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Abstract
In this experiment, the RLC circuit given in the lab sheet was created using the Proteus software and on a breadboard. The reason for doing this was to simulate using a variety of frequencies on the computer application and see at what frequency the circuit resonated and compare it with the results of those from theory and when physical components were used on the breadboard circuit. After the experiment, results were recorded in a graph, due to the physical nature of the components used in the breadboard there was a variation between the data sets. However, both graphs that were created, yielded a similar pattern and shape.
Introduction
The circuit that was created was an RLC-tuned circuit. In the case of this task, the circuit included a 1KΩ resistor which was connected in series to a 1µF capacitor, and a 1mH inductor which was connected in parallel as shown in Figure 1. Additionally, the circuit instruments included a signal generator and oscilloscope to input different frequencies and record the output results. Every RLC circuit has its resonant frequency that occurs when the capacitive and inductive reactances cancel each other out. The resonant frequency is when the circuit oscillates with its maximum amplitude [1]. When a series RLC circuit resonates, the impedance of the system is at its minimum and is often referred to as an ‘acceptor circuit’, as it has its maximum current at the resonant frequency. However, when a parallel RLC circuit resonates, the impedance approaches infinite and is often referred to as a ‘rejector circuit’, as its current is at its lowest during resonance. RLC circuits have a variety of applications such as filters. They can be used to create band-pass, band-stop, low-pass, and high-pass filters, which in turn can be used in radios, transmitters, filters, oscillators, impedance matching, and other various communication devices. An RLC circuit also has a Q-factor which is a measure of the quality of the circuit. A higher Q-factor means the circuit is more selective and has a narrower bandwidth than a lower Q-factor which means the circuit is less selective and has a wider bandwidth [2]. In this experiment, the first bit of theory was used to discover the resonant frequency using the following formula:  Fr = 1 / (2π × √(L × C)). After that, the theoretical Q factor was calculated using the formula: Q = R √L/C. In this report, the results from the experiment will be analysed using tables of the recordings as well as graphs. The variation in results from the simulations and physical breadboard recordings will then be compared and justified. 
Simulation Setups
In this experiment, the circuit was set up to measure voltages across the inductor and the capacitor at a range of frequencies from 100Hz to 20KHz. From these voltage measurements, the attenuation at each frequency was then calculated using the formula . For this experiment, the input voltage was kept as a constant sine wave of 2V peak-to-peak for all frequencies. At the frequencies where the circuit’s attenuation was approaching zero, additional readings were taken to gain an accurate resonant frequency. Using the resulting log graphs, the -3dB or ‘half-power’ points of both the proteus simulation and breadboard experiment were found. To do this, the Y-Axis of the graphs was formatted using Excel so the minimum point could be set to the attenuation value at resonance subtract 3dB. Figure 1 below shows the circuit diagram from Proteus.
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Figure 1: RLC circuit created in proteus.
Results
Results from Proteus simulation
	Frequency (Hz)
	V (in)
	V (LC)
	Attenuation (dB)

	100
	2
	0.0013
	-63.74

	200
	2
	0.0025
	-58.06

	500
	2
	0.0064
	-49.90

	1000
	2
	0.013
	-43.74

	1500
	2
	0.0205
	-39.79

	2000
	2
	0.0305
	-36.33

	2500
	2
	0.0425
	-33.45

	3000
	2
	0.06
	-30.46

	3500
	2
	0.0885
	-27.08

	4000
	2
	0.145
	-22.79

	4500
	2
	0.315
	-16.05

	4700
	2
	0.555
	-11.13

	4800
	2
	0.8375
	-7.56

	4900
	2
	1.44
	-2.85

	5000
	2
	1.61
	-1.88

	5100
	2
	0.96
	-6.38

	5200
	2
	0.63
	-10.03

	5500
	2
	0.3025
	-16.41

	6000
	2
	0.165
	-21.67

	7000
	2
	0.09
	-26.94

	8000
	2
	0.063
	-30.03

	10000
	2
	0.0415
	-33.66

	20000
	2
	0.01676
	-41.54


Table 1: Table of results from the RLC circuit simulated on Proteus.

Figure 2: Graph created using the recorded values from the RLC circuit on proteus.
From the results shown in Table 1, the voltage across the inductor and capacitor reaches its highest when it reaches resonance. In addition, this point is when the attenuation reaches its highest with a value of -1.88dB. The graph created from these results forms the shape of a curve that begins increasing gradually and then the gradient increases dramatically as the circuit approaches its resonant frequency. The graphs fall off also follows this same pattern. The -3dB or ‘half power’ points measured from the graph of the simulated circuit occur at 4800Hz and 5100Hz. These points were calculated by formatting the graph to show readings between 0 and -4.88 and recording what frequency occurred at the -3dB point.


