
RESONANCE
Electrical & Electronic Principles (ACDA4006) (EES Version) 

UWTSD
Louis S (2322688)


Contents
Abstract	3
Introduction	3
Section 1: Simulation Steps	4
Simulation Preparation	4
Simulation & Data Collection	5
Testing & Data Collection	7
Additional Calculations	8
Section 2: Results	11
Section 3: Discussion	14
Section 4: Conclusion	15
References	15
Appendix	15

Figure 1 - Example of Tuned Parallel LC circuit	3
Figure 2 - Component bin in Protus	5
Figure 3 - Component Layout of the circuit	5
Figure 4 - The complete circuit diagram	5
Figure 5 - Simulation menu for the circuit	6
Figure 6 - Frequency Inputs	7
Figure 7 - Formula for calculating Attenuation in dB	7
Figure 8 - Formula for calculating Attenuation in a ratio	8
Figure 9 - Overview of the spreadsheet used	9
Figure 10 - Q Factor for Simulated data set	10
Figure 11 - Q Factor for Tested data set	10
Figure 12 - Frequency by Attenuation in Ratio	12
Figure 13 - Frequency by Attenuation in dB	13
Figure 14 - Frequency by Attenuation in dB (Zoomed in)	13

[bookmark: _Toc153190671]


[bookmark: _Toc165602763][bookmark: _Toc153352181]Abstract
This report details the simulation, testing and the results. The circuit was a tuned parallel LC circuit, made up of a 1mH inductor, 1µF Capacitor and 1kΩ resistor. The circuit was tested at a range of input frequencies between 100Hz and 20kHz at 2V Pk-Pk, and the output voltage was recorded and plot on graphs for both simulated and tested, simulated Q factor was approximately 30 and the tested Q factor was approximately 3.6 which could be attributable to various different factors such as parasitics or inaccurate values of components.
[bookmark: _Toc165602764]Introduction
The circuit being testing and analysed is a LC resonant Bandpass Filter, also known as a Parallel LC circuit, Tuned Circuit or Tank circuit. The report aims to outline steps taken to simulate build and test this circuit, with results and discussion regarding said results.
This type of LC Circuit is typically used in signal, communications and frequency applications due to their resonance, utilised by systems such as radio, current magnification and induction heating. Applications also include amplifiers, tuners, mixers and contactless cards.
[image: A diagram of a typical Parallel LC circuit.

]
[bookmark: _Toc165613825]Figure 1 - Example of Tuned Parallel LC circuit
This circuit is made up of an Inductor, capacitor and resistor, with the impedance of the Capacitor and Inductor making a voltage divider with the resistor in the circuit.
Due to the opposing effects of the L and C, they ‘negate’ each other; due Inductive circuits having a positive phase, with voltage leading current and Capacitive circuits being the inverse; having a negative phase with voltage lagging current. (The mnemonic CIVIL can be used to remember which of the Capacitive and Inductive current lead and lag in regard to voltage)
This causes minimal total current flow, thus causing maximal total impedance. There is, however, large current oscillating between the L and C which is limited by the resistance of the circuit and inductor windings, but in principle would tend infinite.
Impedance equations are as follows:



In the case of this circuit, the impedance proof equations would be as follows:



The Resonant Frequency is calculated by:

In the case of this specific circuit, the equation would be as follows:

