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This report will cover my investigation results, calculations, and the answers to these calculations for an RLC AC circuit network.  This is a circuit with an AC supply, a single resistor, and an inductor and capacitor wired in parallel.  The intended outcome of this task was to investigate how this RLC circuit responds to a range of different frequencies with the voltage remainign constant, and display this on various graphs to explain the results.
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Introduction
The circuit being investigated was a simple RLC circuit with a constant AC supply.  [image: ]
The values for the components were to be taken from my student number (2017986).

The voltage was to be 10V peak from a sinusoidal source (AC).
The inductor value was the first there numbers (201mH) [Henries]
Resistor value was the fourth and fifth (79Ω) [Ohms]
Capacitor value was taken from the last two digits (86µF) [Farads]

I will calculate the characteristics of the circuit and analyse the ways it responds to a varying frequency, as well as display the corresponding graphs for the following:
· Circuit current
· Component voltage drops
· Active, reactive and apparent power
· Power factor
· Energy stored in the capacitor and inductor at resonance
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Task 1.1.

The first task was to calculate the circuit current plotted against frequency.
First, the range of frequencies was created to be used in the calculations.  This ranged from 1Hz, up to 1000000Hz.  

As there are two reactive components in parallel, being the capacitor and inductor, I must use complex numbers for the calculations.  Complex numbers have a real and an imaginary part[1], shown with either I or j (with j being suited to electrical calculations due to I being taken for current).   I focused on calculating the impedance of these.  The reactance (not resistance as this is an AC circuit) of the inductor () is calculated using the formula [                      ].  So with my value for frequency (1Hz) being entered:



Then the capacitive reactance was calculated using the formulae [                    ].  I entered my values for 1Hz into this to get:



Then I calculated the combined impedance of the capacitor and inductor in the circuit (ZLC) for 1Hz.  I did this by using product over sum of the inductive and capacitive reactances.  




= 0.001+1.2629j








Procedure




Figure 1
Resonance – 38.2801Hz
Resonant frequency was calculated. [image: ]
𝑓𝑟𝑒𝑠=12𝜋𝐿𝐶 [12]
𝑓𝑟𝑒𝑠=12𝜋0.201×0.000086
=38.28Hz

Next I calculated the impedance of the entire circuit by adding the resistance of the resistor to ZLC.  
𝑍𝑡𝑜𝑡𝑎𝑙=79+0𝑗+1.2638𝑗=79.001+1.2638𝑗
The current in the circuit was calculated by dividing circuit voltage by total impedance.
10+0𝑗79.001+1.2638𝑗=0.1265−0.002𝑗𝐴
To produce a graph, I need to produce the absolute value of the current for each frequency value.  This is because I can only add either the real or imaginary number of the current into the graph axis, which will not display what is actually happening in the circuit.  I did this with the formulae [                                ].

This uses pythagorean theorem to calculate z from x and y as a triangle.[2]
𝐼= 0.12652−0.0022=0.12648𝐴
I repeated this for each value of frequency increasing as 1,2,5,10,20,50,100,200, and so on until it reached 1000000Hz.  I used the values for frequency and absolute current to produce a graph to display how current changes depending on the frequency in this circuit.


Procedure

Figure 2

Task 1.2.

The next task was to determine the voltage drop across the resistor as well as the inductor and capacitor which are in parallel.
The voltage across the resistor is calculated using ohms law for each value of frequency.        𝑉=|𝐼|×𝑅
𝑉𝑅=0.12656×79=9.998𝑉
And then repeated this for the |𝐼| of each frequency.
Next the voltage across the inductor and capacitor is parallel was calculated using complex numbers.  
𝑉𝑅=𝐼×𝑍𝐿𝐶
𝑉𝑅=0.1265−0.002𝑗×0.001+1.2638𝑗=0.002685+0.1599𝑗
Then the absolute value for VLC was calculated.
𝑉𝐿𝐶= 0.0026852+0.15992=0.16𝑉
This was then repeated for each value of VLC for each frequency.
The values for VR and 𝑉𝐿𝐶 were then plotted on a graph with the frequencies being on the x axis and voltage being on the y axis.  Resonant frequency is the one that produces the most voltage drop.

Procedure

Figure 3

Task 1.3.

Next task is to plot the active, reactive and apparent power against each frequency in the range.

