ………………………………………………1.11 

 



 

Figure 1.7 

 
When switch S is closed , the response decays as shown in figurre. The 

term RC is called the time constant and is denoted by τ . 

So, τ = RC sec 

 we can find out the voltage across each element by using the current equation. Voltage across the 

resistor is 

=R i = R 

 

Hence , =V 
 

Similarly, voltage across the capacitor is 

=  

=  

= ‐  + c 

= ‐ V     + c 

At t=0,voltage across capacitor is zero So, c = V 

And 

= V  

The responses are shown in Figure1.8. 
 



 

 
Figure 1.8 

Power in the resistor is 

= i = V  

 

=  

Power in the capacitor is 

 
= i = V (1‐ 

= ( ‐ ) 

 
The responses are shown in figure 1.9. 

 

 

Figure 1.9 

 

 

DC RESPONSE OF AN R‐ L‐ C CIRCUIT 

 

Consider a circuit consisting of a resistance, inductance and capacitance as shown in figure.The 
capacitor and inductor in the circuit is initially uncharged and are in series with the resistor.When the 
switch S is closed at t=0 , we can find the complete solution for the current.Application of 
kirchoff’s voltage law to the circuit results in the following differential equation. 



 

 

Figure 1.11 

V = Ri + L +    

……………………………………………………………..1.12 By 

differentiating the above equation, we get 

0 = R  + i = ..................................................................... 1.13 

Or 

 + + i =0 .................................................................. 1.14 
 

The above equation c is a second order linear differential equation with only the complementary 
function. The particular solution for the above equation is zero. The characteristics equation for this 
type of differential equation is 

 + D + = 0 ...................................................................... 1.15 

  The roots of equation 1.15 

are  =  

By assuming  = and =  

     and    =  

Here  may be positive,negative or zero . 

Case I :   > 

Then , the roots are Real and Unequal and give an over damped Response as shown in figure 

1.12. 

The solution for the  equation       : i = + 
 

 
Figure 1.12 

 



Case II : 
  

 

Then , the roots are Complex Conjugate, and give an under‐ damped Response as shown in 

figure 1.13. 

 
 

Figure 1.13 

 

The solution of equation is  i=  

Case III :  

Then , the roots are Equal and give an Critically‐ damped Response as shown in figure 1.14. 
 

 
Figure 1.14 

 

The solution for the above equation i=  
 

3.5  time constant of transient ckt--- 

                 

               RL ckt  λ=L/R 

 For RC ckt  λ=RC 

 

 

 

 

 



3.6 Numerical problem: 

Problem : 1.1 
 

Figure 1.5 
 

 

A series R‐ L circuit with R = 30Ω and L = 15 H has a constant voltage V = 50 V applied at t=0 

as shown in Fig. 1.5 . determine the current i, the voltage across resistor and across inductor. 

Solution : 
 

By applying Kirchoff’s voltage Law, we get 

   15 +30i =60 

+2i=4 

 
The general solution for a linear differential e quartion is      i=c

 + dt 

where P=2,K=4 putting the values i=c + dt 

i=c + 2 
 

At t=0, the switch s is closed. 
 

Since the inductor never allows sudden change in currents. At t= the current in the circuit is 

zero. Therefore at t= , i =0 
 

0=c + 2 
 

c =‐  2 
 

Substituting the value of c in the current equation, we have 

i=2(1‐  ) A 

voltage across resistor ( ) =iR=2(1-e
-2τ

)*30=60(1-e
-2τ

) v 

 

    voltage across inductor (VL)=L 
𝑑𝑖

𝑑𝑡
 =15 

𝑑 

𝑑𝑡
(2(1-e

-2τ
))= 60 e

-2τ
) v 

 



Problem : 1.2 
 

A series R‐ C circuit with R = 10Ω and C =0.1 F has a constant voltage V = 20 V applied at t=0 as 

shown in Fig. determine the current i, the voltage across resistor and across capacitor. 

 
 
 

 

Figure 1.10 
 

Solution : 
 

By applying Kirchoff’s voltage Law get 

10i + =20 

    Differentiating w.r.t. t get 

 10 (di/dt)+ (1/0.1) =0 

+ i= 0 

 
The solution for above equation is 

 

i=c 
 

At t=0, the switch s is closed. 
 

