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Abstract
The experiment that was given to the student was being able to build a RLC circuit using a software simulation based on a schematic which had been given in the assignment and then being able to follow a method to obtain valid results from the software simulation and to produce a set of results to confirm a theory researched by the student. From this circuit a schematic had been drawn by the student on a software called Proteus from this we were able to obtain results from a wide range to having results close around the peak of the response which was 5000Hz and had a Vlc peak of 1.6V before dropping off again. The major points of discussion around this was what range of results would be proper to be able to show the peak point of the Vlc but then also be broad enough to show the decline and rise of the Vlc value and be able to draw a conclusion based upon those results in a graphical format. 
















Introduction
General Background on the circuits
The circuit in which the student was introduced to was a RLC circuit. An RLC circuit consists of multiple different components, as the name suggests RLC stands for resistor, inductor and a capacitor circuit. The resistor within this circuit is a passive two terminal electrical component which opposes the flow of current throughout the circuit and the higher the value of the resistor the lower the current flow is within the circuit. The capacitor within an RLC circuit is used to store energy from the current flowing to it and the electrons generating a charge across the two plates on the capacitor and storing it as an electric field. The inductor within an RLC circuit also is used to store energy but this energy is stored as an electric field. All these components are connected in series with each other and are connected across a voltage supply.
Theory
RLC circuits are able to produce a frequency response in which it is able to resonate at a specific frequency, this frequency is reached when according to [1] in a  RLC circuit the inductive and capacitive reactance’s are of equal values but they are not able to cancel each other out as their values are 180 degrees apart in phase. From [2] It also informs that the resonant frequency within a RLC circuit is a natural frequency that changes the current within the RLC circuit in relation to the time. [2] also states that the resistor used within an RLC circuit is the cause of energy losses which are present within a physical experiment.
Resonance occurs when [3] the frequency of an exterior oscillation or vibration matches the natural frequency of an object or circuit, and as a result of that it causes it to increase its amplitude/peak of the oscillation.
An example of resonance common and basic resonance [3] are sound waves, as when your vocal cords vibrate at the right frequency, you are able to produce different speech tones and musical tones that other people are able to hear. 
A lot of musical instruments also work the same way [3] as the vibration of the instrument players lips against the mouth piece of the instrument causes an initial vibration when the vibration is great enough to match the resonant frequency for the size of the instrument they are blowing into it increases the amplitude of the oscillation and produces and audible tone.
Another contributing factor to a RLC circuit is the Q factor, the Q factor [4] of a RLC circuit is the measure of the “goodness” or the quality of the circuit. The higher the value of the Q factor results in a more narrow bandwidth, which also means that it is highly selective of frequencies around the resonant frequency and results in the sharper the peak of the resonance.
The quality factor also measures [5] the performance of a coil, capacitor or an inductor within an RLC circuit being able to show it in terms of losses and the resonator bandwidth value. The Q factor indicates energy loss within the circuit and a higher Q factor shows that the circuit has slower oscillations and lower damping.
To measure the Q factor [5] you need the value of the Resonance frequency and the bandwidth value of the circuit. Using these values, if you divide the resonance frequency by the bandwidth value this will give you the Q factor. You are also able to calculate the Q Factor using basic theory using an equation of 1/𝑅 √(𝐿/𝐶).
The bandwidth value of the circuit [6] is the total number of wave cycles below and above the resonant frequency value for which the current is equal to the value of 70.7% the resonant frequency value. The frequencies that are 0.707 of the maximum value on the graph at the two points on the curve are called the half power or band frequencies which are labelled as f1 and f2 and are used to calculate the bandwidth frequency by f2-f1.
Attenuation within an RLC circuit is [7] the loss in the signal strength that is transmitted from one electronic device to another. This is a value of how strong the strength signal is and within an RLC circuit it increases as the frequency reaches the resonance peak and then decreases again after as the frequency moves further away from the resonance value.
Examples of where an RLC circuit is used 
RLC circuits are used in many different products and have been applied in many different ways, one of these ways [8] are within radio transmissions and tv broadcasts. When attempting to tune into a radio station or pick up an analogue tv station you will be adjusting the frequency so that the resonant circuit is in equilibrium. In a radio receiver the tuning circuit is connected to the vehicles antenna which receives different electromagnetic waves which all have different frequencies that belong to and are transmitted by different stations that are within a specific range of the antenna so as you turn the dial and change the frequency it will change the radio station as long as the frequency is the same as the radio stations frequency. 
RLC circuits are also used within signal amplifiers [9] , as the resonance properties allow them to amplify signals at a specific frequency which allows them to also minimize noise and interference and can improve the quality of wireless connections for radio signals and data transmission over Wi-Fi.
Simulation setups
What is being simulated?
For this experiment the student was given a circuit which contains a capacitor, inductor and a resistor, this is called a RLC circuit. The software being used for this simulation is proteus as it allows for an easy way to draw a schematic with the components and values needed. The values for each component are as shown in the schematic that the student made below, Resistance across R1 is 1k ohms, the capacitance across C1 is 1uF and the inductance across the inductor is 1mH. In this circuit as shown below is also connected in series to a function generator to supply a constant voltage to the circuit and also an oscilloscope to be able to read a sin wave and gather results.
The first step of the experiment is to first use the proteus software and digitally and theoretically acquire results using this software. Within the proteus software there is the ability to ‘Run’ the circuit when a signal generator and oscilloscope is attached. The software also has an oscilloscope and function generator that is able to be adjusted for purpose. 
Using the function generator as shown below, the amplitude peak to peak is set at 1 and the level is set at 2V which matches with the simulation Parameters. As also shown below the frequency can be adjusted from the range, we need of 100 ohms to 20k ohms and more if we needed.
The student is then able to adjust the oscilloscope to suit the needs of the experiment dependent upon the frequency being input as that will change the size of the sine wave that the student is measuring and the value that it is outputting peak to peak. Then use the cursor tool on the oscilloscope as shown in the screenshot to measure from the peak/ amplitude of the sine wave and multiplying/dividing it by two. Then the value is recorded and put into a table under the heading Vlc.
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Simulation Parameters
The simulation parameters for this experiment were, the signal generator was set to an output of 2V peak to peak and this is the value that was kept constant throughout the experiment. 
Then the student decided to record the values output from the oscilloscope when measured across the resistor and inductor/capacitor from a range of frequencies from 100Hz up to 20Hz. 
These frequencies showed a range of different output voltages as the frequency increased and values were taken from frequencies that were close around the point of resonance so that the increase and decrease in the voltage output around the point of resonance could be measured but also points even further away such as 100Hz and 20KHz to show the full scope of the increase and decrease after the peak point of resonance so that the bandwidth value and quality factor value would be as accurate as possible for the experiment.
After these values were obtained the student then used a calculation to obtain a value of attenuation, the calculation was A= 20 x log10 (Vl/Vim) , in this equation A is the attenuation in dB, Vl is the peak to peak voltage measured across the inductor and Vim is the peak to peak voltage which remains constant as it is set on the signal generator.
After these values were obtained, they were put into a table and a graph was drawn using the results obtained and the graph had on the y axis-attenuation and on the x-axis it had frequency. This was used to obtain a dB point value and a Q factor as well as the bandwidth.
Physical Experiment
[image: A close-up of a circuit board

