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This lab report examines resonance in a tank circuit and determines bandwidth by constructing a parallel RLC circuit as a simulation on Proteus, as well as using a breadboard to obtain practical values. We obtained the results and applied them to the relevant formulas. The results indicated that the simulation provided insight into the ideal conditions of an RLC circuit. However, practical measurements demonstrated a higher attenuation value due to real-life effects such as measurement inaccuracies, component tolerances, and parasitic effects. This underscores the necessity of conducting practical experiments to replicate outcomes and enhance circuit design, thereby enhancing the effectiveness of an RLC circuit in real-world applications.
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This objective of this report entails the assembling of an RLC circuit using both simulation software and actual components. This will provide an in-depth analysis of the differences between theoretical predictions and practical results.
Gaining insight into the behaviour of RLC circuits across different frequencies is essential for a wide range of applications, including telecommunications and signal processing. The purpose of the experiment is to quantify the voltages across the resistor and the inductor/capacitor at different frequencies, calculate the attenuation, and determine the resonant frequency and Q factor. Our objective is to identify any inconsistencies between the simulation results and the practical experiment and analyse the possible real-life implications for these variations.
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 Many electrical and electronic engineering concepts that require long distances and minimal energy losses, such as power generation and transmission, rely on the principles of AC (alternating current) circuit theory.
An alternating voltage or current powers AC circuits, changing direction over time [1]. We can observe the polarity through amplitude, frequency, and phase shifts to gain a deeper understanding of an electrical circuit, as demonstrated by a wave that closely resembles a pure sinusoidal waveform[2].
 The main parts of resistors, inductors, and capacitors give us a basic understanding of reactance and impedance resistance, as well as the effects of induction and capacitance on an AC circuit. While resistance describes the ability of resistor components to oppose current flow, reactance describes the effects of a capacitor and an inductor on the circuit.
The resistance that the inductor and capacitor in a circuit create as the alternating current flows through is known as reactance. This can be further divided into: The formula demonstrates that inductive reactance is the inductor's opposition to the alternating current in the circuit and the release of magnetic energy.
Inductive reactance XL = 2πfL 
As frequency increases, the capacitor's resistance to the alternating current decreases, indicating an inverse relationship with the source frequency [4]. The formula demonstrating capacitive reactance is:
Capactive reactance Xc = 1/2 fC
This is known as impedance, when the reactive and resistive properties of the components combine to oppose the flow of alternating current.
 
In an AC, resonance happens when the inductive (XL) and capacitive (XC) reactances of a circuit are both the same size. This is because the current and voltage are 180 degrees out of phase with each other, so they cancel each other out [5]. The resonance frequency of an RLC circuit is the point at which the circuit stores energy, oscillating between the capacitor's electrical energy and the inductor's magnetic field at its resonant frequency. XL=XC
The formula to calculate this:
 
 
In an AC circuit, pure resistance remains unaffected by frequency, while capacitive reactance and inductive reactance influence reactance.
A resistor, inductor, and capacitor, connected either in series or in parallel to a power supply, make up an RLC circuit. RLC circuits are oscillators because they produce a periodic oscillating electronic signal[8].
 
An RLC circuit's quality factor (Q factor) plays a crucial role in measuring the circuit's selectivity at a specific resonance frequency[6]. The resistance of the circuit determines the selectivity of the circuit at specific frequencies, which illustrates the energy dissipation within the circuit. A sharp peak illustrates a high Q factor, indicating a lower energy dissipation.
 


An RLC circuit's practical applications
Technology relies heavily on resonant circuits for their filtering properties, which adjust inductance and capacitance values for each application. Real-life uses of RLC circuits[6] include:
· Radio transmission: The radio tuner selects the specific radio station's frequency by filtering out other frequencies.
· Signal processing and communication systems
· Power electronics
·  Oscillators
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The goal of this project was to investigate the resonant frequencies. We divided this project into two parts: simulating on the Proteus and building it on a breadboard. We obtained values for both simulation and breadboard circuits, and then we compared the obtained frequency values by creating graphs or observing peaks.
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[image: ]
Figure 1: RLC circuit simulated on Proteus

Before designing and analysing electronic circuits physically on a breadboard, simulations can be a valuable tool.