Since the capacitor never allows sudden change in voltages. At t=  the current in the circuit is i = 

V/R=20/10 =2 A 

. Therefore at t= 0, i =2 A 
 

the current equation is     i=2 
 

voltage across resistor( )=iR=2 x 10=20 v 

voltage across capacitor         = V = 20(1‐ ) V 



Short Question – 

Q.1- what is the time constant for a series RC ckt. [W-15,19,20] 

 Ans- λ=RC 

Q.2- Define Amplitude, Frequency & R.M.S Value.[W-15,19] 

            Ans  --amplitude-the maximum value attained by alternating quantity is called amplitude 

          frequency(f)- no of cycle per sec formed by alternating quanity is called as frequency 

                            -it is reciprocal of time period  

                            - unit is (hz) 

                            i.e   f=1/T 

Rms value of AC is defind as the value of steady current which produces same heating effect,in a certain time 

as is produced by A.c in same resistance in same time. 

Q.3-Define Cycle, Frequency & Time Period Of An Alternating Signal.[w-17] 

Ans- cycle-it is defind as the complete path of +ve & -ve  values of an alternating       

quantity (0-2π) 

            frequency(f)- no of cycle per sec formed by alternating quanity is called as frequency 

                            -it is reciprocal of time period  

                            - unit is (hz) 

                            i.e   f=1/T 

   time period (T)-  it is defind as the time taken by a alternating quanity to complete 

one cycle  

Q.4- What Is Transient Response Of An Electric Ckt.[W-17] 

Ans-it is response of disturbance which produced on initial switching either suddenly switch off or switch on 

Q.5 Define Time Constant ? What Is The Time Constant For R.C  & R.L Series Ckt. 

Ans- for RL ckt  λ=L/R 

 For RC ckt  λ=RC 

Q.6- what is transient time.[W-19] 

Ans-it is the time taken from one steady state condition  to another steady state condition. 



Long Question 

Q.1-A complex current waveform is given by  

I=100+5 sin30+10 sin50 . find average value & rms value of the current wave form. 

   [W-17] 

Q.2-find i(t) in the circuit  shown in fig  switching at t=0.  Assume initial charge on  

   capacitor is 250µc .[S-19] 

 

   

Q.3- calculate the form factor & amplitude factor of the sin wave  as shown in fig. 

     [W-2019] 

   

Q.4- find the current in a series R-C circuit  having R=10 ohm  & c=0.1f ,while a dc  

voltage of 20 v  is applied.what is value of this current after 2 sec of switching on. 

Q-5- derive the expression for instantaneous current when AC voltage passed through a pure 

capacitor only.[W-15] 

 

 

 



CHAPTER-4 

RESONANCE AND COUPLED CIRCUITS 

Scope of learning: 

4.1- Introduction to resonance circuits & Resonance tuned circuit, 

4.2- Series& Parallel resonance 

4.3- Expression for series resonance, Condition for Resonance, Frequency of Resonance, 

Impedance, Current, Voltage , power, Q Factor and Power Factor of Resonance, Bandwidth 

in term of Q. 

4.4- Parallel Resonance (RL&RC)& derive the expression, Parallel Resonance  RLC & 

derive the expression 

4.5- Comparisons of Series & Parallel resonance& applications 

4.6- simple problems of above Circuit 

 
4.1- Introduction to resonance circuits & resonance tuned circuit: 
 
                  This particular frequency the impedance is resistive and voltage & current are in phase. 

This phenomenon is known as resonance. 

 

XL   XC 

 2 f0L πfc

 f0 



 4.2- Series& parallel resonance: 

 
 In series resonance circuit voltage component of reactance is zero  i.e   (VL=VC)

 or imaginary part of  impedance ckt equation is zero i.e  (XL=XC) 

 In parallel resonance circuit net current component is Zero Or imaginary part of 

admittance ckt equation is Zero  

 
 

4.3- Expression for series resonance, condition for resonance, 

frequency of resonance,   impedance,    current, voltage , power, q 

factor and power factor of resonance, bandwidth in term of q. 

 

Consider a series R-L-C circuit as shown in 

the figure. The impedance of the circuit is 

given by 

 

 

 

2 LC 



Z  R  j  XL  XC 


where X is inductive reactance = wL and X = capacitive reactance = 
1   

. 
 

L C 
wC  

 
 

 

 

As frequency of the supply is increased XL  increases and XC  decreases. At 

one particular frequency XL = XC  and the total reactance of the circuit become zero. At 

this particular frequency the impedance is resistive and voltage & current are in phase. This 

phenomenon is known as resonance. 

XL   XC 

 2 f0L πfc

 f0 

 

f0 is called as frequency of resonance. Impedance Z of the R-L-C series 

circuit is equal to R  at resonance and current is equal to 
V 

. 
R 

        Q factor: 
 

 
The ratio of capacitor voltage or inductor voltage at resonant frequency to 

supply voltage is a measure of quality of a resonance circuit. This term is known as quality 

factor (Q factor). 

