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Abstract

A parallel RLC circuit will have a resonant frequency which will be determined by the
values of the components used and the voltage supplied. This report explains some of
the background information relevant to resonant frequency and Q factor in the RLC
circuit. It also describes a laboratory experiment carried out using both computer
simulation software and physical components to measure the point at which resonant
frequency is reached. A short analysis of the experiment results concludes that a
resonant frequency can be measured and there is a noticeable difference between a

circuit simulated on computer software and a circuit built using physical components.
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1. Introduction

An electronic circuit with a resistor, inductor and capacitor arranged in a parallel
formation is known as a parallel RLC circuit. The ‘R’ is the symbol for a resistor, the ‘L’
is the symbol for an inductor and the ‘C’ is the symbol for a capacitor. This group of
components, which can also be arranged in series, is commonly found in many different
types of electronic devices.

Frequency, measured in Hertz, can be described as the number of cycles completed in
one second and Resonant Frequency is the frequency at which a resonant condition
occurs [1]. Resonance, the term for this resonant condition, is achieved when the
impedance of the circuit is maximum, the current is minimum and ideally equal to zero.

The phase angle is also zero. To quote Horowitz and Hill,

“Impedance is the “generalised resistance”; inductors and capacitors have
reactance (they are “reactive”); resistors have “resistance” (they are “resistive”).

In other words, impedance = resistance + reactance.” [2]

The phase of a sine wave is an angular measurement which specifies the position of that
wave in relation to a reference point [1]. Sin waves can either ‘lead’ or ‘lag’ when
compared to another wave and ‘phase angle’ is the measure of the difference between
the two waveforms. For a parallel resonant circuit, the frequency at which resonance
occurs is determined by the following formula [1].

1
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This resonant frequency occurs at a specific point. In a parallel RLC circuit, that point is
when the inductive reactance (XL) is equal to the capacitive reactance (XC). The ‘Q’ or

‘quality’ factor is the accuracy of the point at which resonance occurs.

The purpose of the experiment described in this report was to find the resonant frequency
of a RLC circuit and look at the ‘Q’ factor of that frequency. The report will also describe
the differences found between the computer simulated circuit and the circuit constructed
using physical components. This description can be found in the discussion and
conclusion sections of this report.
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2. Method

The experiment carried out was divided into two separate parts. Part one consisted of a
computer based simulation of the RLC parallel circuit using the Proteus VSM Simulation
computer software package. Part two consisted of a practical experiment, constructing
the RLC parallel circuit using physical components mounted onto a piece of circuit board
and connected to a digital oscilloscope. Both the computer simulation and the practical
experiment produced a table of results which will be explained fully in the results chapter

of this report.

2.1 Computer Simulation

Proleus has evolved into one of the most cost effective, fully featured EDA packages on

the market. nt sales in over 50 countries spanning the globe, Labcenter

Electronics Lid. the company behi software program is continuously expanding

both its product portfolio and its customer base [3].

The simulation was carried out in the electronics laboratory over a period of two hours.
The RLC circuit was built as per the experiment brief and the components were placed
in the circuit in the following positions (see figure 1).
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Figure 1>

The signal generator output was set to 4 Volts (peak to peak measurement) at a
frequency of 100Hz. The resistance value of the resistor in the circuit was 1k Ohms, the
inductance value of the inductor was 1mH and the capacitance value of the capacitor

was 1uF.
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When the circuit was complete and the components checked for accuracy, the simulation
was run using Proteus VSM Simulation.

A total of twenty nine readings of peak voltage across the capacity and the inductor were

taken at a range of frequencies from 100Hz to 20kHz.

The frequency was set using the signal generator and the readings were taken using the
simulation oscilloscope. Both of these simulated devices were built in to the Proteus

software (see figure 2 and figure 3.)
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Figure 3
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2.2 Practical Experiment

The practical experiment was carried out in the electronics laboratory over a period of

two hours.

The signal generator output was set to 4 Volts (peak to peak measurement) at a
frequency of 100Hz. The resistance value of the resistor in the circuit was 1k Ohms, the
inductance value of the inductor was 1mH and the capacitance value of the capacitor
was 1uF.

When the circuit had been built and the physical components checked, the experiment
was carried out (see figure 4).

Figure 4

A total of twenty nine readings of peak voltage across the capacitor and the inductor
were taken at a range of frequencies from 100Hz to 20kHz.

The frequency was set using the signal generator and the readings were taken using a
Picoscope Multi Signal oscilloscope, connected to a desktop computer.
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3. Re

The two

sults

graphs below show the results from both experiments. The tables of exact

readings taken can be found in the data sheet documents, appendix A and appendix B

at the end of this report.

1800 O
1600 |
1400 |
1200
1000 |
800 |
600 |

Peak Voltage (mV)

400 |
200 |

160

140

[y
]
=]

8

80

60

Peak Voltage (mV)

40

20

Graph of capacitor / inductor voltage vs frequency
(Computer Simulation)

O T T O
J
>-o-ory = c—i—a O
5000 10000 15000 20000 25000
Frequency (Hz)

Graph of capacitor / inductor voltage vs frequency
(Practical Experiment)

0 5000 10000 15000 20000 25000
sticr+2qired (gFa}

Page 9 of 13




4. Discussion

The results from the experiment show that there is a clear resonant frequency in a RLC
circuit. This frequency is at 5000Hz in the two circuits tested but due to readings only
being taken at 4500, 5000 and 5500 Hz, this isn't an accurate measure of the exact
resonant frequency, it is a guide as to where it is approximately. Further, more specific
readings taken between 5000Hz and 5500Hz would help to find the exact resonant

frequency.

