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[bookmark: _Toc132376041]Abstract
The first part of this assignment was practical. For the practical exercise, a low and high pass circuit were built and analysed using lab equipment and analytical calculations in Excel. A signal generator output was set to 5Vpk-pk at 100Hz and was used to measure the input and output voltages for various frequencies ranging from 100Hz to 300kHz. This allowed the formula A = 20×log10(Vout/Vin), to be used to calculate attenuation.  
From the data, using a log scale for the x-axis, fully labelled graphs were plotted for output and attenuation against frequency, for both the theoretical and experimental data. Numerous closely spaced measurements were recorded to ensure the graphs accuracy. 
Furthermore, from these graphs, the -3dB cut-off frequency/half amplitude point for each filter could be determined, which represents the frequency at which the attenuation is 3dB less than the maximum value. Both the graphs produced from our measured results and calculated results indicated that the cut-off frequency was 45,000Hz for the low-pass circuit and under 1000Hz for the High Pass circuit. It also displayed that the pass-over between the two filters was at 10,000Hz.
The results indicated that the low-pass and high-pass filters built worked effectively as the experimental data closely matched the theoretical data. 


[bookmark: _Toc132376042]Introduction
Low-pass and high pass filters are essential components in many electronic systems. They make it possible for signal frequency responses to be modified. High-pass filters allow high frequencies to pass while attenuating low frequencies. Low-pass filters allow low frequencies to pass through while attenuating high frequencies.
Low-pass filters are used in audio applications to remove the noise of high-frequency signals, which would mean reducing the amplitude of higher-frequency signals. This would reduce the sharpness of, the sound, producing a calmer sound. Low pass filters are also used in digital signal processing applications to improve data accuracy, electronic applications like loudspeakers, audio amplifiers and equalizers and digital to analogue converters. (WatElectronics, 2020)
High pass filters are used in audio applications to remove low-frequency noise and produce a cleaner sound; in speaker systems for amplification and to prevent distortion; for AC coupling (Elprocus, 2019) and in image processing applications to enhance high-frequency detail and reduce noise. They can also create a band-pass filter when placed in conjunction with a low-pass filter.
Low-pass and high-pass filters are essential in telecommunications and radio broadcasting. Low-pass filters are used to transmit signals through telephone lines, and high-pass filters are used to prevent interference from low-frequency sources in radio broadcasting. 
The behaviour of a low-pass filter and a high pass filter is determined by its components, which determines the cut-off frequency. (See 8.1). (electronicsreference.com, 2021)
The rest of this report will discuss and compare the results gained from both measurements and calculations. Using graphs, the relationship between frequency, attenuation, and voltage will be explored as well as the two filters’ cut-off points and how the filters function. 




[bookmark: _Toc132376043]Circuit Descriptions
The exercise aims to evaluate the performance of a high and low-pass circuit in terms of its ability to pass or block certain frequencies. This will be done by recording and calculating their effectiveness in attenuating unwanted signals, measuring their input/output voltages at different frequencies, and plotting graphs of attenuation and output voltage against frequency. 
The parameters being evaluated for each circuit include the -3dB cut-off frequency (see 8.1 and 8.4).  and the roll-off rate of the filter (See 8.1). 
The low-pass and high pass filter that was built were made up of a 10 resistor and a capacitor of 15nF (nano-farad) for high pass and 560pF (picofarad) for low-pass. The circuit will be tested using a signal generator with an output voltage set to 5Vpk-pk at a fixed frequency of 100Hz, which will be maintained throughout the experiment. 
Measurements of the input and output voltages will be taken using an oscilloscope at various frequencies ranging from 100Hz to 300kHz. The output will be incrementally measured each time the frequency is changed, allowing the relationship between frequency and voltage to be seen and making it possible to calculate the attenuation.

