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Introduction to Resonance in AC Circuits

Resonance occurs in AC circuits when the inductive reactance 𝑋𝐿 = 𝜔𝐿  and capacitive 

reactance 𝑋𝐶 =
1

𝜔𝐶
 are equal in magnitude but opposite in sign. This leads to maximum voltage 

or current, depending on the configuration.

Resonance can be classified into:

1. Series RLC Circuits (Series Resonance)

2. Parallel RLC Circuits (Parallel Resonance)

When resonance happens, the circuit behaves like it’s purely resistive and the resonant 

frequency 𝑓𝑟  is the frequency where this occurs.
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Series Resonance

Series Resonance circuits are one of the most important circuits used electrical and electronic 

circuits. They can be found in various forms such as in AC mains filters, noise filters and in 

radio and television tuning circuits producing a very selective tuning circuit for the receiving of 

the different frequency channels. Consider the simple series RLC circuit below.
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Series Resonance

𝑋𝐿 vs frequency 𝑋𝐶 vs frequency

𝑋𝐿  ∝ 𝑓 𝑋𝐶  ∝
1

𝑓
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Series Resonance

In a series resonant circuit, the resonant frequency, 𝒇𝒓 point can be calculated as follows.
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Series Resonance

Note: the supply voltage may be only 

9 volts, but at resonance, the reactive 

voltages across the capacitor, 𝑉𝐶  and 

the inductor, 𝑉𝐿 are 30 volts peak!
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Parallel Resonance

A parallel resonant circuit stores the circuit energy in the magnetic field of the inductor and the 

electric field of the capacitor. This energy is constantly being transferred back and forth 

between the inductor and the capacitor which results in zero current and energy being drawn 

from the supply.
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In a parallel resonant circuit, the resonant frequency, 𝒇𝒓 point can be calculated as follows.
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Parallel Resonance

Note that if the parallel circuits impedance is at its maximum at resonance, then consequently, 

the circuits admittance must be at its minimum and one of the characteristics of a parallel 

resonance circuit is that admittance is very low limiting the circuits current. Unlike the series 

resonance circuit, the resistor in a parallel resonance circuit has a damping effect on the circuits 

bandwidth making the circuit less selective.
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Parallel Resonance

From above, the inductive susceptance, 𝐵𝐿  is inversely proportional to the frequency as 

represented by the hyperbolic curve. The capacitive susceptance, 𝐵𝐶  is directly proportional to 

the frequency and is therefore represented by a straight line. The final curve shows the plot of 

total susceptance of the parallel resonance circuit versus the frequency and is the difference 

between the two susceptance’s.

Lecture 1



EP 204 Electric Circuits Analysis II

Assist. Lect. Ibrahim I. Ibrahim 

Parallel Resonance Lecture 1



EP 204 Electric Circuits Analysis II

Assist. Lect. Ibrahim I. Ibrahim 

Parallel Resonance Lecture 1



EP 204 Electric Circuits Analysis II

Assist. Lect. Ibrahim I. Ibrahim 

Parallel Resonance Lecture 1



EP 204 Electric Circuits Analysis II

Assist. Lect. Ibrahim I. Ibrahim 

Parallel Resonance Lecture 1



EP 204 Electric Circuits Analysis II

Assist. Lect. Ibrahim I. Ibrahim 

Parallel Resonance Lecture 1



EP 204 Electric Circuits Analysis II

Assist. Lect. Ibrahim I. Ibrahim 

Parallel Resonance

Note that the current drawn from the supply at resonance (the resistive current) is only 1.67 

amps, while the current flowing around the LC tank circuit is larger at 2.45 amps. We can check 

this value by calculating the current flowing through the inductor (or capacitor) at resonance.
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A filter is a circuit that is designed to pass signals with desired frequencies and reject or 

attenuate others.

As a frequency-selective device, a filter can be used to limit the frequency spectrum of a 

signal to some specified band of frequencies.

Filters are the circuits used in radio and TV receivers to allow us to select one desired signal 

out of a multitude of broadcast signals in the

environment.

A filter is a passive filter if it consists of only passive elements R, L, and C. It is said to be an 

active filter if it consists of active elements (such as transistors and op amps) in addition to 

passive elements R, L, and C.
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Low-Pass Filter (LPF)

A simple RC low-pass filter consists of a resistor and a 

capacitor connected in series, with the output taken across 

the capacitor.

The frequency between the pass-and-stop bands is called the 

cut-off frequency (𝜔𝑐 ). All the signals with frequencies 

below 𝜔𝑐 are transmitted and all other signals are stopped.

𝑓𝑐 =
1

2𝜋𝑅𝐶
 (𝐻𝑧) 

𝜔𝑐 = 2𝜋𝑓𝑐 =
1

𝑅𝐶
 (𝑟𝑎𝑑) 
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High-Pass Filter (HPF)

A high-pass filter allows high frequencies while 

attenuating low frequencies. The capacitor and resistor 

positions are swapped compared to the low-pass filter.

𝑓𝑐 =
1

2𝜋𝑅𝐶
 (𝐻𝑧) 

𝜔𝑐 = 2𝜋𝑓𝑐 =
1

𝑅𝐶
 (𝑟𝑎𝑑) 
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Band-Pass Filter (BPF)

A band-pass filter allows only a certain frequency range while 

attenuating frequencies outside that range. It is formed by 

combining HPF and LPF.

𝑓𝑟 =
1

2𝜋 𝐿𝐶
 (𝐻𝑧) 

Resonant frequency
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Band-Stop Filter

A band-stop filter blocks a specific range of frequencies while 

allowing frequencies below and above that range to pass. It is formed 

by combining a LPF and a HPF in parallel, so that the unwanted 

frequency band is attenuated while the remaining frequencies are 

preserved.
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