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[bookmark: _Toc165634354]Abstract 
The following report is a record and evaluation of conducting an experiment on an RLC circuit. This report examines the fundamental components of the experiment, how the work was simulated in Proteus and then tested physically. The attributed differences and similarities in the results between these circuits are then discussed regarding resonant frequencies and Q (quality) factor. The result of the experiment being that the simulated circuit has a higher Q factor of 40.26 compared to the physical circuit which has a Q factor of 3.812. The report explores how these values were calculated and what the difference means. 
[bookmark: _Toc165634355]Introduction
[bookmark: _Toc165634356]What are RLC circuits?
RLC circuits consist of a resistor, inductor and capacitor wired in series, parallel or any combination of the two. In this case the circuit in the experiment is a resistor in series with a parallel inductor and capacitor. RLC circuits produce a periodic oscillating electronic signal. Each RLC has its own resonant frequency. This is an input frequency at which the circuit exhibits distinctive behaviour. 
[bookmark: _Toc165634357]RLC Theory
A resistor is used to reduce the amount of current in an electrical system. This reduction can be called resistance (R), impedance (Z), or attenuation (α).
 A capacitor is ‘an electrical component consisting of two or more conductive plates separated by insulation and used to store energy in an electrostatic field’. This means an electric charge is stored in an electric field in the volume between two terminals. It is determined by the distance between the terminals: the greater the distance the greater the potential energy that can be stored. This potential to store voltage is called capacitance (C) and is measured in farads (F). 
An inductor is a component that stores electrical energy within an electromagnetic field that is produced when a current is flowed through a wire wound around a magnet. An inductor opposes the change in the direction of the current flow. This magnetic field is measured in Henries (H). 
Capacitors and Inductors have impedance as well, which is usually specified by the manufacturers data skeet. The values of these components and how they are configured determine how an RLC circuit functions.
The experiment looks at the attenuation of an RLC circuit, and from that we determine the resonant frequency. 
[bookmark: _Toc165634358]Examples of RLC circuits 
Filters are a key set of applications of RLC circuits. One example is audio systems. Consider a speaker system consisting of a midrange speaker, a woofer for bass (low frequency) sounds and a tweeter for treble (high frequency) sounds. 
RLC circuits have countless applications outside of being filters. For example, RLC circuits are used for voltage magnification and parallel RLC circuits can be used for current magnification. Another use for RLC circuits is in induction heating.
[bookmark: _Toc165634359]Report Format: 
The objective of this report is to analyse an RLC circuit and network in a simulated and physical environment using appropriate analysis tools such as proteus, and perform electrical and electronic measurements, record and analyse data and produce a report. Attenuation is the loss of signal amplitude. The circuit setups will be defined, and then the results will be recorded in table and graph form. From this the resonant frequency, bandwidth and Q factor may be determined. A discussion of the results will follow. The conclusion will contain the outcome of the report.
[bookmark: _Toc165634360]Circuit Set-Ups
It is an RLC circuit configured with the resistor in series with a capacitor and inductor that are in parallel. The signal generator output is set to 2V pk-pk at 100Hz, once this was set the output voltage was not changed. The voltage was then measured across the resistor and the inductor/ capacitor at a range of frequencies from 100Hz to a maximum of 20kHz. Several closely spaced measurements were taken around the peak of the response in order to determine the peak and the half amplitude points accurately. 
[bookmark: _Toc165634361]Proteus Circuit Diagram
The circuit was built in Proteus, as demonstrated in Figure 1.
[image: ]
[bookmark: _Toc165632879]Figure 1 Frequency Response of a simulate circuit layout designed in Proteus, contains an oscilloscope, resistor, inductor, capacitor, and signal generator. This is an RLC circuit configured with the resistor in series with a capacitor and inductor that are in parallel.
[bookmark: _Toc165634362]Circuit parameters
In the simulated circuit components respective measurement were: resistor 1kΩ, inductor 1mH, and capacitor 1µF. The physical circuit has the same stated values however as observed by Ron Mancini ‘All components have initial and application tolerances which must be accounted for’. Their measured values are as follows: 
Resistor:
· stated value - 1 kΩ
· Measured resistance - 979 Ω
· Measured Inductance - 84.5 µH
Inductor:
· stated value - 1 mH
· Measured inductance - 0.994 mH
· Series Resistance - 7.32 Ω
Capacitor:
· stated value - 1µF
· measured capacitance - 1.064µF
· ESR @ 1 kHz - 5.09189 x 10-5
· ESR @ 10 kHz - 7.63784 x 10-4
[bookmark: _Toc165634363]Circuit Measurements
The signal generator output frequencies will remain as defined in the circuit set-up, and the resultant output voltage will then be measured and recorded so that the attenuation (dB) may be calculated and then plotted against the input signal frequency. The resultant graphs will then enable the calculation of resonant frequency () from the graph and the ‘Q’ factor. These results may then be compared between the simulated circuit and the physical circuit, highlighting any differences and opening the discussion of the possible reasons for them.
[bookmark: _Toc165634364]Physical Circuit Set Up
The RLC circuit is constructed on a breadboard using a resistor (1kΩ), inductor (1mH) and a capacitor (1µF). 
[image: ]
[bookmark: _Toc165632880]Figure 2 Physical circuit components
The breadboard as well as the probes and wires to connect to the signal generator and oscilloscope are demonstrated in figure 2 and a closer look at the breadboard RLC circuit is visible in figure 3.
[image: ]
[bookmark: _Toc165632881]Figure 3 RLC circuit Bread board
The signal generator is connected to the bread board in figure 4, this acts as a way for the user to input different frequencies for the experiment.
[image: ]
[bookmark: _Toc165632882]Figure 4 Signal generator connected to breadboard
The oscilloscope probes are connected to the breadboard alongside the signal generator. This is so we may measure the peak to peak voltage of the generated wave form so we may determine the resonant frequency and calculate the attenuation of the outputs.
[image: ]
[bookmark: _Toc165632883]Figure 5 Oscilloscope and signal generator connected to RLC breadboard
[image: ]
[bookmark: _Toc165632884]Figure 6 example of inputs on signal generator
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[bookmark: _Toc165632885]Figure 7 frequency response of experiment generated on oscilloscope by RLC circuit
The oscilloscope as seen in figure 7 and 8 outputs a sine wave, and displays the input voltage and output voltage of the RLC circuit produced by the signal generator relative to the frequency input. 
[image: ]
[bookmark: _Toc165632886]Figure 8 Oscilloscope connected to breadboard

