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[bookmark: _Toc132317102]Abstract
Passive RC filter circuits filter frequencies based on the component arrangement and their fixed values. The low pass filter passes frequencies lower than its cut-off, and the high pass filter passes frequencies higher than its cut-off.
This report studies the effects of introducing incremental frequency change and recording the effect this has on the output voltage of the circuit across the capacitor (for low pass) or the resistor (for high pass). The attenuation was then calculated in decibels (dB) from the recorded results in order to find where exactly the frequency cuts-off by interpolating the data and using code to calculate the abscissa where attenuation is -3dB.
It was found that as the frequency increased, both voltage and attenuation measured across the output increased for the high pass filter circuit and decreased for the low pass filter circuit. The cut-off was found to be 1115.6Hz for the high pass filter, and 25575.79Hz for the low pass filter. 
Tables of data results can be found under heading ‘Results’ in table 1 (low pass) and table 2 (high pass), figure 9 displays data for cut-off frequency values for both circuits.


[bookmark: _Toc132317103]Introduction
The report studies the characteristic effects of two circuits in relation to changing frequency from a signal generator while using an oscilloscope readout to measure the different output voltages, in order to calculate the attenuation in dB as the frequency changes to find the cut-off frequencies.
The circuits are a low pass filter, and a high pass filter. Their function is to filter out unwanted frequencies. They are used in many different scenarios; one such function is to achieve sound alterations within the field of audio engineering. They can be used to modify audio tracks to remove frequencies above or below a required value, remove background noise, isolate sound sources, or remove plosives/’pops’ (Mathias, n.d.). Another application of filter networks is image processing. As outlined in the abstract of a journal article regarding image dehazing, high pass filters were used to detect sharp edges, textures, and fine details, whilst low pass filters were used to detect colour and contrast within an image (Susladkar, et al., 2022).
[bookmark: _Toc132317104]Aims
To determine the correlating behaviour of the voltage output (Vout) and the frequency input (Hz) generated by the signal generator at 5 Vpk-pk input (Voltage peak-to-peak). This behaviour will be documented for the high/low pass circuits. This will determine how the circuits differ in functionality, and how increasing / decreasing the input frequency affects the output voltage.
The output voltage will then be used to calculate the attenuation in decibels (dB). Attenuation can also be plotted on a graph where it can be interpolated to find the cut-off frequency.
[bookmark: _Toc132317105]Objectives
To create a circuit using a resistor and a capacitor of prespecified values for each circuit. A signal generator will be connected across the Vin, and an oscilloscope across the Vout.
Measurements are to be taken for the Vout from the oscilloscope and recorded by input frequency. It is imperative to accuracy, later in the report, that results are closely spaced without large jumps in Vout. If a large jump in Vout is recorded, an extra mean frequency recording between the large gap will be taken to smooth the data.
In addition to measuring the Vout, it will also be calculated using the manufacturer specified values for the components and the Vin to calculate the capacitive reactance (Ω), in order to calculate the impedance (Ω). Both of these can be used to calculate the Vout.
All data, measured and calculated, will be plotted on logarithmic graphs, and analysed for concluding findings.
[bookmark: _Toc132317106]Circuit Descriptions
The high pass and low pass filters are basic circuits that filter frequencies based on the values and the arrangement of their components (a resistor and a capacitor). Using the specified component values, the point at which the frequency cuts-off will be evaluated for the frequency that it filters. To achieve the results to evaluate, the Vout across the resistor (high pass) or capacitor (low pass) will need to be measured for as many data points between 100Hz and 300kHz as is necessary to provide smooth results without sharp steps.
Both filters will have a 10kΩ resistor, but the capacitor values (measured in Farads) will differ. The low pass filter will have a 560pF capacitor, while the high pass filter will have a 15nF capacitor.
The voltage supplied to the circuit via the signal generator will be 5 Vpk-pk, it will not be altered throughout the data collection process. The changing factor will be the frequency, this will be increased starting at 100Hz for the low pass filter and decreased starting at 300kHz for the high pass filter.
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Description automatically generated]Before building the circuits, diagrams were drawn up, as shown below in figures 1 and 2. These were created using the 2D portion of the vector drawing software ‘Radan’ using reference images from a tutorial article on the website ‘ElectronicsTutorials’ (AspenCore. Inc, n.d.) as a guide. This will aid the process of building them and help build familiarity with the layout. With a clear, high resolution, self-made drawing there is a lower probability of mistakes when it comes to building the circuit. [bookmark: _Toc132317112]Figure 1 - Low pass filter diagram
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[bookmark: _Toc132317113]Figure 2 - High pass filter diagram