Thus, the resonant frequency is expected at 5032.92Hz, in practice this may differ slightly due to actual values of the components. However, more data points are required near the apex of the frequency response for a smoother and more defined curve when plotting on a graph. The benefits of having a better graph curve can better visualisation of data sets.
[1]
[bookmark: _Toc153190672][bookmark: _Toc153352182][bookmark: _Toc165602765]Section 1: Simulation Steps
The following steps were used in simulating the circuit, testing the physically built circuit and recording the data gained from both respectively:
[bookmark: _Toc165602766]Simulation Preparation
Prepare a suitable design sheet in Protus.
Select the required components from the library and add them to the component bin, generic components were selected.
[image: A screenshot of a computer
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[bookmark: _Toc165613826]Figure 2 - Component bin in Protus
Place and connect the components as per the circuit diagram, ensure that the frequency generator and oscilloscope is connected to the circuit and that the values of the components are altered to reflect the diagram in the brief. The values were also changed to reflect the design of the circuit in the brief
[image: A diagram of electrical components
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[bookmark: _Toc165613827]Figure 3 - Component Layout of the circuit
[image: A diagram of a circuit
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[bookmark: _Toc165613828]Figure 4 - The complete circuit diagram
[bookmark: _Toc165602767]Simulation & Data Collection
Once the simulation circuit had been correctly laid out, the simulation was the run.
Channels C and D were disabled, as well as adjusting the Scale, Trigger and vertical positioning to allow for easier and more concise measurements.
The frequency generator was also adjusted to have the correct values needed for the simulation. 
[image: A screenshot of a computer
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[bookmark: _Toc165613829]Figure 5 - Simulation menu for the circuit
A table for the independent variable (Frequency) and control variable (Frequency Input Voltage) values were created in excel with additional values added approaching point of resonance as discussed previously.
[image: A table with numbers and numbers
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[bookmark: _Toc165613830]Figure 6 - Frequency Inputs
By enabling the cursor, peak to zero measurements were able to be taken which were then doubled to provide the Peak-to-Peak Voltage for the output frequency. This was repeated for each other data points.
This data was input alongside the input values table and used the following formula to calculate Attenuation in Decibels and as a Ratio respectively.
[image: A screenshot of a computer
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[bookmark: _Toc165613831]Figure 7 - Formula for calculating Attenuation in dB
[image: ]
[bookmark: _Toc165613832]Figure 8 - Formula for calculating Attenuation in a ratio
Both sets of Attenuation data were then used to plot Graphs for their respective forms, (See Results section for full table and graphs produced from it)
[bookmark: _Toc165602768]Testing & Data Collection
First, components of correct value required for the circuit, were obtained along with wire and breadboard. A suitable set of test equipment and probes were also procured for the physical testing.
The components had the following values.
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 = 1 µF
· Measured Capacitance = 1.064 µF
· ESR @ 1 kHz = 
· ESR @ 10 kHz =  
[2]
The circuit was then built by placing the Capacitor and Inductor in parallel with each other on the breadboard, and the resistor placed between the positive rail and the LC arrangement identical to the simulation mentioned previously. Sections of solid core wire was also stripped and used to connect the circuit to the power and earth rails, as well as providing additional points to connect the test probes to.
The Frequency generator was set to mirror the simulated version, by having it set to output 2 Volts as a constant, providing a sinewave as the waveform and adjusted to initially output 100Hz.
The Oscilloscope was adjusted to clearly display both input and output waveforms and set to the measurement menu to allow a digital value of the output waveform voltage.
This was repeated for each of the previous frequency intervals and input into excel identically to simulated data set, calculated attenuation as decibels and as a ratio; and was also plot onto their respective graphs along with the simulated data sets. 
Minor alterations were made to the excel table formatting and layout to allow for easier interpretation and setup for additional calculations, for example using conditional formatting to highlight the highest data point or arranging the corresponding data sets with specific colouring used on the graphs for clarity and consistency.
[image: A screenshot of a computer screen
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[bookmark: _Toc165613833]Figure 9 - Overview of the spreadsheet used
[bookmark: _Toc165602769]Additional Calculations
After obtaining and creating the attenuation graphs for both data sets, they were used to calculate the Q factor for each. This was done by having a line drawn -3dB below the highest attenuation point on the graph, the frequency of where the -3dB line and the attenuation data set intersected were recorded. The upper frequency minus the lower frequency gave the bandwidth and was used to calculate Q Factor in the following formula for both circuits:
To calculate Q Factor, the highest point of attenuation was required, and at the points -3dB below the highest frequency response the frequencies were recorded as the bandwidth limits, these were then input into the following equation to give Q Factor, this was repeated for both circuits.





