
RESONANCE C1–1

Experiment C1. Resonance

If you are not familiar with the concept of the impedance of a circuit, you should
first read Appendix C in the pink section at the end of these notes. If you still
have any difficulties with this concept, discuss it with your tutor.

Objectives

This experiment demonstrates the occurrence of resonance in electricalcircuits, specifically
LCR circuits, and introduces the parametersω0 and Q commonly used to characterise
resonant phenomena. Both series and parallel resonance are studied, and non-ideal effects,
such as the parasitic capacitance of an inductor, are studied.

Prework Questions.

1. What is the impedance of an ideal series LCR circuit?

2. For the circuit in Fig. C1-1, show that the maximum voltage overR is obtained at
ω = ω0.

3. For an ideal parallel LC circuit, show that the impedance at resonanceis infinite.
(Hint: see example 6 in appendix C. Think about what this means for the circuit.)

Background

When a capacitor is discharged through an inductor, the current will oscillate at a frequency
ω = 1/

√
LC. Very large oscillations can be induced in such a circuit when it is connected

to an external oscillator tuned to this frequency. Such a phenomenon is called aresonance.
The amplitude of the oscillation, when it is driven at the resonance frequency, is determined
by the resistance of the circuit. The smaller the resistance, the bigger the amplitude. Res-
onance phenomena also occur in mechanically vibrating systems, common examples being
a pendulum or spring or quartz crystal driven by an external force at the same frequency as
the natural frequency of oscillation.

Consider for example the seriesLCR circuit shown in Fig. C1-1 which is driven by an
oscillator of voltage amplitudeV0 and angular frequencyω.

The impedance of this circuit is

Z = (R + RL) + j(ωL − 1/ωC)

whereRL is the effective loss resistance of the inductorL (due to the wire resistance and
power loss in the ferrite core). The current in the circuit is given byi = vin/Z so the
voltage,vR acrossR is given by

vR = Ri =
Rvin

(R + RL) + j(ωL − 1/ωC)
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Fig. C1-1 Series resonant circuit

Theamplitude of vR is given by

| vR | = VR =
RV0

[(R + RL)2 + (ωL − 1/ωC)2]1/2
(1)

The phase differenceφ betweenvR andv (or betweeni andv) is given by

tan φ =
ωL − 1/ωC

R + RL
(2)

VR andφ are plotted in Fig. C1-2 as a function ofω. At low frequenciesi andVR are small
due to the high reactance,1/ωC, of the capacitor. At high frequenciesi andVR are small
due to the high reactance,ωL, of the inductor. The impedance of the circuit is a minimum,
and i andVR are a maximum whenωL = 1/ωC. This condition defines theresonant
frequency ω0 given by

ω0 =
1√
LC

(3)
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Fig. C1-2 Amplitude and phase response of the circuit in Fig. C1-1

Thebandwidth, ∆ω, is defined as the difference between the frequenciesω1 andω2 at which
VR is 1/

√
2 = 0.707 of its peak value, and is given by

∆ω = ω2 − ω1 =
ω0

Q
(4)

whereQ is the quality factor given by the ratio of inductive reactance at resonance to the
total series resistance:

Q =
ω0L

R + RL
=

1

R + RL

(

L

C

)1/2

. (5)
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Eqn. (4) can be derived by solving the equation|Z | =
√

2 (R + RL) to find ω1 andω2.
Note that the bandwidth is a measure of the “sharpness” of the resonance— the bandwidth
is small ifQ is large (or ifω0 is small). A resonant circuit acts as an energy reservoir andQ
measures the ratio of stored energy to the rate of energy dissipation.

Resonance Properties

At resonance, the impedanceZ has a minimum value equal to the total series resistance in
the circuit i.e.Z = R+RL, and the current through the circuit is a maximum, of amplitude
I0 = V0/(R+RL). The impedance of theLC section isZ = RL+j(ω0L−1/ω0C) = RL

at resonance, so the voltage across theLC section,vLC , will be ≪ vR if RL ≪ R. For an
ideal inductor withRL = 0, vLC is also zero due to the exact cancellation of theequal but
opposite-phase voltages acrossL andC. In a practical resonant circuit,vL andvC are only
approximately equal in amplitude, so the cancellation is never perfect.

The voltage acrossC, for example, is given byvC = i/jωC, so at resonance

| vC | = VC =
I0

ω0C
= ω0LI0 =

ω0L

R + RL
V0 = QV0 (6)

For a high-Q circuit (Q ≫ 1), the voltage acrossC will be much larger than the voltage
amplitudeV0 of the oscillator.