[bookmark: _Toc132317107]Results
[bookmark: _Toc132317122]Table 1 - Low pass filter results for both measured and calculated.
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[bookmark: _Toc132317123]Table 2 - High pass filter results for both measured and calculated.
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Description automatically generated]
Whilst measuring, the oscilloscope was providing multiple readings. The smallest and largest of these readings were taken to create an error range as min and max Vout on the tables above. The median of these was taken for plotting graphs to improve accuracy.
The comparison between the measured and calculated results shows some degree of inaccuracy within the results measured using the components and those calculated using the formulae. The low pass filter’s largest points of inaccuracy were around 20kHz – 30kHz and resulted in ~0.15v – 0.18v difference. Whereas the high pass filter’s largest points of inaccuracy were around 5kHz – 10kHz where results differed by ~0.19v. The measured values and both circuits calculated results are within the acceptable tolerance range of ±5% difference, so are acceptable results.

[bookmark: _Toc132317114]Figure 3 - Low pass filter Vout over frequency


[bookmark: _Toc132317115]Figure 4 - High pass filter Vout over frequency
The min/max values of the error readings on the Vout were originally planned to be used to create error bars for the Vout graphs but the difference was too small for them to be visible (<0.2v).

[bookmark: _Toc132317116]Figure 5 - Low pass filter Attenuation over frequency


[bookmark: _Toc132317117]Figure 6 - High pass filter Attenuation over frequency

[bookmark: _Toc132317118]Figure 7 - Low pass filter Attenuation cut-off

[bookmark: _Toc132317119]Figure 8 - High pass filter Attenuation cut-off
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[bookmark: _Toc132317120]Figure 9 - Matlab code output for cut-offs


[bookmark: _Toc132317108]Discussion
The practical study, both building the circuits and measuring them took place at the laboratory at the University of Wales Trinity Saint David. 
[image: A picture containing text, electronics, display, computer

Description automatically generated]The signal generator was found to be outputting double the voltage peak-to-peak. It was concluded that the signal generator was faulty. When the first results were taken, the Vout across the capacitor for the low pass filter was being measured as 10 Vpk-pk. To rectify this, the signal generator output voltage was halved to 2.5 Vpk-pk. This provided the correct output to the circuit at 5 Vpk-pk (As shown in figure 10 below).[bookmark: _Toc132317121]Figure 10 – Nominal oscilloscope readout

Whilst recording the measurement results from the oscilloscope for the low pass filter, initially, the recorded measurements started at 100Hz, the next measurement was taken at 20kHz where the frequency step planned was +20kHz for subsequent measurements until 100kHz. What was observed in doing so, was a steep step down in the Vout. For the first measurement of 20kHz, 4.09v was recorded, next recorded measurement was 2.90v. The large difference in the voltage continued, as measurements were taken for 60kHz and 80kHz. In order to smooth the data reliably using a spline interpolation, more data points were needed between the large jumps. This is where the time was taken to go back and add more data points between the steps, firstly creating a step of 10kHz, then going back yet again, to insert more data where it felt necessary. As this technique seemed to work well, the same methodology was used for the high pass filter.
The measured results are from real components and reflect the tolerances they were manufactured to. To compare how accurate the components were, and if there were any anonymous results in the data collected using them, the calculated comparison using the formulae was created. Firstly, using capacitance (C) and the frequency (f, starting at 100Hz) the capacitive reactance (Xc) is calculated for each frequency step as highlighted in chapter 6 of the book ‘Basic AC Circuits’ where it states the formula as:  (Rawlins, 2000). Then, the impedance (Z) for the circuit can be calculated using  . Then, to calculate the Vout, the Vin must be multiplied by the resistance over the total circuit impedance. For low pass, the resistance across Vout is the capacitive reactance: . For the high pass filter, the resistance is the ohm value of the resistor: .
The attenuation can be calculated as explained in the book ‘Understanding Electronics’, within chapter 18 (operational amplifiers). On page 199 under sub-heading ‘Amplifier gain’, it explains that voltage gain, when expressed in dB (in this case, for the ratio between input and output voltages) is calculated by taking the base 10 logarithm of the mean of input and output voltage and multiplying by 10. Although, it’s the power ratio that is needed to find the cut-off, not the voltage ratio. The highlighted paragraph on page 200 describes this in detail. It is calculated using the previous voltage gain formula but multiplying by 20 instead of 10. As proven in this section, by rearranging ohm’s law for current (I = V/R) and substituting it into the power equation, P=IV, after simplifying, becomes P = V2/R, which proves that P∝V2, allowing us to double the logarithm, which effectively squares the result, resulting in the following formula:  (Bishop, 2001).
The results of the experiment on the low pass filter reveal that the Vout starts at ~5v (Roughly equal to the Vin) where frequency is 100Hz, then an exponential fall-off in the Vout after the frequency increases past 3kHz. This is followed by a steady decline after 40kHz, and a smooth exponential decay after 100kHz where it ends at 0.5v at 300kHz.
The starting Vout for the high pass filter at 100Hz frequency input is ~0.5v. As the frequency is increased the Vout makes an exponential rise until 1kHz where it starts to decay as it reaches the upper limit for the Vout to roughly equal the Vin.
There was an anonymous result within the measured data for the high pass filter. At a frequency of 50kHz the oscilloscope displayed a Vout of 4.84v. Then at 150kHz, the oscilloscope displayed 4.9v Vout. However, as the last reading was taken for 300kHz, the Vout measured had gone back down to 4.88v. This is an outlying result that was most likely due to the accuracy of the equipment and should be disregarded. The data from the calculated results confirmed no such outlier as the voltage climbs at the expected rate. 

