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Network Reduction Techniques and Network Theorems
Chapter 4, Sections 9-16, in the text by Nilsson covers several useful network
reduction techniques and network theorems.

The purposes of these techniques and theorems are:
• To provide alternate analysis methods
• To provide methods for simplifying circuits
• To provide methods for representing circuits in the simplest possible form
• To gain insight into circuit behavior

Topics to be covered
• Source Transformations
• Superposition
• Thevenin’s and Norton’s Theorems
• Maximum Power Transfer Theorem

Reading Assignment: Sections 4.9 - 4.16, in Electric Circuits, 10th Ed. by Nilsson 
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Thevenin’s & Norton’s Theorems
Any one-port network N may be represented by either of the following types of 
equivalent circuits:
Thevenin Equivalent Circuit (TEC) – consisting of a voltage source and a 
series impedance
Norton Equivalent Circuit (NEC) – consisting of a current source and a 
parallel impedance

independent 
sources, 

dependent sources, 
and resistors 
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Illustration of VOC and ISC:

TH OCV   V   Thevenin voltage or open-circuit voltage 

LoadNetwork N VOC

+

_

Network N

Remove the load and the voltage across the open terminals is VOC

Replace the load by a short circuit (wire) and the current through 
the short is ISC

LoadNetwork N
ISC

Network N

N SCI   I   Norton current or short-circuit current 
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There are 3 ways to find the TEC or NEC for a given circuit:
Examples using each of the three methods will be provided on the following pages.
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Finding Thevenin resistance by adding external sources
As indicated in Method 2 for finding a TEC or NEC, RTH can also be found as follows:

TH

th
with independent sources killed and
any value source added to the terminals where R  is to be measured

terminal voltageR   
terminal current



Discussion:  If the dead circuit really acts like a resistor (RTH), then we can add any 
voltage source across the circuit (resistor), solve for the current, and use Ohm’s Law to 
find RTH.  Similarly, we can add any value current source and solve for the voltage.  
This technique is illustrated below.

Dead Circuit
(independent

sources killed)

+

_
2A = IT

Add any value of current 
source and solve for VT

Dead Circuit
(independent

sources killed)
+_ 10V = VT

IT

T
th

T

V terminal voltageIn either case above, calculate R    = 
I terminal current



Add any value of voltage 
source and solve for IT

VT

Case 1:  Add an external voltage source Case 2:  Add an external current source
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Example: Find Vo using Thevenin’s Theorem
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+

VO

2KΩ  3KΩ 

5KΩ 4V 2mA

+

VO
5KΩ 

RTH

VTH
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1) To find	ࢎࢀࢂ:

+

2KΩ  3KΩ 

4V 2mA VTH = VOC 

்ܸ ௛ ൌ ሾ ܭ2 ܣ2݉ ሿ ൅ 4 ൌ 8	ܸ

2) To find ࢎࢀࡾ:
2KΩ  3KΩ 

RTH

்ܴ௛ ൌ ߗܭ3 ൅ ߗܭ2 ൌ 5 ߗܭ

3) To find ࡻࢂ:

+

VO5KΩ 8V

5KΩ 

ைܸൌ 	
5

5 ൅ 5 ∗ 8 ൌ 4 ܸ
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Example: Find Vo using Norton’s Theorem
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+

VO

2KΩ  3KΩ 

5KΩ 4V 2mA

 

IN RN

+

VO
5KΩ 

				 ைܸൌ ሺ	ܴே	 /⁄ ሻߗܭ5	 ேܫ

1) To find ܫே:
ேܫ ൌ 	 ௦௖ܫ
2KΩ  3KΩ 

4V 2mA IN = ISC
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2KΩ  3KΩ 

4V 2mA INI

ܣ2݉ ൌ	 ேܫ െ ܫ …………... Constraint equation

4 ൌ ܭ2 ܫ	 ൅ ሺ3ܭሻ	ܫே ..……….... Supermesh equation

ேൌܫ	∴ ܣ݉	1.6
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2) To find 	ܴேൌ		்ܴ௛
Turn off all the independent sources

2KΩ  3KΩ 

RN

	ܴேൌ ߗܭ3 ൅ ߗܭ2 ൌ ߗܭ5

3) To find ைܸ

 

1.6mA

+

VO5KΩ 5KΩ 
ைܸ ൌ ሺ5ߗܭ	//	ߗܭ5ሻ	ሺ1.6	݉ܣሻ

ைܸ ൌ 4	ܸ
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After finding TEC and putting back the 5kohm load , 
the circuit will be:

