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[bookmark: _Toc132314576]Abstract 
This lab report which compares both low pass filter circuits to a high pass filter circuit will explore which components combine to make up the circuit, the use of these circuits in the day-to-day world and compare the behaviours of each circuit. The two circuits have been built from a given diagram and produced in a workshop environment. 
To build the filter circuits a combination of wire, resistors and capacitors were used. For the low pass filter, a 10 K resistor was used with a 560pF capacitor. For the high pass filter once again a 10 K resistor was used, but this time a 15nF capacitor was used instead. The circuits both had a signal generator output of 5Vpk-pk, which remained constant but had various frequencies between a range of 100Hz to 300KHz. The input and output voltages were measured across the two circuits and then recorded to compare the two circuits. The results showed that the low pass filter attenuated the higher frequencies and allowed the lower frequencies to pass through, whilst the high pass filter attenuated the lower frequencies and allowed the higher frequencies to pass through.
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The task for this project was to build a low-pass filter circuit and a high-pass filter circuit in a workshop environment using a breadboard along with various other components. The purpose of the experiment was to observe the behaviour of the filters and their effect on the input signal. A signal generator was used to produce a sine wave and an oscilloscope was used to measure the input and output signal. 

Some of the components that will be used in the investigation include resistors, capacitors, and breadboards.

Resistors (R) – Electronic circuits use resistors to create resistance in the flow of electric current. The value of resistance is measured in ohms (Ω). Resistance is a measurement of the opposition to current flow in the circuit (TechTarget. 2021).

Capacitors (C) - In an electric field, a capacitor is a circuit component that temporarily stores electrical energy by distributing charged particles on usually two plates which then creates a potential difference. A capacitor can take a shorter time than a battery to charge up where it can then release all the energy very quickly (unknown, 2023).

Breadboards - A breadboard is a simple device designed to let you create circuits without the need for soldering. They come in various sizes and are generally used to allow beginners to get acquainted with circuits without the need for soldering and for experiment or starting of projects (IAN BUCKLEY, 2022).

In electronics, filters are used to remove or attenuate certain frequencies from a signal while allowing others to pass through. There are two common types of filters used these are low pass and high pass filters. The main difference between low pass filter and high pass filter is the frequency range which they exceed (Agarwal, T, 2023).

In low pass filters, signals with frequencies below a certain cut off frequency are allowed to pass through, while signals with frequencies above the cut off frequency are attenuated. 
In high pass filters signals with frequencies above the cut off frequency are allowed to pass through while signals with frequencies below the cut off frequency are attenuated (Rob Schlette, 2021). 

When building both filter circuits on breadboards, a 10 K  resistor will be used.  This resistor will be used in combination with a 560pf capacitor to create a low pass filter, whereas a 15nf capacitor will be used for the high pass filter. These circuits will be analysed using a signal generator and oscilloscope to obtain readings for a 5Vpk-pk signal whilst adjusting the frequency between 100Hz to 300KHz.

Using the data collected from the investigation, graphs will be produced to analyse the attenuation against frequency for each circuit using a spreadsheet application. These graphs will determine the -3dB cut off frequency for each filter. 

Overall, the experiment and analysis of the low pass and high pass filters will provide a better understanding of their functionality and usefulness for various electronic applications.
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Low And High Pass Filter Stage Circuit. 

As can be seen from Figure 1 below, two simple circuits were built using breadboards. As seen in Figure 8, a 10 K  resistor was used alongside a 560pF capacitor to create a low-pass filter circuit. And as seen in Figure 9, a 10 K  resistor was used with a 15nF capacitor in the high-pass filter circuit.  Additionally, 4 individual wire strips were also used to connect the circuit to the oscilloscope and the signal generator, but these are not shown in the image below. 
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The project will evaluate the behaviour of low-pass and high-pass filters and their impact on the input and output signal. This experiment can be useful for understanding filter circuits and their applications in signal processing. A constant 5Vpk-pk output signal was set on the signal generator throughout the experiment but the frequency was changed between a range of 100Hz-300kHz to achieve different output voltage readings from the oscilloscope. Each time the frequency is adjusted on the signal generator, it will give a new input and output voltage reading on the oscilloscope as well as change the sine wave. 

