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[bookmark: _Toc228460876]Abstract
This assignment involved building and testing two types of filter circuits, a low pass filter, and high pass filter, both in the electrical design software Proteus (calculated/simulated), and on a breadboard (practical). Both circuits were powered by a 4V peak to peak input signal with no phase shift or offset. Voltage readings were taken across a variety of frequencies from 100 Hz to 300 kHz. These readings were used to calculate attenuation using the standard formula provided, and the results were then plotted to find the -3 dB points, which assisted in determining the cut-off frequencies ( for each filter.
The low pass filter calculated circuit had a cut off frequency of roughly 27,000Hz, and the measured circuit cut off frequency was 26,000Hz. The high pass filter had a cut off frequency between 1050Hz and 1100Hz, and measured circuit results of between 1000Hz and 1050Hz. Both high pass filter and low pass filter gave similar breadboard outcomes to the results simulated on Proteus, demonstrating accurate methods and measurements.
Only small improvements were suggested overall, including gathering the data from the low pass and high pass filter experiments in the same day, in order to maintain the same equipment and parts, therefore allowing the results to stay consistent .
Overall the experiment was a success, the data gathered from the breadboard experiment was constant, and matches up to the simulated data from Proteus. The method that was used to calculate and measure the results worked as expected. A few different ideas were suggested with regards to how this experiment would be conducted in a more fair and accurate manner if repeated again.
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[bookmark: _Toc228460877]1  Introduction
The objective of this report was to show the build, testing and analysis of two Proteus circuits, and two breadboard circuits. Low pass and high pass filters were built on both breadboards and Proteus with the aim of taking voltage readings across the circuits, and determining the voltage drop across the circuit with different frequencies. A 4V peak to peak voltage was supplied to all circuits with a phase input signal of zero and an offset of zero. Between 100Hz and 300kHz, readings were taken to determine the input voltage and the output voltage. These returned figures were then entered into an Excel spreadsheet to calculate attenuation, and then plotted as graphs. Using the graphs, 3dB measurements were taken, which calculated the cut-off frequencies (. This experiment was aimed to observe the effect that varying frequencies have on output voltage and attenuation in a circuit.
‘Low pass and high pass filters can be used in conjunction with each other to form bandpass. A bandpass filter passes a range of frequencies while attenuating all frequencies outside of the band’. (Analogue Devices, 2024)
‘Low pass filters alone can be used for applications such as audio amplifiers, and speakers’, whereas ‘high pass filters alone can be used for applications such as adjusting the tone of musical instruments, such as acoustic guitars’. (Analogue Devices, 2024) (ANON, 2025).







[bookmark: _Toc228460878]2    Circuit Descriptions
[bookmark: _Toc228460879]2.1   Low Pass Filter Circuit
In this assignment, the task was to build two circuits, a low pass filter circuit and a high pass filter circuit, using proteus to design and test the circuits functionality, and then a physical breadboard in order to clarify the results. The first filter was initially created on Proteus. A signal generator was connected to a 560pF Capacitor and a 10kΩ resistor, with an oscilloscope connected into the loom. With the signal generator connected to a 4V peak-to-peak input, measurements of the output could be taken using the oscilloscope across a variety of different frequencies. An output voltage of 100kHz-300kHz results in a table being generated, therefore, attenuation could be calculated for each measurement.
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[bookmark: _Toc228460888]Figure 1 – Low Pass Filter on Proteus
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[bookmark: _Toc228460889]Figure 2 – Low Pass Filter on Breadboard
[bookmark: _Toc228460880]2.2     High Pass Filter Circuit
The second circuit was a high pass filter. This had a 15nF capacitor, and a 10k Ω Resistor, with an oscilloscope connected to the loom. Again, with the signal generator connected to 4V peak-to-peak input, measurements of the output could be taken using the oscilloscope across a variety of different frequencies. 
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[bookmark: _Toc228460890]Figure 3 – High Pass Filter on Proteus 
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[bookmark: _Toc228460891]Figure 4 – High Pass Filter on Breadboard
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[bookmark: _Toc228460892]Figure 5 - High Pass Filter with Oscilloscope and Signal Generator
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After measuring Vout at various frequencies between 100 Hz and 300 kHz, the attenuation was determined for each frequency measurement. This was calculated by using the following provided formula (Equation 1):
[image: A black text on a white background
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Equation 1 – Attenuation Formula