Approximation of the Simulated circuit Q factor


[bookmark: _Toc165613834]Figure 10 - Q Factor for Simulated data set
Approximation of the Tested circuit Q factor due to a data point not being recorded for the exact resonant frequency, resulting in a lower -3dB line, thus a wider bandwidth and a lower calculated Q factor. 


Figure 11 - Q Factor for Tested data set
The following table shows how the Q factor graphs were used to calculate its values, the Cells highlighted in red were able to be altered to move the FL/FH line respectively, along the X axis until they intersected the -3dB line and the data set graph.
These frequency values were then used to calculate bandwidth, and then Q factor from itself and the Centre line (Resonant Frequency). 
	Simulated
	Tested

	Circuit Values
	
	Res Freq Line (Centre)
	FL line
	
	FH
	5765

	R
	1000
	
	5
	5032.921
	X
	Y
	
	FL
	4380

	C
	0.000001
	
	-30
	5032.921
	4380
	-10
	
	
	 

	L
	0.001
	
	
	 
	4380
	-30
	
	Bandwidth
	1385

	 
	
	
	
	 
	 
	
	
	Centre
	5032.921

	FL line
	
	FH
	5071.5
	FH line
	
	
	 

	X
	Y
	
	FL
	4906.5
	X
	Y
	
	Q Factor
	3.633878

	4906.5
	2
	
	
	 
	5765
	-10
	
	
	 

	4906.5
	-10
	
	Bandwidth
	165
	5765
	-30
	 
	 
	 

	 
	
	
	Centre
	5032.921
	
	
	
	
	

	FH line
	
	
	 
	
	
	
	
	

	X
	Y
	
	Q Factor
	30.50255
	
	
	
	
	

	5071.5
	2
	
	
	 
	
	
	
	
	

	5071.5
	-10
	 
	 
	 
	
	
	
	
	


Table 1 - Calculations used for Q factor
[bookmark: _Toc153352183][bookmark: _Toc165602770]Section 2: Results
The results from the simulation and tests were as follows:
	Electronic & Electronic Principles Resonance Assignment

	Variables
	Simulated
	Tested

	Freq
	Vin
	Vout
	Atten (dB)
	Atten (Ratio)
	Vout
	Atten (dB)
	Atten (Ratio)

