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Assignment 1 

Introduction 

The purpose of this assignment is to develop my skills in relation to measurement and data analysis. Throughout the report I will details my findings and evidence providing screenshots and detailed explanations, this will draw on my learning throughout the duration of this course. The report will rely on numerous sources, all of which are referenced, and credibility has been checked to ensure that only credible referencing is referred to. 

Below is a report on my findings.

The work I carried out was created through Proteus, I was tasked with the building of two different circuits, firstly I created these by downloading and then installing the proteus software.
I then created the circuits and examples of these can be seen below. [Figure 2-6]
 To produce these different types of circuits and the attached graphs I first worked out the following calculation for my circuit frequency prior to creating on proteus using the working attached below. [Figure 1]

Figure 1
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Above is my workings and the frequency generated for my student number,129.43Hz

There are two types of circuit created, a series RLC Circuit and a Parallel RLC Circuit, these circuits consist of a resistor inductor and capacitor, the components are then connected across a voltage supply. 
The parallel RLC circuit is exactly opposite to the series RLC circuit. In the parallel RLC circuit, all the components are connected in parallel, the voltage across each element is same. In a series RLC circuit all these components are connected in series, the current in each element remains the same.

The use of these RLC circuits are used to tune the frequencies of AM/FM radios,and televisions and is commonly used as a damper circuit in analogue applications. It can be used as a bandpass and bandstop filter. the circuit forms an oscillator circuit or a tuned circuit. They have the ability to provide a resonant frequency signal. 


Difference between Series RLC Circuit and Parallel RLC Circuit
	
	RLC SERIES CIRCUIT
	RLC PARALLEL CIRCUIT

	1
	Resistor, inductor and capacitor are connected in series
	Resistor, inductor and capacitor are connected in parallel

	2
	Current is same in each element
	Current is different in all elements and the total current is equal to vector sum of each branch of current i.e Is2 = IR2 + (IC – IL)2

	3
	Voltage across all the elements is different and the total voltage is equal to the vector sum of voltages across each component i.e Vs2 = VR2 + (VL – VC)2
	Voltage across each element remains the same

	4
	For drawing phasor diagram, current is taken as reference vector
	For drawing phasor diagram, voltage is taken as reference vector

	5
	Voltage across each element is given by : VR= IR, VL = I XL, VC = I XC
	Current in each element is given by:
IR = V / R , IC = V / XC , IL = V / XL

	6
	Its more convenient to use impedance for calculations
	Its more convenient to use admittance for calculations

	7
	At resonance , when XL = XC, the circuit has minimum impedance
	At resonance, when XL = XC, the circuit has maximum impedance


Equation of RLC Circuit
An RLC circuit having resistor R, inductor L, and capacitor C connected in series and are driven by a voltage source V. Let Q be the charge on the capacitor and the current flowing in the circuit is I. Apply Kirchhoff’s voltage law[2]this is the principle I will be using for my experiment.

For the rest of this report, I will give an overview of my results in the form of graphs created from proteus and excel calculations and also using excel software to create and plot graphs generated using this software. 


Series RLC Circuit

Below is a series RLC Circuit as per diagram given and attached screen shot of the proteus generated circuit with my student number substituted into the values. There is also a screenshot of my frequency response graph generated by simulating the circuit and measuring the voltage across the resistor,capacitor inductor.

1304378, R = 13Ω, C = 04 µF, and L = 378 mH
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Figure 2
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Figure 3 
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Figure 4
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As the current travels through the inductor it generates a magnetic field, this charges the inductor and it creates a magnetic field, this then charges the capacitor, the transfer of magnetic to electric energy hence creates resistance. we can see from the graph that as per my workings previously the resonance is at 129.43Hz

B Parallel RLC Circuit

A parallel RLC Circuit as per Diagram below and attached screen shot of the proteus generated circuit with my student number substituted into the values. There is also a screenshot of my frequency response graph generated by simulating the circuit and measuring the voltage across the resistor,capacitor inductor.
1304378, R = 13Ω, C = 04 µF, and L = 378 mH
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Figure 5 
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Figure 6
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From the graph we can see the voltage magnification which only happens in frequency graphs seen below.