Proteus first simulated the RLC circuit, which included a power supply, a signal generator, a 1 mH inductor, a 1 uF capacitor, and a 1 kW resistor. We connected the resistor, capacitor, and inductor in parallel, connected them to an AC voltage source, and then grounded them.
We ran an analogue AC analysis of the waveform on the circuit, calculating voltage values at various frequencies.

To obtain such values formulas were used :

[image: ]
The magnitude of the source voltage was plotted from the It was concluded that this particular circuit resonates at 5032.93. 
Once the resonant frequency of the simulation was calculated at 5032.92Hz.
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After setting up the physical components—a 1 mH inductor and a 1 uF capacitor—in parallel, connecting them to the power supply and signal generator, and connecting them to the RLC circuit, we designed the schematic on a solderless breadboard.
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Figure 2: RLC designed on breadboard




[image: A machine with wires and a monitor

Description automatically generated][image: A close up of wires

Description automatically generated]
Figure 3: RLC circuit connected to signal generator and Oscilloscope.

We Varied the frequency and noted the maximum voltage at the output of the circuit for channel B and adjusted the frequency in increments to observe the sine wave. 
After specifying the components for the parallel RLC circuit, we set up the main focus of our simulation investigation. We used Proteus software to set up the signal generator to generate a sine wave at a frequency of 100 Hz, maintaining a consistent peak-to-peak voltage of 2 Vpk.
 In order to maintain accuracy in our measurements, we kept the voltage setting constant throughout the session. We analysed the circuit's reaction throughout a wide range of frequencies, specifically spanning from 100 Hz to 20 kHz. We conducted measurements at specifically selected intervals surrounding the estimated resonant frequency to precisely observe the circuit's behaviour, paying particular attention to half-amplitude and peak values. The knowledge gained from these simulations was critical for interpreting the parallel RLC circuit's resonance properties and overall reliability of results.
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Figure 4: Sine wave generated by breadboard on Oscilloscope.


The below calculations were then used to obtain some of the experimental data results in the experiment.

Q-factor calculation:


Attenuation calculation:

 dB=20×log10​(Vin​Vout​​)
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Results:

Data collected included values obtained from both the proteus simulation of the RLC circuit and practical of RLC circuit which were then used to calculate attenuation in both the circuits and visually represented initially in tables below to allow for easier comparison of results. 