At the frequency of the resonance ( f0 ) 
 

V  IX    
V 

X ∵ I  
V

 
  

L L        
R 

L 
R

 

Q  
VL

  
XL 

 
2 f0 L 

V R R 

 
VC  

XC   
1
 

   

V R 

 
2πf0RC 

 

2 LC 



1 1 

Bandwidth: 
 

 

 

 

At resonant frequency current in the R-

L-C series circuit is maximum. Let us define two 

frequencies w1&w2 at which current is 707Imax . 

The frequency 

frequency. 

w1 & w2 are   called   half   power 

Bandwidth = w2-w1 

Where w2 = upper half power frequency,  

w1 = lower half power frequency. 

Relationship between Q and Bandwidth of R-L-C series circuit: 
 
Bandwidth = w2  w1 

 

At w = w1 , the reactance is capacity as XC ≻ XL  

 

Hence 1 
 

 

w1C 

 w1L  R …………………….. eq.1

       At w = w2 the reactance is inductive as XL  ≻ XC 

 

Hence w2 L  1 
 

 

w2C 

 R ............................. eq. 2 

 

From equation1 we get w 2 LC  w RC 1  0 

 

                                 Dividing by LC we get w 2  w 
R 
 

1 
 0 

  

  1          1 L  LC 

w  
R 


1 

2L 
 

 
Similarly from equation 2 
 

w 
2
  

R 
w  

1 
 0 
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2
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w2  
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Hence bandwidth 
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  4.4- Parallel Resonance (RL&RC)& derive the expression, Parallel    

Resonance  RLC & derive the expression. 

 R-L & C parallel ckt: 
         Resonance will occur when the reactive part of the line current is zero. 

 

 
At resonance, 

 IC – ILsin  = 0 IC  IL sin 
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fo =(1/2πL)√(

𝐿
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f0 = Resonant frequency in parallel circuit. 

Current at Resonance = I L cos
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Dynamic Impedance 
 
 
RL & RC parallel ckt: 

The parallel resonance condition:

When the reactive part of the line current is zero. The net 

reactance is zero. 

The line current will be minimum. The 

power factor will be unity 

Impedance Z1  R1  jX L 

Z2  R2  jXC 

Admittance Y1 
1 

 
R  jX 

 
(R1  jX L ) 
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R 2  X 2 
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X L
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       At Resonance, 
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 RLC parallel ckt : 
 

 
 
 
 
 
 

 

 

Let us define what we already know about parallel RLC circuits. 
 

 

 
 
 
 
 

 
A parallel circuit containing a resistance, R, an inductance, L and a 

capacitance, C will produce parallel resonance (also called anti-resonance) circuit when the 

resultant current through the parallel combination is in phase with the supply voltage 

We know from the previous series resonance tutorial that resonance takes 

place when VL = -VC and this situation occurs when the two reactance are equal, XL = 

XC. The admittance of a parallel circuit is given as: 
 

 

 

 

                           Resonance occurs when XL = XC and the imaginary parts of Y become zero. 

 

 



                             Notice that at resonance the parallel circuit produces the same equation as for 

the series resonance circuit. Therefore, it makes no difference if the inductor or capacitor is 

connected in parallel or series. Also at resonance the parallel LC tank circuit acts like an open 

circuit with the circuit current being   determined   by   the resistor, R only. So the total 

impedance of a parallel resonance circuit at resonance becomes just the value of the resistance in 

the circuit and Z = R as shown. 
 

 

   
 

 

 

 

 

 

     4.5  Comparision  of series & parallel resonance and application: 
 

1  

 

 

4.6 Simple problems of above Circuit: 

 
A 20Ω resistor is connected in series with an inductor, a capacitor and an ammeter 

across a 25 –v, variable frequency supply. When the frequency is 400Hz, the current is at 

its Max
m

 value of 0.5 A and the potential difference across the capacitor is 150v. 

Calculate 

(a) The capacitance of the capacitor. 

(b) The resistance and inductance of the inductor. 

 

 



Solution : 

Since current is maximum, the circuit is in resonance. 

xc  VC /I  150 / 0.5  300Ω

(a) xc 1/ 2fe  300  1/ 2  400 c 

 c  1.325 106 f  1.325f . 
 

