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Abstract
In this report will be the detailed construction of an RLC circuit in Proteus, before being simulated to gather results for data analysis in Excel to provide values for attenuation and a Q factor. This will then be repeated for a physical circuit on breadboard, to gather results against which the simulated results can be compared, those being the Q factor and resonant frequency. As will be seen at the evaluation section of this report, the contrast between the simulated circuit and the physical circuit is really quite significant, as is to be expected, in relation to the Q factor in particular where external factors will impact its efficiency.
Overview
Introduction
This report is split into five main sections, an opening providing the overview for the report, detailing how RLC circuits are utilised in everyday equipment, as well as establishing the theory used to obtain the necessary results to compare the different simulated and physical circuits. The simulated circuit will be modelled using Proteus, with the physical circuit being modelled on a basic breadboard, utilising an oscilloscope to gather the results. The results gathered from these two circuits will then be presented in a table and graph against which the results will be compared and discussed, with the variations between the results being evaluated.
Purpose of RLC Circuits
RLC circuits, named as such due to consisting of a resistor (R), Inductor (L), and a capacitor (C), can serve a variety of functions, a major one is functioning as a filter in a larger piece of equipment. As for what the purpose of a filter is in electronic equipment, it is capable of narrowing a system output to certain frequencies, to help identify the desired signals, whilst also being capable of negating the effects of frequencies that could either damage or interfere with equipment. In audio systems for example, where rather fragile elements of a speaker are at risk of damage due to certain frequencies, the filter can attenuate to these specific frequencies, dampening their effects. Another example is functioning in radio equipment, the RLC assists in the identification of a desired frequency that a radio source is transmitting from and when tuned, can receive the desired signals that a user input.
RLC circuits can also be used for the magnification of both voltage and current, which will increase the total voltage/current without increasing the demand of the power supply. This is beneficial for radio receivers, allowing them to produce a stronger transmission, increasing the range of that radio.






Theory
The necessary theory behind this report includes understanding of the concept of the Q factor, which also requires an understanding of resonance and a resonance frequency. The Q factor is the ratio to which the voltage is magnified next to the input voltage, referring to the aforementioned magnification of the voltage within a circuit, referring to its performance effectively, and is frequently used to compare the supposed performance between components.
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Figure 1 (1)


To calculate Q factor, resonant frequency is required, as is the identified bandwidth of a circuit. Resonant frequency is the peak voltage of a graph as seen in figure 1. Also, in figure one, at the 0.707 Imax, are the required values for calculating the bandwidth, with f1 being subtracted from f2. The Q factor can then be calculated from all of the values by using the below equation in figure 2.

[image: ]


Figure 2 (1)


Attenuation is then taken from the formulae provided in figure 3, utilising the voltages gathered from the graph. These can then be used to produce a graph from which a value for resonant frequency can identified and compare the two. This is the key theory behind the circuit and its function 
[image: ]

Figure 3 (1)


Overview on Testing
In this section, the Proteus model will be assembled, the necessary data will be gathered from the in-suite analysis tools that it has access to, which will be used to gather the Vout values from across the graph, with a Vin value of 2, which will not be changed for any of the values gathered. After the circuit has been constructed and simulated, the results will be gathered in excel, where graphs using the data provided by these tables will allow a resonant frequency to be identified, which in turn will allow a Q factor to be calculated for the simulated circuit.
These steps will then be repeated with a physical equivalent of the simulated Proteus circuit, modelled on a breadboard gathering the results in much the same as with the simulated variant just with physical equipment. It will also identify the issues with connections within the circuit, as well as attempting to negotiate with the analysis tools. The results gathered will then be presented in the same way, with tables and graphs, to calculate a Q factor which can be used to compare to the simulated version.
Proteus model
[image: ]In figure 4 is the parallel RLC circuit constructed in Proteus, with a resistor of value 1k, an inductor of value 1mH and a capacitor of value 1uF. This simulated circuit will be used to prove the concept of the circuit, demonstrating how it should respond to the changing frequencies. This data gathered will act as the point of comparison against which the physical circuits results will be evaluated.Figure 4
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Figure 5


Above in figure 5is an example of the setup at 500Hz demonstrating how the results are gathered for the Table and later being presented in a graph. Frequency is adjusted with the measurements being taken from peak to peak.
Proteus Results
All of the results were then put into a table as seen in figure 6, and put into a logarithmic graph as seen in figure 6, with the attenuation formulae as provide by the theory providing us with the required values, from which we can plot the graph. Due to the signicant spike in attenuation at 4500-5500, A greater spread of results have been taken around these points to provide a more detailed consistent graph, that accurately models the changing attenuation with frequency.Figure 7
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Figure 6
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Figure 7


These results demonstrate which according to theory should happen, so its reasurring seeing that the results are actually functioning as they should, this peaking point is where the resonant frequency shall be identified for both the simulated and physical circuit, as is demonstrated in the above figure 7.
From this point the Q factor for the simulate graph can be evaluated, again looking at that 0.707 spot, and drawining our data from that point. This will however have a fairly large error margin, due to the lack of any form of graph analysis tools which would allow an exact identification of the results. An attempt was made to utilise Phython to assist in identifying these values, however it was decided that method already provided was for more conveinient.
The decided resonant frequency from these graphs was 5132, providing the first part of the equation. The two points sleected at the 0.707 line are 5300 and 4950. By placing this into the equation for Q Factor, it provides us with:
	5132/(5200-4950)=20.4
So the calculated Q factor for the Proteus circuit will be 20.4. AT this point, it is is expected that the Q Factor for this simulated circuit is going to be slightly higher than that of the physical circuit.










