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[bookmark: _Toc132329585]Abstract
[bookmark: _Hlk132322464]The first part of the assignment was practical. For this section low pass and high pass filters were built, which were later analysed. The range of frequencies used varied from 100Hz to a maximum of 300kHz. From this, several closely spaced measurements were taken. They were specifically around the peak of the response, in order to determine the peak and the half amplitude points accurately. Due to the fact that the circuit was temporary, a bread board was used to create them. This allowed components to be removed or replaced at any time. To create the electronic signals, a signal generator was used. To display the voltage signals in waveforms an oscilloscope was used. This gave a visual representation of the variation of voltage over time. The results from the experiment show that the low pass and high pass filters were working effectively. The results also show where the cut-off/ halfway point is. With these results, several graphs were made using an excel spreadsheet to give us a visual representation.



[bookmark: _Toc132329586]Introduction
Electricity flows through a complete circular path which is known as a circuit. A circuit carries the electricity needed to carry out a defined task. (Wright, 2022). Simple circuits consist of conductors, a load and a current source. Circuits are used in things from as little as a calculator to a lot bigger things such as a generator (BBC, 2023). One of the most common things a circuit is used in is the audio industry. This has a wide range starting from car speakers to hearing aids. Each of the components in a circuit work very differently to each other. The flow of an electrical current is limited or regulated by the resistor. A capacitor helps to create a potential difference in the circuit by temporarily storing electrical energy through distributing charged particles on (generally) two plates (University of Birmingham, 2023). A low pass filter is a filter that amplifies signals that are higher in frequency than a chosen cut-off, while attenuating signals that are lower in frequency (Keim, 2019). These tend to be used in audio amplifiers or speakers. An electronic filter known as a high-pass filter allows signals with frequencies higher than a specific cut-off to pass while attenuating sounds with frequencies lower than the cut-off (Keim, 2022). These tend to be used in things such as stereo systems. The theory used in this experiment was that the low pass filters only allow a low frequency through whereas a high pass filter only allows a high frequency through. This report will be focussing on the results of the laboratory exercise and what the graphs display, along with some comparison to the previously calculated results. It will also explain how each exercise was conducted including the parameters within the work. 


[bookmark: _Toc132329587]Circuit Descriptions
This assignment is based on evaluating low pass and high pass filters, with the signal generator output set to 5Vpk-pk at 100Hz. Once the generator output was set, it was not changed. To create the circuit for the low pass filter, a capacitor of 560Pf was used, then for high pass filter a capacitor of 15nF was used. We then wired these in series to complete the circuit. For the high pass filter, we switched the resistor and capacitor. This was to send the current down a different path. There was a wide variation of frequencies used to determine the output voltage for both filters which varied from 100Hz to a maximum of 300kHz. With the results, the attenuation then needed to be calculated using an excel spreadsheet application, along with theoretical and experimental log graphs to visually show the results. The equation used to do this was A = 20 X log10 Vout/Vin. Where A is attenuation in dB, Vin is the peak-to-peak voltage measured across the input of each circuit. Vout is the peak-to-peak output voltage for each circuit. From the graphs we were then able to determine the -3dB cut off frequencies for each filter. For the low pass filter, the frequencies used started at 100Hz and increased up to 300kHz with a constant Input voltage of 5V. The frequencies used for the high pass filter had the same variation however, they started at 300kHz and gradually decreased until it reached 100Hz. Similar to the low pass, the input voltage was at a constant 5V. 

[bookmark: _Toc132329588]Circuit Diagrams
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Low Pass Filter - only passes signals below its cut-off frequency while attenuating all signals above it.
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High Pass Filter - passes signals higher than its cut-off frequency and attenuates signals below it.


[bookmark: _Toc132329589]Results
Before completing the experiment, calculated graphs were created using an excel spreadsheet. This simply helped with comparison between the two. 
[bookmark: _Hlk132327568]From the low pass filter, we can see that as the frequency increases, the output voltage decreases. Due to the output voltage decreasing, the attenuation also continues to decrease. There is a clear decline in the line on the graph to show this. When comparing the measured and calculated graphs we can see that the circuit was in fact built correctly and the end results were fairly accurate. This is due to the fact that the calculated results are very similar to the measured results. For example, the -3dB on the measured attenuation graph is around 250kHz and on the calculated graph it’s around 270kHz. Considering the size of the scale, these two measurements are very close together.
For the high pass filter, as the frequency increases the output voltage increases with it. Unlike the low pass, the attenuation increases along with the output voltage. The graph clearly shows that when the frequency increases, so does the output voltage. After completing the experiment, it is clear that the end figures are fairly similar, giving reassurance that they were effective. The -3dB on the measured attenuation graph for high pass is around 1000Hz whereas, for the calculated it’s around 25Hz. This seems like a bigger difference than the low pass filter however, due to the variation of frequency, it’s still quite similar.
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[bookmark: _Toc132329592]Low Pass Filter (Calculated)
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[bookmark: _Toc132329595]Discussion
The low pass graph shows that the output voltage stayed at a constant 5V (at 5 volts is when the frequency can start to pass through the filter) until the frequency reached higher than 1000Hz. Similarly, the attenuation remained at 0 until the frequency reached 1000Hz. From the graph you can clearly see a continuous gradual decline in the slope start to form at around 2500Hz. After this the graph shows that as the frequency continues to increase, the output voltage and attenuation both decreases. This is due to there being less time for the capacitor to charge/discharge between each cycle (BBC, 2023). The output voltage kept a steady decline throughout the experiment, whereas the attenuation took it’s biggest drop between 50kHz and 80kHz. The results also give a clear indication that the low pass filter circuit was efficient by comparing them to the previously calculated results. A good comparison would be the -3dB on the measured attenuation graph is around 250kHz and on the calculated graph it’s around 270kHz. Due to the amount of frequency variation, this is a very minor difference.
The high pass graph shows a gradual increasing slope as the frequency increases to around 9000Hz. As the output voltage increases with the frequency, so does the attenuation. At around 10kHz the graph shows a very minor difference in the output voltage up until it reaches 300kHz (at 5 volts is when the frequency can start to pass through the filter). The increase in attenuation was quite steady similar to the increase in output voltage. Much like the low pass, the output voltage kept a steady decline throughout the experiment, whereas the attenuation dropped the most between 200Hz and 100Hz. The results also give a clear indication that the high pass filter circuit was efficient by comparing them to the previously calculated results. A good comparison for this would be that the        -3dB on the measured attenuation graph for high pass is around 1000Hz whereas, for the calculated it’s around 25Hz. When looking at the size of the scale and amount of frequency variation, this difference is quite minor. There could be several reasons for the dissimilarity including the tolerance. Real components compared to calculated values aren’t always exactly equal to their stated value.


[bookmark: _Toc132329596]Conclusion
In this experiment it has been determined that the low pass and high pass filters were very efficient. The results from the measured experiment were very similar to the results calculated on the excel spreadsheet, giving a lot of reassurance on the measurements. From the experiment we found that for the low pass filter, the output voltage and attenuation both decrease as the frequency increases. Then for the high pass filters the opposite happens. As the frequency decreases, the output voltage and attenuation decrease with it. 
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