Low pass and high pass filters are used in numerous electronic applications such as audio processing, signal conditioning and data filtering to name just a few. For example, in an audio system a low pass filter can be used to remove high frequency noise from the signal while a high pass filter can be used to remove low frequency noise which has a huge benefit in industries such as the music industry and medical equipment (Agarwal, T. (2019). 
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A spreadsheet application was used to analyse the findings and to calculate the attenuation of the circuit using the following equation: 

Attenuation (A) = 20*LOG10 (Vout/Vin)
Where: 
A = attenuation (dB).
Vin =  peak to peak voltage measured across the input of each circuit.
Vout = peak to peak output voltage for each circuit.
As can be seen in figures 8, 10 and 11, the equipment that was used to carry out the lab experiment to generate results that can be seen in the table (figure 2) and graph (figure 3) seen below. 

The results show that the low pass filter circuit was allowing low-frequency signals to pass through while attenuating high-frequency signals. The signals start off with a small graduation when using low-frequency signals to pass through and meets its -3dB cut off frequency at an input voltage of 5V, an output voltage of 3.5V and a frequency output of 25000Hz. 
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	Low Pass Filter (Lab Experiment)

	Frequency (Hz)
	Input voltage
	Output voltage
	Attenuation (db)

	100
	5
	5
	0

	10000
	5
	4.6
	-0.724243453

	15000
	5
	4.25
	-1.411621486

	20000
	5
	3.9
	-2.158107946

	22000
	5
	3.7
	-2.615365605

	23000
	5
	3.65
	-2.733542798

	24000
	5
	3.6
	-2.853350071

	25000
	5
	3.5
	-3.0980392

	26000
	5
	3.4
	-3.349821746

	27000
	5
	3.3
	-3.609121289

	30000
	5
	3.15
	-4.013189011

	40000
	5
	2.65
	-5.514482608

	50000
	5
	2.25
	-6.935749724

	60000
	5
	2.15
	-7.330630888

	70000
	5
	1.9
	-8.404328068

	90000
	5
	1.5
	-10.45757491

	100000
	5
	1.23
	-12.18129786

	200000
	5
	0.65
	-17.72113295

	300000
	5
	0.4
	-21.93820026


Figure 2 – Low pass filter circuit lab experiment results.

The table and graph below show the simulated low-pass filter circuit. These were calculated to find its attenuation result. The difference between both sets of results is that in the first investigation (Figure 3) the Vin and Vout were read from the oscilloscope. Whereas, with the second set of results (Figure 4), the low pass filter circuit was simulated, and therefore the xc, z and the Vout were all calculated using various formulas as seen below:
Xc  = 1/(2*PI()*freq*C)
Z = SQRT(R^2+Xc^2)
Vout = Vin*(Xc/Z)
Attenuation (A) = 20*LOG10 (Vout/Vin)

[bookmark: _Toc132314583]Figure 3 
	Low Pass Filter (Simulated Experiment)

	Freq (hz)
	Xc
	Z
	Vout
	Attenuation (db)
	
	

	100
	2842052.56
	2842070.15
	5.00
	0.00
	Vin
	5

	200
	1421026.28
	1421061.46
	5.00
	0.00
	R
	10000

	500
	568410.51
	568498.47
	5.00
	0.00
	C
	5.60E-10

	1000
	284205.26
	284381.13
	5.00
	-0.01
	
	

	3000
	94735.09
	95261.41
	4.97
	-0.05
	
	

	7000
	40600.75
	41814.12
	4.85
	-0.26
	
	

	10000
	28420.53
	30128.50
	4.72
	-0.51
	
	

	15000
	18947.02
	21424.04
	4.42
	-1.07
	
	

	20000
	14210.26
	17376.18
	4.09
	-1.75
	
	

	22000
	12918.42
	16336.63
	3.95
	-2.04
	
	

	25000
	11368.21
	15140.55
	3.75
	-2.49
	
	

