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3 Review of AC Circuits

Chapter Focus:
• DC basics → single-phase AC → three-phase AC
• Sinusoidal waveforms, phasors and impedance.
• AC power and power factor
• Short formulas, clear examples, key ideas only
• Preparation for transformers and AC machines.

Key Relationships:

𝑉 𝑡 =  𝑉𝑚 cos 𝑤𝑡 + φ

𝑉 = 𝑍 𝐼

𝑃 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos Ө

𝑃3𝑝ℎ = 3 𝑉𝐿𝐼𝐿 cos Ө

DC Circuits → Single-Phase AC → Three-Phase AC → Electrical Machines
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4 The Sinusoidal Waveform

Main Definitions

𝑉 𝑡 = 𝑉𝑚 cos 𝑤𝑡 + φ
T = period

f = 1/T   (Hz)

ω = 2πf = 2π/T   (rad/s)

φ = phase angle

A sinusoid is defined by magnitude, frequency, and phase.𝑽𝒓𝒎𝒔 =
𝑽𝒎

𝟐
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5 Example 1

A sinusoidal current has a maximum amplitude of 20 A. The current passes through 
one complete cycle in 1 ms. The magnitude of the current at zero time is 10 A. 

a) What is the frequency of the current in hertz?
b) What is the frequency in radians per second?
c) Write the expression for i(t) using the cosine function. Express ϕ in degrees.
d) What is the rms value of the current?

Answer

a) f = 1/T = 1000 Hz

b) ω = 2πf = 2000π rad/s

c) i(t) = 𝐼𝑚 cos(ωt + φ)

     10 = 20 cosφ  ⇒  φ = 60°    →  i(t) = 20 cos(2000πt + 60°) A

d)𝐼𝑟𝑚𝑠= 
𝐼𝑚

2
 = 14.14 A
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6 Example 2

A sinusoidal voltage is given by the expression: v(t) = 300 cos(120πt + 30°)
a) What is the period of the voltage in ms?
b) Write the magnitude of the voltage at t=2.778 ms?
c) What is the rms value of the voltage?

Answer

a) ω = 120π rad/s

f = ω / 2π = 60 Hz   →  T = 1/f = 16.667 ms

b) v(2.778 ms) = 300 cos(120π × 2.778×10⁻³ + 30°) = 0 V

c) 𝑉𝑟𝑚𝑠 =
300

2
= 212.13 𝑉
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8 The Phasor

Phasor Basics

Time domain:    𝑉 𝑡 = 𝑉𝑚 cos 𝑤𝑡 + φ

𝑉𝑚 𝑒𝑗φ  →  𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑑𝑜𝑚𝑎𝑖𝑛

𝑉𝑚 𝑒𝑗φ →  exponential form

𝑉 =  𝑉𝑚 cos φ + 𝑗𝑉𝑚 sin φ  → rectangular form

𝑉 =  𝑉𝑚∠φ → angle notation form (Phasor form)

Example: 100∠−26°  100 cos(ωt − 26°)

Phasors keep magnitude and phase in 
one compact quantity.

Use phasors only for sinusoidal steady-state 
signals of the same angular frequency ω.
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9 V–I Relationship for a Resistor

Resistor

𝑍𝑅 = 𝑅

𝑉 = 𝑅 𝐼

v and i are in phase Purely resistive load → power factor = 1

Eng. Nael S. Dokhan



10 V–I Relationship for an Inductor

Inductor

𝑍𝐿 = 𝑗𝑤𝐿

𝑉 = 𝑍𝐿 𝐼 = 𝑗𝑤𝐿 𝐼

i lags v by 90° Purely inductive load → lagging power factor

Eng. Nael S. Dokhan



11 V–I Relationship for a Capacitor

Capacitor

𝑍𝐶 =
1

𝑗𝑤𝐶
=

−𝑗

𝑤𝐶

𝑉 = 𝑍𝐶  𝐼 =
−𝑗

𝑤𝐶
 𝐼

i leads v by 90°

Purely capacitive load → leading power factor

Eng. Nael S. Dokhan



12 Transformation of Circuit Elements from Time Domain to Frequency Domain
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13 Impedance and Reactance