Find ௢ܸ using Thevenin’s theorem

+

VO

2KΩ  3KΩ 

5KΩ 4V
VX 

+

VX4000

+

VO
5KΩ VTH

RTH 
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1) To find 	்ܸ ௛

+

VTH = VOC

2KΩ  3KΩ 

4V VX 
4000

Vx = 

				்ܸ ௛ൌ ܭ2 	 ௏ೣ
ସ଴଴଴	

൅ 4	

௫ܸ ൌ ்ܸ ௛

∴ ்ܸ ௛ൌ 8	ܸ

Note that current through the 3 kohm
Is equal to zero ( open circuit)
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1) To find ்ܴ௛

a) Method 1: 	்ܴ௛ ൌ
௏೅೓
ூಿ

+

VX

2KΩ  3KΩ 

4V
VX 

4000
IN

௫ܸ ൌ 0
௏ೣ

ସ଴଴଴
Open circuit.

2KΩ  3KΩ 

4V IN ேܫ ൌ
4	ܸ
ߗܭ	5 ൌ ܣ݉	0.8

∴ ்ܴ௛ ൌ
8	ܸ	

0.8 ܣ݉ ൌ 10 ߗܭ
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Method 2: RThൌVT/IT
while  All independent sources set to zero 

+

VX

2KΩ  3KΩ 

VX 
4000 VT

IT

+

-

+

VTVX

IT

VX

2

2KΩ 

3KΩ 

െ	்ܸ ൅ ்ܫ	ܭ3 ൅ ்ܫ	ܭ2 ൅
௫ܸ
2 ൌ 0

௫ܸ ൌ ்ܸ

∴ ்ܴ௛ൌ
்ܸ
்ܫ
ൌ 10 ߗܭ
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+

VO5KΩ 

10KΩ 

8V

ைܸ ൌ
	ܭ5

ܭ5 ൅ 		ܭ10 8	ܸ

ைܸ ൌ
8
3 	ܸ

Equivalent Circuit
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Find ܫ௫ using Thevenin’s theorem

+

-
1.5IX

3Ω 

2Ω  10V

IX

VTH

RTH

10V

IX
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1) To find ்ܸ ௛

+

-

3Ω 

2Ω 

IX

+

VTH = VOC1.5IX

Since there is no independent 
sources 

∴ ்ܸ ௛ ൌ 0

2) To find ்ܴ௛:		
௏೅
ூ೅

+

-

3Ω 

2Ω 

IX

1.5IX

+

VT IT

2Ω 

IXVT

IT3Ω 0.5IX
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௑ܫ ൌ 	െ்ܫ

KCL

௑ܫ	0.5 ൅ ்ܫ ൌ
்ܸ
3 ൅

்ܸ
2

∴ ்ܴ௛ൌ
்ܸ
்ܫ
ൌ ߗ	0.6

2Ω 

IXVT

IT3Ω 0.5IX

0.6Ω  10V

IX

௑ܫ ൌ 	െ
10
0.6 ൌ 	െ16.67	ܣ
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Assessment 4.18
A voltmeter with an internal 
resistance of
100 kis used to measure 
the voltage vAB in the
circuit shown. What is the 
voltmeter reading?

Answer: 120 V.
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Problem 4.64
Find the Norton equivalent with 
respect to the terminals a,b

Answer
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Problem 4.71
A voltmeter with a resistance of 85.5 
kW  is used to
measure the voltage vabin the circuit.
What is the voltmeter reading?

Answer
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Maximum Power Transfer Theorem
Suppose that a general network N has a resistive load as shown below.

independent 
sources, 

dependent sources, 
and resistors 

Network N 

 RL 

Now we might consider two questions:
• For what value of RL is maximum power delivered to RL?
• What is the maximum power that can be delivered to RL?

To answer these questions (see next page),
1)  Replace N by a Thevenin Equivalent Circuit
2)  Determine a general expression for power to RL

3)  L
L

L

dPSolve    0    to find where P  is max imum
dR



23Chapter 4, Sections 9-16      ENEE2301– Network Analysis 1



Maximum Power Transfer Theorem
Show that:

2
th

max
th

VP   
4R

L thR   R   for maximum power

24

RL

o

o

RTH

VTH

a

b

A load resistance will 
receive maximum power from a 
circuit when the resistance of the 
load is exactly the same at the 
Thevenin's resistance looking 
back at the circuit .