  (b) xl  xl 150 / 0.5  300Ω



               (c) 2  400 × L =300 

L = 0.49H 
At resonance, 

Circuit resistance = 20+R 

 V/Z = 2510.5 

 R = 30Ω 

 

Short question-- 
 

Q.1 Define Resonance.[w-13,15] 

Ans- this particular frequency the impedence is resitive and voltage & current are in phase. This 

phenomenon is known as resonance 

Q.2-Derive Resonance Frequency Of A Series R-L-C Circuit.[w-17] 

Ans- XL  XC 

 2 f0L=
1

2𝜋𝑓𝑐


                    Fo =  1/(2√𝐿𝐶) 

 

f0 is called as frequency of resonance. Impedence Z of the R-L-C series 

circuit is equal to R at resonance and current is equal to          
V 

. 
R 

 
Q.3-Write The Properties Of RLC Series Resonant Circuit.[w-19] 

 Ans-(i)  impendance is low 

(i) maximum current 

(ii) unit p.f 

(iii) mximum power disipated 

Q.4-Define Selectivity .[w-19] 

Ans-it is the ratio of resonance frequency (fr) to the band width frequency 

 Selectivity =fr /(f1-f2) 





Q.5-find total voltage in a series RLC circuit when i=3mA, VL=30v,Vc=18v & R=1000 ohm 

    Ans- 

                VR =IR = 3×10
-3

 ×1000 =3 v 

                V=√𝑉𝑅
2 + (𝑉𝐿 − 𝑉𝐶)

2
 

 

  =√32 + (30 − 18)2 

 

                           =√153 
 
Q.6-An RLC Series Ckt Has R=10ohm,Xc=62.83ohm, Find The Value Of L For Resonance At 

50Hz.[w-19] 

 XL =XC 

            XL = 62.83 

 2πfL=62.83 

    L= 62.83/(2*3.141*50) =0.20 H 

Long Questions- 

Q.1-The Current In The Resistive Branch Of A Parallel R-C Ckt Is Given By Ir 

=10cos(1000t+10
0
)Amp, What Is The Current In The Capacitor ? Assume R=10 Ohm ,C=10µf 

.[w-13,15] 

Q.2- Derive The Expression For Resonant Frequency For Parallel Rlc Circuit. Capacitor Is In 

Parallel With Series Rl Ckt.[w-15] 

Q.3- Define & Explain With A Suitable Diagram, The Bandwidth (B.W) Of A Series Resonant Ckt 

.[w-17] 

Q.4- Obtain The Resonant Frequency Of The Ckt Given In Fig.[s-19] 

 

    

 

 

 

 

 

 

 



 

Q.5-For The Given Fig, Find ‘I’.[w-13] 

   

   

 

Q.6- In The Network Find Z If  I=5<60
0
 .[w-13] 

 

 
 
 
  









CHAPTER 5.0 
 

                        LAPLACE TRANSFORM AND ITS APPLICATIONS 

Scope of learning 

5.1-Introductions of Laplace Transformation, Analysis and derive the equations for circuit 

parameters of Step response of R-L ckt, Analysis and derive the equations for circuit 

parameters of Step response of R-c ckt, Analysis and derive the equations for circuit 

parameters of Step response of R-L-C ckt. 

5.2- Analysis and derive the equations for circuit parameters of Impulse response of R-L ckt, 

Analysis and derive the equations for circuit parameters of Impulse response of  R-C ckt, 

Analysis and derive the equations for circuit parameters of Impulse response of R-L, R-C,  ckt. 

5.1-Introductions of Laplace Transformation, Analysis and derive the 

equations for circuit parameters of Step response of R-L ckt, Analysis 

and derive the equations for circuit parameters of Step response of R-c 

ckt, Analysis and derive the equations for circuit parameters of Step 

response of R-L-C ckt: 

Introductions of Laplace Transformation: 

The Laplace transform is a powerful Analytical Technique that is widely used to study the behavior of 

Linear,Lumped parameter circuits. Laplace Transform converts a time domain function f(t) to a frequency 

domain function F(s) and also Inverse Laplace transformation converts the frequency domain function 

F(s) back to a time domain function f(t). 

L { f(t)} = F(s) =  f(t) dt ...................................................... LT 1 

 
   L

-1 
(F(S)) =f(t) 

   Laplace of 1
st
 order derivative 

    L (F
’
t) = S(F(S))  -F(0) 

   Similarly laplace of integration function is written as    
1

𝑆
 F(S) 

Laplace Transformati   on of Signal Waveform 

Laplace transform of unit step function is   1/s 

Laplace transform of unit ramp  function is  1/s
2 

Laplace transform of unit impulse function is unity
 

The laplace transform of different element  : 



Ohm's Law: 

If we transform Ohm's law, we get the following equation: 
 

 
Capacitors: 

 Let us look at the relationship between voltage, current, and capacitance in time domain. 

