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Abstract
In this report I will detail the findings from the questions in the assignment, and the process I used to get those answers. The main aim of the assignment was to critically analyse and evaluate AC and DC electrical circuits and systems, and to perform critical analysis and detailed simulation of relevant circuits.
For the assignment I used Microsoft excel to produce a model of an RLC circuit using my student ID number as the figures for the inductor, resistor and capacitor. Excel was used as it is easy to simulate electrical circuits. Using the excel I was able to calculate circuit current, voltage drops across the components, the different types of power dissipated in the circuit, and also the power factor. 
Using excel I was also able to produce phasor diagrams for my simulated system, these were to show the component voltage and current of the system during resonance, ‘25Hz’ before and ‘25Hz’ after.
For the final part of the assignment I was tasked with calculating the component value of a capacitor which would allow maximum power transfer of that system, this was also done using excel to calculate the value of the capacitor, as I already knew the impedance of the source, the load would need to be equal and opposite of that to allow maximum power transfer.
Introduction
An RLC network is a system which consists of a resistance ‘R’ ohms, a pure inductance of ‘L’ Henry’s, and capacitance ‘C’ farads connected in series to each other, this then forms a simple RLC circuit [1]. The circuit forms an Oscillator circuit which is very commonly used in Radio receivers and televisions. It is also very commonly used as damper circuits in analogue applications [2]. When combined the three simple components of a resistor, capacitor and inductor can be used for a wide range of complex tasks, such as Communication systems, Signal Processing, Voltage/Current magnification and Radio wave transmitters.
Resonance in an AC circuit is the frequency at which the circuit has a minimum impedance, this is caused by the values of the systems capacitor and inductor being equal and opposite to each other [3]. For series circuits the conditions for resonance are straightforward, and it is characterized by minimum impedance and zero phase, this occurs when the inductive and capacitive reactance’s are equal in magnitude but cancel each other because they are 180 degrees apart in phase [4]. This is different for parallel RLC circuits, which have a maximum impedance at resonant frequency.
Power Factor Correction is a process which uses capacitors to reduce the reactive power component of an AC circuit in order to improve its efficiency and reduce current [5]. For an AC circuit, the power dissipated at any moment in time should be equal to the product of the voltage and current at that exact moment, this is due to the voltage of AC circuits being sinusoidal, so it changes direction and magnitude continuously over time, the rate at which it changes is known as the frequency (f)[5]. Power factor correction can be measured, this measure is used to determine how effective the incoming power supply is, it is defined as the ratio between real and apparent power, and is given as a number between 0 and 1. 
· Real power – the power which actually reaches the machine/equipment, and is useful [6].
· Reactive power – this type of power is only required by some equipment, such as transformers and motors, reactive power is used to produce a magnetic field for operation [6].
· Apparent power – is the vector of reactive and real power, it shows the total power required to produce the total amount of required real power [6].
Maximum power transfer occurs when load resistance is equal to the Thevenin/Norton internal resistance of the network supplying the power. If the load resistance is lower or higher than the Thevenin/Norton resistance of the source network, the power dissipated will be less than maximum [7]. The maximum power transfer theorem is commonly used in communication systems which receive low strength signal, such as. It is also used in speakers for transferring the maximum power from an amplifier to a speaker.
To answer the tasks in the assignment I am going to use an excel spreadsheet to simulate the RLC circuit, below is the circuit used to calculate the assignment answers and produce the graphs which will be seen in this paper. I was required to use my student ID number (2012801) for the values for the resistor, 10, inductor, 0.201H and the capacitor, 10 μF. 10 μF
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Method
For task 1 of the assignment I was required to produce an excel spreadsheet which would simulate an RLC circuit, this was done by firstly inputting the data for the resistor, capacitor and inductor, and also the voltage of the power source, the excel sheet would then simulate the circuit by performing the required calculations which I input. The values used are;
	Resistor
	28 Ω

	Inductor
	201 mH

	Capacitor
	10 μF

	Source voltage
	10 V



One these figures were determined I then started to create my simulation tables, I firstly added a frequency column, ranging from 1 to 2000000000 Hz in a logarithmic scale, this would give me a wider range and also more accurate answers.  I then had to convert the inductor and capacitor values into reactance values, this was done by using a frequency of 1Hz first, then dragging the cell to complete for the rest of the frequencies, the resonant frequency was also calculated at this stage. The formulas used for conversion were;
XL=  [8]


