
Electric Circuits (Fall 2025)

Lecture 8

- Sinusoidal Steady-State Analysis
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Outline

• Kirchhoff’s laws in phasor domain

• Generalized impedance

• General AC phasor analysis

• Phasor diagram

3



Electric Circuits (Fall 2025)

Kirchhoff’s Laws in the Phasor Domain

• Let 𝑣1, 𝑣2, ⋯ 𝑣𝑛 be the voltages around a closed loop. 

Then according to KVL
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𝑣1 + 𝑣2 +⋯+ 𝑣𝑛 = 0

Similarly, KCL holds for phasors:



Electric Circuits (Fall 2025)

Proof

If    

𝑣1 + 𝑣2 +⋯+ 𝑣𝑛 = 0

where 𝑣𝑖 are sinusoidal voltages of the same frequency, then

𝐕1 + 𝐕2 +⋯+ 𝐕𝑛 = 0

Proof:
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𝑣1 + 𝑣2 +⋯+ 𝑣𝑛 = 0

𝑉𝑚1 cos 𝜔𝑡 + 𝜃1 + 𝑉𝑚2 cos 𝜔𝑡 + 𝜃2 +⋯+ 𝑉𝑚𝑛 cos 𝜔𝑡 + 𝜃𝑛 = 0

𝑊ℎ𝑒𝑟𝑒 V𝒌 = 𝑉𝑚𝑘𝑒
𝑗𝜃𝑘

Re 𝑉𝑚1𝑒
𝑗𝜃1 ∙ 𝑒𝑗𝜔𝑡 +⋯+ Re 𝑉𝑚𝑛𝑒

𝑗𝜃𝑛 ∙ 𝑒𝑗𝜔𝑡 = 0

Re V𝟏 +⋯+ V𝒏 ∙ 𝑒𝑗𝜔𝑡 = 0

𝐕1 + 𝐕2 +⋯+ 𝐕𝑛 = 0
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Outline

• Kirchhoff’s laws in phasor domain

• Generalized impedance

• General AC phasor analysis

• Phasor diagram

7



Electric Circuits (Fall 2025)

Impedance and Admittance

Resistor

Inductor

Capacitor

RZ

LjZ

Cj/1Z

R/1Y

Lj/1Y

CjY
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Series Impedance

• In phasor domain, combinations of impedance will follow 

the rules for resistors:

1 2 3eq NZ Z Z Z Z    
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𝑉1 =
𝑍1

𝑍1 +⋯+ 𝑍𝑁
𝑉

𝑉2 =
𝑍2

𝑍1 +⋯+ 𝑍𝑁
𝑉
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Series Impedance Zeq = Z1 + Z2 + Z3

Zeq

Z1

Z3

Z2

L2L1

Zeq =

For example: 

C1 C2

Zeq =
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Impedance combination for RLC Circuit
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Parallel Combination

• Likewise, elements in parallel will combine in the same 

fashion as resistors in parallel:

1 2 3

1 1 1 1 1

eq NZ Z Z Z Z
    
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1 2 3eq NY Y Y Y Y    

𝐼1 =
𝑌1

𝑌1 +⋯+ 𝑌𝑁
𝐼

𝐼2 =
𝑌2

𝑌1 +⋯+ 𝑌𝑁
𝐼

……
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Parallel Impedance

1/Zeq = 1/Z1 + 1/Z2 + 1/Z3

Z3Z1 Z2 Zeq

C1 C2

1 2

1

( )
eq

j C C



Z

For example: 

L2L1

1 2

1 2( )
eq

L L
j
L L




Z
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Exercise

• Find the input impedance of the circuit below. 𝜔 = 50 rad/s.
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Delta-Wye Transformation in Phasor Domain

1

2

3

b c

a b c

c a

a b c

a b

a b c

Z Z
Z

Z Z Z

Z Z
Z

Z Z Z

Z Z
Z

Z Z Z


 


 


 

1 2 2 3 3 1

1

1 2 2 3 3 1

2

1 2 2 3 3 1

3

a

b

c

Z Z Z Z Z Z
Z

Z

Z Z Z Z Z Z
Z

Z

Z Z Z Z Z Z
Z

Z

 


 


 

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Impedance and Admittance

R = resistance = Re(Z)

Impedance is 

voltage/current

X = reactance = Im(Z)

Resistor

Inductor

Capacitor

RZ

LjZ

Cj/1Z

R/1Y

Lj/1Y

CjY

G = conductance = Re(Y)

Admittance is 

current/voltage

B = susceptance = Im(Y)
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Outline

• Kirchhoff’s laws in phasor domain

• Generalized impedance

• General AC phasor analysis

 Nodal/mesh analysis

 Superposition

 Source transformation/Thevenin/Norton

• Phasor diagram
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AC Phasor Analysis

General Procedure
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AC Phasor Analysis

General Procedure
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Nodal Analysis

• Example---Find 𝑖𝑥
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Mesh Analysis
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Mesh Analysis
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Superposition-Example
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Superposition-Example 2
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Thevenin Equivalent

f=60 Hz

4.8231.1
0k2090-k65.2

90-k65.2
0 10V 












 OCTH VV

20k
+

-
1mF

10V  0

VC

+

-

ZR = R= 20k = 20k  0

ZC = 1/j (2pf x 1mF) = 2.65k  -90

+

-

ZTH

VTH

4.8262.2
0k2090-k65.2

90-k65.20k20
 || C 












 ZZZ RTH
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Source transformation/Norton
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AC Op Amp Circuits
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Example –find vo
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𝑣𝑠 = 3 cos 1000𝑡 V
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Outline

• Kirchhoff’s laws in phasor domain

• Generalized impedance

• General AC phasor analysis

• Phasor diagram
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Phasor Diagrams
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