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Remember From Previous Chapters

Classical Mechanics

• Equations of motion:

⃗𝒗𝑓 = ⃗𝒗𝑖 + 𝒂⃗𝑡

⃗𝒓𝑓 = ⃗𝒓𝑖 + ⃗𝒗𝑖𝑡 + 1
2
𝒂⃗𝑡2

⃗𝒗2
𝑓 = ⃗𝒗2

𝑖 + 2𝒂⃗ ⋅ ( ⃗𝒓𝑓 − ⃗𝒓𝑖)

• Newton’s Second Law:

∑ ⃗𝑭 = 𝑚𝒂⃗

• Work-Energy Theorem:

𝑊 = Δ𝐾

𝑊 = ⃗𝑭 ⋅ ⃗𝒅

𝐾 = 1
2
𝑚 ⃗𝒗2

Electric Field

• Coulomb’s Law:

⃗𝑭𝑒 = 𝑘𝑒
𝑞1𝑞2
𝑟2 𝒓

• Electric Field:

𝑬⃗ =
⃗𝑭𝑒

𝑞0
= 𝑘𝑒

𝑞
𝑟2 𝒓

𝒂⃗ = ( 𝑞
𝑚

)𝑬⃗

Flux

• Gauss’s Law:

Φ𝐸 = ∮ 𝑬⃗ ⋅ d ⃗𝑨 = 𝑞in
𝜀0



Remember From Previous Chapters

Electric Potential

and Energy

• Electric Potential:

𝑉 = 𝑘𝑒
𝑞
𝑟

• Potential Energy:

𝑈𝐸 = 𝑘𝑒
𝑞1𝑞2

𝑟

• Relation to Electric

Field:

Δ𝑉 = −𝑬⃗ ⋅ ⃗𝒅

• Potential and Energy:

Δ𝑈𝐸 = 𝑞Δ𝑉

Capacitance and

Dielectrics

• Capacitance:

𝐶 = 𝑄
Δ𝑉

= 𝜀0𝐴
𝑑

• Capacitors in Parallel:

𝐶eq = ∑ 𝐶𝑖

• Capacitors in Series:

1
𝐶eq

= ∑( 1
𝐶𝑖

)

• Energy Stored

in Capacitor:

𝑈𝐸 = 𝑄2

2𝐶
= 1

2
𝑄Δ𝑉

= 1
2
𝐶(Δ𝑉 )2



Remember From Previous Chapters

• Energy Density of

Electric Field:

𝑢𝐸 = 𝑈𝐸
𝑉

= 1
2
𝜀0𝐸2

• Dielectric Constant:

Δ𝑉 = Δ𝑉0/𝜅

𝐶 = 𝜅𝐶0

𝑄 = 𝜅𝑄0

𝑈𝐸 = 𝑈0/𝜅

Current and Resistance

• Current:

𝐼 = Δ𝑄
Δ𝑡

𝐼avg = 𝑛𝐴𝑣𝑑𝑞

• Ohm’s Relation:

Δ𝑉 = 𝐼𝑅

• Resistance:

𝑅 = 𝜌𝐿
𝐴

• conductivity:

𝜎 = 1
𝜌

• Temperature Effect

𝑅 = 𝑅0[1 + 𝛼(𝑇 − 𝑇0)]

• Electrical Power:

𝑃 = 𝐼Δ𝑉 = 𝐼2𝑅 = Δ𝑉 2

𝑅

Energy = 𝑃Δ𝑡



Remember From Previous Chapters

Direct-Current Circuits

• Electromotive Force:

Δ𝑉 = 𝜺 − 𝐼𝑟 = 𝐼𝑅,

• Resistors in Series:

𝑅eq = 𝑅1 + 𝑅2 + … + 𝑅𝑛

• Resistors in Parallel:

1
𝑅eq

= 1
𝑅1

+ 1
𝑅2

+ … + 1
𝑅𝑛

• Kirchhoff’s Rules:

1. Junction Rule:

∑
node

𝐼 = 0

2. Loop Rule:

∑
loop

Δ𝑉 = 0

Magnetic Fields

• Magnetic Force on a 

Moving Charge:

⃗𝑭𝐵 = 𝑞 ⃗𝒗 × 𝑩⃗

| ⃗𝑭𝐵| = 𝑞𝑣𝐵 sin 𝜃

• Charges in a circular 

path under a magnetic 

field:

𝑟 = 𝑚𝑣
𝑞𝐵



Remember From Previous Chapters

• Angular Velocity:

𝜔 = 𝑣
𝑟

= 𝑞𝐵
𝑚

• Period of Revolution:

𝑇 = 2𝜋𝑟
𝑣

= 2𝜋𝑚
𝑞𝐵

• Magnetic Force on a 

Current-Carrying Wire:

⃗𝑭𝐵 = 𝐼𝑳⃗ × 𝑩⃗

| ⃗𝑭𝐵| = 𝐼𝐿𝐵 sin 𝜃

Sources of the Magnetic 

Field

• Biot-Savart Law:

d𝑩⃗ = 𝜇0
4𝜋

𝐼
𝑟2 (d ⃗𝒔 × 𝒓)

• Magnetic Force Between

Two Parallel Currents:

𝐹
ℓ

= 𝜇0
2𝜋

𝐼1𝐼2
𝑎

• Ampere’s Law:

∮ 𝑩⃗ ⋅ d ⃗𝒔 = 𝜇0𝐼

• Magnetic Field of

a solenoid

𝐵 = 𝜇0𝑛𝐼

• Magnetic Flux and

Gauss’s Law:

Φ𝐵 = ∮ 𝑩⃗ ⋅ d ⃗𝑨 = 0



Remember From Previous Chapters

Faraday’s Law

• Induced emf:

𝜺 = −𝑁 dΦ𝐵
d𝑡

• Motional emf:

𝜺 = −𝐵ℓ𝑣

Inductance

• Self-Induced:

𝜺𝐿 = −𝐿 d𝑖
d𝑡

𝐿 = 𝑁 Φ𝐵
𝑖

• Inductance of

a Solenoid:

𝐿 = 𝜇0𝑁2𝐴
ℓ

= 𝜇0𝑛2𝐴ℓ = 𝜇0𝑛2𝑉

• Energy Stored in

an Inductor:

𝑈𝐵 = 1
2
𝐿𝑖2

• Energy Density Stored 

in a Solenoid:

𝑢𝐵 = 𝑈𝐵
𝑉

= 𝐵2

2𝜇0



1. AC Sources

2. Resistors in an AC Circuit

3. Inductors in an AC Circuit

4. Capacitors in an AC Circuit

5. The RLC Series Circuit

6. Power in an AC Circuit

7. Resonance in a Series RLC Circuit



1.1 What is Alternating Current (AC)?

• An alternating current (AC) is a current 

that periodically reverses direction, in 

contrast to direct current (DC) which 

flows only in one direction.

• AC is the form of electric power that is 

delivered to homes and businesses, and 

it is generated by power plants using 

various methods such as turbines, solar 

panels, and combustion engines.
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1.2 Voltage in an AC Circuit

The voltage in an AC circuit varies with 

time, typically in a sinusoidal manner, 

and can be expressed as:

Δ𝑣 = Δ𝑉max sin(𝜔𝑡)

where Δ𝑉max is the maximum voltage 

from the source (also called the voltage 

amplitude), 𝜔 is the angular frequency, 

and 𝑡 is time.
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1.3 Frequency and Period of AC

• The frequency of the AC is denoted 

by 𝑓  and is related to the angular fre

quency 𝜔 by the equation:

𝜔 = 2𝜋𝑓 = 2𝜋
𝑇

where 𝑇  is the period of the AC, which 

is the time it takes for one complete cycle 

of the waveform.
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1.4 What is the Frequency of AC in Saudi Arabia?

• Commercial AC power typically has a frequency of 50 Hz or 60 Hz, depending on 

the region; it is 60 Hz (377 rad/s) in Saudi Arabia.

• Therefore, all appliances and devices that are designed to operate on AC power in 

Saudi Arabia are built to work with this frequency, and they will NOT function 

properly if connected to a power source with a different frequency.

