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[bookmark: _Toc160311055]Abstract
The following report is on the variation of outputted voltage between a high pass and low pass filter circuits were, measurements were taken for each circuit across a range of frequencies from 100Hz to 300kHz generally around the peak response of each circuit. These measurements were carried out to best determine the peak and half amplitude precisely. 

To record these measurements, the circuit was assembled using a breadboard, this made it easier to switch between the low and high pass filters circuits that were connected to a function generator which would generate electronic signals to the circuits, enabling for the frequency to be adjusted. An oscilloscope was also attached to the circuit to display the change in voltage in waveforms over time.

The results from conducting the experiment created a variety of graphs, one of which helped identify the outputted voltage for each circuit with the Low Pass decreasing as frequency increased, where inversely the High Pass increased in voltage outputted as frequency increased. 



[bookmark: _Toc160311056]Introduction
“A circuit is a complete circular path that electricity flows through. The term circuit can be used in a general sense to refer to any fixed path that electricity, data or a signal can travel through.” Wright, G. (2022). A low pass filter is “A high-cut filter that allows only frequencies lower than a certain point to pass” (Mixing Lessons, 2023). Whereas a high pass filter is “A low-cut filter, that allows frequencies which are higher than a certain point to pass” (Mixing Lessons, 2023). This point is known as the cut off frequency which is “the point in which 3db of attenuation is achieved” (Mixing Lessons, 2023). 

The aim of this study is to test the theory that Low Single Pass RC filters will only allow low frequencies to pass through and High Single Pass RC filters would only allow high frequencies to pass through the circuit and to identify what frequency needs to be passed to achieve the cut off frequency (-3dB) for both the Low and High Pass circuits. Some examples of where Low and High Pass filters are implemented are “audio processing, image processing communication systems and biomedical signal processing.” (GeeksforGeeks, 2023). Low and High pass filters are implemented in image processing as “Low pass filter is used for smoothing the image. High pass filter is used for sharpening the image.” (GeeksforGeeks, 2023).

The remainder of this report will concentrate on the results of Low and High pass filters that are set up to conduct this experiment, alongside the accuracy of the results. The report will also provide detail into the parameters used while conducting the experiment.  



[bookmark: _Toc160311057]Circuit Descriptions
[bookmark: _Toc156836411]During this experiment we will evaluate the Voltage Output and Attenuation of a Low Pass and High Pass Filters against the frequency, this will be done by supplying a voltage of 5V peak to peak from a function generator across a range of frequencies between 100Hz and 300kHz. An oscilloscope will be used to display the Voltage Output of each circuit. To calculate the Attenuation and find the cut off frequency of each circuit the following equation will be used.


Equation 1 - Attenuation Equation
To carry out this experiment a Low and High Pass filter circuits will need to be assembled using a 10kΩ resistor with a capacitor using a 560pF and 15nF for the Low and High Pass filters respectively. A function generator as seen in Fig. 1, will be required to send the voltage through the circuits where the frequency can be altered. An oscilloscope as shown in Fig. 2, will be connected to the circuits measuring the resulting voltage being outputted by the circuits.
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[bookmark: _Toc160311065]Figure 1 - Function Generator
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[bookmark: _Toc160311066]Figure 2 – Oscilloscope
For the Low Pass Filter, the circuit is set out as shown in Fig. 3, where a voltage roughly 5V will be passed through the circuit first through a resistor of 10kΩ and then through a capacitor of 560pF.
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[bookmark: _Toc160311067]Figure 3 - Low Pass Circuit Created
For the High Pass Filter, the circuit will be set up as shown in Fig. 4, where again a voltage of roughly 5V but will be passed through a capacitor of 15nF and then through a 10kΩ resistor.
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[bookmark: _Toc160311068]Figure 4 - High Pass Circuit Created
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[bookmark: _Toc160311059]Theoretical Results
Before conducting the experiment, expected results were calculated and plotted on graphs to be used as a comparison for the results captured from the experiment as shown in Figures 5, 6, 7 & 8.
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[bookmark: _Toc160311069]Figure 5 - Theoretical Low Pass Circuit Voltage Output Against Frequency
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[bookmark: _Toc160311070]Figure 6 - Theoretical Low Pass Circuit Attenuation Against Frequency
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[bookmark: _Toc160311071]Figure 7 - Theoretical High Pass Circuit Voltage Output Against Frequency
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[bookmark: _Toc160311072]Figure 8 - Theoretical High Pass Circuit Attenuation Against Frequency
 
