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[bookmark: _Toc164686802]Abstract
In this report the author investigates Resonance in RC circuits, this includes learning the principles of resonance and RC circuits and understanding how these circuits and principles are used in industry and the real world. This also included understanding key metrics for these circuits such as bandwidth and Q factor. These allow engineers to understand how the circuit will behave only through a few formulas. The simulation of the circuit allows us to see how the circuit will behave without physically building the circuit. Then once the circuit is built the engineer can simulate it to get a vague idea of how the circuit will behave and this report shows the results of the simulation of the circuit being created. Then the lab results are listed and these results show how different the ‘perfect’ simulation is from the lab exercise and this is due to tolerances in the test equipment and the components. This shows us that simulation will never be a perfect solution to predict how a circuit will act in the real world.  
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The filter in the assignment is a bandpass filter this means that the filter itself has a band of frequencies that it will allow and then it will attenuate the frequencies outside that range. [1] This is done by combining a low and high pass filter.  A low-pass filter removes signals above a certain frequency whereas a high-pass filter is a filter that passes signals at anything higher than a given frequency via attenuation. [2] These filters themselves, individually are used in many places including music equipment and particularly mixing. [3] This is due to their flexibility and simplicity. However, when combined into a bandpass filter their usability increases drastically. 
Resonance in the most basic principles is the relationship between ‘impedance and admittance, the parallel and series RLC circuit resonant design.’ [4] For resonance to happen, the circuit's admittance and impedance must be cancelled or near 0. This therefore causes a higher voltage and current to be produced and this is why they are used highly in radio transmitters and receivers. 
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The uses of a bandpass filter are a bit more complex when compared to mixing in music production they are usually used mostly throughout telecommunications and Satcom. Along with very niche scientific applications like spectroscopy. [5] This means they can be used in so many industries as they are flexible and allow for manipulation of the wavelength of the waveform, therefore, removing unwanted wavelengths from a transmission. 
The uses for resonance are wide and varying but the most common use is in radio and long-range communications this is because the increased voltage and amplitude means an increased gain in antennas and this is a very useful property to have as the increased gain means you can increase propagation distance of the antenna and radio system. This is, of course, a trade-off with bandwidth but if the user needs high performance in a narrow band then an antenna at resonance is how to manufacture a highly performant antenna. [6] 
An example of a system that uses both of these principles is the SDR package known as a HackRF One this uses the principles of bandpass filters to filter the inputs that can be received and transmitted out of the antenna outputs. Then for the built-in antenna system onboard, it uses resonance to get a stronger antenna output than usually available. As the image below shows, many bandpass filters are included in this circuit diagram, allowing the system to receive and transmit an extremely accurate signal across the spectrum. Then the user can select an appropriate antenna to resonate at the correct frequency to get a highly performant transmission system.
[image: _images/block-diagram-r9.png]
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In the rest of this report, the results of all the real-world tests and simulated tests will be listed and discussed and finally, a conclusion will be made about the results. 
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Q factor or the quality factor is a dimensionless number and merely represents the efficiency of the resonator circuit for example in transmitters. This is simply a measure of how performant an antenna is this is to say how much power the circuit can take, and transmit. Then in terms of the graph, this is a measure of how steep the gradient up to a point is as this is again a show of performance. The lower the Q factor the less efficient the circuit this is due to the higher rate of oscillation reduction and therefore it won’t ring for as long as a circuit with a high Q factor as the oscillations will last for longer and therefore have less damping and will last for longer. [7] [8]
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Again, another large component of this exercise is the principle of the LC circuit, which makes up the building blocks of the modern electrical world. Particularly resonance occurs when the inductive reactance and capacitive reactance are 180 degrees phase shifted from each other, this means that resonance occurs when the reactance and impedance cancel out which causes a spike in current and voltage and therefore gain in an antenna system. [9] These act like a mechanical system as they like to oscillate or ring at a certain frequency for extended periods compared to if they were out of sync. [10] The uses for these circuits are limitless from tuners for fixed band radio to amplifiers in complex radio systems if the antenna and transmitter are operating at x frequency then if the engineer can build an LC circuit to resonate at this frequency it could boost the signal massively. Another more niche use is inductor heating as it can resonate at the frequency of the metal being heated. [8]
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The simulation setup is shown below:
[image: ]
[bookmark: _Toc164686817]Figure 2 Simulation Setup
The image above shows the simulation setup used. To start from left to right the first is the sine input that has a peak-to-peak of 2V and then a frequency of 100hz this is to act as our signal generator when compared to the lab experiment. Then the first voltage probe labeled ‘R1(2)’ is there to authenticate that the signal generator is outputting the correct voltage and frequency. Then it passes through the inductor set to 1mH and the capacitor set to 1uF. This completes the bandpass filter and completes the circuit. Then finally the probe labeled C1(2) is the probe that outputs the attenuation in dB. This circuit above is called a parallel resonance circuit which means it is made of the 3 elements named above and a second-order circuit made up of the inductor and capacitor. [11]
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The results from the simulation are shown below:

[bookmark: _Toc164686818]Figure 3 Attenuation of 'perfect scenario'
This is the graph showing Attenuation on the Y-axis and Frequency on the X-axis, this was using proteus to plot 200 data points in the ‘perfect scenario’. Then below here, we have the graph showing the handmade graph using varying data points. 

