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1. Abstract 
The aim of this lab exercise was to investigate the difference in attenuation with frequency changes, as well as working out the quality factor of the capacitor. It also served to provide an overview of electronics as a topic enhancing lab skills and understanding of electronic principles as well as: resonance, impedance and the calculations related to circuitry. 
The Q factor of each test is varied as the real world test components had additional barriers and problems due to the conditions of the test. The Q factor results also would have been more accurate if more data points were gathered and if graph analysis equipment was used for pinpoint results. 
It was discovered through the testing, that attenuation does increase when frequency increases and real world tests give different results to simulations, depending on the conditions of testing.
2. Introduction
The purpose of this lab exercise was designed to improve and develop practical measurement skills and analysis. The lab exercise involved a software simulation and a practical test to show a comparison and difference in results. The simulation and test in question was involving an LC circuit and a signal generator, using an oscilloscope as a measuring instruments. The circuit being tested is a parallel LC circuit. This circuit is made up of an inductor and a capacitor. With magnetic resonance, LC circuits store energy. One practical use for LC circuits is generating certain frequencies. [1]


3. Theory 
As this is a parallel circuit the voltage across the capacitor and inductor are equal. To calculate further values ohms law can be applied. To calculate the total current of the circuit the current flow through the capacitor needs to be added to the current flowing through the inductor. 
3.1 Q factor
 The Q factor is the quality factor of a capacitor. It combines the capacitance of a capacitor and the resistance in a circuit. The Q factor is not one set value in a circuit as it varies when frequency is changed. The Q factor is important as it can determine which capacitors are useful and efficient for different roles. For example if a circuit is used in a high voltage environment where extreme heat is exerted capacitors with a worse Q factor can de solder themselves from the board with the heat so a capacitor with a higher Q factor would be required. [2]
  To calculate the Q factor in the circuit, the current, inductance and resistance of the LC circuit needs to be calculated. The Q factor is calculated through the equation of  Q=I²*XL/I²*R = XL/R. this means that the quality factor is the total current of the circuit squared, multiplied by the inductance, then divided by the current squared times by the resistance. Or simplified the total inductance divided by the total resistance of the circuit. [3]
To calculate attenuation the formula 20*log10(vout/vin) this data is important as attenuation values are used to plot the graph in order to work out the quality factor of a capacitor. 


3.2 Resonance
Resonant frequency is when inductive reactance and capacitive reactance are equal to each other. This circuit is resonant as the capacitor and inductor are parallel, therefore, they are experiencing the same voltage in the circuit. Resonant frequency is found through equations to work out what frequency will cause inductive reactance and capacitive reactance to be equal. 
When operating at the resonant frequency the circuits impedance is at its lowest, therefore, allowing the optimal current to pass through the circuit. [4]



4. Simulation
The simulation was conducted in the CAD software proteus. In the circuit there was a capacitor a resistor and an inductor. For the waveforms to be generated and put through the circuit a signal generator was used. Sine waves were used for this simulation. For the circuit see fig.1. In the simulation the voltage going into the circuit was 2 volts and the frequency range was 100-20000 Hz. This was following the guidance for the lab study.  


[image: figure 1]
Figure 1.


After the circuit was set up a simulation was run in proteus taking measurements on the oscilloscope at different frequency points to generate various data points throughout the exercise. 
For the test setup for the simulation in proteus please see fig.2
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Figure.2 an image of the proteus simulation running, showing the signal generator and oscilloscope.

This setup shows the circuit at a frequency of 100Hz with a peak to peak of 2V. as required by the specification. From this point onwards the output voltage was not altered, with all the results from the excel spreadsheet demonstrating the same voltage in (vin) value. This setup was used to gather all the voltage out (vout) values correlating to their respective frequencies (f) from 100Hz to 20kHz and the data plotted in figure.3 . 

Figure . 3 a graph showing attenuation vs frequency in the simulation circuit test.
 To measure the results of the simulation an oscilloscope was used to take the readings in the CAD and then transferred to an excel spreadsheet. This made the data easy to view and in a format which the correct calculations could be done and correlating graphs could be produced. For the first part of the lab exercise the attenuation needed to be calculated. To do this the voltage out was divided by the voltage in, leaving the attenuation left. Below is the spreadsheet from the simulation. See fig.3 for the simulation results table. 
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Figure.3 the table of results from the proteus simulation.

The results in the simulation gave an estimate for what the real world test should look like. However, the results would not be identical as the simulation does not have the same parameters and conditions as a real world test, where there may be interference, faulty parts and different conditions. 
The data gathering points are not evenly spaced as to define the peak of attenuation on the graph to pinpoint the 0dB figure.
To make the attenuation results easier to look at the table was made into a graph to show the attenuation. This gives a visual representation of the simulations results and gives a foundation for the comparison. See fig.4 for the attenuation graph.
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Figure.4 the graph of results demonstrating attenuation vs frequency on the simulated test 

The graph shows the frequency peaks at 0dB. It also shows as frequency increases attenuation also increases. The peak is at 0dB. 
To calculate the Q factor for the simulation. The data needs to be analysed. From the graph, at the point where 70.7% of the lowest value to the peak value, two points were taken from either side of the peak from the graph. This was at approximately 5132Hz. These two values were approximate due to the logarithmic scale of the graph preventing, without the use of graph analysis tools, a more precise value. and below is the equation for the Q factor in figure. 5. [5]
[image: ]
Figure. 5. An image of the equation used to calculate the Q factor.