[bookmark: _Toc160311060]Calculated Results
Once the circuits for Low Pass and High Pass were created and data had been captured the following graphs were plotted displayed in Figures 9 ,10, 11 & 12.
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[bookmark: _Toc160311073]Figure 9 - Calculated Low Pass Circuit Voltage Output Against Frequency
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[bookmark: _Toc160311074]Figure 10 - Calculated Low Pass Circuit Attenuation Against Frequency
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[bookmark: _Toc160311075]Figure 11 - Calculated High Pass Circuit Voltage Output Against Frequency
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[bookmark: _Toc160311076]Figure 12 - Calculated High Pass Circuit Attenuation Against Frequency
From analysing the graphs, we can see a clear difference between the Low and High Pass filters outputted voltage with the Low Pass decreasing in its outputted voltage from the circuit as the frequency is increased from around 4kHz onwards as seen in Figure 9. Alternatively, the output of the voltage for the high pass increases as frequency also increases until the outputted voltage is around 5V this is due to the High Pass filter not being supplied more than 5V as shown in Figure 11.

[bookmark: _Toc160311061]Discussion
Through comparison between the theoretical graphs (Figures 5, 6, 7 & 8) and the calculated graphs (Figures 9, 10, 11 & 12) there is a slight difference in results due to tolerances of resistors and capacitors. However, a clear similarity can be seen signifying that the circuits have been assembled correctly and the results calculated are reliable to use in understanding how Low and High pass filters react.

Looking at Fig. 9, displays the voltage output to remain constant at 5V until a frequency of around 4kHz is passed through the circuit where voltage begins to decrease at a gradual increasing rate, until a frequency of roughly 50kHz is passed through where the voltage continues to decrease but at a decreasing rate beginning to level out at 300kHz with an outputted voltage of 0.56V. While analysing Fig. 10, it is shown the Low pass circuits attenuation remains at 0dB until a frequency of 2.5kHz, the Low pass filter then reaches -3dB (cut off frequency) when a frequency of 30kHz is passed through the circuit before sharply decreasing as the frequency is further increased. Figures 9 & 10 demonstrates, as the frequency increases the voltage that can be outputted, and attenuation decreases for Low pass circuits. This occurs as, “The reactance of the capacitor is high at low frequencies and reduces any current flow through the capacitor. Any high frequency signals applied to the low pass filter circuit above this cut-off frequency will become greatly attenuated, (that is they rapidly decrease). This happens because at very high frequencies the reactance of the capacitor becomes so low that it gives the effect of zero output.” (Electronics Tutorials, 2023).

Examining Fig. 11, shows the inverse to Fig. 9, with the High pass circuit starting at a voltage output of 0.52V with a frequency of 100Hz and increasing as the frequency passed through the circuit increases, until reaching an outputted voltage of 5V when a frequency of 10kHz is passed through the High pass circuit. When reviewing Fig. 12, the High pass circuit has an initial attenuation of roughly -20dB which increases at a decreasing rate whilst the frequency increases until reaching more than -3dB (cut off frequency) at around 1.1kHz before reaching an attenuation of 0dB near 10kHz. Figures 11 & 12 indicates while frequency increases the voltage output and attenuation increases at a decreasing rate. This happens as, “The reactance of the capacitor is very high at low frequencies, so the capacitor acts like an open circuit and reduces any input signals until the cut-off frequency is reached. Above this cut-off frequency point the reactance of the capacitor now allows the input signal to pass directly to the output.” (Electronics Tutorials, 2023).

