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[bookmark: _Toc228536883]Abstract
This report investigates the behaviour of low-pass and high-pass filter circuits. The aim was to design, simulate and practically test both circuits, then compare the theoretical, Proteus simulation and practical results. The low-pass filter used a 10 kΩ resistor and 560 pF capacitor, while the high-pass filter used a 10 kΩ resistor and 15 nF capacitor. Both circuits were tested using a sinusoidal input signal over a frequency range of 100 Hz to 300 kHz.
The output voltage was measured as a peak-to-peak value using an oscilloscope, and attenuation was calculated in decibels. The results were then plotted as attenuation against frequency to identify the cut-off frequency for each filter. The low-pass filter attenuated higher-frequency signals, while the high-pass filter attenuated lower-frequency signals. The low-pass practical cut-off region occurred between 25 kHz and 26 kHz, compared with the Proteus result of 28 kHz to 29 kHz. The high-pass filter showed closer agreement, with the practical cut-off region occurring around 1.1 kHz. Overall, the practical results followed the expected trends, although small differences occurred due to real component and measurement limitations.

[bookmark: _Toc228536884]Introduction
High-pass and low-pass filters are essential in electrical systems, as they enable control over signal behaviour by rejecting unwanted frequencies. The circuits are composed of standard RC components, consisting of a capacitor and a resistor. This is particularly important in applications such as audio processing and communication systems, where maintaining signal quality is crucial. As indicated by their names, high-pass filters pass high frequencies while attenuating low frequencies, whereas low-pass filters pass low frequencies while attenuating high frequencies. “A low-pass filter allows for easy passage of low-frequency signals… and difficult passage of high-frequency signals” [1]. The cut-off frequency ( is the point where the output signal drops to approximately 70.7% of its maximum value, corresponding to -3 dB attenuation. “The level at which the frequency is attenuated by -3dB (70.7%) is called the cut-off frequency” [2].
Understanding these circuits from both a theoretical and practical perspective is fundamental, as real-world performance often differs from calculated predictions. Analysing these differences provides insight into the limitations of components and measurement techniques, which is necessary when designing reliable systems. 
This study documents the design, simulation and analysis of low-pass and high-pass filter circuits. The aim is to investigate how attenuation varies with frequency using the expression, 

[bookmark: _Ref228524716][bookmark: _Toc228525362][bookmark: _Toc228525814]Equation 1
and to determine the cut-off frequency for each circuit. Simulation software and laboratory testing were used alongside analytical calculations to compare theoretical and experimental results. The circuits were tested over a frequency range of 100 Hz up to 300 kHz, measuring peak-to-peak output voltage, whilst maintaining a constant input signal (4 V). This allows changes in output voltage to be measured and attenuation to be observed. This highlights the relationship between frequency and signal behaviour. The results obtained will reveal the accuracy and limitations of each approach. 

[bookmark: _Toc228536885]Circuit Descriptions
Both circuits used resistor-capacitor arrangements and were tested using Proteus simulation and practical breadboard construction. The frequency range for both circuits was 100 Hz to 300 kHz. Input and output voltages were measured as peak-to-peak values using an oscilloscope as seen in Figure 2. 
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[bookmark: _Ref228523838][bookmark: _Toc228536426][bookmark: _Toc228536522]Figure 1 - Low-pass filter [3]


Although both filters used the same overall frequency range, additional readings were taken around each expected cut-off region. This allowed the -3 dB point to be identified more accurately.[image: ][bookmark: _Ref228529517][bookmark: _Toc228536427][bookmark: _Toc228536523]Figure 2 - An oscilloscope measuring peak-to-peak voltage.

