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Abstract 
This report aims to demonstrate a laboratory experiment observing resonance in a parallel RLC circuit, comparing simulation results, real-life results, and theoretical predictions. The experiments to observe resonance in the parallel RLC circuit were carried out using two methods: simulation and a breadboard setup. In the simulation, Proteus software was utilized to create a parallel RLC circuit with a 1 kΩ resistor, 1 µF capacitor, and 1 mH inductor, connected to virtual laboratory equipment. The breadboard experiment repeated the simulation setup with physical components and laboratory equipment, where the same resistor, capacitor, and inductor were used. The input voltages were set to deliver at 2 V peak-to-peak, measurements were taken at various frequencies, from 100 Hz to 20 kHz, and output voltages were recorded to analyse the resonance peak of the circuit. The overall results for both the experiments were then obtained. The simulation experiment represented a sharper resonance peak whilst the breadboard experiment had a broader resonance peak. The resonant frequency was the highest in the breadboard experiment and the lowest in the simulation experiment although closest to the theoretical predictions. The Q factor was the highest in the simulation experiment although closest to the theoretical predictions and significantly the lowest in the breadboard experiment. The experiment showed that simulation results of the parallel RLC circuit were close to theoretical predictions, while the breadboard implementation displayed significant variations, especially in the Q factor due to real-world implications. The simulation had a sharper resonance peak, indicating higher selectivity, while the breadboard had a broader peak with increased energy losses. These differences highlight the impact of non-ideal components in practical RLC circuits, emphasizing the need to consider real-world conditions in circuit design.














Introduction
The purpose of this report is to demonstrate a laboratory experiment that was performed to observe the resonance in a parallel RLC circuit and compare it between simulation, real life, and theory. This will be accomplished by creating the circuit on simulation software and then on a breadboard using physical components, which will then be measured to obtain the resonant frequency, and Q factor (Quality factor) and be compared with theoretical values. 
An RLC circuit is a circuit that consists of a resistor, an inductor, and a capacitor connected in series or parallel. RLC circuits are used in a range of applications, mainly in communication systems where frequency selection and resonance are crucial. They are used as tuned amplifiers, superheterodyne receivers, double-tuned transformer couplings in a receiver and antenna input to a receiver [1]. 
Resonance in RLC circuits is a phenomenon that happens when the inductive and capacitive reactance become equal and cancel each other out resulting in a purely resistive circuit, at a specific frequency called the resonant frequency [2]. Thus, The resonant frequency is the frequency at which resonance occurs. This phenomenon occurs in both series and parallel circuits with contrasting resonance characteristics. In a parallel RLC circuit, once resonance occurs, the circuit shows maximum impedance which causes minimum current to be drawn from the supply, this indicates the characteristics of resonance [2]. 
The sharpness of the resonance peak is measured using the Q factor. The Q factor is the proportion of current flowing through the parallel branches of the circuit to the supply current at resonance [3]. A circuit has a high Q-factor if it is extremely selective of frequencies close to the resonant frequency and has a small bandwidth [3]. The bandwidth is the frequency region between the upper and lower cutoff frequencies where the amplitude falls to 70.7% of its maximum value (the -3 dB point) [3]. In an RLC circuit, attenuation describes the reduction in the signal's amplitude due to its transmission through the circuit and it will also be used to determine the -3 dB point [3].
The theoretical formula of the resonant frequency is given by:Equation 1


The theoretical formula for calculating the Q factor is given by:Equation 2


The formula for calculating the Q factor graphically is given by:Equation 3


The formula for attenuation is given by:Equation 4


Simulation and breadboard experiment setups
The circuit experiment was carried out using two methods: 1) simulation on software and 2) a breadboard built with physical components and tested using laboratory equipment.
[image: A diagram of a circuit

Description automatically generated]Simulation experiment setup Figure 1: Proteus circuit setup