	100
	2
	1.30E-03
	-6.37E+01
	6.50E-04
	1.80E-02
	-4.09E+01
	9.00E-03

	200
	2
	2.50E-03
	-5.81E+01
	1.25E-03
	1.80E-02
	-4.09E+01
	9.00E-03

	500
	2
	6.40E-03
	-4.99E+01
	3.20E-03
	2.00E-02
	-4.00E+01
	1.00E-02

	1000
	2
	1.33E-02
	-4.35E+01
	6.65E-03
	2.40E-02
	-3.84E+01
	1.20E-02

	2000
	2
	3.00E-02
	-3.65E+01
	1.50E-02
	3.60E-02
	-3.49E+01
	1.80E-02

	3000
	2
	5.90E-02
	-3.06E+01
	2.95E-02
	6.40E-02
	-2.99E+01
	3.20E-02

	3200
	2
	6.80E-02
	-2.94E+01
	3.40E-02
	7.20E-02
	-2.89E+01
	3.60E-02

	3500
	2
	8.50E-02
	-2.74E+01
	4.25E-02
	8.40E-02
	-2.75E+01
	4.20E-02

	3800
	2
	1.12E-01
	-2.50E+01
	5.60E-02
	1.04E-01
	-2.57E+01
	5.20E-02

	4000
	2
	1.38E-01
	-2.32E+01
	6.90E-02
	1.22E-01
	-2.43E+01
	6.10E-02

	4300
	2
	2.03E-01
	-1.99E+01
	1.01E-01
	1.54E-01
	-2.23E+01
	7.70E-02

	4500
	2
	2.85E-01
	-1.69E+01
	1.43E-01
	1.80E-01
	-2.09E+01
	9.00E-02

	4800
	2
	6.70E-01
	-9.50E+00
	3.35E-01
	2.16E-01
	-1.93E+01
	1.08E-01

	4900
	2
	1.10E+00
	-5.19E+00
	5.50E-01
	2.24E-01
	-1.90E+01
	1.12E-01

	5000
	2
	1.93E+00
	-3.09E-01
	9.65E-01
	2.30E-01
	-1.88E+01
	1.15E-01

	5032.921
	2
	 
	#NUM!
	 
	2.32E-01
	-1.87E+01
	1.16E-01

	5100
	2
	1.38E+00
	-3.22E+00
	6.90E-01
	2.30E-01
	-1.88E+01
	1.15E-01

	5200
	2
	8.10E-01
	-7.85E+00
	4.05E-01
	2.24E-01
	-1.90E+01
	1.12E-01

	6000
	2
	1.75E-01
	-2.12E+01
	8.75E-02
	1.46E-01
	-2.27E+01
	7.30E-02

	8000
	2
	6.50E-02
	-2.98E+01
	3.25E-02
	6.80E-02
	-2.94E+01
	3.40E-02

	10000
	2
	4.25E-02
	-3.35E+01
	2.13E-02
	4.60E-02
	-3.28E+01
	2.30E-02

	15000
	2
	2.40E-02
	-3.84E+01
	1.20E-02
	2.60E-02
	-3.77E+01
	1.30E-02

	20000
	2
	1.70E-02
	-4.14E+01
	8.50E-03
	2.20E-02
	-3.92E+01
	1.10E-02


Table 2 - Results from Simulation and Testing
Note in the following graphs the discrepancy between the Simulated (Blue) and Tested (Green) data points, whilst having a similar general outline but differing peak amplitudes.


[bookmark: _Toc165613836]Figure 12 - Frequency by Attenuation in Ratio


[bookmark: _Toc165613837]Figure 13 - Frequency by Attenuation in dB

[bookmark: _Toc165613838]Figure 14 - Frequency by Attenuation in dB (Zoomed in)
[bookmark: _Toc153352184][bookmark: _Toc165602771]Section 3: Discussion
When comparing the results of both Simulated and Tested circuits there were several key differences between them. The main difference between the two data sets it the Q factor, the Simulated Q factor being approximately 30, whereas the Tested Q factor was around 3.6
Q factor or ‘Quality Factor’ (However the use of the letter Q was not from the word quality) is the measure of energy lost from a system, the higher the Q factor, the less energy lost from the aforementioned system. With its inherent connection to bandwidth and centre frequency, altering these values will change the Q factor values. 
Whilst Q factor is affected by these values, it can be affected by a range of phenomena that may not be represented accurately or at all by simulation. These can include:
· Tolerances of Components; Physical components often have larger than desired tolerances that result in inaccurate component values.
· Parasitic effects; In circuits, unwanted ‘stray’ capacitance / inductance can exist between and within components and connections, this results in an additional path for AC current to flow and increase of effective resistance of the circuit respectively.
· Accuracy of equipment; Having more accurate equipment allows for a higher degree of precision when testing and recording values, a higher resolution oscilloscope allows for better signal fidelity and better SNR (Signal Noise Ratio), poor quality equipment can act inversely to this resulting in noisier, ‘messier’ readings.
· Various losses; Resistive, Dielectric, Hysteresis / Eddy currents (Should an inductor have a ferrite core) and conductor losses can result in power being lost from the circuit undesirably.
· Component condition / Ageing; Similar to component tolerances, the condition of a component will affect its effectiveness, a weeping capacitor for example will have a decrease in capacitance and higher ESR, an inductor may experience degradation over time due effects such as thermal cycling resulting in a decline in component performance.
· Supply noise; Supply noise can be caused by various factors such as switching components in the signal generator, power supply ripple due to imperfections in filtering which can be transmit to the output.
The Tested circuit results were a lot ‘smoother’ around the apex unlike the Simulated results, this could be attributed to measurement being taken from an inherently analogue signal when tested, whereas the simulated results would be a selection of data points produced digitally and thus having a ‘sharper’ look to the apex.
More precise results for the simulation data set would’ve provided a more accurate peak frequency response, which was used as the basis for later calculations such as Bandwidth and Q Factor, as a result of this, only a rough approximation of Q factor could be calculated.
Other aspects found of note include:
· The capacitance in parallel with the resistor will affect the curve after the point of resonance causing a ‘flick’ on the ‘tail’.
· A lower value resistor will result in a smoother peak, inversely a higher resistance will result in a sharper peak.

