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Last Lecture → Sinusoids

• Xm → amplitude / maximum value
• 𝛚 → radian / angular frequency
• 𝛉 → phase angle

𝒙 𝒕 = 𝑿𝑴 ∙ sin 𝜔𝑡 + 𝜃

• T → period

• 𝒇 =
𝟏

𝑻
→ # cycles per second

𝝎 =
𝟐𝝅

𝑻
= 𝟐𝝅𝒇

x1(t)
x2(t)

… x1 leads x2 by 𝛉
… x2 lags x1 by 𝛉
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Derive the expression for the current i(t) using the 
forcing function 𝐯(𝒕) = 𝑽𝑴𝒆

𝒋𝝎𝒕 instead.

𝒊 𝒕 =
𝑽𝑴

𝑹𝟐 +𝝎𝟐𝑳𝟐
𝐜𝐨𝐬 𝝎𝒕 − 𝐭𝐚𝐧−𝟏

𝝎𝑳

𝑹

𝒗 𝒕 = 𝑹 ∙ 𝒊 𝒕 + 𝑳
𝒅𝒊(𝒕)

𝒅𝒕

𝒊 𝒕 = 𝑰𝑴𝒆
𝒋(𝝎𝒕+𝝋)

response

KVL Differential Equation

𝑽𝑴𝒆
𝒋𝝎𝒕 = 𝑹𝑰𝑴𝒆

𝒋(𝝎𝒕+𝝋) + 𝑳
𝒅

𝒅𝒕
𝑰𝑴𝒆

𝒋(𝝎𝒕+𝝋)

∴ 𝑰𝑴 =
𝑽𝑴

𝑹𝟐 +𝝎𝟐𝑳𝟐
∴ 𝝋 = −𝐭𝐚𝐧−𝟏

𝝎𝑳

𝑹

Solution

Last Lecture → Solving Circuits in Time Domain
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Representation of a complex number with just the magnitude 
and the phase angle.

𝒗 𝒕 = 𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽)

• Forcing Function

• Steady State Response

𝒊 𝒕 = 𝑰𝑴𝒆
𝒋(𝝎𝒕+𝝋)

common to 
every term

𝒗 𝒕 = 𝑽𝑴 cos(𝝎𝒕 + 𝜽) = 𝑹𝒆 𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽)

𝑽 = 𝑹𝒆 𝑽𝑴ۦ𝜽 𝒆
𝒋𝝎𝒕 = 𝑽𝑴ۦ𝜽

phasor

𝒆𝒋(𝝎𝒕)

Last Lecture → Phasors
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Phasor Relationships → Resistor

𝒗 𝒕 = 𝑹 ∙ 𝒊(𝒕)

𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒗) = 𝑹 ∙ 𝑰𝑴𝒆

𝒋(𝝎𝒕+𝜽𝒊) ∴ 𝑽𝑴𝒆
𝒋𝜽𝒗 = 𝑹 ∙ 𝑰𝑴𝒆

𝒋𝜽𝒊

𝑽𝑴ൻ𝜽𝒗 = 𝑹 ∙ 𝑰𝑴ൻ𝜽𝒊

• 𝒊 𝒕 = 𝑰𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒊)

• 𝒗 𝒕 = 𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒗)

∴ 𝜽𝒗 = 𝜽𝒊
→ 𝒗 𝒕 𝒂𝒏𝒅 𝒊 𝒕 𝒂𝒓𝒆 𝒊𝒏 𝒑𝒉𝒂𝒔𝒆

• Time Domain • Frequency Domain

𝑽𝑴ൻ𝜽𝒗

𝑰𝑴ൻ𝜽𝒊
= 𝑹
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Phasor Relationships → Inductor

𝒗 𝒕 = 𝑳 ∙
𝒅𝒊(𝒕)

𝒅𝒕

𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒗) = 𝑳 ∙

𝒅

𝒅𝒕
𝑰𝑴𝒆

𝒋(𝝎𝒕+𝜽𝒊) ∴ 𝑽𝑴𝒆
𝒋𝜽𝒗 = 𝒋𝝎𝑳 ∙ 𝑰𝑴𝒆

𝒋𝜽𝒊

𝑽𝑴ൻ𝜽𝒗 = 𝒋𝝎𝑳 ∙ 𝑰𝑴ൻ𝜽𝒊

∴ 𝜽𝒗 = 𝜽𝒊 + 𝟗𝟎𝒐

→ 𝒗 𝒕 𝒍𝒆𝒂𝒅𝒔 𝒊 𝒕 𝒃𝒚 𝟗𝟎𝒐

• 𝒊 𝒕 = 𝑰𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒊)

• 𝒗 𝒕 = 𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒗)