Figure 1 shows the circuit setup for the simulation of the experiment created using the Proteus simulation software. It is a parallel RLC circuit with circuit components 1kΩ resistor (R1), 1µF capacitor (C1), and 1 mH inductor (L1) connected to virtual laboratory equipment that includes the signal generator and oscilloscope. The signal generator generates an AC input voltage that is applied to the circuit starting through the resistor. The parallel branch consists of the capacitor and inductor which play an important role in determining the resonance and resonant frequency. The oscilloscope’s channel A was connected before the resistor to measure the input voltage waveform and its channel B was connected to the output of the RLC circuit to measure the output voltages at different frequencies.
The output voltages at different frequencies of the parallel RLC circuit will be simulated here which will then be used to represent the frequency response (attenuation against frequency) of the RLC circuit, therefore determining the resonance characteristic.
The simulation of the circuit was played and the signal generator and oscilloscope were opened to start the observation and measurement. The signal generator was set to deliver an input voltage of  2V peak-to-peak (2 V pk-pk), and the frequency was adjusted to 100Hz. The output voltage of the RLC circuit was then measured on the digital oscilloscope using the cursors, to mark the amplitudes and totalling it up to the get the V pk-pk value. After measuring the output voltage at 100 Hz, measurements were recorded at 500 Hz, then at every 1 kHz up to 20 kHz, while keeping the input 2 V pk-pk fixed. After the maximum output voltage was found (at the resonant frequency), the signal generator was adjusted to record closely spaced readings near the resonant frequency and half amplitude points were also recorded by adjusting the frequency until the output voltage was half the maximum voltage which occurred below and above the resonant frequency. 
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Description automatically generated]Figure 2 shows the simulation of this circuit after being played. This shows the maximum output voltage was measured and the resonant frequency was identified. As seen in Figure 2, the output voltage (Channel B) at each frequency up to 20 kHz was recorded similarly using the cursors positioned at the amplitudes of the waveform.Figure 3: Completed breadboard circuit 
Figure 2: Proteus circuit simulation setup

Breadboard experiment setup
Figure 3 shows the parallel RLC circuit assembled on a breadboard using physical electronic components. The circuit components with the same parameters were used: 1kΩ resistor, 1µF capacitor, and 1 mH inductor. Jumper wires were connected to the breadboard to create a ground and allow connection to the laboratory equipment which includes the oscilloscope and signal generator, i.e., function generator. 

As shown in Figure 4, the output of the function generator was connected to the yellow jumper wire via the red crocodile clip and banana plug cable to allow the AC input voltage into the circuit. The oscilloscope input probe (channel 1) was connected to the white jumper wire between the yellow jumper wire and the resistor to measure the applied AC input voltage waveform from the function generator. The pink jumper wire served as the ground, which provided a common ground reference for the circuit, oscilloscope, and signal generator. The oscilloscope output probe (channel 2) was connected to the orange jumper wire at the output of the circuit to measure the output voltages at different frequencies.[image: A close-up of several wires

Description automatically generated] Figure 4: Breadboard circuit testing setup 

Similar to the first method, the output voltages of the parallel RLC circuit on the breadboard at different frequencies will be tested here which will then be used to represent the frequency response (attenuation against frequency) of the RLC circuit, therefore determining the resonance characteristic.
The breadboard circuit was then tested by turning on the function generator and oscilloscope. The function generator knob was adjusted to deliver an input voltage of 2 V pk-pk, and the frequency was first adjusted to 100Hz. The parameters were adjusted to the stated values but had deviations by a few decimal places due to the nature of the function generator. The output voltage of the parallel RLC circuit on the breadboard was then measured on the oscilloscope. Following the measurement of the output voltage at 100 Hz, measurements were recorded at 500 Hz, then at every 1 kHz up to 20 kHz, while keeping the input 2 V pk-pk the same. Upon finding the maximum output voltage of the breadboard circuit (at the resonant frequency), the function generator was adjusted to measure closely spaced readings near the resonant frequency and half amplitude points were also measured by adjusting the frequency until the output voltage was half the maximum voltage which occurred below and above the resonant frequency. 
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Figure 5: Laboratory equipment setup


Figure 5 shows how the oscilloscope and function generator were set up to test the parallel RLC circuit on the breadboard.





