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4. [bookmark: _Toc165620700]Abstract
This report consists of the comparison and the description of an RC circuit that was completed first of all in a proteus simulation. It was then created on the breadboard. The results were collected and calculated to produce accurate graphs to represent the data. These results were then compared and explained in the report. Overall the results showed that the simulation had more accurate results with a higher Q-Factor compared to the practical results which had a lower Q-Factor.

5. [bookmark: _Toc165620701]Introduction
A resonance circuit is a circuit that has very low impedance at a certain frequency. These are often built using an inductor connected in parallel to a capacitor. [1]
Resonance occurs in the circuit when the reactance[footnoteRef:1] within a circuit cancels each other out. As a result, the impedance[footnoteRef:2] is at a minimum and the current is at a maximum. The mathematical condition for resonance is  [2] [1:  The reactance of a circuit is the apparent resistance contributed to a circuit by the capacitor and inductor. [7]]  [2:  The impedance of a resonance circuit is the effective resistance of all the components in the circuit. [8]] 

Resonant circuits are used in radio and television tuners to pick out broadcast signals of specific frequencies. [1]
Bandpass filters block high and low frequencies. The bandpass filters will let the middle frequency through. The circuit can be modified by moving the location of the resistor. This achieves the opposite effect and will block the middle frequencies and let the high and low frequencies through.
This report aims to compare the results obtained from a practical resonance circuit with those from a simulation and explain any differences. It will provide an overview of the test results, compare them, and explain any differences identified.

6. [bookmark: _Toc165620702]Different types of RC circuits
[bookmark: _Toc165620703]6.1. Parallel Inductor Circuits
This is a circuit where both terminals of an inductor are connected to each other. The parallel setup allows for voltage changes to be the same across all inductors in the series. Connecting inductors in parallel also allows them to all share the same magnetic field [3].

[bookmark: _Toc165620704]6.2. Tank Circuits
In tank circuits, the condition of resonance will be experienced when the reactance of the capacitor and inductor are equal to each other. Because the inductive reactance increases with increasing frequency and capacitive reactance decreases with increasing frequency, there will only be one frequency where these two reactances are equal [4].

7. [bookmark: _Toc165620705] Setup for Collection of Results
[bookmark: _Toc165620706]7.1. Proteus Simulation
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[bookmark: _Ref164781173][bookmark: _Toc163820434][bookmark: _Toc165618427][bookmark: _Ref164781166]Figure 1 Simulation Circuit in Proteus for Automatic Results
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[bookmark: _Ref164782978][bookmark: _Toc165618428]Figure 2 Gathering Results from Proteus
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[bookmark: _Ref164781176][bookmark: _Toc165618429]Figure 3 Simulation Circuit in Proteus for Manual Results
I used two different methods to set up the collection of results in the simulation software. These simulation circuits can be seen in Figure 1 and Figure 3. 
In Figure 1 I used the software’s capability of gathering results and plotting a graph where I then exported this data to demonstrate the circuit.
In Figure 3 I manually gathered the results by changing the frequency and then taking a peak-to-peak measurement of the waveform at that frequency. The manual gathering of results can be seen in Figure 2.
The components I used in the simulation were a 1k resistor a 1 uf capacitor and a 1mH inductor.
The input parameters I had for the simulation were a 2-volt peak-to-peak input the frequency was varied between 100Hz and 20KHz.


[bookmark: _Toc165620707]7.2. Breadboard Circuit
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[bookmark: _Toc165618430]Figure 4 Breadboard Setup
For the practical setup, I laid out my components on the breadboard with the positive output from the signal generator connected to one leg of the resistor. Then the resistor is connected to both the capacitor and inductor. The negative from the signal generator was then connected to the other end of both the inductor and capacitor. The oscilloscope had two probes connected with one probe connected to one side of the resistor and the other probe connected to the other side of the resistor. 
Once all the components were connected I was able to vary the frequency on the signal generator whilst taking peak-to-peak measurements from both probes using the oscilloscope.


8. [bookmark: _Toc165620708]Results
[bookmark: _Toc165620709]8.1. Results from Proteus
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[bookmark: _Ref165398172][bookmark: _Toc163820435][bookmark: _Toc165618431]Figure 5 Graph from Proteus 
This graph is generated in proteus using the software’s capability to create the dB frequency response graph.
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[bookmark: _Ref164872689][bookmark: _Toc165618432]Figure 6 Results from Manual Measurements from Proteus (in V)
This is the manually collected data from Proteus where the graph is the attenuation in volts against frequency in Hz. 
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[bookmark: _Toc165618433]Figure 7 Results from Manual Measurements from Proteus (in dB)
This is the results from the manual measurements in Proteus where the attenuation is converted into dB.
[bookmark: _Toc165620710]8.2. Practical Results
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[bookmark: _Toc165618434]Figure 8 Practical Results
This graph is the practical results collected with the attenuation in volts.
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[bookmark: _Ref164869226][bookmark: _Toc165618435]Figure 9 Frequency Response for both Practical and Simulation
This graph is the frequency response graph with both the simulation and practical results plotted on the same graph with the attenuation in dB. 