Dr. Abdulaziz Alqasem Ch.32: Alternating Current Circuits 13 / 64



1.5 Reading Electronics Labels
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1. AC Sources

2. Resistors in an AC Circuit

3. Inductors in an AC Circuit

4. Capacitors in an AC Circuit

5. The RLC Series Circuit

6. Power in an AC Circuit

7. Resonance in a Series RLC Circuit



2.1 Resistor in an AC Circuit

When a resistor is connected to an AC 

source, the current through the resistor 

also varies sinusoidally with time, and it 

can be expressed as:

𝑖𝑅 = Δ𝑣
𝑅

= Δ𝑉max
𝑅

sin(𝜔𝑡)

𝑖𝑅 = 𝐼max sin(𝜔𝑡)

Notice that 𝑖𝑅 has the same frequency as 

the voltage from the AC source,
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2.1 Resistor in an AC Circuit

𝐼max is the maximum current through the 

resistor, which is given by:

𝐼max = Δ𝑉max
𝑅

The instantaneous voltage across the re

sistor is,

Δ𝑣 = 𝑖𝑅𝑅 = 𝐼max𝑅 sin(𝜔𝑡)
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2.1 Resistor in an AC Circuit

A plot of the voltage and current in a 

resistor connected to an AC source would 

show that they are in phase, meaning 

that they reach their maximum and min

imum values at the same time.
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2.2 A Phasor Diagram

A phasor diagram is a graphical representation of 

the voltage and current in an AC circuit, where 

the voltage and current are represented as vectors 

(phasors) that rotate in the two-dimensional plane. 

In a resistor connected to an AC source, the voltage 

and current phasors are aligned along the same 

axis, indicating that they are in phase. The length 

of the phasor represents the amplitude of the 

voltage or current, while the angle of the phasor 

represents the phase 𝜔𝑡. In this case, since they 

are in phase, the angle between the voltage and 

current phasors is zero.

Dr. Abdulaziz Alqasem Ch.32: Alternating Current Circuits 19 / 64



2.3 Average Value of AC

What is the average value of the following AC?

Zero!
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2.4 Root-Mean-Square (RMS) Values

The root-mean-square (RMS) value of an AC quantity is a measure of the effective 

value of the quantity, which is equivalent to the value of a DC quantity that would 

produce the same amount of power in a resistor. The RMS value of a sinusoidal AC 

voltage or current can be calculated using the following formulas:

(𝑖2)
avg

= (𝐼2
max sin2 𝜔𝑡)

avg
= 𝐼2

max × (1/2) = 𝐼2
max
2
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2.4 Root-Mean-Square (RMS) Values

The average value of sin2 𝜔𝑡 over one complete cycle is 1/2. Taking the square root, 

we get:

𝐼rms = 𝐼max√
2

= 0.707 𝐼max
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2.5 Power in a Resistor Connected to an AC Source

• The alternating current with maximum value 𝐼max = 2 A delivers to a resistor the 

same power as a direct current that has a value of (0.707)(2 A) = 1.4 A.

• The average power delivered to a resistor that carries an alternating current is:

𝑃avg = 𝐼2
rms𝑅
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2.6 Voltage in an AC Circuit

• The alternating voltage also has an RMS value, which is given by:

Δ𝑉rms = Δ𝑉max√
2

= 0.707 Δ𝑉max

• The voltage delivered to homes in Saudi Arabia is typically 220 V RMS, which 

corresponds to a maximum voltage of about 311 V.

• Voltmeters and ammeters are designed to measure the RMS values of voltage and 

current in AC circuits, so they will display the RMS values directly.
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2.6 Voltage in an AC Circuit

Example 2.1

The voltage output of an AC source is given by the expression Δ𝑣 = 200 sin(𝜔𝑡), 
where Δ𝑣 is in volts.

Find the rms current in the circuit when this source is connected to a 47 Ω 
resistor.

𝐼rms = 𝐼max√
2

= Δ𝑉max√
2𝑅

𝐼rms = 200√
2 ∗ 47

= 3 A
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1. AC Sources

2. Resistors in an AC Circuit

3. Inductors in an AC Circuit

4. Capacitors in an AC Circuit

5. The RLC Series Circuit

6. Power in an AC Circuit

7. Resonance in a Series RLC Circuit



3.1 Inductor in an AC Circuit: Current

When an inductor is connected to an AC 

source, the current through the inductor 

also varies sinusoidally with time, but it 

lags behind the voltage by 90 degrees. 

