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Abstract
This is a report on how an AC R-L-C circuit acts and responds to changes in its frequency. It also shows how the circuit behaves when the resonant frequency is achieved.
Graphs have been created to show how current, component voltages drops, active, reactive, apparent power and power factor behaves when plotted against frequency.
Phasor diagrams have also been created to show the component voltages 25Hz below, during and above resonance. This is to show the impedance at a moment in time and the angle of this impedance.
From this impedance, we can determine the real, apparent and reactive power that will give us our angle theta. From this we can determine the power factor, which is a measure of how productive the circuit is running. Optimum for this is usually around 1.
Due to a load of industrial strength being mainly inductive, a capacitor will be added to the circuit to balance the shift in phase between the current and the voltage.
This is known as the Power Factor Correction.
During the study, it has shown that when the circuit is at resonance, the current will drop to zero. It also shows that when the circuit is at resonant frequency the circuit is purely resistive. We can see this from the voltages across the resistor dropping and the impedance components voltage is increasing.
The report will also show that to obtain max power for an AC circuit, the impedance load will have to equal the impedance source.













Introduction
An RLC circuit comprises of three electrical components, a resistor (R), inductor (L), and a capacitor (C). These components can be connected in a circuit either in series or parallel. [1]
The sum of the voltage across the circuit is measured in a vector sum, rather than a sum of the voltage across the three components. The resistor will be in phase with the current. For the inductor, the voltage will lead the current by 90 degrees. For the capacitor, the voltage will lag behind the current by 90 degrees. [1]
So, due to the voltages in each component being out of phase with one another they cannot be calculated in an arithmetical way. [1]
Resistance, inductive and capacitive reactance is called the impedance, which is the hindrance of the flow of the current it is located in. [1]
With the circuit containing components that will store energy, the frequency can be adjusted so that maximum response in the circuit is achieved. This is called resonance. [2]
This is the occurrence of the frequency that happens at the same time as the power that is being achieved. It can be referred to as a tuned circuit. A radio would be a good example of this action. [3]
Power factor is used in AC circuits and is used to measure the consumption of energy used from a small piece of equipment to a large energy station. It is the ratio of true power over apparent power. The reactive power is seen as useless. It is the true power that does all the work.
A building that uses a lot of energy will be measured by its power factor. An energy company will charge the building if the power factor falls below a set limit, usually around 0.95.
In an inductive circuit, the current will be out of phase with the voltage. This means current will be lagging the voltage, and electricity will be wasted.
In a capacitive circuit, the current and voltage will also be out of phase with one another. But this time the current will be leading, again electricity used will be wasted to do the same job.
In order to improve the power factor of the circuit, we must introduce either a capacitor in the inductive circuit, or an inductor into the capacitive circuit. This will bring the circuit back into phase and make the circuit more efficient. [4]
Maximum power transfer happens when in an AC circuit that contains internal impedance is connected to a load. The maximum power will take place when impedance of the load source matches the conjugate of the impedance of the source.

In an application, for example, a TV system, the strength at the receiving end of the antenna would be minimal. To increase the signal form, the antenna, the impedance of both the antenna and the receiver must be equal. [5]
In this assignment I will show how I created a model of the RLC circuit below. The component values have come from my student number 2012802.
The circuit is connected to a 10V sinusoidal source.
[image: ]Inductor (L) = 201mH
Resistor (R) = 28Ω
Capacitor (C) = 205µF



Method
TASK1 
The model created was to analyse and evaluate an AC electrical circuit. This was done by producing graphs for the following: -
1.Circuit current against frequency.
2.Component voltage drops against frequency.
3.Active, reactive and apparent power against frequency
4.Power factor against frequency


The graphs will be logarithmic. So, the frequencies will be spaced out to match this. They will range from 1 to 2 million, in 20 steps.

1.Circuit current against frequency

A circuit at resonance must be found to ascertain the potential of the circuit, and to find its ‘sweet spot’. Therefore, we must first find out the resonant frequency of the circuit.

a. To find my resonant frequency, use the formula. [6]

Where  equals the inductor and  equals the capacitor value.
My resonant frequency calculates at 79, so I will add that in the range of frequencies.

