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Resonance Circuits and Applications

Manal Abdul Ameer Qabazard

Abstract—This paper presents and reviews the serigs$ Rarallel
Resonance Circuits starting from the concept of ciitcumpedance
and how does resonance occur then studying the dicof each
type and its characteristic , then finally some dafportant
applications of each type.

Index Terms— Circuit Impeadance, Resonance, Ideal umtbr
and Ideal Capacitor, Series Resonance Circuits Band Wid
Parallel Resonance Circuits ,Applications of seriescaparallel
resonance circuits.

. INTRODUCTION

The purpose of this introduction is to Review tbhenbination
of resistive, inductive and capacitive circuits &nel concepts
of impedance, quality factor or ‘Q’, and resonantgts.

IMPEDANCE(Z)[1],[2]

Impedance is the total opposition to current flewan AC

circuit.

Impedance is the opposition to current flow in &b éircuit

and is measured in ohms. There is no inductiveapacitive

reactance in a DC circuit. However, in an AC cit¢bere is

resistance, inductive and capacitive reactance.ofthese
oppose current flow and the combined oppositionuwent

flow is called impedance.

It is important to remember that any circuit carréeuced to
a resistance and either a single inductive or dapac
reactance

A circuit cannot be inductive and capacitive atshee time.
The effect of inductive reactance on current icdase the
current to lag the voltage. The effect of capaeitivactance is
to cause the current to lead the voltage. Botthede effects
are opposite.

Therefore, the circuit will either be capacitive inductive,

but not both.

If you have trouble remembering which leads ands,lag

remember this:

L is for inductance - L is for Lag.

(That is, current lags the voltage in an inductireuit)
Complicated circuits with lots of resistors, capais and
inductors can be reduced to a single resistanceaasidgle
reactance, either capacitive or inductive.The ditoelow is a
series RLC circuit. Since the inductive reactaiscgd0 ohms
and the capacitive reactance is 50 ohms, the netamrce of
the circuit is 50 ohms of

inductive reactance.

10 100 S0
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The impedance of the above circuit is 10j50 ohms.
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WHEN XL= XC

When a circuit contains exactly the same amouimchictive
and capacitive reactance,

the net reactance is zero and the circuit is fesist

So if a circuit contains 100 ohms of resistancearies (or
parallel) with 200 ohms of inductive reactance 288 ohms
of capacitive reactance, the impedance of the itiiled 00j0
or simply 100 ohms.

Resonance In Electric Circuits:

Any passive electric circuit will resonate if @ran inductor
and capacitor ,Resonance is characterized by i woltage
and current being in phase. The impedance (or &) is
completely real when this condition exists.

Basically ,there are two types of resonant circuits
(a) series resonance.
(b) parallel resonance.

Il. IDEAL INDUCTOR AND CAPACITOR IN SERIES
(3].[4]

Consider an inductor and a capacitor connecteetries as
shown in Fig.1 below. In this case the same curfiemts
through both elements so that IL = IC. If this &ken as
reference zero phase, then it can be seen thatadltege
across the inductor leads the current so thatpears 900
ahead of it in the phasor diagram of Fig. 1. Onater hand,
the voltage across the capacitor lags the currerthat it
appears 900 behind on the phasor diagram. It casebe
therefore that the voltages across the inductor #red
capacitor are in antiphase or 1800 out of phask ®éich
other. The relative magnitudes of the voltagesdifferent
and depend on the values of the inductance anditapee of
these elements at the particular frequency of atait

lll. J
it . currentlags
, voltage for L
\"]_
V[‘ L IL = l(_‘
L »
r i
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" o4 current leads
l I valtage for C
+
| — ]
Ve | e €
Fig. 1 An Inductor and Capacitor Connected in Series
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Fig. 2 Phasor Diagram and Waveforms for Inductor and Capacitor in Series

Waveforms are shown for sinusoidal excitation &f tircuit
in Fig. 2. From this it is clearly evident thatetiphasors
representing the voltages across the inductortendapacitor
are exactly 1800 out of phase, showing excursions
opposite sides of the abscissa axis. The differencthe

amplitudes depends on the relative magnitudes ef tl

impedances as functions of frequency and henceoaldbe
values of inductor and capacitor used. The impeglafithe
series combination can be found in the normal mawsethe
elements are in series, the currents through Hethents are
identical and the voltage drop across the seriggamtion is
the sum of the voltage drops across the indiviélginents.
Then the impedance is given as:

- s
l:‘i((t)) where  v(1) =v,(1)+v(1)
Then:
= v, () +v(t) _ v, (1) " V(1) —Z, 2z
i(r) i(t) i(r) :
LZ=jL —j = '[a)L— L )
! T aC

