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Disclaimer 

This lecture note does not claim originality and is not intended to replace prescribed 

textbooks. It is a compilation prepared by the author(s) solely for educational purposes and to 

support teaching activities. Various sources, including those listed in the references section and 

publicly available material from the internet, have been consulted in its preparation. The ownership 

of the content lies with the respective authors or institutions. This lecture note is not intended for 

commercial use, and the author(s) are not liable for any issues, legal or otherwise, arising from its 

use. No guarantees are made regarding the accuracy or completeness of the content, and any 

implied warranties, including but not limited to merchantability or fitness for a particular purpose, 

are expressly disclaimed. The author(s) shall not be held responsible for any losses, including loss 

of profit or other damages, whether special, incidental, or consequential, that may result from the 

use of this document. 

  



MODULE-I 
1. CIRCUIT ANALYSIS: 

1.1 Kirchhoff’s Laws: - 

1.1.1 Kirchhoff’s current law or point law (KCL):  

Statement: - In any electrical network, the algebraic sum of the currents meeting at a point is 

zero.  

Σ I = 0 ……at a junction or node  

           Assumption: -  Incoming current = positive  

                                  Outgoing current = negative 

1.1.2. Kirchhoff’s voltage law or mesh law (KVL): 

Statement: - The algebraic sum of the products of currents and resistances in each of the 

conductors in any closed path (or mesh) in a network plus the algebraic sum of the emfs in that 

path is zero.  

Σ IR +Σemf = 0 …………………………...round the mesh  

Assumption: - i) Rise in voltage (If we go from negative terminal to positive terminal) = positive  

ii) Fall in voltage (If we go from positive terminal to negative terminal) = negative  

iii) If we go through the resistor in the same direction as current then there is a fall in potential. 

Hence this voltage is taken as negative.  

iv) If we go through the resistor against the direction of current then there is a rise in potential. 

Hence this voltage drop is taken as positive. 

1.2. MAXWELL’S LOOP CURRENT METHOD (MESH ANALYSIS): 

Statement: - This method determines branch currents and voltages across the elements of a 

network. The following process is followed in this method: -  

• Here, instead of taking branch currents (as in Kirchoff’s law) loop currents are taken which are 

assumed to flow in the clockwise direction.  

•  Branch currents can be found in terms of loop currents  

•  Sign conventions for the IR drops and battery emfs are the same as for Kirchoff’s law.  

Example:  Find I1, I2 and I3 in the network shown in Fig below using loop current method. 

 



 

 

1.3. NODAL ANALYSIS:  

 Statement: - This method determines branch currents in the circuit and also  

                    Voltages at individual nodes.  

The following steps are adopted in this method: -  

●   Identify all the nodes in the network.  

●   One of these nodes is taken as reference node in at zero potential  

●   The node voltages are measured w.r.t the reference node  

●   KCL to find current expression for each node   

●  This method is easier if all the current sources are present. If any   voltage source is present, 

convert it to current source. 

● The number of simultaneous equations to be solved becomes (n-1) where  ‘n’ is the number 

of independent nodes. 



Explanation: - 

 

 

Hence,  

●    Node voltage multiplied by sum of the entire conductance connected to this node. This 

term is positive.  

●   The node voltage at the other end of each branch (connected to this node multiplied by    

conductance of this branch). This term is negative. 

 

Example: - Use nodal analysis to find currents in the different branches of the circuit shown below. 



       

Solution: - Let V1 and V2 are the voltages of two nodes as shown in Fig. below 

 

 



 

 

 

 

 

 

 

 

  



Series Circuit Resistors: 

 

 

 

  



Parallel Ckt. Resistors: 

 

 

 

 

 



 

 

  



Solve the above ckt. By using KVL. And also Loop analysis method (mesh) 

 

 

 

 

 



 

 

 

 

 



 

 

 



 

 



 

 

 



 

 

 

 

 



 



 

 



 

 



 

 

  



 

 

 

 



 

 

 

 

 

 

 

  



NETWORK THEOREMS: 

SUPERPOSITION THEOREM 

THEVENIN’S THEOREM 

NORTON’S THEOREM 

MAXIMUM POWER TRANSFER 

 

SUPERPOSITION THEOREM: 

Statement: -  In a network of linear resistances containing more than one generator (or source of 

of all the currents which would flow at that point if each generator were considered separately 

and all the other generators replaced for the time being by resistances equal to their internal 

resistance. 

Example: - By using superposition theorem, calculate the currents in the network shown.  

 



  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



SOURCE CONVERSION: -  

Statement:  A voltage source (V) with a series resistance (R) can be converted to a current source 

(I=V/R) with a parallel resistance (R) and vice-versa. 

Explanation: 

 

 

 

Summary: 

● The two circuits are said to be electrically equivalent if they supply equal load currents 

with the same resistance connected across their terminals.  

● Voltage source having a voltage V and source resistance Rx can be replaced by I(= V/Rx) 

and a source resistance Rx in parallel with current source.  

● Current source I and source resistance Rx can be replaced by a voltage source V (=IRx) 

and a source resistance Rx in series with V. 

 



 

 



 

 

 

 

 

 

 



THEVENIN’S THEOREM: -  

Statement:-  Any  pair  of  terminals  AB  of  a  linear  active  network  may  be replaced  by  an  

equivalent  voltage  source  in  series  with  an  equivalent resistance  Rth.  The value of  Vth  

(called  the  Thevenin’s  voltage)  is  equal  to potential difference between the terminals AB when 

they are open circuited, and Rth   is the equivalent resistance looking into the network at AB with 

the independent  active  sources  set  to  zero  i.e  with  all  the  independent  voltage  

sources short-circuited and all the independent current sources open- circuited. 

 

 

Example: - Find VX by first finding VTH and RTH to the left of A-B. 

 

Solution: step1. First remove everything to the right of A-B 

 

There is  no  current  flowing  in  the  4  Ω  resistor  (A-B)  is  open. Thus, there can be no voltage 

across the resistor. 

 

Step 2. To find Rth: We  now  deactivate  the  sources  to  the  left  of  A-B  and  find  the  resistance  

seen looking in these terminals. 



 

Step 3. To find Vx  : After  having  found  the  Thevenin  circuit,  we  connect  this  to  the  load  in  

order  to find VX. 

 

 

 

 



 

 



 

 

 

 



 



 

 

 

 



 

 



 

  



NORTON’S THEOREM:  

Statement: Any two terminal linear active network (containing independent voltage  and  current 

sources),  may  be  replaced by  a  constant  current source IN in parallel with a resistance RN, 

where IN is the current flowing through a short circuit placed across the terminals and RN is the 

equivalent resistance of the network as seen from the two terminals with all sources replaced by 

their internal resistance.  

 

 

 



 



 

 

 



 

 

 

 



 

 



 

 



 



MAXIMUM POWER TRANSFER THEOREM:  

•  The maximum power transferred from the power source to the load is when the resistance of the 

load RL is equal to the equivalent or input resistance of the power source (Rin = RTh or RN). •  The 

process used to make RL = Rin is called impedance matching. 

             

 

 



 

 

 

 

 



 



 

 



 

 



 



 

 

 



 

 



 

 

 

 


