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Abstract – Brief description of the work – what you did, how you did it, and a statement of results.
The author has needed to make sure that the signal generators output is set to 2 volts peak to peak and that it is set at 100Hz and is not changed through the tests and recording. Next, the author has needed to measure the voltages across the inductor and the capacitor at a range of different frequencies from 100 to 20kHz. From the recorded results the author used the equation for attenuation [figure 5] to plot a table with the recorded results. The results have then been plotted so that attenuation is on the Y axis and frequency is on the X axis. 
Next the author has determined the resonant frequency which the author has calculated from the graph and has compared that to research using the basic theory regarding the LC circuit. Then the author has calculated the q factor and compared that with basic theory. Then the author will repeat these tests for the practical circuit and write a comparison between the results and display any differences that are found between them such as the voltage drop due to resistance in the wires or the variance in the component values that will in turn cause the different circuits to have different values.   

In the circuit the author has been tasked with designing and testing is an LC circuit meaning [L] inductor and [C] capacitors. These circuits have the ability to oscillate and resonate allowing them to exchange energy between the magnetic fields of the inductors and the capacitors. There are different applications that an LC circuit can be used for. One example is a band pass filter where it can be used to allow specific frequencies to pass through and a band filter where the output is displayed in series or parallel with the original LC filter. Another example of an LC filter is an oscillator as they can be combined with other different components like op amps and transistors to make continuous and periodic waveforms which can be used in signal generation. Another example of a use of an application of an LC circuit is a Energy storage and transfer unit.

[bookmark: _GoBack]The author will be using basic circuit theory like 1/2xπ x root x L x C to be able to calculate the resonant frequency [figure 6] which uses the values for inductance and the capacitance. The resonant frequency is where the reactance from the inductor and capacitor are balancing each other, resulting in a lower circuit impedance. This allows more current to flow through the resistor at this particular calculated frequency. The author will also be using the equation for Q factor in figure 8. with a high Q factor the circuit will be able to sustain vibrations and maintain energy levels more effectively than systems with a lower Q factor. This is due to the lower damping effect present in systems with a high Q factor, allowing them to continue oscillating for a longer period of time. In essence, a high Q factor signifies a design that is highly efficient in maintaining vibrational energy and minimizing energy loss over time. This characteristic makes systems with a high Q factor ideal for applications where sustained oscillations are required, such as in precision instruments, resonant circuits, and musical instruments. Additionally, the high Q factor of these systems allows for greater precision and stability in their performance, making them a preferred choice in various industries where accuracy and longevity are crucial.

This report focuses on the construction of an LC circuit or Tank circuit in the simulation software Proteus. The aim is to analyse the behaviour of the circuit and compare it with theoretical values. The signal generator's output is set to 2 volts peak to peak at a frequency of 100Hz. This setting remains constant throughout the tests to ensure consistency in the results. Voltages across the inductor and capacitor are measured at various frequencies ranging from 100Hz to 20kHz. By using the attenuation equation, a table is constructed with the recorded results. These results are then plotted with frequency on the X axis and attenuation on the Y axis. The resonant frequency of the circuit is determined by analysing the graph and comparing it with theoretical calculations based on the basic principles of the LC circuit. The Q factor is also calculated and compared with theoretical values. Subsequently, the same tests are repeated for a practical circuit, considering factors such as voltage drop due to resistance in the wires and variations in component values. A comparison is drawn between the theoretical and practical results, highlighting any discrepancies and potential sources of error in the experiments. By conducting these tests and analyses, the aim is to deepen understanding of the behaviour of LC circuits and the factors that can influence their performance in practical applications.


[image: ]
Figure 1 – The completed circuit diagram built in proteus

 Figure 1 shows the completed circuit that the author created in proteus. It shows an RC circuit or ‘tank circuit’. The graph attached shows the attenuation of approximately 3000 points generated by the graph. The LC (inductance-capacitance) circuit consists of connecting an inductor and a capacitor either in series or parallel. This circuit has the ability to store electrical energy and oscillate back and forth between the inductor and capacitor when powered by an external voltage. 

[image: ]
Figure 2 – The properties for the Sine Generator showing 2 Vpk-pk at 100Hz.  

The generator outputs have been set too 2 volts peak to peak at 100Hz which doesn’t change when recording the results. This is so the results remain constant and have no variation meaning that they are trustworthy. 
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Figure 3 – The table of simulated results recorded from figure 11
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Figure 4 – a graph of attenuation against frequency

[image: ]
Figure 5 – the calculation for attenuation   (Rafay, 2024)

In the equation A is equivalent to Attenuation time. 20 x log10 converts the VL/Vin to Db Vl is voltage out and Vin Is the voltage in. the points shown in figure 3 under ‘Attenuation’ where created using the above equation and plotted so the Y axis is the Attenuation and the X axis is the frequency. 
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Figure 6 – the equation for calculating the Resonant Frequency (smith, 2008)
[image: ]
Figure 7 – the graph that allows the author to read the resonant frequency from the peak value.
By using Figure 6 the author calculated the resonant frequency of the simulated graph to be 5032.92 (2dp) by substituting the values of L and C into the equation to get 1/2xπ(root) 1x10-3 x 1x10-6. When the frequency is at 5032.92 the reactance in the inductor and the capacitor are cancelling each other out which makes the circuit impedance smaller making the current flowing through the resistor at this frequency.  then the author got the resonant frequency from the simulated graph. By using Figure 7 this allows the author to see that the estimated value of the resonant frequency is 5000 as the circuits RMS (root mean square) is at its highest. (Grover, 2023). The two different results vary in accuracy due to the method of calculating the result. Using the circuit theory method uses the inductor and the resistor value where the graph method relies on the recorded results and the accuracy of the data collected. The theory-based result should be more accurate where the as it gives the result with calculated evidence to support it where the graph result is only found from the authors chosen frequencies. Potentially if more results where chosen around the 5000Hz point an even more accurate and trustworthy result could have been found, however that would have been an ill use of resources. 









