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Resonance in Series RLC Circuit

Resonance in a
Series RLC Circuit

Objectives:

e To study a series RLC circuit and its comportment with sinusoidal voltage

supply
o After this lab experiment, the student will be able to define resonance
frequency in RLC circuit

Background:

Fig. 1 shows a series RLC circuit contains a resistor (R), an inductor (L) and a capacitor

. . . . . w
(C) connected in series with sinusoidal voltage source v of frequency .
w

Fig. 1 RLC circuit

Applying Kirkoff’s law we get:
vg + v, + v, = Vs sin(wgt)

, di 1. _
Rl+LE+Efldt=VSsm(wst)

after derivation it we get the equation of motion for the voltage

d*i Rdi 1 wss,,,
aztTac T ct= 1

This differential equation is a second order and written the following form

a2, di, W
+y— — MaX cos(w.t
dtz y dt ( S )

L

+ wii, =

Therefore, the natural angular frequency w,, of the series RLC circuit is given as
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1
W, = — =27
n \/L_C fn

Note: we should differentiate between frequency of the voltage source % and natural
Wn
frequency P

We can also write the electrical equation in form of complex quantities.

1
Cw)

Vs=Ve+V, + Ve =L(R+j(Loos —

The total impedance is

. 1
Z=R+j(Lw,~7—)
S

The phase between current and voltage is given as
1
(st - C ws)

R )

@ = tan™1(

And the magnitude of Z is

1
Z= |R2 + (Lws — —)2
\/ + ( ws Cws)

The magnitude of the current [ is

V.
I = 5

\/R2+(st—% 2
s

Resonance frequency

Resonance frequency occurs when the frequency of the voltage source % mouches the
natural frequency % of the circuit. Plus, at resonance frequency, the inductive

impedance effect cancels the capacitive impedance effect because at w; = w,, they
have same impedances but in opposite direction.

So, at resonance frequency we have:

o The value of resonance frequency fres
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Wres _ Ws _ Wy 1

Jres = 2 2w 2w 2mJLC
o Total impedance takes the min value, and it is purely resistive Zp,;, = R

1 2
Z = R2+(Lw ——) =R
res eres )
wreszﬁ
o The current delivered to the load is at its maximum amplitude while the impedance is
at its minimum Z,i, = R

VS VS VS — \/EVS,RMS

I = = .

1 Zmin R R
2 — 2
\[R + (Lwres eres)

1
w ——
res \/’E

o This current magnitude changes according to the variation of ws, can be represented in
function of ws, see Fig. 2

18

1.6

14F 0 R RN

amplitude of the current I (A)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
frequency of the voltaeg source w, / fS (Hz)

Fig. 2 Current magnitude variation in function of source voltage frequency
Three cases are possible when the variation of the frequency of the source according

to the sign of (Lwg — %)

1
Cwg

. (st - ) > 0 this means that the inductive reactance is greater than the

capacitive reactance; therefore, the circuit behaves as an inductive with the
current lagging the voltage of the source.
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J (La)s - Ci} ) = 0 this means that the inductive reactance is equal to the

N

capacitive reactance but have opposite sign. (read the paragraph of the
resonance frequency) the current is in phase with the voltage

J (st - %) < 0 the capacitive reactance is greater than the inductive reactance
N

with the current leading the voltage.

The summary of the above is illustrated in the Fig. 3
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Jlos =5 Z=R+j(0)

Fig. 3 RLC circuit behavior at resonance circuit

1. Calculate resonance frequency fo; = < ((R = 1kQ, L = 25.92 mH, C = 0.1 uF))
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3. What happens to inductive and capacitive impedances at resonance?
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Experimental procedure

To well understand resonance frequency phenomenon in series RLC circuit we need
to implement the RLC circuit shown in Fig. 4. To check the resonance frequency, we
have to verify the phase between source voltage and the current through the resistor,
and these are some tools to be used:

e Oscilloscope

e Function Generator (Alternating source where pick-to-pick is 4v)
e Resistor R =1 kQ,

e Coil inductor L = 25.92 mH and

Capacitor C =0.1 pF.

¢ ¢ Oscilloscope
oL (Ye O O
vs| () I e
UR chl ch2 ch3
=
GND of
J_ascilloscope
Fig. 4 Circuit to be implemented
1- Implement the circuit and then complete this table

f(kHz) |1 2 3 4 5 6 7 8
Ur(V)
I(A)
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2- Sketch the curve I = f(f;)

Fig. 5 Paper graph to draw [ = f(f5)
3- Deduce the resonance frequency and compare this value with theoretical value

4- Determine the bandwidth Af = f, — f; where the frequency f is corresponding to

RMS value of the current at resonance frequency Izys = I’”ﬁ

5- Deduce the quality factor Q = fAT—;S