• Time Domain • Frequency Domain

𝑽𝑴ൻ𝜽𝒗

𝑰𝑴ൻ𝜽𝒊
= 𝒋𝝎𝑳
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Phasor Relationships → Capacitance

𝒊 𝒕 = 𝑪 ∙
𝒅𝒗(𝒕)

𝒅𝒕

𝑰𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒊) = 𝑪 ∙

𝒅

𝒅𝒕
𝑽𝑴𝒆

𝒋(𝝎𝒕+𝜽𝒗) ∴ 𝑰𝑴𝒆
𝒋𝜽𝒊 = 𝒋𝝎𝑪 ∙ 𝑽𝑴𝒆

𝒋𝜽𝒗

𝑰𝑴ൻ𝜽𝒊 = 𝒋𝝎𝑪 ∙ 𝑽𝑴ൻ𝜽𝒗

∴ 𝜽𝒗 = 𝜽𝒊 − 𝟗𝟎𝒐

→ 𝒗 𝒕 𝒍𝒂𝒈𝒔 𝒊 𝒕 𝒃𝒚 𝟗𝟎𝒐

• 𝒊 𝒕 = 𝑰𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒊)

• 𝒗 𝒕 = 𝑽𝑴𝒆
𝒋(𝝎𝒕+𝜽𝒗)

• Time Domain • Frequency Domain

𝑽𝑴ൻ𝜽𝒗

𝑰𝑴ൻ𝜽𝒊
=

𝟏

𝒋𝝎𝑪
=

−𝒋

𝝎𝑪
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Impedance
The ratio of the phasor voltage V to the phasor current I.

𝒁 =
𝑽

𝑰
[𝑶𝒉𝒎𝒔]

=
𝑽𝑴ൻ𝜽𝒗

𝑰𝑴ൻ𝜽𝒊
=
𝑽𝑴
𝑰𝑴

ۦ 𝜽𝒗 − 𝜽𝒊 = 𝒁ൻ𝜽𝒛

𝒁ൻ𝜽𝒛 = 𝑹 + 𝒋𝑿
𝒁 = 𝑹𝟐 + 𝑿𝟐

ൻ𝜽𝒛 = 𝐭𝐚𝐧−𝟏
𝑿

𝑹

𝑹 = 𝒁𝐜𝐨𝐬𝜽𝒛

𝑿 = 𝒁𝐬𝐢𝐧𝜽𝒛
ReactanceResistance

Rectangular CoordinatesPolar Coordinates
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Impedance
The ratio of the phasor voltage V to the phasor current I.

𝒁𝒔 = 𝒁𝟏 + 𝒁𝟐 +⋯+ 𝒁𝒏

𝟏

𝒁𝒑
=

𝟏

𝒁𝟏
+

𝟏

𝒁𝟐
+⋯+

𝟏

𝒁𝒏

Series → Equivalent Impedance

Parallel → Equivalent Impedance
KVL & KCL are valid in the 

frequency domain!
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Example 8.9
Determine the equivalent impedance of the network provided if the frequency is
f=60Hz. Then compute the current i(t) if the voltage source is 𝒗 𝒕 = 𝟓𝟎 𝐜𝐨𝐬 𝝎𝒕 + 𝟑𝟎𝒐 V.
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Admittance
The ratio of the phasor current I to the phasor voltage V.

𝒀 =
𝑰

𝑽
=
𝟏

𝒁
[𝑺𝒊𝒆𝒎𝒆𝒏𝒔]

𝒀 ർ𝜽𝒚 = 𝑮 + 𝒋𝑩 𝒀𝒑 = 𝒀𝟏 + 𝒀𝟐 +⋯+ 𝒀𝒏

𝟏

𝒀𝒔
=

𝟏

𝒀𝟏
+

𝟏

𝒀𝟐
+⋯+

𝟏

𝒀𝒏

Parallel → Equivalent Admittance

Series → Equivalent Admittance
SusceptanceConductance
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Example 8.10
Calculate the equivalent admittance Yp for the network provided and use it to determine 
the current I if 𝑽𝒔 = .𝟒𝟓𝒐ۦ𝟔𝟎
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Example 8.11

Basic Concepts

For the given circuit calculate the equivalent impedance Zeq at terminals A-B.
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Example 8.11

Basic Concepts

For the given circuit calculate the equivalent impedance Zeq at terminals A-B.

𝟏

𝑹 + 𝒋𝑿
=

𝑹 − 𝒋𝑿

𝑹𝟐 + 𝑿𝟐

Technique for taking the reciprocal…
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Learning Assessment E8.12
Draw the phasor diagram to illustrate all currents and voltages for the network 
provided.
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Learning Assessment E8.12
Draw the phasor diagram to illustrate all currents and voltages for the network 
provided.
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Example 8.15
For the given network determine I0 using nodal analysis.


