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[bookmark: _Toc165635350]Abstract
The exercise conducted was to determine the resonant frequency of a parallel RLC circuit. The signal generator output was set to 2V peak to peak at 100Hz, taking measurements of the voltage across the resistor and inductor / capacitor at a range of frequencies up to 20kHz. The attenuation of the circuit was calculated using the equation:
A = 20 * log10(Vl / Vin)
Where A is the attenuation in decibels, Vl is the peak-to-peak voltage measured across the components, Vin is the peak-to-peak input voltage as set on the signal generator.
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Figure 1: Data drawn from the Proteus simulation.
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Figure 2: Data drawn from the practical using an oscilloscope and signal generator.
To help visualise the resonant frequency, a graph of attenuation against frequency was drawn as the figure below illustrates.
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Figure 3: Graph of attenuation against frequency. Draws both the simulated results and the practical results.
The resonant frequency and Q factor were compared between the simulation and the practical findings. The resonance frequency determined from the simulation was roughly 4900 Hz, however in the practical experiment it was approximately 5032.92 Hz. The Q factor calculated from the simulation was roughly 12.25, however in the practical experiment, it was approximately 16.78. These findings indicate the passive filter's efficiency in selecting frequency response. A higher Q factor suggests a smaller bandwidth and sharper resonance, whereas a lower Q factor indicates a larger bandwidth and broader resonance.
[bookmark: _Toc165635351]Introduction
The goal of this laboratory experiment is to study the resonance frequency of a parallel RLC (Resistor-Inductor-Capacitor) circuit through simulation and practical investigation. It blends software simulation with direct experience to provide a thorough grasp of the circuit's behaviour and performance characteristics. The major goal is to find the resonance frequency of the parallel RLC circuit and compare the results of software simulation to those of practical investigation. This exercise provides useful insights into electronic circuit behaviour and helps prepare for real-world applications.
[bookmark: _Toc165635352]Background
RLC circuits are fundamental concepts in the world of electrical engineering, consisting of capacitors, inductors, and resistors. 
Resistors, the fundamental components in electronic circuits, oppose the flow of electric current by dissipating electrical energy in the form of heat [1]. They are frequently used to limit current, divide voltage, and adjust signal attenuation. On the other hand, when a current goes through an inductor, it stores energy in the form of a magnetic field. This feature enables them to withstand changes in current flow, and their ability to store energy in the magnetic field is proportional to the inductance value [1]. Similarly, capacitors store energy in an electric field when a voltage is applied across them [2]. They serve a crucial role in controlling the behaviour of electrical signals for various applications.
[bookmark: _Toc165635353]Applications of RLC circuits
One significant application of RLC circuits are passive filters. RLC circuits selectively pass or block specific frequencies of electrical signals, making them ideal for filter designs. These filters are commonly used in audio processing to remove undesirable frequencies, resulting in improved sound quality [3].
Another application is tuned circuits. These circuits are important components in radio receivers such as television sets and radio communication as they allow the user to select a specific frequency from a range of frequencies with precision [1].
In power distribution networks, RLC circuits are used to remove undesired noise and harmonics from electrical signals, resulting in a clean and steady power supply. For example, an RLC filter is used in a power supply unit to smooth the output voltage and reduce ripple and noise. Similarly, in a power factor correction circuit, an RLC filter is used to improve the power factor of the electrical system, minimising energy losses and increasing efficiency.
RLC circuits have a considerable impact on real-world applications because they allow for the dependable transmission and processing of electrical signals in a variety of electronic devices. RLC circuits contribute to signal quality, interference reduction, and system performance by selectively passing or blocking specific frequencies of electrical signals. RLC circuits in audio processing systems enable precise control of audio signals, resulting in accurate sound reproduction. RLC circuits in RF communication systems enable wireless signal transmission and receiving, allowing for long-range communication. RLC circuits in power distribution networks help provide a steady and efficient supply of electrical power, lowering energy losses and enhancing overall system reliability [3].