Attenuation is measured in decibels (dB), and identifies the point where a signal begins to weaken. The -3 dB level is used to establish the cut-off frequency which marks the threshold where a filter starts to reduce a signal's strength. Whether a low pass, high pass filter is being used, any signal passing beyond this limit will be attenuated. The cut-off frequency (Fc) is calculated using the following formula (Equation 2):
[image: Selecting the Right EMI Filter for Your Application - EMI Solutions, LLC]
Equation 2 – Cut off Frequency Formula (EMI Solutions, 2017)
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[bookmark: _Toc228460883]4.1     Low Pass Filter Results
[bookmark: _Toc228295374]Table 1 – Low Pass Filter Data
[image: ]
The two low-pass filter tests are presented in Table 1 above, with the corresponding Vout measurement, as well as the equated and measured Attenuation findings displayed in several columns. The attenuation outcomes show the -3dB point and are measured in decibels (dB). As displayed in Table 1, the calculated -3dB point, appears to be between 27,000 Hz and 27,500 Hz at a Vout calculation of -3.098dB. Therefore, the cut-off frequency could be assumed around 27,500 Hz. For the measured results, at 26,000 Hz, the Attenuation was measured at -3.098 due to the Vout being 2.8. This was the exact same Attenuation that was gathered for 27,500 in the calculated data. Meaning there is a frequency difference of 2,500 Hz between the simulated and measured cut-off frequency. The takeaway from this, was that the cut-off frequency sits between 26,000Hz and 27,500Hz.
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[bookmark: _Toc228460893]Figure 6 – Low Pass Filter Graph
[image: ]
[bookmark: _Toc228460894]Figure 7 – Low Pass Filter -3dB Graph

Figure 5 and 6 above, display the differences between the calculated and measured results more definitively. As shown in Figure 5, the calculated and measured lines are consistent until 30,000Hz, however, the calculated decibel reading for the low pass filter was much higher between 28,000Hz and 30,000Hz. It was apparent that there was an anomaly of sorts, in between these figures of measured frequency that has caused the lower reading of attenuation during the practical experiment, in comparison to the simulated proteus findings. The reason for this could be due to a loosened connection point between the jumper wires and the allegator clips for example. If this experiment was conducted again, more time would be spent ensuring a stable and consistent connection of parts used throughout the experiment.


[bookmark: _Toc228460884]4.2    High Pass Filter Results

[bookmark: _Toc228295375]Table 2 – High Pass Filter Data
[image: ]

Table 2 above, displays two high pass filter experiments, this include the calculated, and the measured attenuation results. These results are displayed in separate columns, next to their respective Vout measurements. In the table above, it could be seen that the calculated -3dB point appears to be between 1000, and 1050Hz, with a Vout calculation of roughly 2.8V. Therefore, it could be assumed that the cut-off frequency was 1000Hz. 
For the measured results, the -3dB point was between 1100Hz, and 1150Hz, at somewhere between 2.8 and 2.88 volts Vout. Here, the -3dB was closer too 1100Hz. Based on the results that have been gathered, it was deduced that the cut-off frequencies are 1000Hz, and 1100Hz respectively, in the high pass network.

[image: ]
[bookmark: _Toc228460895]Figure 8 – High Pass Filter Graph
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Figure 8 – High Pass Filter -3dB Graph

Figure 7 and Figure 8 above, demonstrate the difference in the calculated and measured results. The calculated and measured graph lines are almost identically matched between the two, with minor only minor inconsistencies such as a slightly lower attenuation between  2,000Hz and 10,000Hz. At some points on the graphs, there are no change in attenuation across the readings for both of the experiments. This could be due to factors that include the spacing of the dots on the graphs. It would be sufficient if they were more spread out, therefore allowing for an overall clearer and concise graph, making it more understandable. This would be taken into consideration if the experiment was conducted again.