[bookmark: _Toc165634365]Results
The attenuation (loss of signal amplitude.) of the circuit at the various frequencies was calculated using the equation below: 

Where A is attenuation in dB,  is the peak-to-peak voltage measured across the inductor, and  is the peak-to-peak input voltage as set on the signal generator.
The relation between the frequency of the generated signal was then plotted against the corresponding attenuation. The following tables and graph contain and visually demonstrate the results of the experiment, allowing for us to calculate the respective resonant frequencies of the simulated vs physical circuit as well as the Q factor (quality factor).
The resistance across a circuit is calculated using Ohm’s Law:


The impedance of a capacitor varies with frequency as shown:


The impedance of an inductor varies with frequency as shown:



Resonant Frequency occurs when  = , to isolate the frequency we must rearrange the equation as follows:


Considering the component values in the circuit, L is 1x10-3 and C is 1x10-6, therefore the resonant frequency of the circuit would be:


The Q-factor is defined ‘as the quality of the second order filter stages. It describes the voltage magnification factor achieved across the coil and the capacitor compared with the supply voltage. Q factor is a ratio it doesn’t have a unit:

Simulated circuit Q factor approximation:



Physical circuit Q factor approximation:




[bookmark: _Toc165634366]Table of Frequency Response for a Simulated Circuit

	Frequency (Hz)
	Vin
	Vout
	Attenuation (dB)

	100
	2
	1.25E-03
	-6.41E+01

	200
	2
	2.50E-03
	-5.81E+01

	500
	2
	6.40E-03
	-4.99E+01

	1000
	2
	0.01325
	-4.36E+01

	2000
	2
	3.00E-02
	-3.65E+01

	4000
	2
	0.138
	-2.32E+01

	4900
	2
	1.10E+00
	-5.19E+00

	5000
	2
	1.925
	-3.32E-01

	5200
	2
	0.81
	-7.85E+00

	6000
	2
	0.175
	-2.12E+01

	10000
	2
	4.25E-02
	-3.35E+01

	15000
	2
	0.02376
	-3.85E+01

	20000
	2
	1.68E-02
	-4.15E+01

	
	