𝑃= |𝐼|2𝑍𝑡𝑜𝑡𝑎𝑙
𝑃=0.126562×79.001=1.2655𝑊 𝐴𝑐𝑡𝑖𝑣𝑒 𝑃𝑜𝑤𝑒𝑟
This was repeated for the absolute current for each frequency, and plotted on a graph.
Reactive power was calculated with the formulae: 𝑄=2𝑋 (X being the imaginary part of ZLC).
𝑄=0.12662×1.26378=1.26378W Reactive Power
Next, apparent power was calculated using the power triangle and trigonometry, for the values of Q and P.
[image: Power Triangle Explained with Formula Calculator] [5]
𝑆=(𝑃2+𝑄2) 
𝑆=(1.265482+0.0202442) =1.26564𝑊
This was also repeated for the values of P&Q for each frequency.  These were all plotted on a graph.

Procedure

Figure 4

Task 1.4.

Power factor against frequency was calculated by first working out the phase angle (φ) for each frequency. 
𝜃=−1𝑦𝑥  With the complex number being in the form (x+yj).  

𝜃=−1𝑃𝑆
The values of the total impedance were used (79.001+1.26378j).

𝜃=−11.2637879.001= 0.9165˚ , repeated for each Ztotal for each frequency in the range.

Then the power factor for each was calculated using cos𝜃=𝑝𝑓.

Pf=cos(0.916485)=0.99987
This was repeated for each frequency in the range, and plotted onto a graph against the frequencies.

Procedure

Figure 2
Figure 1

Task 1.5.


As can be seen in this graph with a logarithmic frequency axis, the circuit is at resonance at 38.2801Hz where the current drops down to 0.000004278A or 4.28µA, down from around 0.13A at other frequencies which is effectively nothing (no flow).  Resonance in this circuit is when the inductive and capacitive reactances are equal. [7]  This occurs when the impedances of the inductor and capacitor are greatest and are at their peak in the range of frequencies, being 2337209.3Ω which is enough to pretty much fully prevent any current flow. [3]  At low and higher frequencies the impedance drops drastically, which allows current flow as can be seen in figure 1 above. The inductive and capacitive reactances are both equal at resonance and cause the circuit to effectively act as an open circuit.  Therefor this circuit absorbs the most power and current at the resonant frequency.  The inductor will allow current flow at low frequencies but the capacitor will resist, however at higher frequencies the reverse is the case.  When they both have the same impedance, current flow is impossible because the two components have current flows which are  180˚ out of phase of each other and therefor cancel eachother out and prevent current flow at resonance. [4]

Procedure


Task 2.

The next task was to produce phasor diagrams to show the component current and voltages for the above circuit, when the circuit is at resonance as well as at 25Hz above and below.


Freq

13.280084Hz
Resonance
38.280084Hz

63.280084Hz

I then repeated the same calculations used previously in task 1 to work out the inductive reactance (XL), capacitive reactance (XC), ZLC, total impedance, as well as the current (I) for each of the three new frequencies.  
VR was then calculated using ohms law.  This is for the first frequency (13.28008Hz)

Then the absolute value was calculated.
 [2]


Next I calculated the voltage across the inductor and capacitor (VLC).  This was calculated by multiplying the current (I) with the impedance of the inductor/capacitor section (ZLC).  


Then the absolute value calculated again.

Next, the voltages and currents need to be converted to angles for the phasor diagrams.  



These are the calculations for the first frequency (13.28008Hz).  These calcualtions were then all repeated for the other two frequencies (.38.280084Hz) and (63.280084Hz).

Procedure


Next task was to produce the graphs for the phasor diagrams of each frequency.  
To do this I needed to convert the magnitudes and angles into x and y coordinates.  I did this using trigonometry (SOH CAH TOA).  X is the adjacent, with the angle θ being the hypotenuse.  The Y component is opposite the angle.
[image: 4.1: Right Triangle Trigonometry - Trig Book Project] [6]
I used the current angle in degrees as a reference for the phasor diagrams.  So the current phasor is on the horizontal x axis, normalising the angles of the other phasor diagrams.  Using theta I (-13.5684).  The Resistor voltage will also be horizontal since there is no phase shift, whereas the inductor and capacitor phasor will be inductive, and will point upwards rather than horizontally.  As I am looking at voltage phasors, I will take current as the reference point and normalise all phasors to be in-line with the current phasor.