[bookmark: _Toc228460885]5     Discussion
The results from this experiment have proven that both the low pass filter and the high pass filter work as intended. There was a zero decibel attenuation between 0Hz to 1000Hz for the low pass filter. This was until roughly 10KHz where the attenuation experiences a massive decline as the frequency increases. This shows that the circuit was allowing signals through below the cut off frequency, and attenuating the higher  frequency signals. The cut off frequency that was simulated using Proteus software lies at around 27,500Hz. This measures up to the -3dB mark on the graph. The output voltage of this was 2.8V. In the measured experiment, the cut off frequency was around 26,000Hz, and measures to the -3dB mark on the graph. With the attenuation of this being -3.06dB, and the output voltage being 2.81V. The data between these two data sets are consistent, therefore making it reliable.
The high pass results are opposite to the low pass as expected, showing a clear trend where attenuation approaches 0 dB at higher frequencies. There was a consistent levelling off near 0dB attenuation for frequencies at and above 5000 Hz. In the high pass plot, attenuation increases significantly from 100Hz to 5000Hz, moving from approximately -20dB to -0.22dB. This demonstrates that the filter was effectively attenuating signals below the cut off frequency while allowing higher frequency signals through the bandwidth region of the graph. The cut off frequency, defined as the -3dB mark, occurs between 1050Hz and 1100Hz in the calculated results, where the output voltage was approximately 2.9V. For the measured results, the -3dB point was situated between 1000Hz and 1050Hz, with the output voltage measured at approximately 2.7V. These results are highly consistent with expected theoretical values, and the close alignment between the two data sets confirms the reliability of the measurements.
If this experiment was completed again, it would be really interesting to have more frequency measurements between 27,000Hz and 27,500Hz for the low pass filter, and between 1000Hz to 1050Hz for the high pass filter. This would allow for the exact -3dB point to be established, rather than estimating between two data points.


[bookmark: _Toc228460886]6    Conclusion
In conclusion, the exercises for this experiment are deemed as a success. Despite minor anomalies between, the results are consistent with the initial expectations. Due to the results of the measured data from the low pass filter and the high pass filter, being in line with the simulated data from proteus, it is safe to say that the equipment used was correct, and the methods to generate the outcomes  were also correct. When the graphs were created after the data had been plotted, it looked correct and how it would be expected to look, as well as this the calculations that were used to establish the attenuation, were accurate. Improvements have been suggested for if the experiment was to be completed again, to ensure further accuracy and reliability. Overall, the experiment was a success.
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Low Pass Filter

Calculated

Measured

Freq (Hz) |Vin (V) Vout (V) |Attenuation (dB) Vout (V) |Attenuation (dB)
100 4 4 0 4 0
500 4 4 0 4 0
1000 4 4 0 4 0
5000 4 3.9 -0.219907686 3.94 -0.13127539
10000 4 3.8 -0.445527894 3.73 -0.60702319
20000 4 3.3 -1.670921029 3.18 -1.992657427
25000 4 3 -2.498774732 2.9 -2.793239869
26000 4 3 -2.498774732 2.81 -3.067073428
26500 4 2.9 -2.793239869 2.75 -3.25454595
4 2.8 -3.0980392 271 -3.381814009
4 2.8 -3.0980392 2.62 -3.675174
4 2.7 -3.413924543 2.56| -3.87640052|
4 1 -12.04119983 1.94] -6.285165228
4 0.55 -17.23394604 1.05 -11.61741385
29500 4 0.25 -24.08239965 0.61 -16.33460313
30000 4 0.2] -26.02059991 0.41 -19.78552269
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High pass Filter

Calculated Measured
Frequency (Hz) |Vin Vout _|Attenuation (dB) Vout _|Attenuation (dB)
100 4 038 -20.44552789 04 20
200 4 075 -14.53997456 072 -14.8945499)
300 4 1.09 -11.29266987 1.04 -11.70053304
400 4 144 -8.873049985 136 -0.370421659
500 4 172 -7.330630888 168 7535014192
600 4 2) 6.020599913 192 6.375175252
700 4] 224 5.03623946]  2.16 -5.352124804
800 4 2.3 4.806643106]  2.32| 4731440129
900 4 264 3609121289 2.52| ~4.013189011
4 2.7 -3.413924543 26 -3.741732867
4 2.8 3.0080392] 268 -3.478503946
4 285 2.944302626] 276 -3.223018185
4 2.9 2793239869 2.8 -3.0980392
4 295 2644759507 2.8 2853350071
1200 4 3 2.498774732] 29| -2.615365605
1500 4 33 -1.670921029 3.2 -1.93820026|
2000 4 36 -0.915149811 3.52) -1.110346557
3000 4 38 -0.445527894 3.7 -0.677165345
5000 4] 4] 0 3.9 -0.219907686
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