The cut-offs were initially drawn across with the line tool on the excel graph as shown on figures 7 and 8, but this was not good enough to determine an accurate value. The data was instead pulled into ‘Matlab’, which is a mathematical calculator and matrix manipulation tool, where it was interpolated, and the frequencies were calculated using the index location method of the value closest (due to step accuracy and decimal places) to -3 for the attenuation vector and using the index location in the frequency vector (See appendix for code used). The results of this code found that for the low pass filter the cut-off was 25575.79Hz, and for the high pass filter the cut-off was 1115.6Hz.
The cut-off value difference, as displayed in figure 9 under results, is marginal for the measured vs calculated results on the low pass filter, but substantial for the high pass filter. For the low pass the difference is just 4.77%, but for the high pass, this difference is 10.31%. The degree of inaccuracy could be a compounding accuracy effect caused by tolerances of components used, measuring equipment used, number of data points taken, and interpolation, which is never fully accurate.
In reflection, more data points could have been recorded before the peak to help reduce this inaccuracy and improve the interpolated results.


[bookmark: _Toc132317109]Conclusions
The results of the experiment conducted has determined that for the practical circuits, the low pass filter filters out frequencies above 25576.79Hz, and the high pass filter filters out frequencies below 1115.6Hz as both of their attenuations reach -3dB at these frequencies. This is supported by the calculated results for both circuits to a degree of varying tolerance. The behaviour of the circuit’s voltage outputs, and attenuations in relation to frequency input increase/decrease were found to be inverse from each other.


References
AspenCore. Inc, n.d. Passive High Pass Filter. [Online] 
Available at: https://www.electronics-tutorials.ws/filter/filter_3.html
[Accessed 10 04 2023].
AspenCore. Inc, n.d. Passive Low Pass Filter. [Online] 
Available at: https://www.electronics-tutorials.ws/filter/filter_2.html
[Accessed 10 04 2023].
Bishop, O., 2001. Understand Electronics. 2nd ed. s.l.:Newnes.
Mathias, K., n.d. What Are Audio HIGH PASS FILTERS & How to Use Them. [Online] 
Available at: https://audiouniversityonline.com/audio-high-pass-filters/?utm_content=cmp-true
[Accessed 11 04 2023].
Rawlins, J. C., 2000. Basic AC Circuits. 2nd ed. Dallas: Sams Publishing.
Susladkar, O. et al., 2022. ClarifyNet: A high-pass and low-pass filtering based CNN for single image dehazing. Journal of Systems Architecture, Volume 132.




