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Resonance Circuits and Applications 

Manal Abdul Ameer Qabazard 

Abstract—This paper presents and reviews the series and Parallel 

Resonance Circuits starting from the concept of circuit impedance 

and how does resonance occur then studying the circuits of each 

type and its characteristic , then finally some of important 

applications of each type.    

 

Index Terms— Circuit Impeadance, Resonance, Ideal inductor 

and Ideal Capacitor, Series Resonance Circuits Band Width , 

Parallel Resonance Circuits ,Applications of series and parallel 

resonance circuits. 

I. INTRODUCTION 

The purpose of this introduction is to Review the combination 

of resistive, inductive and capacitive circuits and the concepts 

of impedance, quality factor or ‘Q’, and resonant circuits.  

 

IMPEDANCE(Z)[1],[2] 

Impedance is the total opposition to current flow in an AC 

circuit.  

Impedance is the opposition to current flow in an AC circuit 

and is measured in ohms. There is no inductive or capacitive 

reactance in a DC circuit. However, in an AC circuit there is 

resistance, inductive and capacitive reactance. All of these 

oppose current flow and the combined opposition to current 

flow is called impedance. 

It is important to remember that any circuit can be reduced to 

a resistance and either a single inductive or capacitive 

reactance 

A circuit cannot be inductive and capacitive at the same time. 

The effect of inductive reactance on current is to cause the 

current to lag the voltage. The effect of capacitive reactance is 

to cause the current to lead the voltage. Both of these effects 

are opposite.  

Therefore, the circuit will either be capacitive or inductive, 

but not both.  

If you have trouble remembering which leads and lags, 

remember this:  

L is for inductance - L is for Lag.  

(That is, current lags the voltage in an inductive circuit)  

Complicated circuits with lots of resistors, capacitors and 

inductors can be reduced to a single resistance and a single 

reactance, either capacitive or inductive.The circuit below is a 

series RLC circuit. Since the inductive reactance is 100 ohms 

and the capacitive reactance is 50 ohms, the net reactance of 

the circuit is 50 ohms of  

inductive reactance.  

 
The impedance of the above circuit is 10j50 ohms.  

 

 
Manuscript Received on March 2015. 

Manal Abdul Ameer Qabazard, P o box 1211, Al jabriah 

Kuwait-46313, Kuwait. 

WHEN XL= XC 

When a circuit contains exactly the same amount of inductive 

and capacitive reactance,  

the net reactance is zero and the circuit is resistive.  

So if a circuit contains 100 ohms of resistance in series (or 

parallel) with 200 ohms of inductive reactance and 200 ohms 

of capacitive reactance, the impedance of the circuit is 100j0 

or simply 100 ohms. 

 

 Resonance In Electric Circuits: 

 Any passive electric circuit will resonate if it has an inductor 

and capacitor ,Resonance is characterized by the input voltage 

and current being in phase. The impedance (or admittance) is 

completely real when this condition exists.  

  

 Basically ,there are two types of resonant circuits : 

 (a) series resonance. 

 (b) parallel resonance. 

II. IDEAL INDUCTOR AND CAPACITOR IN SERIES 

[3],[4] 

Consider an inductor and a capacitor connected in series as 

shown in Fig.1 below. In this case the same current flows 

through both elements so that IL = IC. If this is taken as 

reference zero phase, then it can be seen that the voltage 

across the inductor leads the current so that it appears 90o 

ahead of it in the phasor diagram of Fig. 1. On the other hand, 

the voltage across the capacitor lags the current so that it 

appears 90o behind on the phasor diagram. It can be seen 

therefore that the voltages across the inductor and the 

capacitor are in antiphase or 180o out of phase with each 

other. The relative magnitudes of the voltages are different 

and depend on the values of the inductance and capacitance of 

these elements at the particular frequency of excitation 
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Waveforms are shown for sinusoidal excitation of the circuit 

in  Fig. 2. From this it is clearly evident that the phasors 

representing the voltages across the inductor and the capacitor 

are exactly 1800 out of phase, showing excursions on 

opposite sides of the abscissa axis. The difference in the 

amplitudes depends on the relative magnitudes of the 

impedances as functions of frequency and hence also on the 

values of inductor and capacitor used. The impedance of the 

series combination can be found in the normal manner. As the 

elements are in series, the currents through both elements are 

identical and the voltage drop across the series combination is 

the sum of the voltage drops across the individual elements. 

