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[bookmark: _Toc70198458]Abstract
This assignment is to look at the two common types of RLC circuits. The objective is to work out the theory behind them and then build the circuits to see if the mathematical theories are correct. We will be looking at the theory behind the results and using a software simulation package called proteus to determine if the theory is correct in practice. To enable us to do this we need to understand the following information: - Resistance, Reactance, and Impedance. Once we understand this information, we are then able to ascertain what values each component will have and what function they will have. 
The results of the assignment have led us to the conclusion that a if you add the components voltage values together whilst the circuit is running it will exceed the voltage originally added to the circuit. Also noted was that when the circuit is connected in parallel there is a resonance between the parallel components, and this creates a constant charging and depletion of the components.
[bookmark: _Toc70198459]Introduction
A resonant circuit is an electric circuit that has a low impedance at a certain frequency. An Electrical resonance happens when the impedance of the components in the circuit cancels each other out, this is called the resonant frequency. These types of circuits can generate higher voltages and currents than the value that it originally started with. (R.Nave, 2005)
The most popular type of circuits that have this ability will be looked at in this assignment, the circuit we will be looking at contains a resistor, a capacitor, and an inductor. This is often referred to as a resonant circuit or known by its components names a RLC circuit. This type of circuit creates a harmonic oscillator and can be set in parallel or series. A series circuit contains 1 loop, and a parallel circuit contains more than 1 loop. 
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Figure 1- RLC Circuit in Series (Alex-Estupinan-Lopez, 2019)

This circuit is used in many electronic devices found in the average home, such as radios and televisions, its used in these devices as part of the tuning process. The inductor and the capacitor are the components of this circuit that cause the magnification of the voltage. (Ashlin, 2019)
A Resistor is a passive electrical component used to create resistance in the flow of electric current. This is measured in Ohms. When a current is passed through the resistor you will develop a voltage on the resistor, the voltage is dependent on the current that flows through the resistor. We know the current flow in the resistor is the voltage across the resistor divided by the resistance of the resistor. (I=V/R)
A capacitor is also a passive electrical component however unlike a resistor the capacitor is used to store energy in an electric field within its plates. The capacitor values are represented in farads. Unlike a resistor we cannot use ohms law due to the resistance of a capacitor is infinite, when we add a signal to the capacitor it develops a capacitive reactance caused by the charging and discharging of the plates. 
And lastly the inductor which can also be called a choke, a coil, or a reactor. Like the resistor and capacitor, it is a passive electrical component and similar to a capacitor it stores electrical energy, however this time it stores it in a magnetic field. When the current is removed from the circuit the collapsing magnetic field induces a voltage into the coil, this voltage is in the opposite direction of the original voltage also known as back EMF. An inductor is measured in units called Henrys. 
For this assignment we have been asked to use our student number to determine our values for our components. So, for the assignment I will be using the following values.

[image: ]
Figure 2 – Values used in Assignment
[bookmark: _Toc70198460]Simulation 

RLC Circuit in Series

	Resistor
	Capacitor
	Inductor
	Voltage

	20 Ω
	14µF
	949 (mH)
	1 Volt



[image: ]
Figure 3 - RLC Circuit in Series. Barry Phillips (2020)

In this simulation I have set the voltage to 1 Volt peak to peak and a frequency of 100Hz. And loaded the values into the components. I have added a ground probe so proteus knows where we are going to take our measurements with reference to. For this report, a Voltage probe has been attached after the resistor but before the inductor. And a 2nd Probe has been placed after the inductor but before the capacitor. 
We can then make a graph with tracers to view the results. The tracers that we will make will be called VR, VL and VC.
VR will be set as Start voltage Minus the voltage on Probe R1. This will show the voltage lost due to the resistor, VL will be the probe after the inductor (L1) Minus the probe after the resistor (R1) and finally we will have VC This will just show the voltage before the capacitor.
When we run the simulation, I have chosen to run the frequency from 10 – 20000 instead of 100 so I can show the effect during resonance as the resonance is below 100hz. 