  

    =     

Solving for voltage, we get the following integral: 

 

  

Then, transforming this equation into the laplace domain assuming the zero initial condition, we 

get the following: 
                 

   V(S) =1/C  [
𝐼(𝑆)

𝑆
] 

 

   
V(S)

𝐼(𝑆)
  =  

1

𝐶𝑆
 

Inductor- 

   Equation of inductance is  
 

  V(t) = L (di/dt)     by taking Laplace 

   
  V(S) = L S (I(S)) 
 

  
V(S)

I(S)
  =  LS 

 

DC STEP RESPONSE OF AN R‐L CIRCUIT  

Let us determine the solution i of the first order differential equation given by equation A 

which is for the DC response of a R‐L Circuit under the zero initial condition i.e. current is 

zero, i=0 at t=0-   and hence i=0 at t=  in the circuit in figure A by the property of 

Inductance not allowing 

the current to change as switch is closed at t=0. 
 
 



 

       V = Ri + L    ……………………………………………………………..LT 1.1 

Taking the Laplace Transform of bothe sides we get, 

=R I(s) + L [ s I(s) –I(0) ] .................................. LT 1.2 
 

  =R I(s) + L [ s I(s) ] ( I(0) =0 : zero initial 

current )   = I(s)[R +L s] 

I(s) = .......................................... LT 1.3 

 

Taking the Laplace Inverse Transform of both sides we get, 

I(s)} =  

 

i(t) =   ( Dividing the numerator and denominator by L ) 

 

i(t) =   ( Dividing the numerator and 

denominator by L ) putting  we get 

i(t) =    =  ( } 

i(t) =  ( }  

i(t) =  ( } =  ( 1‐  ) = ( 1‐  ) (where  

i(t)= ( 1‐ ) ( where   ) .................................... LT 1.4 

It can be observed that solution for i(t) as obtained by Laplace Transform technique is same as 

DC STEP RESPONSE OF AN R‐C CIRCUIT 

Let us determine the solution i of the first order differential equation given by equation A 

which is for the DC response of a R‐C Circuit under the zero initial condition i.e. 

voltage across capacitor is zer  o,  =0 at t= 0and hence  =0 at t=in the circuit in 

figure A by the property of capacitance not allowing the voltage across it to change 

as switch is closed at t=0. 

 



 

V = Ri +    ……………………………………………………………..LT 1.5 

Taking the Laplace Transform of both sides we get, 

  =R I(s) + [   +I (0) ] .......................... LT 1.6 

  =R I(s) + [  ] ( I(0) =0 : zero initial 

charge  

I(s) = [ ] =………………………………..LT 1.7 

Taking the Laplace Inverse Transform of both sides we 

get, 

I(s)} =  

i(t) =   ( Dividing the numerator and denominator by RC ) 

putting      we get 

i(t) =    = 

   i(t) =   
 

DC STEP RESPONSE OF AN R‐L‐C CIRCUIT  

 

 

Figure LT 1.3 

 
 

Let us determine the solution i of the first order differential equation given by equation A 

which is for the DC response of a R‐L‐C Circuit under the zero initial condition i.e. the 

switch s is closed at t=0.at t=0‐,i.e. just before closing the switch s , the current in the 

inductor is zero. Since the inductor does not allow sudden changes in currents, at t=o+ 

just after the switch is closed, the current remains zero. also the voltage across capacitor is 

zero i.e.  =0 at t=0-and hence  =0 

at t=  in the circuit in figure by the property of capacitance not allowing the voltage 



across it  to suddenly change as switch is closed at t=0. 

V = Ri + L ................................................... LT 1.9 
 

Taking the Laplace Transform of both sides we get, 

      =R I(s) ++ L [ s I(s) –I(0) ]+  [  +I (0) ] ................... LT 1.10 

  =R I(s) +  [  ] ( & I(0) =0 : 

zero initial charge ) 

  = I(s)[R +L ] = I(s)[ ] 

I(s) = [ ] =        

 Taking the Laplace Inverse Transform of both sides , 

I(s)} =  

     So we get the value of I(t) 

 5.2- Analysis and derive the equations for circuit parameters of 

Impulse response of R-L ckt, Analysis and derive the equations for 

circuit parameters of Impulse response of  R-C ckt, Analysis and 

derive the equations for circuit parameters of Impulse response of R-L, 

R-C, : 

Impulse response of RL ckt: 

 

  



Impulse response of RC ckt: 
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     Problem-02 

 

Short Question: 

Q1- Find Laplace Transform Of Derivative Of A  Time Function Of Derivative  

 [w-19] 

   Ans-  if the f(t)=function of ‘t’ 

 L[
𝑑

𝑑𝑡
(f(t))] =Sf(S)-f(0-)         ( where L(f(t))=f(s)  

 

   
Q.2- Define Laplace Transform Of A Time Function.[w-17] 

Ans- if the f(t)=function of ‘t’ 

 Laplace of this function is  

 L[
𝑑

𝑑𝑡
(f(t))] = f(s) =∫ 𝑓(𝑡)

