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Introduction 

RLC series circuit

Introduction

Could do something about the everyday use or the history of filters 

What is the point knowing how to work out the q factor 
Talk about the phase and how they act as a filter and how what the q (quality factor) factor is and that's when the voltage drop over the inductor and capacitor  in at its smallest 

Talk about the capacitor and inductor and how they work and how they cancel each other out 

Talk about comparing practical against theory 




Add stuff about the q factor 































What is an RLC series circuit? 

An RLC circuit is circuit that contains a resistor, an inductor and a capacitor. 

There are two types of RLC circuits. A series circuit and a parallel circuit. 

In this assignment we are going to look at the RLC series circuit but I will briefly talk about what the RLC parallel circuit does. 

If we want to fully understand what this circuit is doing we must first look at the two main components, the inductor and the capacitor.   

What is a capacitor? 

A capacitor is made up of two electrical inductors that are separated from each other by an insulator. 

[image: Image result for inside capacitor]

Capacitors can store electrical energy. They can charge and discharge in seconds. 

They are similar the battery as in you can charge then and discharge them, however, batteries normally rely on chemical reactions to release there electrical energy very slowly over a long period of time.  

A capacitor stores energy because the two planes in a capacitor store opposite charges and the separation between them creates an electric field. 

What could this be useful for? 

Say you wanted to turn AC current in to DC current? 
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As you can see here the AC current isn’t giving out a consistent voltage and when it’s on the purple line its giving out 0V. 

If you put the capacitor in parallel with the AC supply. Every time the AC supple was near 0V the capacitor would start the discharge and there for would will in the voltage gaps thus smoothing out the AC to DC.  

What is an inductor? 

An inductor is a component that temporarily stores energy in the form of a magnetic field. 

Inductors are normally just coils of wire.
[image: Image result for inductor]


One of the most basic properties of electromagnetism is, if you have current flowing through a wire you will create a weak magnetic field around it. 

This is why is you coil up lots of wire and put a current through it you will get a stronger magnetic field. 
When you first put current through an inductor the magnetic field will expand until reaches its reaches it limit, it will then stabilise.

When the current stops flowing through the inductor the magnetic field with turn back into electrical energy and their magnetic field will deplete until all the energy stored is released. 

The current in an inductor cannot instantly change, it will always lag by a small amount of time. 

Like capacitors they are temporary storage areas.  Capacitors storage energy in the form of static charge and resist sudden changes in voltage. Inductors store energy in the form of a magnetic field and resist sudden changes in current. 

Current wave form with no inductor,

[image: ][image: ]

Current wave form without inductor,

[image: ][image: ]

What is resonance? 
Resonance is when the capacitive reactance is equal to the inductive reactance.  

[image: Image result for resonance frequency formula]

This is also when they are out of Phase by 180 degrees. 
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)[image: Image result for resonance frequency out of phase 180]

As the Voltage flowing though the Inductor and the Capacitor are out of Phase by 180 degrees they cancel each other out. If you added them together they would be equal to 0 or very close to 0. This almost imitates/looks like a short circuit.
[image: Image result]









LC parallel circuit. 

Voltage across the inductor and the capacitor are the same. 

In a parallel RLC circuit the current is the sum of the current going through the capacitor and the inductor.   

Current in the inductor and the capacitor out of phase bye 180 degrees. 
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At resonance this circuit doesn’t let any current to flow so it looks like an open circuit. 

At low frequencies the circuit will be more inductive, and at higher frequencies the circuit will be more capacitive.  

At resonance the voltage will peak in magnitude as it is essentially the open circlet voltage of a generator. 
[image: Image result for what are RLC parallel circuits used for]











These Circuits lets you to create networks that will have a short circuit or an open circuit at a particular frequency. 

Some of the things they are used as are;
Low pass filter, 
High pass filter, 
Band pass filter, 
Band stop filter, 
Voltage multiplier, 
Oscillator circuit.



















Main Body 

[image: Image result]Before we look at the practical I’m going to do some maths to estimate what the resonance frequency and the ‘Q’ factor should be and show what value we should be getting in an ideal situation. 