[bookmark: _Toc132317111]Appendix
‘Matlab’ was used to calculate the abscissa by interpolating the attenuation/frequency data and finding the intersect of -3dB, the code used for this calculation is below.clc
clear
format long g

% Data from results for low pass circuit
Freqlow = [100 3000 10000 20000 30000 40000 45000 46000 50000 60000 70000 80000 90000 100000 120000 160000 200000 250000 300000];
LowAttM = [-0.034813232 -0.034813232 -0.611681753 -2.06947565 -3.715048085 -5.161218445 -5.882725754 -6.020599913 -6.595082939 -7.872372698 -8.777972327 -9.789099796 -10.69234297 -11.43730412 -12.84130306 -15.28943106 -17.07743929 -18.71084022 -20];
LowAttC = [-5.37672E-05 -0.04812317 -0.506906963 -1.747043047 -3.251540506 -4.743429025 -5.449404012 -5.586725011 -6.122653535 -7.36950407 -8.491989281 -9.505340758 -10.42502654 -11.26470128 -12.74800078 -15.144668 -17.03478188 -18.94192507 -20.50858592];

% Setting new range determined from zoomed in graph
Range = 20000:0.01:35000;

% Interpolating data using spline method
itpLowM = interp1(Freqlow,LowAttM,Range,'spline');
itpLowC = interp1(Freqlow,LowAttC,Range,'spline');

% Finding abscissa at attenuation = -3dB
[~, IL] = min(abs(itpLowM+3));
[~, IL2] = min(abs(itpLowC+3));
% Displaying results to command window
disp("Low Pass Filter:"+ newline)
disp("Where Attenuation is -3dB...")
disp("Measured Frequency is: " + Range(IL) + "Hz");
disp("Calculated Frequency is: " + Range(IL2) + "Hz" + newline + newline);



% Data from results for high pass circuit
FreqHigh = [300000 150000 50000 10000 5000 2000 1500 1200 1000 800 700 600 500 400 300 200 100];
HighAttM = [-0.211003647 -0.175478486 -0.282492854 -0.390842154 -0.537442928 -1.391208105 -2.06947565 -2.709778379 -3.50447075 -4.612453478 -5.288022006 -6.303092767 -7.37112462 -9.168415121 -11.18181836 -14.15487857 -20];
HighAttC = [-5.43246E-05 -0.000217294 -0.001955259 -0.048619314 -0.191294384 -1.077008969 -1.761930238 -2.508587734 -3.275205496 -4.407593076 -5.181890858 -6.156552019 -7.406124331 -9.05050375 -11.30616389 -14.64560681 -20.55298396];

% Setting new range determined from zoomed in graph
Range2 = 500:0.1:1500;

% Interpolating data using spline method
itpHighM = interp1(FreqHigh,HighAttM,Range2,'spline');
itpHighC = interp1(FreqHigh,HighAttC,Range2,'spline');

% Finding abscissa at attenuation = -3dB
[~, IL3] = min(abs(itpHighM+3));
[~, IL4] = min(abs(itpHighC+3));
% Displaying results to command window
disp("High Pass Filter:"+ newline)
disp("Where Attenuation is -3dB...")
disp("Measured Frequency is: " + Range2(IL3) + "Hz");
disp("Calculated Frequency is: " + Range2(IL4) + "Hz");


Low Pass -Vout (Volts) over Frequency (Hz)
Measured & Calculated

Vout (Measured)	100	3000	10000	20000	30000	40000	45000	46000	50000	60000	70000	80000	90000	100000	120000	160000	200000	250000	300000	4.9800000000000004	4.9800000000000004	4.66	3.94	3.26	2.76	2.54	2.5	2.34	2.02	1.82	1.62	1.46	1.34	1.1400000000000001	0.86	0.7	0.58000000000000007	0.5	Vout (Calculated)	100	3000	10000	20000	30000	40000	45000	46000	50000	60000	70000	80000	90000	100000	120000	160000	200000	250000	300000	4.9999690492079853	4.9723746744482753	4.716552318049561	4.0890069808069667	3.438689630561119	2.895999970550978	2.6699295604042077	2.6280507876432231	2.4707984918397501	2.140399302840899	1.8809209352207041	1.6737976987127792	1.5056314486904165	1.3668943254789894	1.1523116840091718	0.87445326596536721	0.70344623618584834	0.56477277205331622	0.47156407089368424	Frequency (Hz)


Vout (Volts)




High Pass - Vout (Volts) over Frequency (Hz)
Measured & Calculated

Vout (Measured)	300000	150000	50000	10000	5000	2000	1500	1200	1000	800	700	600	500	400	300	200	100	4.88	4.9000000000000004	4.84	4.7799999999999994	4.6999999999999993	4.26	3.94	3.66	3.34	2.94	2.72	2.42	2.14	1.74	1.38	0.98	0.5	Vout (Calculated)	300000	150000	50000	10000	5000	2000	1500	1200	1000	800	700	600	500	400	300	200	100	4.9999687283231173	4.9998749168128578	4.9988745891495787	4.9720906575582182	4.8910858426631219	4.4169202296169967	4.0820046249095912	3.7457657789237961	3.4293335597311958	3.0101653379576727	2.7534390123262305	2.4611744808572036	2.1313942399467067	1.763781637127841	1.3603849215768913	0.92616777060069033	0.46915981497116649	Frequency (Hz)