Series RLC Circuits

Figure 7
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Figure 8 




Figure 9 



Figure 10





















Parallel RLC circuit


Figure 11
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Figure 12



Figure 13



Figure 14



Figure 15







 Resonant frequency basic theory

Resonance occurs in a series circuit when the supply frequency causes the voltages across L and C to be equal and opposite in phase. In a series RLC circuit there becomes a frequency point where the inductive reactance of the inductor becomes equal in value to the capacitive reactance of the capacitor. In other words, XL = XC. The point at which this occurs is called the Resonant Frequency point, ( ƒr ) of the circuit, and as we are analysing a series RLC circuit this resonance frequency produces a Series Resonance.
Series Resonance circuits are one of the most important circuits used electrical and electronic circuits. They can be found in various forms such as in AC mains filters, noise filters and also in radio and television tuning circuits producing a very selective tuning circuit for the receiving of the different frequency channels. Consider the simple series.
A parallel circuit containing a resistance, R, an inductance, L and a capacitance, C will produce a parallel resonance (also called anti-resonance) circuit when the resultant current through the parallel combination is in phase with the supply voltage. At resonance there will be a large circulating current between the inductor and the capacitor due to the energy of the oscillations, then parallel circuits produce current resonance.
A parallel resonant circuit stores the circuit energy in the magnetic field of the inductor and the electric field of the capacitor. This energy is constantly being transferred back and forth between the inductor and the capacitor which results in zero current and energy being drawn from the supply.[3]


‘’Q” basic theory

The quality factor or Q factor is a measure of the performance of a coil, capacitor inductor in terms of its losses and resonator bandwidth. Simple formulas can relate the variables. The quality factor or 'Q' of an inductor or tuned circuit is often used to give an indication of its performance in a resonator circuit.
The quality factor relates the maximum or peak energy stored in the circuit (the reactance) to the energy dissipated (the resistance) during each cycle of oscillation meaning that it is a ratio of resonant frequency to bandwidth and the higher the circuit Q, the smaller the bandwidth, Q = ƒr /BW.[4]

I created both a Series and Parallel RLC circuits using proteus.I choose and selected my components from the part and component menu, the components were placed into the circuit and joined with wires to create my circuits. I then were created component values and these were changed inline with my student number, I ran the circuit simulation software to check my circuits and corrected any mistakes made, when I was happy with the circuits. Inline voltage and current readings were then taken in various places across the resistor, inductor and capacitor at designed frequencies from 100HZ to 20kHz . I graphed these result using the built in operations of proteus.

The response of a circuit containing both inductors and capacitors in series or in parallel depends on the frequency of the voltage or current.
From my graphs I can see that in a series RLC circuit the frequency increases sharply over the increase of the voltage, the capacitor and inductor graph traces pass through each other at the resonant frequency of my working out, 129.43 this is also inline with the resistor peak but at a lower amplitude of the trace q factor.

In my experiment from the Parallel RLC circuit I can see that when the capacitor and resistor are connected in parallel the resistor blocks the flow of current while the charge is applied to the capacitor, the capacitor charges then while the voltage across the resistor drops off, this can be simulated by the wave form in the graphs. At my frequency of 129.43 the voltage across the resistor is lowest while across the capacitor is at its highest peak. This resonance creates a circuit at its maximum value and equal to the resistance, creating a circuit of of high resistance and low current, the circuit will be ‘’in phase’’.