[bookmark: _Toc164686819]Figure 4 Attenuation of hand-plotted simulation data
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Below are the results of the lab test:
The first result is using again the perfect 2v and interpolating the graph style and then below this are the actual results using the varying input voltage to show how real-world effects can change the outcome of the graph.  

[bookmark: _Toc164686820]Figure 5 Attenuation of real-world lab data using 2V input

[bookmark: _Toc164686821]Figure 6 Attenuation of real-world lab data using accurate input voltages.

[bookmark: _Toc164686822]Figure 7 Combination of simulation and lab attenuation graphs
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To start the lab experiment gave a far more accurate representation of the real-world performance of the circuit this was mostly due to real components being used and this means real tolerances not an inductor and capacitor with perfectly accurate impedance and capacitance values. This resulted in a Q factor that as compared to the ‘perfect’ simulation in Figure 3 gave a far worse Q factor at 1.39 compared to 14.3 for the simulation. This means it is far less efficient and doesn’t make such an efficient circuit when compared to the simulation. 
This is due to the tolerances involved with the components used in the lab setup. As they were K-rated this means all the components shown in Figure 2 have a tolerance of +- 10% [12] compared to the stated values these components were highly varied as the results show. Along with this, the bandwidth for the lab experiment is nowhere near the simulation sitting at 6500Hz when compared to approximately 50Hz in the real simulation. This again was due to the poor quality of the components used and the variety of the input voltage into the system, as unlike the simulation the signal generator did not put out a constant 2V it dipped as low as 1.94V adding change and inaccuracies to the setup. 
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For the simulation results there are a few sets of data to talk about so to start with Figure 3 this graph is the definition of the perfect set of results. It was simulated in proteus with a flat 2V peak-to-peak input voltage. With 200 evenly spaced data points picked out this gives a good indication as to how the LC circuit should behave. There is a narrow peak with a point at the resonance frequency of 5032Hz. This also has a rather narrow bandwidth of only around 350Hz. This means inherently its Q factor is far larger too, as it sits at 14.3 which is astonishingly high. This in the real world would mean that the circuit would be extremely efficient and immensely useful as it could be used in the real-world scenarios as described above and the losses from transient heat and mechanical losses would be extremely low. However, this was the perfect scenario so therefore this isn’t realistic and a circuit of 14.3 Q factor is nearly impossible. 
Then the more realistic simulated data graph, this one has fewer data points so it is extremely less accurate however as Figure 4 shows there is a far smoother gradient as it’s not as steep which means a far lower Q factor of only 0.76 which is very low and therefore shows far more losses. However, there is probably a more logical reason for this low Q factor as there are fewer data points to go off the graph is going to be inherently more inaccurate. Along with this, a simulation will never be as accurate as the values are fixed for example the capacitor used as shown in Figure 2 is stated to be 1uF, and in proteus, the simulation software, that will be 1uF. However, the capacitors in our lab test were K-rated capacitors and this means they have a +- 10% tolerance rating. [12] which can be quite a large change in a circuit like this. So, it is nearly impossible to get a real-world simulation of the circuit in Proteus as it can’t predict the tolerances of these pieces of hardware. 
Along with the change in the Q factor, the shallower gradient means that the bandwidth is far larger at 6.6KHz which is a wide bandwidth, and if these data points were accurate then the circuit would be nearly useless. 
Another note on the simulation results is the attempts to make it a more realistic setup the author ran many simulations, these include changing the capacitor and inductor values to be more accurate to the real world. This means they changed the capacitor and inductor values to show the real-world values with 10%+- as they were K-rated components. This resulted in the resonant frequency being changed to a range of about 200mHz.   
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In this experiment, the author conducted a lab experiment to create an LC circuit sometimes also known as a tank circuit to calculate the resonant frequency and other values to analyze how one of these circuits is meant to operate in real life. The results show that the tolerances in real-world electronics have a great effect on how the circuit can perform. This is then compared to the ‘perfect’ simulation that shows how the circuit should be performing and shows that in the ideal conditions with ideal components and test equipment, it should be vastly different from the lab results. 
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