[bookmark: _Toc160311062]Conclusion
In this experiment it has been determined that the Low and High Pass filters were very efficient through comparison between the theoretical and calculated graphs. Furthermore, the results proved the theory that Low Pass filters will only allow low frequencies to pass through with the Low Pass dropping below attenuation (-3dB) at around 30kHz stopping any higher frequencies to pass through. Inversely the High Pass filters would only allow high frequencies to pass through the circuit with the High Pass reaching attenuation (-3dB) at around 1.1kHz enabling frequencies greater than 1.1kHz to pass through the circuit. Moreover, the Low Pass decreased its voltage outputted as the frequency increase where alternatively, the High Pass increased its voltage output with the increase of frequency. 
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[bookmark: _Toc160311077]Table 1 - Theoretical Low Pass Circuit Parameters
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[bookmark: _Toc160311078]Table 2 - Theoretical Low Pass Circuit Data
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[bookmark: _Toc160311079]Table 3 - Theoretical High Pass Circuit Parameters
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[bookmark: _Toc160311080]Table 4 - Theoretical High Pass Circuit Data
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[bookmark: _Toc160311081]Table 5 - Calculated Low Pass Circuit Parameters
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[bookmark: _Toc160311082]Table 6 - Calculated Low Pass Circuit Data
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[bookmark: _Toc160311083]Table 7 - Calculated High Pass Circuit Parameters
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Low Pass

Frequency (Hz) [X.(Q) Vour A (dB)

100| 2.84E+06| 5.00E+00] -5.38E-05

500 5.68E+05| 5.00E+00| -1.34E-03

1000| 2.84E+05| 5.00E+00| -5.37E-03

1500 1.89E+05| 4.99E+00| -1.21E-02

2500| 1.14E+05| 4.98E+00( -3.35E-02

3000| 9.47E+04| 4.97E+00| -4.81E-02

3500 8.12E+04| 4.96E+00| -6.54E-02

4000| 7.11E+04] 4.95E+00] -8.52E-02

4500| 6.32E+04| 4.94E+00] -1.08E-01

5000| 5.68E+04| 4.92E+00( -1.32E-01

7500] 3.79E+04| 4.83E+00( -2.92E-01

10000| 2.84E+04| 4.72E+00( -5.07E-01

15000| 1.89E+04| 4.42E+00(-1.07E+00

20000| 1.42E+04| 4.09E+00|-1.75E+00

25000| 1.14E+04| 3.75E+00|-2.49E+00

30000| 9.47E+03| 3.44E+00|-3.25E+00

50000| 5.68E+03| 2.47E+00|-6.12E+00

75000| 3.79E+03| 1.77E+00|-9.01E+00

100000| 2.84E+03| 1.37E+00(-1.13E+01

150000| 1.89E+03| 9.31E-01|-1.46E+01

200000| 1.42E+03| 7.03E-01|-1.70E+01

250000| 1.14E+03| 5.65E-01|-1.89E+01

300000| 9.47E+02| 4.72E-01]-2.05E+01
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High Pass

Frequency (Hz)

X (Q)

Vour

A (dB)