	
	

	5032.92
	2
	
	0.00E+00


[bookmark: _Toc165632896]Table 1 Frequency Response for a Simulated Circuit
Table 1 is a simulated RLC circuit has an input voltage that remained the same throughout the experiment. 
[bookmark: _Toc165634367]Graph of Frequency Response Simulated Circuit (Resonant Frequency)

[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C592FC6.tmp]
[bookmark: _Toc165632887]Figure 9  Graph representing the frequency response of a simulated circuit through proteus with a signal output of 2V pk-pk at 100Hz, at a range of frequencies from 100Hz to 20kHz. Graph of Resonant frequency


[bookmark: _Toc165632888]Figure 10 Fl Fh and Rres lines used to calculate the Q factor of the simulated Circuit
[image: C:\Users\ISA06016481\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\Screenshot (20).jpeg]
[bookmark: _Toc165632889]Figure 13 Q factor of simulated circuit determined using excel sheet provided by course.
[image: C:\Users\ISA06016481\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\Screenshot (20).jpeg]
[bookmark: _Toc165632890]Figure 14 Simulated circuit, a closer look at the values determining the graph output.

[bookmark: _Toc165634368]Table of Frequency Response for a Physical Circuit

	Frequency (Hz)
	Vin
	Vout
	Attenuation (dB)

	100
	1.96
	1.48E-02
	-4.24E+01

	200
	1.96
	1.56E-02
	-4.20E+01

	500
	1.96
	1.68E-02
	-4.13E+01

	1000
	1.88
	1.96E-02
	-3.96E+01

	2000
	1.88
	3.20E-02
	-3.54E+01

	4000
	1.88
	1.06E-01
	-2.49E+01

	4900
	1.96
	1.99E-01
	-1.99E+01

	5000
	1.96
	2.24E-01
	-1.88E+01

	5032.92
	1.96
	2.24E-01
	-1.88E+01

	5200
	1.96
	2.20E-01
	-1.90E+01

	6000
	1.96
	1.48E-01
	-2.24E+01

	10000
	1.96
	4.80E-02
	-3.22E+01

	15000
	1.96
	2.80E-02
	-3.69E+01

	20000
	1.96
	2.00E-02
	-3.98E+01


[bookmark: _Toc165632897]Table 2 Frequency Response for a Practical Attenuation Circuit
Table 2 is a physical circuit has a variable input voltage throughout the experiment, that remains approximately the same. This is because the physical components that are part of the circuit, degrade and are impacted by environmental factors unlike the simulated circuit.
[bookmark: _Toc165634369]Graph of Frequency Response of Physical Circuit

[bookmark: _Toc165503573][image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\717517C4.tmp]
[bookmark: _Toc165632891]Figure 11 Graph representing the frequency response of a physical circuit with a signal output of 2V pk-pk at 100Hz, at a range of frequencies from 100Hz to 20kHz

[bookmark: _Toc165632892]Figure 12 Fl, Fh and Rres lines used to calculate the Q factor of the physical Circuit
[image: C:\Users\ISA06016481\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\Screenshot (19).jpeg]
[bookmark: _Toc165632893]Figure 15 Q factor of physical circuit using excel sheet provided by course.
[image: C:\Users\ISA06016481\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\Screenshot (19).jpeg]
[bookmark: _Toc165632894]Figure 16 Physical circuit, a closer look at the values determining the graph output
[bookmark: _Toc165634370]Discussion
[bookmark: _Toc165634371]What do the results show?
The results show that the resonant frequency is:


The Q factor is defined ‘as the quality of the second order filter stages. It describes the voltage magnification factor achieved across the coil and the capacitor compared with the supply voltage. Q factor is a ratio it doesn’t have a unit.


