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[bookmark: _Toc132291977]High Pass Filter
Theoretical and experimental results of a high pass filter with a capacitance of 15nF and resistance of 10,000 ohms were compared. The results showed similar trends, with output voltage and attenuation decreasing as frequency increases. Theoretical and experimental results were generally consistent at lower frequencies, but some differences were observed at higher frequencies. Overall, the high pass filter behaved as expected, attenuating low-frequency signals and allowing high-frequency signals to pass through. Differences between theoretical and experimental results may be attributed to component tolerances and measurement inaccuracies. 
[bookmark: _Toc132291978]Low Pass filter
This report presents a comparison between theoretical and experimental results of a low pass filter with a capacitance of 560pF and resistance of 10,000 ohms. Theoretical results were obtained using standard formulas for calculating filter characteristics, while experimental results were obtained through practical measurements. The frequency response, input and output voltages, and attenuation in decibels (dB) were compared for various frequencies ranging from 100 Hz to 300,000 Hz. Overall, the experimental results closely aligned with the theoretical results, demonstrating the expected behaviour of a low pass filter. Some minor differences were observed, likely due to practical considerations and measurement errors.

[bookmark: _Toc132291979]Introduction
High and low pass filters are important circuits used in electronics and signal processing to manipulate the frequency content of signals. They are widely used in applications like audio and image processing, communication systems, and control systems. The performance of these filters can be analysed through theoretical calculations and experimental measurements.
High-pass filters allow high-frequency signals to pass through, while attenuating or blocking low-frequency signals. They are designed to emphasize or pass signals with frequencies above a certain cut off frequency, while attenuating or blocking signals with frequencies below that cut off frequency.
On the other hand, low-pass filters allow low-frequency signals to pass through, while attenuating or blocking high-frequency signals. They are designed to emphasize or pass signals with frequencies below a certain cut off frequency, while attenuating or blocking signals with frequencies above that cut off frequency.
The cut off frequency is a key parameter that determines the transition point between the passband (where the filter allows the signal to pass through with little attenuation) and the stopband (where the filter attenuates or blocks the signal). The actual amount of attenuation or blockage depends on the specific design of the filter and its characteristics.
This report focuses on comparing the theoretical and experimental results of high and low pass filters to assess their performance. The report will describe the experimental setup used for measuring the frequency response of these filters, including the equipment and methodology. It will present the experimental results and compare them with the expected theoretical performance. The report will also discuss any differences observed and factors that may contribute to deviations, such as component tolerances and measurement errors.
To calculate the theoretical output voltages the equation in figure 1 was used. This value was then used to calculate the attenuation using the equation in Figure 2. For the experimental results, the output voltages were gathered from an oscilloscope and the same equation from figure 2 was used to calculate the attenuation.
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[bookmark: _Toc132291980]Circuit Descriptions
Both circuits were connected to a signal generator to give the frequency and peak to peak voltage and to an oscilloscope to give the output voltages for each frequency interval.
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Description automatically generated]The high pass circuit was set up in accordance with the circuit diagram shown in figure 3 where the capacitance was 15nF and the resistance was 10,000 Ohms. Figure 3


Similarly, the low pass circuit was set up using the circuit diagram in figure 4 as reference where the resistance was 10,00 Ohms and the capacitance 560pF. The input voltage and frequency variation used in both circuits were 5V peak to peak and 100Hz to 300KHz frequency variation. 
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Description automatically generated]Using these values, the theoretical output voltage and attenuation were calculated and plotted. Then the experimental results were gathered and plotted and compared with the theoretical values.Figure 4

Although the frequency variation was the same between the circuits, the intervals between measurements were different. This is because, to gather an accurate -3dB cut off and plot an accurate graph, the frequency intervals around this point had to be very close and the cut off point is different between the 2 circuits.
[bookmark: _Toc132291981]Results[image: ]Figure 5


