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UNIT – I 
NETWORK THEOREMS 

 
Topics: Superposition, Thevenin, Norton, Maximum Power Transfer, Millman, Tellegen, 
Reciprocity and Compensation theorems for D.C and sinusoidal excitations (Without Proof). 
 
INTRODUCTION: 

Electric circuit theorems are always beneficial to help find voltage and currents in multi 
loop circuits. These theorems use fundamental rules or formulas and basic equations of 
mathematics to analyze basic components of electrical or electronics parameters such as 
voltages, currents, resistance, and so on. 

Mesh and nodal analysis are two basic important techniques used in finding solutions 
for a network. The suitability of either mesh or nodal analysis to a particular problem depends 
mainly on the number of voltage sources or current sources. If a network has a large number of 
voltage sources, it is useful to use mesh analysis; as this analysis requires that all the sources in 
a circuit be voltage sources. Therefore, if there are any current sources in a circuit they are to 
be converted into equivalent voltage sources, if, on the other hand, the network has more 
current sources, nodal analysis is more useful. 

 

1. SUPERPOSITION THEOREM 
 

Statement: 
 The superposition theorem states that in any linear network containing two or  
more sources, the response in any element is equal to the algebraic sum of the  
responses caused by individual sources acting alone, while the other sources are  
non-operative; that is, while considering the effect of individual sources, other  
ideal voltage sources and ideal current sources in the network are replaced by  
short circuit and open circuit across their terminals respectively. This theorem is valid only for 
linear systems.  
 
Procedure: 
Step 1 − Identify the number of sources in the given network. 
Step 2− Find the response (finding value) in a particular branch by considering one 
independent source and eliminating the remaining independent sources present in the 
network. [The dependent sources are not removed.] 
Step 3 − Repeat Step 1 for all other independent sources present in the network. 
Step 4 − Add all the responses in order to get the overall response (required value) in a 
particular branch when all independent sources are present in the network. 
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PROBLEMS ON SUPERPOSITION THEOREM 
1) Determine the voltage ‘v’ in the circuit using Superposition theorem. 

 
SOL: 
Step-1 : 6V source is acting alone. 3A source is open circuited. The modified circuit is shown 
in the fig. 

 
 
Step-2 : 3A source is acting alone. 6V source is short circuited. 

 
 
Step-3: The voltage ‘v’ is 

 
 

2) Determine the current ‘ix’ in the circuit using Superposition theorem. 

 
SOL: 
Step-1 : 10V source is acting alone. 3A source is open circuited. 
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Step-2 : 3A source is acting alone. 10V source is short circuited. 

 
Step-3 : The current ‘ix’ is  

 
 

3) Determine the current ‘I0’ in the circuit using Superposition theorem. 

 
SOL: 

Step-1 :   is acting alone. 5A source is open circuited. 
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Step-2: 5A source is acting alone. 20V source is short circuited. 

  

 
Step-3 : The current I0 is 

 

 
2. THEVENIN’S THEOREM 

Statement: 
 Thevenin's theorem states that any two terminal linear networks having a number of 
voltage-current sources and resistances(impedances) can be replaced by a simple 
equivalent circuit consisting of a single voltage source in series with a 
resistance(impedance), where the value of the voltage source is equal to the open circuit 
voltage across the two terminals of the network, and resistance is equal to the equivalent 
resistance measured between the terminals with all the energy sources are replaced by 
their internal resistances.  
 
According to Thevenin's theorem, The Thevenin’s equivalent circuit can be shown in the 
following circuit. 
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Steps for Solution of a Network Utilizing Thevenin's Theorem 
 Remove the load resistor (RL) and find the open circuit voltage (Voc or VTh) across the 

open circuited load terminals. 
 Deactivate the constant sources (for voltage source, remove it by internal resistance 

and for current source delete the source by open circuit) and find the  
internal resistance (Thevenin's resistance) of the source side looking through the 

open circuited load terminals. Let this resistance be RTh.  

 Obtain Thevenin's equivalent circuit by placing RTh in series with Voc. 

 Reconnect RL across the load terminals as shown in Fig.  
 

 

 

PROBLEMS ON THEVENIN’S THEOREM 
4) Determine the Thevenin’s equivalent circuit across the load resistance RL.  

