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Agenda

• Phasor

• Passive Circuit Elements in the Frequency Domain

• Kirchhoff’s Laws in the Frequency Domain
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Phasor

The phasor is a complex number that carries the amplitude and phase angle information of 

a sinusoidal function:
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𝑣 = 𝑉𝑚 cos 𝑤𝑡 + ∅ = 𝑉𝑚ℜ 𝑒𝑗 𝑤𝑡+∅ = 𝑉𝑚ℜ 𝑒𝑗𝑤𝑡𝑒𝑗∅ = ℜ 𝑉𝑚𝑒
𝑗∅𝑒𝑗𝑤𝑡

𝑽 = 𝑉𝑚𝑒
𝑗∅ = 𝒫 𝑉𝑚 cos 𝑤𝑡 + ∅ (Phasor Transform)

𝒫−1 𝑉𝑚𝑒
𝑗∅ = ℜ 𝑉𝑚𝑒

𝑗∅𝑒𝑗𝑤𝑡 (Inverse Phasor Transform)



Passive Circuit Elements in the Frequency Domain
V-I relationship for a resistor:
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𝑖 = 𝐼𝑚 cos 𝑤𝑡 + 𝜃𝑖 ⟹ 𝑣 = 𝑅𝐼𝑚 cos 𝑤𝑡 + 𝜃𝑖

𝑽 = 𝑅𝐼𝑚𝑒
𝑗𝜃𝑖 = 𝑅𝐼𝑚∠𝜃𝑖

𝑽 = 𝑅𝑰



Passive Circuit Elements in the Frequency Domain
V-I relationship for an inductor:
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𝑖 = 𝐼𝑚 cos 𝑤𝑡 + 𝜃𝑖 ⟹ 𝑣 = 𝐿
𝑑𝑖

𝑑𝑡
= −𝑤𝐿𝐼𝑚 sin 𝑤𝑡 + 𝜃𝑖

𝑽 = 𝑗𝑤𝐿𝐼𝑚𝑒
𝑗𝜃𝑖 = 𝑤𝐿𝐼𝑚∠ 𝜃𝑖 + 90°

𝑽 = 𝑗𝑤𝐿𝑰



Passive Circuit Elements in the Frequency Domain
V-I relationship for a capacitor:
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𝑽 =
𝐼𝑚
𝑤𝐶

∠ 𝜃𝑖 − 90°

𝑽 =
1

𝑗𝑤𝐶
𝑰



Passive Circuit Elements in the Frequency Domain
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𝑽 = 𝑍𝑰

𝑍 represents the impedance of the circuit element:

The imaginary part of the impedance is called reactance.



Kirchhoff’s Laws in the Frequency Domain
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Kirchhoff’s Voltage Law:

Kirchhoff’s Current Law:

𝑽1 + 𝑽2 + …+ 𝑽𝑛 = 0

𝑰1 + 𝑰2 + …+ 𝑰𝑛 = 0
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