[bookmark: _Toc165635354]Simulation
Before doing practical tests, it is vital to use software simulations to construct and assess electronic circuits. Simulations provide a virtual environment where circuit behaviour may be anticipated and examined without the requirement for actual components. This approach has several advantages, including cost-effectiveness, time efficiency, and the flexibility to explore multiple circuit designs and parameters promptly. By employing software tools such as Proteus, engineers can quickly build and simulate complex circuits, saving time compared to traditional trial-and-error methods. Simulations reliably predict circuit performance under various operating situations, allowing engineers to obtain insights into frequency response, transient behaviour, and steady-state characteristics.
This predictive capability allows for better informed design decisions by anticipating circuit behaviour prior to conducting practical experiments. Furthermore, simulations assist confirm theoretical concepts by comparing simulation results with theoretical calculations, which improves the design process and reinforces theoretical knowledge.
[bookmark: _Toc165635355]Proteus
Using the laboratory manual, the circuit was built on Proteus, with the resistor value at 1kΩ, capacitor value at 1µF, and the inductor value at 1mH. These components were connected in series, whilst the signal generator connected in parallel with the circuit, as illustrated in the figure below.
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Figure 4: Screen grab of the circuit drawn in Proteus software.

[bookmark: _Toc165635356]Practical
[bookmark: _Toc165635357]Equipment
The passive filter circuit was constructed using the following components: a resistor with a stated value of 1 kΩ, which measured 979 Ω in resistance and had an inductance at 84.5 µH; an inductor with a stated value of 1 mH, which measured 0.994 mH in inductance with a series resistance of 7.32 Ω; and a capacitor with a stated value of 1µF, which measured 1.064µF in capacitance. 
[bookmark: _Toc165635358]Breadboarding
The circuit was assembled on a breadboard according to the laboratory manual. Breadboarding is a commonly used technique to prototype electronic circuits quickly without soldering. The resistor, inductor and capacitor were connected in series, as shown in the image below. 
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Figure 5: Close up on the breadboard used for the practical. Connected is the resistor, capacitor, and inductor. The red and blue wires are connector wires.
A signal generator was connected in parallel with the circuit to provide the passive filter with a precise and controlled sinusoidal signal. Signal generators are electronic devices that produce repeating or non-repeating signals like sine waves, square waves, triangular waves, and sawtooth waves. In this experiment, the signal generator output was set to 2V peak-to-peak to ensure consistent amplitude, and the frequency was modified beginning at 100Hz. This enabled for systematic modulation of the input frequency over a broad range, allowing for measurement of the circuit's frequency response.
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Figure 6: Close up of the signal generator used. The output is set to 2V and 100Hz.
An oscilloscope was used to precisely capture the circuit's behaviour by measuring the voltage waveform across its components. An oscilloscope is a type of electrical test tool that displays varying signal voltages in the form of a two-dimensional plot of one or more signals over time. It operates by continually showing the signal on the screen, where time is represented by the x-axis and voltage by the y-axis.
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Figure 7: Close up of the Oscilloscope used for this practical. On the bottom right of the image are the two probes connected to the circuit.
The oscilloscope probes were connected across the resistor and connector wires, as shown in the figure below.
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Figure 8: Image showing the whole apparatus of the practical, with everything connected and running. On the far-left side is the Oscilloscope and on the far-right side is the signal generator.
[bookmark: _Toc165635338][bookmark: _Toc165635359]During the experiment, the voltage across the inductor or capacitor, as measured by the oscilloscope, served as the dependent variable, allowing for an examination of the circuit's behaviour. The frequency produced by the signal generator served as the independent variable, varying regularly from 100Hz to 20kHz. The input voltage, adjusted to 2V peak-to-peak, remained constant throughout the experiment, assuring uniform conditions. Furthermore, all circuit components, including the resistor, inductor, and capacitor, were kept constant to ensure experimental integrity and allow for valid comparisons of different frequencies. This controlled setup allowed for exact measurements and credible analysis of the circuit's frequency response.
