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Abstract
This assignment involved building and testing two types of filter circuits, a low-pass and high-pass filter, both on a breadboard and in Proteus. Each circuit was powered by a 5V pk-to-pk input signal with no offset or phase shift. Voltage readings were taken across a range of frequencies from 100 Hz to 300 kHz. These readings were used to calculate attenuation using the standard formula, and the results were then plotted to find the -3 dB points, which helped determine the cut-off frequencies ( for each filter.
The low-pass filter equated circuit showed a cut-off frequency between 26500 Hz and 27000 Hz, and the measured between 26000 Hz and 26500 Hz. While the high-pass equated filter had a cut-off frequency between 1100 Hz and 1150 kHz, the measured between 975 Hz and 1000 Hz. Both the breadboard and Proteus circuits gave similar results, suggesting the method and measurements were accurate. The graphs showed how the attenuation changed with frequency and made it clear where the filters started to attenuate the signal.
Some minor issues were found in the spacing of the frequency measurements, and improvements were suggested, such as using equal gaps between frequencies and doing all tests on the same day with the same equipment to reduce variation. The experiment also looked at how capacitive reactance changes with frequency and affects the voltage across the circuit.
Overall, the experiment was successful. The data was consistent, the filters behaved as expected, and the method used to measure and calculate results worked well. A few improvements could make the results even more reliable if the experiment were repeated.
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[bookmark: _Toc199868907]Introduction
This assignment aims to show the build and analysis of two breadboard circuits and two Proteus circuits. Low-pass and high-pass filters were built on both breadboards and Proteus with an aim to take voltage readings across the circuits and determine the voltage drop across the circuit with different frequencies. A 5V pk-pk 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, and then entered into a spreadsheet to calculate attenuation, to be plotted as graphs. Using the graphs, 3dB measurements were taken, which calculated the cut-off frequencies (. This experiment aims to observe the effect that varying frequencies have on output voltage and attenuation in a circuit.
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Filters are used to reject frequencies from the input signal. A high-pass filter is made up of a signal generator and a capacitor connected to a resistor, with an oscilloscope connected around the capacitor. A first-order low-pass filter will take out the high frequencies and pass the low ones, with a high-pass filter doing the opposite.  Because of this, you will find high-pass filters being used in things like tweeter speakers, where high frequencies are wanted to create the high-pitched noise. But the lower bassy noises aren’t wanted and are therefore filtered out by the cutoff frequencyThe cut-off frequency is the point where the signals will start to get attenuated. In a low-pass filter network, anything above the cut-off frequency is attenuated, as it cuts out high-frequency signals (Bird, 2017). 
A low-pass filter is made up of a signal generator and a resistor connected to a capacitor, with an oscilloscope connected around the resistor. With low-pass filters, they cut out the high frequencies. This leaves the bassy lower frequencies in and cuts out the high frequencies, which are more sensitive to the human ear. This is why low-pass filters are used in things like subwoofers, cutting out the frequencies above the cut-off frequency (Bird, 2017). 
Band pass and band stop are other types of filters used. Band-pass filters are created by connecting a low-pass filter and a high-pass filter in series. Band pass filters are used when only a small band of frequencies is required, it allows these frequencies to pass and blocks all other noise. In a band-pass filter network, there are two cut-off frequencies, the lower and higher cut-off and . Here, the pass band sits between these two values, and all signals outside it are attenuated (Bird, 2017). Band pass filters can be used in the optical space by blocking certain frequency ranges for cameras and microscopes (Optical, 2022). 
Band-stop filters are used for the opposite. They block a range of frequencies out and allow all the rest through. Band-stop filters are created by connecting a low-pass filter and a high-pass filter in parallel. Here, the pass band sits outside of these two values, and all signals inside them are attenuated (Bird, 2017). Band-stop filters are great for blocking out interference in communication systems, which is why they’re used in telecommunications (Temwell, 2025).
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[bookmark: _Toc199868811]Figure 1: Low Pass Filter Circuit
During the assignment, the task was to create two first-order Low-Pass Filter circuits, one on Proteus and one on a Breadboard. The first filter was a Proteus circuit, using a Signal Generator connected to a 10kΩ Resistor and a 560pF Capacitor with an Oscilloscope connected around the Resistor. By setting the signal generator to 5V pk-pk input, measurements of the output voltage are then taken across a range of frequencies using the oscilloscope. A table is then generated using the output voltage across frequencies from 100 Hz to 300 kHz, and then the attenuation is calculated for each measurement.
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[bookmark: _Toc199868812]Figure 2: Low Pass Filter Proteus Circuit
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[bookmark: _Toc199868813]Figure 3: Low Pass Filter Breadboard Circuit
[bookmark: _Toc199868911]High Pass Filter Circuit
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[bookmark: _Toc199868814]Figure 4: High Pass Filter Circuit
The second circuit was a high-pass filter constructed of a Signal Generator connected to a 15nF Capacitor and then a 10kΩ Resistor with an oscilloscope connected around the Capacitor. Again, by setting the signal generator to 5V pk-pk input, measurements of the output voltage are then taken across a range of frequencies using the oscilloscope. A table is then generated using the output voltage across frequencies from 100 Hz to 300 kHz, and then the attenuation is calculated for each measurement.
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[bookmark: _Toc199868815]Figure 5: High Pass Filter Proteus Circuit
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[bookmark: _Toc199868816]Figure 6: High Pass Filter Breadboard Circuit
[bookmark: _Toc199868912]Measurements
Once the measurement of Vout had been taken with different frequencies ranging from 100 Hz to 300 kHz, the Attenuation was calculated for each frequency measurement. The following formula ( Equation 1) is used to calculate this,
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[bookmark: _Toc199868754]Equation 1: Attenuation Formula
Attenuation is measured in decibels (dB) and is used to calculate the -3 dB reading of a filter, which in turn determines the cut-off frequency. The cut-off frequency is seen as the point at which signals start to get attenuated and lose their strength. Whether it’s a high pass, low pass, band pass, or stop filter network, signals will always be attenuated after their relative cut-off frequency.  Cut-off frequency () is calculated by the following equation (Equation 2),
[image: A black and white math equation