Component values 
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Here you can see a circuit diagram of an RLC circuit. The component values being used are a ten ohm resistor, twenty two micro Henry inductor and a one micro farad capacitor.  They will be linked in series with each other and the RMS and the Peak to Peak values will be measured across the inductor and the capacitor. The starting frequency will be five thousand hertz and it will be tested ever 2 thousand hertz up to forty nine thousand hertz. 

To make sure the results taken are accurate three separate tests will be taken. The main one will be the practical test. This will best the practical abilities of the experiment conductor and it will test their problem solving skills as they will be ask to used machinery they have not used before.  Test will be conducted used computer simulation software.  Graphs and results will be taken from this and documented in this report.  Note book maths will also be done and used in excel. From this we will be able to have three different production of the same test.  It will test the Practical skills, the mathematical skills, the computer software skills and there analysing skills. 

It would be very uncommon if all the results came out with the same results. You need to account for environmental factors, component tolerances and the machine accuracy.  

In this report there are plenty of images as a form of everdunce to the work that has been done outside this report. However they were taken on a cheap phone camera so they are bad quality. If any extra better everdance is required for this report the original documents can be seen in person if necessary.  









Hand written calculations. 

Below you can see the maths notes made in preparation for the rest of the experiments. The calculations for inductive reactance, capacitive reactance, total reactance and impedance were worked out for five thousand hertz frequency. This was done as a guide to base the rest of the work off.  
The photo quality is not very good as they were taken with a cheap phone camera. 




















After the math’s had been worked out and the answers were confirmed as correct and exel spred sheet was set up so it could do the same calculations for all of the different freelances that were going to be tested.


[image: ]

For this excel spread sheet the frequency range was deliberately made large so that we could get a good view on what was happening in the circuit. The range starts at five thousand hertz and ends at one hundred and ten thousand hertz. 
 
Below you can see the different formulas used in excel to work out the Inductive reactance, capacitive reactance, total reactance, impedance, phase and the impedance across the inductor and the capacitor. 

XL
[image: ]

XC
[image: ]

XT
[image: ]

Z
[image: ]

Phase
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Z across L and C
[image: ]

After doing this maths on excel I’ve estimated that the ‘q’ factor should be round 34000Hz. However I’m not expecting it to be spot on as we need to account for the tolerance the components have and other environmental factors like temperature etc. Even though individually they wouldn’t make a noticeable different added together they can be out by a noticeable amount sometimes. 


[image: ]


This is where the inductor and the capacitor are out of phase by 180 degrees. This means that in a ‘puff of logic’ they cancel each other out. If you look on the table you can see that the impedance is 10 ohms (the same as the 10 ohms resistor in the circuit).  

This graph has been produced from the results that were achieved on excel. 

[image: ]

From this we have a good base to start our experiment. We can see what the shape of the impedance graphs should look like. It is a good reference to comeback to and compare the future findings to as we know that this graph has been mathematically proven and that all the future results should mirror this graph in some way.  



