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Agenda

• Instantaneous Power

• Average and Reactive Power

• The rms Value

• Complex Power
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Instantaneous Power

𝑣 = 𝑉𝑚 cos 𝑤𝑡 + 𝜃𝑣

𝑖 = 𝐼𝑚 cos 𝑤𝑡 + 𝜃𝑖

𝑣 = 𝑉𝑚 cos 𝑤𝑡 + 𝜃𝑣 − 𝜃𝑖 and 𝑖 = 𝐼𝑚 cos 𝑤𝑡 ⇒

𝑝 = 𝑣 ∙ 𝑖

=
𝑉𝑚𝐼𝑚

2
cos 𝜃𝑣 − 𝜃𝑖 +

𝑉𝑚𝐼𝑚

2
cos 𝜃𝑣 − 𝜃𝑖 cos 2𝑤𝑡 −

𝑉𝑚𝐼𝑚

2
sin 𝜃𝑣 − 𝜃𝑖 sin 2𝑤𝑡
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Average and Reactive Power

𝑝 = 𝑃 + 𝑃 cos 2𝑤𝑡 − 𝑄 sin 2𝑤𝑡

Average power: 𝑃 =
𝑉𝑚𝐼𝑚

2
cos 𝜃𝑣 − 𝜃𝑖 (watt, W)

Reactive power: 𝑄 =
𝑉𝑚𝐼𝑚

2
sin 𝜃𝑣 − 𝜃𝑖 (volt-amp reactive, VAR)

Ankara University Electrical and Electronics Eng. Dept. EEE201



Average and Reactive Power

Power for purely resistive circuits (𝜃𝑣 = 𝜃𝑖)

𝑝 = 𝑃 + 𝑃 cos 2𝑤𝑡

Power for purely inductive circuits (𝜃𝑣 − 𝜃𝑖 = +90°)

𝑝 = −𝑄 sin 2𝑤𝑡

Power for purely capacitive circuits (𝜃𝑣 − 𝜃𝑖 = −90°)

𝑝 = −𝑄 sin 2𝑤𝑡
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Average and Reactive Power

Power factor: 𝑝𝑓 = cos 𝜃𝑣 − 𝜃𝑖

Reactive factor: 𝑟𝑓 = sin 𝜃𝑣 − 𝜃𝑖

𝜃𝑣 > 𝜃𝑖 ⟹ 𝑙𝑎𝑔𝑔𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟

𝜃𝑣 < 𝜃𝑖 ⟹ 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟
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The rms Value (or Effective Value)

𝑃 =
1

𝑇
𝑡0׬
𝑡0+𝑇 𝑝 𝑑𝑡 =

1

𝑇
𝑡0׬
𝑡0+𝑇 𝑉𝑚

2 𝑐𝑜𝑠2 𝑤𝑡+∅𝑣

𝑅
𝑑𝑡

𝑃 =
𝑉𝑟𝑚𝑠
2

𝑅

𝑃 = 𝐼𝑟𝑚𝑠
2 𝑅
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Complex Power

𝑆 = 𝑃 + 𝑗𝑄 (volts-amps, VA)

𝑄

𝑃
= tan 𝜃 = tan 𝜃𝑣 − 𝜃𝑖

Apparent power: 

𝑆 = 𝑃2 + 𝑄2 (volts-amps, VA)
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