References
https://moodle.uwtsd.ac.uk 
https://hwb.uwtsd.ac.uk/ 
https://googlescholar.com [1]
https://www.electrical4u.com/rlc-circuit [2]
https://www.electronics-tutorials. [3] [4]
 

Circuit Current V Frequency

1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	0.12996456727867911	0.12985480783995004	0.12909414932853122	0.12648275769506329	0.11742658004106973	8.3737066646468197E-2	5.0446687109111141E-2	2.6780897684410155E-2	1.0908557343857357E-2	5.4687374824052412E-3	2.7361850937700225E-3	1.0946777285887547E-3	5.4735341829966161E-4	2.7367852849119603E-4	1.09471615165313E-4	5.4735822137619326E-5	2.7367912888180929E-5	


Output Voltage V Frequency 

1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	0.30350044589369374	0.61423839712007455	1.5319941551548228	3.0035179470946716	5.5776323828828547	9.94389444304643	11.981290314367454	12.721156991098367	12.954151217534733	12.988492179752297	12.99712017761339	12.999539099779851	12.999884770349116	12.999971192300041	12.999995390755231	12.999998847688275	12.999999711922042	Frequency (Hz)


voltage



Output Voltage V Frequency 

1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	0.30350044589369374	0.61423839712007455	1.5319941551548228	3.0035179470946716	5.5776323828828547	9.94389444304643	11.981290314367454	12.721156991098367	12.954151217534733	12.988492179752297	12.99712017761339	12.999539099779851	12.999884770349116	12.999971192300041	12.999995390755231	12.999998847688275	12.999999711922042	V Phase	f	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	1	Frequency (Hz)


voltage




Circuit current V Frequency 

I Mag	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	0.12999998935591842	0.12999999740570642	0.12999999958783051	0.12999999989706082	0.12999999997427222	0.12999999999588424	0.12999999999897108	0.12999999999974224	0.12999999999995915	0.12999999999998926	0.12999999999999759	0.12999999999999942	0.13000000000000012	0.13000000000000003	0.13	0.13	0.13	frequency Hz


Circuit Curernt (a)



Output voltage V Frequency 

V Mag	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	5.2606663347404426E-3	2.5971451637638882E-3	1.0352008290217701E-3	5.1734023382697019E-4	2.586376147603728E-4	1.0345140624844962E-4	5.1725443159270257E-5	2.5862689084219878E-5	1.0345071994207376E-5	5.1725357371408493E-6	2.5862678360750813E-6	1.0345071307905431E-6	5.1725356513531544E-7	2.5862678253516103E-7	1.03450713010425E-7	5.1725356504952699E-8	2.5862678252443801E-8	Frequency (Hz)




Output Voltage v Frequency

1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	2.3750440461138838	4.7500880922277675	11.875220230569418	23.750440461138837	47.500880922277673	118.75220230569418	237.50440461138837	475.00880922277673	1187.5220230569416	2375.0440461138833	4750.0880922277665	11875.220230569419	23750.440461138838	47500.880922277676	118752.20230569417	237504.40461138834	475008.80922277668	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	3.9788735772973836E-2	1.9894367886486918E-2	7.9577471545947669E-3	3.9788735772973835E-3	1.9894367886486917E-3	7.9577471545947667E-4	3.9788735772973834E-4	1.9894367886486917E-4	7.9577471545947675E-5	3.9788735772973838E-5	1.9894367886486919E-5	7.9577471545947669E-6	3.9788735772973834E-6	1.9894367886486917E-6	7.9577471545947677E-7	3.9788735772973838E-7	1.9894367886486919E-7	frequency Hz


Circuit Curernt (a)




Attenuation V Frequency

1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	-67.858051907652055	-73.988942554438452	-81.978374823704584	-88.003341945398873	-94.025033317777286	-101.98413907518994	-108.00478264244511	-114.02539346918437	-121.98419669839129	-128.00479704820893	-134.025397070623	-141.98419727462149	-148.00479719226641	-154.02539710663743	-161.98419728038374	-168.00479719370699	-174.02539710699756	frequency (Hz)


Atten. (dB)
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image10.emf
R 100Ω

L 3.78E-01H

C 4.00E+00F

V 13V

Fres 0.129432767Hz

f XL XC Z I I Mag I Phase Vout V Mag V Phase

1 2.375044 0.039788736100+2.33525531034091i0.129929144214879-0.00303417723995845i 0.129964567 -1.337760.0070855785121285+0.303417723995846i 0.3035 88.66224