It can be seen that the overall impedance of theark is
purely reactive with no resistance, in the casehefideal
inductor and capacitor implied in Fig. 1. Given tieure of
the above expression, there is clearly a valueegfufency for

which the expression is zero This can be found as:

LI,
oC

0=0,= F
The value of this frequency, referred to in practas the
resonant frequency, depends entirely of the vahfethe
components used. This result implies that at tieigifency the
impedance of the series combination is zero incdme of
ideal components. The magnitude of the impedangé/én
as:
1
wC

|Z| =L —

0 (ol ®

Fig. 3 The Magnitude of the Impedance as a Function of Frequency

This is shown plotted as a function of frequencygémeral
formin Fig. 3. It can be seen that the impedaseery high at
high and low frequencies. It becomes zero at tisenant

(trequencym = 0.
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Fig. 4 Phasors / Waveforms for Series Inductor and Capacitor at Resonance

In essence, at the resonant frequency the effedhe
inductive reactance cancels the capacitive reaetanc
Therefore the same current develops voltages wdtmale
magnitude and opposite polarity at the resonagtfacy and
the net effect is zero voltage or potential droposs the
combined series combination, giving the resultaet n
impedance of zero as shown in Fig. 3. It must btedo
however, that the individual voltages across edetment are
not zero as can be seen in Fig. 4 where the plésgnam and
waveforms are shown at the resonant frequency préese
magnitudes of the voltages across the capacitor thad
inductor depend on the values of these compondins,
inductance in Henrys and the capacitance in Farads.

Ill. RESISTANCE, INDUCTOR AND CAPACITOR IN
SERIES[5],[6]

Fig. 5 shows a resistor added in series with trevipus
inductor and capacitor connected in series. Aghi®,same
current flows through all of the elements so that IIC = IR.
The same relationships hold between voltage anemauin
the inductor and the capacitor so their phaseioalstips are
unaltered. The voltage across the resistor is as@lwith the
current flowing through it so their phasors appear
superimposed in Fig. 5. However, in this case tiygeidance
has an added element in the resistor which is pteshe net
voltage across the circuit is the vector sum of thee
individual components so that the impedance isrgase

7= Y(tﬂ)
(1)

where V(D) = v, () + V(D) + V(D)
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If the current phasor is taken as the reference péiase
vector then the magnitude and phase of the resultdtage
across the series RLC combination is given as:

L . currentlags 5 _
V‘- ® yoltage for L v(t)=i(t)Z = ]|Z|L¢Z
- L=le=I
n 4. . . )
vl ¥ o where | is the magnitude of the current. Then tlagmitude
€ .
1" current leads and phase of the resultant voltage are obtained as:
voltage for C
‘.i ] >
(o= 1R’ +(a)L— ]
wC
) 5 :
Fig. 5 A Resistor, Capacitor and Inductor, RLC, Connected in Series ¢‘ - . L — > C
,=Tan ——
R

Then:

A plot of the phasor diagram which includes theultamt
voltage across the series combination is showrign #for
particular values of components and a particulagdency.

| Note that the resultant net voltage across theeseri
Z=7,+Z.+Z; =j®L—jm—C+R combination has a magnitude and phase which degenal
three components and can lead or lag the currgrerding
on whether the net reactance is inductive or céigaci

7 v (O+ V.C(IH Ve (D) _ V.L(t) n V.C(t) " le (1)
i(t) i(t) i(t) i(t)

So that :

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

In this case it can be seen that the impedancelyscomplex,
having a real part and an imaginary part. The pea is the
resistance while the imaginary part is reactivee Téactive
part can be dominated by the inductive reactancéher
capacitive reactance depending on the values ofethe
components and the frequency of operation. The diapee
therefore has an associated magnitude

and phase given as: -

j I, I, Ix

| Z| — IR 2 s [ il 1 j ? Fig. 7 Phasor Diagram and Waveforms for Series RLC Combination
oC
IV. SERIES RESONANCE[7],[8]
[(DL _ 1 J Consider the series RLC circuit shown below.
¢, =Tan" SIS 2 L
R AN 4 g . B NI

The values of both the magnitude and phase depenteo
values of all of the components as well as theueegy. At
the frequencyw = ©0 having the same value as above the

impedance has its minimum value. This time, howewbile v @ I ——c
the reactive component becomes zero the impedantains

finite at the value of the resistance, R.
A

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 | 1] = Vi / N(R*+(WL-1/WCY)
0 ) ®
Fig.6  The Magnitude of the Impedance of the Series RLC Combination Variation of inductive and Capacitive reactance ths
frequency f of the source is varied:
V(D) =V (D + V(D + Ve (D =i(DZ =i(0)|Z]| Lo,
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{Je)
Seiizs Resanancs

Whenf=0, XL=0 and XC=.
¢ As fincreases , the XL increases and the XCadems 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 currenthie
circuit = VIR
«fr is known as resonance frequency and the cirgsisaid to
be in

eresonance.
Therefore resonance occurs when,
WL=1/WC
W, - 1ALC

@, 1

r

e = 2% 2adic
This is an important equation , it applies seried parallel
resonant circulit.

