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[bookmark: _Toc70370213]Abstract
This investigation was done by using the student number 1907963 to insert into a circuit in the software Proteus eventually find the resonant frequency in a series and parallel RLC circuit. The resonant frequency was calculated to be 61.3Hz with an average Q factor of 19.35. 
[bookmark: _Toc70370214]Aims
The aims of this report are to successfully find the resonant frequency and Q factor of series and parallel RLC circuits using Proteus, Microsoft Excel and resources from the internet and other places online.

[bookmark: _Toc70370215]Introduction

The circuits used in the simulation are very simple series and parallel circuits, with a voltage probe, resistor, inductor and capacitor. Voltage and current probes were used in order record and plot these values along particular points along the circuit, on graphs. 
[image: ]A basic summarisation of how a circuit works is this: to produce electricity, electrons are pushed through a wire by a power source i.e., a battery. The voltage is the measurement of the force that said electrons are being pushed through the circuit, while current is simply the flow of those electrons. These components depend on each other and change depending on the other. The resistance is exactly that, resistance to the flow of electrons. Any resistance also builds pressure i.e., voltage; and therefore, also has an effect on the circuit [1]. This theory is derived from Ohm’s Law, which states that V = IR.                                              
 
Circuits are fundamental to essentially anything electric. They are seen in many different types and varieties across a vast number of components, in many different fields. Their set up and the components that make up a circuit will depend on the wider function of the component is in. You may find circuits anywhere from everyday appliances like electric kettles and televisions, to the laptop/computer this report is being written on and likely read off right now! Figure 1 - Basic RLC circuit diagram

This report will aim to show how resonance works in circuits. The simulations and subsequent report will focus on series and parallel circuits individually. They should show that at the point of resonance within the circuit: voltage, current, resistance, frequency and phase of said circuit will all reach a specific point, whether two or more cross, reach their peak, reach their trough, or mirror each others pattern in the graphs. The uniformity and symmetry of some of the graphs will hopefully be a clear representation of resonance and be clear to all observing. 


[bookmark: _Toc70370216]Simulation Setup
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Two circuits will be simulated using Proteus simulation software. As mentioned previously, one series and one parallel circuit will be constructed and these will be RLC circuits, meaning there will be a Resistor, Inductor and Capacitor in each circuit. Figure 2 - Proteus logo

The value of these components will be decided by student number, which in this instance is 1907963 and will correspond the Resistance, Capacitance and Inductance as follows:
R = 19Ω (Ohm’s)	C  = 7μF (07 Micro Farad’s)	L = 963mH (Milli Henry’s)
It is important to note that in the following calculations that both values for C and L are converted to Farad’s and Henry’s respectively, for the purpose of the calculation, they were written like this:
C = 7 x10⁻⁶F	L = 963 x10⁻³H 
Using a derived equation and use of complex numbers (converting j to be 1), the resonant frequency of the circuit could be calculated. This is where the conversion to SI units is important. The equation and subsequent calculation are shown below:

By substituting the values of Inductance (L) and Capacitance (C) into the above equation, the resonant frequency for the values relating to the student number came out to be 61.29964622 Hertz (61.30Hz to 2 decimal places). This value was inputted into Proteus as the value of frequency and was taken into account when altering the starting frequency value. The range of frequencies instructed to measure from in the assignment brief was between 100Hz and 20kHz. This minimum value of 100Hz is clearly above the calculated resonant frequency of 61.3Hz. Therefore, for the purposes of this particular simulation, the minimum value was reduced to 1Hz.    
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Below are the results obtained from the Proteus Simulation software. It will first show the circuit itself, then the subsequent graphs of each, starting with the series RLC circuit: 
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Figure 3 - Series RLC circuit diagram from Proteus
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Figure 4 - Proteus graph of the Series RLC circuit
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Figure 5 - Parallel RLC circuit diagram from Proteus
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Figure 6 - Proteus graph of the Parallel RLC circuit
[bookmark: _Toc70370218]Initial calculations
The above graphs are trusted via the correct variables being inputted in the correct places, as well as the Proteus software itself running the circuits as expected. Calculations can be made to increase the validity of these Proteus results, allowing them to be compared to basic theory. The calculations in question are all shown below: 
Impedance:	
Current:						
*Whereby:
· Z = Impedance (Ω)
· R = Resistance (Ω)
· ‘j’ is the known variable associated with complex numbers, sometimes written as ‘i’
· XL = Inductive Reactance (Ω)
· XC = Capacitive Reactance (Ω)
· V = Voltage (V)
· I = Current (A)
Using calculations shown already in the report, the value of XL was found to be 605.07Ω, XC was calculated as 227.36Ω. These values could then be put into the equation for impedance (shown above).
[bookmark: _Toc70370219]Series RLC analysis
Calculating these results on mass and organisning into nice graphs was done using Microsoft Excel and can be seen below:
[image: ]
Figure 7 - Table of calculated results (via Microsoft Excel)
It can be seen from this table of calculations that they are very similar to the results obtained via Proteus, therefore proving the validity of the Proteus simulation software and the Series RLC circuit. However, looking at a table like this, even when attempts have been made to make it more presentable, isn’t going to easily convey an awful lot. It is for this reason that a graph plotting the same variables as the Proteus graph, the voltage of the capacitor and inductor against frequency, has been produced. This is shown below in Figure 8:
[image: ]
Figure 8 - Graph of Capacitor & Inductor Voltage against Frequency for the Series RLC circuit
By looking at both graphs for the Series RLC circuit (Figure 4 & Figure 8), from both Proteus and Excel, it is clear that resonance occurs at very similar/same frequencies. The resonant frequency was calculated to 61.30Hz and the graphs appear to be on that point exactly. In fact, by zzoming in and using a tool within Proteus, the frequency observed at resonance can be seen as being 
[image: ]
Figure 9 - A zoomed view of the Series RLC circuit graph in Proteus, with vertical light green line and frequency value in bottom left corner
The two red circles seen above show both where the pointer was placed at the peak to find the frequency (top) and the recorded resonant frequency itself (bottom left). Of course, this was done by eye and despite being relatively precise, it is not 100% precise. However, the figure shown (61.243Hz) is extremely close to the calculated value, it can be confidently deduced that this indeed would be the resonant frequency of this particular circuit. 
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Now onto the parallel RLC circuit. The following images show the graphs, like the series ones, from Proteus and Excel. They will be further analysed in the discussion section.
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Figure 10 - Full table of calculated results from Parallel RLC circuit
Once again, the inclusion of this table isn’t entirely necessary, but it is there prove that they were indeed done and for any reference that may need to be made. 

