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Abstract	
The body of this report will consist of the theory behind the research how I conducted my research and what the results of my research. the research was conducted in relevance to a series RLC circuit using two methods and comparing my results from the two and seeing what the difference in the resonance frequency and how the peek-to-peek voltage changed over the course of a varied input frequency. The results were that there is a vast difference between the physical and simulated results while going through the different input frequencies, even the resonant frequency in both circuits differed. Once finished with the investigation the Q factor was taken from the results and compared against the theory. The final points within the body of this report are what and how resonance is used and worked and from the research that was conducted, as well as the individual components that make resonance, impedance and reactance relevant within the Q factor and selectivity. The bandwidth’s relationship with Q factor and how that can effect as an example a radio AM selector dial.
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Introduction	
This introduction will describe the theory behind resonance and basic AC circuit theory. The basic interpretation of resonance is that resonance in an RLC circuit occurs when inductive reactance (Xl) and capacitive reactance (Xc) are equal but cancel each other out as they are in phase by 180degrees. This is relevant in accordance with impedance and tuning applications. Further expansion is as follows, resonance is used within conjunction of the Q factor (or the quality factor) and the general application of this is used typically within a radio. The dial is used to select the correct band width the station relates to, this is where Q factor is used, the Q factor must be high enough to be able single out a frequency but not too high as the restrict and ignore the sidebands. While the Q factor is extremely important when describing Q factor, we use the term selectivity and the higher the Q factor the Higher the selectivity.
 When using inductive reactance and using the formulae to find the values, as we continue through the frequency values approaching infinity the inductance increases linear to the frequency into infinity. This is also true when we continue down the scale of frequency to zero, inductance will continue linear to the frequency. This means that we are left with a straight-line linear graph. 
Capacitive reactance is difference from inductive reactance in the sense that when the frequency is stepped through the same steps as the inductive reactance it is inversed. To expand on this last statement when the frequency or capacitance is increased the capacitive reactance is decreased. But when the frequency is increased up to infinity the capacitive reactance would decrease to almost zero. This gives you a hyperbolic curve graph.
With relevance to resonance, this only occurs when the inductive reactance and capacitive reactance are equal and opposite. This means that the intersection point of the two graphs is the resonant frequency. At the resonant frequency due to the fact the that the inductive and capacitive reactance are equal and opposite this is the same as a short circuit and because of this fact the only opposition to the current is the resistor (R). taking the last statement into account that would mean that impedance (Z) equals resistance (R). Going back to the fact that inductive reactance at higher frequency is higher and at lower frequency capacitive reactance is higher, and with is statement taking into account as well that they are 180degrees out of phase with each other means that the circuit at frequencies below the resonant frequency means that the circuit is capacitive and at frequencies above the resonant frequency makes the circuit inductive.
The phase difference within an RLC circuit where the capacitor lags the current by 90degrees and the inductor is ahead of the current by 90degrees giving us the 180degrees phase difference between them. This is relevant when discussing reactance (X) is zero the circuit is resistive, but when this is positive the circuit is inductive and when its negative the circuit is capacitive. When we are discussing a series RLC circuit this means that we are talking about a circuit that contains a resistor (R), inductor (L) and a capacitor (C).
Q factor (Quality Factor) is a very important part of when we are discussing resonance within a series RLC circuit, and Q factor is the measure of the peak selectivity and relates to the losses within the circuit. Discussing this further within the circuit the main energy loss with the circuit is the resistance, which in this case is the inductor. So, with the inductor this would make it the major component within a resonant circuit.
 Bandwidth within a resonant circuit is calculated from the results graph, we use the 70% line across the graph as this for ours is 2.808v. Then we need to read the two intersection points from the graph, we take the two values minus the smaller value from the larger one and in the case of the research the band width is 550. The bandwidth has a lot of implication for the Q factor, as when the band width is lower the Q factor is higher and when the band width is higher the Q factor is lower. Usually you would want a lower Band width and Higher Q factor than the Reverse.
The Final point would be the difference between AC and DC. The main difference would be that AC or alternating current as the name suggests is a current that moves above and below zero voltage and the wave form attached to this is a sine wave. Whereas with DC or direct current as the name implies it is a flat constant rate voltage. But with DC the main limitation with it is that it cannot be used over large distances whereas AC can be transported large distances, therefore AC is used a lot in large applications and DC in smaller applications.


Method 
This investigation was carried out using two methods to try and clarify our results. The circuit we used in this experiment was a RLC AC circuit and it consisted of a resistor with a value of 3.3 Ohms an inductor with a value of 1 Mili Henry and the last component is a capacitor with a value of 1 micro Farad .The first method conducted was a physical method in which we used actual components and measured the peek to peek voltage against the frequency change. During this process we were required to keep the input voltage at exactly 4V throughout the duration of the experiment, this was also true for the simulated experiment. During the Duration of the experiment we were measuring the peek-to-peek voltage as the frequency increased as the peek-to-peek was the output voltage at different frequency. The only issue that was created during this experiment was once the frequency got close to the resonant frequency it was increasingly difficult to measure such a precise measurement. The second half of the experiments was required to simulate the exact same circuit as from the physical method, this time as the components used where perfect the results had a different turn. The input voltage was kept the same and we stepped through the same frequency as well. 


Results
Results of the investigation were varied and extremely different form each other. The results from the experimental was such a smooth gradient in comparison to the sharp and drastic change in the results for the simulated. (fig.1) 
(fig.1)
With the results from both methods with the same input voltage and the same gradient of frequency change you can see the difference between the peek-to-peek voltage and where the resonant frequency. (fig.2)

(fig.2)
Whilst the results differed so much from the physical and the simulated results with the simulated results giving us the resonant frequency the same as the calculated result from the theory. Going back to the theory behind the results and comparing my results from both simulated and physical against it and seeing the difference between the resonant frequency and the Q factor.