[image: ]
Figure 4 - Proteus Tracer Results
Parallel Circuit in proteus. [image: ]
Figure 5 - RLC Circuit in Parallel. Barry Phillips (2020)
[image: ]
Figure 6 – Parallel Circuit Tracer Results
In this simulation I have set the voltage to 1 Volt peak to peak and a frequency of 100Hz. And loaded the values into the components. 
I have set the following probes:
RES 20-OHM(2) which is set to Measure the current only of resistor.
L2(1) Which is to check current going to inductor.
C2(2) Which is to check the current going to the Capacitor
Voltage Capacitor/Inductor which is to check voltage after the resitor
And a tracer VR Parallel which is the initial voltage – the Voltage after the resistor.
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The aim of the assignment is to determine using our knowledge what should happen to our circuits using basic electrical principals including ohms law. So, to start we need the building blocks of our theories. In theory the reactance of the inductor should increase when the frequency increases and the reactance of the capacitor should decrease as the frequency increases. So as one goes up and the other goes down there should be a point where they cross paths. And this point is what we know as the resonant frequency. The resonant frequency will be the same in parallel and series circuits alike. (Globe, 2020) 
As I know I start with an inductor (L) with a value of 949 millihenry this can be written as , I also have a capacitor (C) with a value as 14μF (Microfarads) which can be written as .
 The formula for the resonant frequency, capacitive reactance, inductive reactance, and the Q factor are as follows. (Mosey, 2020)
[image: ]

=       = 43.664 Hz

Now that we have worked out the resonant frequency we can proceed to the next step and work out the reactance. The reactance is the force that goes against the flow of the current. In this circuit there are two types of reactance, XL and XC. 
We can use this to check if our resonant frequency is indeed correct. We will work out the inductor reactance (XL) and the capacitor reactance (XC) value to make sure that they do indeed cancel each other out at 43.664 Hz.
[image: ]

(Mosey, 2020)
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= 


(Mosey, 2020)
Q FACTOR
[image: ]  =   =13.02

(Mosey, 2020)

Using the above information, it is very easy to create the following spreadsheet showing what happens to XL and XC When you change the frequency.
	Resistor
	20
	
	[image: ]

	Capacitor
	0.000014
	
	

	Inductor
	0.949
	
	

	Frequency
	XL 
	XC 
	XT

	10
	59.63
	1136.82
	-1077.19

	20
	119.25
	568.41
	-449.16

	30
	178.88
	378.94
	-200.06

	40
	238.51
	284.21
	-45.70

	43.664
	260.36
	260.36
	0.00

	50
	298.14
	227.36
	70.77

	100
	596.27
	113.68
	482.59

	150
	894.41
	75.79
	818.62

	200
	1192.55
	56.84
	1135.71

	500
	2981.37
	22.74
	2958.64

	1000
	5962.74
	11.37
	5951.37

	5000
	29813.71
	2.27
	29811.44

	10000
	59627.43
	1.14
	59626.29

	15000
	89441.14
	0.76
	89440.38

	20000
	119254.86
	0.57
	119254.29













Figure 7 – Frequency Vs XL,XC and XT

Figure 8 – Graph showing Frequency Vs XL & XC 
The next step in this assignment relates to impedance of the circuit. The impedance defines the opposition to the flow of current from both reactance and resistance. Impedance can be found in nearly every circuit and in all their components. (Circuits, 2020)
To work out the impedance we will use 100hz frequency as requested to determine our XC and XL Values. Using the table we created above we can easily find that at the bandwidth of 100Hz frequency our XL is 596.27 and our XC is going to be 113.68. With these figures we then can work out our total reactance (XT) will be 482.59. (XL-XC). 
A way of working the impedance out is using the impedance triangle. The hypotenuse is the Impedance (Z), the opposite is the Reactance (XT) and the Resistor (R) becomes the adjacent. 

[image: ][image: ]Figure 9 – Method to determine Impedance Series Circuit

(learnabout-electronics, 2021)


    = 


So, from the above formula we can say that using the values for the components at 100Hz I have an impedance of 483.0  with a phase difference of . 	



[image: ]Now we have calculated the impedance we can know calculate the current through the circuit. As this is a series circuit, we can use ohms Law see formula wheel below. (Collinson, 2020) 
[image: ]Figure 1
Ohms Law for AC Circuits













Parallel Circuits 
We can now compare all this information to a series in Parallel circuit. We will keep to the same figures so that we can compare. The formula for working out the XC , XL are the same so we know already our figures will be as follows:

	Frequency
	XL 
	XC 
	XT

	100
	596.27
	113.68
	482.59



So, using Ohms law we can work the current going through each component.
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To calculate the impedance of a parallel circuit we have to do the following product sum rule.
[image: ][image: ][image: ]FORMULA 3 (Mosey, 2020)
FORMULA 2 (Mosey, 2020)


[image: ]FORMULA 1 (Mosey, 2020)
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IMPEDANCE ( Z ) (Mosey, 2020)

Impedance of Capacitor and Inductor (Mosey, 2020)Now we have determined the impedance of the circuit we can now work out the current (I) of the circuit using Which I have included in the following table.[image: ]

Figure 10 – Impedance of Parallel Circuits and Current through Circuit.
With this data we can now make a graph showing the current trend when its compared to the frequency of the power source. The graph below compares this. As you can see at our resonant frequency the curvature dips and then starts to climb again.