We next need to find the total impedance of the parallel section of the circuit which contains the inductor and the capacitor.

b. Find the reactance of the inductor and the capacitor.
[bookmark: _Hlk60146077]To find the inductive reactance , use the formula. [7]


Where   equals the frequency and  equals the inductor
At resonance,  = 99.7H
c. To find the capacitive reactance, use the formula. [8]

Where  equals the capacitor
At resonance, 
Now we have found the impedance components respectfully, we have found what the total impedance is in our circuit.
d. Calculate the Total reactance    , using the formula. [9]

When the circuit is at resonance, the circuit will be purely resistive. Therefore, we need to add the resistor in the next calculation. This will be to find the total impedance in the circuit. [10]

[bookmark: _Hlk60146739]e. Calculate the Total Impedance , using the formula. [11]

At resonance, 
We now have the total impedance in the circuit. We can now find out the current in the circuit.

f. Calculate current, using the formula. [12]

Where equals the voltage. And  equals the impedance total, which includes the resistor.

This is the same method we would use ohms’ law and its triangle to find our values.

At resonance, A

2. Component voltage drops against frequency.
Now we have the current across the circuit, we can now work out the voltage drops across the respective components.

a. Calculate voltage across the resistor, using the formula. [13]

At resonance, 0.026V
b. Calculate voltage across the impedance, using the formula. [14]

At resonance, V
3. Active, reactive and apparent power against frequency
Due to the fact that our impedance components actually lose nothing in the way of power, the voltage will drop when active so will take current in the circuit. This is called reactive power. We can now see how much of this power is being taken out of our circuit. We can do this by calculating the active, reactive and apparent power. [15]
We can first find out how much of the real or active power is being used in the circuit.
a. Calculate Real Power, using the formula. [ 16]

At resonance, 
Then we can find out how much of the wasted power (reactive), is being used.
b. Calculate Reactive Power, using the formula. [16]

At resonance,  
Where  equals the total impedance of the circuit, which includes the resistor.
We can now calculate the apparent power of the circuit. This is the combination of the current and voltage in the circuit and does not refer to the angle of it phase. [17]

c. Calculate Apparent Power, using the formula. [16]


At resonance,  = -0.0095VA



4. Power factor against frequency
Now we have the three calculations to make up our “power triangle”. Apparent power for our hypotenuse, and reactive and true power for our opposite and adjacent sides, we can now work out our power factor, which is the difference between our apparent and true power. It is the angle the separates the power that is dissipated to that which is taken back. [18]

We can first work out the angle of the power triangle.

a. Calculate the angle ɸ, using the formula. [ 19]

At resonance, 
b. Calculate the Power Factor, using the formula. [18]

At resonance, 
TASK 3





Capacitor value = 
Capacitor value = 1/ 2

=0.0675 F
Results
Task 1 
1.Circuit current against frequency
As you can see from the graph, when the frequency is at resonance (79Hz), the current is at its lowest. This is due to the capacitor and inductor being parallel and are both sharing the energy being created. This will contribute to no current being drawn from the supply. [20]

Graph showing current against frequency, resonance at 79Hz shows drop in current
2.Component Voltage drops against frequency.
In this graph we can see that when the frequency is at resonance the voltage is at its lowest. This is due to the impedance at resonance to be of resistance alone. The current and voltage will be in phase. [21]
The graph also shows that at resonance, when the voltage across the resistor is at its lowest, the voltage across the inductor and capacitor is at its highest.

Voltage across resistor drops at resonance, voltage across inductor and capacitor peaks

3. Active, reactive and apparent power against frequency
From this graph, we can see that at resonance frequency, real and apparent follow the same path, and is at its minimum. On the other hand, we can see that reactive power lowers into minus numbers, before rising through resonance.

At resonance, real and apparent power both drop, reactive rises through resonance
4.Power Factor against frequency
From this graph, we can see that during resonance, the power factor drops to its minimum. This is due to the frequency being proportional to the inductive load. It also shows that the voltage and current are out of phase by 90 degrees.