Figure 11 - Excel graph for Parallel RLC circuit
As is clear by comparing the two graphs from the parallel RLC circuits, their shape is an almost identical match. Also the peak frequency appears to occur at similar point, therefore, the results can be trusted more confidently. 
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Next to determine was the Q factor, or Quality factor. This is a measure of the quallity of a resonant circuit and is a unitless value [2]. It can also be defined as the ratio between the power stored in the circuit reactance to the power dissiopated in the circuit resistance [3] [4]. There are a couple of ways of determining this, as before both will be done so that they can be compared and used to validate each other. The first method inolves using a graph to measure the bandwidth, which can then be used in a calculation to find Q. The second is just a calculation using the values of resistance, inductance and capacitance. These methods are suitable for both Series and Parallel RLC circuits, like the ones in this investigation.
Firstly, the method involving looking at the graph is as follows:
· Find the peak voltage (at resonance)
· Calculate 70.7% of said voltage
· The number calculated from step 2 will be used to cross reference to find the upper and lower frequencies that will determine the band width (voltage on y-axis, frequency on x-axis)
· The bandwidtch is calculated via the following equation: 
· Finally, to find Q, this equation is used: 
By doing this method, it was found that the peak voltage at resonance was 19.6V and 70.7% of this figure was 13.8572V (13.9 to 1 d.p.). By looking at the Proteus graph, the upper and lower frequencies were found to be  62.7Hz and 59.5Hz respectively. Therefore, by taking the lower frequency from the upper frequency, the bandwidth was found to be 3.2Hz. Finally, to find Q, dividing the resonant frequency of 61.3Hz by the calculated bandwidth meant that the Q factor was 19.17 (No units). Comparing this to some other circuits or measures, this Q factor is relatively high, however it is known that a lower resistor value (in this case 19Ω) in the circuit, leads to a higher Q factor. 
Like with other results, it is best to compare this finding with any others that are calculated via other means, if that is feasable of course. In this case, there is another calculation that can be done for both series and parallel circuits to find the Q factors (they will be the same for both). The equatoin is this:
 
Substituting the relevant figures into this equation gives:
 	= 19.52 
It is clear that by comparing the two found Q factor values of 19.17 and 19.52 that they are certainly in the same ball park, so therefore can confidently say that they are valid.



[bookmark: _Toc70370222]Discussion
Looking at the results obtained via Proteus, firstly looking at the Series RLC circuit graph shown in Figure 2, it is clear that resonance occurs at somewhere just over 60Hz. To be precise, it was later calculated to be 61.30Hz. This value will be known and referred to as the ‘resonant frequency’. The curve initially starts at around 2.4V just after the 30Hz mark. It rises gradually until a sharp peak at resonance, which occurs at 19.6V. After this, it falls back down, past the 2.4V mark, to zero before slowly beginning to rise again at around 85Hz. 
In both series and parallel RLC circuits, which as discussed contain one each of a resistor, inductor and capacitor, a condition called resonance occurs where the relative power of both the capacitor and the inductor are equal. This happens at a specific frequency (resonant frequency) and assumes that  “XC = XL”, meaning that the reactance’s of the capacitor (C) and inductor (L) are the same[].  
The parallel circuit works a little differently to its series counterpart and this is reflected in the difference between their respective graphs’ appearances. When the parallel RLC circuit is at resonance, the voltage, as we know, is at its peak, while the currents of both the inductor and capacitor that are in series with one another are equal. The overall curve for the parallel circuit was much smoother and gradual in comparison to the series circuit, although it did reach a peak voltage at resonance. 

