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1 Abstract
To start the assignment, I carried out a practical task using low-pass and high-pass filters whilst recording the data. The frequency spectrum ranged from 100Hz to 300kHz. These measurements were specifically targeted around the response peak to accurately identify both the peak and half-amplitude points. Given the temporary nature of the circuit, a breadboard was used, facilitating the removal or replacement of components as needed. Electronic signals were generated using a signal generator, while an oscilloscope was utilised to visually represent voltage signal waveforms, illustrating the voltage variation over time. The results show the effective functionality of both the low-pass and high-pass filters, revealing the cutoff or halfway point. Using these outcomes, visual representations were generated through graphs using an Excel spreadsheet.



















2 Introduction
Electricity follows a complete circular path known as a circuit, serving as a conduit for the power required to execute a specific task (Wright, 2022). Basic circuits comprise conductors, a load, and a current source, with applications ranging from small-scale devices like calculators to more significant systems such as generators (BBC, 2024). Circuits play a crucial role in the audio industry, spanning applications from car speakers to hearing aids, where each component operates distinctly. The flow of electrical current is regulated by resistors, while capacitors contribute to creating a potential difference by temporarily storing electrical energy between generally two plates (University of Birmingham, 2024). Low-pass filters amplify signals above a chosen cut-off frequency, commonly used in audio amplifiers and speakers, while high-pass filters allow signals with frequencies higher than a specific cut-off to pass, often applied in stereo systems (Keim, 2019; 2022). The underlying theory in this experiment posits that low-pass filters permit only low frequencies, and high-pass filters exclusively allow high frequencies. This report focuses on the laboratory exercise results, interpreting the displayed graphs, and comparing them with previously calculated outcomes. It also outlines the methodology employed in each exercise, including the relevant parameters

















3 Circuit Descriptions
This assignment is looking to evaluate the effect of low-pass and high-pass filters, maintaining a constant signal generator output of 5Vpk-pk at 100Hz throughout the experiment. Once the generator output parameters were established, they remained unchanged. The circuit for the low-pass filter incorporated a 560pF capacitor, while the high-pass filter utilized a 15nF capacitor. These components were wired in series to complete the respective circuits. In the case of the high-pass filter, the resistor and capacitor were interchanged to redirect the current along a different path. A broad spectrum of frequencies ranging from 100Hz to a maximum of 300kHz was applied to determine the output voltage for both filters. Attenuation was calculated using an Excel spreadsheet, alongside theoretical and experimental log graphs to visually represent the results. The attenuation formula utilized was A = 20 × log10(Vout/Vin), where A represents attenuation in dB, Vin is the peak-to-peak voltage measured across the input of each circuit, and Vout is the peak-to-peak output voltage for each circuit. The -3dB cut-off frequencies for each filter were determined from the graphs. For the low-pass filter, frequencies ranged from 100Hz to 300kHz with a constant input voltage of 5V. In contrast, the high-pass filter frequencies followed the same variation but started at 300kHz and gradually decreased to 100Hz, maintaining a constant input voltage of 5V.
3.1 Circuit Diagrams[image: ]












4 Results
Analysing the results of the low-pass filter, it is evident that as the frequency increases, the output voltage decreases, leading to a corresponding decline in attenuation. The graph visually demonstrates this trend, showcasing a clear downward slope. Upon comparing the measured and calculated graphs, it becomes apparent that the circuit was constructed accurately, yielding reasonably accurate results. The similarity between the calculated and measured outcomes is evident, exemplified by the -3dB point on the measured attenuation graph at approximately 250kHz and on the calculated graph at around 270kHz. Given the scale of measurement, these values are closely aligned.
In contrast, the high-pass filter exhibits an increase in output voltage as the frequency rises. Unlike the low-pass filter, the attenuation also increases with the output voltage. The graph clearly illustrates that as frequency rises, so does the output voltage. Upon completing the experiment, the comparability of the end results provides reassurance regarding their effectiveness. Specifically, the -3dB point on the measured attenuation graph for the high-pass filter is around 1000Hz, while on the calculated graph, it is approximately 25Hz. Although this appears to be a more significant difference than observed in the low-pass filter, the inherent frequency variation accounts for this dissimilarity, maintaining a level of similarity in the overall trend.






















4.1 Low Pass Filter (Experimental)
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4.2 High Pass Filter (Experimental)
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4.3 Low Pass Filter (Theoretical)

		Low Pass

	Frequency (KHz)
	XC(Ω)
	V(Out)
	α(dB)

	0.1
	2842052.56
	5.00
	0.00

	0.5
	568410.51
	5.00
	0.00

	1
	284205.26
	5.00
	-0.01

	10
	28420.53
	4.72
	-0.51

	15
	18947.02
	4.42
	-1.07

	20
	14210.26
	4.09
	-1.75

	25
	11368.21
	3.75
	-2.49

	30
	9473.51
	3.44
	-3.25

	35
	8120.15
	3.15
	-4.01

	40
	7105.13
	2.90
	-4.74

	45
	6315.67
	2.67
	-5.45

	50
	5684.11
	2.47
	-6.12

	55
	5167.37
	2.30
	-6.76

	60
	4736.75
	2.14
	-7.37

	65
	4372.39
	2.00
	-7.95

	70
	4060.08
	1.88
	-8.49

	75
	3789.40
	1.77
	-9.01

	80
	3552.57
	1.67
	-9.51

	85
	3343.59
	1.59
	-9.98

	90
	3157.84
	1.51
	-10.43

	95
	2991.63
	1.43
	-10.85

	100
	2842.05
	1.37
	-11.26

	150
	1894.70
	0.93
	-14.60

	200
	1421.03
	0.70
	-17.03

	250
	1136.82
	0.56
	-18.94

	300
	947.35
	0.47
	-20.51




	
	