Graph showing power factor against frequency. Power factor drops to zero at resonance

Task 2 
25Hz Before resonance
From the graph below, we can see that the voltage across the resistor is in phase with the current of the circuit. While the voltage across the capacitor and inductor are out of phase and is leading by 90 degrees.


Phasor diagram 25Hz before resonance, showing current lagging inductor and capacitor voltage
At Resonance
In this graph, we can see that at resonance the voltage across the resistor and current are in phase with one another. But is leading the voltage across the inductor and capacitor and is out of phase by 90 degrees.


Phasor diagram at resonance, showing current and resistor voltage in phase, inductor and capacitor voltage lagging

25Hz After resonance
In this graph, we can see that the current and the voltage across the resistor are in phase with one another. And the voltage across the inductor and capacitor is out of phase and lagging by 90 degrees.

Phasor diagram 25 Hz after resonance, showing current and resistor voltage in phase, inductor and capacitor voltage lagging


Discussion
From the model built, and the resultant graphs created from it, we can see that when the circuit is at resonance the current will drop to zero. This is due to the capacitor and inductor working like an independent circuit sharing the energy created. No voltage will be given, so no current will flow when his happens.[22]
With the circuit current and voltage in phase with one another, when the capacitor and inductor “share” their own energy, no voltage will be drawn across it. The circuit will be purely resistive. So the voltage will only be drawn across the resistor.
With regards to the Power Factor and the Power Triangle, we know that real power is the impedance multiplied by current. So, when the current drops at resonance, the real power will drop with it.[23]
When the circuit is at resonance the voltage across the impedance is as its maximum and the voltage across the resistor is at its minimum. This is due to the capacitor discharging and building the inductors magnetic field by the current. [24] 
The capacitor will be charged by the inductors magnetic space diminishing. The resonance will take place when these two impedances equal out. It creates a steady oscillation in the circuit. This will cause the impedance in the circuit to reach its maximum. [25]
Maximum power transfer takes place in an AC circuit when the load of the impedance matches the impedance of the source.[26]
A power factor correction will occur to decrease the input current and apparent power. This will increase the power factor. In order to get the most out of the real power in an AC supply, the input current is governed by the power factor correction. [27]
In an ideal scenario, an electrical circuit with impedances should be purely resistive. This would show that the reactive power is showing as zero.




Conclusions
From carrying out this report, the below conclusions can be made:
· Maximum power transfer occurs when the impedance from the source is equal to the impedance of the load.
· Resonance occurs when the frequency is adjusted to allow maximum performance in the capacitor and inductor.
· In a phase diagram at resonance, the voltage across the resistor will be in phase with the current. The voltage across the inductor and capacitor will be lagging 90 degrees.
· Capacitor stores the voltage as an electric charge. Resistance will be added when this happens. It impedes the flow of current.
· Inductor will store the electrical energy as a field of magnetism around a coil. This will induce a voltage which is in opposition to the main voltage.
· The higher the frequency, the greater the opposition to the flow of current will occur. This opposition will account for the voltage drop across the inductors.
· Inductance is in relationship with frequency. When inductance is at zero, frequency is at zero.
· In the power triangle, the real, reactive and apparent power are all related to one another via trigonometry. The phase angle of the impedance of the circuit will equal the angle that is opposite. 
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25 Hz BEFORE RESONANCE


VLC	0	2.6816727654747365E-4	0	9.7737766484208315	VR	0	2.1147472054296883	0	-1.5735381672682664E-15	I	0	7.5526685908202995E-2	0	-3.1225281525111954E-2	



AT RESONANCE

VLC	0	9.9999721388836065	0	-1.5883496811868677E-14	VR	0	2.7860618888857721E-5	0	5.5582300052115581E-10	I	0	9.950221031734889E-7	0	1.9850821447184137E-11	



25 Hz AFTER RESONANCE

VLC	0	1.0282285834769041E-4	0	-9.8821898020471224	VR	0	1.5303626998881719	0	-3.7957005165990348E-16	I	0	5.4655810710291824E-2	0	0	