I used the magnitude of VLC being  
The angle being Theta θ VLC=76.4276
Current angle θI= -13.5684Ω  with the absolute value of this being added in the equation shown below.
25Hz Before Resonance Phasor Calculations
VLC



VR =   multiplied with Theta VR.
VR


I
 



These values for x and y for VLC, VR and I were then plotted onto a phasor diagram, shown on the next page.
Procedure



The calculations were then repeated with the VLC, VR and I of the other frequencies (resonance, 38.2801) and (25Hz above, 63.2801).  In this phasor the voltage is leading the current as the circuit is inductive at this frequency.

In this phasor the voltage is lagging the current as the circuit it mainly capacitive at this frequency.

In this phasor the circuit is purely resistive at resonance as the inductor and capacitor cancel eachother out, leaving just the resistance.  This means the voltage is in phase with the current.  The power factor will be improved here with the circuit being more in phase, improving efficiency and reducing losses.
Vr y axis is too small to see on the phasor as it is only , so the range can’t be adjusted to suit both VLC y range and VR.  The phase angle here is 0˚ as the impedance is purely resistive (no inductive or capacitive reactances) at resonant frequency.
Procedure

[8]
Opposite of inductive source, thus cancels out for purely resistive circuit.  Improving the power factor
Positive = inductive

Task 3.
R= 5Ω, L = H
Maximum power transfer refers to the condition in a circuit when the load dissipates the most power.
Maximum power transfer in DC occurs when Rsource=Rload.
In AC systems such as this one, this refers to Zsource=Zload.

This relates to power factor correction as the internal impedance of the voltage source will have a significant effect on the current phase which is being supplied.  The larger this phase shift, the more the actual power is reduced, with reactive power being increased.  So for maximum power transfer, I want the real power and apparent power to be at their maximum whilst reactive power is at its minimum so that losses are minimised.  The smaller the phase shift, the less the reactive power and the closer to maximum power the circuit becomes.  

Internal impedance – Zs
Load Impedance – ZL
XL=XC
Inductive reactance XL=2πfL, 
The source is inductive so for maximum power transfer 
XC=0.047124




So the reactive part of the impedance is j0.047124Ω.  This is positive as the reactive power is inductive due to the inductor at the source.  This must be eliminated for maximum power.  This will make the circuit purely resistive which is minimum overall impedance.  The combined impedance is given by . [8]  With the reactances being equal, they will cancel out.





This capacitance will result in a capacitive reactance XC of 0.047124, which will eliminate the reactive part of the impedance, and will make the circuit purely resistive, which will produce maximal current flow with this circuit. [9]  


=  


The load impedance is equal to the source for maximum power.  If the source impedance was smaller than the load, the power that gets used up at the load will be greater which reduces efficiency. [10]
This relates to power factor correction as with the circuit being purely resistive (with reactances cancelled out), the current will be perfectly in phase with the voltage, improving the power factor.  A lagging power factor reveals that the current lags the voltage for example, which would be the case for an inductive circuit.  With there being a capacitor of equal reactance being 180˚ phase difference from an inductive circuit, this cancels out and allows the current to be in phase with the voltage. [11]
Use a 5Ω resistor and 0.0675F capacitor at the load for maximum power transfer.

This relates to resonance as the formulae used here was for maximum power transfer (, which follows the same principle as resonance , in which they cancel eachother out for maximum power and current flow.  They are effectively the same thing and are calculated the in the same manner.


Procedure

[8]
Opposite of inductive source, thus cancels out for purely resistive circuit.  Improving the power factor

[image: ]
The findings of this work include the following:

· 
Conclusion
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[1] [2] [8]
Referencing

|I| (I absolute)

Iabs (I absolute)	1	2	5	10	20	38.280083580000003	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	0.12656448076791416	0.12651566587925875	0.12616417028146504	0.12475756688440263	0.11587013156438083	4.2784623480472721E-6	8.3800711745297976E-2	0.12206750854407822	0.12565692426829037	0.12644194033633144	0.12654745865134695	0.12657358996406384	0.12658088905365053	0.12658193115042418	0.12658219165000592	0.12658226458812502	0.12658227500779315	0.12658227761270763	0.12658227834208374	0.1265822784462802	Frequency (Hz)


Current (amps/A)