2 4.750088 0.019894368100+4.73019372434128i0.129709777839618-0.00613552377122663i 0.129854808 -2.708180.0290222160382029+0.613552377122663i0.614238 87.29182

5 11.87522 0.007957747100+11.8672624834148i0.128194610698901-0.0152131909412303i 0.129094149 -6.767790.180538930109888+1.52131909412303i1.531994 83.23221

10 23.75044 0.003978874100+23.7464615875615i0.123060676878062-0.0292225563642421i 0.126482758 -13.35830.693932312193826+2.92225563642422i3.003518 76.6417

20 47.50088 0.001989437100+47.498891485489i0.106069243847244-0.050381715034481i 0.11742658 -25.40722.39307561527564+5.03817150344811i5.577632 64.5928

50 118.7522 0.000795775100+118.751406530979i0.0539376640811927-0.064051734746371i 0.083737067 -49.89947.60623359188074+6.4051734746371i9.943894 40.10057

0.129433 0.307409 0.307408523100 0.13 0.13 00 0 0

100 237.5044 0.000397887100+237.504006724031i0.0195759095406504-0.0464935695117167i 0.050446687 -67.166711.042409045935+4.64935695117166i11.98129 22.83331

200 475.0088 0.000198944100+475.008610279098i0.00551704985217574-0.026206461831225i 0.026780898 -78.111612.4482950147824+2.6206461831225i12.72116 11.88845

500 1187.522 7.95775E-05100+1187.52194347947i0.000915358640955577-0.0108700847228829i 0.010908557 -85.186512.9084641359044+1.08700847228829i12.95415 4.813462

1000 2375.044 3.97887E-05100+2375.04400632515i0.000230054535780492-0.00546389646333373i 0.005468737 -87.58912.976994546422+0.546389646333372i12.98849 2.410985

2000 4750.088 1.98944E-05100+4750.0880723334i0.0000575900682105329-0.00273557896091719i 0.002736185 -88.79412.9942409931789+0.273557896091719i12.99712 1.206026

5000 11875.22 7.95775E-06100+11875.2202226117i9.21784099590955E-06-0.00109463891803444i 0.001094678 -89.517512.9990782159004+0.109463891803444i12.99954 0.48247

10000 23750.44 3.97887E-06100+23750.44045716i2.30458280403327E-06-0.000547348566657869i 0.000547353 -89.758812.9997695417196+0.054734856665787i12.99988 0.241239

20000 47500.88 1.98944E-06100+47500.8809202882i5.76153361208512E-07-0.000273677922025893i 0.000273679 -89.879412.9999423846639+0.0273677922025893i12.99997 0.12062

50000 118752.2 7.95775E-07100+118752.202304898i9.21848809761714E-08-0.000109471576351353i 0.000109472 -89.951812.999990781512+0.0109471576351352i 13 0.048248

100000 237504.4 3.97887E-07100+237504.40461099i2.30462325006238E-08-0.0000547358172858711i 5.47358E-05 -89.975912.9999976953767+0.0054735817285871i 13 0.024124

200000 475008.8 1.98944E-07100+475008.809222578i5.76155889119275E-09-0.0000273679122817123i 2.73679E-05 -89.987912.9999994238441+0.00273679122817123i 13 0.012062


image11.emf
R 100

L 3.78E-01

C 4.00E+00

V 13

Fres 0.129433

f XL XC ZLC Ztotal I I Mag I Phase Vout V Mag V Phase V dB

1 2.375044 0.039789-0.0404666674266996i 100-0.0404666674266996i0.129999978711838+0.0000526066590400999i 0.129999989 0.0231856910.0000021288161758055-0.00526066590400998i0.005261 -89.9768 -67.8581

2 4.750088 0.019894-0.0199780401199445i 100-0.0199780401199445i0.129999994811413+0.0000259714511193499i 0.129999997 0.0114465745.1885869243555E-07-0.00259714511193499i0.002597 -89.9886 -73.9889