The following figure shows the variation in the iegfance of
the circuit as the frequency varies from @do

At low frequency Xc >XL and the

circuit is capacitive.

As f goes on increasing ,the net reactance goegoreasing
,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 fincr. , Zis increase . too.
The variation in the magnitude is plotted in thiéof@ing fig.

— e L

Since the current is proportional to Z, the currieit. with
increasing of f.

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

As fincr. beyond fridecr.

The voltages across XL and XC are :

VL=1 XL, VC=1XC

At fr XL= XC VL =VC

V. SERIES CIRCUIT CURRENT AT RESONANCE
[11],[12]

The frequency response curve of a series resonaraet

shows that the magnitude of the current is a fancof

frequency

I 1= 1

23

b e '

I

]

)

1

= I
E i
]

— [ ]
g .'
o 1
L]

[ ]

i

I

0 B
{ Fry Freauency, |
Jevles AesonEnce

Since the current is proportional to Z, the currieiat. with
increasing of f.
Atf=1fr , the current is max. (Imax).
*As fincr. beyond fr | decrease.
*The voltages across XL and XC are :
VL= XL, VC=1XC
*At fr : XL= XC , VL=VC
VI. BANDWIDTH OF A SERIES RESONANCE
CIRCUIT[9],[10]
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The bandwidth (B) of a series RLC circuit is : The ratio of the resonance frequency to the BWhiswvn as
BW = Af =f2 -f1 factor Q :
*Where fland f2are the frequencies of which the grow
delivered to the circuit is ¥2 power delivered aomance .
*These known as half power points.

*The power delivered at resonance is :
P=Fw*R
*Therefore , from eq.Af =R/ 2L ---

0.5P = 0.594,*R=R(Iy/V2)?
*Thus the currents I1and I12,at half power point are

and from eq.
11=1%=1y,/N2=0.707,
From the eq T, = __1
| 1] = V! N(R*+(WL-1/WCY) 2aNLC

We can write

| 1] =l (L+H((X-X )IR))*® o 2 L

~ R 2WIC
I L,
‘ ‘ - X X 0.5 Thus Q can be incr.by decr.R or by incr. L/C ratio
Tesi (#}2 The following fig. shows the current versus frequegraphs
R for circuits with different values of Q :
A circuit with highQ has a narrowB

It is seen that :

(XL-XC)/IR=1 [

XL—=Xc=R | \oiregroyea,
At resonance XL—XC= 0 ,then when freq. increasenffoto ',Ill.r e
f2, XL must increase by 0.5 R and XC must decr.BR0to : ,."I"I ::'-"

; = oy o
satisfy the eq. i Il S
P e
thus 5 {:l-' J "'{.:.-_-::._"."'.
2nf,L -2nfrL =0.5R or f _l..-}'x' 4 b Y
fa-fr=R /4TTL e N
__..._..-?.p-"' 4 s P Lisrges

Similarly when freq. decrease from fr to f1, R
XC increase by 0.5R and XL decrease by the same val 0 e B N PRI IEING] F
,thus :

onfrL -2xf1L =0.5R or VIl. PARALLEL RESONANCE

fr-fi=R /4TTL
— = — §i

fo=fi= Af =R/ 2TTL . " (D

AW=RI/L

TR jL ¢

Bandwidth of a Series Resonance Circuit

Current Ampd tects

]Li

- >
fi Fiequangy, f

Factor: . .
Q The admittance of the circuit is :
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1 - -
y=——— 4+ J

R X, X_
If the source frequency is adjusted so as to make
XL:XC
then

Y=1/R andZ=R ,1=VIR
This is the condition of the parallel resonance .

The frequencyfrat which parallel resonance take place :

1
2xf C
1

- 2z LC

IN Parallel Resonance,[13],[14]
Consider the circuits shown below

27f,
/

v
' SR 3L ==c
) ) j
I=V|—+ jwC+—
L Jwi

<
M
/
|
I
0

_ | i
V=7 R‘f‘]%’L‘i‘_j
i JwC
Duality :
Jro _ 1
I=V|—+ wC+— V=I R+ jwL+
LR JwL JjwC

We notice the above equations are the same provided

If we make the inner-change,
then one equation becomes
R 1 the same as the other.