Then the impedance is given as: 

 
Then: 

 
It can be seen that the overall impedance of the network is 

purely reactive with no resistance, in the case of the ideal 

inductor and capacitor implied in Fig. 1. Given the nature of 

the above expression, there is clearly a value of frequency for 

which the expression is zero This can be found as: 

 
The value of this frequency, referred to in practice as the 

resonant frequency, depends entirely of the values of the 

components used. This result implies that at this frequency the 

impedance of the series combination is zero in the case of 

ideal components. The magnitude of the impedance is given 

as: 

 

 
This is shown plotted as a function of frequency in general 

form in Fig. 3. It can be seen that the impedance is very high at 

high and low frequencies. It becomes zero at the resonant 

frequency ω = ω0. 

 

 
 

 In essence, at the resonant frequency the effect of the 

inductive reactance cancels the capacitive reactance. 

Therefore the same current develops voltages with equal 

magnitude and opposite polarity at the resonant frequency and 

the net effect is zero voltage or potential drop across the 

combined series combination, giving the resultant net 

impedance of zero as shown in Fig. 3. It must be noted, 

however, that the individual voltages across each element are 

not zero as can be seen in Fig. 4 where the phasor diagram and 

waveforms are shown at the resonant frequency. The precise 

magnitudes of the voltages across the capacitor and the 

inductor depend on the values of these components, the 

inductance in Henrys and the capacitance in Farads. 

III.  RESISTANCE, INDUCTOR AND CAPACITOR IN 

SERIES[5],[6] 

Fig. 5 shows a resistor added in series with the previous 

inductor and capacitor connected in series. Again, the same 

current flows through all of the elements so that IL = IC = IR. 

The same relationships hold between voltage and current in 

the inductor and the capacitor so their phase relationships are 

unaltered. The voltage across the resistor is in phase with the 

current flowing through it so their phasors appear 

superimposed in Fig. 5. However, in this case the impedance 

has an added element in the resistor which is present. The net 

voltage across the circuit is the vector sum of the three 

individual components so that the impedance is given as: 
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So that : 

Z=R+J(WL-1/WC) 

In this case it can be seen that the impedance is truly complex, 

having a real part and an imaginary part. The real part is the 

resistance while the imaginary part is reactive. The reactive 

part can be dominated by the inductive reactance or the 

capacitive reactance depending on the values of these 

components and the frequency of operation. The impedance 

therefore has an associated magnitude 

and phase given as: 

 
The values of both the magnitude and phase depend on the 

values of all of the components as well as the frequency. At 

the frequency ω = ω0 having the same value as above the 

impedance has its minimum value. This time, however, while 

the reactive component becomes zero the impedance remains 

finite at the value of the resistance, R. 

 
 

 

If the current phasor is taken as the reference zero phase 

vector then the magnitude and phase of the resultant voltage 

across the series RLC combination is given as: 

 

 
 

where I is the magnitude of the current. Then the magnitude 

and phase of the resultant voltage are obtained as: 

 

 
A plot of the phasor diagram which includes the resultant 

voltage across the series combination is shown in Fig. 7 for 

particular values of components and a particular frequency. 

Note that the resultant net voltage across the series 

combination has a magnitude and phase which depends on all 

three components and can lead or lag the current depending 

on whether the net reactance is inductive or capacitive. 

 

 

IV. SERIES RESONANCE[7],[8]  

Consider the series RLC circuit shown below. 

  
 The input impedance is given by: 

 z=r+j(wl-1/wc) 

 The current in the circuit is: 

  

 I=V/(R+j(WL-1/WC)) 

  

 The magnitude of the circuit current is: 

 

 │I│= VM / √(R
2
+(WL-1/WC)

2
) 

Variation of inductive and capacitive reactance as the 

frequency f of the source is varied: 
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When f = 0 , XL= 0 and  XC= ∞. 

• As f increases , the XL increases and the XC decreases till at 

a  

•frequency fr the two reactance become equal. 

•With further increase in f , → XL > XC 

•At fr the net reactance of the circuit = 0 

•The impedance of the circuit z= Rand the current in the 

circuit = V/R 

•fr is known as resonance frequency and the circuit , is said to 

be in  

•resonance. 

