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Abstract
The experiment was to use low-pass and high-pass filter circuits to determine at what frequency each circuit reached their -3dB cutoff frequency. This was done through simulation (theoretical) testing and actual (lab) testing to then compare the two results, of which show that the theoretical results were very close to the actual results. The following cutoff ranges have been identified from the experiment:
Frequency cutoff results
	Theoretical (Hz)	Actual (Hz)
Low-pass	28k-29k	20k-30k
High-pass	1.1k	1000-1050
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1. [bookmark: _Toc228368823]Introduction
1.1. [bookmark: _Toc228368824]What are RC filters 
Low-pass filter
A low-pass filter is one that allows frequencies to pass through below a certain cutoff frequency so in this example the cutoff frequency was -3dB. It typically has a resistor in series with the input supply and a capacitor connected to a ground cable and the output is taken across the capacitor. Low-pass filters work relative to the input frequency. If the input frequency is low then the capacitor reactance is high which causes most of the input voltage to pass through the capacitor. On the other hand, when the input frequency is high the opposite happens and the voltage passes through the resistor which means that high frequencies are blocked while low frequencies are free to pass through. These low-pass filters are used in audio devices to remove high-frequency noise to make them sound better.
High-pass filter
A high-pass filter is the opposite and prevents low frequencies from passing through. Any frequencies lower than its cutoff frequency are blocked. Most high-pass filters contain a capacitor which is in series with the input supply and a resistor connected to the ground and has the output taken across it. When the input frequency is low in a high-pass filter its capacitor reactance is high blocking most of the signal from passing through because very little voltage reaches the output. The opposite happens when the input frequency is high therefore as more voltage reaches the output more signal also passes through. 


1.2. [bookmark: _Toc228368825]Theory used in investigation
Reactance of capacitors
[image: Capacitive Reactance (Xc) Calculator]
Figure 1 – Capacitive reactance formula
The formula shown in Figure 1 is the calculation for reactance of a capacitor. Capacitors oppose current similar to a resistor but instead they provide reactance instead of resistance, and the level of reactance is based on the frequencies, therefore depending on the frequency being put through them depends on how they act. The way they act can also depend on where they are placed in the circuit as explained earlier. 

Attenuation and cutoff frequency
[image: ]
Figure 2 - Cutoff frequency formula
Cutoff frequency
The cutoff frequency is the point where the voltage drops to 70.7% of the input voltage and also where the signal power drops to 50% of the input power, this is calculated using the equation above. This typically is where the attenuation is equal to -3dB and is calculated using the formula in Figure 3. In my experiment we determined an estimated range of frequencies where the cutoff frequency would appear and then by simulating and building the circuit a specific value was achieved. 
Attenuation
Attenuation occurs at all frequencies however, beyond the cutoff frequency is where the rate of attenuation has more of a significant impact. Attenuation is the reduction of output amplitude relative to the input. 
[image: ]
Figure 3 - Attenuation in dB formula
Report Outline
The report consists of information on the circuits including the components and diagrams as well as the parameters of the experiment. It also includes the results of each circuit in both theoretical and actual tests, all of which are plotted onto a frequency response curve graph. The results are then discussed and analysed before the report is then concluded.
2. [bookmark: _Toc228368826]Circuit Descriptions
2.1. [bookmark: _Toc228368827]Testing Parameters
The investigation being carried out was to use 2 circuits (Low-pass and a High-pass) and apply a peak-to-peak voltage of 4Vpp and change the input frequency to measure what the input and output voltages would be at each interval frequency (Figure 2 and Figure 3). Then by building each circuit in the online electrical simulation software (Proteus), and in the University Laboratory using breadboards, electrical wiring and components to then evaluate and compare the results. After this the attenuation is calculated and plotted onto a graph against the frequency on a logarithmic x-axis. Finally, by identifying the cutoff frequency, the theoretical and actual frequencies can be compared. The yellow highlighted sections in both Figure 2 and Figure 3 were the range where the cutoff frequency is expected to appear. 
[image: ]
Figure 4 - Low-pass frequencies
[image: ]
Figure 5 - High-pass frequencies



2.2. [bookmark: _Toc228368828]Theoretical Circuit
The theoretical values were recorded from Proteus simulations, as represented in the two figures below, before being put into a spreadsheet for calculating and comparing. 


