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1.0 [bookmark: _Toc165634337]Abstract

This report describes the comparative details of an RLC circuit when calculating the Resonant Frequency of a software simulated circuit and a practical circuit built in the lab. Using the same components and calculating Resonant Frequency and Q Factor values using electronic theory, a simulated resonant circuit was compared to a practical circuit upon analysing the data gathered from both experiments. 
It was determined that the Resonant Frequency of the practical and simulated circuits did not deviate greatly from the value calculated from basic theory, however the Q Factor values were notably different between the circuit built in Proteus and the circuit built in the lab. 


2.0 [bookmark: _Toc165634338]Introduction

The components used in an RLC circuit include a Resistor (R), a Capacitor (C) and an Inductor (L) and they are commonly used for the study of Resonance [1]. An RLC circuit can be in series, parallel or a combination of the two and there are several applications of this resonant circuitry across an extensive range of electronics and technology [2]. Resonance is widely used in radio receivers, signals, television and communications engineering as it enables filtering within frequency spectrums [3]. 
One commonly used Resonant circuit is known as a tank circuit; an LC circuit connected in parallel, and consists of an Inductor (L) and a Capacitor (C) [4]. A tank circuit demonstrates the condition of Resonance and has many uses in RF technology and electrical engineering, such as filtering networks to select specific frequencies for amplification [5] [6].
There are two types of Resonance in electrical circuits: one concerning Series circuits, and one concerning Parallel circuits. When a Resistor, Inductor and Capacitor are connected in series, impedance is at minimum at Resonance, in comparison to the same components connected in parallel, where impedance is at maximum at Resonance [1].
Through the use of simulated RLC circuits using software programs and practical RLC circuits in the lab, this report analyses the resulting graphs produced from experiments and compares them to basic electronic theory. Furthermore, the Resonant Frequency, Q Factor and bandwidth will be determined and discussed in this report from the results obtained. 

3.0 [bookmark: _Toc165634339]Simulation Setup

The resonant circuit was first measured using a simulated circuit on Proteus 8 Professional Design Suite. In order to measure the resonant frequency, voltage was measured across the circuit at a range of frequencies from 100Hz to 20kHz. 
The signal generator output voltage was set at 2Vpk-pk at 100Hz and this configuration did not change for the duration of the simulation. 

3.1 [bookmark: _Toc165634340]Simulated Circuit Setup
The simulated circuit was built using Proteus 8 Professional Design Suite. 

3.1.1 [bookmark: _Toc165634341]Simulation Circuit Diagram
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Fig. 1. Circuit Diagram of simulated circuit on Proteus

3.1.2 [bookmark: _Toc165634342]Simulation Circuit Parameters

The simulated circuit consists of an Inductor (L) and a Capacitor (C) connected in parallel, and a Resistor (R) connected in in series as seen in Fig. 1. with the following values:

	Inductor
	Capacitor
	Resistor

	1mH
	1µF
	1kΩ


Table 1. Values of components in simulated circuit

A virtual oscilloscope and a virtual signal generator are also connected to the circuit in order to measure the circuit voltage across the components and obtain results (see Fig. 1.). Given the frequency range of 100Hz to 20kHz, voltage was recorded across the following frequencies:

	Frequency (Hz)
	Vin (V)

	100
	2

	200
	2

	500
	2

	1000
	2

	2000
	2

	4000
	2

	4900
	2

	5000
	2

	5200
	2

	6000
	2

	10000
	2

	15000
	2

	20000
	2



Table 2. Configured frequency values and voltage of simulated circuit

As seen in Table 2., more measurements were taken around the peak voltage outputs in order to increase the number of points for the data analysis, which were around 5000 Hz according to calculations shown in Fig. 7. Due to software limitations in Proteus, the exact resonant frequency of 5032.92 Hz calculated through basic theory in Fig. 7. could not be included as a measurable frequency. 