Physical Model
[image: ]The physical circuit was assembled as seen in figure …, using the real-world equivalents of the simulated circuit, connecting a probe, signal generator and oscilloscope to view the results in the same way as in proteus. Initially there was an issue with the circuit as the oscilloscope was just producing noise, at which point it was identified that the crocodile clips were attached incorrectly, producing incomprehensible results. The corrected version is seen below in figure 8.










Figure 8
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Figure 9



This allowed readings to be taken in much the same way previously with Proteus, by setting the peak to peak to 2V, and beginning at 100Hz. There was another issue with the setup initially however, with the resolution of the wave being quite poor, and still providing nonsense results as seen in figure 9 above. This was merely an issue with the setup of the analysis equipment which was eventually sorted but nonetheless irritating.
Physical Results
Now on to the physical results and as can already been seen from figure 10, there is already significant variation between this set of results and those that had been simulated. As for why this is shall be discussed later, but looking at figure 11, the overall shape follows the same pattern. Again, this is to be expected we would assume the components act in the same fashion. The major difference is that the attenuation values are significantly lower in comparison.
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Figure 10
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Figure 11 

Once again, the same process is repeated for resonant frequency, being identified at 5100, and the bandwidth again being drawn from the 0.707 line. These values will be 5500 and 4800. With the resonant frequency, and the values required for the bandwidth, the equation is:
	5100/(5500-4800)=7.286
So our Q factor for the physical circuit is 7.286. With both of the Q Factors, the two can be compared and evaluated. This lines up with the previous statement after gathering the Q Factor for the simulated circuit, the difference being that the Q Factor is actually significantly higher than the physicals Q Factor.

Evaluating the results
With both of the Q factors, 20.4 for the simulated and 7.286 for the physical, there is obviously a difference. This is reinforced by figure…, where two theoretically identical circuits are providing quite a significant difference. Initially both lines seem to follow a fairly familiar path but the peaks are a significant distance apart.
This is where the Q Factor comes in. vaguely, it is a measure of performance of the circuit as discussed in the theory. Referring to how the voltage is magnified by a circuit on comparison, this is reflected in the results, where the simulated circuit with a greater peak, has the greater Q Factor.
[image: ]








Figure 12

So with the knowledge that the Q Factor refers to the ratio to which the circuit magnifies voltage, and that the physical circuit is less efficient than simulated circuit, why is this the case. There are a variety of reasons however the key one is that the simulated Proteus model is acting under a set of ideal conditions. This refers to the fact that the resistance of the wires isn’t modelled by the Proteus simulation, nor does it take into consideration the effects of imperfections in the component’s construction. Power lost as heat is also not modelled in Proteus, which in circuits, components heat up with a lack of fans/coolers, with that energy then being lost as heat energy. Effects of aging equipment, poor connections, humidity, so many minor elements can have a significant knock on effect that it makes a significant impact to a circuits output. These all add up to produce a significant drop in the efficiency of a physical component which is why the Q Factor is so much lower in comparison, as seen below

As for what this demonstrates, it shows the importance of the Q Factor, why comparing the results between simulated and physical circuits is significant in the development process, and why it’ important to understand the effects of external factors. The Q Factor is significant because it demonstrates a way of conveying in a very brief presentable way, for example:
	20.4/7.286=2.799 therefore, the Q factor ratio for simulated vs physical is 2.799:1
This is a way of demonstrating at a glance how extreme of an impact these external factors can have, and why its important to simulate these components before employing them, and important to try and manage these external factors, in ways that would increase the Q Factor of those physical components, increasing their efficiency.
Conclusion
In this experiment, it has been determined that the Q factor of a simulated circuit compared to a physical circuit can vary massively and have detailed the theory behind why this happens with justification for this reasoning. The comparison between a simulated circuit where it is isolated from the external factors that could and would impact it, as is seen with the results from the physical circuit. The extremity of the 2.799:1 figure did force the results to be revaluated due to a gap that being that large does seem highly unlikely, whether the readings off of the physical were affected by external factors to that great of an extent, or the Q Factor of the simulated is unusually high.
In spite of that the theory adds up, the results should have no reason to be incorrect and the demonstrated effect of a physical circuit having a lower Q Factor than that of a simulated circuit, aligns with the understanding of the aforementioned external factors impacting its efficiency, demonstrating the contrast between physical and simulated circuits.

References
(Lane, 2020) (1)  All of the graphs and clarifications on theory were provided from this source.
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