 
SOL: 
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Step-1: Open RL and find the Thevenin’s voltage VTh across RL. 

 

 
Step-2: To find the Thevenin’s resistance RTh. 

 
 
Step-3 : The Thevenin’s equivalent circuit is shown in the fig. 

 
 

5) Determine the current in 9Ω using Thevenin’s theorem 

 
SOL: 
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6) Find the current through (4+j6)Ω impedance in the network using Thevenin’s theorem. 

 
SOL: 
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3. NORTON’S THEOREM 
Statement: 
 Norton’s theorem states that any two terminal linear network with voltage-current 
sources and resistances (impedances) can be replaced by an equivalent circuit consisting of a 
current source in parallel with a resistance (impedance). The value of current source is the 
short circuit current(Norton’s current) between the two terminals of the network and 
resistance (Norton’s resistance or impedance) is the equivalent resistance (impedance) 
measured between the terminals of the network with all energy sources are replaced by their 
internal resistances. 
 The Norton’s equivalent circuit is shown in the fig. 

 

 

 

 
 
Steps for Solution of a Network Utilizing Norton's Theorem  
 Remove the load resistor and find the internal resistance of the source network  

by deactivating the constant sources. This procedure is exactly same as described for 

Thevenin's theorem. Let this resistance be Rint or RN. 
 Next, short the load terminals and find the short circuit current flowing through the 

shorted load terminals using conventional network analysis. Let this current be iSC or 
iN. 

 Norton's equivalent circuit is drawn by keeping Rint in parallel to iSC as shown in Fig.  
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 Reconnect the load resistor (RL) across the load terminals and the current through it 

(IL) is then given by 

 
PROBLEMS ON NORTON’S THEOREM 

7) Determine the voltage across 6Ω resistor using Norton’s theorem in the following circuit. 

 
SOL: 

Step-1: Short circuit 6Ω resistor and find Norton’s current IN. 

 

 
Step-2 : Find Norton’s resistance RN.  
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Step-3: Draw the Norton’s equivalent circuit and find voltage across 6Ω. 

 

 
 
8) Find the Thevenin’s and Norton’s equivalent circuits across the terminals a and b in the 
circuit. 

 
SOL: 
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9) Determine the Norton’s equivalent network across terminals A and B in the circuit 

 
SOL: 
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4. MAXIMUM POWER TRANSFER THEOREM 
Statement: 
 The maximum Power Transfer Theorem states that maximum power is delivered from a 
source to a load when the load resistance is equal to the source resistance.  
 In Fig., assume that the load resistance is variable.  

 

 

 

 
 

The maximum power is 
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For AC circuits: 

 
Proof: 
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 The variation of power to the load with respect to the load resistance is shown in the fig. 

When RL = RTh, the power to the load is maximum i.e. maximum power is delivered to the load. 
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PROBLEMS ON MAXIMUM POWER TRANSFER THEOREM 
10) 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  

 
SOL: 
Step-1: To find the unknown resistance RL by short circuiting 6V source 

 
RTh = 5 || 15.43 = 3.77 Ω 

Step-2: To find the Thevenin’s Voltage VTh 

 
Apply KVL to the loops, 

14I1 – 8I2 = 6 
–8I1 + 25I2 = 0 

Solving above equations, 
I1 = 0.524 A,   I2 = 0.168 A 

VTh = 5I2 = 5 × 0.168 = 0.84 V 
 
Step-3 : To draw the thevenin’s equivalent circuit 
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From maximum power transfer theorem, RL = 3.77 Ω 

Maximum power, Pmax = 
2 20.84
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11) For maximum power transfer, find the value of RL and maximum power in the circuit 

 
SOL: 
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12) Find the impedance ZL so that maximum power can be transferred to it in the network. 
Calculate the maximum power. 

 
 

SOL: 
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5. MILLMAN’S THEOREM 
Statement: 

It states that ‘if there are n voltage sources V1, V2 ,…,Vn with internal resistances R1,R2 

,…, Rn respectively connected in parallel then these voltage sources can be replaced by a single 

voltage source Vm and a single series resistance Rm’ as shown in the fig. 
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For AC circuit: 

Millman’s theorem states that ‘If there are n voltage sources V1, V2, … Vn with internal 

impedances Z1, Z2, … Zn respectively connected in parallel then these voltage sources can be 

replaced by a single voltage source Vm and a single series impedance Zm. 