VR	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	9.9985939806652162	9.9947376044614415	9.9669694522357322	9.8558477838678087	9.153740393586089	3.3801232592661702E-4	3.3801232592661702E-4	9.6433331749821818	9.9268970171949409	9.9889132865701793	9.9972492334564116	9.9993136071610476	9.9998902352383876	9.9999725608835099	lVLCl	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	0.15995004912876665	0.32043310184471679	0.81050412040846931	1.6909854709492262	4.0255463689889179	9.9996620014109343	9.9996620014109343	2.6468955161082395	1.2069432473824044	0.47075605738989984	0.23453732902592739	0.11716392492437101	4.6853849095653523E-2	2.3426087520323855E-2	Frequency (Hz)


Voltage




P	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	1.26548289602518	1.2645069772739099	1.2574909059025401	1.2296095169355099	1.0606705039512001	4.2784631585242102E-5	4.2784631585242102E-5	1.17713809399062	1.24738336954172	1.26301757836107	1.26512648403252	1.2656490204370401	1.26579499641545	1.2658158382078899	Q	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	2.0243988561908184E-2	4.053980405505881E-2	0.10225657853390564	0.21096323223073987	0.46644058670167066	3.8573254087843108E-7	3.8573254087843108E-7	-0.32309994102752615	-0.15166077623245344	-5.9523309321460341E-2	-2.9680102947105869E-2	-1.4829858591957699E-2	-5.9308018741134035E-3	-2.9653193976214472E-3	S	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	1.2656448076791416	1.2651566587925873	1.2616417028146509	1.247575668844026	1.158701315643808	4.2786370370457793E-5	4.2786370370457793E-5	1.220675085440782	1.2565692426829034	1.2644194033633143	1.2654745865134696	1.2657358996406385	1.2658088905365055	1.2658193115042418	Frequency


W




Power Factor Against Frequency 

pf	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	0.99987207180641902	0.99948648136642826	0.99671000340044991	0.98559914852686803	0.91539596065950857	0.99995936123581797	0.99995936123581797	0.96433367734834952	0.9926897198903496	0.99889132909656764	0.99972492337289165	0.99993136071780608	0.99998902352388319	0.99999725608835299	Frequency


Power Factor



|I| (I absolute)

Iabs (I absolute)	1	2	5	10	20	38.280083580000003	50	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	0.12656448076791416	0.12651566587925875	0.12616417028146504	0.12475756688440263	0.11587013156438083	4.2784623480472721E-6	8.3800711745297976E-2	0.12206750854407822	0.12565692426829037	0.12644194033633144	0.12654745865134695	0.12657358996406384	0.12658088905365053	0.12658193115042418	0.12658219165000592	0.12658226458812502	0.12658227500779315	0.12658227761270763	0.12658227834208374	0.1265822784462802	Frequency (Hz)


Current (amps/A)



VR	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	9.9985939806652162	9.9947376044614415	9.9669694522357322	9.8558477838678087	9.153740393586089	3.3801232592661702E-4	3.3801232592661702E-4	9.6433331749821818	9.9268970171949409	9.9889132865701793	9.9972492334564116	9.9993136071610476	9.9998902352383876	9.9999725608835099	lVLCl	1	2	5	10	20	38.280079999999998	50	100	200	500	1000	2000	5000	10000	0.15995004912876665	0.32043310184471679	0.81050412040846931	1.6909854709492262	4.0255463689889179	9.9996620014109343	9.9996620014109343	2.6468955161082395	1.2069432473824044	0.47075605738989984	0.23453732902592739	0.11716392492437101	4.6853849095653523E-2	2.3426087520323855E-2	Frequency (Hz)


Voltage




Phasor Diagram - 25Hz before Resonance (13.280084)

VLC	0	1.5902129821471472E-4	0	2.3460680178188289	VR	0	9.7207444786737582	0	2.1096244365378028E-15	I	0	0.12304739846422474	0	2.1096244365378028E-15	



Phasor Diagram - 25Hz Above Resonance (63.280084) 

VLC	0	3.641178006141775E-5	0	-5.0419965226168184	VR	0	4.2450777570834015	0	0	I	0	0.10931436417547133	0	0	



At Resonance (38.2801) 

VLC	0	9.9996619993356379	0	2.0682696461484312E-4	VR	0	3.3799852520075929E-4	0	1.3982387016524547E-8	I	0	4.2784623470591005E-6	0	1.7699224071550058E-10	
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