3.2 [bookmark: _Toc165634343]Practical Circuit Setup

In order to measure the resonant frequency in the practical RLC circuit, a circuit was built on a breadboard with an Inductor and a Capacitor connected in parallel, and a Resistor connected in in series (Fig. 2).   
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Fig. 2. Breadboard circuit used in practical experiment with RLC components

In order to measure the voltage at each frequency, an oscilloscope and waveform generator were connected to the RLC circuit using a pair of T5100 oscilloscope probes, 2 leads and a Goal Post adapter attached to the waveform generator (Fig. 3.)
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Fig. 3. Practical experiment setup with breadboard, oscilloscope and waveform generator.

[image: ]Fig. 4. Shows the assembled breadboard and oscilloscope probes connected on the RLC circuit










Fig. 4. Breadboard with assembled components and probes in order to record frequency output at a range of frequencies




3.2.1 [bookmark: _Toc165634344]Practical Circuit 

The practical circuit was built in the lab in order to carry out the experiment replicating the simulated circuit on Proteus. 

3.2.2 [bookmark: _Toc165634345]Practical Circuit Parameters

Although the same components were used in the practical circuit as in the simulated circuit, the stated values differed from the true measured values of the manufactured components as seen in Table. 3. 
	Resistor

	Stated Value
	1 kΩ

	Measured Resistance 
	979 Ω

	Measured Inductance
	84.5 µF






	Inductor

	Stated Value
	1 mH

	Measured Inductance 
	0.994 mH

	Series Resistance
	7.32 Ω






	Capacitor

	Stated Value
	1 µF

	Measured Capacitance 
	1.064 µF

	ESR @ 1 kHz
	5.09189 × 10-5

	ESR @ 10 kHz
	7.63784 × 10-4






Table 3. True values of components used in practical circuit [7]

The range of frequencies from 100 Hz to 20 kHz measured in the practical circuit were identical to the simulated circuit on Proteus, however one additional frequency was measured. As seen in Table 4., the resonant frequency of 5032.92 Hz calculated in Fig. 7. was included as a frequency. 
	Frequency (Hz)
	Vin (V)

	100
	2

	200
	2

	500
	2

	1000
	2

	2000
	2

	4000
	2

	4900
	2

	5000
	2

	5032.92
	2

	5200
	2

	6000
	2

	10000
	2

	15000
	2

	20000
	2
















Table 4. Configured frequency values and voltage of practical circuit


4.0 [bookmark: _Toc165634346]Results

Data results of both the simulated and practical resonant circuits were recorded on Microsoft Excel spreadsheets. In order to compare the circuits, attenuation was calculated. The lower the attenuation the more power, current and signal, as higher attenuation equates to signal loss [8]. 

Fig. 5. Equation to find attenuation [9]

As seen in Fig. 5., attenuation can be calculated in both the simulated and practical recorded data sets using the equation  = attenuation (dB),  = the voltage (V) measured across the components and  = the voltage (V) input from the signal generator. 
Attenuation (dB) was then plotted against frequency (Hz) data for the simulated and practical resonant circuit results. In order to calculate the Resonant Frequency, Q Factor and bandwidth, the frequency response graphs of the simulated and practical circuits were then analysed. 

4.1 [bookmark: _Toc165634347]Simulated Results

Fig. 6. shows the frequency response of the simulated resonant circuit with attenuation (dB) against frequency (Hz). The simulated circuit shows the attenuation to be -0.332 (3dp) at the resonant frequency.
[image: C:\Users\ISA06016490\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\613D0C8F.tmp]









Fig. 6. Frequency response of simulated resonant circuit

4.1.1 [bookmark: _Toc165634348]Resonant Frequency

Resonant frequency can be calculated for an RLC circuit using basic theory [10, p. 156] Resonant frequency is calculated using the formula in Fig. 7. 