	

	
	
	

	
	
	

	V(in)
	5
	V

	R
	10000
	Ω

	C
	5.6E-10
	F
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4.4 High Pass Filter (Theoretical)

	High Pass

	Frequency(KHz)
	XC(Ω)
	V(Out)
	α(dB)

	300
	35.37
	5.00
	0.00

	150
	70.74
	5.00
	0.00

	100
	106.10
	5.00
	0.00

	50
	212.21
	5.00
	0.00

	40
	265.26
	5.00
	0.00

	30
	353.68
	5.00
	-0.01

	20
	530.52
	4.99
	-0.01

	10
	1061.03
	4.97
	-0.05

	9
	1178.93
	4.97
	-0.06

	8
	1326.29
	4.96
	-0.08

	7
	1515.76
	4.94
	-0.10

	6
	1768.39
	4.92
	-0.13

	5
	2122.07
	4.89
	-0.19

	4
	2652.58
	4.83
	-0.30

	3
	3536.78
	4.71
	-0.51

	2
	5305.16
	4.42
	-1.08

	1
	10610.33
	3.43
	-3.28

	0.9
	11789.26
	3.23
	-3.78

	0.8
	13262.91
	3.01
	-4.41

	0.7
	15157.61
	2.75
	-5.18

	0.6
	17683.88
	2.46
	-6.16

	0.5
	21220.66
	2.13
	-7.41

	0.4
	26525.82
	1.76
	-9.05

	0.3
	35367.77
	1.36
	-11.31

	0.2
	53051.65
	0.93
	-14.65

	0.1
	106103.30
	0.47
	-20.55




	
V(in)
	5
	V

	R
	10000
	Ω

	C
	1.5E-08
	F
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5 Discussion
In the low-pass graph, the output voltage maintained a constant level of 5V (the point at which the frequency could start passing through the filter) until surpassing 1KHz. Similarly, the attenuation remained at 0 until the frequency reached 1KHz. A noticeable, gradual decline in the slope becomes apparent around 2.5KHz, indicating that as the frequency continues to rise beyond this point, both the output voltage and attenuation decrease. This phenomenon is attributed to the reduced time available for the capacitor to charge/discharge between each cycle (BBC, 2024). Throughout the experiment, the output voltage exhibited a steady decline, with the most significant drop in attenuation occurring between 50KHz and 80KHz. Comparing these results to the previously calculated values suggests the efficiency of the low-pass filter circuit. A specific example is the 50KHz point on the experimental frequency graph, which gives an attenuation 6.02db almost exactly the calculated value of 6.12db. 
In the high-pass graph, a gradual ascending slope is observed as the frequency increases up to around 9KHz. Correspondingly, the output voltage increases with the frequency, and so does the attenuation. From approximately 10KHz, the graph shows a negligible difference in output voltage until it reaches 300KHz (at 5 volts, when the frequency can begin passing through the filter). The increase in attenuation matches the rise in output voltage with the rise starting to tail off at 1KHz. Comparing these results to the previously calculated ones indicates the efficiency of the high-pass filter circuit. A specific example is the 1KHz point on the experimental frequency graph, which gives an attenuation of 3.05db which is within 7% of the theoretically calculated value of 3.28db. Various factors, including component tolerance, could contribute to such differences, as real components may not always precisely match their stated values in calculations.

















6 Conclusion 

This experiment has confirmed the high efficiency of both the low-pass and high-pass filters. The outcomes obtained from the experimental measurements closely mirrored the theoretical results calculated using the Excel spreadsheet, providing a high degree of confidence in the accuracy of the measurements. Specifically, for the low-pass filter, it was noted that both the output voltage and attenuation decrease as the frequency increases. Conversely, in the case of the high-pass filters, the opposite trend was noted— as the frequency increases, both the output voltage and attenuation increase in tandem.
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Low Pass

Frequency (KHz) | Vi, (V) Vout (V) Attenuation
0.1 5.09 5.04 0.07
0.5 5.09 5.01 0.02

1 5.09 5 0.00
10 5.09 4.71 -0.52
15 5.09 4.5 -0.92
20 5.09 4.12 -1.68
25 5.09 3.8 -2.38
30 5.09 3.5 -3.10
35 5.09 3.3 -3.61
40 5.09 3 -4.44
45 5.09 2.8 -5.04
50 5.09 2.5 -6.02
55 5.09 2.4 -6.38
60 5.09 2.2 -7.13
65 5.12 2.08 -7.62
70 5.12 1.96 -8.13
75 5.12 1.86 -8.59
80 5.12 1.66 -9.58
85 5.12 1.66 -9.58
90 5.16 1.56 -10.12
95 5.16 1.52 -10.34
100 5.16 1.44 -10.81
150 5.16 1 -13.98
200 5.16 0.86 -15.29
250 5.16 0.6 -18.42
300 5.16 0.5 -20.00
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