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Lecture 10 – Summary 

Learning Objectives 

1. More practice with equivalent circuits 

2. The maximum power transfer theorem  
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Quiz #1 on February, 12 to 14 

To-date: 30 students do not have CBTF reservation! 
 

No Class on Monday 2/12/2024  
 

Practice Problems videos (links on Canvas Modules): 

Resistor Circuits Review (Week 2 – Lecture 3) 

Guided Solution Worksheet 2 (Week 3 – Lecture 6) 

Practice Problems on Node method (Week 3 – Lecture 8) 

Practice Problems on Equivalent Circuits + WS#3 (Week 4 – Lecture 9) 
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Practice Problem 3 – Find Thevenin equivalent 

𝑖1 = 2A 𝑉𝐴 = 20Ω × 2A = 40V 

A B 
60V 

20Ω 5Ω 2A 15Ω 

𝑉𝑇 = 𝑉A − 𝑉B 𝒊𝟏 
𝒊𝟐 

𝒊𝟑 

Loop 1 

Loop 3 

𝑖2 = 0 

𝑖3 = 3A 60V = 15Ω 𝑖3 + 5Ω 𝑖3 

𝑉𝐵 = −60 + 15Ω × 3A = −15V 

𝑉𝑇 = 𝑉A − 𝑉B = 40 − (−15) = 55V 

Loop 2 

𝑉𝐵 = −5Ω × 3A = −15V or 
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Practice Problem 3 – Find Thevenin equivalent 
A B 

20Ω 5Ω 15Ω 

𝑅𝑒𝑞 = 𝑅𝑇 = 20Ω + 15Ω//5Ω = 20Ω + 3.75Ω 

𝑅𝑇 = 23.75Ω 

Thevenin equivalent 
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Practice Problem 4 – Repeat #2 for Norton equivalent 

𝐼𝑆𝐶 = 𝐼𝑁 

Loop 2 

Loop 3 

Loop 1 𝑖1 = 2A 

3Ω 𝑖2 + 3Ω 𝑖2 − 𝑖3 + 12V + 3Ω 𝑖2 − 2A = 0 

9Ω 𝑖2 − 3Ω𝑖3 = −6V 

−12V + 3Ω 𝑖3 − 𝑖2 = 0 

−3Ω 𝑖2 + 3Ω𝑖3 = 12V 

1 

2 

3Ω 

3Ω 

3Ω 

12V 

2A 

𝒊𝟏 𝒊𝟐 𝒊𝟑 
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Practice Problem 4 – Repeat #2 for Norton equivalent 

𝐼𝑆𝐶 = 𝐼𝑁 

9Ω 𝑖2 − 3Ω𝑖3 = −6V 

−3Ω 𝑖2 + 3Ω𝑖3 = 12V 

1 

2 

Solving           & 1 2  𝑖2= 1A  𝑖3= 𝐼𝑁 = 5A 

5A 2Ω  (𝑹𝑵 = 𝑹𝑻  found earlier) 
Norton 

equivalent  
circuit 

3Ω 

3Ω 

3Ω 

12V 

2A 

𝒊𝟏 𝒊𝟐 𝒊𝟑 
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Practice Problem 4 – Only using source transformations 

𝐼𝑆𝐶 = 𝐼𝑁 3Ω 

3Ω 

3Ω 

12V 

2A 

6V 

3Ω 3Ω 

3Ω 

12V 
6V 

6Ω 

3Ω 

12V 

1A 6Ω 
3Ω 

12V 

1A 6Ω 3Ω 4A 

Add series resistors 

Transform to 
Thevenin source 

Transform to 
Norton source 

Transform to 
Norton source 
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5A 2Ω  
Norton 

equivalent  
circuit 

1A 6Ω 3Ω 4A 

1A 4A 6Ω 3Ω 

Rearrange order of elements 

Combine parallel 
resistors 

Add current sources 
injecting into the 

same nodes 

10V 

2Ω  

Thevenin 
equivalent  

circuit 
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Maximum Power Transfer Theorem 

𝑅𝐿 

We would like to find for what load resistance 𝑹𝑳 the 
power 𝑷𝑳 transferred to 𝑹𝑳 is maximum. 
 
Remember: Power is       𝑃𝐿 = 𝑉𝐿 𝐼𝐿 

𝐼𝐿 

A 

B 

𝑉𝐿 = 𝑉𝐴𝐵 
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𝑅𝐿 = 0 𝑅𝐿 → ∞ 

A 

B 

A 

B 

A 

B 
𝑉𝐿 = 0 

𝑃𝐿 = 0 

𝐼𝐿 = 0 

𝑃𝐿 = 0 

𝐼𝐿 

𝐼𝐿 =
𝑉𝑇

𝑅𝑇 + 𝑅𝐿
 

𝑃𝐿 = 𝑉𝐿𝐼𝐿 = 𝑅𝐿𝐼𝐿
2 

𝑅𝐿 

0 ∞ 
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Maximum Power transfer when 𝑹𝑳 = 𝑹𝑻 as required by 

𝑅𝐿 = 0 𝑅𝐿 → ∞ 

A 

B 

A 

B 

A 

B 
𝑉𝐿 = 0 

𝑃𝐿 = 0 

𝐼𝐿 = 0 

𝑃𝐿 = 0 

𝐼𝐿 

𝐼𝐿 =
𝑉𝑇

𝑅𝑇 + 𝑅𝐿
 

𝑃𝐿 = 𝑉𝐿𝐼𝐿 = 𝑅𝐿𝐼𝐿
2 

𝑑𝑃𝐿

𝑑𝑅𝐿
=

𝑑

𝑑𝑅𝐿
𝑅𝐿𝐼𝐿

2 = 𝑉𝑇
2

𝑑

𝑑𝑅𝐿

𝑅𝐿

𝑅𝑇 + 𝑅𝐿
2

= 0 

𝑅𝐿 

0 ∞ 
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𝑑

𝑑𝑅𝐿

𝑅𝐿

𝑅𝑇 + 𝑅𝐿
2

= 0 

𝑑

𝑑𝑅𝐿

𝑅𝐿

𝑅𝑇 + 𝑅𝐿
2

=
𝑅𝑇 + 𝑅𝐿

2 − 2𝑅𝐿 𝑅𝑇 + 𝑅𝐿

𝑅𝑇 + 𝑅𝐿
4

= 0 

𝑅𝑇 + 𝑅𝐿
2 − 2𝑅𝐿 𝑅𝑇 + 𝑅𝐿 = 0 

𝑅𝑇 + 𝑅𝐿 − 2𝑅𝐿 = 0 

𝑅𝐿 = 𝑅𝑇 

𝑓 𝑅𝐿 = 𝑅𝐿 𝑔 𝑅𝐿 = 𝑅𝑇 + 𝑅𝐿
2 

𝑑

𝑑𝑅𝐿

𝑓(𝑅𝐿)

𝑔(𝑅𝐿)
=

𝑓′ 𝑅𝐿 𝑔 𝑅𝐿 − 𝑓 𝑅𝐿 𝑔′(𝑅𝐿)

𝑔 𝑅𝐿
2

 

Proof 
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Power transferred to load as a function of load resistance 

𝑅𝐿 Ω  

𝑅𝑇 = 100Ω 

𝑅𝐿 = 100Ω 

In conditions of maximum power transfer, 50% of the 
power generated by the source is dissipated by the 
source resistance 𝑹𝑻 and 50% by the load resistance 𝑹𝑳.  