The current can be expressed as:

𝑖𝐿 = 𝐼max sin(𝜔𝑡 − 𝜋
2
)

Therefore, the current reaches its maxi

mum value a quarter of a cycle after the 

voltage reaches its maximum value.
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3.2 Inductor in an AC Circuit: Voltage

The voltage across the inductor which is 

given by (−𝐿 d𝑖𝐿/ d𝑡) is:

Δ𝑣𝐿 = −Δ𝑉max sin(𝜔𝑡)

Notice that the induced voltage across the 

inductor is out of phase with the source 

voltage by 180 degrees. However, the 

amplitude of both voltages is the same, 

which is |Δ𝑉max|.
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3.3 Inductor in an AC Circuit: Phasor Diagram
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3.4 Inductive Reactance

The maximum current through the in

ductor is:

𝐼max = Δ𝑉max
𝜔𝐿

This expression is similar to Ohm’s 

relation, where 𝜔𝐿 plays the role of 

resistance. Therefore, we define the in

ductive reactance 𝑋𝐿 as:

𝑋𝐿 ≡ 𝜔𝐿

The inductive reactance 𝑋𝐿 is a measure 

of the opposition that an inductor pre

sents to the flow of alternating current, 

and it has the unit of ohm (Ω). Therefore,

𝐼max = Δ𝑉max
𝑋𝐿

𝐼rms = Δ𝑉rms
𝑋𝐿
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3.5 Example: Inductor in an AC Circuit

Example 3.2

In a purely inductive AC circuit, L = 25 mH and the rms voltage is 150 V. Calculate 
the inductive reactance and rms current in the circuit if the frequency is 60 Hz.

𝑋𝐿 = 𝜔𝐿 = 2𝜋𝑓𝐿 = 2𝜋(60)(25 × 10−3) = 9.42 Ω

𝐼rms = Δ𝑉rms
𝑋𝐿

= 150
9.42

= 15.9 A
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3.6 Quiz: Inductor in an AC Circuit

Quiz

Consider the AC circuit in the Figure. The 
frequency of the AC source is adjusted while 
its voltage amplitude is held constant. When 
does the lightbulb glow the brightest? (a) It 
glows brightest at high frequencies. (b) It glows 
brightest at low frequencies. (c) The brightness 
is the same at all frequencies.

Answer is (b): At low frequencies, 𝑋𝐿 is low, and 𝐼  is high.
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1. AC Sources

2. Resistors in an AC Circuit

3. Inductors in an AC Circuit

4. Capacitors in an AC Circuit

5. The RLC Series Circuit

6. Power in an AC Circuit

7. Resonance in a Series RLC Circuit



4.1 Capacitor in an AC Circuit: Current

When a capacitor is connected to an AC 

source, the current through the capacitor 

also varies sinusoidally with time, but 

it leads (ahead) of the voltage by 90 de

grees. The current can be expressed as:

𝑖𝐶 = 𝐼max sin(𝜔𝑡 + 𝜋
2
)

Therefore, the current reaches its maxi

mum value a quarter of a cycle before the 

voltage reaches its maximum value.
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4.2 Capacitor in an AC Circuit: Voltage and Charge

The voltage across the capacitor is:

Δ𝑣𝐶 = Δ𝑉max sin(𝜔𝑡)

The charge on the capacitor is:

𝑞 = 𝐶Δ𝑣𝐶

Both the voltage and charge are In phase 

with the source voltage.

Dr. Abdulaziz Alqasem Ch.32: Alternating Current Circuits 35 / 64



4.3 Capacitor in an AC Circuit: Phasor Diagram
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4.4 Capacitive Reactance

The maximum current through the ca

pacitor is:

𝐼max = 𝜔𝐶Δ𝑉max = Δ𝑉max
1/(𝜔𝐶)

This expression is similar to Ohm’s rela

tion, where 1/(𝜔𝐶) plays the role of 

resistance. Therefore,

𝑋𝐶 ≡ 1
𝜔𝐶

The capacitive reactance 𝑋𝐶  has the 

unit of ohm (Ω).