∞

0
.e

-st
 dt 

 



          
Long Question— 

Q.1- Find Laplace Transform Of Derivative Of A Time Function.[w-17] 

Q.2-A step voltage V .u(t) is applied to a series RL ckt. By applying Laplace 

transform of the ckt,find the expression for response current I(t).[w-17] 
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CHAPTER 6 

TWO-PORT NETWORKS ANALYSES 

Scope of learning: 

6.1- Network elements, ports in Network (One port, two port), 

6.2- Network Configurations (T & pie) 

6.3- Open circuit (Z-Parameter)& Short Circuit(Y-Parameter) Parameters- Calculate open & short 

Circuit Parameters for Simple Circuits & its conversion. 

6.4- h- parameter (hybrid parameter) Representation. 

6.1- Network elements, ports in Network (One port, two port): 

  
 

+ 

v 
 

- 
 

 
 

a) A pair of terminals at which a signal (voltage or current) may enter or leave is 

called a port. 

b) A network having only one such pair of terminals is called a one-port network. 

c) No connections may be made to any other nodes internal to the network. 

d) By KCL, we therefore have i1=i1 
 

 

 Two-port networks are used to describe the relationship between a pair of 

terminals 

 The analysis methods we will discuss require the following conditions  

1. Linearity 

2. No independent sources inside the network 

3. No stored energy inside the network (zero initial conditions) 

 

 
One-Port 

Network 

i1 

 

 



4. i1 = i1 and i2 = i2 

 

6.2    Network    Configuration (T Or Π) 

 
        It depends upon configuration of impendance  network.It is two types   (i) T section network , (ii) π 

section network 

          T section network: 
 

  When network looks like a ‘T’ is called T section network. 

   

   

 
 Π Section Network: 

 

         When network looks like a ‘π’ is called π section network. 
 

    
6.3- Open circuit (Z-Parameter)& Short Circuit(Y-Parameter) 

Parameters- Calculate open & short Circuit Parameters for Simple 

Circuits & its conversion  

 Z-parameter: 

 Suppose the currents and voltages can be measured. 

 Alternatively, if the circuit in the box is known,V1 and V2 can be calculated 

based on circuit analysis. 

 Relationship can be written in terms of the impedance parameters. 

 We can also calculate the impedance parameters after making two sets of 

measurements. 

V1=z11I1+z12I2 

V2=z21I1+z22I2



I 
11 
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Two-Port 

Network 

 

If the right port is an open circuit (I2=0), then we can easily solve for two of  

the impedance parameters: Similarly by open circuiting left hand port (I1=0 ) we can solve for the 

other two parameters. 

Z  inputimpedence  
V 1

 

1 

 

I2  0 
Z

21 
 forwardtransferimpedence  I2  0 

 

Z
12 
 reversetransferimpedence  I1  0 Z

22 
 outputimpedence  I1  0 

 

Impedance Parameter Equivalent 

I1(s) 

 
+ 

V1(s) 

- 

 
z11 z22 

 
z12I2 z21I1 

I2(s) 

 
+ 

V2(s) 

- 
 

V1=z11I1+z12I2 

V2=z21I1+z22I2 

 Once we know what the impedance parameters are, we can model the 

behavior of the two-port with an equivalent circuit. 

 Notice the similarity to Thevenin and Norton equivalents

Admittance Parameters 
 

 

I1=y11V1+y12V

2 

I2=y21V1+y22V

2 

Y11 = input admittance = 

 

 

 

 

 

 

 

 

 

V2  0

                                                   Y21 = forward transfer admittance =                  V2  0  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

  

 

 

20 20   

 

Y22 = output admittance = V1  0 

 

 

Y12 = reverse transfer admittance = 

 

Conversion from Z-parameter to Y-parameter: 

 

 

 

 

 

 

 

 

 

 

 

6.4- H- Parameter (Hybrid Parameter) 

Representation. 

V1  0 

V1=h11I1+h12V2 

I2=h21I1+h22V2 

 
h11 = input impedance = 

 
 
 

 
V2  0 

 

 
 

h21 = forward current ratio = V2  0 
 

 
 

h12 = reverse voltage ratio = I1  0 
 

 
 

h22 = output admittance = I1  0 

 

  problem: 

Given the following circuit. Determine the Z parameters. 