Discussion
To start this discussion, we need to evaluate the results a little further, as you can see from fig.2 the Q factor and the band width is vastly different from each other as well as the fact that the selectivity is also vastly different.
The simulated results use the ‘perfect’ components against the fact that the physical used ‘real’ components, which taking this into account is vastly different for various reasons such as that the simulated doesn’t consider that the wire has a resistance as does each of the components. Though this value is nominal it will still influence the results. 
To compare the inductive and capacitive reactance (Vl and Vc respectively) with the two sets of results. The simulated results are the same as the theory behind this circuit, but the physical results are a lot different due mainly to previous points stated. Thou to add a side note the resonant frequency in both methods should have been zero as stated previously this is when the inductive and capacitive reactance is equal and opposite, but in the physical experiment this is not the case. This could be largely to the fact that the components could be worn or old, or that the resistance is a portion higher than the simulated results. 
Even with the problems that the physical experiment had the graphs do resemble each other so what, this is a loose statement, but you can see that as the frequency increase the voltage drops down to the resonant frequency and then increases past the resonant frequency. We can acquire similar results with both methods, the major problem with using the simulated results is for that fact that the components are ‘perfect’ and can only be used as a baseline.
To compare the Q factor and bandwidth further from the simulated and physical method, starting with the Q factor and with the simulated results it shows a very high Q factor in comparison to the physical results where the Q factor is very low. To continue from this stepping into the bandwidth, starting with the simulated results since the Q factor is high the Bandwidth is low which is desirable. But in contrast the physical results are opposite with the Q factor being very low and the bandwidth being very high and this being very undesirable.
Going into further detail about the Vc and Vl and comparing the differences from the simulated and physical, starting with the impedance in the simulated results is desired as the frequency increases there is not change until we get close to the resonant frequency at which point we can see a very sharp decline in voltage as the inductive and capacitive reactance cancel each other out creating in essence a perfect conductor. But in contrast again we can see with the physical results that the impedance changes from the start of the experiment, which is undesirable as stated previously this has a cascading effect with both the Q factor and bandwidth.
To explain why the changes between the results could happened, and for the physical components the imparticular the inductor as the internals of the inductor has a resistor which has a very similar value to that of the physical resistor within the circuit this will change our results as for an inductor to work the voltage needs to reach certain value anyway but when we start the experiment the input voltage will be high enough just to trigger the inductor and this in term will increase the resistance of the circuit. But this creates problems as now our whole circuit has a higher resistance and in term that creates a higher current flow, which in term will create a higher impedance and with a higher impedance which all this in term creates a different result for all the Q factor, band width and resonant frequency.
Since there is always a higher resistance that the 3.3ohms of the resistor as the inductor isn’t able to move all the way down to that perfect conductor, as this is impossible would then give us the reason for why the resonant frequency never quite reaches zero. But because resonant frequency doesn’t quite make it down to zero is a good thing, due to the fact that a lot of current would flow making the circuit dangerous. As well the inductor would act like a short circuit which in turn could damage the other components as well as the supply and the any devices attached to the circuit as well.
The application for the Q factor and bandwidth within the radio AM selector would need the Q factor to be very high but not to high to ignore the sidebands as well, as these are critical. So taking this into account would mean that the perfect AM selector would have to be somewhere in between the simulate and physical results, for the fact that the simulated results has to sharp of a peak and could ignore the sidebands but the physical results is to loose and would include to many as the bandwidth is so large it would include far to many and you wouldn’t be able to select a specific station.


conclusion
To conclude from my investigation and research of resonance and the two methods that have been mentioned within this report, the following points have been found. To start with the major difference between the resonant frequency between the physical and the simulated and the main reason behind it being that the physical method has a larger resistance than that of the simulated method.
The second point being the inductor used in the simulated results is able to move almost down to the point of becoming a perfect conductor, which in the physical method isn’t able to as the perfect conductor also acts as like a short circuit and with that being the case would allow to much current to flow which is very dangerous.
The third point being the difference between the impedance in both circuits, the simulated results impedance is the perfect scenario whereas the physical does not. As well with the reactance is very different in both circuits as well, as the circuit should follow capacitive reactance before the resonant frequency and inductive reactance after resonant frequency but in the case of the physical results as the circuit never reaches resonant frequency.
The fourth point being that bandwidth is very different in both methods as well, this is because the Q factor and selectivity is different to. This stems from the fact that the resistance is in the physical circuit is higher than that of the simulated which gives us a far more gradual step down while the frequency increases in the physical method than that of the simulate. Because in the simulated method the voltage stays the same as the input voltage and suddenly spikes down when reaching the resonant frequency.
The fifth point to be made is for the components themselves, and the fact that the physical components all have a tolerance for their values as well as the resistance that they each carry. This will always effect the results from the physical method, but in the case of the simulated results as we are not able to enter this value as it is to small to measure accurately, as well as the fact we are unable to give the components the tolerances like that of the physical or worn components which is a big contribution to the values as well.
To finalize and summaries my research and my methods there are a lot of contributing factors when trying to work out and use resonance, but when using physical components, we must take into account the tolerance of the component and whether they are ‘pure’ or ‘real’ components as well as whether they are damaged in anyway. But the main thing is that resonance and Q factor are the major contributing factors when using the bandwidth and vis versa. 
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