	Frequency
	Voltage in
	Voltage out
	Attenuation

	100
	2
	1.303-03
	-6.37E+01

	200
	2
	2.50E-03
	-5.81E+01

	500
	2
	6.40E-03
	-4.99E+01

	1000
	2
	1.33E-02
	-4.35E+01

	2000
	2
	3.00E-02
	-3.65E+01

	4000
	2
	1.35E-01
	-2.34E+01

	4900
	2
	1.10E+00
	-5.16E+00

	5000
	2
	1.93E+00
	-3.32E-01

	5100
	2
	1.25E+00
	-4.08E+00

	5200
	2
	8.00E-01
	-7.96E+00

	6000
	2
	1.70E-01
	-2.14E+01

	10000
	2
	4.10E-02
	-3.38E+01

	15000
	2
	2.40E-02
	-3.84E+01

	20000
	2
	1.70E-02
	-4.14E+01


Figure 5: Simulation

	Frequency (Hz)
	Voltage in
	Voltage out
	Attenuation

	100
	1.92
	1.76E-02
	-4.08E+01

	200
	1.92
	1.78E-02
	-4.07E+01

	500
	1.92
	1.82E-02
	-4.05E+01

	1000
	1.92
	2.32E-02
	-3.84E+01

	2000
	1.92
	3.00E-02
	-3.61E+01

	4000
	1.92
	1.29E-01
	-2.35E+01

	4900
	1.92
	2.65E-01
	-1.72E+01

	5000
	1.92
	2.71E-01
	-1.70E+01

	5100
	1.92
	2.71E-01
	-1.70E+01

	5200
	1.92
	2.50E-01
	-1.77E+01

	6000
	1.92
	1.30E-01
	-2.34E+01

	10000
	1.92
	4.28E-02
	-3.30E+01

	15000
	1.92
	2.62E-02
	-3.73E+01

	20000
	1.92
	2.00E-02
	-3.96E+01


Figure 6: Practical

The simulation results follow the expected results as shown in the above figure at 100 Hz and 4900 Hz respectively as attenuation is higher as expected, decreasing at the resonant frequency of 5000Hz before increasing again. 
Whereas the practical results indicate lower attenuation values compared to the simulation. Despite this, it follows the trend of a higher attenuation at the lower frequencies before decreasing again at the resonant frequency, and then increasing again. This results in a less sharp peak compared to the simulation peak.
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Figure 7: Scatter graph plotted of the attenuation of both simulation and practical.
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Figure 8: Prefilled Excel sheet
The figure above demonstrates how attenuation was calculated by way of inputting component values in a pre-filled spreadsheet, which then outputted the resonant frequency using the formula. Values were inputted into a pre-filled spreadsheet to obtain the values and in turn graphical representation of said values.

The data in the tables above was also used to plot on the x-axis and y-axis to determine how close we can get the Q-factor values to the theoretical values in the pre-filled graph of attenuation vs frequency below.



Figure 9: Graph to compare Attenuation vs Frequency on prefilled spread sheet
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This lab experiment found that both the simulation and practical follow the theoretical prediction despite the values of the practical experiment being lower than the simulation as this was modelled to the ideal behaviour of an RLC circuit as determined by AC theory. 

The circuits behaviour was observed over different frequencies, and attenuation was then measured. At the lower frequencies, attenuation as shown in the figures above determined a higher attenuation in both the simulated and practical despite it being the highest in the simulated circuit before a drop as it approaches the resonant frequency before picking up again past the resonant frequency. 
Below the resonant frequency, the parallel resonant circuit appears to be inductive due to the inductor properties as the impedance of a parallel resonant RLC circuit is maximised at its resonant frequency. This is further explained by high capacitive reactance and lower inductive reactance at the lower frequencies as the capacitor opposes current flow leading to an increased impedance and a higher attenuation at these frequencies.
At the resonant frequency, a parallel RLC circuit as shown by the simulated and practical circuit shows a drop in attenuation as the inductive and capacitance reactance cancel each other out and the circuit acts like an open circuit due to high impedance. It is determined that at this point minimal loss is observed[9]. 
Despite the drop in attenuation in the practical circuit, the peak shown was less sharp than the simulated peak due to an increase in signal loss due to real-life problems such as 

Analysis of Q-factor in both the circuits found that the simulated circuit had a higher Q factor which was comparatively a lot lower in the practical circuit. This indicates that the simulation doesn’t take into consideration loss of energy under real-life circuit conditions.  
In an RLC circuit, the phase angle controls the relationship between voltage and current, which affects the power factor and behaviour of the circuit. Phase angle 0 at resonance denotes the maximum efficiency and is entirely resistive in nature[3].



The differences can be attributed to real-world aspects that were not considered in the simulation as it only considers ideal conditions and values with no room for inaccuracies in measurement as it was carried out on Proteus. As a higher attenuation on the practical circuit leading to an increased loss of energy due to component tolerances as this can affect the behaviour of circuits.
Therefore, the range of current and frequency values are impacted by the Inductance and capacitance values[10].












[bookmark: _Toc172290375]

Conclusion: 

This practical indicates the effects on resonance in a parallel RLC circuit, how various frequencies influence resonance, the impact of component values, and how the circuit's design influences both the attenuation and Q factor of an RLC circuit.
Although Proteus simulations aim to closely replicate real-world behaviour, inconsistencies between simulation results and actual experimental results arise due to constraints in the simulation model. Actual lab experiments offer more precise representations of circuit performance in real-world conditions.
Understanding phase angles and resonance, along with properly considering dynamic resistance that affects the overall impedance of an RLC circuit, is crucial for building and analysing AC circuits and ensuring optimal performance in a variety of applications. The need for high efficiency in RLC circuits is pressing due to their widespread use in everyday life applications[6].
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