Once XC & XL were calculated, they were then required in complex form, for this I used the same equations as previously, but with the excel function “COMPLEX” before the calculation, this allowed excel to give the reactance answers in complex form.
Impedance was the next value calculated, this was done first by using XC & XL to get the value for ZLC, this was done using the product over sum rule and then applied to all frequencies using drag;
   [8]

Z total was then calculated by adding the resistor value as resistors are ‘passive’ components, which do not produce or consume any electrical energy, but convert electrical energy into heat, due to this R = Z. So for Ztotal the resistance is added to ZLC.
Current was then calculated using Ztotal and the value for the power source, the equation used was;
   with R=Ztotal  [9]
An absolute value was needed for I as the previous calculation gave a complex answer, this was done using the excel function ‘IMABS’ this converts complex numbers into absolute.

Voltage drops were calculated against frequency; the voltage drops were calculated using the formula; 
 [10]
For the voltage drop across the LC part of the circuit, ‘IMPRODUCT’ was used as the numbers were complex, the final value was then converted to an absolute value using ‘IMABS’. A graph was produced from this calculation.
Part 3 of the task required the calculation of the power triangle produced by this circuit, this was done using the following equations;

 
The excel function ‘IMAGINARY’ was used as ZLC is a complex number.

The values for power were then plotted on a graph against frequency.
The final stage of task 1 was to calculate power factor against frequency, firstly the phase angle was required, this was done using the excel functions ‘IMARGUMENT’ to convert the previously calculated Ztotal into a radian angle, then ‘DEGREES’ to convert the radian angle into degrees. Once converted the power factor was calculated using cosΦ, the power factor was then plotted on a graph against frequency.
For task 3 I the equations I used were;
XL=  [8]
Excel function ‘IMAGINARY’ was used to convert to an absolute value.
The capacitor value C was then calculated using;














Results
Task 1;
1)Current plotted against voltage;

Figure.1
From this graph you can see that the resonant frequency is 112Hz, this is where the impedance of the circuit is minimum.
2) component voltage drops;

Figure.2
From this graph it can be seen that the resistive part of the circuit acts in the opposite way to the inductive capacitive part.
3) power against frequency;

Figure.3
This graph shows active, apparent and reactive power and their relationship to frequency. From this it can be seen that at resonance the active, apparent and reactive parts are equal.
4) Power factor 

Figure.4
From this graph it can be seen that power factor is at its lowest at resonance.
Task 2;

Figure.5
From this diagram it can be seen that the resistor voltage is in phase with the current, the voltage LC is 90° out of phase with the current.

Figure.6
At resonance all voltages and current are in phase.

Figure.7

Figure.8
At 25Hz after resonance the LC voltage and resistor voltage are roughly 135° out ot of phase, the current shown is so small that it is not visible on the graph, separate graph added to show.


Discussion
From task 1 part 1 (Figure.1) it can be seen that the resonant frequency calculated was 112.26Hz. The resonant frequency is when the inductive reactance of the inductor becomes equal in value to the capacitive reactance of the capacitor [12], this can be expressed as XL=XC and allows maximum power to flow.
Task 1 part 2 the voltage drops were calculated, from the graph (Figure.1) produced it can be seen that the inductive capacitive part of the circuit behaves in an opposite way to the resistive part, when the frequency is at resonance it can be seen that the voltage of the resistor is at a minimum of 0 V, whereas the inductive capacitive part of the circuit is opposite, voltage is at a minimum until the frequency is at resonance, this is because at resonance the LC configuration of the circuit, the two resonances XC and XL cancel each other out meaning there is no resistance to the voltage. This is different in a resistor which has a constant impedance until resonance [13].
Part 3 of task 1 (Figure.3) required a power graph, from this graph it can be seen that as the circuit starts to become resonant the active and apparent power both begin to drop to a minimum at resonance then start to climb back up, whereas the reactive power climbs just before resonance then falls dramatically at resonant frequency, this is because the power factor for the circuit becomes equal to 1, and the phase angle is zero, apparent power also has its lowest value and becomes equal to the active power because the power factor is 1 [14].
After resonance the reactive power becomes negative and then climbs back to 0, this is because the circuit is purely resistive at resonance meaning no power is consumed only reactive.
Part 4 involved producing a graph (Figure.4) showing the relationship between power factor and frequency, from the graph I produced it can be seen that just before resonance the power factor starts to decrease, this is because at resonance the inductive reactance is equal to capacitive reactance and hence the voltage across inductor and capacitor cancel each other [15] meaning the circuit only has a resistive value, this then effects the power factor bringing it down.
From task 2 it can be seen that at 25Hz before resonance (Figure.5) that the resistor voltage is in phase with the current, the voltage LC is 90° out of phase and lagging with the current, this is because the impedance of the LC part of the circuit is greater than that of the resistance.
At resonance (Figure.6) all components are at phase with each other, this is when the impedance is 0 as the capacitive and inductive values are equal and opposite.
25Hz after resonance (Figure.7) VLC leads the resistive voltage, this is because capacitance of LC is greater than that of the resistance.

