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Chapter 1 

Circuit Theory Concepts 

 

(KCL, KVL, nodal & mesh Analysis, ideal current & voltage sources,). 

 

1.1 Basic Elements: 
 

 ELECTRIC NETWORK: An interconnection of various electric elements, connected in manner 

whatsoever, is called an electric network. 

 

 CIRCUIT: A circuit is a closed conducting path through which an electric current either flows or 

intends to flow. If a network contains at least one closed path, it is called an electric circuit.  

 

 PARAMETERS: Various elements of an electric circuit or circuit elements are called its 

parameters. E.g. resistance, inductance, capacitance. Circuit element consists of two terminals. 

 

 NODE: Node is a junction in a circuit where two or more circuit elements are connected 

together. Voltage of any node w.r.t a datum or ground is known as node voltage or nodal voltage. 

Voltage between any pair of nodes is node-pair voltage. 

 BRANCH: Branch is a part of the network, which lies between two junctions. 

 LOOP: Loop is a closed path in a circuit in which no element or node is encountered more than 

once.  

 MESH: Mesh is a loop that contains no other loop within it. 

 ACTIVE ELEMENT: Active elements are those capable of delivering power to some external 

device. An active element is defined as one that delivers an average power greater than zero to 

some external device over an infinite time interval. E.g. Ideal energy sources, transistor 

 PASSIVE ELEMENT: Passive elements are those, which are capable only of receiving power. 

A passive element is defined as one that cannot supply an average power greater than zero over 

an infinite time interval. E.g. Resistors, capacitors, inductors (Inductors & Capacitors are capable 

of storing finite amount of energy and return it later to an external element) 

 LINEAR ELEMENT: A circuit element is linear if relation between current and voltage remains 

constant or its voltage current characteristic is at all times a straight line through the origin. It 

obeys the principle of superposition. E.g. Resistor 

 NONLINEAR ELEMENT: If relation between current and voltage is not constant, a circuit 

element is nonlinear. E.g. Capacitor, Inductor 

 BILATERAL ELEMENT: In a bilateral element, the voltage-current relation is same for 

current flowing in either direction. E.g. Transmission lines 

 UNILATERAL ELEMENT: In a unilateral element, the voltage-current relation is not same for 

current flowing in both directions. E.g. Vacuum diode, diode rectifiers etc. 

 LUMPED ELEMENT: If the element is concentrated at a particular point and is electrically 

separable it is known as a lumped element. E.g. Resistors, capacitors, inductors, transformers 

 DISTRIBUTED ELEMENT: If the elements are spatially distributed and is not electrically 

separable it is known as a distributed element. E.g. Transmission line 

 VECTOR: Vector is a generalized multidimensional quantity having both magnitude and 

direction. 

 PHASOR: Phasor is a complex number. In AC analysis, the voltages and current are complex 

number. The voltages/ current have magnitude as well as phase. One should not be confused with 

vector and phasor. Phasor is a scalar quantity. 



1.2 Types of Sources: 

 

INDEPENDENT SOURCES 

 

Voltage or current sources, which do not depend on any other quantity in the circuit, are known as 

independent sources. 

 

VOLTAGE SOURCE 

 

Ideal voltage source is a 2-terminal element which maintains a terminal voltage V, whatever is the value 

of current through its terminals. At any instant, the value of terminal voltage is a constant w.r.t current. 

 

 

 
 

 

 

GATE Tip 

You can think like that an ideal voltage source can give any amount of current OR Any amount of 

current can be drawn from an ideal voltage source, without compromising the terminal voltage. 

 

In the language of Networks, the above statement is equivalent to, “The internal impedance of an ideal 

voltage source is zero.” 

 

 

 

In practical voltage source the voltage across the terminals keeps falling as the current through it 

increases. Practical voltage source can be explained as an ideal voltage source in series with a resistance. 

Then, the terminal voltage is given by,  

v1 = v – i1 r 

wherei1 is the current flowing and r is internal resistance of a practical voltage source 

Practical voltage source approaches ideal voltage source when r becomes zero. 

 



 
 

Practical voltage source and v-i characteristic 

 

CURRENT SOURCE 

Ideal current source is a 2-terminal element, which maintains a current I flowing through its terminals 

regardless of the value of voltage. At any instant, the value of current is a constant w.r.t terminal voltage. 