	frequency
	XL
	XC
	XT
	Z
	AMP
	VR
	VL
	VC
	Watts
	Q factor

	5000
	0.69
	31.83
	31.14
	32.71
	0.31
	3.06
	0.21
	9.73
	3.057533
	0.069115

	5500
	0.76
	28.94
	28.18
	29.90
	0.33
	3.34
	0.25
	9.68
	3.344607
	0.076027

	6000
	0.83
	26.53
	25.70
	27.57
	0.36
	3.63
	0.30
	9.62
	3.626648
	0.082938

	6500
	0.90
	24.49
	23.59
	25.62
	0.39
	3.90
	0.35
	9.56
	3.90333
	0.08985

	7000
	0.97
	22.74
	21.77
	23.96
	0.42
	4.17
	0.40
	9.49
	4.174352
	0.096761

	7500
	1.04
	21.22
	20.18
	22.53
	0.44
	4.44
	0.46
	9.42
	4.439444
	0.103673

	8000
	1.11
	19.89
	18.79
	21.28
	0.47
	4.70
	0.52
	9.35
	4.698364
	0.110584

	8500
	1.17
	18.72
	17.55
	20.20
	0.50
	4.95
	0.58
	9.27
	4.950902
	0.117496

	9000
	1.24
	17.68
	16.44
	19.24
	0.52
	5.20
	0.65
	9.19
	5.196875
	0.124407

	9500
	1.31
	16.75
	15.44
	18.40
	0.54
	5.44
	0.71
	9.11
	5.436127
	0.131319

	10000
	1.38
	15.92
	14.53
	17.64
	0.57
	5.67
	0.78
	9.02
	5.668532
	0.13823

	10500
	1.45
	15.16
	13.71
	16.97
	0.59
	5.89
	0.86
	8.93
	5.893991
	0.145142

	11000
	1.52
	14.47
	12.95
	16.36
	0.61
	6.11
	0.93
	8.84
	6.112427
	0.152053

	11500
	1.59
	13.84
	12.25
	15.81
	0.63
	6.32
	1.01
	8.75
	6.323791
	0.158965

	12000
	1.66
	13.26
	11.60
	15.32
	0.65
	6.53
	1.08
	8.66
	6.528056
	0.165876

	12500
	1.73
	12.73
	11.00
	14.87
	0.67
	6.73
	1.16
	8.56
	6.725215
	0.172788

	13000
	1.80
	12.24
	10.45
	14.46
	0.69
	6.92
	1.24
	8.47
	6.915282
	0.179699

	13500
	1.87
	11.79
	9.92
	14.09
	0.71
	7.10
	1.32
	8.37
	7.098291
	0.186611

	14000
	1.94
	11.37
	9.43
	13.75
	0.73
	7.27
	1.41
	8.27
	7.27429
	0.193522

	14500
	2.00
	10.98
	8.97
	13.43
	0.74
	7.44
	1.49
	8.17
	7.443345
	0.200434

	15000
	2.07
	10.61
	8.54
	13.15
	0.76
	7.61
	1.58
	8.07
	7.605535
	0.207345

	15500
	2.14
	10.27
	8.13
	12.89
	0.78
	7.76
	1.66
	7.97
	7.760952
	0.214257

	16000
	2.21
	9.95
	7.74
	12.64
	0.79
	7.91
	1.75
	7.87
	7.909699
	0.221168

	16500
	2.28
	9.65
	7.36
	12.42
	0.81
	8.05
	1.84
	7.77
	8.05189
	0.22808

	17000
	2.35
	9.36
	7.01
	12.21
	0.82
	8.19
	1.92
	7.67
	8.187645
	0.234991

	17500
	2.42
	9.09
	6.68
	12.02
	0.83
	8.32
	2.01
	7.56
	8.317095
	0.241903

	18000
	2.49
	8.84
	6.35
	11.85
	0.84
	8.44
	2.10
	7.46
	8.440373
	0.248814

	18500
	2.56
	8.60
	6.05
	11.69
	0.86
	8.56
	2.19
	7.36
	8.557622
	0.255726

	19000
	2.63
	8.38
	5.75
	11.54
	0.87
	8.67
	2.28
	7.26
	8.668986
	0.262637

	19500
	2.70
	8.16
	5.47
	11.40
	0.88
	8.77
	2.37
	7.16
	8.774614
	0.269549

	20000
	2.76
	7.96
	5.19
	11.27
	0.89
	8.87
	2.45
	7.06
	8.874657
	0.27646

	20500
	2.83
	7.76
	4.93
	11.15
	0.90
	8.97
	2.54
	6.96
	8.969266
	0.283372

	21000
	2.90
	7.58
	4.68
	11.04
	0.91
	9.06
	2.63
	6.87
	9.058597
	0.290283

	21500
	2.97
	7.40
	4.43
	10.94
	0.91
	9.14
	2.72
	6.77
	9.142804
	0.297195

	22000
	3.04
	7.23
	4.19
	10.84
	0.92
	9.22
	2.80
	6.67
	9.222041
	0.304106

	22500
