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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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Last Lecture → 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:
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Last Lecture → Maximum Power Transfer

Reexamining the maximum power transfer for AC sources…/
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Last Lecture → RMS Value (Sinosoid)

• 𝒊 𝒕 = 𝑰𝑴 cos 𝜔𝑡 − 𝜃
• 𝑻 = 𝟐𝝅/𝜔
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∴ 𝑷 = 𝑽𝒓𝒎𝒔𝑰𝒓𝒎𝒔 𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊
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Example E9.8

Calculate the rms value of the provided waveform.
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Power Factor

• 𝑷 = 𝑽𝒓𝒎𝒔𝑰𝒓𝒎𝒔 𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊 → 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒑𝒐𝒘𝒆𝒓 (𝑾)

• 𝑽𝒓𝒎𝒔𝑰𝒓𝒎𝒔 → 𝒂𝒑𝒑𝒂𝒓𝒆𝒏𝒕 𝒑𝒐𝒘𝒆𝒓 (𝑽𝑨)

𝒑𝒇 =
𝑷

𝑽𝒓𝒎𝒔𝑰𝒓𝒎𝒔
= 𝒄𝒐𝒔 𝜽𝒗 − 𝜽𝒊 → 𝒑𝒐𝒘𝒆𝒓 𝒇𝒂𝒄𝒕𝒐𝒓(𝑽𝑨)

𝒑𝒇 = 𝟏 → 𝒑𝒖𝒓𝒆𝒍𝒚 𝒓𝒆𝒔𝒊𝒔𝒕𝒊𝒗𝒆 𝒍𝒐𝒂𝒅
𝒑𝒇 = 𝟎 → 𝒑𝒖𝒓𝒆𝒍𝒚 𝒓𝒆𝒂𝒄𝒕𝒊𝒗𝒆 𝒍𝒐𝒂𝒅

Phase of the current with 
respect to the voltage

• leading = 𝜽𝒗 − 𝜽𝒊 < 𝟎
• lagging = 𝜽𝒗 − 𝜽𝒊 > 𝟎
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Example 9.10

An industrial load consumes 88kW at a pf of 0.707 lagging from a 480 Vrms line. The

transmission line resistance from the power company's transformer to the plant is

0.08 Ω. Determine the power that must be supplied by the power company

a) under present conditions and

b) if the pf is somehow change to 0.90 lagging.
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Complex Power

𝐒 = 𝑽𝒓𝒎𝒔𝑰𝒓𝒎𝒔
∗ (𝑰𝒓𝒎𝒔

∗ → complex conjugate of 𝑰𝒓𝒎𝒔)

= 𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠ൻ𝜃𝑣 − 𝜃𝑖

= 𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − 𝜃𝑖 + j𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 sin 𝜃𝑣 − 𝜃𝑖

P → Real/Average Power Q → Reactive Power

𝐒 = 𝑃 + 𝑗𝑄
tan 𝜃𝑣 − 𝜃𝑖 =

𝑄

𝑃
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Example 9.11

A load operates at 20 kW, 0.8 pf lagging. The load voltage is 220 Vrms at 60 Hz. The

impedance of the line is 0.09 + j0.3 Ω. Determine the voltage and the power factor

at the input to the line.
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Power Factor Correction

PF can be increased by decreasing the

reactive power through a capacitor bank!

𝑺𝒏𝒆𝒘 = 𝑺𝒐𝒍𝒅 + 𝑺𝒄𝒂𝒑

𝑺𝒄𝒂𝒑 = −𝒋𝝎𝑪𝑽𝒓𝒎𝒔
𝟐
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Example 9.14

Plastic kayaks are manufactured using a process called roto-molding. Molten

plastic is injected into a mold, which is the spun on the long axis of the kayak until

the plastic cools, resulting in a hollow on-piece craft. Suppose that the induction

motors used to spin the molds consume 50kW at a pf of 0.8 lagging from a 220 Vrms,

60 Hz line. What would be the capacitor bank size to be placed in parallel to raise

the pf to 0.95 lagging?


