
Theorems – 4

maximum power transfer



Power Transfer

• How much power is dissipated in the 20 Ω resistor?
–Method: node analysis    à 𝑣! = 10	V

– Power calculation 𝑃 = "!!

!#
= $#!

!#
= 5 W



• Question – if the resistance was larger/smaller than 
20	Ω could it take more power from the circuit? 



• Approach 1 – solve for power in terms of R
–MatLab symbolic tools:



• Optimize 

𝑅∗ =
225
8 = 28.1	Ω 𝑃"#$ = 5.15	𝑊



• What’s going on? 

	 𝑃 =
148225	𝑅

4 8𝑅 + 225 !
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Maximum Power Transfer

• Consider connecting a 
“load” resistance, RL , 
across two points of a 
circuit

• What happens as it 
varies?
– Current
– Voltage
– Power



• Use the Thevenin model

• %&
%'"

= 0  yields a max of 𝑃()* =
+#$
!

,'#$
  when 𝑅- = 𝑅./ 

𝑣 = '"
'"0'#$

 𝑣./

𝑝 =
𝑣!

𝑅-
=

𝑅-
𝑅- + 𝑅./ ! 𝑣./

!



Example: find a load resistance to dissipate maximum 
power

20	Ω, 20	𝑊



Example: find the load that dissipates maximum power



8	𝑘Ω



Example (trick): find R to maximum the power 
delivered to the 10 ohm resistor 



Maximum AC Power

• Given a phasor Thevenin model, how do we get 
maximum power to 𝑍-?



• For sinusoidal sources and RLC circuits, power is
 

𝑆 =
|𝐈|!

2 Z1 𝑃 =
|𝐈|!

2 R1

• For our problem 

𝐈 =
𝐕23

Z43 + Z1
=

𝐕23
R43 + R1 + 𝑗 X43 + X1



• So

𝑃 =
|𝐈|-

2 R. =
1
2

|𝐕/0|-R.
R/0 + R. - + X/0 + X. -

• We can optimize this using calculus

• How depends upon which parameters we can change



𝑃 =
1
2

|𝐕!"|#R$
R!" + R$ # + X!" + X$ #

• Example 1 (unusual): both 𝑅1 and 𝑋1 are free to choose 

𝜕𝑃
𝜕𝑋1

= 0
𝜕𝑃
𝜕𝑅1

= 0

𝑍1 = 𝑍/0∗

𝑃"#$ =
|𝐕/0|-

8𝑅23



𝑃 =
1
2

|𝐕!"|#R$
R!" + R$ # + X!" + X$ #

• Example 2 (more common): 𝑋1 is	7ixed, but	𝑅1 is free to 
choose 

𝜕𝑃
𝜕𝑅1

= 0

R. = R/0- + X/0 + X. -

𝑃"#$ = ⋯



𝑃 =
1
2

|𝐕!"|#R$
R!" + R$ # + X!" + X$ #

• Other scenarios: 

– Fixed angle on 𝑍-

– Limits on R1 and X1



Example: find 𝑍- to maximize the power transfer



Since 𝑉!" = 4 2	cos(500𝑡 + 45°) 	𝑉	and	𝑍!" = 150 − 𝑗50	Ω,	
then	𝑍!" = 150 + 𝑗50	Ω = 150	Ω, 0.1	𝐻, and 𝑃 = 26.7	𝑚𝑊



Practice problem: maximize the power to 𝑅
1.6	Ω,

5
8
	𝑊



Practice problem: maximize the power to 𝑅5 
3	𝑘Ω, 468	𝑚𝑊



Practice problem: maximize the power to 𝑅5 
7.5	Ω, 333	𝑊



Practice problem: maximize the power to 𝑅
3	Ω, 1.2	𝑘𝑊



Practice problem: maximize the power to 𝑅- 
4	𝑘Ω, 9	𝑚𝑊


