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[bookmark: _Toc132385280]Abstract
Low pass and high pass filters allow certain frequencies to pass whilst attenuating others. This report will explore the characteristics of low and high pass filters with a -3db attenuation cut-off point. The cut-off point is a crucial parameter in determining the filters capabilities.
To study the capabilities of a low pass and high pass filter an experiment was conducted using an oscilloscope, signal wave generator and the filter circuit built up on a bread board. Results from the experiment have been populated into separate XY scatter graphs, the graphs demonstrate the attenuation response when the frequency is adjusted. Both theoretical and experimental methods have been used to obtain accurate results and information.

The test results that have been obtained from the experiment demonstrate the functions of the high pass and low pass filter. From reviewing the XY scatter graphs, the high pass filter used in the experiment allowed higher frequencies to pass through with minimal effect to the output voltage whereas the low pass filter had the opposite effect and allowed the lower frequencies to pass through.
This report contains where and why a high pass or low pass filter may be used across different industries to filter unwanted signals.

[bookmark: _Toc132385281]Introduction
This technical report compares experimental and theoretical methods of finding the attenuation drop-off point and how this can be used to reduce and block unwanted frequencies. The experiment used a 1st order high pass filter circuit and a 1st order low pass filter circuit. 
A low-pass filter is a circuit that blocks all signals above its cut-off frequency while only allowing those below it to pass. It is the opposite of a high-pass filter, which attenuates all frequencies below its cut-off frequency while only allowing those above it to pass. (Analog Devices, 2023)

A common use for both low-pass filters and high-pass filters is audio recording within the music industry. High-pass filters are frequently used in studio recording and sound reinforcement to reduce unnecessary low-frequency output like mechanical rumbling or voice plosives. A high pass filter can be used to distinguish between programme signal and low-frequency noise by selecting a filter with a cut-off frequency below the program's main frequency range. A low pass filter is used similarly, the low pass filter is used to reduce the high-frequency output. (Schlette, 2013)

For this experiment, the two filter circuits were connected to an oscilloscope and a signal generator. The signal generator was set to 5VPP (Volts Peak to Peak), this is used as the input. The output was then connected to the oscilloscope. Multiple readings were taken with different frequencies, the frequencies were adjusted from the signal generator ranging from 100Hz-300,000Hz. 

[bookmark: _Toc132385282]Literature Review 
Networks called filters use frequency-dependent processing to handle signals. By looking at how capacitors and inductors' and capacitors' impedances vary with frequency, the fundamental idea of a filter can be clarified. There are numerous uses for filters in real life. When oscillations are possible due to excessive phase shift at higher frequencies, a low-pass filter is frequently employed to stabilise amplifiers by reducing gain. In single supply circuits or high gain amplifiers, dc offset can be stopped using a high-pass filter. By allowing just the desired frequencies to pass through and attenuating the undesired ones, filters can be used to segregate signals. (Analog Devices, 2018)
While attenuating high frequency signals, low pass filters let low frequency signals pass. As the input frequency rises, the capacitor's impedance goes down. High frequency impulses consequently travel through the capacitor, and most of the voltage is lost across the load. As the input frequency rises, the capacitor's impedance goes down. High frequency impulses consequently travel through the capacitor, and most of the voltage is lost across the load. Many audio applications include low pass filters, often known as high-cut or treble cut filters. (Nanohub, 2010)
A capacitor and a resistor are connected in series to create the simplest high pass filter. While the input signal is applied to the capacitor, the output is drawn across the resistor. In a high pass filter, all frequencies below the cutoff frequency 'fc' are muted. The reactance of the capacitor and resistor are equal at this frequency, and we receive a gain of -3dB.i.e. R = Xc. The formula for calculating gain is Gain (dB) = 20 log (Vout/Vin). (EL-PRO-CUS, 2019)










[bookmark: _Toc132385283]Circuit Description 
This study looks at theoretical and practical methods for determining the frequency of the high-pass and low-pass filters' -3db attenuation cut-off points. An oscilloscope and a wave generator were used to test both circuits. To discover what frequency is required for both circuits to reach the -3db cut-off, the frequency was gradually increased from 100Hz to 300,000Hz while the wave generator was set to 5VPP (Volts peak to peak) and left at this setting throughout all testing. The 2 circuits were built on a breadboard as this allows for quick and efficient swapping of components.
[bookmark: _Toc132385284]Low-pass Filter Circuit
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[bookmark: _Toc132385269]Figure 2- Low-pass Filter Circuit Diagram
The circuit diagram for a low-pass filter is shown in Figure 2. This diagram has been used to find the frequency's -3db attenuation cutoff. The experiment's low-pass filter circuit used a 10k resistor and a 560pF capacitor.
[bookmark: _Toc132385285]High-pass Filter Circuit
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[bookmark: _Toc132385270]Figure 3- High-pass Filter Circuit Diagram
The circuit diagram for a high-pass filter is shown in Figure 3. This filter was also used to take multiple readings throughout the experiment to establish the frequency needed to reach the -3db attenuation cut-off. The experiment's high-pass filter circuit consisted of a 10k resistor and a 15nF capacitor.
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[bookmark: _Toc132385287]High-pass Filter (theoretical)