[bookmark: _Toc165635360]Results
Figure 1 from page 3 is the results from the proteus simulation. Voltage measurements were taken at various frequencies from 100Hz to 20kHz. Using these voltage measurements, the attenuation of the circuit was calculated using the formula: 
A = 20 * log10(Vl / Vin)
Where A is the attenuation in decibels (dB), Vl is the voltage across the inductor or capacitor, Vin is the input voltage. 
This was then used to make an attenuation against frequency graph as shown in the figure below to illustrate the frequency response.

Figure 9: Graph of the attenuation against frequency of the values collected from the simulation.
In figure 1 and 9, we can point out that the resonant frequency is 4900Hz. This is not the true resonant frequency calculated due to the software not allowing the value.
Like the simulation, voltage measurements were recorded at similar range of frequencies. This is because the oscilloscope allowed for precise measurements, as opposed to the software. The attenuation of the circuit was calculated from the voltage measurements. 

Figure 10: Graph of the attenuation against frequency of the values collected from the oscilloscope.
From the graphs, the resonant frequency of the circuit was determined as the frequency at which the attenuation was minimum. 
To measure the sharpness of the resonance, the quality factor needs to be determined. To calculate the q factor, both resonant frequency and the bandwidth at half power is required, which can be taken from the graphs. This ratio can be shown as:
Q = ff / Δf
Where fr is the resonant frequency and Δf is the bandwidth at half power.
To find the bandwidth at half power, the frequencies at which the attenuation is reduced by 3db needs to be recorded, followed by calculating the difference. For the simulation, the bandwidth at half power can be calculated by 5200 – 4800 = 400Hz. Since the simulation did not allow precise input values for the frequency, 4900Hz will be used in the equation, resulting in the q factor for the simulation to be approximately 12.25. For the practical, the bandwidth at half power can be calculated by 5200 – 4900 = 300Hz. As the resonant frequency for the practical was 5032.92, the result of the q factor is approximately 16.78. 
[bookmark: _Toc165635361]Discussion
The simulated and practical findings show comparable trends in the frequency response of the passive filter circuit. Both sets of findings show a definite peak in attenuation, which indicates the circuit's resonant frequency. However, there are some minor differences between the two sets of results. The resonance frequency determined from the simulation was roughly 4900 Hz, however in the practical experiment it was approximately 5032.92 Hz. Similarly, the Q factor calculated from the simulation differed slightly from the one found in the practical. The variations can be linked to a variety of variables, including component tolerances, parasitic effects, and measurement error. Despite these variations, the overall patterns in both sets of findings are consistent.
The Proteus software simulation was found to be a valuable tool for initial circuit design and analysis. It enabled the visualisation of the passive filter circuit's behaviour and the necessary changes before practical implementation. The simulation accurately predicted the circuit's frequency response, giving a valuable baseline for comparison with actual results. Varying the input signal frequency and watching the resulting output aided in acquiring a clear knowledge of the circuit's behaviour, as well as determining resonance frequency and attenuation characteristics.
Despite the experiment's overall success, there are some areas that might be improved to improve the learning experience and result accuracy. First, component measurements could have been more accurate. While attempting to employ components with given values, there were minor differences between declared and measured values. This issue could be addressed in future tests by using more accurate measuring techniques or equipment calibration.
[bookmark: _Toc165635362]Conclusion
This laboratory experiment provided valuable insights into the practical measurement skills and data analysis. By determining the frequency response of a passive RLC filter, there was a deeper understanding of its behaviour. The simulation response closely mirrors the practical results, which resulted in similar trends with clear peaks in attenuation indicating the resonant frequency of the circuit. The Q factor was estimated to be 12.25 in the simulation and 16.78 in the practical experiment. These findings indicate the passive filter's effectiveness in selective frequency response, with a higher Q factor indicating a narrower bandwidth and sharper resonance. Despite minor differences between simulation and practical results, the main trends in both sets of data are consistent, providing useful insights into passive filter behaviour.
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