Description automatically generated]The student then will repeat the experiment in the lab with physical components. This was done by the student using a breadboard as shown in the picture below and connected to the signal generator and oscilloscope and using the same value components as in the schematic. The components are connected across the breadboard using wires and all the wires and the oscilloscopes are connected to ground whereas one wire is connected to power.
The student then proceeds to follow the same steps as they did with the proteus software, setting the peak to peak input voltage value as 2V and having it displayed as a sign wave on the oscilloscope and also having another wave to measure the change in Vlc as the frequency is increased by values between 100 ohms and 20k ohms.
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Results
From the proteus software the student was able to obtain results, First the student obtained a value for Vlc for each frequency from 100-20000Hz and then proceeded to calculate the attenuation for each frequency.
Then the student created a graph using the excel software of frequency against attenuation, also using the excel software the student made the graph into a logarithmic scale so as to be able to obtain values from the graph such as the bandwidth and the q value.
Proteus Results
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Description automatically generated]From the proteus software the student was able to obtain results, from these results I was able to obtain values for the 3dB point which for the proteus circuit was -3.35 and then the student proceeded to use this value to obtain a value of F1 which was 2200 and a value of F2 which was 2500. These values were then used to calculate the bandwidth value which was F2-F1 which gave the student a value of 300. Using the peak resonance value of 2300 as shown on the graph the q factor value was able to be obtained by dividing the resonance value by the bandwidth value which gave a Q factor of 7.67.
Physical Results on a Breadboard
After constructing a breadboard using the schematic that was used on proteus, the student was able to connect a function generator to the circuit on the breadboard to input a voltage and also incorporate a oscilloscope into the circuit to measure the Vlc value with the change. The student then collected these readings for frequencies of 100-20000Hz and obtained a Vlc value for each frequency and being able to calculate the attenuation for each frequency.
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Description automatically generated]The student then used these values to obtain results from the graph, the 3dB point which was -4.94 and then the student proceeded to use this value to obtain a value of F1 which was 4900Hz and F2 which was 5100Hz which from this the student was able to calculate a bandwidth value of 200Hz. From this bandwidth value the student was able to calculate the Q factor of the graph as the resonance value divided by the bandwidth value which gave the student a Q factor of 25.
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Discussion-Comparison
When comparing the results from the proteus simulation and the physical breadboard simulation the student found that there were obvious differences between the two sets of results as they compared the resonance peak which was 2300Hz on the proteus software but was 5000Hz on the breadboard results with a difference of 2700Hz between the two points. They also had a difference of 1.6 between the two attenuation points with the proteus software giving a result much closer to 0 as was desired. The Q values show the rate of the oscillations and how much dampening was within the experiment itself as the proteus value of 7.67 was much lower than the value of 25 obtained from the breadboard reading. The bandwidth values for both were similar with 300 for proteus and 200 for the breadboard reading, the smaller the bandwidth reading the less points around the resonant frequency which decreases the accuracy of the resonant frequency value as there could be another value around that point that is more accurate. The range of values as shown by the graphs by the attenuation gives a better look and more accurate f1 and f2 readings on the breadboard graph as there is a greater range of results and the bandwidth value shows how narrow the results are around the peak resonance. 

Conclusion
The graph and results show that proteus being a simulation doesn’t account for any outside factors/ impedance of the equipment that may affect the results but it does give us a far more accurate result as shown by the Q factor of the circuit but also makes it harder to gather closer points around the Q factor while trying to also obtain a wide range of results. The breadboard results show that the outside factors such as internal impedance of the function generator and oscilloscope could have affect the results which then resulted in lower voltage output and needing a higher frequency to reach the resonant peak and the oscilloscope function made it difficult to get results closer around the 0 point as the frequency couldn’t be changed to be that accurate and still have a wide range of results with an accurate peak resonance as 0 is the highest peak point and this is why the proteus simulation gave us a resonance peak far closer to 0.
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