[bookmark: _Toc228536886]Low Pass Filter
A low-pass filter allows low-frequency signals to pass while attenuating higher frequency signals. Figure 1 shows the standard low-pass arrangement, with the output voltage taken across the capacitor.
The low-pass filter used a 10 kΩ resistor and 560 pF capacitor. The expected cut-off region was around 25 kHz to 30 kHz, so additional readings were taken within this range. The input voltage was set to 4 V peak-to-peak in Proteus and measured as approximately 4.08 V peak-to-peak during practical testing.
[bookmark: _Toc228536887]Proteus Simulation
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[bookmark: _Ref228512774][bookmark: _Ref228523802][bookmark: _Toc228536428][bookmark: _Toc228536524]Figure 3 – Low-pass filter made using Proteus




Figure 3 shows the Proteus simulation of the low-pass filter. The input signal was applied across the RC circuit, and the output voltage was measured across the capacitor. The frequency was varied from 100 Hz to 300 kHz.
[bookmark: _Toc228536888][image: ]Breadboard Circuit



[bookmark: _Ref228512810][bookmark: _Toc228536429][bookmark: _Toc228536525]Figure 4 - Breadboard low-pass filter setup 

The low-pass filter was constructed on a breadboard, as shown in Figure 4, using the same component values as the simulation. The input signal was supplied using a signal generator, and the output voltage was measured across the capacitor using an oscilloscope. The measured practical input voltage of 4.08 V peak-to-peak was used when calculating attenuation.
[bookmark: _Toc228536889]High-Pass Filter
A high-pass filter allows high-frequency signals to pass while attenuating lower-frequency signals. The high-pass filter used a 15 nF capacitor in series with a 10 kΩ resistor, with the output voltage measured across the resistor.
The expected cut-off region was around 1 kHz to 1.1 kHz, so additional readings were taken between 950 Hz and 1.15 kHz. The input voltage was set to 4 V peak-to-peak in Proteus and measured as approximately 4.08 V peak-to-peak during practical testing.

[bookmark: _Toc228536890]Proteus Simulation
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[bookmark: _Ref228524004][bookmark: _Toc228536430][bookmark: _Toc228536526]Figure 5 – High-pass filter made on Proteus

Figure 5 shows the Proteus simulation of the high-pass filter. The input signal was applied across the circuit, and the output voltage was measured across the resistor. The frequency was varied from 100 Hz to 300 kHz.
[bookmark: _Toc228536891]Breadboard Circuit
[image: ][bookmark: _Ref228513010][bookmark: _Toc228536431][bookmark: _Toc228536527]Figure 6 - Breadboard high-pass filter setup





The high-pass filter was constructed on a breadboard using the same component values as the Proteus simulation, as shown in Figure 6. The input signal was supplied using a signal generator, and the output voltage was measured across the resistor using an oscilloscope.


[bookmark: _Toc228536892]Results
For each circuit, the output voltage was measured at different input frequencies using an oscilloscope. The input voltage was kept constant, and the output voltage was measured as a peak-to-peak value. Attenuation values were calculated using Equation 1 and plotted against frequency.  The graphs show the main trends in the measured data.
[bookmark: _Toc228536893]Low-Pass Filter Results
[bookmark: _Toc228536894]Proteus Results
Table 1 shows the voltage and attenuation results for the Proteus low-pass filter. From 100Hz to 1 kHz, the output voltage remained equal to the 4 V input, giving 0 dB attenuation. As frequency increased, the output voltage reduced and attenuation became more negative.
Figure 7 shows that attenuation decreased more noticeably after 10 kHz. The cut-off region lies between 28 kHz and 29 kHz, where attenuation is closest to -3 dB. At 300 kHz, attenuation reached -20 dB.
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[bookmark: _Ref228509934][bookmark: _Ref228524915][bookmark: _Toc228534034][bookmark: _Toc228536568]Table 1 - Proteus low-pass filter voltage and attenuation Results

[bookmark: _Ref228509903][bookmark: _Toc228536432][bookmark: _Toc228536528]Figure 7 - Proteus low-pass filter attenuation against frequency


[bookmark: _Toc228536895]Practical Results
Table 2 shows the practical low-pass filter voltage and attenuation results. The measured input voltage was 4.08 V peak-to-peak and was used when calculating attenuation.
Figure 8 shows that attenuation remained close to 0 dB from 100 Hz to 1 kHz. As frequency increased, attenuation became more negative. The practical cut-off region lies between 25 kHz and 26 kHz. At 300 kHz, attenuation reached approximately -21.6 dB.
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[bookmark: _Ref228510104][bookmark: _Ref228510076][bookmark: _Toc228536433][bookmark: _Toc228536529]Figure 8 - Practical low-pass filter attenuation against frequency