AC Ohm’s Law

V = ZI          Z = R + jX 𝑋𝐿= 𝑤𝐿 𝑋𝑐 = 
−1

𝑊𝐶
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14 Example 3

A 90Ω resistor, a 32 mH inductor, and a 5 μF capacitor are connected in series 
across the terminals of a sinusoidal voltage source. The steady-state expression 
for the source voltage vs is: 750 cos(5000t + 30°) V
a) Construct the frequency-domain equivalent circuit.
b) Calculate the steady-state current i by the phasor method.

Eng. Nael S. Dokhan



15 Example 3 — Solution

Answer

ω = 5000 rad/s

𝑍𝐿 = 𝑗𝑤𝐿 =j160 Ω , 𝑍𝐶 =
−𝑗

𝑤𝐶
 =− j40 Ω

𝑍𝑒𝑞 = 90 + 𝑗120= 150∠53.13° Ω

V = 750∠30°   (peak-form phasor)

I = 
𝑉

𝑍𝑒𝑞
 = 5∠−23.13° A

Eng. Nael S. Dokhan



16 Example 4
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17 Example 4 — Solution
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18 Example 4 — Solution Continued
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20 The Instantaneous Power

Instantaneous Power

p(t) = v(t) i(t)

Let:  𝑣 𝑡 = 𝑉𝑚 cos 𝑤𝑡 + Ө𝑣

𝑖 𝑡 = 𝐼𝑚 cos 𝑤𝑡 + Ө𝑖

 φ = Ө𝑣  − Ө𝑖

p(t) = 
𝑉𝑚𝐼𝑚

2
cosφ + 

𝑉𝑚𝐼𝑚

2
 cos(2ωt + φ)

Power contains an average part and a double-frequency part.
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21 Active and Reactive Power

Core Relations

p(t) = 
𝑉𝑚𝐼𝑚

2
 cos(φ) + 

𝑉𝑚𝐼𝑚

2
cos(φ) cos(2ωt) -

𝑉𝑚𝐼𝑚

2
sin(φ) sin(2ωt) 

p(t) = P + P cos(2ωt) − Q sin(2ωt)

P =  
𝑉𝑚𝐼𝑚

2
cosφ = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos(φ)

Q = 
𝑉𝑚𝐼𝑚

2
sin(φ) = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 sin(φ)

P → average (real) power

Q → reactive power

Eng. Nael S. Dokhan



22 Power for Purely Resistive Circuit

Result

Ө𝑣 = Ө𝑖

Q = 0

p(t) = P + P cos(2ωt)
Average power is positive and constant: P

Eng. Nael S. Dokhan



23 Power for Purely Inductive Circuit

Result

Ө𝑣  − Ө𝑖  = 90°

P = 0

p(t) = −Q sin(2ωt)

Q > 0   (inductive)
Average power is zero. Energy oscillates back and forth.

Eng. Nael S. Dokhan



24 Power for Purely Capacitive Circuit

Result

Ө𝑣  − Ө𝑖  = −90°

P = 0

p(t) = Q sin(2ωt)

Q < 0   (capacitive)
Average power is zero. Energy is stored and returned.

Eng. Nael S. Dokhan



25 The Power Factor

Power Factor Rules

φ = Ө𝑣  − Ө𝑖  → power-factor angle

pf = cos(φ)  , 0 ≤ |pf| ≤ 1

Inductive load  → lagging pf

Capacitive load → leading pf

Pure resistor   → pf = 1

Eng. Nael S. Dokhan



26 The rms Value and Power Calculation

Useful Forms

𝑃 =
𝑉𝑚𝐼𝑚

2
 cosφ

𝑃 =  𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠cosφ

𝑄 =  𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠sinφ

For a resistor:  P = 
𝑉𝑟𝑚𝑠²

𝑅
 =𝐼𝑟𝑚𝑠

2R

A 100 V rms source produces the same heating as 100 V dc in R.