[bookmark: _Toc153352186][bookmark: _Toc165602772]Section 4: Conclusion
In this experiment, it was determined that when comparing identical circuits in both simulation and practical testing, their methods both have downsides that the other may not experience. For example, the discrepancy found between the two data sets was, for the majority, due to the use of ideal components that realistically don’t exist, and don’t experience parasitic like real components do. However, this results in simulations not being entirely accurate, unless these aspects are accounted for.
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Q Factor Calc Sim

Simulated dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5100	5200	6000	8000	10000	15000	20000	-63.741732867142886	-58.061799739838875	-49.897000433601882	-43.543567093937909	-36.47817481888638	-30.603559680436739	-29.370421659154896	-27.432221398993768	-25.03623945987599	-23.22301818525489	-19.892099362265874	-16.923702713109421	-9.4991038592630943	-5.1927462101151223	-1.9382002601611279	-6.3751752524882557	-10.03378892420799	-21.159838939553737	-29.762332780422511	-33.452821312273393	-38.416375079047505	-41.411621485714143	Fres	5032.9212104487033	5032.9212104487033	5	-30	-3dB	4500	5500	-4.9382002601611283	-4.9382002601611283	FL line	4906.5	4906.5	2	-10	FH line	5071.5	5071.5	2	-10	Tested dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-40.915149811213503	-40.915149811213503	-40	-38.416375079047505	-34.894549897933878	-29.897000433601878	-28.873949984654253	-27.535014192041988	-25.679933127304015	-24.293403299784661	-22.270185496550361	-20.915149811213503	-19.331524890261008	-19.015639546596368	-18.786043192927767	-18.71084021546163	-18.786043192927767	-19.015639546596368	-22.733542797590882	-29.370421659154896	-32.765443279648146	-37.721132953863268	-39.1721462968355	Freq (Hz)


Attenuation (dB)




Q Factor Calc Test

Tested dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-40.915149811213503	-40.915149811213503	-40	-38.416375079047505	-34.894549897933878	-29.897000433601878	-28.873949984654253	-27.535014192041988	-25.679933127304015	-24.293403299784661	-22.270185496550361	-20.915149811213503	-19.331524890261008	-19.015639546596368	-18.786043192927767	-18.71084021546163	-18.786043192927767	-19.015639546596368	-22.733542797590882	-29.370421659154896	-32.765443279648146	-37.721132953863268	-39.1721462968355	Fres	5032.9212104487033	5032.9212104487033	5	-30	-3dB	4000	6000	-21.71084021546163	-21.71084021546163	FL line	4380	4380	-10	-30	FH line	5765	5765	-10	-30	Simulated dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-63.741732867142886	-58.061799739838875	-49.897000433601882	-43.543567093937909	-36.47817481888638	-30.603559680436739	-29.370421659154896	-27.432221398993768	-25.03623945987599	-23.22301818525489	-19.892099362265874	-16.923702713109421	-9.4991038592630943	-5.1927462101151223	-1.9382002601611279	0	-6.3751752524882557	-10.03378892420799	-21.159838939553737	-29.762332780422511	-33.452821312273393	-38.416375079047505	-41.411621485714143	Freq (Hz)