ܴ௅ ൌ 	்ܴு

௅ܲ ൌ 	
௅ܸ
ଶ

ܴ௅

௅ܸ ൌ
ܴ௅

ܴ௅ ൅ ்ܴு
. ்ܸ ு

Chapter 4, Sections 9-16      ENEE2301– Network Analysis 1



The relationship between PL and RL can be illustrated by the graph shown 
below.

 RTH 
 RL 

 PL 
2
th

th

V 
4R
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௅ܲ ൌ 	
்ܸ ு
		ଶ 	. ܴ௅

ܴ௅ ൅ ்ܴு ଶ

డ௉ಽ
డோಽ

ൌ 	௏೅ಹ
	మ 		 ோಽାோ೅ಹ 	మିଶோಽ ோಽାோ೅ಹ

ோ೅ಹାோಽ ర

߲ ௅ܲ
߲ܴ௅

ൌ 0

ܴ௅ ൅ ்ܴு 	ଶ െ 2ܴ௅ ܴ௅ ൅ ்ܴு ൌ 0

ܴ௅ ൅ ்ܴு ܴ௅ ൅ ்ܴு െ 2ܴ௅ ൌ 0

∴ ்ܴு െ	ܴ௅ ൌ 0
∴ ܴ௅ൌ 	்ܴு ௅ܲ,௠௔௫ ൌ 	

்ܸ ு
	ଶ

4 ܴ௅
ൌ 	

்ܸ ு
	ଶ

4 ்ܴு
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Find the value of ܴ௅ for maximum power transfer in the circuit 
shown .

Find the maximum power .

6  Ω  3 Ω  2 Ω 

12 Ω  2 A 
12 V

6  Ω 

o
b

o
a

RL

To find ்ܸ ு

6  Ω  3 Ω  2 Ω 

12 Ω  2 A 
12 V

6  Ω 

o
b

oa

VTH

+

_I1 I2

ଶܫ ൌ െ2	ܣ			constrain equation 

12 ൌ ଵܫ	18 െ ଶܫ	12

∴ 	 ଵܫ ൌ 	െ
2
3 ܣ		

்ܸ ு ൌ െ3	ܫଶ െ ଵܫ	6 ൅ 12

∴ 	 ்ܸ ு ൌ 22 ܸ
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6  Ω  3 Ω  2 Ω 

12 Ω  2 A 

6  Ω 

o
b

oa

VTH

+

_

o

o

To find ்ܴு
்ܴு ൌ 2 ൅ 3 ൅ 6||12	

ൌ 2 ൅ 3 ൅ 4

ൌ 9	Ω

∴ ܴ௅ ൌ ்ܴு ൌ 9	Ω

∴ 	 ௅ܲ,௠௔௫ ൌ
்ܸ ு
	ଶ

4	்ܴு
ൌ 	13.44	ܹ
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To find ்ܸ ு

Find the value of ܴ௅ for maximum power transfer in the circuit shown .

Find the maximum power .

12 V2 mA

RL

6k  Ω 4k Ω 

3k Ω 

4k Ω 

3k Ω 
12 V

6k  Ω 

2 mA

VTH

o o
+ _

I2I1

ଵܫ ൌ  constrain equation		ܣ݉	2

െ12 ൌ ଶܫ	9݇ െ ଵܫ	3݇

∴ 	 ଶܫ ൌ 	
1
3 ܣ݉		

்ܸ ு ൌ ଵܫ	4݇ ൅ ଶܫ	6݇

்ܸ ு ൌ 10 ܸ
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4k  Ω  6k Ω 

3k Ω 

o o
a b

o

o

To find ்ܴு
்ܴு ൌ 4݇ ൅ 3݇||6݇

ൌ 4݇ ൅ 2݇

ൌ 6݇	Ω

∴ ܴ௅ ൌ ்ܴு ൌ 6݇	Ω

௅ܲ,௠௔௫ ൌ
்ܸ ு
	ଶ

4	்ܴு
ൌ 	
25
6 	ܹ݉
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Assessment 4.21
a) Find the value of R that enables the 
circuit shown to deliver maximum power 
to the terminals a,b.
b) Find the maximum power delivered to 
R.

Answer: (a) 30 ;
(b) 1.2 k.
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Problem 4.83
The variable resistor (Ro) in the circuit adjusted 
until the power dissipated in the resistor is
250 W. Find the values of R() that satisfy this 
condition.

Answer       or
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Problem 4.87
The variable resistor (RL) in the circuit 
adjusted for maximum power transfer 
a) Find the numerical value of RL.
b) Find the maximum power transferred 
to RL.

Answer
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