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Abstract
The aim of this report is to investigate the frequency responses of low-pass and high-pass filter circuits by carrying out both simulated and laboratory experiments. The -3dB point was calculated using the standard formula in Equation 1. The signal generator was set to a constant inpout of 4V pk-pk and the frequency started at 100Hz and increased in small jumps to 300kHz. The attenuation was then calculated using the formula in Equation 2. The results are then analysed to assess the validity of each method.


[bookmark: _Toc228485652]Introduction
[bookmark: _Toc228485653]Scope of the report
This report intends to analyse and compare the theoretical, simulated and experimentally measured cutoff frequencies for the low-pass and high-pass filters. 
A low-pass filter circuit is an electric circuit with the main function of allowing signals with frequencies below a certain cutoff frequency to pass through while attenuating signals with frequencies above the designated cutoff (Zhou, Rui et al. 2015). As with the low-pass filter circuit, the high pass filter circuit is an electric circuit however they are designed to allow signals with frequencies higher than a certain cutoff frequency to pass through while attenuating signals with lower frequencies (Thitapars, Sarayut et al. 2015). 
Both the high-pass and low-pass filter circuits are often used in education, they are synthesised and analysed to help students understand the way these filters are used in real-world communication systems (Borodzhieva, Adriana et al. 2024). These circuits are also used in wireless communications, low-pass filters are used to achieve sharp transition bands and high suppression levels, this is critical for filtering out unwanted frequencies and ensuring signal integrity (Roshani, Saeed et al. 2018). The low-pass and high-pass filters are important in various technologies such as printed electronics for RF and microwave circuits. Low-pass filter circuits with specific cutoff frequencies are fabricated using manufacturing techniques, they are used to tailor filter characteristics through different fabrication methods (Lofti, Saeedeh et al. 2025).
[bookmark: _Toc228485654]Key Theories
The RC filter theory involves the use of resistors and capacitors to create circuits which pass signals of certain frequencies while attenuating others, with the possibility of extending these filters into more complex forms through active components and synthesis techniques (Gabriel, et al, 2017). The fundamental principle is the control of signal frequency components by the RC time constants, which determine the cutoff frequencies and filter behaviour (Tisdale, 1950).
In filter design, the concept of cutoff frequency, also known as the -3dB point, is critical in marking the frequency at which the output power drops to half of the passband value, resulting in a 3dB decrease in signal amplitude. This defines the boundary between the passband which is where signals can pass with minimal attenuation and the stopband which is where signals are significantly attenuated. For the low-pass filters, the -3dB cutoff frequency is used to characterise sharpness and transition behaviour. For RC circuits the formula in Equation 1 is used:

[bookmark: _Ref227952021][bookmark: _Ref227952015]Equation 1. Formula for cutoff frequencies in RC circuits.
[bookmark: _Toc228485655]Aims and objectives
This report aims to investigate the behaviour of low-pass and high-pass filters and determine their cutoff frequencies using theoretical calculations, simulation and experimental measures. The circuits displayed in Figure 1 and Figure 2 have been replicated in an application called Proteus[footnoteRef:1] with a constant input signal of 4V pk-pk, the input and output voltages have been measured across a wide frequency range of 100Hz to 300 kHz. The attenuation has been taken from each frequency using the formula in Equation 2: [1:  Proteus is a software suite used for electronic design and automation, in this case we have used it for simulating circuits.] 


[bookmark: _Ref227953200]Equation 2. Formula used to calculate attenuation.
Following this, graphs are plotted of attenuation vs frequency to clearly display results so the cutoff frequency can be identified, see section 3.0 of this report. The experiment is then repeated physically using real components in the laboratory. Once all data has been collected, the different methods are to be compared so the accuracy of each can be evaluated. 
[bookmark: _Toc228485656]Circuit descriptions
[bookmark: _Toc228485657]Overview
This experiment involves an investigation of RC low-pass and high-pass filter circuits. The aim is to evaluate how the circuits respond to different input frequencies and to evaluate the cutoff frequencies when using different methods. This section will give an overview of the circuits used in the experiment and the parameters involved. The low-pass and high-pass filter circuits used in Proteus are displayed in Figure 1 and Figure 2.
[image: ]
[bookmark: _Ref228474158]Figure 1. Low-pass filter circuit.
[image: ]
[bookmark: _Ref228474162]Figure 2. High-pass filter circuit. 
Following this, the above circuits were replicated in the laboratory with real-world components on breadboards connected to a signal generator and an oscilloscope. See the low-pass filter circuits replicated with real-world components in Figure 3.
[image: ]
[bookmark: _Ref228475822]Figure 3. Low-pass filter replicated in the laboratory.
The high-pass filter circuit was also replicated in the laboratory, see Figure 4.