CIRCUIT CURRENT

|I|	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	0.35676729042287653	0.3556840845092647	0.3483138966996896	0.32465817490002646	0.2572170551924246	9.2286162259760551E-2	9.5549406025452639E-4	4.6093313694612337E-2	0.18213360233811199	0.30852280529727028	0.34337480981741642	0.35357959387478405	0.35656701456139567	0.35699868947090235	0.35710680225871377	0.35713708778020048	0.35714141478143285	0.35714249655120345	0.35714279944813432	0.35714284271917418	0.35714285353693681	FREQUENCY (Hz)


CURRENT(A)




COMPONENTS VOLTAGE DROPS

VR	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	9.9894841318405376	9.9591543662594066	9.7527891075913029	9.0904288972007361	7.2020775453878869	2.584012543273293	2.6753833687126756E-2	1.2906127834491441	5.099740865467135	8.6386385483235681	9.6144946748876627	9.900228628493954	9.9838764077190731	9.9959633051852617	9.9989904632439863	9.9998384578456108	9.999959613880117	9.9999899034336952	9.999998384547764	9.9999995961368811	9.9999998990342327	VLC	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	0.45064029377179932	0.89897201303121732	2.2082246996940258	4.1662942758942991	6.9372800672402164	9.6603089263213899	9.9999360829231705	9.9163487931984093	8.6018938703810655	5.0372532662018523	2.749816699540061	1.4090681623403103	0.5676370979221973	0.28410843240043593	0.14209052028333696	5.6840276143455389E-2	2.8420428680556151E-2	1.4210250667070198E-2	5.684104335448515E-3	2.8420524583403668E-3	1.4210262654972029E-3	FREQUENCY(Hz)


VOLTAGE




REAL POWER

POWER	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	3.5640485097486301	3.54243937519233	3.3971542688002301	2.9513908846734398	1.85257261140093	0.238492004854089	3.5609019075329502E-5	5.9494785150627699E-2	0.928835334600286	2.6652170625128702	3.3013752852209599	3.50051881804161	3.5599210044584302	3.5685457999508801	3.5707075101444601	3.5713131851074298	3.57139972425834	3.5714213595991402	3.5714274175342098	3.57142828295492	3.5714284993101701	Q	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	-0.160773666148047	-0.31975001236332501	-0.76915534021716203	-1.35262149133013	-1.7843867483461699	-0.891512836746708	-9.5548742490902793E-3	0.45707737558850497	1.5666939175422001	1.55410750868143	0.944217786237325	0.49821774858217499	0.20240066536041301	0.101426338034588	5.0741491329659501E-2	2.0299770690495999E-2	1.01501121076687E-2	5.0750843998558599E-3	2.0300369347173602E-3	1.0150186941287E-3	5.0750937541060599E-4	S	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	3.5676729042287656	3.5568408450926463	3.4831389669968957	3.246581749000264	2.5721705519242457	0.92286162259760551	9.5549406025452633E-3	0.46093313694612431	1.82133602338112	3.0852280529727025	3.4337480981741639	3.5357959387478406	3.5656701456139568	3.569986894709023	3.5710680225871374	3.5713708778020048	3.5714141478143282	3.5714249655120347	3.5714279944813434	3.5714284271917416	3.5714285353693782	FREQUENCY(Hz)


POWER





pf	1	2	5	10	20	50	79	100	200	500	1000	2000	5000	10000	20000	50000	100000	200000	500000	1000000	2000000	0.99898410123981951	0.99595105023600194	0.97531402019518043	0.90907641108445092	0.72023708148552468	0.25842661458041627	3.7267650900775651E-3	0.12907465396132214	0.50997472332205918	0.86386387545804266	0.96144946886942839	0.9900228629374116	0.99838764077417574	0.99959633051866981	0.99989904632440574	0.99998384578456034	0.99999596138801294	0.99999899034337014	0.99999983845477647	0.99999995961368837	0.99999998990342165	FREQUENCY Hz)



POWER FACTOR
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