[bookmark: _Toc228536896]High-Pass Filter Results
[bookmark: _Toc228536897]Proteus Results
Table 3 shows the Proteus high-pass filter voltage and attenuation results. At 100 Hz, attenuation was -20 dB. As frequency increased, the output voltage rose and attenuation approached 0 dB.
Figure 9 shows that attenuation increased sharply between 100 Hz and 1 kHz, moving from -20 dB to approximately -3.10 dB. The cut-off region lies between 1 kHz and 1.1 kHz. From 10 kHz onwards, attenuation was 0 dB.
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[bookmark: _Ref228510442][bookmark: _Toc228534036][bookmark: _Toc228536570]Table 3 - Proteus high-pass filter voltage and attenuation Results

[bookmark: _Ref228510410][bookmark: _Toc228536434][bookmark: _Toc228536530]Figure 9 - Proteus high-pass filter attenuation against frequency

[bookmark: _Toc228536898]Practical Results
Table 4 shows the practical high-pass filter voltage and attenuation results. At 100 Hz, the output voltage was 0.37 V and attenuation was -20.85 dB.
Figure 10 shows that attenuation increased sharply between 100 Hz and 1 kHz, moving from -20.85 dB to -3.52 dB. The cut-off region lies between 1.05 kHz and 1.10 kHz. From 50 kHz onwards, attenuation was approximately 0 dB.
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[bookmark: _Ref228511801][bookmark: _Toc228534037][bookmark: _Toc228536571]Table 4 - Practical high-pass filter voltage and attenuation results

[bookmark: _Ref228511952][bookmark: _Toc228536435][bookmark: _Toc228536531]Figure 10 - Practical high-pass filter attenuation against frequency


[bookmark: _Ref228478135][bookmark: _Toc228536899]Discussion
[bookmark: _Toc228536900]Filter Behaviour
The results show that both circuits behaved as expected. The low-pass filter produced a higher output voltage at lower frequencies and a reduced output voltage at higher frequencies. The high-pass filter showed the opposite response, with a lower output voltage at low frequencies and a higher output voltage as frequency increased. This confirms that both circuits acted as frequency-selective circuits.
[bookmark: _Toc228536901]Low-Pass Filter Comparison
For the low-pass filter, the theoretical cut-off frequency was calculated as approximately 28.4 kHz using:

[bookmark: _Ref228525195][bookmark: _Toc228525363][bookmark: _Toc228525815]Equation 2
The Proteus results were close to this value. In Table 1 and Figure 7, the attenuation was closest to -3 dB between 28 kHz and 29 kHz, showing that the simulation matched the expected theoretical response.
The practical low-pass filter followed the same general trend but had a lower cut-off region. In Table 2 and Figure 8, attenuation reached approximately -3 dB between 25 kHz and 26 kHz. This means the practical circuit began attenuating the signal earlier than both the Proteus simulation and the theoretical calculation.
At 28 kHz, the Proteus attenuation was approximately -3.10 dB, while the practical attenuation was approximately -3.65 dB. At 300 kHz, the Proteus attenuation was -20.00 dB, compared with approximately -21.58 dB in the practical result. This shows that the practical circuit produced slightly greater attenuation at higher frequencies.
The most likely reason for this difference is that the practical circuit did not have the same effective component values as the Proteus model. Component tolerance, breadboard capacitance and connecting leads may have increased the effective capacitance. Since the cut-off frequency depends on resistance and capacitance, any increase in effective capacitance would reduce the cut-off frequency.
[bookmark: _Toc228536902]High-Pass Filter Comparison
For the high-pass filter, Equation 2 gave a theoretical cut-off frequency of approximately 1.06 kHz. The Proteus results matched this closely. In Table 3 and Figure 9, attenuation moved close to -3 dB between 1 kHz and 1.1 kHz.
The practical high-pass filter also showed good agreement. In Table 4 and Figure 10, the cut-off region occurred close to 1.1 kHz, where attenuation was approximately -3.03 dB. This was close to both the theoretical and Proteus values.
A direct comparison shows that the high-pass results were closer than the low-pass results. At 100 Hz, the Proteus attenuation was -20.00 dB, while the practical attenuation was approximately -20.85 dB. At 1.1 kHz, the Proteus result was approximately -2.79 dB, compared with approximately -3.03 dB in the practical result.
At higher frequencies, both results approached 0 dB. From 10 kHz onwards, the Proteus result reached 0 dB, while the practical result was close to 0 dB from around 50 kHz onwards. This confirms that the high-pass filter passed higher-frequency signals with very little attenuation.
The high-pass circuit agreed more closely with theory because the output voltage was measured across the resistor rather than the capacitor. The oscilloscope input resistance is much larger than the 10 kΩ resistor, so it had less effect on the circuit than the added capacitance had on the low-pass filter.
[bookmark: _Toc228536903]Accuracy, Limitations and Sources of Error
The practical results did not match the Proteus simulations exactly because Proteus uses idealised components and virtual instruments, while the practical circuit used real components, a breadboard, wires, a signal generator and an oscilloscope.
Component tolerance was one possible source of error. If the resistor or capacitor values differed from their labelled values, the RC time constant and cut-off frequency would change. Breadboard contact resistance and stray capacitance may also have affected the results, especially in the low-pass circuit, where the capacitor value was only 560 pF.
The practical input voltage was also different from the Proteus value. Proteus used 4.00 V peak-to-peak, while the practical input was approximately 4.08 V peak-to-peak. This explains why the practical low-pass attenuation at low frequencies was close to 0 dB but not exactly 0 dB.
The practical high-pass filter showed slightly positive attenuation at 200 kHz and 300 kHz. This does not show actual amplification because a passive RC circuit cannot amplify a signal. It is more likely due to measurement uncertainty, oscilloscope resolution, probe connection differences or small signal generator variations.
Overall, these limitations explain why the practical results did not match the Proteus simulations exactly while still following the expected filter behaviour.


[bookmark: _Toc228536904]Conclusion
In this experiment, it has been determined that low-pass and high-pass filter circuits produce opposite frequency responses. The low-pass filter passed lower-frequency signals with little attenuation and reduced the output voltage as frequency increased. The high-pass filter attenuated lower-frequency signals and allowed higher-frequency signals to pass with less attenuation.
The low-pass filter had a theoretical cut-off frequency of approximately 28.4 kHz. The Proteus simulation produced a cut-off region between 28 kHz and 29 kHz, which was close to the theoretical value. The practical circuit produced a lower cut-off region between 25 kHz and 26 kHz.
The high-pass filter had a theoretical cut-off frequency of approximately 1.06 kHz. Both the Proteus and practical results produced a cut-off region around 1 kHz to 1.1 kHz, showing strong agreement between calculated, simulated and practical results.
Overall, the results confirmed that attenuation varies with frequency in filter circuits. The -3 dB point was used to identify the cut-off frequency for both filters. The practical results followed the same overall trends as the Proteus simulations, although small differences occurred due to component tolerance, breadboard effects, oscilloscope loading and measurement uncertainty.
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Equation 1	3

where:
 	= 	attenuation in decibels (dB)
 	= 	output voltage
 	= 	input voltage
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Equation 2	16



where:
	=	cut-off frequency (Hz)
	= 	resistance (Ω)
	= 	capacitance (F)
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Low pass Filter (Theoretical)

F (Hz) Vin Vout Attenuation (dB)
100 4 4 0
500 4 4 0
1000 4 4 0
5000 4 3.9 -0.219907686
10000 4 3.8 -0.445527894
20000 4 3.3 -1.670921029
25000 4 3 -2.498774732
26000 4 2.9 -2.793239869
4 2.9 -2.793239869
4 2.8 -3.0980392
4 2.8 -3.0980392
30000 4 2.7 -3.413924543
50000 4 2 -6.020599913
100000 4 1.1 -11.21334612
200000 4 0.6 -16.47817482
300000 4 0.4 -20
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