Task 1 part 5;
At resonance, the circuit appears resistive because the capacitive and inductive energies are equal to each other. The energy stored in a capacitor is of electrostatic nature, this is because it is a charge stored in between plates. The energy stored in a inductor is of a magnetic nature, this is because it stores current which is a moving charge which is associated with magnetism [16]. At resonance, energy stored in the capacitor is equal to energy stored in the inductor, this is because capacitive reactance and inductive reactance are equal at resonance.
Task 3 part 1;
To allow maximum power to flow, the value of the load resistance needs to be equal to that of the source [17], for this to be true the capacitor added to the circuit would need to be of equal and opposite value to that of the inductor, knowing this allowed me to calculate the capacitive value to be 67mF.
Task 3 part 2;
Adding a capacitor to the system can be seen as performing power factor correction, this is because adding the capacitor brings the power factor up to 1, whereas without the capacitor it would be below 1, with 1 being the best power factor possible.


Conclusion
Through doing this assignment I have been able to make the following conclusions;
· Maximum power transfer occurs when the load resistance is equal to the source.
· Power factor correction is useful in large plants and can be done using capacitors.
· When a capacitor is fully charged it has 0 current and max voltage.
· When the inductive reactance becomes equal to that of the capacitive reactance, they cancel each other out and the circuit behaves as a purely resistive circuit.
· At resonance all components are at phase with each other, this is when the impedance is 0.
· Impedance is 0 when the capacitive and inductive values are equal and opposite.
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Vooltage drop Resistor

VR	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	9.9894857981778706	9.9591801411380949	9.7537349404521407	9.1030301694725004	7.316517473320884	3.3492109038459019	0.45731214502210138	3.010978013865995E-5	2.3429581816622669	6.4107665013163659	8.6665709848445385	9.6167895499095586	9.9359376019979209	9.9838804620051427	9.995963559391269	9.9993538750942044	9.99983845825275	9.9999596139055775	9.9999935381954312	9.9999983845478067	9.9999995961368722	9.9999999353819149	9.9999999838454894	9.9999999959613568	9.9999999993538093	9.9999999998384492	9.9999999999596021	9.99999999999355	9.9999999999983924	9.9999999999995879	VLC	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	0.45060460706192862	0.89868890874766205	2.2040490665882881	4.1386987965139932	6.8164868951291568	9.4223956326548048	9.9895202704235455	9.999986069823807	9.7216492428703027	7.6747680481753049	4.989042642705404	2.7417802039489056	1.1301079450256541	0.56756578497885213	0.28409948840966048	0.11367532994558317	5.6840204514783145E-2	2.8420419726672166E-2	1.1368203447989E-2	5.6841042638166609E-3	2.8420524493863847E-3	1.1368210153121015E-3	5.6841051019587512E-4	2.8420525541541602E-4	1.1368210220172392E-4	5.6841051103401343E-5	2.8420525552018377E-5	1.1368210220842946E-5	5.6841051104239794E-6	2.842052555212315E-6	Frequency (Hz)


Voltage (V)