Vout (Volts)




Low Pass - Attenuation (dB) over Frequency (Hz) 
Measured & Calculated

Attenuation (Measured)	100	3000	10000	20000	30000	40000	45000	46000	50000	60000	70000	80000	90000	100000	120000	160000	200000	250000	300000	-3.4813231526024432E-2	-3.4813231526024432E-2	-0.6116817529203723	-2.0694756502088931	-3.7150480853615973	-5.1612184454160221	-5.8827257543216147	-6.0205999132796242	-6.5950829385175203	-7.8723726977879007	-8.7779723270188796	-9.7890997958677577	-10.692342971031634	-11.437304119424223	-12.841303059990922	-15.289431061849022	-17.07743928643524	-18.71084021546163	-20	Attenuation (Calculated)	100	3000	10000	20000	30000	40000	45000	46000	50000	60000	70000	80000	90000	100000	120000	160000	200000	250000	300000	-5.3767199144288322E-5	-4.8123170374477026E-2	-0.50690696302579208	-1.747043046954972	-3.251540506409762	-4.7434290245437962	-5.4494040124723018	-5.5867250106696753	-6.1226535352194125	-7.3695040697958216	-8.4919892806467665	-9.5053407584016831	-10.425026537717873	-11.264701275032296	-12.748000776907247	-15.144668004267617	-17.034781881300091	-18.941925066356646	-20.508585922764663	Frequency (Hz)


Attenuation (DB)




High Pass - Attenuation (dB) over Frequency (Hz) 
Measured & Calculated

Attenuation (Measured)	300000	150000	50000	10000	5000	2000	1500	1200	1000	800	700	600	500	400	300	200	100	-0.21100364666616389	-0.17547848615010203	-0.28249285383212691	-0.39084215447799986	-0.53744292800602833	-1.3912081046659979	-2.0694756502088931	-2.709778378832163	-3.5044707504890877	-4.6124534784772306	-5.2880220060364014	-6.3030927671117514	-7.371124619736559	-9.1684151210683815	-11.181818358695647	-14.15487857287048	-20	Attenuation (Calculated)	300000	150000	50000	10000	5000	2000	1500	1200	1000	800	700	600	500	400	300	200	100	-5.4324636722043597E-5	-2.1729446981914722E-4	-1.955258944066457E-3	-4.8619313561806966E-2	-0.19129438430107779	-1.0770089688832878	-1.7619302380043163	-2.5085877337905509	-3.2752054960853041	-4.4075930759025104	-5.1818908575435119	-6.1565520191868073	-7.4061243313133582	-9.0505037504027808	-11.306163894841635	-14.645606805642604	-20.552983960036034	Frequency (Hz)


Attenuation (DB)




Low Pass - Attenuation (dB) over Frequency (Hz) 
Measured & Calculated (-3dB Cut-off)

Attenuation (Measured)	100	3000	10000	20000	30000	40000	45000	46000	50000	60000	70000	80000	90000	100000	120000	160000	200000	250000	300000	-3.4813231526024432E-2	-3.4813231526024432E-2	-0.6116817529203723	-2.0694756502088931	-3.7150480853615973	-5.1612184454160221	-5.8827257543216147	-6.0205999132796242	-6.5950829385175203	-7.8723726977879007	-8.7779723270188796	-9.7890997958677577	-10.692342971031634	-11.437304119424223	-12.841303059990922	-15.289431061849022	-17.07743928643524	-18.71084021546163	-20	Attenuation (Calculated)	100	3000	10000	20000	30000	40000	45000	46000	50000	60000	70000	80000	90000	100000	120000	160000	200000	250000	300000	-5.3767199144288322E-5	-4.8123170374477026E-2	-0.50690696302579208	-1.747043046954972	-3.251540506409762	-4.7434290245437962	-5.4494040124723018	-5.5867250106696753	-6.1226535352194125	-7.3695040697958216	-8.4919892806467665	-9.5053407584016831	-10.425026537717873	-11.264701275032296	-12.748000776907247	-15.144668004267617	-17.034781881300091	-18.941925066356646	-20.508585922764663	Frequency (Hz)


Attenuation (dB)