	28500
	9972.11
	14122.43
	3.53
	-3.02
	
	

	40000
	7105.13
	12267.15
	2.90
	-4.74
	
	

	50000
	5684.11
	11502.57
	2.47
	-6.12
	
	

	60000
	4736.75
	11065.12
	2.14
	-7.37
	
	

	90000
	3157.84
	10486.75
	1.51
	-10.43
	
	

	120000
	2368.38
	10276.63
	1.15
	-12.75
	
	

	150000
	1894.70
	10177.91
	0.93
	-14.60
	
	

	200000
	1421.03
	10100.46
	0.70
	-17.03
	
	

	250000
	1136.82
	10064.41
	0.56
	-18.94
	
	

	280000
	1015.02
	10051.38
	0.50
	-19.92
	
	

	300000
	947.35
	10044.77
	0.47
	-20.51
	
	


Figure 3 – Low pass filter circuit simulated results. 
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A spreadsheet application was used again to analyse the findings and to calculate the attenuation of the circuit using the following equation: 

Attenuation (A) = 20*LOG10 (Vout/Vin)
Where: 
A = attenuation (dB).
Vin =  peak to peak voltage measured across the input of each circuit.
Vout = peak to peak output voltage for each circuit.
The equipment that was used to carry out the lab experiment can be seen in figure 9, 10 and 11. These were used generate results that can be seen in the table in figure 6 and graph in figure 7. 
The table and graph both show that the high pass filter circuit was allowing high-frequency signals to pass through while attenuating low-frequency signals. The signals start off with greater graduation when using low frequency signals to pass through, and meets its -3dB cut off frequency at a input voltage of 5V, an output voltage of 3.5V and output frequency of 1000Hz.
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	High Pass Filter (Lab Experiment)

	Frequency (Hz)
	Input voltage
	Output voltage
	Attenuation (db)

	100
	5
	0.45
	-20.91514981

	200
	5
	0.9
	-14.8945499

	300
	5
	1.35
	-11.37272472

	400
	5
	1.7
	-9.370421659

	500
	5
	2.05
	-7.744322866

	600
	5
	2.45
	-6.196078399

	700
	5
	2.7
	-5.352124804

	900
	5
	3.3
	-3.609121289

	950
	5
	3.45
	-3.223018185

	1000
	5
	3.5
	-3.0980392

	1500
	5
	3.9
	-2.158107946

	2000
	5
	4.3
	-1.310030975

	3000
	5
	4.6
	-0.724243453

	4000
	5
	4.65
	-0.630341029

	5000
	5
	4.7
	-0.537442928

	20000
	5
	4.8
	-0.354575339

	100000
	5
	4.95
	-0.087296108

	200000
	5
	4.95
	-0.087296108

	300000
	5
	4.95
	-0.087296108


Figure 5 – High pass filter circuit Lab Experiment results. 


The table and graph below show the simulated high pass filter circuit. These were calculated to find its attenuation result. The difference between both sets of results is that in the first investigation (Figure 6) the Vin and Vout were read from the oscilloscope. Whereas, with the second set of results (Figure 7), the high pass filter circuit was simulated, and therefore the xc, z and the Vout were all calculated using various formulas as seen below:
Xc  = 1/(2*PI()*freq*C).
Z = SQRT(R^2+Xc^2)
Vout = Vin*R/Z
Attenuation (A) = 20*LOG10 (Vout/Vin)
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	High Pass Filter (Simulated)

	Freq (hz)
	Xc
	Z
	Vout
	Attenuation (db)
	
	

	100
	106103.30
	106573.49
	0.47
	-20.55
	Vin
	5

	200
	53051.65
	53985.90
	0.93
	-14.65
	R
	10000

	300
	35367.77
	36754.30
	1.36
	-11.31
	C
	1.50E-08

	400
	26525.82
	28348.18
	1.76
	-9.05
	
	

	500
	21220.66
	23458.82
	2.13
	-7.41
	
	

	600
	17683.88
	20315.50
	2.46
	-6.16
	
	