 
Ideal current source and v-i characteristic 

 

The ideal current source can give any amount of voltage without compromising any amount of 

current. 

OR 

 

The internal impedance of an ideal current source is infinite. 

 

In practical current source the current through the source decreases as the voltage across it increases. 

Practical current source can be explained as an ideal voltage source in series with a resistance. Then, the 

terminal voltage is given by,   

v1 = v – i1 r 

where i1 is the current flowing and r is internal resistance of a practical voltage source. 

 



Practical voltage source approaches ideal voltage source when r becomes zero. 

 
 

Practical current source and v-i characteristic 

 

 

DEPENDENT SOURCES OR CONTROLLED SOURCES 

 

Voltage or current sources, which depend on any other quantity in the circuit (that may be either 

current or voltage), are known as dependent sources.  

 

The dependent sources are nothing but the amplifiers. An amplifier takes one voltage/ current 

as input and gives amplified voltage/current as output. Hence Dependent source are four 

terminal, two port device one port for giving input, the other port for taking output. 

 
An ideal dependent source can sense the voltage/ current and give the output voltage/current without 

any loss of the quantity. The same thing can be told in terms of input and output impedance of the 

dependent source. 

 

Points to remember:- 

 To sense the voltage the internal impedance of the device should ideally be infinity. 

 To sense the current internal impedance should ideally be zero. 

 Ideal voltage source has zero input impedance. 

 Ideal Current source has infinite input impedance. 

 



Dependent sources are of 4 types: 

 
(1) Voltage Dependent Voltage Source or Voltage Controlled Voltage Source 

 

 
 

In this the voltage source depends upon the voltage across another branch ‘v’.  ‘a’ is the constant of 

proportionality and it has no unit. 

 

For Ideal Voltage Dependent Voltage Source  

 Input Impedance = Infinite 

 Output Impedance = Zero 

 

 

(2) Current Dependent Voltage Source or Current Controlled Voltage Source 

 
In this the voltage source depends upon the current in another branch ‘i’.    is the constant of 

proportionality and its unit is . 

 

For Ideal Current Dependent Voltage Source  

 Input Impedance = Zero 

 Output Impedance = Zero 

 



(3) Voltage Dependent Current Source or Voltage Controlled Current Source 

 

 
In this the current source depends upon the voltage across another branch ‘v’.  ‘g’ is the constant of 

proportionality and its unit is Siemens. 

 

For Ideal Voltage Dependent Current Source  

 Input Impedance = Infinite 

 Output Impedance = Infinite 

 

 

(4) Current Dependent Current Source or Current Controlled Current Source 

 
In this the current source depends upon the current in another branch ‘i’.    is the constant of 

proportionality and it has no unit. 

 

For Ideal Current Dependent Current Source  

 Input Impedance = Zero 

 Output Impedance = Infinite 

 

1.4.3 CONVENTIONS 

Following conventions can be used: 

 

(a) Sign of battery e.m.f :  

As we move from –‘ve terminal to +’ve terminal of the battery there is rise in potential, hence this voltage 

should be given +’ve sign.As we move from +‘ve terminal to -’ve terminal of the battery there is fall in 

potential, hence this voltage should be given -’ve sign. 

 



                   
 

(b) Sign of ‘IR’ drop: 
If we go through a resistor (or impedance) in the same direction as the current, then there is a fall in 

potential because current flows from a higher potential to a lower potential. Hence this voltage fall should 

be taken as –‘ve.  If we go through a resistor (or impedance) in the opposite direction as the current, then 

there is a rise in potential because current flows from a higher potential to a lower potential. Hence this 

voltage fall should be taken as +‘ve.   

 

            
   

Note: The sign of voltage drop across a resistor (or impedance) depends on the direction of current 

through that resistor (or impedance) but is independent of the polarity of any other source of e.m.f in 

the circuit under consideration. 

 

(c) Assumed Direction of Current:  

The direction of current flow may be assumed either clockwise or anticlockwise (preferably clockwise). If 

the assumed direction of current is not the actual direction, then on solving the question, this current will 

be found to have a minus sign. If the answer is +’ve, then assumed direction is same as the actual 

direction.  