I1 8  10  
I2

 

 

 

 

 

 

 



I 

                                           Z
11 

= 8 + 20||30 = 20 

Z
22 

= 20||30 = 12 

Z
12 
 I1  0 

 

V  
20xI2 x20 

 8xI
 

 

 
Therefore z  

8xI2  8 Ω = z 
1 20  30 2 

12 21 

2 
 

The Z parameter equations can be expressed in matrix form as follows. 
V1   

 z11 z12   I1 
V  z z    I 

 2   21 22   2 


V1 
 
20 8   I1 

V 
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Short question-- 
 
Q.1 define one port & two port network.[w-13,15,17,19] 

 
Ans- one port network is a two terminal electrical  network  in which ,the current enters through 

one terminal & leaves through another terminal. 

 Example- 

  
 
Q.2- what do you mean by transmission parameter.[w-19] 
Ans- ABCD parameter of transmission line (A,B,C,D are the constant) are known as 

transmission arameters . 

   These parameter are used for the analysis of electrical network 

Long question- 

 
Q.1- find the Z-parameter for the ckt as shown in fig.[w-15,19] 

     
 
 
 
 
 
 



Q.2-Find The H-Parameter For Given Below Ckt.[w-15] 
 

   
 
Q.3-Explain The Short Ckt Admittance Parameter.[w-19] 
 
 
 



CHAPTER 7 

FILTERS & ATTENUATORS 
Scope of learning 

 
7.1- Ideal &Practical filters and its applications, cut off frequency, passband and stop band. 

7.2- Classify filters- low pass, high pass  filters & study their Characteristics , band pass, band stop filters & 

study their Characteristics. 

7.3- Butterworth Filter Design. 

7.4- Attenuation and Gain, Bel , Decibel & neper and their relations. 

7.5- Attenuators& its applications. Classification-T- Type & PI – Type attenuators. 
 

7.1 - Ideal &Practical filters and its applications, cut off frequency, passband 

and stop band.  

 
  Filter:   

               filter is an electrical network that can transmit signal with in a specified  frequency   range, this 

frequency range is called pass band. 

Stop band /attenuation band: 

                the frequency band which is suppressed is called as attenuation band or stop band 

Cut-Off Frequency—the frequency that separate the pass band & attenution band is called cut-off frequency. It 

denoted as (fc) 

Ideal filter: 

     It would transmit signals under the pass band frequencies with out attenuation & completely suppress 

. Practical filter: 

      It do not ideally transmit  the pass band signal un attenuated ,due to obserption,reflection or due to 

other losses. 

7.2- Classify filters- low pass, high pass  filters & study their Characteristics , 

band pass, band stop filters & study their Characteristics 

 
The filters are classified according to the following two catagories 

(i) constant   K filter 

(ii) m  derived filter. 

constant  K filters are devided into the following four types 

(i) low pass filter (LPF) 

(ii) high pass filter (HPF) 

(iii) band pass filter (BPF) 

(iv) band stop filter (BSF) 

constant  K filter  (prototype filter)- 

 in this filter the series & shunt impendance,Z1 & Z2  are such that,  

 Z1 Z2  =R0
2
 =K (consatnt) 

 Where R0 is a real number & independent of frequency 

 It is also defind as  

(a) constant K  low pass filter  

(b) constant K  high pass filter  

(c) constant K  band pass filter  



(d) constant K  band stop filter 

  

(a) Constant K Low Pass Filter 

it is the simplex type of filter which allows all frequencies up to specified cut-off frequency  

& attenuates all other frequencies  above the cut-off frequency, 

The circuit diagram of low pass filter in ‘T’ section & ‘π’ section are shown below 
 

      
 

                  
 

(b) constant K high pass filter 

                       The filter which attenuates all the frequencies below the cut-off frequency & allow  to pass all 

other frequencies above the cut-off frequency. 

 

 The ‘T’ configuration ‘π’ configuration  of  high pass filter are shown on the fig given below 
 

     

 



(c) constant K band pass filter 

                     it is a filter which allow to pass of a limited band of frequencies (f2-f1) & attenuates (or) rejects all 

other    frequencies below  or above the frequency band 

 

          f1 =
𝑅0±√𝑅02+(𝐿1/𝐶1)

2𝜋𝐿1
     ,f2=  -

𝑅0±√𝑅02+(𝐿1/𝐶1)

2𝜋𝐿1
      

 

  R0 =√(𝐿/𝐶)     ,R0
2
 =  L1/C1  =L2 /C2 

          

   

 

(d) constant K band stop filter  

      This type of filter attenuates or rejects a limited band of frequencies but allow other frequencies. 