AI-generated content may be incorrect.]
[bookmark: _Toc199868755]Equation 2: Cut-off Frequency Formula
and is derived from the equations for  and , which are,
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[bookmark: _Toc199868756]Equation 3: Capacitive Reactance Formula
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[bookmark: _Toc199868757]Equation 4: Inductive Reactance Formula
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Table 1 above displays the 2 low-pass filter experiments, with the equated and measured Attenuation results shown in separate columns and their respective Vout measurement. The Attenuation results are measured in decibels (dB) and highlight the -3dB point. As seen above in Table 1, the equated -3dB point appears to be between 26500 Hz and 27000 Hz at a Vout calculation of 3.6 V, therefore, we can assume the Cut-off Frequency is around 27000 Hz. For the measured results, the -3dB is between 26000 Hz and 26500 Hz at around 3.52 V Vout, here the -3dB is closer to 26500 Hz. It’s inferred that the cut-off frequency is around 27000 Hz and 26500 Hz, respectively, here for the low pass.

[bookmark: _Toc199868817]Figure 7: Low Pass Filter Graph

[bookmark: _Toc199868818]Figure 8: Low Pass Filter -3 dB Graph
Figure 7 and 8 above show the difference in the equated and measured results more clearly. As seen in Figure x, the 2 graph lines stay very similar up until around 25000 Hz, and at that point they start to differ, and by 100 kHz there is a difference of around 3dB in the readings. It is clear that at some of the measurement points, there is no change in the attenuation reading for the 3 experiments. This may be because the readings aren’t spaced out enough and should have a more equal and progressive gap between each point. An improvement for this should be considered if this experiment were to be repeated to ensure the data is cleaner and therefore more reliable. 
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[bookmark: _Toc199868778]Table 2: High Pass Filter Data
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Table 2 above displays the two high-pass filter experiments, with the equated and measured attenuation results shown in separate columns and their respective Vout measurement too. As seen above in Table 2, the equated -3dB point appears to be between 1100 Hz and 1150 Hz at a Vout calculation of around 3.5 V, therefore, we can assume the cut-off frequency is around 1100 Hz. For the measured results, the -3dB is between 975 Hz and 1000 Hz at around 3.5 V Vout, here the -3dB is closer to 975 Hz. It’s inferred that the cut-off frequencies are 1100 Hz and 975 Hz, respectively, here in the high-pass network. 

[bookmark: _Toc199868819]Figure 9: High Pass Filter Graph

[bookmark: _Toc199868820]Figure 10: High Pass Filter -3 dB Graph
Figure 9 and 10 above show the difference in the equated and measured results more clearly. As seen in Figure x, the 2 graph lines stay very consistent throughout, only creating a gap at 100 Hz. However, that final reading leaves the final measurements 4 dB apart on the same frequency, this could be considered an anomaly in the data. At some of the measurement points, there is no change in the attenuation reading for the 2 experiments. This may be because the readings aren’t spaced out enough and should have a more equal and progressive gap between each point. An improvement for this should be considered if this experiment were to be repeated to ensure the data is cleaner and therefore more reliable.
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Bandwidth is defined as the range of frequencies a filter passes, thereby producing clear and clean signals. In the case of a band-pass filter, the bandwidth lies between the higher and lower cut-off frequencies. These cut-offs are set at 3dB below the filter's peak, or -3 dB. Bandwidth is calculated here because below the halfway mark is where there is greater loss of signals. It is done through the following equations, 
Where 
   can be written as 
Which is 
Where   = 70.7%