Power

P	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	3.56404967857307	3.5424576308738098	3.3978127321547902	2.9595773310367899	1.9119095418918299	0.400637039645866	7.4753422282368203E-3	4.9750756526224703E-6	0.19605337570745099	1.4677832596626399	2.6824804668681499	3.3029514742943502	3.52581628684618	3.55992389570231	3.5685459814529201	3.5709670685486299	3.5713131853982398	3.5713997242765201	3.5714239558553702	3.57142741753424	3.57142828295492	3.5714285252728	3.57142855988964	3.5714285685438298	3.5714285709670102	3.5714285713131799	3.57142857139972	3.5714285714239602	3.5714285714274201	3.5714285714282799	Q	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	0.16076096112564991	0.31965014397051417	0.76777536145039593	1.3455249959651645	1.7811766226137329	1.127056792395694	0.16315460497322162	-9.5334270828680434E-6	-0.8134792011712858	-1.7571837824505434	-1.5442104360508144	-0.94168297191017081	-0.40102435804632008	-0.20237531969832059	-0.10142314762088085	-4.0595708964070817E-2	-2.0299745110067158E-2	-1.0150108909891684E-2	-4.0600700364564766E-3	-2.0300369091345674E-3	-1.0150186909308443E-3	-4.0600750284506491E-4	-2.0300375331344124E-4	-1.0150187689308416E-4	-4.0600750783706273E-5	-2.0300375393743968E-5	-1.0150187697108425E-5	-4.0600750788698519E-6	-2.0300375394368093E-6	-1.0150187697186423E-6	S	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	3.5676734993492394	3.5568500504064628	3.4834767644471931	3.2510822033830373	2.6130419547574606	1.1961467513735402	0.16332576607932153	1.0753492906664271E-5	0.83677077916509501	2.2895594647558477	3.0952039231587656	3.4345676963962717	3.548549143570686	3.5656715935732652	3.5699869854968815	3.571197812533645	3.5713708779474103	3.57141414782342	3.5714262636412251	3.5714279944813589	3.5714284271917407	3.5714285483506929	3.5714285656591134	3.5714285699861983	3.5714285711977891	3.5714285713708747	3.5714285714141436	3.5714285714262681	3.571428571427997	3.5714285714284242	Frequency (Hz)


Power (VA)





POWER FACTOR	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	0.9989842622154661	0.99595360520441167	0.97540846743497733	0.91033604993349271	0.73167961900148237	0.33493970466902606	4.5769521905112458E-2	0.46264741101370543	0.23429758852605601	0.64107671465050275	0.86665710352634295	0.96167895533402359	0.99359376020881851	0.99838804620108179	0.99959635593916296	0.99993538750942179	0.99998384582527489	0.99999596139055758	0.99999935381954308	0.99999983845478058	0.99999995961368859	0.99999999353818991	0.99999999838454745	0.99999999959613683	0.99999999993538191	0.99999999998384548	0.99999999999596134	0.99999999999935385	0.99999999999983846	0.99999999999995959	FREQUENCY (Hz)


POWER FACTOR



25Hz before resonance phasor 

VLC	0	2.2811174008985574E-4	0	9.9497904027240587	VR	0	1.0006070104754119	0	2.481767588070245E-16	I	0	3.5735964659836146E-2	0	0	



PHASOR AT RESONANCE 

VLC	0	9.9999860694223859	0	7.0534266813487807E-5	VR	0	1.3930328851540727E-5	0	1.9651365391746956E-10	I	0	4.9751174469788139E-7	0	7.0183447827667563E-12	



25HZ AFTER RESONANCE PHASOR 

VLC	0	1.5839757200891256	0	9.8415261372280511	VR	0	-0.78686580174597842	0	0.12665402657712194	I	0	-2.8102350062356389E-2	0	4.5233580920400586E-3	



25HZ AFTER RESONANCE PHASOR 

I	0	-2.8102350062356389E-2	0	4.5233580920400586E-3	VLC	0	1.5839757200891256	0	9.8415261372280511	VR	0	-0.78686580174597842	0	0.12665402657712194	



Circuit Current

Iabs	1	2	5	10	20	50	100	112.26	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	5000000	10000000	20000000	50000000	100000000	200000000	500000000	1000000000	2000000000	0.35676734993492398	0.35568500504064626	0.34834767644471931	0.32510822033830356	0.26130419547574585	0.11961467513735365	1.6332576607932192E-2	1.0753492906664269E-6	8.3677077916509524E-2	0.22895594647558451	0.30952039231587636	0.34345676963962712	0.35485491435706862	0.35656715935732652	0.35699869854968819	0.35711978125336447	0.35713708779474107	0.35714141478234207	0.35714262636412253	0.35714279944813593	0.35714284271917401	0.35714285483506836	0.35714285656591033	0.35714285699861986	0.35714285711977889	0.35714285713708749	0.35714285714141436	0.35714285714262678	0.35714285714279975	0.35714285714284244	Frequency (Hz)


Current(A)
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