[image: ]
[bookmark: _Ref228475971]Figure 4. High-pass filter replicated in the laboratory.
[bookmark: _Toc228485658]Low-Pass Filter Circuits
The low-pass filter circuit is designed to allow low frequencies to pass through while also attenuating high frequency components. The circuit used in this experiment (see Figure 1) comprises a resistor of 10 KΩ which is connected in a series with the input signal and a capacitor of 560 pF which is connected from output node to ground. The Vin (voltage input) is supplied by the signal generator and Vout (voltage output) is taken across the capacitor. This circuit will allow low frequencies to pass while attenuating high frequencies.
[bookmark: _Toc228485659]High-Pass Filter Circuits
For the high-pass filter circuit, it differs from the low-pass filter mainly due to the order in which resistor and capacitor are located, this change will affect the frequencies that can reach the output. In this circuit, the capacitor is placed first, and the resistor goes to ground at output. Due to the change, the high-pass filter will do the opposite to the low-pass by allowing high frequencies to pass while attenuating low frequencies.
[bookmark: _Toc228485660]Experimental Parameters
There are numerous parameters involved in carrying out this experiment. The signals that are input into the circuit are consistently 4V pk-pk, however, the input frequency varies at each measurement taken. The frequency ranges from 100Hz to 300kHz, nearer to the cutoff frequency (see formula in Equation 1) the step sizes are smaller at 50Hz whereas elsewhere step sizes are larger / wider. 
[bookmark: _Toc228485661][bookmark: _Ref228520868][bookmark: _Ref228522338]Results
[bookmark: _Toc228485662]Overview of Results
The results from each of the methods are displayed in this section. The laboratory and simulated results are plotted onto Attenuation vs Frequency graphs so the behaviour of the filter can be analysed across different frequencies and not just one point. 
Prior to the building of any circuits, the cutoff frequency is to be taken for both the low-pass and high-pass filter circuits. Using the formula in Equation 1 and the values in Figure 1 and Figure 2, the cutoff frequencies were calculated. For the cutoff frequency of the low-pass filter, see Equation 3.

[bookmark: _Ref228222152]Equation 3. Cutoff frequency for the low-pass filter.
The cutoff frequency for the high-pass filter is displayed in Equation 4.

