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1. Abstract 

 

The experiment examined the frequency response of RC low-pass and high-pass 

filters. Each circuit used a 10kΩ resistor with a 560pF capacitor for the low-pass filter 

and a 15nF capacitor for the high-pass filter, driven by a constant 4V input. Input and 

output peak-to-peak voltages were recorded across frequencies from 100 Hz to 300 

kHz. The investigation was carried out theoretically, through Proteus simulation 

software and practically using breadboard circuits in the electrical laboratory. These 

results were then plotted in a table and attenuation measurements taken to each of 

these values using the attenuation (dB) formula below: 

𝐴 = 20 × log10
𝑉𝑜𝑢𝑡
𝑉𝐼𝑛

 

These results were then used to create a ‘Frequency (f) vs Attenuation (dB)’ 

graph for both the low-pass and high-pass circuits. 

The low-pass filter demonstrated attenuation at high frequencies with a cut off 

frequency measured at approximately 28,420Hz. Conversely, the high-pass filter 

demonstrated attenuation at lower frequencies, with a cut off frequency 

measured at approximately 1,061Hz. 

In both cases, the cut-off region at -3dB closely matched the theoretical 

predictions, thus confirming the expected filter behaviour. 
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2. Introduction 

 

This report presents the findings of theoretical, practical and simulated experiments, 

each of which assessing the frequency response of both Low and High pass filter RC 

circuits. As described in the previous section, each circuit consisted of a 10kΩ 

resistor and a 560pF capacitor in the low-pass circuit and a 15nF capacitor in the 

high-pass circuit with a constant 4V input signal applied to both circuits. The 

following sections of the report will look in greater detail at circuit descriptions, results 

from the experiments carried out, a discussion giving the explanation of the results, a 

conclusion section which will give a statement of the findings and end the report with 

a relevant reference section.  

Filters are fundamental circuits which are used to control the frequency content of 

electrical signals. Both Low and High pass filter RC circuits are commonly used in 

audio electronics, communication systems, instrumentation and signal conditioning 

applications. Signals will often contain unwanted frequencies, as such filters serve to 

allow engineers to control signal behaviour. 

An ideal filter is a network that allows signals of only certain frequencies to pass 

while blocking all others. Depending on the region of frequencies that are allowed 

through or not, filters are characterized as low-pass, high-pass, band-pass, band-

reject and all-pass. There are many needs for electric filters, some of the more 

common being those used in radio and television sets, which allow tuning into a 

certain channel by passing its band of frequencies while filtering out those of other 

channels. (Kolawole et al. 2015) 

Low pass filters serve the purpose of allowing low frequencies to pass whilst 

attenuating higher frequencies. Conversely, High pass frequencies serve to do the 

opposite function, allowing high frequencies to pass.    

The experiment task description asks to take several closely spaced measurements 

around the cutoff region (the −3 dB point) to determine the cutoff and half-amplitude 

points accurately. The cutoff frequency of a filter is the frequency at which the output 

signal has dropped to 70.7% of the input amplitude. This corresponds to -3 dB 

attenuation as  
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𝐴 = 20 × log10
𝑉𝑜𝑢𝑡
𝑉𝐼𝑛

 

These cutoff frequencies of both filter sets will be compared between theoretical 

cutoff frequencies, simulated cutoff frequencies (using Proteus simulation software) 

and experimental cutoff frequencies (using a practical breadboard setup in the 

Electrical laboratory).  

Attenuation is used to describe how much a circuit reduces the amplitude of a signal 

as it passes through it, this is expressed in decibels (dB). Attenuation values will be 

recorded for both low and high pass filter circuits for each of the experiments: 

theoretical, simulated and experimental. These values will then be compared and the 

differences explained in greater detail. 
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3. Circuit descriptions 

 

The concept structure of a simple RC low-pass filter circuit in the experiment 

consists of a signal generator, 10 kΩ resistor, 560pF capacitor and an oscilloscope 

used for signal visualisation and measuring key metrics such as the peak-to-peak 

amplitude and the output taken across the capacitor.  

In contrast, the concept structure of a simple RC high-pass filter circuit in the 

experiment consists of a signal generator, 10 kΩ resistor, 15nF capacitor and an 

oscilloscope, again used for measuring the same key metrics as the low-pass filter 

circuit.  

Across both circuit sets constant 4V input signal remained constant with incremental 

range of frequencies from initially 100Hz up to 300kHz. 

Examples of both the low-pass filter circuit and high-pass filter circuit configurations 

are shown in Figure 1 and Figure 2 below. 