 
 

 
PROBLEMS ON MILLIMAN THEOREM 

13) Find the current through the 10Ω resistor in the network using Millman’s theorem. 

 
SOL: 
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14) Find the current through the 40 Ω resistor for the network using Millman’s theorem. 

 
SOL: 
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15) In the network shown in Fig., what load ZL will receive the maximum power. Also find 
maximum power. 

 
SOL: 

 

 

 

 
6. TELLEGEN’S THEOREM 

Statement: 
Tellegen’s theorem states that the algebraic sum of powers in all branches in a network at any 
instant is zero. This theorem is valid for any network that may be linear or non-linear, active or 
passive and time varying or time invariant, and all branch currents and voltages in the network 
must satisfy Kirchhoff’s laws. 

According to Tellegen’s theorem, the rate of supply of energy by the active elements of a 
network equals the rate of energy dissipated or stored by the passive elements of the network. 
Tellegen’s theorem is stated mathematically as follows: 



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b

k

kk IV
1
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[24] 

 

Vk and Ik should satisfy KVL and KCL, respectively. In the above expression ‘b’ indicates the 
number of branches. 
[Note: Total Power delivered by source = Total power absorbed by sinks] 

 
PROBLEMS ON TELLEGEN’S THEOREM 

16) Determine the power supplied by the source in the network 

 
SOL: 

 
 
17) Prove the Tellegen’s theorem for the network shown in the fig. 

 
SOL: 
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18) Verify the Tellegen’s theorem for the circuit shown in the fig. 

 
SOL: 

 
                Apply KVL in the second loop 

 
 

           The distribution of voltages and current in every branch is shown in the fig. 
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           Hence Tellegen’s theorem is verified. 
 
19) Verify the Tellegen’s theorem for the network shown in the fig. 

 
SOL: 

 

 
             Hence Tellegen’s theorem is verified. 
 
 

7. RECIPROCITY THEOREM 
Statement: 
It states that ‘in a linear, bilateral, active, single source network, the ratio of excitation to 
response remains same when the positions of excitation and response are interchanged.’ 

In other words, it may be stated as ‘if a single voltage source Va in the branch ‘a’ 

produces a current Ib in the branch ‘b’ then if the voltage source Va is removed and inserted in 

the branch ‘b’, it will produce a current Ib in branch ‘a’’. 
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Steps to be followed in Reciprocity Theorem 
1. Identify the branches between which reciprocity is to be established. 
2. Find the current in the branch when excitation and response are not interchanged. 
3. Find the current in the branch when excitation and response are interchanged. 
 

PROBLEMS ON RECIPROCITY THEOREM 
20) Find the current ‘I’ and verify reciprocity theorem for the network shown in Fig. 

 
SOL: 
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21) In the network of Fig., find the voltage Vx and verify the reciprocity theorem. 

 
SOL: 
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8. COMPENSATION THEOREM 
Statement: 
It states that ‘in any linear bilateral active network, if any branch carrying a current ‘I’ has its 
resistance R changed by an amount δR, the resulting changes that occur in the other branches 
are the same as those which would have been produced by an opposing voltage source of value 
Vc(IδR) introduced into the modified branch.’ 
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For AC circuit: 
The compensation theorem states that ‘In any linear bilateral active network, if any branch 
carrying a current ‘I’ has its impedance Z changed by an amount δZ, the resulting changes that 
occur in the other branches are the same as those which would have been provided by an 

opposing voltage source of value VC(IδZ) introduced into the modified branch.’ 
 

PROBLEMS ON COMPENSATION THEOREM 
22) In the network of Fig., the resistance of 4 Ω is changed to 2 Ω . Verify the compensation 
theorem. 

 
SOL: 



[31] 

 

 

 
 

 
 
23) In the network of Fig., the impedance (3+j2) Ω is changed to (5+j3) Ω. Determine the 
change in current drawn from the source by direct calculation and then verify the result by 
compensation theorem. 

 
SOL: 
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24) In the network of Fig., the impedance (5 + j2) Ω is changed to (1 + j1) Ω. Find the change in 
current drawn from the supply by direct calculation and then verify by the compensation 
theorem. 

 
SOL: 
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