 

 

    



 

  7.3- Butterworth Filter Design: 
 

               Design of proto type low pass filter— 

 
 For design of  proto type low pass filter we use the given formulas-- 

 

 (i)design impedance, R0=√𝐿/𝐶 

              (ii)cut-off frequency ,fc=1/(π√𝐿/𝐶)  

 (iii)inductance, L=R0/(πfc) 

 (iv)capacitance ,c=1/( R0πfc) 

 

       Design of proto type high pass filter- 

 

 (i)design impedance, R0=√𝐿/𝐶 

              (ii)cut-off frequency ,fc=1/(4π√𝐿/𝐶)  

 (iii)inductance, L=R0/(4πfc) 

 (iv)capacitance ,c=1/( 4R0πfc) 

 
 

 

Properties of  filter- 

 
 The main properties of filter are as follows 

(i)characteristics impedance (Z0) 

 The impedance will match the circuit to which it is connected through out the pass band. Hence the less 

due to rejection will be prevented due to this impendance circuit. 

(ii)pass band characteristics— 

  In this characteristics it will passed all the frequencies without reduction in magnitude. There 

will be a little attention in the pass band range . 
 

7.4- Attenuation and Gain, Bel , Decibel & neper and their relations. 
 

      The degree or attenuation is expressed in the unit of decibel or neper. 

  Let  Vi ,Ii ,Pi be the input voltage ,current & power of the input side  & Vo ,Io ,Po are voltage, current & 

power of the out put side. 

 Vo/ Vi  =voltage gain ……….(i) 

 Io/ Ii =current gain……………(ii) 

 Po/ Pi =power gain…………..(iii) 

In filter Po< Pi 

The various unit of attention are given below   

 

Decibel (db)- 

 

 Decibel is defind as the 10 times the logarithem of ratio of input power to the output power(reference 

power). Hence the attenution in decibel (db) 

   =10log10 (Po/ Pi) 

  Po  =out put power 

  Pi =input power 



 In another way attenution in db 

   =20log10 (Vo/ Vi) 

   =20log10 (Io/ Ii) 

Neper(Nep) – 
 Neper is defined as the natural logarithm of the ratio of the input  & output quantity(measure quantity 

reference quantity) 

 Attenuation in neper =(A/2) log10 (Po/ Pi) 

 Another way attenuation in neper =loge (Vo/ Vi) =loge (Io/ Ii) 

 

Bel – 
 The bel is defined as the common logarithm of the ratio of measured power to the reference power. 

 Hence attenuation in bel =log10 (Po/ Pi) 

 Where Pi = measured power 

  Po= reference power 

 In another way attenuation n bel = 2log10 (Vo/ Vi) =2log10 (Io/ Ii) 

From the above expression we get the relation between neper,decibl & bel is 

 1 Nep =8.68589 db=0.868589B 

 1db =0.1B =0.11513 Nep 
 1B = 10db=1.1513 Nep 

 

Cut-off characteristics— 

 The filter should have the cut-off frequencies which separates the pass band  & stop band. 

 Thus the lower half & upper half is determined. 

 
 

Short question- 
 
  

Q.1- Define Filter & Write Various Types Of Proto Type Filter. 
    Ans- filter is an electrical network that can transmit signal with in a specified frequency range 

prototype filters are divided into the following four types 

(v) low pass filter (LPF) 

(vi) high pass filter (HPF) 

(vii) band pass filter (BPF) 

(viii) band stop filter (BSF) 

Q.2-define cut-off frequency.[w-13] 
  Ans- Cut-off frequency—the frequency that separate the pass band & attenuation band is called cut-off    

frequency. 

Q.3- write relation between bel, decibel & neper 

  Ans-1B = 10db=1.1513 Nep 

Q.4-Define Decibel & Bel.[w-19] 
 Ans-  Decibel is defined as the 10 times the logarithm of ratio of input power to the output power(reference 

power).  

        Hence the attenuation in decibel (db) 

   =10log10 (Po/ Pi) 

  Po  =output power 

  Pi =input power 

        The bel is defined as the common logarithm of the ratio of measured power to the reference power. 

 Hence attenuation in bel =log10 (Po/ Pi) 

 Where Pi = measured power 



  Po= reference power 

 In another way attenuation n bel = 2log10 (Vo/ Vi) =2log10 (Io/ Ii) 
 

Long Question— 

Q.1- Define Active Filter & Explain Different Types Of Filter & Draw Their 

Characteristics.[w-17,19] 

Q.2- Design A T Section Constant K High Pass Filter Having Cut-Off Frequency Of 12 

KHZ & Nominal Impendence R0=500 Ohm. Also Find It’s Characteristics Impendence & 

Phase Constant At 24 KHZ  & Attenuation At 4KHZ .[w-19] 

Q.3- Write Short Notes On The Following  [w-20] 

 (A) Band Pass Filter 

   (B)Quality Factor 

 Q.4-Classify Filters. Explain Various Types Of Filter In Brief By Suitable Frequency 

Response.[w-20] 
 
 
 

 
 