 
E.g. Consider the closed path ABCDA. We can write the KVL equation of the loop and apply the above 

stated conventions.  

 



Applying KVL to ABDCA, 

- I1 R1 – I2 R2 – E2 + I3 R3 + E1 – I4 R4 = 0 

E1 – E2  =  I1 R1 + I2 R2 – I3 R3 + I4 R4 

 

(d) Power convention: 

It is important to understand the convention of the power delivered or absorbed by a network 

element.  

 The polarity of the voltage across an element and the direction of the current through 

the same element decides, whether the element is delivering or absorbing the power. 

 In case of voltage source, if the current is coming out of the positive terminal, we will 

say it is delivering the power, in the other case we will say, it is absorbing the power 

as shown in figure given below.  

V0     I0V0     I0

1) Source is absorbing

 the power

2) Source is delivering 

the power

 
 The sources could be voltage or current, dependent or independent, even it could be 

any element, any black box. The convention remains same in all the cases. The case 

of current source is shown below. 
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3) Source is delivering 

the power
4) Source is absorbing

 the power

 
 

  



 

 

GATE Questions 

 

1. In the circuit of the figure, the value of the voltage source E is 

 
 a)-16V   b) 4V   c) -6V   d) 16V  

 

Ans:  (A) 

Explanation:  

  
 0 – 1 – E – 5 – 10 = 0 

 E =  - 16V 
 

  



1.3  SOURCE TRANSFORMATION 
A real physical source is represented by, 

(a) a resistance in series with an ideal voltage source 

(b) a resistance parallel with an ideal current source 

 

 
 

In fig (a), output voltage at terminal AB,   v1 = v–  i1 R  ---------- (1) 

In fig (b) current flowing in the resistance R will be i – i1,  

so that voltage at terminal AB,    v1 = i R –  i1 R    --------- (2) 

 

In order that circuits in (a) and (b) be equal, v = i R 

 

Hence if it is required to convert a voltage source v in series with an internal resistance R into an 

equivalent current source, it is done by replacing the voltage source with a current source of value ‘v / R’, 

placed in parallel with a resistance R. If a current source i in parallel with a resistance R is to be converted 

into a voltage source, it is achieved by substituting a voltage source ‘i R’ in series with a resistance R.  

 

E.g: 

Fig: Voltage source and its equivalent current source 

 

 
 

 
Fig: Current source and its equivalent current source 

 

  



1.4 CIRCUIT ANALYSIS 

 

Circuit analysis is done in order to simplify complicated networks and to calculate the solutions easily. 

Certain laws and methods are applied in order to simplify circuits such as Kirchoff’s laws, Mesh analysis, 

Nodal analysis, Superposition theorem, Thevenin’s theorem etc. 

 

 

GATE Questions 

 
1. The Voltage eo in the figure is 

 
 

 a) 2V   b) 
4

3
V    c) 4V   d) 8V 

Ans: (C) 

Explanation:  

 

  Applying KCL 
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1.4.1 KIRCHOFF’S CURRENT LAW (KCL) 

Kirchoff’s current law states as follows, ‘In any electrical network, the algebraic sum of currents meeting 

at a point or junction is zero.’ i.e.; current entering a node is equal to the current leaving the node. 

 

 
 

 Eg: Assume the incoming currents as positive and outgoing currents as negative, then, 

(- I1 ) + I2 + I3 + (- I4 )  =  0 

I2 + I3=  I4 + I1 

Incoming Currents = Outgoing Currents 

 

This law is also known as Kirchoff’s point law or Kirchoff’s first law or Kirchoff’s junction rule (nodal 

rule). 

 

 

GATE Questions 

 

1. In the circuit of the figure, The Voltage v(t) is 

 

 
 

 a) 
at bte e   b)

at bte e   c) 
at btae be   d) 

at btae be  

 

Ans: (D) 

Explanation:  

 Applying KCL at the node (1) 
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2. For the Circuit in the figure, the voltage Vo is 

 

 
 

 a) 2V   b) 1V   c) -1V   d) None of These 

  

Ans:  (D) 

Explanation: 

  Since diode is forward bias it is taken as Short circuit  Applying KCL, 
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