Fig. 7. Equation to calculate Resonant Frequency [10]
Using the parameters set in the simulated circuit with a circuit capacitance (C) of 1µF and circuit inductance (L) of 1mH, the resonant frequency can be calculated with the expected value of 5032.92 Hz:

Fig. 8. Calculation of frequency response using simulated data parameters

The resonant frequency of the simulated circuit can be determined from the graph in Fig. 6. The peak attenuation of the simulated RCL circuit is slightly below the basic theory at 5000 Hz and this is the resonant frequency: 
	Circuit
	Resonant Frequency  (Hz)

	Simulated
	5000


Table 5. Resonance frequency of simulated circuit

4.1.2 [bookmark: _Toc165634349]Q Factor

Q Factor is a shortened form of Quality Factor and indicates the ‘goodness’ of a component in a resonant circuit [8, p. 495]. To determine the Q Factor, 3 dB must be subtracted from the peak attenuation value in order to calculate the Q Factor and half-power points. The distance between the 2 half-power points is called the bandwidth [8, p. 504].

Fig. 9. Equation to calculate Q Factor [11]

Q Factor can be calculated using the formula shown in Fig. 9. whereby  = Q Factor,  = Resonant Frequency (Hz) and   = the change between the frequencies at the half-power points, which is also called bandwidth (Hz) [10, p. 157]
As seen in Fig. 11. the estimated points of the Upper and Lower frequencies intercepting the line can be used in the formula to calculate the bandwidth (Hz) and Q Factor:

	Fig. 10. Calculating the Q Factor using values from Table 6.	

	Simulated Circuit

	Resonant Frequency
	5000 Hz

	Frequency (Upper)
	5080 Hz

	Frequency (Lower)
	4940 Hz

	Bandwidth
	140 Hz

	Q Factor
	35.714








Table 6. Q Factor and values of Simulated Circuit
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Fig. 11. Frequency Response graph of Simulated circuit with Resonant Frequency and intercepted points to calculate bandwidth and Q Factor



[bookmark: _GoBack]
4.2 [bookmark: _Toc165634350]Practical Results

Fig. 12. shows the frequency response of the practical circuit with attenuation (dB) against frequency (Hz). The practical circuit shows the attenuation to be -19.331 (3dp) at the resonant frequency.
[image: C:\Users\ISA06016490\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\735B5E29.tmp]









Fig. 12. Frequency response of practical resonant circuit


4.2.1 [bookmark: _Toc165634351]Resonant Frequency

The resonant frequency of the practical circuit can be determined from the graph in Fig. 12. The peak attenuation of the practical RCL circuit is slightly below the basic theory at 5010 Hz and this is the resonant frequency: 

	Circuit
	Resonant Frequency  (Hz)

	Practical
	5010


Table 7. Resonant Frequency of Practical circuit


4.2.2 [bookmark: _Toc165634352]Q Factor

To calculate the Q Factor of the practical circuit, the equation found at Fig. 9. is used: 

Referencing the graph shown in Fig. 14., the Upper and Lower frequencies at the interception of the -3dB line are used in the Q Factor formula in order to calculate the bandwidth (Hz) and Q Factor of the practical circuit:

Fig. 13. Equation to calculate Q Factor of Practical circuit
	Practical Circuit

	Resonant Frequency
	5010 Hz

	Frequency (Upper)
	5450 Hz

	Frequency (Lower)
	4600 Hz

	Bandwidth
	850 Hz

	Q Factor
	5.894







Table 8. Results of Practical circuit data 
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Fig. 14. Frequency Response graph of Practical circuit with Resonant Frequency and intercepted points to calculate bandwidth and Q Factor


4.3 [bookmark: _Toc165634353]Simulated and Practical Results

The graph seen in Fig. 15. shows the comparison of the simulated and practical results. The difference in resonant frequency can be seen at the peak of attenuation. 
[image: C:\Users\ISA06016490\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\477E52DB.tmp]











Fig. 15. Attenuation (dB) against Frequency (Hz) to show frequency response of Simulated and Practical experiments