Therefore resonance occurs when, 

WL=1/WC 

Wr = 1/√LC 

  
This is an important equation , it applies series and parallel 

resonant circuit. 

 

The following figure shows the variation in the impedance of 

the circuit as the frequency varies from 0 to ∞ 

 
 

At low frequency Xc  >XL and the  

circuit is capacitive. 

As f goes on increasing ,the net reactance goes on decreasing 

,and the impedance also goes on decreasing . 

At f = fr, the net reactance = 0, 

and the circuit impedance is the min. Z = R.  

 

When f > fr XL >XC and the circuit is inductive. 

As f incr. , Z is increase . too. 

The variation in the magnitude is plotted in the following fig.  

 
Since the current is proportional to Z, the current incr. with 

increasing of f. 

At f = frthe current is max. (Imax). 

As fincr. beyond frIdecr. 

The voltages across XL and XC are : 

VL= I XL, VC= I XC 

At fr XL= XC VL = VC 

V. SERIES CIRCUIT CURRENT AT RESONANCE 

[11],[12] 

The frequency response curve of a series resonance circuit 

shows that the  magnitude of the current is a function of 

frequency 

 
Since the current is proportional to Z, the current incr. with 

increasing of f. 

At f = fr  , the current is max. (Imax). 

•As f incr. beyond fr I decrease. 

•The voltages across XL and XC are : 

•VL= I XL ,          VC= I XC 

•At fr :  XL= XC  , VL=VC  

VI. BANDWIDTH OF A SERIES RESONANCE 

CIRCUIT[9],[10] 

 
The bandwidth (B) of a series RLC circuit is : 

•BW = Δf =f2 -f1 

•Where f1and f2are the 

frequencies of which the 
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power delivered to the circuit is ½ power delivered at 

resonance . 

•These known as half power points. 

•The power delivered at resonance is : 

 P=I
2
m*R 

•Therefore , 

0.5P = 0.5 I
2
m*R=R(IM/√2)

2
 

•Thus the currents I1and I2,at half power point are:  

I1=I
2
=IM/√2=0.707IM 

From the eq 

  │I│= VM / √(R
2
+(WL-1/WC)

2
) 

We can write 

│I│=IM/(1+((XL-XC)/R)
2
)

0.5 

 

  
 

It is seen that : 

 (XL–XC) /R = 1 

                                                                                                                                     
At resonance XL–XC= 0 ,then when freq. increase from fr to 

f2, XL must increase by 0.5 R and XC must decr.by 0.5R to 

satisfy the eq. 

thus  

2πf2L -2πfrL =0.5R or  

 
 

Similarly when freq. decrease from fr to f1,  

XC increase by 0.5R and XL decrease by the same value 

 ,thus : 

 

2πfrL -2πf1L =0.5R or  

 

  -- -    

 
 

Bandwidth of a Series Resonance Circuit 

 

 
Q Factor: 

 The ratio of the resonance frequency to the BW is known as 

factor Q : 

 

from eq. Δf =R/ 2πL ---   

 

and from eq.   

 
 

Thus Q can be incr.by decr.R or by incr. L/C ratio 

The following fig. shows the current versus frequency graphs 

for circuits with different values of Q : 

A circuit with highQ has a narrowB 

 
 

VII. PARALLEL RESONANCE 
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The admittance of the circuit is :       

                   

 

 

If the source frequency is adjusted so as to make  

XL=XC 

then  

Y =1/R  and Z = R  , I = V/R 

This is the condition of the parallel resonance . 

The frequency frat which parallel resonance take place : 

 

 

  
 

IN Parallel Resonance,[13],[14] 

Consider the circuits shown below: 

 
 

 

 
Duality : 

 
We notice the above equations are the same provided: 

 
 

 

 

Parallel Resonance[15] 

What this means is that for all the equations we have 

derived for the series resonant circuit, we can use for the 

parallel resonant circuit provided we make the 

substitutions: 

 
Serial Resonance 

 
Parallel resonance 

 
 

For parallel resonant circuits, the impedance 

is maximum at the resonant frequency 

• Total current is minimum at the resonant 

frequency 

• Bandwidth is the same as for the series 

resonant circuit; the critical frequency 

impedances are at 0.707Zmax 

 

