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[bookmark: _Toc199868905][bookmark: _Toc228448303]Abstract
This assignment involved building and testing low-pass and high-pass filter circuits using both breadboard (practical) and Proteus (simulation). An input signal of 4 V peak-to-peak was applied, and voltage readings were taken across a frequency range of 100 Hz to 300 kHz. These readings were used to calculate attenuation, and graphs were produced to identify the -3 dB cut-off points for each filter.
The results showed that the low-pass filter allowed low-frequency signals to pass while attenuating higher frequencies, whereas the high-pass filter showed the opposite. The cut-off frequencies identified from the graphs were similar for both the simulated and practical results. Some small differences were observed, which can be explained by component tolerances and slight measurement error. Overall, the experiment showed how RC circuits can be used to control signal frequency and demonstrated the relationship between attenuation and frequency.
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[bookmark: _Toc228448304]Introduction

This assignment shows the build and analysis of low pass and high pass filters, created using both breadboard (practical) and Proteus (simulation software). The circuits are then tested to determine their attenuation. Low pass and high pass filters are used to control signal frequency by allowing specific frequency ranges to pass while attenuating others (Keim, 2019). A low pass filter allows frequencies below the cut off frequency to pass through, while a high pass filter allows frequencies above this point to pass (Suksawad et al., 2022).

Low pass and high pass filters are used in many applications. Low pass filters can be used in sound systems to reduce high frequency noises, while high pass filter can remove low frequency interference or be used in speakers such as tweeters, as it will only allow high frequency signal to pass (Aye and Hla, 2025).  
These filters are formed using RC (resistor capacitor) circuits, where the arrangement of the resistor and capacitor determines whether the circuit acts as a low pass or high pass filter. Capacitive reactance decreases with increasing frequency, causing the capacitor to oppose low-frequency signals and pass high-frequency signals. This change in reactance directly affects the output voltage, allowing the RC circuit to function a filter. The cut off frequency is defined as the point at which the output signal is reduced to -3 dB of the input signal, which is equivalent to approximately 70.7% of the original amplitude. Where the attenuation stays close to 0 DB shows the frequencies that pass through the circuit with limited loss
[bookmark: _Toc228448305]Aim

The aim of this assignment is to design, simulate low pass and high pass filter circuit, and compare the simulated and practical results using graphical analysis

[bookmark: _Toc228448306]Objectives

· To create low pass and high pass filter circuits using Proteus 
· To build low pass and high pass filter circuits using breadboards
· To measure input and output voltages across a set range of frequency 
· To calculate the attenuation in DB (decibels) for each frequency
· To produce graphs showing the attenuation against the frequency
· To create a graph with the -3DB cut of point from the results
· To compare the simulated and practical results 


[bookmark: _Toc228448307]Circuit description 
[bookmark: _Toc228448308]Filter circuit

By using a filter circuit, any unwanted frequency can be reduced while the required signal is able to pass. In this assignment, the filter response is shown by comparing input and output voltages at different frequencies. When the output voltage reduces, the attenuation increases, showing that the circuit is filtering part of the signal.

[bookmark: _Toc228448309]Low pass filter

The low pass filter circuit was created using both Proteus software and a breadboard. The circuit consisted of a 10k ohm resistor, and 560 pF capacitor connect in series, with the output voltage measured across the capacitor. A signal generator was used to provide an input signal of 4V PTP (peak to peak). The frequency was then varied between 100hz to 300khz. At each frequency the Vin (voltage in) and Vout (Voltage out) were recorded using an oscilloscope.