Table 1- High-pass Filter (theoretical) Results.
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[bookmark: _Toc132385271]Figure 4- High-pass filter (Theoretical) Attenuation

1060Hz

[bookmark: _Toc132385272]Figure 5- High-pass Filter (Theoretical) Attenuation 600-3000Hz
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Table 2- Low-Pass Filter (Theoretical) Results
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[bookmark: _Toc132385273]Figure 6- Low-pass Filter (Theoretical) Attenuation
28355Hz

[bookmark: _Toc132385274]Figure 7- Low-pass Filter (Theoretical) Attenuation 10000-30000Hz
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Table 3- High-pass Filter (Experimental) Results
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[bookmark: _Toc132385275][bookmark: OLE_LINK1]Figure 8- High-pass Filter (Experimental) Attenuation
1200Hz

[bookmark: _Toc132385276]Figure 9-High-pass Filter (Experimental) Attenuation 600-3000Hz

Table 4- Low-pass Filter (experimental) Results
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[bookmark: _Toc132385277]Figure 10- Low-pass Filter (Experimental) Attenuation
28300Hz

[bookmark: _Toc132385278]Figure 11- Low-pass Filter (Experimental) Attenuation 12000-70000Hz
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[bookmark: _Toc132385291]Theoretical Results
The results for the theoretical high and low pass filters are shown in table 1 and 2, these results have been obtained by using the following equations:




[bookmark: _Toc132385292]High-pass Filter
The results for the theoretical high-pass have been populated into a XY scatter graph (see figure 4), this XY scatter graph shows us all points which are displayed within table 1. A second XY scatter graph was also populated to give a more concentrated view of the -3db cut off, this point has been marked orange and an orange arrow has been added.
Figure 5 shows that the circuit reaches its -3db attenuation cut off when the wave generator is set to 1060Hz, this is also highlighted in table 1. The high-pass filter allows for a higher voltage output with a lower attenuation, this is proven in both figure 4 and 5 as the attenuation drops as the frequency is increased causing a higher voltage output. Figure 4 shows an upwards slope, this indicates that the high-pass filter is effectively blocking the low frequencies.

[bookmark: _Toc132385293]Low-pass Filter
The low-pass filter has also been populated into two XY scatter graphs (see figures 6 and 7, the -3db attenuation cut off has been determined as the frequency 28355Hz. At the frequency 28355Hz, the circuit has an output voltage of 3.539V. The low-pass filter causes the voltage output to drop when the frequency is increased, this is proven in figure 4 and 5. The low-pass filter has a downwards slope towards the cut-off point, shown in figure 4 and 5, therefore this proves that the lower frequency signals are allowed to pass whilst the higher frequencies are blocked.

[bookmark: _Toc132385294]Experimental Results
[bookmark: _Toc132385295]High-pass Filter
Figures 8 and 9 display the information in table 3 as an XY scatter graph. The data shows that a lower frequency produces a higher attenuation when the high-pass filter is connected in circuit. In figure 9 the -3db attenuation cut-off is achieved once the signal generator is set to 1200Hz.

[bookmark: _Toc132385296]Low-pass Filter
From reviewing figures 10 and 11, it’s clear that the low-pass filter is working effectively in the circuit, this is shown by the way the slope is. The slope in figure 10 drops at the higher frequencies which shows that the higher frequencies have more attenuation, therefore these frequencies are getting blocked whilst the lower frequencies are allowed to pass. Figure 11 shows a more concentrated view around the -3db attenuation cut-off, when the wave generator was set to a frequency of 28300Hz the cut-off was then reached.