 

 

 

 

 

Figure 1: Low-pass filter circuit configuration 

 

Figure 2: High-pass filter circuit configuration 
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The concept structure of the both the low-pass and high-pass filter circuit was 

replicated theoretically, simulated (using Proteus software) and experimental (using 

breadboard connections in the Electrical laboratory). 
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4. Results 

4.1 Theoretical Experiment 

Below is the tabulated results of the theoretical experiment from both the low-pass 

filter and the high pass filter. These results were achieved by firstly solving the value 

for Vout (Output voltage) using the formula: Vout = Vin ( 1 / √1+(2πfRC)². When the 

Vout values have been achieved, the formula to find the attenuation can be carried 

out, this formula is:  

𝐴 = 20 × log10
𝑉𝑜𝑢𝑡
𝑉𝐼𝑛

 

Both the Vout and the Attenuation values of the low-pass filter circuit are displayed in 

the table of results below in Figure 3. 

Low Pass Filter (Theoretical) 

 

 

 

 

 

 

 

 

 

Figure 3: Theoretical experimental results (low-pass filter) 
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These Attenuation dB values were plotted against the Frequency Hz values to  

demonstrate the cutoff frequency of 28,420Hz at the -3 dB value point, see Figure 4 

below. The formula used to determine the cutoff frequency was:  

Fc = 1/(2πRC) 

 

 

 

 

 

 

 

Figure 4: Attenuation vs Frequency Graph – Low Pass Filter 

Both the Vout and the Attenuation values of the high-pass filter circuit are displayed 

in the table of results below in Figure 5. 

High Pass Filter (Theoretical) 

 

 

 

 

 

 

 

 

Figure 5: Theoretical experimental results (high-pass filter) 
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These Attenuation dB values were plotted against the Frequency Hz values to  

demonstrate the cutoff frequency of 1,061Hz at the -3 dB value point, see Figure 6 

below. The formula used to determine the cutoff frequency was:  

Fc = 1/(2πRC) 

 

Figure 6: Attenuation vs Frequency Graph –  High Pass Filter 

 

4.2 Simulation Experiment (Proteus software) 
The next stage of the task was to assess how the circuits perform using circuit 

simulation software (Proteus). Below are the results of both the low and high pass 

filter circuits including snapshots of the both circuits within the Proteus circuit 

simulation software, see Figures 7 - 14 below.  

Low Pass Filter (Simulation – Proteus Software) 

 

 

 

 

 

 

Figure 7 – Snapshot of Low Pass Filter circuit arrangement 
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Low Pass Filter – VSM Oscilloscope (Simulation – Proteus Software) 

 

Figure 8 – Snapshot of VSM Oscilloscope at 4v pk-pk at 100Hz 

Again, the constant 4V input signal applied to both circuits and data was retrieved 

from the VSM Oscilloscope display. See Figure 9 below, the tabulated results from 

the simulated low pass filter.  

 

 

 

 

 

 

 

 

Figure 9: Simulation experimental results (low-pass filter) 

These Attenuation dB values were plotted against the Frequency Hz values to 

demonstrate the cutoff frequency of 27,000Hz at the -3 dB value point, see Figure 10 

below. 
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Figure 10: Attenuation vs Frequency Graph – Low Pass Filter 

The simulation circuit was rearranged to the High Pass filter arrangement, as shown 

in Figure 11 below. The data retrieved was tabulated and shown in Figure 13. 

High Pass Filter (Simulation – Proteus Software) 

 

Figure 11 – Snapshot of High Pass Filter circuit arrangement 
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High Pass Filter – VSM Oscilloscope (Simulation – Proteus Software) 

 

Figure 12 – Snapshot of VSM Oscilloscope at 4v pk-pk at 100Hz 

See Figure 13 below, the tabulated results from the simulated low pass filter. 

 

 

 

 

 

 

 

 

 

 

Figure 13: Simulation experimental results (high-pass filter) 

These Attenuation dB values were plotted against the Frequency Hz values to 

demonstrate the cutoff frequency of 1,000Hz at the -3 dB value point, see Figure 14 

below. 
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Figure 14: Attenuation vs Frequency Graph – High Pass Filter 

 

4.3 Practical Experiment (Breadboard connections) 
The next stage of the task was to assess how the circuits perform practically using 

breadboard connections. Below are the results of both the low and high pass filter 

circuits including snapshots of the both circuits within the breadboard connection 

experiment, see Figures 15 – 21 below. 

 

 

 

 

 

 

 

 

 

Figure 15 – Snapshot of Low Pass Filter circuit breadboard arrangement 
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Figure 16 – Snapshot of waveform generator used for practical breadboard connection 

experiment 

The constant 4V input signal applied to both circuits and data was retrieved from the 

Oscilloscope display. See Figure 17 below, the tabulated results from the 

breadboard connection low pass filter. 

 

Figure 17 – Tabulated results of breadboard connections (Low pass filter) 
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These Attenuation dB values were plotted against the Frequency Hz values to 

demonstrate the cutoff frequency of 26,300Hz at the -3 dB value point, see Figure 18 

below. 