The Q factor for the simulated circuit was 3.812 as demonstrated in figures 13 and 14. The Q factor for the physical circuit was 40.26 as demonstrated in figures 15 and 16. A response with a high Q will be sharper than a response with a lower Q, as seen in the respective graphs, figure 9 and 10 and figure 11 and 12. Capacitor values have an effect on resonant frequency. Wide bandwidth circuits will have a low Q and will dampen the signal. Narrow bandwidth circuits have a high Q and are under damped, this is demonstrated in figure 14 where the bandwidth of the simulated circuit is defined as 125Hz and the bandwidth of the physical circuit is listed as 1320Hz, over ten times the width. This difference in pk-pk measures is seen in figure 17 below:

[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C9D08672.tmp]
[bookmark: _Toc165632895]Figure 17 Graph comparing the frequency response of a simulated circuit through proteus with a signal output of 2V pk-pk at 100Hz, at a range of frequencies from 100Hz to 20kHz, and the frequency response of a physical circuit with a signal output of 2V pk-pk
[bookmark: _Toc165634372]Why does this happen? 
The resonation of the RLC circuit creates and alternating current (AC) signal. It is this AC signal that is the desired effect of the circuit.  The frequency at which the circuit resonates is called its resonance frequency. 

The resonance occurs as energy being stored in a capacitor and inductor. As the capacitor charges, current is being ‘consumed’ by the capacitor as it charges its electric field. The capacitor will discharge and current will then flow through the inductor. The inductor will then consume the current as it creates an electromagnetic field. 
The inductors field will discharge and current will flow back into the capacitor. 
Current can flow back and forth between those two since it is stored within their respective energy fields. 
The resistor is in the circuit to reduce the rate of current flow as well as reduce the amount of current.
 If a circuit could have zero resistance/ impedance then it would continue to oscillate for an indefinite time even after the initial energy source is removed. 

When resistance/impedance is introduced into the circuit the signal frequency will be attenuated or damped. Since all the electrical devices have some resistance/impedance, all the LC circuits can be treated as RLC circuits. 

The correct frequency is applied to an RLC circuit it will fail to oscillate but just so. Any variation in frequency will disturb the balance. The practical application of this phenomenon is using the frequency as a filter. The RLC circuits have a range of frequencies at which they start to become effective. This is called the bandwidth of the circuit. The bandwidth work starts at 3dB points of when the signal is halved.

The use of RLC circuits configured as bandpass filters is very common. The typical topology of the components in the circuit is a capacitor in parallel with a series resistor and inductor. 

Capacitor impedance is a function of frequency, at low frequencies the capacitor blocks signals, and at high frequencies the capacitor passes signals. All capacitors have a self-resonant frequency where the parasitic lead and dielectric inductance resonate with the capacitor in a series resonant circuit. Essentially the capacitor impedance decreases until it reaches self-resonance where it is minimum impedance. 

Inductors primary use is filtering. There are two very different types of filter inductors: the high current inductor wound around a large core is used in power supply filters, and low current air core inductors are used in signal filters.
[bookmark: _GoBack]
The series resistor lowers the Q of the inductor. Inductors are wound with wire whose size determines the series resistance. The wire size also determines the weight and number of turns that can be wound on a core, so series resistance versus inductance is always a compromise that the manufacturer must make. The parallel capacitance degrades the inductor performance at high frequencies because it turns the inductor into a parallel resonant circuit. 

Resistors control current flow by resisting it. A capacitors impedance is a function of frequency; it blocks dc and passes ac signals. Inductors are seldom used. 
[bookmark: _Toc165634373]Conclusion 
The aim of the assignment was to provide the student with a laboratory exercise to develop their practical measurement skills and data analysis. To achieve this aim, we were required to perform a laboratory exercise that will be based on software simulation and a practical experiment using real equipment. In this experiment it has been determined that the analysis shows that calculating the resonant frequency and response of an RLC circuit is possible. The difference between the theoretical and actual are due to factor of:
· % ratings of components (most components have a plus or minus rating to the declared value)
· variance in trace material (not able to account for without measuring and adding to circuit)
· the precision of the equipment measuring. 

The finding demonstrate that a simulated circuit has a higher Q factor than a physical circuit because it does not deal with resonance in the same manner as a physical circuit, therefore it has a smaller bandwidth and decreased attenuation at the resonant frequency. 


[bookmark: _Toc165634374]Nomenclature
	Symbol
	Name
	Measured Unit

	t
	Time constant
	Seconds (s)

	R
	Resistance/ Impedance
	Ohm (Ω)

	L
	Inductance
	Henry (H)

	C
	Capacitance
	Farad (f)

	I or i
	Current
	Amp (A)

	V or v
	Voltage
	Volts (V)

	f
	Frequency
	Hertz (Hz)


[bookmark: _Toc165632898]Table 3  Nomenclature- symbols names and measured units of values discussed in report
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