In this configuration, low frequency signals pass with little amount of attenuation while higher frequency signals where attenuated. Meaning that when frequency increases, more voltage is dropped which reduces the output across the capacitor This is because the capacitor provides less opposition to low frequency signals allowing the output voltage to stay consistent in this signal range.
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[bookmark: _Toc228363794][bookmark: _Toc228448336]Figure 1 – Low-pass Proteus
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[bookmark: _Toc228363795][bookmark: _Toc228448338]Figure 3 - Low-pass signal generator and oscilloscope
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The high-pass filter circuit was also constructed using both Proteus and a breadboard. The high pass circuit was made of a 10k ohm resistor and a 15 nF capacitor connected in series, with output volts measured across the resistor. The signal generator remained the same as the low pass.
At lower frequencies, the capacitor has a high reactance, which reduces the current in the circuit and results in a low output voltage across the resistor, as the frequency increases the reactance decrease, this allows more current to flow and increases the output voltage reading. This means the low frequency signals are attenuated whilst the higher frequency can pass through.
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[bookmark: _Toc228363796][bookmark: _Toc228448339]Figure 4 - high-pass filter – Proteous
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[bookmark: _Toc228448340]Figure 5 - high pass filter - breadboard
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[bookmark: _Toc228363797][bookmark: _Toc228448341]Figure 6 - high pass filter - signal generator and oscilloscope

[bookmark: _Toc228448311]measurement and data collection 

For both circuits, measurements were taken across a frequency range to see the change in output voltage. Extra readings were taken around the expected cut-off frequency to accurately identify the -3 dB point.
The attenuation for each frequency was calculated using the following equation:

Where: 
· A is the attenuation in decibels (DB) 
· Vin is the input voltage 
· Vout is the output voltage 
This calculation shows how the attenuation changes, making it easier to compare the circuit at different frequencies. The calculated attenuation values were then used to produce graphs of attenuation against frequency on a logarithmic scale. These graphs were used to determine the cut-off frequency for each circuit at the -3 dB point. (Basic Electronics Tutorials, 2018)


[bookmark: _Toc228448312] Results 
[bookmark: _Toc228448313]Low pass filter results 

From Table 1, the cut off frequency for the low filter can be seen at -3db point the simulated results show this happening at roughly 27.5 khz, while the practical results show at 26 khz. This gives difference of around 1.5 khz between the two results. Although there is a variation between the two, the small difference is expected and can caused by component and measurement tolerance. Even with the slight difference the circuit is working as it should.
[bookmark: _Toc228363836][bookmark: _Toc228363943]Table 1 - Low pass filter - simulation and practical
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Figure 7 shows the attenuation plotted along the frequency range for the low-pass filter on a logarithmic scale. 
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[bookmark: _Toc228363798][bookmark: _Toc228448342]Figure 7 - Low pass - attenuation comparison

From the graph, the attenuation stays close to 0 dB at lower frequencies and begins to decrease as the frequency increases. The cut-off frequency is identified at the point where the attenuation reaches -3 dB.
A more detailed view of the cut-off region is shown in Figure 8
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[bookmark: _Toc228363799][bookmark: _Toc228448343]Figure 8 - Low pass filter up down to -3DB
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Table 2 shows the results from the high pass filter, the table includes results from both the simulated and practical testing. From the simulated results, the cut off frequency is around 1 khz with a voltage out of 2.8V. Like the low pass filter, the practical cut off frequency is slightly higher than the simulated at around 1.1 khz and voltage out of 2.9V. Both cut off values are similar which confirm they are operating as they should.


[bookmark: _Toc228363837][bookmark: _Toc228363944]Table 2 - high pass filter results
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Figure 9 shows the attenuation plotted against frequency for the high-pass filter.
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[bookmark: _Toc228448344]Figure 9 - high pass results comparison graph
From the graph, attenuation is high at lower frequencies and approaches 0 dB as the frequency increases. The cut-off frequency is identified at the -3 dB point.