[bookmark: _Ref228222142]Equation 4. Cutoff frequency for the high-pass filter.
[bookmark: _Toc228485663]Low-Pass Filter Results
The results of the low-pass filter experiment on Proteus and the laboratory are displayed in Figure 5 and Figure 6.
[image: ]
[bookmark: _Ref228478786]Figure 5. Logarithmic graph showing attenuation vs frequency for low-pass filters on Proteus.
[image: ]
[bookmark: _Ref228478787]Figure 6. Logarithmic graph showing attenuation vs frequency for low-pass filters in the laboratory experiment.
The above results show that attenuation is low at low frequencies and increases as the frequencies does. As the measurements near the cutoff frequency, there is a steady decline however after this point there is a rapid decrease in attenuation. The laboratory experiment shows a much steeper decline in attenuation whereas the Proteus results show a steadier decline. This may be due to component related errors such as the tolerance of capacitors and resistors in the practical experiment.
For evidence of the first measurement of the low-pass filter being taken on Proteus, see Figure 7.
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[bookmark: _Ref228483665]Figure 7. Evidence of first measurement being taken on Proteus. 4V pk-pk.
[bookmark: _Toc228485664]High-Pass Filter Results
The results of the low-pass filter experiment on Proteus and in the laboratory are displayed in Figure 8 and Figure 9.
[image: ]
[bookmark: _Ref228478818]Figure 8. Logarithmic graph showing attenuation vs frequency for high-pass filters on Proteus.
[image: ]
[bookmark: _Ref228478820]Figure 9. Logarithmic graph showing attenuation vs frequency for high-pass filters in the laboratory experiment.
The above results show at high frequencies the attenuation is also high. The increase in frequency coincides with the attenuation with a steady inclining curve being observed. At the cutoff frequency range, the results are congested as the numbers are similar, however the signal stabilizes near 0dB when the frequency is at its highest. 
[bookmark: _Toc228485665]Discussion
[bookmark: _Toc228485666]Low-Pass Filter Analysis
The simulated low-pass filter showed no attenuation at low frequencies (100 Hz–5 kHz), with both input and output remaining at 4 V pk-pk. Attenuation began at 10 kHz, and as frequencies approached the 28.42 kHz cutoff, the output voltage gradually decreased, and attenuation increased to -3.2 dB. Beyond the cutoff, the output dropped more rapidly; for example, at 50 kHz the output dropped to 2 V and attenuation increased to -6.02 dB. At higher frequencies up to 300 kHz, the output continued to fall and attenuation increased quicker.
The practical experiment followed similar trends, with no attenuation at low frequencies and the first noticeable change occurring at 10 kHz, although with greater attenuation than in the simulation (-0.91). Around the cutoff range (26–30 kHz), both experiments showed a gradual decrease in output voltage and corresponding rise in attenuation. However, beyond 30 kHz, the practical results diverged significantly, with attenuation increasing sharply to -18.41 dB at 50 kHz, compared to only -6.02 dB in the simulation, and reaching -20 dB at 300 kHz.
Overall, the experiment demonstrated that attenuation increases as frequency increases, with a rapid reduction in output voltage beyond the cutoff frequency. This behavior matches the expected operation of a low-pass filter: low-frequency signals are passed with minimal loss due to high capacitor impedance, while higher frequencies are increasingly attenuated as the capacitor’s impedance decreases and more current is diverted to ground.
[bookmark: _Toc228485667]High-Pass Filter Analysis
For the high-pass filter, the simulation on Proteus displayed the complete opposite to the low-pass filter. The spacing between measurements varies to that off the low-pass filter as the initial spacing is every 100Hz. To begin the Vout is at 0.38V and the attenuation at -20.44dB at 100Hz measurement. This is the opposite to the start off the low-pass filter simulation which started at 4V as the Vout and 0dB attenuation. For the lower frequency measurements, the attenuation is higher and as the frequency increases so does the Vout. Around the cutoff frequency range (1,061Hz as shown in Equation 4), the measurements are again taken every 50Hz. From 900Hz to 1,200Hz, an increase of 0.5V was observed for the Vout (2.56V to 3.03V) and the attenuation decreased by 0.6dB (-3.87dB to -2.41dB). Following this, the Vout begins to stabilize until it eventually reaches 4V at 50,000Hz and remains for the following four measurements to 300,000Hz.
The practical experiment showed similar results to that of the simulated. The results started at a similar point with the 100Hz measurement showing a Vout of 0.48V and attenuation of -18.41dB. The pattern of similarity continued throughout with differences in measurements of the practical and simulated Vout not differing by much. From 900Hz to 1,200Hz the Vout increased by 0.4V (2.56V to 2.96V) and the attenuation decreased by 1.2dB (-3.87dB to -2.61dB). The practical experiment differs however where the Vout becomes equal to the Vin, the Vout reaches 4V at 5,000Hz whereas for the simulated results it was 50,000Hz.
The experiment of the high-pass filter shows that at low frequencies the attenuation is high. The increase in output coincides with an increase in attenuation until it gets to Vout 4V where it stabilizes. This is because the high-pass filters function by allowing signals with frequencies higher than a certain cutoff frequency to pass through while attenuating signals with frequencies below that cutoff. At the lower frequencies the capacitor blocks current meaning the Vout is low. At higher frequency measurements the capacitor allows current to pass meaning the Vout increases. Thus, essentially the opposite of the low-pass filter.
[bookmark: _Toc228485668]Cutoff Frequency Discussion
The cutoff frequencies have been calculated in Equation 3 and Equation 4. The cutoff frequency refers to the frequency at which the filter transitions between passing and attenuating signals. In low-pass, the cutoff marks the boundary below which signals are enabled to pass with less attenuation and for high-pass the opposite occurs (Sumedh Dhabu, et al. 2020). The cutoff frequency marks the passband and stopband; this should be 70.7% of the Vout which the experiment proved to be a correct theory. Equation 3 and Equation 4 found the cutoff frequency to be 28.42kHz for the low-pass filter and 1,061Hz for the high-pass filter. 
[bookmark: _Toc228485669]Conclusion
To conclude, the investigation of low-pass and high-pass RC filters demonstrated that the practical and simulated results showed similar behaviours as the graphs in section 3.0 make it easy to see the similarity in the patterns. Although there were small deviations between the simulated and practical results which may have been due to component tolerances, the overall trends remained consistent with the RC filter theory and confirms that even simple RC circuits show predictable behaviour.
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