 

Figure 18 - Attenuation vs Frequency Graph (Low pass filter) 

The breadboard circuit was rearranged to the High Pass filter arrangement, as 

shown in Figure 19 below. The data retrieved was tabulated and shown in Figure 20. 

 

 

 

 

 

 

 

Figure 19 – Snapshot of High Pass Filter circuit breadboard arrangement 
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Figure 20 – Tabulated results of breadboard connections (High pass filter) 

These Attenuation dB values were plotted against the Frequency Hz values to 

demonstrate the cutoff frequency of 1,070 Hz at the -3 dB value point, see Figure 21 

below. 

 

 

 

 

 

 

 

Figure 21 - Attenuation vs Frequency Graph (High pass filter) 
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5. Discussion  

 

In this section I will evaluate the results of the low and high pass RC circuit 

experiments for each version of the experiment, i.e: Theoretical, Simulation and 

Practical. I will discuss the cutoff frequencies and attenuation characteristics 

obtained from each of the experiments and assess and compare similarities and 

differences between each of the experiments. 

5.1 Cutoff frequency comparison   
Below is a comparison table of the cutoff frequencies obtained from each version of 

the experiment: 

Filter type Theoretical 

Fc 

Simulation Fc Practical Fc Notes 

Low-Pass (10 

kΩ, 560pF) 

28,420 Hz 27,000 Hz 26,300 Hz Similar set of 

results with a 

total difference of 

2,120 Hz 

between the 

highest and 

lowest value 

High-Pass (10 

kΩ, 15nF) 

1,061 Hz 1,000 Hz 1,070 Hz Lowest range of 

values with a 

total difference of 

70 Hz between 

the highest and 

lowest value  

 

This table highlights that both filters behaved as expected with both simulated and 

practical experiments closely aligning with the theoretical values.  

The low-pass filter circuit demonstrated the greatest range between the highest and 

lowest value (2,120 Hz). The high-pass filter circuit was more consistent, with a 

smaller range between the highest and lowest value (1,070 Hz).  
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5.2 Low-pass filter discussion 

The low-pass filter experiments demonstrated the expected high-frequency 

attenuation. The measured cut-off frequencies: 28,420 Hz, 27,000 Hz and 26,300 Hz 

were closely grouped, with differences likely due to internal resistance, capacitor 

behaviour and component tolerances. This filter showed the widest cut-off variation 

in Section 5.1, yet the attenuation curve still followed the expected pattern of minimal 

loss at low frequencies and increasing attenuation beyond the cutoff region. 

5.3 High-pass filter discussion 

The high-pass filter experiments performed as expected, attenuating low frequencies 

whilst passing higher ones. The measured cut-off frequencies: 1,061 Hz, 1,000 Hz 

and 1,070 Hz were even more closely grouped, indicating strong consistency and 

minimal influence from practical imperfections. As shown in Section 5.1, this filter 

exhibited the smallest cutoff variation. The attenuation curve still shows the expected 

increase in amplitude with rising frequency despite minor imperfections.  

5.4 Overall filter behaviour 

Overall, both filter types behaved as expected: the low pass filter attenuated high 

frequencies with a clear -3dB region near the predicted cutoff and conversely the 

high-pass filter attenuated low frequencies with a similarly accurate cut off point. 

Across the theoretical, simulated and practical results, the attenuation curves 

maintained the characteristic RC shape with clearly identifiable -3dB cutoff regions. 

Deviations between practical an ideal responses can be attributed to connection 

imperfections, however the core filter behaviour remained consistent throughout. 
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6. Conclusion 

This investigation demonstrated the expected frequency responses of RC low-pass 

and high-pass filters across theoretical, simulated and practical testing. Theoretical 

cut-off frequencies (28,420 Hz for the low-pass and 1,061 Hz for the high pass) were 

closely matched by the simulation results (27,000 Hz and 1,000 Hz) and by practical 

measurements (26,400 Hz and 1,070 Hz).  

The attenuation curves and -3dB regions also aligned with predicted behaviour. 

Overall the results confirm that simple RC filters operate in a consistent, predictable 

manner, thus reinforcing their reliability in real-world applications. 

An extract from ‘The development of a fully balanced active RC high-pass filter’ 

(Thitapars et al.) 2025, describes the following:  

In terms of practical application, the results can be used to design high-pass filters 

for various  applications,  particularly  in  communication  systems,  audio  signal  

processing,  and  medical  devices. This filter can effectively reduce noise and 

improve the quality of transmitted signals, such as enhancing audio quality in 

consumer electronics or signal conditioning in diagnostic medical instruments.  

Furthermore,  reducing  the  resistance  and  capacitance  values  (C)  can  increase  

the  operating frequency (f0), which allows for fine-tuning the filter to meet specific 

technical requirements, such as the ability to operate at high or low frequencies as 

needed. (Thitapars et al.) 

Thus, reaffirming the importance and real-world applicability of RC filter circuits. 
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