	3.11
	7.07
	3.96
	10.76
	0.93
	9.30
	2.89
	6.58
	9.296461
	0.311018

	23000
	3.18
	6.92
	3.74
	10.68
	0.94
	9.37
	2.98
	6.48
	9.366217
	0.317929

	23500
	3.25
	6.77
	3.52
	10.60
	0.94
	9.43
	3.06
	6.39
	9.431462
	0.324841

	24000
	3.32
	6.63
	3.31
	10.53
	0.95
	9.49
	3.15
	6.29
	9.492343
	0.331752

	24500
	3.39
	6.50
	3.11
	10.47
	0.95
	9.55
	3.23
	6.20
	9.549009
	0.338664

	25000
	3.46
	6.37
	2.91
	10.41
	0.96
	9.60
	3.32
	6.11
	9.601604
	0.345575

	25500
	3.52
	6.24
	2.72
	10.36
	0.97
	9.65
	3.40
	6.02
	9.650272
	0.352487

	26000
	3.59
	6.12
	2.53
	10.31
	0.97
	9.70
	3.48
	5.93
	9.695151
	0.359398

	26500
	3.66
	6.01
	2.34
	10.27
	0.97
	9.74
	3.57
	5.85
	9.736379
	0.36631

	27000
	3.73
	5.89
	2.16
	10.23
	0.98
	9.77
	3.65
	5.76
	9.774091
	0.373221

	27500
	3.80
	5.79
	1.99
	10.20
	0.98
	9.81
	3.73
	5.68
	9.808415
	0.380133

	28000
	3.87
	5.68
	1.81
	10.16
	0.98
	9.84
	3.81
	5.59
	9.839481
	0.387044

	28500
	3.94
	5.58
	1.64
	10.13
	0.99
	9.87
	3.89
	5.51
	9.867412
	0.393956

	29000
	4.01
	5.49
	1.48
	10.11
	0.99
	9.89
	3.97
	5.43
	9.892329
	0.400867

	29500
	4.08
	5.40
	1.32
	10.09
	0.99
	9.91
	4.04
	5.35
	9.91435
	0.407779

	30000
	4.15
	5.31
	1.16
	10.07
	0.99
	9.93
	4.12
	5.27
	9.933589
	0.41469

	30500
	4.22
	5.22
	1.00
	10.05
	1.00
	9.95
	4.20
	5.19
	9.950157
	0.421602

	31000
	4.29
	5.13
	0.85
	10.04
	1.00
	9.96
	4.27
	5.12
	9.964162
	0.428513

	31500
	4.35
	5.05
	0.70
	10.02
	1.00
	9.98
	4.34
	5.04
	9.975708
	0.435425

	32000
	4.42
	4.97
	0.55
	10.02
	1.00
	9.98
	4.42
	4.97
	9.984897
	0.442336

	32500
	4.49
	4.90
	0.40
	10.01
	1.00
	9.99
	4.49
	4.89
	9.991825
	0.449248

	33000
	4.56
	4.82
	0.26
	10.00
	1.00
	10.00
	4.56
	4.82
	9.996588
	0.456159

	33500
	4.63
	4.75
	0.12
	10.00
	1.00
	10.00
	4.63
	4.75
	9.999278
	0.463071

	34000
	4.70
	4.68
	-0.02
	10.00
	1.00
	10.00
	4.70
	4.68
	9.999982
	0.469982

	34500
	4.77
	4.61
	-0.16
	10.00
	1.00
	10.00
	4.77
	4.61
	9.998787
	0.476894

	35000
	4.84
	4.55
	-0.29
	10.00
	1.00
	10.00
	4.84
	4.55
	9.995775
	0.483805

	35500
	4.91
	4.48
	-0.42
	10.01
	1.00
	9.99
	4.90
	4.48
	9.991026
	0.490717

	36000
	4.98
	4.42
	-0.56
	10.02
	1.00
	9.98
	4.97
	4.41
	9.984617
	0.497628

	36500
	5.05
	4.36
	-0.68
	10.02
	1.00
	9.98
	5.03
	4.35
	9.976622
	0.50454

	37000
	5.11
	4.30
	-0.81
	10.03
	1.00
	9.97
	5.10
	4.29
	9.967112
	0.511451

	37500
	5.18
	4.24
	-0.94
	10.04
	1.00
	9.96
	5.16
	4.23
	9.956157
	0.518363

	38000
	5.25
	4.19
	-1.06
	10.06
	0.99
	9.94
	5.22
	4.16
	9.943824
	0.525274

	38500
	5.32
	4.13
	-1.19
	10.07
	0.99
	9.93
	5.28
	4.11
	9.930175
	0.532186

	39000
	5.39
	4.08
	-1.31
	10.09
	0.99
	9.92
	5.35
	4.05
	9.915274
	0.539097

	39500
	5.46
	4.03
	-1.43
	10.10
	0.99
	9.90
	5.41
	3.99
	9.899179
	0.546009

	40000
	5.53
	3.98
	-1.55
	10.12
	0.99
	9.88
	5.46
	3.93
	9.881948
	0.55292

	40500