A closer view of the cut-off region is shown in Figure 10
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[bookmark: _Toc228448345]Figure 10 - high pass filter - down to -3DB







[bookmark: _Toc228448315]Discussion 
The results show that both the low-pass and high-pass filter circuits worked as expected. For the low-pass filter, attenuation remained close to 0 dB at lower frequencies and then decreased as the frequency increased. This shows that low-frequency signals were able to pass through the circuit, while higher-frequency signals were attenuated. The cut-off point was set at the -3 dB point on the graph.
For the high-pass filter, the opposite results were seen. At lower frequencies, attenuation was high, meaning the signal was reduced significantly. As the frequency increased, attenuation moved gradually towards 0 dB, showing that higher-frequency signals were able to pass through the circuit. This confirms that the circuit is acting as a high-pass filter.
The results from the practical breadboard and the simulation were close. This is expected, as components can vary slightly from their stated values. Measurement equipment such as the oscilloscope and signal generator can introduce small errors.
The behaviour of both circuits can be explained by capacitive reactance (Electronics Tutorials, 2013). At low frequencies, the capacitor has a high reactance, which reduces current flow and changes the output voltage. As the frequency increases, the reactance decreases, allowing more current to flow and changing how the voltage is across the circuit. This is what causes the filtering in both circuits. The results also show that change is gradual rather than a sudden rise or fall, this is because the capacitors don’t instantly block or allow frequencies.
If the experiment was repeated, the accuracy of the results could be improved by taking more measurements around the cut-off frequency, as this is the most important area. Using evenly spaced frequency intervals would also help create smoother graphs. It would also be beneficial to carry out all tests using the same equipment and under the same conditions to minimise the variation between results. 
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[bookmark: _Toc228448316]Conclusion 


The aim of this experiment was to design, simulate, and analyse low-pass and high-pass filter circuits, and to compare their theoretical, simulated, and practical performance. This aim was successfully achieved, as both circuits demonstrated the expected frequency response.
The low-pass filter allowed low-frequency signals to pass with minimal attenuation while attenuating higher frequencies beyond the cut-off point. In contrast, the high-pass filter attenuated low-frequency signals and allowed higher frequencies to pass. The cut-off frequencies for both circuits were identified at the -3 dB point and were found to be in close agreement with the practical and simulated values.
Although minor differences were observed between the simulated and experimental results, these can be attributed to component tolerances, measurement inaccuracies, and non-ideal behaviour in the practical circuit. Overall, the results confirm that RC circuits can effectively be used to control signal frequency and perform filtering operations. 
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Low pass Filter

Proteus breadboard
F(Hz) Vin Evout KA Edvin Elvout EJA [v]
100 4 4 0 4 4 0
500 4 4 0 4 4 0
1000 4 4 0 4 4 0
5000 4 3.9 -0.219907686 4 394 -0.13128
10000 4 3.8 -0.445527894 4 3.76 -0.53744
20000 4 3.3 -1.670921029 4 324 -1.8303
25000 4 3 -2.498774732 4 292 -2.73354
26000 4 3 -2.498774732 4 2.8 -3.09804
4 29 -2.793239869 4 277 -3.1916
4 2.8 -3.0980392 4 273 -3.31795
4 2.8 -3.0980392 4 269 -3.44615
30000 4 27 -3.413924543 4 264 -3.60912
50000 4 1.8 -12.04119983 4 179 -6.98414
100000 4 1.1 -17.23394604 4 1.02 -11.8692
200000 4 0.57 -24.08239965 4 0.6 -16.4782
300000 4 0.3 -26.02059991) 4 0.4 -20,
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Vin Vout M Vin hd Vout R4 A
4 0.38 -20.44552789 4 0.36  -20.9151
4 0.75 -14.53997456 4 0.76 -14.4249
4 1.09 -11.29266987 4 1.12 -11.0568
4 1.44 -8.873949985 4 1.44 -8.87395
4 1.72 -7.330630888 4 1.72 -7.33063
4 2 -6.020599913 4 2 -6.0206
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4 2.7 -3.413924543 4 2.68 -3.4785
4 2.8 -3.0980392 4 2.76 -3.22302
4 2.85 -2.944302626 4 2.8 -3.09804
4 29 -2.793239869 4 2.92 -2.73354
4 2.95 -2.644759507 4 3 -2.49877
4 3 -2.498774732 4 3.24 -1.8303
4 3.3 -1.670921029 4 3.48 -1.20961
4 3.7 -0.677165345 4 3.78 -0.49136
4 4 ] 4 3.92 -0.17548,
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