Results from breadboard circuit
	Frequency (Hz)
	V (in)
	V (LC)
	Attenuation (dB)

	100
	2
	0.0176
	-41.11

	200
	2
	0.0188
	-40.54

	500
	2
	0.0204
	-39.83

	1000
	2
	0.0248
	-38.13

	1500
	2
	0.0312
	-36.14

	2000
	2
	0.036
	-34.89

	2500
	2
	0.048
	-32.40

	3000
	2
	0.062
	-30.17

	3500
	2
	0.08
	-27.96

	4000
	2
	0.11
	-25.20

	4500
	2
	0.154
	-22.27

	4900
	2
	0.198
	-20.09

	5000
	2
	0.208
	-19.66

	5100
	2
	0.216
	-19.33

	5200
	2
	0.224
	-19.02

	5500
	2
	0.208
	-19.66

	6000
	2
	0.168
	-21.51

	6500
	2
	0.113
	-24.96

	7000
	2
	0.092
	-26.74

	8000
	2
	0.078
	-28.18

	10000
	2
	0.052
	-31.70

	20000
	2
	0.026
	-37.72


Table 2: Table of results from the RLC circuit simulated on breadboard.

Figure 3: Graph created using the recorded values from the RLC circuit on a breadboard.
From the breadboard results shown in Table 2, it is immediately apparent that the shape of the graph in Figure 3 is far less pronounced than the proteus simulation shown in Figure 2 and the attenuation was much lower at resonance. Other than the values being lower, the graph follows a very similar shape to the proteus simulation. However, the ‘half power’ points occurred on the graph at 4000Hz and 6500Hz which is a larger difference in comparison to the half power points of the Proteus simulation.
Discussion:
In the proteus simulation, the circuit resonated when a frequency of 5000Hz was inputted. This aligns with the result calculated from using theory, which was 5032.9Hz. The reason for the slight variation in these results is that the signal generator in proteus goes up in 100Hz increments so 5000Hz was the closest available input to the theoretical resonance. From the circuit that was made on the breadboard, the resonance frequency was measured at 5200Hz. The reason for this small variation in frequency could be due to the physical nature of the components. Since the components are real unlike the proteus simulation, they will have a small tolerance in their respective values [3]. As a result of resonance occurring when the reactive effects of inductor and capacitor cancel each other out [4], this may occur at a slightly different frequency. 
Furthermore, the F1 and F2 points on Proteus were at 4800Hz and 5050Hz respectively. In comparison, the same points on the breadboard simulation were 4500Hz and 6000Hz respectively. This is because the breadboard graph has less of a peak and is slightly broader than on Proteus. This means that the Bandwidth of the Proteus circuit was 250Hz in contrast to 1500Hz from the breadboard. This means that the breadboard has a larger range of frequencies over which it can operate meaning it is less selective than the simulated circuit [5]. 
Next, the Q factor which is a ratio of resonant frequency to the bandwidth for the proteus simulation, breadboard circuit, and theoretical calculations were 20, 3.47, and 31.62 respectively. A higher Q factor means that the circuit has a narrower bandwidth and sharper resonance which means that it is more selective [6]. These results show that the Q factor from theory and the proteus simulation is much higher than the one measured from the breadboard.  
Moreover, from the graphs, it is evident that the proteus simulation has a much higher peak and is slightly narrower than the graph where physical components were used. This may be because there is a higher resistance in the circuit with real components. In RLC circuits with higher resistance, the peak is lower and broader because it does not resonate as strongly [7]. The reason for this could be because of tolerances, wire length, wire diameter, and the temperature when the measurements were taken [8]. 
There are numerous potential reasons why there is variation in the results between the simulated circuit on Proteus and the breadboard circuit which used physical components. Another one of these reasons is parasitic elements which are the unwanted effects of the components, which can affect the resonance and bandwidth of the circuit because a physical resistor will have some inductance and capacitance [9]. Additionally, the measurement devices and instruments such as the oscilloscope and signal generator used in the physical breadboard experiment can affect the readings. This is because an oscilloscope will draw some current and has a resistance, inductance, and capacitance [10]. Furthermore, the signal generator can affect the measurements because it adds modulation such as frequency, amplitude or phase [11]. Another reason for the difference in results is environmental factors such as noise and electromagnetic interference which can impact the frequency, damping, and power transfer [12]. 
Conclusion:
In this experiment of testing both simulated and practical RLC circuits, it has been found that the simulated circuit on proteus had a much lower attenuation as it approached resonance than the breadboard circuit. It has also been discovered that results from proteus were far closer to those calculated from theory than the breadboard circuit. This was due to the use of physical, active and passive components and the environment which the simulation software does not account for. Furthermore, the proteus circuit is far more selective because of its narrower bandwidth which also resulted in a higher Q factor than the breadboard which has a much larger bandwidth and lower Q factor. However, it was realised that both Proteus and the breadboard possessed very similar resonant frequencies with a difference of only 200Hz between them.
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Graph of attenuation against frequency in an RLC circuit
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Graph of attenuation against frequency in an RLC circuit
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