The maximum and rms current then are:

𝐼max = Δ𝑉max
𝑋𝐶

𝐼rms = Δ𝑉rms
𝑋𝐶
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4.5 Example: Capacitor in an AC Circuit

Example 4.3

An 8 𝜇F capacitor is connected to the terminals of a 60 Hz AC source whose rms 
voltage is 150 V. Find the capacitive reactance and the rms current in the circuit.

Solution 4.3

𝑋𝐶 = 1
𝜔𝐶

= 1
2𝜋𝑓𝐶

= 1
2𝜋(60)(8 × 10−6)

= 332 Ω

𝐼rms = Δ𝑉rms
𝑋𝐶

= 150
332

= 0.45 A
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4.6 Quiz: Capacitor in an AC Circuit

Quiz

Consider the AC circuit in the Figure. The 
frequency of the AC source is adjusted while 
its voltage amplitude is held constant. When 
does the lightbulb glow the brightest? (a) It 
glows brightest at high frequencies. (b) It glows 
brightest at low frequencies. (c) The brightness 
is the same at all frequencies.

Answer is (b): At low frequencies, 𝑋𝐿 is low and 𝑋𝐶  is high, therefore 𝐼  at the 
bulb is high.
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1. AC Sources

2. Resistors in an AC Circuit

3. Inductors in an AC Circuit

4. Capacitors in an AC Circuit

5. The RLC Series Circuit

6. Power in an AC Circuit

7. Resonance in a Series RLC Circuit



5.1 RLC Series Circuit

• An RLC series circuit consists of a resis

tor (R), an inductor (L), and a capacitor 

(C) connected in series to an AC source.

• The current through the circuit is the 

same for all elements.

• The voltage different across each el

ement is generally different and de

pends on the reactance of the inductor 

and capacitor, as well as the resistance 

of the resistor.
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5.2 RLC Series Circuit: Current is the Same Everywhere

Since the current through the circuit is 

the same at every point, we can write:

𝑖 = 𝑖𝑅 = 𝑖𝐿 = 𝑖𝐶 = 𝐼max sin(𝜔𝑡 − 𝜑)

where 𝜑 is the phase angle between the 

current and the voltage from the AC 

source.
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5.3 RLC Series Circuit: Voltages

Recall that the voltage across each element is 

given by:

Δ𝑣𝑅 = 𝐼max𝑅 sin(𝜔𝑡) = Δ𝑉𝑅 sin(𝜔𝑡)

Δ𝑣𝐿 = 𝐼max𝑋𝐿 sin(𝜔𝑡 + 𝜋
2
) = Δ𝑉𝐿 cos(𝜔𝑡)

Δ𝑣𝐶 = 𝐼max𝑋𝐶 sin(𝜔𝑡 − 𝜋
2
) = −Δ𝑉𝐶 cos(𝜔𝑡)

The sum of all voltages must equal the voltage 

from the AC source, which is:

Δ𝑣 = Δ𝑉max sin(𝜔𝑡)
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5.4 RLC Series Circuit: Phasor Diagram

The three voltages have different phase relation with the current; therefore, they 

cannot be added directly. Instead …
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5.5 RLC Series Circuit: Phasor Diagram

… Instead, they can be combined using vector addition.

Δ𝑉max = √(Δ𝑉𝑅)2 + (Δ𝑉𝐿 − Δ𝑉𝐶)2 = √(𝐼max𝑅)2 + (𝐼max𝑋𝐿 − 𝐼max𝑋𝐶)2

Δ𝑉max = 𝐼max√𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 = 𝐼max 𝑍
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5.6 RLC Series Circuit: Impedance and Current

The quantity 𝑍 is called the impedance 

of the circuit, and it is a measure of the 

total opposition that the circuit presents 

to the flow of alternating current. It has 

the unit of ohm (Ω) and is given by:

𝑍 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)2

The maximum current in the circuit is:

𝐼max = Δ𝑉max
𝑍

The rms current in the circuit is:

𝐼rms = Δ𝑉rms
𝑍
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5.7 RLC Series Circuit: Phase Angle

The phase angle 𝜑 between the current and 

the voltage from the AC source is given by:

𝜑 = tan−1(Δ𝑉𝐿 − Δ𝑉𝐶
Δ𝑉𝑅

)

= tan−1(𝐼max𝑋𝐿 − 𝐼max𝑋𝐶
𝐼max𝑅

)

𝜑 = tan−1(𝑋𝐿 − 𝑋𝐶
𝑅

)
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5.7 RLC Series Circuit: Phase Angle

• If 𝑋𝐿 > 𝑋𝐶 , then 𝜑 is positive, and the cur

rent lags behind the voltage, therefore the 

circuit is more inductive than capacitive.