Results 
The attenuations were calculated using Equation 4 (in the introduction) using the results of measured output voltages of the parallel RLC circuit at different frequencies. This was used to plot the graph of attenuation against frequency for the simulation and breadboard experiments, with the frequency plotted on a logarithmic scale along the x-axis and the attenuation along the y-axis.

Simulation experiment
From Figure 6, the resonant frequency was measured to be 5000 Hz. The -3dB point was calculated to be -4.884, and this was used to find the Q factor using Equation 3 (in the introduction) which was estimated to be 33.3

Figure 6: Graph of results for the simulation experiment

Breadboard experiment 
From Figure 7, the resonant frequency was measured at 5100 Hz. The -3dB point was calculated to be -21.562, and this was used to find the Q factor using Equation 3 (in the introduction) which was estimated to be 3.

Figure 7: Graph of results for the breadboard experiment

Theoretical 
The theoretical calculations of the parallel RLC circuit were calculated to obtain the theoretical predictions of the resonant frequency and the Q factor which was then used to compare between the simulation and breadboard experiments.
The resonant frequency was calculated using the formula:

Where  is the resonant frequency in Hertz,  is the inductance in Henry,  is the capacitance in Farad.
The calculated resonant frequency is 5032.9 Hz
The Q factor was calculated using the formula:

Where  is the Quality factor,  is the resistance in Ohm,  is the capacitance in Farad,  is the inductance in Henry.
The calculated Q factor is 31.6 
Discussion 
Interpretation of results
From the comparison between the two graphs, the simulation experiment represented a sharper resonance peak whilst the breadboard experiment had a broader resonance peak.
The resonant frequency was the highest in the breadboard experiment and the lowest in the simulation experiment although closest to the theoretical predictions.
The Q factor was the highest in the simulation experiment although closest to the theoretical predictions and significantly the lowest in the breadboard experiment.
Factors contributing to differences in results
The differences in resonant frequencies and Q-factors of the parallel RLC circuit between the simulation experiment, breadboard experiment, and theoretical calculation can be attributed to several factors.
Firstly, because of specific manufacturing tolerances, physical components used on the breadboard can typically deviate from their actual values in real-world applications [4]. Therefore, the Q factor and resonant frequency may be greatly affected by these variations. 
In addition, the components used in the breadboard show real-world component behaviours as opposed to the theory. The inherent resistance of inductors is commonly ignored in theoretical calculations, even though it can considerably impact how the circuit behaves, notably close to resonance. Resistance and parasitic inductance are also likely to occur in capacitors.
Moreover, at high frequencies, components in the breadboard may function differently than predicted by simulation: the skin effect in conductors increases resistance, capacitors show higher dielectric losses and core losses in inductors have the potential to rise considerably [5]. These effects would result in a variance between the actual resonant frequency and Q factor and theoretical expectations.
Furthermore, while software simulations are quite effective, they might not accurately show all real-world conditions of components. Some simulation tools utilise simplified models that do not take all frequency-dependent behaviours or parasitic elements into consideration therefore leading to slightly different results. The completeness and quality of the component models utilised determine how accurate the simulation results are. [5]
Lastly, because the standard theoretical equations used for the parallel RLC circuit only assume ideal components, they may not be applicable when considering real-world conditions of the components, such as parasitic elements or frequency-dependent behaviours. 




Conclusion 
In this experiment, it has been discovered that the simulation experiment results of the parallel RLC circuit are close to theoretical predictions, whereas the breadboard experiment showed variations, especially more significantly in the Q factor. Hence, this shows how real-world implementations of this circuit can differ considerably. The simulation experiment showed a sharper resonance peak which indicated increased selectivity. Whereas the breadboard experiment revealed a broader resonance peak indicating reduced selectivity and increased energy losses due to parasitic capacitances and inductances in the physical parallel RLC circuit. These differences denote the impact of non-ideal component behaviour in practical RLC circuits. This report emphasises how important it is to take into account real-world conditions when designing parallel RLC circuits because the ideal or simulated circuit models might not be able to predict actual circuit performance.
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