For such case, we say the one
circuit is the dual of the other.

Parallel Resonance[15]

What this means is that for all the equations we ha
derived for the series resonant circuit, we can user the
parallel resonant circuit provided we make the
substitutions:

1
R replaced be —
replaced be ;

L replaced by C
C replaced by L

Serial Resonance
1

W, =

5

g
i R
BW=(w —w)=w_=—
( 3 l) Ry L

Q:

Parallel resonance

1
W = ——
"OAIC
Q:erC

1
BW=w_=——:
RC

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 circuitis t
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 abov
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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APPLICATIONS OF SERIES AND PARALLEL
RESONANCE CIRCUITS:[16]

An application using a series resonant circuit:

1-One application of a series LC circuit is theTlFap in a
superheterodyne radio receiver as illustrated gn &ibelow.
The standard domestic AM/FM radio is such a receiVkis
type of radio receiver applies a vast amount oh daithe
signal picked up at the aerial in an intermediadguiency or
IF stage. The intermediate frequency is choseietoutside
the reception band of the radio. However, if a aigt this IF
frequency is picked up at the aerial it can interfeeverely
with reception of the wanted signal. Therefore RiTtap is
included in the form of a series LC circuit whiclasha
resonant frequency equal to the intermediate frecyuelhe
winding of the aerial coil forms the inductancetioé series
circuit and its resonance with a selected capacihre gives
a near zero impedance at the IF. Therefore anykajrthis
frequency appearing at the aerial is shunted torgtcand
does not develop any detectable voltage at the ofithe RF

amplifier.
aerial
IF Trap

RF Amplifier

I

Fig. 8 A Series LC Circuit as an IF Trap in a Radio Receiver

2-Recall that at resonance a series tuned cirasiektremely
low impedance. If you like you can think of it asra
impedance. Zero impedance is like a piece of caiodutf
you place a conductor across the back of your TWthen
terminals where the signal comes into the set, ao think
you would get much of a TV picture?

| hope you said no. A short circuit on a TV antewoald stop
all signals from entering the TV set and you woged squat!
A series resonant circuit has zero (extremely liowgedance
at one frequency only, its resonant frequency.

In figure 10 we have an interference problem frogy aviHz
CB radio getting into a nearby television set. Tiyise of
interference is called receiver overload. The pobls that
the TV can't reject the 27MHz CB signal, as itastong and
so close. We have placed a filter in the box showtthe TV
cable. In that box there is a series LC circuitcllis resonant
on 27 MHz.

A 27MHz signal trying to get to the TV will 'see'short
circuit and will be stopped. However all other sitgnwill be
unaffected.

The interference is stopped and the TV owner cgnyen
watching television

12
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27 MHz
_I'T"r‘l"|_| I_
Series resonant circuit
on27 MHz
CB Radio ™V

An application using a parallel resonant circuit:

The diagram Below shows an antenna connected &oadigd
tuned circuit that is in turn connected to the gichu

Now, remember a parallel tuned circuit has veryhhig
impedance at one frequency only, its resonant &eqy

All of the radio waves that pass by the antennhinduce a
very small voltage into the antenna. Let's say r@sonant
circuit is tuned to 1 MHz. An AM radio station orbIMHz
will cause a radio wave to pass by the antennarahtte a
voltage into it. This voltage

will cause a current to flow down the antenna cadohel
through the tuned circuit to earth.

At 1.5 MHz the inductor and capacitor are not resorand
the impedance of the parallel circuit will be véaw. E=IR or
if you like E=IZ (Z=impedance). The voltage createdoss
the LC parallel circuit will be very low, as its fredance is
very low. The same story will go for all other radiignals
that induce a voltage into the antenna EXCEPT 1Mhz.

At 1MHz the LC circuit is parallel resonant andlwie very
high impedance. The small current through the feral
resonant circuit will produce a significant voltageross it
compared to

all the other radio signals. An output voltage ajlpear at the
output terminals of the signal that the paralleletd

circuit is tuned to. So here we have the basic atktbf
selecting the desired radio signal from the marat tire
present at the antenna.

Radio waves passing anfenna

\

[]

Voltages induced
antenma

Cmrent
flowing
from the
antenna
to ground

n
>

Ouput one station only

g

S
>

l

IX. CONCLUSION

The paper has presented the series and ParaBehiece
Circuits starting from the concept of circuit impede and
how did resonance occur then studied the circigsioh type
and its characteristic , then finally some of intpat
applications of each type.
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