	5.60
	3.93
	-1.67
	10.14
	0.99
	9.86
	5.52
	3.88
	9.863635
	0.559832

	41000
	5.67
	3.88
	-1.79
	10.16
	0.98
	9.84
	5.58
	3.82
	9.844294
	0.566743

	41500
	5.74
	3.84
	-1.90
	10.18
	0.98
	9.82
	5.64
	3.77
	9.823976
	0.573655

	42000
	5.81
	3.79
	-2.02
	10.20
	0.98
	9.80
	5.69
	3.71
	9.80273
	0.580566

	42500
	5.87
	3.74
	-2.13
	10.22
	0.98
	9.78
	5.75
	3.66
	9.780602
	0.587478

	43000
	5.94
	3.70
	-2.24
	10.25
	0.98
	9.76
	5.80
	3.61
	9.757638
	0.594389

	43500
	6.01
	3.66
	-2.35
	10.27
	0.97
	9.73
	5.85
	3.56
	9.733882
	0.601301

	44000
	6.08
	3.62
	-2.46
	10.30
	0.97
	9.71
	5.91
	3.51
	9.709376
	0.608212

	44500
	6.15
	3.58
	-2.57
	10.33
	0.97
	9.68
	5.96
	3.46
	9.684159
	0.615124









The “Q” Factor is = 0.469




Computer simulation

In the picture below you can see a scream shot of a schematic diagram made using PSpice Scamatics. 
It has been made to simulate the RLC series circuit so we can compare them the practical results and the Excel results. 

[image: ]
 This graph shows the results taken from the computer simulation software.

[image: ]


The above output shows voltage drop across resistor in green; across capacitor in blue; inductor in red and across both inductor and capacitor in yellow.
It can be seen that at lower frequencies the inductor has little influence and the capacitor a great influence on the circuit, this is reversed at high frequencies. Also, it clearly shows how the inductor and capacitor cancel one another due to opposing phase differences around 34kHz, meaning the voltage is dropped across the resistor at this frequency. 
This graph is very similar the graph made using Excel. This shows that so far all the results have been correct. 
Practical
On the 12th of December 2017, Electronics Engineering students were asked to build, test and record the results of a RLC series circuit. They were given bread bored, wires, an oscilloscope, function generator, a resistor, an inductor and a capacitor. 
They were asked to find the resonance frequency and the “Q” Factor and compare them. They were given two hours in which to complete the practical aspect of the assignment. Below you can see some photos captured whiles mid way through the practical. 
As you can see on the screen they were measuring forty nine kilo hertz at the time. They were using the reading on the oscilloscope screen to give them the RMS and the Peak to Peak voltage for the different frequencies. 
The results were taken and documented within the time limit given. 
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\0026908896_1999619940301569_260424242_o.jpg]













Below you can see the reading that was taken from the practical experiment. They show the frequency measured at, the RMS for that frequency and the peak to peak voltage. 



