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Introduction
Resonance occurs in circuits containing both inductors and capacitors when the inductive reactance equals the capacitive reactance [1]. At this frequency, the circuits will respond as fully as possible to the supplied AC signal. In a parallel LC circuit, the impedance is maximum at the resonant frequency, leading to a higher voltage across the inductor and capacitor [2]. This property of LC circuits allows them to select for frequencies within a supplied signal and reject others [3].
Such circuits are often present within radio tuning circuits, communication systems, and bandpass filters [9]. Such circuits are often important components in electronic systems, as they allow the system to select certain frequencies in a signal and reject others.
The resonant frequency of a parallel LC circuit can be determined from its inductance and capacitance [5]. In addition to measuring the circuit's resonant frequency, the quality factor can provide information about how the circuit rejects frequencies other than the resonant frequency [6].
An investigation into a parallel LC circuit will be performed using simulation software and by constructing a circuit on a breadboard. The voltage across the constructed circuit will be measured at a range of input frequencies from 100 Hz to 20 kHz. The circuit's attenuation will be calculated at each of these frequencies, allowing the resonant frequency and quality factor to be determined. Furthermore, the results of the simulated and constructed circuits will be compared with the theoretical results for these circuits.
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Figure 1 circuit diagram
[bookmark: _Toc228287311]Simulation setup
[bookmark: _Toc228287312]The circuit was constructed in simulation software. A signal generator, connected through a series resistor, was used to apply a 2 V peak-to-peak signal to the circuit, whose output voltage at the output node was to be measured. The signal generator frequency was varied from 100 Hz to 20 kHz. Within the circuit were a 1 kω resistor, a 1 mH inductor, and a 1 µF capacitor. Each of these components had values chosen to ensure the circuit would resonate within the experiment's measurable frequency range. The voltage at the circuit's output node was measured over a range of frequencies.
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Figure 2 simulation circuit diagram
Each frequency was entered into a spreadsheet, and the attenuation equation was used to calculate the circuit's attenuation at each frequency.  A graph of the signal attenuation from the circuit plotted against frequency on a logarithmic scale was produced.  From this graph, the circuit's resonant frequency could be determined.  Additionally, the half-power frequencies from the graph can be used to calculate the circuit's bandwidth and Q factor [7].  Each of these values can be compared with the theoretical resonant frequency of the circuit and with values obtained from measurements made with the circuit's simulation software.
Results
The attenuation response of the LC circuit was measured over a frequency range of 100 Hz to 20 kHz using both simulation and the practical circuit. At each frequency, the node voltage was measured, and the circuit's attenuation was calculated using the attenuation equation. These values were plotted against frequency to show the circuit's resonance behaviour [1].
[image: ]
Figure 3 Simulated attenuation response of the parallel LC circuit.
The simulated circuit exhibited a resonance peak at approximately 5.03 kHz. At this frequency, the node voltage measured 1.92 V. The lower half-power frequency was measured at 2.0 kHz, with the upper half-power frequency at 2.6 kHz, yielding a bandwidth of 300 Hz. The Q factor of the circuit was calculated to be 7.7 utilising the bandwidth method [3].
Table :1 Results 
	frequency (Hz)
	Input Voltage (V) peak ot peak 
	output Voltage (V) Peak to peak 
	Gain (dB)

	1
	2.08
	0
	0.00

	2
	2.08
	0
	0.00

	5
	2.08
	0
	0.00

	10
	2.08
	0.01
	-46.36

	20
	2.08
	0.03
	-36.82

	50
	2.04
	0.06
	-30.63

	100
	2.04
	0.09
	-27.11

	200
	2.08
	0.15
	-22.84

	500
	2.08
	0.32
	-16.26

	1000
	2.08
	0.84
	-7.88

	2000
	2.08
	1.44
	-3.19

	5000
	2.08
	1.61
	-2.22

	10000
	2.08
	0.96
	-6.72

	20000
	2.08
	0.09
	-27.28

	50000
	2.08
	0.04
	-34.32

	100000
	2.08
	0.02
	-40.34



The practical circuit also exhibited a resonance peak at approximately 5.0 kHz. The node voltage was measured at 0.0184 V at this frequency. The circuit's attenuation decreased as the frequency approached the resonant frequency and increased beyond it, indicating the parallel LC circuit's resonance response. Both simulated and practical circuits exhibited resonance behaviour within the frequency range. Moreover, the resonant frequency of the practical circuit was similar to the theoretically calculated resonant frequency of the circuit.
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Figure 4 Practical parallel LC circuit constructed on a breadboard.

[bookmark: _Toc228287313]Discussion
The simulation results and the built circuits indicated the expected behaviour ofm a parallel LC circuit. The attenuation varied with frequency relative to the circuit's resonant frequency and changed again after passing through it. Thus, the circuit exhibited the expected response to frequencies near its resonant frequency, as determined [1].
The simulated frequency at which the circuit resonated was 5.03 kHz, whereas the practical circuit it was built into resonated at approximately 5.0 kHz. The theoretical resonant frequency, calculated by the resonance equation, was approximately 5.03 kHz. Thus, the practical circuit exhibited the expected relationship between theoretical and measured frequency. However, the simulated frequency did not accurately represent the practical circuit.
The simulated circuit exhibited a higher Q factor than the practical circuit. The Q factor of a circuit reflects its selectivity to its resonant frequency; the higher the Q factor, the more selective the circuit is to that frequency [3]. The simulated circuit was assumed to have ideal components, for example. In the real world, losses in the circuit reduce the Q factor, including internal resistance in the inductor, on breadboards and wires, and the resistance of the signal generator output [2].
The inductor's internal resistance reduced the circuit's impedance at resonance. Resistance is also introduced through the breadboards and wires. Furthermore, the wiring within the circuit also contributes to parasitic inductance and capacitance. Finally, the signal generator's resistance also contributed to the circuit's selectivity. Each of these factors reduces the circuit's selectivity at the resonant frequency [2].
 
Figure 6 simulation graph

Figure 5 practical  Graph

Despite differences between the simulated and practical circuits, the small discrepancy between the measured and calculated resonant frequencies was due to component tolerances. The inductors and capacitors have component ratings. Furthermore, oscilloscope resolution can also contribute to differences between calculated and measured resonant frequencies.
Overall, the difference between the simulated and practical circuits indicates the difference between ideal and real-world circuits and components. Furthermore, it helps to explain why real circuits are less selective to the resonant frequency than simulated circuits.
[bookmark: _Toc228287314]Conclusion
In this experiment, the resonance of a parallel LC circuit was investigated using simulation software and practical measurements. The simulated resonant frequency was 5.03 kHz. In comparison, the practical resonant frequency of the built circuit was approximately 5.0 kHz, which is very close to the theoretical resonant frequency of 5.03 kHz calculated from the resonance equation [1].
The simulated circuit had a higher Q factor than the practical circuit. This is due to the inductor's internal resistance, as well as the breadboard and wires used in the circuit [2].
The resonant frequency of an LC circuit is determined by the values of L and C in the circuit. Any resistive elements in the circuit will affect the bandwidth of the circuit [3].
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