[bookmark: _Toc165620711]8.3. Q-Factor from Practical Results
[image: ] [5]
[bookmark: _Ref164785035][bookmark: _Toc165618436]Figure 10 Q-Factor from Practical Results Estimate
This is the estimation of the Q-Factor for the practical results.
[bookmark: _Toc165620712]8.4. Q-Factor from Proteus Results
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[bookmark: _Ref164785037][bookmark: _Toc165618437]Figure 11 Q-Factor from Proteus Results Estimate
This is the estimation of the Q-Factor for the simulated results in proteus. 
[bookmark: _Toc165620713]8.5. Change to Simulation 
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[bookmark: _Toc165618438]Figure 12 Data from Simulation Change
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[bookmark: _Ref165397377][bookmark: _Toc165618439]Figure 13 Frequency Response of all Three Graphs
 

9. [bookmark: _Toc165620714]Discussion
[bookmark: _Toc165620715]9.1. Components Used 
The component used for the practical was a 1k resistor with a 5% tolerance meaning that the resistance could vary between 50Ω. 
The next component used was a 1µf capacitor this had a tolerance of 10% meaning it could vary by 0.1µf.
The final component was the 1mH inductor which had a tolerance of 10% meaning that it could vary by 0.1mH.

[bookmark: _Toc165620716]9.2. Difference between Simulation and Practical
During the collection of results, I first used proteus to gather all the results for me as can be seen in Figure 5 this exported the results in dB. So, for smaller measurements at specific frequencies, I completed this manually.
The simulation results can be seen in Figure 9 as the blue line. This shows a clear peak at the resonant frequency[footnoteRef:3].  The peak indicates the frequency where the circuit's impedance is the smallest, leading to the maximum current flow through the circuit.  [3:  The frequency at which the gain is maximum is called the resonant frequency. At this frequency, the impedance and reactance of a circuit is approaching infinity. [9]
] 

In the practical, the results can be seen in Figure 9 as the grey line. This shows a reduced peak compared to the simulation. These differences can arise due to external factors. Some external factors that would affect this are resistance in the wires, component tolerances, and resistance through the inductor. As a result, the peak in the frequency response curve is broadened compared to the simulation as can be seen in Figure 9.
[bookmark: _GoBack]Despite the differences between the simulation and practical results. Both the simulation and practical graphs show distinct peaks at the resonant frequency. The location of the peak remains the same. However, as explained below and can be seen in Figure 10 and Figure 11 the practical results show a wider bandwidth compared to the simulation.


[bookmark: _Toc165620717]9.3. Q-Factor Calculation and Comparison
To calculate the Q-Factor I used a spreadsheet application. First, I started with the attenuation against the frequency graph, which can be seen in blue in both Figure 10 and Figure 11. With this, I then calculated the -3dB line and added this to the graph which can be seen in red on both Figure 10 and Figure 11. I then manually moved the fH and the fL lines which are yellow on the same graph and changed their positions until they intersected with both the -3dB line (red line) and the attenuation against frequency plot (blue line).
Once I had found the intersect point for both fH and fL I was then able to calculate the bandwidth this was done by subtracting the intersect in the fH line from the fL line. For Figure 10 this gave me the value of 1350Hz and for Figure 11 this gave me the value of 145Hz bandwidth I then put this into the formula  
For Figure 10 the calculation was  

For Figure 11 the calculation was 

Comparing the results between both the simulation and the practical it can be observed that there is a large difference of Q-Factor between these both. A larger Q-Factor is more accurate than a lower Q-Factor as can be seen in the results above. Also, as can be seen, the simulation results have a much narrower bandwidth compared to the practical results which have a wider bandwidth.

[bookmark: _Toc165620718]9.4. Attenuation Calculation
To calculate the attenuation, I used the formula 
[bookmark: _Toc165620719]9.5. Attenuation dB-V Calculation
To calculate the attenuation in dB I used the formula 
[bookmark: _Toc165620720]9.6. Change to Simulation Circuit
The change I made to the simulation circuit to get similar results to the practical was adding a 10-ohm resistor below the inductor. To find out the resistance of the inductor I found the data for this from the data sheet of the component. 
As can be seen in Figure 13 the blue line is the first simulation with no added resistor, the grey line is the practical results and the orange line is the simulation with the added resistor. This shows that with the added resistor in the simulation, the graph’s curve nearly matches the same as the simulation.

10. [bookmark: _Toc165620721]Conclusion 
After collecting and comparing the results, I conclude that the simulation was more accurate than the practical. The simulation and practical results were compared, and it was observed that the practical results had a reduced peak compared to the simulation due to external factors. This was evident from the Q-Factor results which showed that the Q-factor for the simulation was significantly higher than that of the practical. However, in order to further enhance the accuracy of the simulation results, a resistor was added beneath the inductor. The outcomes from this modification indicated that the addition of this supplementary component would significantly improve the simulation's results and make them more comparable to those obtained through practical experimentation.  Overall, the experiment was successful in achieving its objectives, and the findings can be used to improve future experiments.
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