Figure 11 – Graph of Current Vs Frequency

Next, we can display the output of the voltage vs the frequency. 
[image: ]
Figure 12 Output Voltage Vs Frequency
As you can see in this graph when the resonant frequency is used there is no output as the phase shift drops down to 0 Degrees. Now we have this data we can also view the attenuation. 



Figure 13 – Attenuation Vs Frequency
[bookmark: _Toc70198463]Discussion
As we can see in the formulas on page 5 and page 6 when we have a frequency of 43.664Hz our capacitive and inductive reactance are both the same value, meaning the rate of the electrical energy transferring in the capacitor and the rate of storing magnetic energy in the inductor are the same. We can also say this is the point where XC meets XL. We can also now work out the Q factor at the resonant frequency. The idea behind the Q factor came around in 1986 by a physicist called K.L Smith. He generalises the Q factor as a ratio of stored energy against the ratio of energy lost. (Smith, 1986)
As you can see in the table in figure 7 when the frequency increases the value of the inductive reactance is also increase, and the higher the frequency the lower the value of the capacitive reactance. Now we have this information we can then work out the impedance of the whole circuit. Which is in the results section on page 7 using the method in figure 9. This is a combination of the resistance and the reactance in the circuit. 
Furthermore, on the results on page 7, the voltage across each component adds up to more than the initial voltage value. This is due to an effect called voltage magnification which happens in series circuits. 
(Academy, 2018)
This also can be seen more clearly on figure 4 from the proteus software, which shows that the voltage far exceeds the 1volt originally added to the circuit.
We can discuss this further by Looking at the proteus tracer results in figure 4. We can see that where the VL and VC meet at their highest point is around the 13.0 Mark, which coincides with our Q factor value of 13.02 earlier in the assignment. And where the 2 values meet at 13.02 are located on the X Axis of 43. Which as we calculated earlier our resonant frequency was 43.664. 
From these results we can already confirm that the theories used to calculate the values are indeed correct. In this graph we notice that the VR line does not do much, this is the voltage over the resistor what we do notice is that when we reach our Q factor it actually gains some voltage and this is because the reactance of the Capacitor and Inductor cancel each out, we notice that they lose their charge and send the stored charge back as mentioned above creating back EMF. I would also like to refer to the graph output voltage Vs frequency figure 12 where we should a total loss in output at this point. The loss in output actually created an output but on the resistor value.
[bookmark: _Toc70198464]Conclusion
The above assignment has determined that our calculations using theories such as ohms law and the impedance triangle are correct in practice. Also, what can be shown is that in series RLC circuits where we noticed the voltage magnification this is not present in parallel circuits. We saw that at resonance frequency the parallel circuit did not react well and rejected this frequency so we call that the rejector circuit and a series circuit still had current at this frequency making it the acceptor circuit (Mohammed, 2020) As can be seen in the graph below.

And in parallel circuits there is a strong relationship between the capacitor and the inductor when they are in series that creates a wave function between them which is not present in the series circuit. 
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XL & XC Vs Frequency

XL 	10	20	30	40	43.664000000000001	50	100	150	200	500	1000	5000	10000	15000	20000	59.627428565134274	119.25485713026855	178.8822856954028	238.50971426053709	260.35720408680226	298.13714282567139	596.27428565134278	894.41142847701406	1192.5485713026856	2981.3714282567134	5962.7428565134269	29813.714282567136	59627.428565134273	89441.142847701412	119254.85713026855	XC 	10	20	30	40	43.664000000000001	50	100	150	200	500	1000	5000	10000	15000	20000	1136.8210220849667	568.41051104248334	378.94034069498895	284.20525552124167	260.35659171971571	227.36420441699335	113.68210220849667	75.788068138997787	56.841051104248336	22.736420441699334	11.368210220849667	2.2736420441699332	1.1368210220849666	0.75788068138997777	0.5684105110424833	Frequency (Log Scale)


Ohms 𝛀 


Ohms 𝛀 




CIRCUIT CURRENT V FREQUENCY

1	2	5	10	20	43.663948650999998	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	4.7913758270856706E-2	4.2921386304006569E-2	2.7601203375839319E-2	1.5144663977044637E-2	6.5686818050488451E-3	8.3793788205967797E-14	1.0438410891581648E-3	7.0482881308162534E-3	1.5886218884441694E-2	3.288120971568801E-2	4.3448276112063783E-2	4.8093607540898718E-2	4.967995942146624E-2	4.9919419508614275E-2	4.9979818875599012E-2	4.9996769403111131E-2	4.9999192292991504E-2	4.999979806963592E-2	Frequency