The Q factor is a measure of how sharp a resonance is. It is a dimensionless perameter that describes the amount of energy lost in a resonant system, such as a mechanical pendulum, or electronic circuit. (Grover, 2023) The Q factor measures the effectiveness of storing and releasing energy in the magnetic field, alongside the heat energy lost through the coil's resistance. The Q factor quantifies the energy loss in a design due to the amount of energy it contains. A higher Q factor signifies a lower rate of energy loss, resulting in slower oscillations. This means that systems with a high Q factor have a lower damping effect and will continue to oscillate for a longer period of time. In essence, a high Q factor indicates a design with the ability to sustain vibrations and maintain energy levels more effectively. 
The equation of Q factor is given by Figure 8 bellow. (Q factor, n.d.)
[image: ]
Figure 8 – the calculation for the Q factor
Where Q is the Q factor which has no unit, R is the resistance, L is the inductance and C is the capacitance.
This means that Q = 1/1000 x squareroot(1x10-3/1x10-6) which equals 31.62x10-3 
This is a very low q factor which means that the signal will continue to oscillate for a longer period of time and wont maintain energy levels effectively. 













[image: ]
Figure 9
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Figure 10
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Figure 11
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Figure 12
Next, the author set up a bread board with the real components. The components value where measured as different to the simulated values meaning there will be a difference in the results taken. The value of the resistor was 979 ohms the inductor at 0.994 mH and the capacitor at 1.064µF. the author set up the test equipment as shown in figure 9-12 making sure that all the probes and pins where connected correctly while making sure the equipment was set up correctly. The measurements where taken and recorded from the peak to trough values on the waveform to see the attenuation. 
[image: ]
Figure 13 – the table of recorded results from the practical test
[image: ]
Figure 14 – the table showing the calculated attenuation of the recorded results
Figure 13 shows the authors recorded results from the real breadboard of the circuit. The Vin values are different to the simulated values as there was likely to be some resistance in the wire that the simulation hasn’t accounted for. As the Vin values are smaller on the recorded test than the simulated test, the Vout and the attenuation values are likely to be smaller in comparison.  Figure 14 shows the attenuation values for the recorded values which where calculated by dividing the voltage going into the circuit by the voltage going out of the circuit. (Rafay, 2024) (Grover, 2023)
[image: ]
Figure 15 – the table of attenuation against frequency from the recorded test
In figure 15 it shows a more realistic chart of the attenuation plotted against the different values of the frequency. 
Using Figure 6 (above) and by incorporating actual component values, the author determined the resonant frequency to be 4893.91 (2dp). The corresponding Q factor for the recorded circuit was calculated to be 31.22x10-3 using the equation from Figure 8, (1/2xπxsquareroot(0.994x10-3x 1.064x10-6)). This approach provides a more accurate representation of the circuit's characteristics.
[bookmark: _Hlk165623527]The differences in results between the simulated and real circuit stem from the fact that the simulated results were based on ideal conditions and components that do not reflect the tolerances present in real circuits. Real circuits experience variations in component tolerances, with values potentially varying by ±10% from their defined values. Additionally, the voltage input into the circuit may not be exactly 2V due to resistance in the connecting wires and probes. This discrepancy between idealized simulation conditions and real-world factors contributes to the differing results obtained from the two types of circuits. It is important to note that the discrepancies between the simulated and recorded values are common in practical circuits. This is why it is crucial to test and verify the performance of the circuit in real-world conditions to ensure its proper functionality.


In this Experiment it has been found that the accuracy of results changes between both simulated and recorded tests. This can be down to the fact that in the simulated test results the values for the components and the voltage from the power supply will classed as the ideal and optimum values and won’t have any variation in the components like real components in the real test would have. The resonant frequency that the author calculated for the simulated test results is the ideal frequency that would occur if the exact values of the resistor, capacitor and the inductor where to be the same as they were on the label. However due to the tolerances of the different components having variations of ±10% there is a large range of different component values that will affect the final result. The wires inside of the cables will have a resistance which will also cause less current to pass through the circuit, effecting the resonant frequency. While calculating the q factor the author had to consider the differences between the real components and the artificial simulated ones. The discrepancies in results between the simulated and actual circuits are attributed to the ideal conditions and components used in the simulation, which do not account for the tolerances present in real circuits. Real circuits are subject to variations in component tolerances, with values potentially deviating by up to ±10% from their specified values.
These tests have shown the importance of simulated results as a way to show the ideal values and the ideal operation for the circuit while also displaying that there won’t be idea conditions for the circuit. The tolerances will be different and the voltage going into the circuit will differ meaning that simulated results won’t be as accurate as real tests unless the different factors are accounted for and mitigated. 
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