100

1.06E+05

4.69E-01

-2.06E+01

150

7.07E+04

7.00E-01

-1.71E+01

200

5.31E+04

9.26E-01

-1.46E+01

300

3.54E+04

1.36E+00

-1.13E+01

400

2.65E+04

1.76E+00

-9.05E+00

500

2.12E+04

2.13E+00

-7.41E+00

600

1.77E+04

2.46E+00

-6.16E+00

700

1.52E+04

2.75E+00

-5.18E+00

800

1.33E+04

3.01E+00

-4.41E+00

900

1.18E+04

3.23E+00

-3.78E+00

1000

1.06E+04

3.43E+00

-3.28E+00

1100

9.65E+03

3.60E+00

-2.86E+00

1200

8.84E+03

3.75E+00

-2.51E+00

1250

8.49E+03

3.81E+00

-2.36E+00

1500

7.07E+03

4.08E+00

-1.76E+00

1750

6.06E+03

4.28E+00

-1.36E+00

2000

5.31E+03

4.42E+00

-1.08E+00

2500

4.24E+03

4.60E+00

-7.19E-01

5000

2.12E+03

4.89E+00

-1.91E-01

10000

1.06E+03

4.97E+00

-4.86E-02

25000

4.24E+02

5.00E+00

-7.82E-03

100000

1.06E+02

5.00E+00

-4.89E-04

300000

3.54E+01

5.00E+00

-5.43E-05
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Low Pass Circuit
Frequency (Hz) [Voltage Input (V) |Voltage Output (V) |X.(Q) A (dB)
100 5.04 5.04| 2.84E+06| 0.00E+00
500 5.04 5.04| 5.68E+05| 0.00E+00
1000 5.04 5.04| 2.84E+05| 0.00E+00
1500 5.04 5.04| 1.89E+05| 0.00E+00
2500 5.04 5| 1.14E+05| -6.92E-02
3000 5.08 5| 9.47E+04| -1.38E-01
3500 5.08 5| 8.12E+04| -1.38E-01
4000 5.04 4.96| 7.11E+04| -1.39E-01
4500 5.08 4.96| 6.32E+04| -2.08E-01
5000 5.04 4.96| 5.68E+04| -1.39E-01
7500 5.08 4.88| 3.79E+04| -3.49E-01
10000 5.04 4.72| 2.84E+04| -5.70E-01
15000 5.08 4.56| 1.89E+04| -9.38E-01
20000 5.04 4.28| 1.42E+04|-1.42E+00
25000 5.04 3.8| 1.14E+04| -2.45E+00
30000 5.04 3.68| 9.47E+03| -2.73E+00
50000 5.08 2.56| 5.68E+03| -5.95E+00
75000 5.12 1.88| 3.79E+03| -8.70E+00
100000 5.16 1.44| 2.84E+03|-1.11E+01
150000 5.16 1.04| 1.89E+03|-1.39E+01
200000 5.16 0.76| 1.42E+03| -1.66E+01
250000 5.16 0.64| 1.14E+03| -1.81E+01
300000 5.16 0.56| 9.47E+02| -1.93E+01
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High Pass

Frequency (Hz) [Voltage Input (V) |Voltage Output (V) |X.(Q) A (dB)
100 5.04 0.52| 1.06E+05|-1.97E+01
150 5.04 0.8| 7.07E+04|-1.60E+01
200 5.04 1.08| 5.31E+04|-1.34E+01
300 5.04 1.44| 3.54E+04|-1.09E+01
400 5.04 1.8| 2.65E+04|-8.94E+00
500 5.04 2.12| 2.12E+04|-7.52E+00
600 5.04 2.48| 1.77E+04|-6.16E+00
700 5.04 2.8| 1.52E+04|-5.11E+00
800 5.04 3| 1.33E+04|-4.51E+00
900 5.04 3.24| 1.18E+04|-3.84E+00
1000 5.04 3.4| 1.06E+04|-3.42E+00

1100 5.04 3.6| 9.65E+03|-2.92E+00
1200 5.04 3.76| 8.84E+03|-2.54E+00
1250 5.04 3.84| 8.49E+03|-2.36E+00
1500 5.04 4.16| 7.07E+03|-1.67E+00
1750 5.04 4.32| 6.06E+03|-1.34E+00
2000 5.04 4.44| 5.31E+03|-1.10E+00
2500 5.08 4.6| 4.24E+03] -8.62E-01
5000 5.04 4.92| 2.12E+03| -2.09E-01
10000 5.04 5| 1.06E+03| -6.92E-02
25000 5.04 5.04| 4.24E+02| 0.00E+00
100000 5.16 5.16| 1.06E+02| 0.00E+00
300000 5.16 5.08| 3.54E+01| -1.36E-01
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