Attenuation (dB)




Frequency by Attenuation (Ratio)

Simulated	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	6.4999999999999997E-4	1.25E-3	3.2000000000000002E-3	6.6499999999999997E-3	1.4999999999999999E-2	2.9499999999999998E-2	3.4000000000000002E-2	4.2500000000000003E-2	5.6000000000000001E-2	6.9000000000000006E-2	0.10125000000000001	0.14249999999999999	0.33500000000000002	0.55000000000000004	0.96499999999999997	0.69	0.40500000000000003	8.7499999999999994E-2	3.2500000000000001E-2	2.1250000000000002E-2	1.2E-2	8.5000000000000006E-3	Tested	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	8.9999999999999993E-3	8.9999999999999993E-3	0.01	1.2E-2	1.7999999999999999E-2	3.2000000000000001E-2	3.5999999999999997E-2	4.2000000000000003E-2	5.1999999999999998E-2	6.0999999999999999E-2	7.6999999999999999E-2	0.09	0.108	0.112	0.115	0.11600000000000001	0.115	0.112	7.2999999999999995E-2	3.4000000000000002E-2	2.3E-2	1.2999999999999999E-2	1.0999999999999999E-2	Freq (Hz)


Attenuation
(Ratio)




Frequency by Attenuation (dB)

Simulated dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-63.741732867142886	-58.061799739838875	-49.897000433601882	-43.543567093937909	-36.47817481888638	-30.603559680436739	-29.370421659154896	-27.432221398993768	-25.03623945987599	-23.22301818525489	-19.892099362265874	-16.923702713109421	-9.4991038592630943	-5.1927462101151223	-0.30945373312414898	0	-3.2230181852548947	-7.8508995357066276	-21.159838939553737	-29.762332780422511	-33.452821312273393	-38.416375079047505	-41.411621485714143	Tested dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-40.915149811213503	-40.915149811213503	-40	-38.416375079047505	-34.894549897933878	-29.897000433601878	-28.873949984654253	-27.535014192041988	-25.679933127304015	-24.293403299784661	-22.270185496550361	-20.915149811213503	-19.331524890261008	-19.015639546596368	-18.786043192927767	-18.71084021546163	-18.786043192927767	-19.015639546596368	-22.733542797590882	-29.370421659154896	-32.765443279648146	-37.721132953863268	-39.1721462968355	Freq (Hz)


Attenuation (dB)




Frequency by Attenuation (dB)

Simulated dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-63.741732867142886	-58.061799739838875	-49.897000433601882	-43.543567093937909	-36.47817481888638	-30.603559680436739	-29.370421659154896	-27.432221398993768	-25.03623945987599	-23.22301818525489	-19.892099362265874	-16.923702713109421	-9.4991038592630943	-5.1927462101151223	-0.30945373312414898	0	-3.2230181852548947	-7.8508995357066276	-21.159838939553737	-29.762332780422511	-33.452821312273393	-38.416375079047505	-41.411621485714143	Tested dB	100	200	500	1000	2000	3000	3200	3500	3800	4000	4300	4500	4800	4900	5000	5032.9212100000004	5100	5200	6000	8000	10000	15000	20000	-40.915149811213503	-40.915149811213503	-40	-38.416375079047505	-34.894549897933878	-29.897000433601878	-28.873949984654253	-27.535014192041988	-25.679933127304015	-24.293403299784661	-22.270185496550361	-20.915149811213503	-19.331524890261008	-19.015639546596368	-18.786043192927767	-18.71084021546163	-18.786043192927767	-19.015639546596368	-22.733542797590882	-29.370421659154896	-32.765443279648146	-37.721132953863268	-39.1721462968355	Freq (Hz)
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