Basic electronic principles theory and mathematics can be used to calculate the exact
resonant frequency. Using the formula below the theoretical resonant frequency can be
calculated.

This basic theory combined with further practical experiments could achieve an exact

measure of resonant frequency.

The theoretical Q Factor for the circuits can be calculated using the formula below.

fr
fu—fi

The two graphs show that there is a sharp peak at the resonant frequency indicating a
high Q factor for the two circuits. They also show that the peak is sharper on the
computer simulated circuit compared to the circuit constructed using physical
components. This is most likely to be due to the computer simulation using pre-
determined figures and values. Tha phmaw,we slight differences
with regards to performance and amount of physical resistance. These factors which
will be present in any physical component, in any physical circuit will have an effect on

the readings taken.
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Further experiments comparing different circuits using both computer simulation and
physical components could investigate this difference in more detail.

5. Conclusions

This experiment has shown that it is possible to measure the approximate resonant
frequency of a parallel RLC circuit using both an electronics computer software
simulation and a circuit constructed using physical components. It has also shown that
there are important factors regarding accuracy that would need to be considered when
using either method in the future. Finally, it has shown that it would be possible to
calculate the exact theoretical resonant frequency and its Q factor using basic theory.
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Appendix A

Raw data collected from computer simulation (taken from Microsoft Excel

spreadsheet)

Data from Proteus Circuit- 11/11/19

Frequency (Hz)

100
200
500
1000
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000
9500
10,000
10,500
11,000
11,500
12,000
15,000
18,000
19,000
20,000

Vin

2V
2V
2V
2V
2V
2V
pAY
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
2V
pAY
2V
2V

\
-2V 0.0013V
-2V 0.002eV
-2V 0.0064V
-2V 0.0133Vv
-2V 0.0305V
-2V 0.0425V
-2V 0.06V
-2V 0.085Vv
-2V 0.145v
-2V 0.32v
-2V 1.6V
-2V 0.3v
-2V 0.165V
-2V 0.115v
-2V 0.085v
-2V 0.074v
-2V 0.064V
-2V 0.056V
-2V 0.05V
-2V 0.0455V
-2V 0.0415V
-2V 0.0V
-2V 0.0375V
-2V 0.035v
-2V 0.033v
-2V 0.0245V
-2V 0.02v
-2V 0.0185V
-2V 0.0175V
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VLC

1.30mV  -1.30mV
2.60mv  -2.60mV
6.40mV  -6.40mV
13.30mV -13.30mV
30.50mV -30.50mV
42.50mV -42.50mV
60mV -60mV
89mV -89mv
145mV -145mV
320mV  -320mV
1.60V -1.60V
300mV  -300mv
165mV  -165mV
115mV  -115mV
89mvV -89mv
74mV -74mv
64mV -64mV
56mV -56mv
50mV -50mv
45.50mV -45.50mV
41.50mY -41.50mV
40mv -40mv
37.5mV  -37.5mV
35mV -35mV
33mV -33mv
24.5mV  -24.5mV
20mV -20mv
18.50mV -18.50mV
17.5mv  -17.5mV




Appendix B

Raw data collected from practical experiment (taken from Microsoft Excel spreadsheet).

Data From Breadboard Circuit - 12/11/19

Frequency (Hz)

100
200
500

1000
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000
9500

10,000

10,500

11,000

11,500

12,000

15,000

18,000

19,000

20,000

Vin

1.244V
1.244V
1.244V
1.244V
1.244v
1.244V
1.244V
1.245V
1.263V
1.281V
1.3V

1.281V
1.253V
1.244V
1.244v
1.244v
1.244V
1.244V
1.244V
1.244v
1.244v
1.244V
1.244V
1.244V
1.244v
1.244v
1.244V
1.244V
1.244V

VLC

-1.244V 9.143mVY -8.675mV
-1.244v 9.143mV -8.675mV
-1.244v 10.08mV -9.89mV

-1.244v 12.64mV -12.54mV
-1.244V 21.48mV -21.34mV
-1.244v 28.84mV -28.37mV
-1.244v 38.68mV -38.69mV
-1.261V 53.95mV -53.96mV
-1.262V 79.43mV -80.23mV
-1.281V 121.7mV -119.8mV
-1.3V 151.2mV -149.5mV
-1.262V 119.8mV -119.5mV
-1.262V 86.8mV  -86.24mV
-1.244v 66.15mV -66.34mV
-1.244mV 53.95mV -53.96mV
-1.244V 45.34mV  -44.78mV
-1.244mV 39.15mV -38.69mV
-1.244v 34.47mV  -34.47mV
-1.244v 31.18mV -31.14mV
-1.244V 28.44mV  -28.07mV
-1.244v 26.02mV -25.56mV
-1.244v 24.15mV -23.68mV
-1.244v 22.67mV  -22.27mV
-1.244v 21.34mV -20.87mV
-1.244V 19.93mV -19.53mV
-1.244V 15.22mV  -14.33mV
-1.244v 11.98mV -11.96mV
-1.244V 11.51mV -11.18mV
-1.244v 11.02mV  -10.55mV
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