The impedance of a parallel RLC circuit is 

maximum at resonance 

• Current is minimum, and ideally equal to zero at 

resonance 

• The phase angle is zero at resonance 

• The bandwidth of a parallel resonant circuit is the 

range of frequencies for which the impedance is 

0.707Zmax or greater 

The currents in parallel L and C branches are 

equal in magnitude and 180° out-of-phase with 

each other and thus they cancel at resonance 

• The critical frequencies are the frequencies above 

and below resonance where the circuit response is 

70.7% of the maximum response 

• Cutoff frequencies are also called - 3 dB 

frequencies or critical frequencies 

• A higher Q produces a narrower bandwidth 
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VIII. APPLICATIONS OF SERIES AND PARALLEL 

RESONANCE CIRCUITS:[16] 

An application using  a series resonant circuit:  

1-One application of a series LC circuit is the IF Trap in a 

superheterodyne radio receiver as illustrated in Fig. 8 below. 

The standard domestic AM/FM radio is such a receiver. This 

type of radio receiver applies a vast amount of gain to the 

signal picked up at the aerial in an intermediate frequency or 

IF stage. The intermediate frequency is chosen to lie outside 

the reception band of the radio. However, if a signal at this IF 

frequency is picked up at the aerial it can interfere severely 

with reception of the wanted signal. Therefore an IF Trap is 

included in the form of a series LC circuit which has a 

resonant frequency equal to the intermediate frequency. The 

winding of the aerial coil forms the inductance of the series 

circuit and its resonance with a selected capacitor value gives 

a near zero impedance at the IF. Therefore any signal at this 

frequency appearing at the aerial is shunted to ground and 

does not develop any detectable voltage at the input of the RF 

amplifier. 

 
2-Recall that at resonance a series tuned circuit has extremely 

low impedance. If you like you can think of it as zero 

impedance. Zero impedance is like a piece of conductor. If 

you place a conductor across the back of your TV on the 

terminals where the signal comes into the set, do you think 

you would get much of a TV picture?  

I hope you said no. A short circuit on a TV antenna would stop 

all signals from entering the TV set and you would get squat!  

A series resonant circuit has zero (extremely low) impedance 

at one frequency only, its resonant frequency.  

In figure 10 we have an interference problem from a 27 MHz 

CB radio getting into a nearby television set. This type of 

interference is called receiver overload. The problem is that 

the TV can't reject the 27MHz CB signal, as it is so strong and 

so close. We have placed a filter in the box shown on the TV 

cable. In that box there is a series LC  circuit which is resonant 

on 27 MHz.  

A 27MHz signal trying to get to the TV will 'see' a short 

circuit and will be stopped. However all other signals will be 

unaffected.  

The interference is stopped and the TV owner can enjoy 

watching television 

 
 

An application using a parallel resonant circuit: 

The diagram Below shows an antenna connected to a parallel 

tuned circuit that is in turn connected to the ground.  

Now, remember a parallel tuned circuit has very high 

impedance at one frequency only, its resonant frequency.  

All of the radio waves that pass by the antenna will induce a 

very small voltage into the antenna. Let's say our resonant 

circuit is tuned to 1 MHz. An AM radio station on 1.5 MHz 

will cause a radio wave to pass by the antenna and induce a 

voltage into it. This voltage  

will cause a current to flow down the antenna cable and 

through the tuned circuit to earth.  

At 1.5 MHz the inductor and capacitor are not resonant and 

the impedance of the parallel circuit will be very low. E=IR or 

if you like E=IZ (Z=impedance). The voltage created across 

the LC parallel circuit will be very low, as its impedance is 

very low. The same story will go for all other radio signals 

that induce a voltage into the antenna EXCEPT 1Mhz.  

At 1MHz  the LC circuit is parallel resonant and will be very 

high impedance. The small current through the parallel 

resonant circuit will produce a significant voltage across it 

compared to  

all the other radio signals. An output voltage will appear at the 

output terminals of the signal that the parallel tuned  

circuit is tuned to. So here we have the basic method of 

selecting the desired radio signal from the many that are 

present at the antenna.  

 

IX. CONCLUSION 

The paper has presented  the series and Parallel Resonance 

Circuits starting from the concept of circuit impedance and 

how did resonance occur then studied the circuits of each type 

and its characteristic , then finally some of important 

applications of each type.    
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