High Pass - Attenuation (dB) over Frequency (Hz) 
Measured & Calculated (-3dB Cut-off)

Attenuation (Measured)	300000	150000	50000	10000	5000	2000	1500	1200	1000	800	700	600	500	400	300	200	100	-0.21100364666616389	-0.17547848615010203	-0.28249285383212691	-0.39084215447799986	-0.53744292800602833	-1.3912081046659979	-2.0694756502088931	-2.709778378832163	-3.5044707504890877	-4.6124534784772306	-5.2880220060364014	-6.3030927671117514	-7.371124619736559	-9.1684151210683815	-11.181818358695647	-14.15487857287048	-20	Attenuation (Calculated)	300000	150000	50000	10000	5000	2000	1500	1200	1000	800	700	600	500	400	300	200	100	-5.4324636722043597E-5	-2.1729446981914722E-4	-1.955258944066457E-3	-4.8619313561806966E-2	-0.19129438430107779	-1.0770089688832878	-1.7619302380043163	-2.5085877337905509	-3.2752054960853041	-4.4075930759025104	-5.1818908575435119	-6.1565520191868073	-7.4061243313133582	-9.0505037504027808	-11.306163894841635	-14.645606805642604	-20.552983960036034	Frequency (Hz)


Attenuation (dB)
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Vou (Meas)  Vou (Meas)  Vou (Meas) Attenuation (DB) Attenuation (DB)
Win Max Median (cale) (Meas)
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100 284205256 284207015 5.00 496 s 498 5.37672E05  -0.034813232
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20000 1421026 1737618 409 392 396 392 1767063067 -2.06947565,
30000 247351 13774588 348 328 328 326 5251540506 -3.715045085,
40000 710513 12267.15 250 275 275 275 4763423025 -5.161218445,
45000 631567  11827.41 267 252 256 258 5.449404012 5882725756
46000 617838 1175467 253 248 252 25 5586725011 -6.020599913,
50000 68411 1150257 247 232 236 238 6122653535 -6.595082939
60000 473675 11065.12 214 2 204 202 7.36950407  7.872372698
70000 406008 10792.79 188 15 184 182 8491989281 8777972327
50000 355257 1061229 157 15 154 152 -5.505340758  -9.78309976,
50000 315784 1048675 151 144 148 146 1042502656 -10.69234257.

100000 284205 10396.02 137 132 136 134 1126670128 -11.43730412.

120000 236838 1027653 115 112 115 114 1274800078 -12.84130306,

160000 177628 1015653 087 0se 088 085 15144668 -15.28943106

200000 142103 1010046 070 088 072 07 -17.03478188  -17.07743929

250000 113652 10054.41 056 056 05 038 1894192507 -18.71084022.

300000 94735 1004477 047 048 052 05 2050858592 20

n (v) <istor (0) Capacitor (F)

10000 5.6E10|
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-0.211003647

300000 3537 1000006 500 488 488 a8 -5.43246E.05
150000 7074 1000025 500 a8 492 49 0000217294 -0.175478486.
50000 21221 1000225 500 a8 a8 asa 0001955259 -0.282492854
10000 106103 1005613 457 475 a8 478 0048619314 -0.390842154
5000 212007 1022268 489 a8 a2 a7 0191294384 0537442928
2000 530516 1132010 442 424 428 426 1077008963 1391208105
1500 707355 1224858 408 392 396 392 1761930238 206947565
1200 884194 1334841 375 350 368 366 2508587734 2709778379,
1000 1061033 1458009  3.43 332 336 338 3275205436 350847075
500 1326251 1661038 301 232 236 254 4407593076 -4.612453478
700 1515761 1815911 275 272 272 272 5181830858 -5.288022006
500 1768388 2031550 245 24 244 242 6156552019 -6.303082767
500 2120066 2345852 2.3 212 216 214 7.406124331 737112862
400 2652552 2834818 176 172 176 174 505050375 -9.168415121
300 3536777 3675430 136 136 14 138 1130616389 1118181836
200 5305165 5398590 033 035 1 038 1654560681 -14.15457857
100 10610330 10657349 047 048 052 05 2055298396 20,

5 10000 1.5608|
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Low Pass Filter:

Where Attenuation is -3dB...
Measured Frequency is: 25575.79Hz
Calculated Frequency is: 28355Hz

High Pass Filter:
Where Attenuation is -3dB...

Measured Frequency is: 1115.6Hz
Calculated Frequency is: 1063.6Hz
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