5 11.87522 0.007958-0.0079630833254147i 100-0.0079630833254147i0.129999999175661+0.0000103520082573963i 0.13 0.0045625118.24339043390278E-08-0.00103520082573963i0.001035 -89.9954 -81.9784

10 23.75044 0.003979-0.00397954026335862i 100-0.00397954026335862i0.129999999794122+5.17340233417322E-06i 0.13 0.0022801092.05877628873958E-08-0.000517340233417321i0.000517 -89.9977 -88.0033

20 47.50088 0.001989-0.00198952011393507i 100-0.00198952011393507i0.129999999948544+2.58637614709185E-06i 0.13 0.0011399115.14564736684112E-09-0.000258637614709186i0.000259 -89.9989 -94.025

50 118.7522 0.000796-0.000795780048090188i 100-0.000795780048090188i0.129999999991768+1.03451406245173E-06i 0.13 0.0004559488.23245650367813E-10-0.000103451406245174i0.000103 -89.9995 -101.984

100 237.5044 0.000398-0.000397888024305228i 100-0.000397888024305228i0.129999999997942+5.17254431588608E-07i 0.13 0.0002279732.05809343847915E-10-0.0000517254431588608i 5.17E-05 -89.9998 -108.005

200 475.0088 0.000199-0.000198943762186701i 100-0.000198943762186701i0.129999999999485+2.58626890841688E-07i 0.13 0.0001139865.14522066666947E-11-0.0000258626890841687i 2.59E-05 -89.9999 -114.025

500 1187.522 7.96E-05-0.0000795774768785429i 100-0.0000795774768785429i0.129999999999918+1.0345071994204E-07i 0.13 4.55945E-058.23234727425631E-12-0.0000103450719942041i 1.03E-05 -90 -121.984

1000 2375.044 3.98E-05-0.0000397887364395483i 100-0.0000397887364395483i0.129999999999979+5.17253573714046E-08i 0.13 2.27973E-052.05808661169226E-12-5.17253573714044E-06i 5.17E-06 -90 -128.005

2000 4750.088 1.99E-05-0.0000198943679698087i 100-0.0000198943679698087i0.129999999999995+2.58626783607503E-08i 0.13 1.13986E-055.14521639993575E-13-2.58626783607503E-06i 2.59E-06 -90 -134.025

5000 11875.22 7.96E-06-7.95774715992733E-06i 100-7.95774715992733E-06i0.129999999999999+1.03450713079055E-08i 0.13 4.55945E-068.23234618197307E-14-1.03450713079054E-06i 1.03E-06 -90 -141.984

10000 23750.44 3.98E-06-3.97887357796396E-06i 100-3.97887357796396E-06i0.13+5.17253565135314E-09i 0.13 2.27973E-062.05808654342456E-14-5.17253565135315E-07i 5.17E-07 -90 -148.005

20000 47500.88 1.99E-06-1.98943678873201E-06i 100-1.98943678873201E-06i0.13+2.58626782535161E-09i 0.13 1.13986E-065.14521635726843E-15-2.58626782535161E-07i 2.59E-07 -90 -154.025

50000 118752.2 7.96E-07-7.95774715464811E-07i 100-7.95774715464811E-07i0.13+1.03450713010425E-09i 0.13 4.55945E-078.23234617105028E-16-1.03450713010425E-07i 1.03E-07 -90 -161.984

100000 237504.4 3.98E-07-3.97887357730405E-07i 100-3.97887357730405E-07i0.13+5.17253565049526E-10i 0.13 2.27973E-072.05808654274188E-16-5.17253565049527E-08i 5.17E-08 -90 -168.005

200000 475008.8 1.99E-07-1.98943678864952E-07i 100-1.98943678864952E-07i0.13+2.58626782524438E-10i 0.13 1.13986E-075.14521635684176E-17-2.58626782524438E-08i 2.59E-08 -90 -174.025
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