So 

Where 

Gives -3 dB
And the same for 

Where 

Gives -3dB
This is why filters attenuate signals below the -3dB mark, which is half the power. Below 70.7% of the max value is where signals begin to get attenuated, and the amplitude begins to be reduced. 
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It’s clear from the experiment that the intended function of the filters was achieved. Regarding the low-pass filter, there’s a consistent 0 dB attenuation along the x-axis for about 10 kHz before starting a steep decline down to -20 dB attenuation. This demonstrates its allowing signals through beneath the cut-off frequency of the circuit and attenuating the higher signals. The long period of unattenuated signals is the bandwidth. The cut-off frequency in the equated results of the low-pass filter lies between 26500 Hz and 27000 Hz and measures up to the -3 dB mark on the graph. The output voltage for this point was 3.6V. In the measured breadboard results, the cut-off frequency was between 26000 Hz and 26500 Hz with an output voltage of around 3.5 V. It's clear that the data is consistent between the two datasets and therefore reliable. 
The high-pass results are opposite to the low-pass as expected. There’s again a consistent 0 dB attenuation along the x-axis for around 290 kHz this time. In the high-pass, it increases from 100 Hz to 10 kHz, going from -20dB to 0 dB at around 10 kHz. This demonstrates that the filter is attenuating signals below the cut-off frequency and then allowing the signals through clearly through the bandwidth region of the graph. The cut-off frequency of the equated results in the high pass filter seems to lie between 1100 Hz and 1150 Hz, this is also the -3 dB mark and the output voltage at this point was around 3.5 V. for the measured results the -3 dB point is between 975 Hz and 1000 Hz with the output voltage again being around 3.5 V. These results are what is expected in this experiment and as the two sets of data are consistent with each other it gives reliability in the measurements. 
Capacitive reactance varies with applied frequency, this changes the output voltage of a circuit. The resistance, however, remains constant as it obeys Ohm's law and isn’t affected by frequency. There is evidence of capacitive reactance changes on the graph; the capacitive reactance is also seen as the impedance across the capacitor.
If this experiment were to be done again, there are some improvements that could be made to ensure the data is more reliable and reputable. To ensure the graphs plot consistently, the range and gradient used to take the data could be more standard. The same gap should be between each data point, and the measurement points should be reevaluated, as points like 100 Hz and 300 kHz don’t add much value to the data. This would also help spot anomalies in the data, as the data should be more consistent and without jumps on the graph between data points. 
The tests could be done on the same day to ensure the same equipment is used in high pass and low pass. As the tests were completed on different days, it's possible that the equipment used was different and therefore give inconsistent readings, and it was uncalibrated equipment. If the experiment were to be completed with the same equipment on the same day, it would reinforce the fact that the data will be consistent and the environment in which the experiment was done was the same for both instances.  


[bookmark: _Toc199868918]Conclusions
In conclusion, the experiments are deemed to be successful. Although the data has its anomalies, overall, it is consistent with what is expected, and there is nothing in the data that would make it unreliable. The two low-pass tests and the two high-pass tests data came back consistent, which proves our methods were correct and that the equipment was likely correct. Once the data was plotted, it also looked correct on the graphs, with all calculations working out the way we have them defined. There are improvements that have been identified to achieve better results if the experiment were to be repeated, but the experiment was successful nonetheless.
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High Pass Filter up to 3dB 
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Low Pass Filter

Calculated Measured

Frequency (Hz) |Vin (V) |Vout (V) |Attenuation (dB) [Vout (V) |Attenuation (dB)
100 5 5 0.000 5 0.000
500 5 5 0.000 5 0.000
1000 5 5 0.000 5 0.000
5000 5 5 0.000 5 0.000
10000 5 4.76 -0.427 4.72 -0.501
20000 5 4 -1.938 4.08 -1.766
5 3.76 -2.476 3.6 -2.853
5 3.76 -2.476 3.6 -2.853
5 3.6 -2.853 3.52 -3.049
5 3.5 -3.098 3.44 -3.248
5 3.5 -3.098 3.44 -3.248
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30000 5 3.5 -3.098 3.28 -3.662
50000 5 2.5 -6.021 2.32 -6.670
100000 5 1 -13.979] 1.36 -11.309]
200000 5 0.5 -20.000| 0.72 -16.833]
300000 5 0.5 -20.000] 0.5 -20.000]
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Calculated Measured
Frequency (Hz) |Vin (V) |Vout (V) |Attenuation (dB) [Vout (V) |Attenuation (dB)
100 5 0.5 -20.000 0.8 -15.918|
500 5 2.26) -6.897| 22 -7.131]
600 5 25 -6.021] 24 -6.375]
700 5 2.76) -5.161] 28 -5.036|
800 5 3 -4.437| 32 -3.876|
900 5 3.26] -3.715] 32 -3.876|
5 3.26] -3.715] 3.4 -3.350
5 3.4 -3.350 35 -3.098]
5 35 -3.098] 3.6 -2.853]
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5 3.76] -2.476| 3.8 -2.384]
1500 5 4 -1.938] 4.2 -1.514]
2000 5 4.5 -0.915] 4.6 -0.724]
5000 5 4.76) -0.427| 4.8 -0.355]
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300000 5 5 0.000 5 0.000
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