Eng. Nael S. Dokhan



27 Example 5

a) A sinusoidal voltage having a maximum amplitude of 625 V is applied 
to the terminals of a 50 Ω resistor. Find the average power delivered to 
the resistor.
b) Repeat (a) by first finding the current in the resistor.

Method 1: Using 𝑉𝑟𝑚𝑠

𝑉𝑟𝑚𝑠 =
625

2
= 441.94 𝑉

P = 
𝑉𝑟𝑚𝑠²

𝑅
=

441.942

50
= 3906.25 𝑊

Method 2: Using I𝑟𝑚𝑠 

𝐼𝑚 =
𝑉𝑚

𝑅
=

625

50
= 12.5 𝐴

I𝑟𝑚𝑠 =
12.5

2
= 8.84 𝐴

P = 𝐼𝑟𝑚𝑠
2R 

P = (8.84)² × 50 = 3906.25 W

Eng. Nael S. Dokhan



28 Complex Power
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29 Complex Power
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30 Example 6

An electric load operates at 240 V rms. The load absorbs an average 
power of 8 kW at 0.8 lagging power factor.
a) Calculate the complex power of the load.
b) Calculate the impedance of the load.

Eng. Nael S. Dokhan



31 Example 6 — Solution

Answer

a) φ = cos⁻¹(0.8) = 36.87°

|S| =
𝑃

𝑝𝑓
=

8

0.8
= 10 𝐾𝑉𝐴

𝑄 = |S| sin(φ) = 10 × 0.6 = 6 𝐾𝑉𝐴𝑅

𝑆 = 8 + 𝑗6 𝐾𝑉𝐴

b) 𝐼 =
𝑃

𝑉 × 𝑝𝑓
=

8000

240 ×0.8
= 41.67 𝐴

|Z| =
𝑉

𝐼
=

240

41.67
= 5.76 Ω

Z = 5.76∠36.87° = 4.608 + j3.456 Ω

Eng. Nael S. Dokhan
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33 Example 7

Eng. Nael S. Dokhan



34 Example 7 — Solution Part (a)
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35 Example 7 — Solution Continued
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36 Balanced Three-Phase Voltages
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Negative phase sequence
acb sequence

37 Balanced Three-Phase Voltages

Positive phase sequence (abc)

𝑉𝑎= 𝑉𝑚 ​∠0∘ 
𝑉𝑏 ​= 𝑉𝑚 ​∠−120∘= 𝑉𝑚 ​∠240∘ 
𝑉𝑐  = 𝑉𝑚 ​∠−240∘= 𝑉𝑚 ∠120∘

Negative phase sequence (acb)

𝑉𝑎= 𝑉𝑚 ​∠0∘ 
𝑉𝑐  ​= 𝑉𝑚 ​∠−120∘= 𝑉𝑚 ​∠240∘ 
𝑉𝑏 = 𝑉𝑚 ​∠−240∘= 𝑉𝑚 ∠120∘

Definition

Balanced set:

Equal magnitudes

Phase displacement = 120°

Also: 𝑉𝑎 + 𝑉𝑏 + 𝑉𝑐 = 0

Eng. Nael S. Dokhan



38 Three-Phase Voltage Sources

Wye (Y) source

Delta (Δ) source Connections

Common source/load combinations:
Y–Y
Y–Δ
Δ–Y
Δ–Δ

Eng. Nael S. Dokhan



39 Analysis of the Wye-Wye Circuit
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40 Analysis of the Wye-Wye Circuit

Key Relations

For a balanced system:

𝑍ϕ = 𝑍ϕ𝐴 = 𝑍ϕ𝐵 = 𝑍ϕ𝐶

𝑍ϕ = 𝑍𝑔 + 𝑍𝐿𝑖𝑛𝑒  + 𝑍𝐿

𝐼𝑎𝐴= 𝑉a′n/𝑍ϕ

𝐼𝑏𝐵= 𝑉b′n/𝑍ϕ

𝐼𝑐𝐶= 𝑉c′n/𝑍ϕ

𝑉𝑁 = 0   (balanced neutral)

Solve one phase, then shift by ±120°

Eng. Nael S. Dokhan



41 Example 8

A balanced three-phase Y-connected generator with positive sequence has an 
impedance of 0.2+j0.5 Ω/ϕ and an internal voltage of 120 V/ϕ. The generator feeds 
a balanced three-phase Y-connected load having an impedance of 39+j28 Ω/ϕ. The 
impedance of the line connecting the generator to the load is 0.8+j1.5 Ω/ϕ. The a-
phase internal voltage of the generator is specified as the reference phasor.

a) Construct the a-phase equivalent circuit of the system.
b) Calculate the three-line currents 𝐼𝑎𝐴, 𝐼𝑏𝐵 ​, and 𝐼𝑐𝐶  ​.
c) Calculate the three phase voltages at the load, 𝑉𝐴𝑁 ​, 𝑉𝐵𝑁 ​, and 𝑉𝐶𝑁 ​.
d) Calculate the line voltages, 𝑉𝐴𝐵, 𝑉𝐴𝐶  ​, and 𝑉𝐶𝐴 ​, at the terminals of the load.
e) Calculate the phase voltages at the generator terminals, 𝑉𝑎𝑛 ​, 𝑉𝑏𝑛 ​, and 𝑉𝑐𝑛 ​.
f) Calculate the line voltages at the generator terminals, 𝑉𝑎𝑏, 𝑉𝑏𝑐  ​, and 𝑉𝑐𝑎 ​.

Eng. Nael S. Dokhan



42 Example 8 — Solution

Parameter Value

Generator internal impedance Zg = 0.2 + j0.5 Ω/phase

Line impedance Zline = 0.8 + j1.5 Ω/phase

Load impedance ZL = 39 + j28 Ω/phase

Generator internal phase voltage Ean = 120∠0° V

Sequence Positive sequence (abc)

Given Data

Eng. Nael S. Dokhan



43 Example 8 — Solution Continued

a) a-Phase Equivalent Circuit
The per-phase circuit contains the generator internal impedance, line impedance, and load 
impedance in series.

Eng. Nael S. Dokhan



44 Example 8 — Solution Continued

b) Three Line Currents

ZT = Zg + Zline + ZL

ZT = (0.2 + j0.5) + (0.8 + j1.5) + (39 + j28)

ZT = 40 + j30 = 50∠36.87° Ω

IaA = Ean / ZT

IaA = (120∠0°) / (50∠36.87°)

IaA = 2.4∠−36.87° A

For a positive-sequence abc system:

IbB = 2.4∠−156.87° A

IcC = 2.4∠83.13° A

b) Three Line Currents

c) Phase Voltages at the Load

VAN = IaA ZL

|ZL| = √(39² + 28²) = 48.01 Ω

∠ZL = tan⁻¹(28/39) = 35.68°

VAN = (2.4∠−36.87°)(48.01∠35.68°)

VAN = 115.225∠−1.193° V

VBN = 115.225∠−121.193° V

VCN = 115.225∠118.807° V

Eng. Nael S. Dokhan



45 Example 8 — Solution Continued

b) Three Line Currents

d) Line Voltages at the Load

For a balanced positive-sequence Y system, each 
line voltage has magnitude √3 times the 
corresponding phase voltage and leads it by 30°.