[bookmark: _Hlk165550935]The fR value gathered from figure ….  Is 5100 Hz, the fU 5600 and the fL is 4400. As stated in figure… these values are then put into the equation Q= 5100/(5600-4400) leaving the Q factor value of 4.25.

4.1 Real time test
 
The circuit was then replicated on a breadboard with identical components and a similar setup to the simulation. The circuit looked different to the simulation due to how the breadboard is laid out with the rails going horizontal. The ground and positive wires were played either side of the circuit and the oscilloscope was connected to the circuit. With one probe reading the frequency and the other reading the attenuation. See fig. 6. for the circuit. When initially constructing the circuit, due to how a breadboard is laid out, there were some problems with placing the components in the correct places. This was then rectified with some changes while maintaining the circuit to be a parallel.

[image: ]
Figure. 6. The circuit used in the non simulated test, setup as per instruction.

After the circuit was set up the signal generator was switched on and the circuit began to work and show the results. The frequency was increased in increments in order to gather data points to display in the table and graph. See fig. 7. for oscilloscope demonstration. 
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Figure.7. an image of the oscilloscope displaying results in the non simulated test. Setup as per instruction


Once the readings were taken they were then placed into a table to make the calculations easier and for a visual representation of the differences of voltage out at different frequencies. The attenuation was then calculated using the same equation as the simulation for the results to be put into a graph to show a comparison. See fig. 8. For the table.
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Figure.8. a table of results taken from the oscilloscope on the non simulated test.

After the data was gathered the Q factor could be calculated. To do this the same method was applied as with the proteus simulation. To obtain the values to calculate the Q factor the table was analysed and data was estimated at a point of 70.7% of the peak. 
The fR value gathered from figure.8.  Is 5100 Hz, the fU 6000 and the fL is 3000. As stated in figure… these values are then put into the equation Q= 5100/(6000-3000) leaving the Q factor value of 1.7.

5. Results 
Below are the graphs from the two tests. The graphs show as the frequency is increased, the attenuation also increases. On both tests this is the same. However, on the simulation the results are different to the real world test, although looking similar. This is to be expected, as the components present in both the simulated and non simulated tests are of the same values. However, due to the simulated circuits operating under ideal circumstances and the non simulated being affected by external factors, impacting its Q factor. Demonstrating the efficiency of the real world components are affected by the aforementioned external factors that can affect it in the real world. 
These factors can vary from poor quality of components to poor connections. The resistance of the wires in the non simulated tests would have also impacted the circuit and affected the impedance of the circuit, changing the resonant frequency. This would mean the simulated result is different.
 See figures 9 and 10 for the graphs of attenuation vs frequency in the respective tests.


Attenuation (dB)
Frequency(Hz)

Figure.9. a graph showing the results of the non simulated test. Data taken from the table.
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Figure.10. a graph showing the results of the simulated test. Data taken from the table.



To plot the graphs the data from the tables were used. With frequency along the horizontal axis and attenuation alone the vertical axis. This gives a clear representation of the relationship between attenuation and frequency in an RLC parallel circuit. 
The graphs are logarithmic to demonstrate the curve and create a visual aid to view the attenuation against the frequency. The graphs values are in Log10. this helps show the results as the increments are not uneven on the graph to make the graph smoother as the results do not go up in even increments. 




6. Discussion 
The results of both tests demonstrate that the simulation has a higher Q factor. This can be due to the fact that the simulation involves no physical parts, therefore, there can be no faulty components and no interference with the test. It also uses digital measuring equipment that has one purpose for the exercise. Whereas on the real time test the oscilloscopes had multiple functions and not one sole use. This can mean that they are not entirely accurate. 
To gather the resonant frequency, the peak of the graph has to be utilised. The resonant frequency is usually the frequency the graph peaks at. This is the same as the 0dB point for the attenuation for this exercise. On the non simulated test, the resonant frequency, where the capacitive reactance and inductive reactance are the same, is lower than the simulated test. This can be for a number of reasons. Although the resonant frequency is similar the simulated test offers a more accurate reading. With correct graph analysis equipment the resonant frequency can be calculated exact. There are also equations to work out resonant frequency. See figure.11. for the equation. [6]
 [image: ]
Figure .11. an image showing the calculation to work out resonant frequency.
For this equation you need the square root of the resistance, added to the total inductance minus the total capacitance squared.
7. Conclusion
These tests conclude that a simulation is not necessarily the best way to find out circuit values when the values are needed in a real life scenario. The simulations do not take into account the production value of the components, the resistance from the wires, circuit board and other components. 
For calculating the Q factor a real test would be better also as it can be directly compared to the situation the capacitor would be placed in and the conditions it needs to operate. 
The simulated tests are better for  perfect simulated testing. For example if a circuit will work with the components and the values.
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