[bookmark: _Toc132385297]Conclusion
High and low pass filters are an effective way of blocking out unwanted frequencies from circuits, this can be seen from the results taken from this experiment. Both the theoretical and experimental readings gave similar numbers for each of the -3db attenuation cut-off points. This indicates that both tests are accurate. 
From the experiment it’s been determined that the low-pass filter allowed the frequencies at lower levels to pass whilst attenuating the signals at higher frequencies, when the frequencies are attenuated the output voltage is lower. The opposite is shown with the high-pass filter circuit, low frequencies are attenuated, and the output voltage drops whilst the higher frequencies can pass.
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resistor 10000
capacitor 0.000000015
Vin 5

10 1061032.954 1061080.077 0.047121797 -40.5149632
100 106103.2954 106573.4925 0.469159815 -20.55298396
500 21220.65908 23458.8229 2.13139424 -7.406124331
600 17683.88257 20315.504 2.461174481 -6.156552019
700 15157.61363 18159.10931 2.753439012 -5.181890858
800 13262.91192 16610.38328 3.010165338 -4.407593076
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3000 3536.776513 10607.01598 4.713861096 -0.511864467
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28600 9937.246697 14097.83217 3.524388 -3.03773
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250000 1136.821022 10064.41067 0.564773 -18.94193
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resistor 10000
capacitor 0.000000015
Vin 5

100 106103.2954 106573.4925 0.468 -20.57448303
200 53051.6477 53985.8993 0.92 -14.70364354
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2000 5305.16477 11320.10482 4.2 -1.514414279
3000 3536.776513 10607.01598 4.48 -0.953839807
4000 2652.582385 10345.82975 4.6 -0.724243453
5000 2122.065908 10222.67889 4.68 -0.574483025
6000 1768.388257 10155.15618 4.68 -0.574483025
7000 1515.761363 10114.22427 4.68 -0.574483025
8000 1326.291192 10087.569 4.76 -0.427261032
9000 1178.925504 10069.25347 4.76 -0.427261032
10000 1061.032954 10056.13201 4.76 -0.427261032
20000 530.516477 10014.0625 4.76 -0.427261032
30000 353.6776513 10006.25244 4.76 -0.427261032
50000 212.2065908 10002.25133 4.8 -0.354575339
100000 106.1032954 10000.56288 4.8 -0.354575339
150000 70.73553026 10000.25017 4.8 -0.354575339
200000 53.0516477 10000.14072 4.8 -0.354575339
250000 42.44131816 10000.09006 4.8 -0.354575339
300000 35.36776513 10000.06254 4.8 -0.354575339





image6.png
Resistor 10000
Capacitor 5.6E-10
Vin 5

1000 284205.2555 284381.1303 5 0
2000 1421026278 1424540516 5 0.00000000000
4000 7105131388 717515798 492 -0.140098031
6000 47367.54259 48411.61111 4.84 -0.282492854
8000 35525.65694 36906.26371 4.72 -0.500560114
10000 28420.52555 30128.49602 4.64 -0.649040476
12000 23683.77129 25708.38429 448 -0.953839807
14000 20300.37539 22629.7424 4.32 -1.26972515
16000 17762.82847 20384.26048 4.16 -1.597533474
18000 15789.18086 18689.52199 4 -1.93820026
20000 14210.26278 17376.17818 3.84 -2.292775599
[ socol " ursesotona| usisosasss| 3sal 3 oassacsir]
30000 9473.508517 13774.88162 32 -3.87640052
40000 7105.131388 12267.14686 2.64 -5.547321549
50000 5684.10511 11502.56714 2.16 -7.290325064
60000 4736.754259 11065.11821 1.86 -8.589141202
70000 4060.075079 10792.78507 164 -9.682523126
80000 3552.565694 10612.29113 1456 -10.71617259
90000 3157.836172 10486.75018 1312 -11.62072339
100000 2842.052555 10396.02149 12 -12.39577517
110000 2583.684141 1032837953 1.104 -13.12001862
120000 2368377129 10276.63419 1.016 -13.84152593
130000 2186.194273 10236.18315 0.944 -14.4799602
140000 2030.037539 10203.97238 0.88 -15.08974664
150000 1894.701703 10177.91209 0.824 -15.66085585
160000 1776.282847 10156.53389 0.768 -16.27217569
170000 1671.795621 10138.78201 0.728 -16.7367725
180000 1578.918086 10123.88178 0.692 -17.1772782
190000 1495.817134 10111.25457 0.656 -17.6413233
200000 1421.026278 1010046116 0.624 -18.07570829
210000 1353.35836 10091.1634 0.596 -18.47447489
220000 1291.842071 10083.09754 0.568 -18.89243337
230000 1235675024 10076.05542 0.544 -19.26742209
240000 1184.188565 10069.87103 0.52 -19.65933321
250000 1136.821022 10064.41067 0.504 -19.93078936
260000 1093.097137 10059.56566 0.484 -20.28249285
270000 1052612057 10055.247 0.464 -20.64904048
280000 1015.01877 1005138115 0.448 -20.95383981
290000 980.0181225 10047.90702 0.432 -21.26972515
300000 947.3508517 10044.77345 0.42 -21.51441428