Results from Practical. 
	Frequency in KHz
	RMS volts
	Peak to Peak volts 

	5
	3.46
	9.9

	  7
	2.59
	7.28

	9
	2.06
	5.76

	11
	1.71
	4.64

	13
	1.45
	3.84

	15
	1.26
	3.2

	17
	1.12
	2.64

	19
	1.05
	2.24

	21
	0.958
	1.76

	23
	0.9
	1.44

	25
	0.846
	1.12

	27
	0.826
	0.96

	29
	0.754
	0.64

	31
	0.773
	0.48

	33
	0.775
	0.4

	35
	0.745
	0.56

	37
	0.778
	0.72

	39
	0.794
	0.96

	41
	0.783
	1.12

	43
	0.885
	1.36

	45
	0.916
	1.44

	47
	0.942
	1.6

	49
	0.982
	1.68


[image: ]








The above graph looks how it was expected to look there for the maths was right and the practical experiment was right. 
In the practical the resonance frequency was at 33KHz and not 34KHz. Like I said earlier this if because of the tolerances in the components. 
If I did the practical experiment again I would go up to 70KHz as I don’t think I took enough reading to get a true representation of what is happening. 

Graphs comparison.
Compare them to the theory results and talk about how they compare 
If they are out by quite a bit talk about the components and their tolerance

Below you can see all three graphs together. Even though they do all show small differenced there is defiantly a correlation between them. In all three graph the resonance frequency is around 34KHz. 
The Mathematical calculated graph and the practical one are the most simulare. They both have very similar shapes to them as you can see before resonance both of the lines are convex and after resonance both of the lines are concaved. In the computer simulation before resonance the line appears to be relatively strait after resonance it does agree with the other graphs though as its is also concaved. 
[image: ][image: ]







[image: ]







Conclusion 

Looking at all the data we have collected over the course of the assignment we can see clearly that un-doubtable the resonance frequency is at 34KHz for an RLC series circuit containing a 10 ohm resistor, 22uH and 1uF components. 
After doing two separate calculations we can comfortably say that the “Q” Factor is 0.469. 
[image: ]
[image: ]
To conclude this we could say it is always important to do an experiment in as many different ways as possible as that is when you are most likely to notice pattern and problems if there are any. 
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Relationship between Q and bandwidth

The 2-sided bandwidth relative to a resonant frequency of Fo Hz

T
i
i
is Fo/Q !

|
Bandwidth

For example, an antenna tuned to have a Q value of 10 and a
centre frequency of 100 kHz would have a 3 dB bandwidth of

|

10kHz i
In audio, bandwidth is often expressed in terms of octaves. Then A fe f
the relationship between Q and bandwidih is A graph of  fiter's gain magnitude, ilustrating the concept of
-3 dB at a voltage gain of 0.707 or half-power bandwidth. The
1 frequency xis of this symbolic diagram can be linear or

logarithmically scaled.

2sinh (2 BW)
‘where BW is the bandwidth in octaves.

RLC circuits

In an ideal series RLC circuit, and in a tuned radio frequency receiver (TRF) the Q factor is:

1 [T wl
Q=—,/2 =22
RV C R
Wwhere R, L and G are the resistance, inductance and capacitance of the tuned circuit, respectively. The larger the series

resistance, the lower the circuit Q

For a parallel RLC circuit, the Q factor is the inverse of the series case:[4]

Q= R,/fZ uiL = wy RO
o

Consider a circuit where R, L and C are all in parallel. The lower the parallel resistance, the more effect it will have in damping
the circuit and thus the lower the Q. This is useful in fiter design to determine the bandwidth.

In a parallel LG circuit where the main loss s the resistance of the inductor, R, in series with the inductance, L, Qis as in the
sefies circuit. This is a common circumstance for resonators, where limiting the resistance of the inductor to improve Q@ and
narrow the bandwidth is the desired result

Individual reactive components

The Q of an individual reactive component depends on the frequency at which itis evaluated, which is typically the resonant
frequency of the circuit that it is used in. The Q of an inductor with a series loss resistance is the Q of a resonant circuit using
that inductor (including its series loss) and a perfect capacitor ')
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