[bookmark: _Toc70370223]Conclusion
This experiment has determined that the voltage of the surrounding points of frequency at resonance follow a different pattern depending whether the circuit is series RLC or parallel RLC. The peak is much sharper at resonance in the series circuit, while being very gradual at the frequencies both before and after resonance. 
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image9.emf
FrequencyXL XC Vout Vout Mag Vout Phase

1 6.050707451 22736.4204411.9999916155391-0.0100306261341499i 11.99999581 -0.047892734

2 12.1014149 11368.2102211.9999664085971-0.0200772435047404i 11.9999832 -0.095861955

5 30.25353725 4547.28408811.9997876879185-0.0504747451875538i 11.99989384 -0.241001999

10 60.50707451 2273.64204411.9991156164847-0.103013688653634i 11.9995578 -0.4918783

20 121.014149 1136.82102211.99580323896-0.22437361626793i 11.99790144 -1.071554952

50 302.5353725 454.728408811.8158454553336-1.47510733157794i 11.90756673 -7.116071934

100 605.0707451 227.364204411.9697112142277+0.602119604998837i 11.98484604 2.879756773

200 1210.14149 113.682102211.9963977573977+0.207879616787101i 11.99819874 0.992750739

500 3025.353725 45.4728408811.9995121649686+0.0765100149870104i 11.99975608 0.365318313

1000 6050.707451 22.7364204411.9998807820032+0.0378232963810346i 11.99994039 0.180594134

2000 12101.4149 11.3682102211.9999703631925+0.0188584413873859i 11.99998518 0.090042573

5000 30253.53725 4.54728408811.9999952655829+0.00753743877968611i 11.99999763 0.035988629

10000 60507.07451 2.27364204411.9999988166622+0.00376829564353373i 11.99999941 0.017992288

20000 121014.149 1.13682102211.9999997041822+0.00188409486090288i 11.99999985 0.00899589

50000 302535.3725 0.45472840911.9999999526699+0.000753632012957242i 11.99999998 0.003598328
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FrequencyXL XC ZLC Ztotal I I Mag I Phase Vout V Mag V Phase

1 6.050707 22736.426.05231811799987i 19+6.05231811799987i 0.573396579718367-0.182651500433086i 0.601785018 -17.668917041.10546498535103+3.47037850822863i 3.642194369 72.33108296

5 30.25354 4547.28430.4561651765582i 19+30.4561651765582i 0.176939231062843-0.283625813024375i 0.334291928 -58.042129468.63815460980598+5.38889044746314i 10.18125018 31.95787054

10 60.50707 2273.64262.161336952916i 19+62.161336952916i 0.0539640907234423-0.176551580358823i 0.18461469 -73.0039011110.9746822762546+3.35448002681763i 11.47589593 16.99609889

20 121.0141 1136.821135.430692800723i 19+135.430692800723i 0.0121909014629042-0.0868959068940242i 0.08774689 -82.0139162711.7683728722048+1.65102223098646i 11.88362211 7.986083733

50 302.5354 454.7284903.927222440823i 19+903.927222440823i 0.000278917703193288-0.0132695423545833i 0.013272473 -88.7958549111.9947005636393+0.252121304737083i 11.99734999 1.204145094

100 605.0707 227.3642-364.228345978426i19-364.228345978426i 0.00171398559909071+0.0328569547256658i 0.032901629 87.0138678611.9674342736173-0.624282139787651i 11.98370607 -2.986132142

200 1210.141 113.6821-125.468786243056i19-125.468786243056i 0.0141584863392213+0.0934972682116309i 0.094563216 81.3890043811.7309887595548-1.77644809602099i 11.86473199 -8.610995617

500 3025.354 45.47284-46.166754277302i 19-46.166754277302i 0.0914792238462058+0.222278886778215i 0.240367119 67.6303073910.2618947469221-4.22329884878609i 11.09696972 -22.36969261

1000 6050.707 22.73642-22.8221781223346i19-22.8221781223346i 0.258546840088478+0.310558001971895i 0.404094965 50.221822867.08761003831893-5.900602037466i 9.22232728 -39.77817714

2000 12101.41 11.36821-11.3788996918603i19-11.3788996918603i 0.46485136670773+0.278394582810075i 0.54183977 30.916947283.16782403255314-5.28949707339143i 6.165540397 -59.08305272

5000 30253.54 4.547284-4.54796767455548i19-4.54796767455548i 0.597352768376743+0.142986372678087i 0.614227509 13.461420210.650297400841883-2.71674108088365i 2.793486855 -76.53857979

10000 60507.07 2.273642-2.27372748281399i19-2.27372748281399i 0.622661883010054+0.0745138650474036i 0.627104566 6.8241259990.169424222808974-1.41576343590067i 1.425864886 -83.175874

20000 121014.1 1.136821-1.13683170161449i19-1.13683170161449i 0.62932594945565+0.0376546152626222i 0.630451442 3.4241103220.0428069603426457-0.715437689989821i 0.716717186 -86.57588968

50000 302535.4 0.454728-0.454729092318484i19-0.454729092318484i0.631217389986162+0.0151069953054763i 0.631398143 1.3710044730.00686959026291884-0.28703291080405i 0.287115104 -88.62899553
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