[image: ]DiscussionFigure 6                                          

[bookmark: _Toc132291983]Low Pass Filter Results
As you can see from figure 5, the theoretical and experimental results are generally in agreement, with some small differences. At lower frequencies, the theoretical and experimental output voltages are very close, with an attenuation of 0 dB, indicating no signal loss. However, as the frequency increases, the theoretical output voltages tend to be slightly higher than the experimental output voltages, resulting in slightly less attenuation in theory compared to experiment.
For example, at a frequency of 10000 Hz, the theoretical output voltage is 4.72 V with an attenuation of -0.51 dB, while the experimental output voltage is 4.6 V with an attenuation of -0.72 dB. Similarly, at a frequency of 300000 Hz, the theoretical output voltage is 0.47 V with an attenuation of -20.51 dB, while the experimental output voltage is 0.432 V with an attenuation of -21.27 dB.
These differences could be due to various factors such as tolerance in component values and measurement errors in the experimental setup.
From figure 5 we can also see the -3dB cut off frequency, from the red lines going across the x and y axis. Using this line, the -3dB cut off frequency is roughly 2.5KHz for the experimental results and 2.9KHz for the theoretical results. This is in line with the difference seen between results, as the theoretical values are consistently higher than the experimental.
[bookmark: _Toc132291984]High Pass Filter Results
Theoretical and experimental results were compared for a high pass filter with a capacitance of 15nF and resistance of 10,000 ohms. Theoretical results showed that as the frequency increased, the output voltage decreased, and the attenuation increased. Experimental results generally exhibited similar trends, with slight differences in the decimal values. At lower frequencies (100 Hz - 1,000 Hz), theoretical and experimental output voltages and attenuations were in close agreement. However, at higher frequencies (1,500 Hz - 300,000 Hz), the experimental results showed slightly higher output voltages and attenuations compared to the theoretical results. These differences may be attributed to tolerances in component values, measurement inaccuracies, and other circuit imperfections. 
The overall behaviour of the high pass filter, which attenuates low-frequency signals and allows high-frequency signals to pass through, was consistent with the theoretical expectations.
From figure 6 the -3dB cut off point is shown by the red lines going across the x and y axis. These show that the cut off frequency is very close for both experimental and theoretical results at approximately 1000Hz.
[bookmark: _Toc132291985]Conclusion
In conclusion, the results of the experiments conducted on the low pass and high pass filters using different circuit configurations showed generally consistent trends with the theoretical expectations. Theoretical and experimental output voltages and attenuations were in close agreement at lower frequencies, but slight differences were observed at higher frequencies. These differences could be attributed to factors such as tolerances in component values, measurement errors, and other circuit imperfections.
The -3dB cut off frequencies, which indicate the point at which the output voltage is attenuated by half, were found to be consistent between the experimental and theoretical results for both filters, albeit with slight variations. The low pass filter exhibited a cut off frequency of approximately 2.5KHz for the experimental results and 2.9KHz for the theoretical results, while the high pass filter showed a cut off frequency of approximately 1000Hz for both experimental and theoretical results.
Despite these small discrepancies, the overall behaviour of the filters was consistent with their intended functionalities. The low pass filter allowed lower frequency signals to pass through with minimal attenuation, while attenuating higher frequency signals, and the high pass filter attenuated lower frequency signals while allowing higher frequency signals to pass through.
This experiment showed that experimental results generally supported the theoretical expectations, with small differences observed at higher frequencies. The findings suggest that the circuit configurations and component values used in the experiments were effective in achieving the desired filter functionalities, although minor discrepancies may be present due to experimental limitations. Further experimentation and analysis could be conducted to better understand and mitigate these differences for more accurate results.
[bookmark: _Toc132291986]Appendices

[image: Table

Description automatically generated]



[image: Table

Description automatically generated]


[image: Table

Description automatically generated]






[image: Table

Description automatically generated]
image2.png




image3.png
4=20Xlogso

Vour





image4.png
Vo

o= 150

Ri=10k0

Ve




image5.png




image6.png
Attenuation (dB)

5.00

0.00

-5.00

-10.00

-15.00

-20.00

-25.00

10

Experimental and Theoretical Low Pass Attenuation Over Frequency

* ——
100 1000 10000
Frequency (Hz)

—e—Experimental  —8—Theoretical

100000

1000000




image7.png
Attenuation (dB)

5.00

0.00

-5.00

-10.00

-15.00

-20.00

-25.00

10

Experimental and Theoretical High Pass Attenuation Over Frequency

100 1000 10000

Frequency (Hz)

—e—Experimental  —8—Theoretical

100000

1000000




image8.png
Theoretical Low Pass Filter
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