VAB = √3 VAN ∠30°

VAB = 199.576∠28.807° V

VBC = 199.576∠−91.193° V

VCA = 199.576∠148.807° V

Note: If the required quantity is VAC instead of VBC, 
then VAC = 199.576∠−31.193° V.

e) Phase Voltages at the Generator Terminals

Van = Ean − IaA Zg

IaA = 2.4∠−36.87° = 1.92 − j1.44 A

IaA Zg = (1.92 − j1.44)(0.2 + j0.5)

IaA Zg = 1.104 + j0.672 V

Van = 120 − (1.104 + j0.672)

Van = 118.896 − j0.672 = 118.898∠−0.324° V

Vbn = 118.898∠−120.324° V

Vcn = 118.898∠119.676° V

Eng. Nael S. Dokhan



46 Example 8 — Solution Continued

f) Line Voltages at the Generator Terminals

Vab = √3 Van ∠30°

Vab = 205.937∠29.676° V

Vbc = 205.937∠−90.324° V

Vca = 205.937∠149.676° V

Eng. Nael S. Dokhan
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48 Three-Phase Power Calculations
Balanced Wye Connected Load

Balanced Wye Connected Load

Total Power

𝑉𝜑 = 𝑉𝐴𝑁 = 𝑉𝐵𝑁  = 𝑉𝐶𝑁

𝑉𝐿  = 3 𝑉𝜑

𝐼𝜑 = 𝐼𝑎𝐴 = 𝐼𝑏𝐵  = 𝐼𝑐𝐶  = 𝐼𝐿

𝑃𝜑 = 𝑉𝜑 𝐼𝜑 cos 𝜃𝜑

𝑃𝑇 = 3 𝑃𝜑 = 3 𝑉𝜑 𝐼𝜑 cos 𝜃𝜑 

𝜃𝜑 = 𝜃𝑣𝐴  − 𝜃𝑖𝐴 = 𝜃𝑣𝐵  − 𝜃𝑖𝐵 = 𝜃𝑣𝐶  − 𝜃𝑖𝐶

𝑃𝑇 = 3 𝑉𝐿 𝐼𝐿 cos 𝜃𝜑 

𝑄𝑇  = 3 𝑉𝐿 𝐼𝐿  sin 𝜃𝜑

𝑆𝑇  = 3 𝑉𝐿 𝐼𝐿

For Y loads: 𝑽𝑳 = 𝟑 𝑽𝝋

             𝐼𝐿  = 𝐼𝜑

Eng. Nael S. Dokhan



49 Three-Phase Power Calculations
Balanced Delta Connected Load

Balanced Delta Connected Load

Total Power

𝑉𝜑 = 𝑉𝐴𝐵 = 𝑉𝐵𝐶  = 𝑉𝐶𝐴 = 𝑉𝐿

𝐼𝜑 = 𝐼𝐴𝐵 = 𝐼𝐵𝐶  = 𝐼𝐶𝐴

𝐼𝐿  = 3 𝐼𝜑

𝑃𝜑 = 𝑉𝜑 𝐼𝜑 cos 𝜃𝜑

𝑃𝑇 = 3 𝑃𝜑 = 3 𝑉𝜑 𝐼𝜑 cos 𝜃𝜑 

𝑃𝑇 = 3 𝑉𝐿 𝐼𝐿 cos 𝜃𝜑 

𝑄𝑇  = 3 𝑉𝐿 𝐼𝐿  sin 𝜃𝜑

𝑆𝑇  = 3 𝑉𝐿 𝐼𝐿

For Δ loads: 𝐼𝐿  = 3 𝐼𝜑

𝑽𝑳 = 𝑽𝝋
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50 Example 9
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51 Example 9 — Solution Part (a) — Load 1 
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52 Example 9 — Solution Continued Part (a) — Load 2 
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53 Example 9 — Solution Continued Part (a) — Load 3 
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54 Example 9 — Solution Continued
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55 Example 9 — Solution Continued Part (d) 
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56 Thank you

Thank you
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