	
	Simulated
	Practical

	Resonant Frequency
	5000 Hz
	5010 Hz

	Frequency (Upper)
	5080 Hz
	5450 Hz

	Frequency (Lower)
	4940 Hz
	4600 Hz

	Bandwidth
	140 Hz
	850 Hz

	Q Factor
	35.714
	5.894



Table 9. Differences in Simulated and Practical data results








5.0 [bookmark: _Toc165634354]Discussion

From the graph in Fig. 15., it can be noted that there is a difference between the peak attenuation (Resonant Frequency) of the simulated data and the practical data. It was determined that:
· Resonant Frequency of the simulated circuit = 5000 Hz
· Resonant Frequency of the practical circuit = 5010 Hz
In comparison to the calculated resonant frequency which was 5032.92 Hz using basic theory (Fig. 7.), the simulated circuit was 32.92 Hz lower and the practical circuit was 22.92 Hz lower, which indicates the resonant frequency of the practical circuit was closer to the resonant frequency derived from basic theory. One factor which could be attributed to the difference between the basic theory resonant frequency and simulated resonant frequency is that the Proteus software does not allow for inputs such as 5032.92 Hz. It would therefore be interesting to experiment with a software simulator that does permit inputs for more accuracy. 
It can also be seen in the graph in Fig. 15. that the shapes of the attenuation peaks are different and the practical data curve does not align with the simulated data curve. This was due to a lack of data points at a frequency of 7 kHz and in future experiments it would be suggested to include more frequency points for analysis. 
The shape of the curve in the graph shown in Fig. 15. indicates that for both the practical and the simulated experiments; the higher the attenuation, the higher the signal loss. 
A high Q Factor indicates a narrower bandwidth and a circuit that is more responsive to receive signals at a particular frequency [8, p. 506]. At 35.71 (2dp), the Q Factor for the simulated circuit is significantly higher than the Q Factor for the practical circuit at 5.89 (2dp). 
When considering the differences between the Q Factor in the simulated and practical circuits, it could be attributed to the fact that the components in the simulated Proteus circuit do not reflect the slight resistance and tolerances of the components in the practical circuit. Referencing the true values of manufactured components in Table 3., it can be viewed that the values are not reflective of the precise values used in Proteus. For example:
· Stated value of Resistor in practical circuit = 1 kΩ
· Measured Resistance = 979 Ω
Although there is only a loss of 21 Ω, it could still contribute to the differences in the circuit results. The inductor also has a resistance as shown in Table 3., however Proteus may simulate the inductor in the circuit with zero resistance. 
In order to test whether the Q Factor differences could be attributed to the simulated circuit not reflecting the slight changes in tolerance and resistance of a practical experiment, a second simulation was recorded in Proteus with a Resistor (R) of 7.32 Ω in series with the Inductor (L). The second simulation resulted in the attenuation to be at -8.10 dB (2dp) at the resonant frequency and the graph showing attenuation (dB) against frequency (Hz) can be seen in Fig. 16. 
[image: C:\Users\ISA06016490\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\734C7BF4.tmp]









Fig. 16. Frequency response of second simulated resonant circuit

In order to ascertain whether adding resistance to the Inductor changes the bandwidth and Q Factor, further analyses calculated the Upper and Lower frequencies at the -3dB line on the graph, as seen in Fig. 17. 
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Fig. 17. Frequency response graph of simulated circuit with inductor resistance and high and low frequencies to calculate Q Factor and bandwidth

The results in Table 10. show that although the Q Factor is still higher than the practical circuit, the value is now between the simulated and practical circuit Q Factor values. 
	Second Simulated Circuit

	Resonant Frequency
	5000 Hz

	Frequency (Upper)
	5055 Hz

	Frequency (Lower)
	4810 Hz

	Bandwidth
	245 Hz

	Q Factor
	20.4








Table 10. Results of second simulated circuit with inductor resistance








6.0 [bookmark: _Toc165634355]Conclusion

In this experiment, it has been determined that the Q Factor in a simulated circuit is higher than the Q Factor in a practical circuit however, as discussed, this is possibly due to the components in the simulated circuit not being representative of components in a practical experiment. Elements such as temperature, resistance and tolerance are not accounted for in the simulated circuit. 
It has also been determined that the values of the Resonant Frequency in simulated and practical circuits are not significantly different, nor do they deviate greatly from the Resonant Frequency of 5032.92 Hz calculated from basic theory. However, it was suggested that simulating a circuit on software that permits the accuracy of 5032.92 Hz as an input frequency would be an interesting experiment. 
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