Current



Attenuation v Frequency

1	2	5	10	20	43.663948650523643	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	-10.877316601103736	-5.7987611616043688	-1.5784686619851376	-0.41791886474717405	-7.5609390415717653E-2	0	-1.8932490082159384E-3	-8.7169141491577312E-2	-0.46215565383002788	-2.4601085576851234	-6.1101312805229799	-11.260869905546196	-18.941271093455335	-24.920601949539709	-30.930823035279428	-38.886712687016825	-44.906896652218613	-50.927392572254291	Frequency (Hz)


Atten (dB)



Parallell Circuit current Vs Series Circuit Current

Parallell Circuit	1	2	5	10	20	43.663948650523643	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	4.7913758270856706E-2	4.2921386304006569E-2	2.7601203375839319E-2	1.5144663977044637E-2	6.5686818050488451E-3	0	1.0438410891581648E-3	7.0482881308162534E-3	1.5886218884441694E-2	3.288120971568801E-2	4.3448276112063783E-2	4.8093607540898718E-2	4.967995942146624E-2	4.9919419508614275E-2	4.9979818875599012E-2	4.9996769403111131E-2	4.9999192292991504E-2	4.999979806963592E-2	Series Circuit 	1	2	5	10	20	43.663948650523643	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	8.8010620501073259E-5	1.7629797537243268E-4	4.4564919038218945E-4	9.281782663666079E-4	2.2241957592941696E-3	0.05	1.3597190582532642E-2	2.0703657945411722E-3	8.803718908861226E-4	3.3798598008645639E-4	1.6802745798597627E-4	8.3893895658273857E-5	3.3544161351213304E-5	1.6771124188594581E-5	8.3854425419183348E-6	3.3541636271445359E-6	1.6770808571749817E-6	8.3854030903792188E-7	Frequency


Current Output


Current Output
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F XL XC ZLC Zotal ( I ) Current

1 5.963 11368.210 5.96587201757436i 20+5.96587201757436i 0.0459145646327618-0.0136960208170851i

2 11.925 5684.105 11.9505584749811i 20+11.9505584749811i 0.0368449080451553-0.0220158614049465i

5 29.814 2273.642 30.2098486692683i 20+30.2098486692683i 0.0152365285558889-0.0230146610959194i

10 59.627 1136.821 62.9280703983931i 20+62.9280703983931i 0.00458721693955189-0.0144332355252411i

20 119.255 568.411 150.918091969433i 20+150.918091969433i 0.000862951613119595-0.00651175054569768i

43.7 260.357 260.357 -11934058853407.7i 20-11934058853407.7i 1.40427978838132E-25+8.37937882059678E-14i

50 298.137 227.364 -957.791435679635i 20-957.791435679635i 0.0000217920843882981+0.00104361358963599i

100 596.274 113.682 -140.461691281708i 20-140.461691281708i 0.000993567311500105+0.00697790724877622i

200 1192.549 56.841 -59.6858901435032i 20-59.6858901435032i 0.00504743900888783+0.0150630445095256i

500 2981.371 22.736 -22.9111445334295i 20-22.9111445334295i 0.0216234790473411+0.0247709326884608i

1000 5962.743 11.368 -11.3899255742439i 20-11.3899255742439i 0.0377550539422026+0.0215013627226626i

2000 11925.486 5.684 -5.68681564638583i 20-5.68681564638583i 0.0462599017259598+0.013153576646773i

5000 29813.714 2.274 -2.27381544901163i 20-2.27381544901163i 0.0493619673623706+0.0056120001991083i

10000 59627.429 1.137 -1.1368426964504i 20-1.1368426964504i 0.0498389688815404+0.0028329533885799i

20000 119254.857 0.568 -0.56841322029942i 20-0.56841322029942i 0.0499596458967537+0.00141988616045962i

50000 298137.143 0.227 -0.227364377808742i 20-0.227364377808742i 0.0499935390149574+0.000568337494629643i

100000 596274.286 0.114 -0.113682123882453i 20-0.113682123882453i 0.0499983845990308+0.000284196127595477i

200000 1192548.571 0.057 -0.0568410538134924i 20-0.0568410538134924i 0.0499995961400873+0.000142101486742579i
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Resistor (R) 20Ω

Capacitor (C) 14 µF

Inductor (L) 949 mH

Output 1 Vpk-pk at 100Hz.