• If 𝑋𝐿 < 𝑋𝐶 , then 𝜑 is negative, and the 

current leads the voltage, therefore the cir

cuit is more capacitive than inductive.

• If 𝑋𝐿 = 𝑋𝐶 , then 𝜑 is zero, and the current 

and voltage are in phase, therefore the cir

cuit is purely resistive.
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5.8 RLC Series Circuit: Quiz

Quiz

Label each part of the phasor diagrams as 𝑋𝐿 > 𝑋𝐶  , 𝑋𝐿 < 𝑋𝐶  or 𝑋𝐿 = 𝑋𝐶

Answer: (a) 𝑋𝐶 > 𝑋𝐿; (b) 𝑋𝐿 = 𝑋𝐶 ; (c) 𝑋𝐿 > 𝑋𝐶 .
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5.9 Example: RLC Series Circuit

Example 5.4

A series RLC circuit has 𝑅 = 425 Ω, 𝐿 = 1.25 H, and 𝐶 = 3.5𝜇F. It is connected 

to an AC source with 𝑓 = 60 Hz and Δ𝑉max = 150 V.
(A) Determine the inductive reactance, the capacitive reactance, and the imped
ance of the circuit.

Solution 5.4 𝜔 = 2𝜋𝑓 = 2𝜋(60) = 377𝑠−1

𝑋𝐿 = 𝜔𝐿 = 377(1.25) = 471 Ω

𝑋𝐶 = 1
𝜔𝐶

= 1
(377)(3.5 × 10−6)

= 758 Ω

𝑍 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 = √(425)2 + (471 − 758)2 = 513 Ω
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5.9 Example: RLC Series Circuit

(B) Find the maximum current in the circuit.

𝐼max = Δ𝑉max
𝑍

= 150
513

= 0.29 A

(C) Find the phase angle between the current and voltage.

𝜑 = tan−1(𝑋𝐿 − 𝑋𝐶
𝑅

) = tan−1(471 − 758
425

) = −34°
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5.9 Example: RLC Series Circuit

(D) Find the maximum voltage across each element.

Δ𝑉𝑅 = 𝐼max𝑅 = (0.29)(425) = 124 V
Δ𝑉𝐿 = 𝐼max𝑋𝐿 = (0.29)(471) = 138 V
Δ𝑉𝐶 = 𝐼max𝑋𝐶 = (0.29)(758) = 222 V
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5.9 Example: RLC Series Circuit

(E) What replacement value of 𝐿 should an engineer analyzing the circuit choose 

such that the current leads the applied voltage by 30° rather than 34°? All other 
values in the circuit stay the same.

𝑋𝐿 = 𝑋𝐶 + 𝑅 tan 𝜑

𝜔𝐿 = 1
𝜔𝐶

+ 𝑅 tan 𝜑

𝐿 = 1
𝜔

( 1
𝜔𝐶

+ 𝑅 tan 𝜑)

= 1
377

( 1
(377)(3.5 × 10−6)

+ (425) tan(−30°)) = 1.36 H
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1. AC Sources

2. Resistors in an AC Circuit

3. Inductors in an AC Circuit

4. Capacitors in an AC Circuit

5. The RLC Series Circuit

6. Power in an AC Circuit

7. Resonance in a Series RLC Circuit



6.1 Power in an AC Circuit

The instantaneous power delivered to a 

circuit element is given by the product 

of the instantaneous voltage across the 

element and the instantaneous current 

through the element:

𝑝 = 𝑖Δ𝑣
= [𝐼max sin(𝜔𝑡 − 𝜑)][Δ𝑉max sin(𝜔𝑡)]

This is a complicated expression that 

varies with time, and it is not very useful 

for calculating the power delivered to 

the circuit. Instead, we can calculate the 

average power delivered to the circuit 

over one complete cycle of the AC wave

form, which is given by:

𝑃avg = 𝐼rmsΔ𝑉rms cos 𝜑

where 𝐼rms and Δ𝑉rms are the root-

mean-square values of the current and 

voltage, respectively, and 𝜑 is the phase 

angle between the current and voltage.
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6.1 Power in an AC Circuit

• The quantity cos 𝜑 is called the power 

factor of the circuit, and it represents 

the fraction of the total power that 

is actually delivered to the circuit as 

useful work.