	700
	15157.61
	18159.11
	2.75
	-5.18
	
	

	800
	13262.91
	16610.38
	3.01
	-4.41
	
	

	900
	11789.26
	15459.19
	3.23
	-3.78
	
	

	1000
	10610.33
	14580.09
	3.43
	-3.28
	
	

	1150
	9226.37
	13606.10
	3.67
	-2.67
	
	

	1300
	8161.79
	12907.94
	3.87
	-2.22
	
	

	1500
	7073.55
	12248.88
	4.08
	-1.76
	
	

	2000
	5305.16
	11320.10
	4.42
	-1.08
	
	

	3000
	3536.78
	10607.02
	4.71
	-0.51
	
	

	7000
	1515.76
	10114.22
	4.94
	-0.10
	
	

	10000
	1061.03
	10056.13
	4.97
	-0.05
	
	

	20000
	530.52
	10014.06
	4.99
	-0.01
	
	

	50000
	212.21
	10002.25
	5.00
	0.00
	
	

	100000
	106.10
	10000.56
	5.00
	0.00
	
	

	200000
	53.05
	10000.14
	5.00
	0.00
	
	

	300000
	35.37
	10000.06
	5.00
	0.00
	
	


Figure 6 – High pass filter circuit Lab Simulated results. 

[bookmark: _Toc132314588]Figure 7
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After completing all experiments and analysing the results, the Lab experiments and simulated experiments produced similar attenuation results for the low and high-pass filter circuits. This indicates that there is a strong chance the lab experiment was done correctly and therefore the results are likely to be dependable. Furthermore, the results back up the theory that the low-pass filter circuit was designed to allow low-frequency signals to pass through, whilst attenuating high-frequency signals. Whereas the high-pass filter circuit was designed to allow high-frequency signals to pass through, whilst attenuating low-frequency signals.
When you increase the frequency in the low pass filter circuit, the output voltage decreased, and the attenuation increases as can be seen in the results tables and graphs. This occurs because the capacitive reactance of the capacitor in the circuit decreases as the frequency increases (EE Times, 2023). 

The capacitive reactance is the opposite to flow of alternating current that arises from the capacitor's capacitance. The capacitive reactance is high at lower frequencies, so the capacitor acts like an open circuit, preventing any current from flowing. As the frequency increases, the capacitive reactance decreases, allowing more current to flow through the capacitor. This results in a voltage drop across the capacitor and reduces the voltage across the load resistor, leading to a decrease in output voltage (Wayne Storr, 2023).

Furthermore, the increased current flow through the capacitor also causes increased attenuation due to the resistance of the capacitor and the load resistor. Attenuation refers to the reduction of signal strength, which occurs in the circuit due to the energy lost in the resistor and capacitor (Sourav Gupta, 2019).

In contrast to the low pass filter circuit, when you increased the frequency in the high pass filter circuit, the output voltage increases, and the attenuation decreased. This occurs because the capacitive reactance of the capacitor in the circuit increases as the frequency increases (Wayne Storr, 2023). At lower frequencies the capacitive reactance is low, so the capacitor acts like a short circuit allowing all the current to flow through it. As the frequency increases the capacitive reactance increases then blocking low-frequency signals and allowing high-frequency signals to pass through. This results in an increase in output voltage since the capacitor acts as a coupling capacitor which allows the high-frequency signal to pass to the load resistor with minimal attenuation (Rob Schlette, 2021).

[bookmark: _Toc132314590]Conclusion 
In conclusion, the results show that the behaviour of filters depends on their frequency response and the characteristics of the components used in the circuit. Capacitors, in particular, play a crucial role in filter circuits as they provide the reactive element necessary for filtering. By understanding the frequency response of filters and the characteristics of the components used in the circuit, it is possible to design circuits that effectively attenuate or amplify signals of interest. This experiment provides valuable insight into how filters work and how they can be used to control the flow of electrical signals in a circuit. 
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Low Pass Filter Circuit Bread Board
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High Pass Filter Circuit Bread Board
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Signal Generator
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Oscilloscope 
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