[image: ]
Figure 6 - Low-pass filter circuit
[image: ]
Figure 7 - High-pass filter circuit
Figure 4 and Figure 5 are images of each circuit with the components that were used for both the theoretical and actual results. The low-pass filter circuit components consist of a 10KΩ resistor, a 560pF capacitor, a signal generator and an oscilloscope. The high-pass filter circuit components consist of a 10KΩ resistor, a 15nF capacitor, a signal generator and an oscilloscope. 


2.3. [bookmark: _Toc228368829]Actual Circuit
The circuit was then constructed using the same components to get the actual results to be compared to the theoretical values from the Proteus simulation.

[image: ]
Figure 8 - Low-pass circuit
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Figure 9 - High-pass circuit


3. [bookmark: _Toc228368830]Results
3.1. [bookmark: _Toc228368831]Low-pass results












3.2. [bookmark: _Toc228368832]High-pass results




3.3. [bookmark: _Toc228368833]Calculated cutoff frequencies 

· Low-pass theoretical cutoff is 28.4kHz
· Low-pass actual cutoff is 24.3kHz
· High-pass theoretical cut-off is 1.06kHz
· High-pass actual cut-off is 1.10kHz
4. [bookmark: _Toc228368834]Discussion
Actual could have had other frequency interference due to being in the university labs which could be evaluated against the theoretical values recorded.
Length of wiring and any nearby items that effect frequency 
5. [bookmark: _Toc228368835]Conclusion

6. [bookmark: _Toc228368836]References
“a computer simulation is an attempt to model a real-life or hypothetical situation on a computer so that it can be studied to see how the system works. By changing variables in the simulation, predictions may be made about the behaviour of the system. So, computer simulation is a tool to virtually investigate the behaviour of the system under study.” (Asadi, F. 2022).
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Theoretical Low-pass 

100	500	1000	5000	10000	20000	25000	26000	27000	28000	29000	30000	50000	100000	200000	300000	0	0	0	-0.21990768602926386	-0.44552789422304506	-1.6709210290014986	-2.498774732165999	-2.7932398685801263	-2.7932398685801263	-3.0980391997148637	-3.0980391997148637	-3.4139245433795011	-6.0205999132796242	-11.213346123394746	-16.478174818886377	-20	Frequency 


Attenuation (dB)



Actual Low-pass 

100	500	1000	5000	10000	20000	25000	26000	27000	28000	29000	30000	50000	100000	200000	300000	-0.1720034352383516	-0.1720034352383516	-0.1720034352383516	-0.259299543287353	-0.802344464159649	-2.2194616094295223	-3.146836460856846	-3.2700426349532159	-3.395021620493246	-3.6505073812218223	-3.7811247244009771	-3.9137363023812406	-7.1077531597314785	-12.213203261797599	-18.233803175077224	-21.583624920952499	Frequency


Attenuation (dB)



Theoretical High-pass

100	200	300	400	500	600	700	800	900	950	1000	1050	1100	1150	1200	1500	2000	3000	5000	10000	50000	100000	200000	300000	-20	-16.478174818886377	-11.213346123394746	-9.1186391129944884	-7.4322213989937689	-6.0205999132796242	-5.1927462101151223	-4.4369749923271282	-3.7417328671428884	-3.4139245433795011	-3.0980391997148637	-3.0980391997148637	-2.7932398685801263	-2.7932398685801263	-2.498774732165999	-1.6709210290014986	-1.159838939553735	-0.44552789422304506	-0.21990768602926386	0	0	0	0	0	Frequency


Attenuation (dB)



Actual High-pass

100	200	300	400	500	600	700	800	900	950	1000	1050	1100	1150	1200	1500	2000	3000	5000	10000	50000	100000	200000	300000	-20.849168780457703	-14.946746059388481	-12.213203261797599	-9.2906425482328405	-7.5026343236466211	-6.3680818346680788	-5.5241282387789816	-4.6089784275654786	-4.0484039555606079	-3.7811247244009771	-3.5218251811136234	-3.2700426349532159	-3.0253535066129826	-2.7873690406188278	-2.7873690406188278	-1.8957263875640182	-1.2823499922349781	-0.7094463632443786	-0.3474819213884548	-0.1720034352383516	0	0	0.1686633507372553	0.1686633507372553	Frequency


Attenuation (dB)
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