• The power factor can range from 0 to 

1, where a power factor of 1 indicates 

that all the power is delivered to the 

resistor.

• The power factor can be expressed as:

cos 𝜑 = 𝑅
𝑍

Substituting the expressions into the 

formula for average power, we find that 

the average power delivered to a resistor 

in an AC circuit is:

𝑃avg = 𝐼2
rms𝑅
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6.1 Power in an AC Circuit

Example 6.5

Calculate the average power delivered to the series RLC circuit described in 

Example 4 (Δ𝑉max = 150 V, 𝐼max = 0.29 A, and 𝜑 = −34°).

Solution 6.5

Δ𝑉rms = Δ𝑉max√
2

= 150√
2

= 106 V

𝐼rms = 𝐼max√
2

= 0.29√
2

= 0.21 A

𝑃avg = 𝐼rmsΔ𝑉rms cos 𝜑 = (0.21)(106) cos(−34°) = 18.2 W
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1. AC Sources
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7.1 Resonance in a Series RLC Circuit

• Resonance occurs in a series RLC 

circuit when an external AC source 

drives the circuit at a frequency that 

matches the natural frequency of the 

circuit (𝜔0), which is determined by 

the values of the inductance and ca

pacitance.

• The induced current in the circuit

𝐼rms = Δ𝑉rms

√𝑅2 + (𝑋𝐿 − 𝑋𝐶)2

reaches its maximum value (maximum 

response) only at the resonance fre

quency 𝜔0. Therefore

𝑋𝐿 − 𝑋𝐶 = 0 ⟹ 𝜔0𝐿 = 1
𝜔0𝐶

.

Solving for 𝜔0, we find that the reso

nance frequency is:

𝜔0 = 1√
𝐿𝐶
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7.2 Power at Resonance

• At resonance, the impedance of the circuit is 

equal to the resistance 𝑅, and therefore, the 

average power delivered to the circuit is at its 

maximum value.

• At off-resonance frequencies, the impedance 

of the circuit is greater than 𝑅, and the aver

age power is less than the maximum value.
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7.3 Quality Factor

The dimensionless parameter quality factor 𝑄 

of RLC circuit is a measure of how sharp the 

resonance is, and it is defined as the ratio of the 

resonance frequency 𝜔0 to the bandwidth of the 

resonance Δ𝜔.

𝑄 = 𝜔0
Δ𝜔

where Δ𝜔 is the width of the curve measured 

between the two values of 𝜔 for which 𝑃avg =
𝑃max

avg /2, known as the half-power points.
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7.3 Quality Factor

Δ𝜔 can be calculated using the following for

mula:

Δ𝜔 = 𝑅
𝐿

Therefore, the quality factor can be expressed as:

𝑄 = 𝜔0
Δ𝜔

= 𝜔0𝐿
𝑅

= 𝑋𝐿
𝑅
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7.3 Quality Factor

Example 7.6

Consider a series RLC circuit for which 𝑅 = 150 Ω, 𝐿 = 20 mH, Δ𝑉rms =
20 V, and 𝜔0 = 5 000𝑠−1. Determine the value of the capacitance for which the 
current is a maximum.

Solution 7.6

𝜔0 = 1√
𝐿𝐶

⟹ 𝐶 = 1
𝜔2

0𝐿

𝐶 = 1
(5000)2(20 × 10−3)

= 2𝜇F
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Suggested Problems

1, 4, 6, 9, 12, 13, 16, 19, 20, 21, 23, 24, 25

Book: Serway, R. A., & Jewett, J. W. (2018). Physics for Scientists and Engineers (10th 

ed.)

Chapter: 32 - Alternating Current Circuits
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