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Steady State Power Analysis → Chapter #9

• Instantaneous and Average Power (AC Circuits)

• Maximum Average Power Transfer (AC Circuits)

• Effective / RMS Value (periodic waveform)

• Real Power, Reactive Power, Complex Power, & Power Factor

• Power Factor Correction
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Instantaneous Power

The steady-state voltage and current 

in the network can be written as:

• 𝒗 𝒕 = 𝑽𝑴 cos 𝜔𝑡 + 𝜃𝑣
• 𝐢 𝒕 = 𝑰𝑴 cos 𝜔𝑡 + 𝜃𝑖

𝒑 𝒕 = 𝑽𝑴𝑰𝑴 cos 𝜔𝑡 + 𝜃𝑣 cos 𝜔𝑡 + 𝜃𝑖

𝒑 𝒕 =
𝑽𝑴𝑰𝑴
𝟐

𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊 + 𝒄𝒐𝒔 𝟐𝝎𝒕 + 𝜽𝒗 + 𝜽𝒊

cos 𝜙1 cos 𝜙2 =
𝟏

𝟐
cos 𝜙1 − 𝜙2 +

𝟏

𝟐
cos 𝜙1 + 𝜙2

Trigonometric Identity 

constant Freq =  2ω
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Average Power

The average value of any waveform can be computed by

integrating the function over a complete period and dividing this

result by the period:

𝑷 =
𝟏

𝑻
න
𝒕𝟎

𝒕𝟎+𝑻

𝒑 𝒕 𝒅𝒕

=
𝟏

𝑻
න
𝒕𝟎

𝒕𝟎+𝑻𝑽𝑴𝑰𝑴
𝟐

𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊 + 𝒄𝒐𝒔 𝟐𝝎𝒕 + 𝜽𝒗 + 𝜽𝒊 𝒅𝒕

∴ 𝑷 =
𝟏

𝟐
𝑽𝑴𝑰𝑴 𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊

• 𝑷𝒓𝒆𝒔𝒊𝒔𝒕𝒊𝒗𝒆 =
𝟏

𝟐
𝑽𝑴𝑰𝑴

• 𝑷𝒓𝒆𝒂𝒄𝒕𝒊𝒗𝒆 =
𝟏

𝟐
𝑽𝑴𝑰𝑴 𝒄𝒐𝒔 ±𝟗𝟎𝟎 = 𝟎
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Learning Assessment E9.2

Find the average power absorbed by each passive circuit element

an the total average power supplied by the current source.



12/11/2019

Circuits 1
5

Maximum Power Transfer

Reexamining the maximum power transfer for AC sources…/

𝑽𝑳 = 𝑽𝒐𝒄
𝒁𝑳

𝒁𝑻𝒉 + 𝒁𝑳
𝑰𝑳 =

𝑽𝒐𝒄
𝒁𝑻𝒉 + 𝒁𝑳

𝒁𝒕𝒉 = 𝑹𝒕𝒉 + 𝒋𝑿𝒕𝒉

𝒁𝑳 = 𝑹𝑳 + 𝒋𝑿𝑳

𝑷𝑳 =
𝟏

𝟐

𝑽𝒐𝒄
𝟐𝑹𝑳

𝑹𝑻𝒉 + 𝑹𝑳
𝟐 + 𝑿𝑻𝒉 + 𝑿𝑳

𝟐

∴ 𝑿𝑳 = −𝑿𝒕𝒉

∴ 𝑹𝑳 = 𝑹𝒕𝒉

𝒁𝑳 = 𝑹𝒕𝒉 − 𝒋𝑿𝒕𝒉
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Learning Assessment E9.8

Find ZL for maximum average power transfer and the maximum

average power transferred to the load.
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Effective or RMS Values

• There are many types of periodic waveforms in circuit analysis

• An RMS value allows for effective comparison of different

sources

𝑷 =
𝟏

𝑻
න
𝒕𝟎

𝒕𝟎+𝑻

𝒊𝟐 𝒕 𝑹𝒅𝒕

𝑷 = 𝑰𝒓𝒎𝒔
𝟐𝑹

∴ 𝑰𝒓𝒎𝒔 =
𝟏

𝑻
න
𝒕𝟎

𝒕𝟎+𝑻

𝒊𝟐 𝒕 𝒅𝒕

rms = root mean square



12/11/2019

Circuits 1
8

RMS Value of a Sinusoid

• 𝒊 𝒕 = 𝑰𝑴 cos 𝜔𝑡 − 𝜃
• 𝑻 = 𝟐𝝅/𝜔

𝑰𝒓𝒎𝒔 =
𝟏

𝑻
න
𝒕𝟎

𝒕𝟎+𝑻

𝒊𝟐 𝒕 𝒅𝒕

=
𝟏

𝑻
න
𝟎

𝑻

𝑰𝑴
𝟐 𝐜𝐨𝐬𝟐 𝝎𝒕 − 𝜽 𝒅𝒕

= 𝑰𝑴
𝟏

𝑻
න
𝟎

𝑻 𝟏

𝟐
+
𝟏

𝟐
𝐜𝐨𝐬 𝟐𝝎𝒕 − 𝟐𝜽 𝒅𝒕

cos 𝜙1 cos 𝜙2 =
𝟏

𝟐
cos 𝜙1 − 𝜙2 +

𝟏

𝟐
cos 𝜙1 + 𝜙2

Trigonometric Identity 

= 𝑰𝑴
𝟏

𝑻
න
𝟎

𝑻𝟏

𝟐
𝒅𝒕 =

𝑰𝑴

𝟐

∴ 𝑷 = 𝑽𝒓𝒎𝒔𝑰𝒓𝒎𝒔 𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊

𝑷 =
𝟏

𝟐
𝑽𝑴𝑰𝑴 𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊
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Example E9.8

Determine the rms value of the current waveform provided and

use this value to compute the average power delivered to a 2 Ω

resistor through which this current is flossing.