Procedure
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Fig. C1-3 Circuit used to measure frequency response

1. Before connecting the circuit, measure your values ofL, R andC on the GR Digib-
ridge at the front of the lab.

2. Connect the seriesLCR circuit shown in Fig. C1-3 using the external signal generator.
The inductor is housed in the cylindrical box available on the benchtop. Notedown
the identification numbers of your inductor and of the circuit board kit that you are
using in your logbook.

3. The loss resistance of the inductor,RL, is given in the bench notes. The impedance
of the LCR circuit varies widely with frequency (down to≈200Ω). As a result,
the output resistance of the external signal generator (approximately 600Ω) becomes
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important at some frequencies, causing the signal generator voltage,V0, to vary with
frequency.

Before taking measurements, search for resonance by scanning through 5 powers
of 10 in the frequency range. Use the×1 setting for the oscilloscope probe. The
resonance peak will be between 5 and 15 kHz. Note that you can determinewhat
your frequency value is either using the frequency counter on the bench, or using the
frequency counter built in to the oscilloscope. Use the tips given below to measure
VR/Vo vsf over the range 100 Hz< f < 1 MHz. Plot a graph ofVR/Vo vsf using a
log-log scale. You will find that your graph needs to cover something like 3 powers of
10 vertically and 4 powers of 10 horizontally. You have the choice to plot your graph
on graph paper, or using a computer and QTIplot or Excel. If you use acomputer,
make sure to save your data so that you can use it again later, as you will need to in
the next section.

Tips:

• Do a quick run through the full frequency range to begin with, plotting, say,
three points per decade — use finer intervals later, where necessary.

• Note down any frequencies at which any unusual behaviour is observed.

• It is essential to plot points as you go.

• You are determining ratios of voltages. It is actually better technique, as you
may have been shown in first year laboratory, to measure the ‘peak to peak’
voltagesVpp rather than the ‘maximum voltages’ (amplitudes)Vmax, of the sig-
nalsvR andv0.

• Since you are only interested in the ratioVR/V0, choose a value ofV0 which
allows you to measureVR accurately. For frequencies close to resonance it is
recommended that you keepV0 ≤ 1 V to avoid core saturation (and prevent
annoying whistles from the inductor). Away from resonance you can increase
the input voltage to maximum.

C1 ⊲

4. At low frequencies the term1/ωC dominates in eqn. (1) soVR ≈ ωCR V0. At
frequencies well above resonance you would expect thatVR ≈ RV0/ωL.

Using these approximations, plot on your graph the theoretical responsein the inter-
vals 100 Hz – 1 kHz and 20 kHz – 1 MHz and comment on the agreement (or other-
wise). We will return to this point in the question at the end of the experiment.

5. Using measured values ofL andC, compare (with measurement uncertainties taken
into account) the theoretical and experimental values of

(a) ω0; the frequency dial of the generator is only accurate to about±5%, so the
resonant frequency should be measured carefully with the frequency counter on
your bench, using the fact thatφ = 0 at resonance (eqn. 2). Carry out this
measurement several times in order to estimate uncertainties.

(b) VR/V0 atω = ω0; this should be a separate measurement, not simply read from
the graph.
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6. InterchangeR andC so that you can measureV0 andVC at resonance; the frequency
must be set carefully to the point whereV0 is a minimum. Draw the modified circuit.
Use this result and eqn. (6) to obtain an experimental value forQ, and compare with
the theoretical value given by eqn. (5).
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Fig. C1-4 ParallelLCR circuit

7. The impedance of aparallel LC circuit is infinite for ideal inductors and
capacitors at the resonant frequencyω0 = 1/

√
LC. If the finite resistance,RL,

of the inductor is taken into account, the impedance is given byZ0 = L/CRL

(see Example 6 in the appendix). Check these predictions experimentally using the
circuit in Fig. C1-4. At resonance the phase shift betweenvR and v is zero and
VR = RV0/(R + Z0) whereR = 100 kΩ. Use a×10 probe to measurevR.

Question: Previously, you will have noticed a substantial discrepancy at high fre-
quency between your measurements and the theoretical prediction. You can assume
that this discrepancy is caused by the presence of an “additional” component not
shown on the circuit diagram. Whatis the additional component, where does it come
from and what is its value? Does it explain the slope of your graph near 1 MHz?

Conclusion

Summarize the important results of this experiment. In particular, comment on the im-
portance when constructing a practical electronic circuit of accounting for the non-ideal
behaviour of the components used.
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