[bookmark: _Toc132376044]Low Pass
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[bookmark: _Toc132376074]Figure 1 - Low Pass circuit diagram (Electronics Tutorials, 2018)
Above is an image of a low-pass filter circuit. As you can see this is an RC circuit built in series. 
The low-pass RC circuit built for the experiment is shown below. 
. [image: A picture containing text
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[bookmark: _Toc132376075]Figure 2 - Low Pass Filter breadboard circuit

[bookmark: _Toc132376045]High Pass
[image: Passive High Pass Filter - Passive RC Filter Tutorial]
[bookmark: _Toc132376076]Figure 3 - High Pass circuit diagram (Electronics Tutorials, 2019)
Above is an image of an RC high pass circuit also built in series, however, the capacitor and resistor are in different positions.
[image: ]
[bookmark: _Toc132376077]Figure 4 - High Pass filter breadboard circuit
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[bookmark: _Toc132376078]Figure 5 - Low Pass and High Pass filter comparison (Coach, 2017)
[bookmark: _Toc132376046]Results
[bookmark: _Toc132376047]Low-Pass
[bookmark: _Toc132376048]Measured
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[bookmark: _Toc132376079]Figure 6 - Excel graph of measured results for Low Pass
The graph above effectively displays that the higher the frequency on a low-pass filter the lower the output voltage. The output voltage remains constant/equal to the input voltage (5V) until about 10,000Hz. After 10,000Hz, the voltage begins to drop as seen represented by the steady downward slope indicating where the frequencies start to be attenuated/filtered. The downward slope demonstrates that the cut-off frequency does not happen immediately as the filtering begins. Rather, it represents the -3dB point of the filter's attenuation. This is the frequency at which the filter cuts the power of the signal in half. (Arthur, 2019)
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[bookmark: _Toc132376080]Figure 7 -  Excel graph of measured attenuation for Low Pass
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[bookmark: _Toc132376081]Figure 8 - Zoom in of -3dB point on Excel graph of calculated attenuation for Low Pass
The graph above reads that the -3dB cut-off point is estimated at 45,000Hz. The graph shows that the higher the frequency the greater the attenuation of the signal.
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[bookmark: _Toc132376094]Table 1 - Table of results for Low Pass
[bookmark: _Toc132376049]Calculated
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[bookmark: _Toc132376082]Figure 9 - Excel graph of calculated results for Low Pass
The graph above reinforces the relationship between frequency and voltage on a low-pass filter and evidences that my measurements used for graph 4.1.1 are accurate. We can see from the results above, that as the frequency applied to the RC circuit increased from 10Hz to 300,000Hz, the voltage drops across the capacitor and therefore the output voltage from the circuit decreases.
[image: ]
[bookmark: _Toc132376083]Figure 10 - Excel graph of calculated attenuation for Low Pass
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[bookmark: _Toc132376084]Figure 11 - Zoom in of -3dB point on Excel graph of calculated attenuation for Low Pass
The -3dB cut-off point on the graph above is 45,000Hz, after these frequencies began to be attenuated. As seen in the table below an output of 2.5V (half the input frequency of 5V) is between 40,000Hz and 50,000Hz. As these graphs were calculated using formulae and resemble the measured graphs, it confirms that the manually taken measurements were accurate, and the circuit was built correctly. Both sets of results agree that the -3dB cut-off point is 45,000Hz.
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[bookmark: _Toc132376095]Table 2 - Table of results for High Pass

[bookmark: _Toc132376050]High Pass
[bookmark: _Toc132376051]Measured
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[bookmark: _Toc132376085]Figure 12 - Excel graph of measured results for Low Pass
The graph above effectively displays that the higher the frequency applied to a low-pass filter the higher the output voltage. 
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[bookmark: _Toc132376086]Figure 13 - Excel graph of Measured Attenuation for Low Pass
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[bookmark: _Toc132376087]Figure 14 - Zoom in of -3dB point on Excel graph of measured attenuation for Low Pass
The graph above, has been created using results from the oscilloscope. The -3dB cut-off point is estimated at a very low frequency of 650Hz. It shows that as the frequency increases the attenuation decreases. The calculated results below confirm that the -3dB is probable as both cut-off points are below 1000Hz.
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[bookmark: _Toc132376096]Table 3 - Table of measured results for High Pass
[bookmark: _Toc132376052]Calculated
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[bookmark: _Toc132376088]Figure 15 - Excel graph of calculated results for High Pass
The graph above reinforces the relationship between frequency and voltage on a high-pass filter and evidences that the measured graph is accurate. 
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[bookmark: _Toc132376089]Figure 16 - Excel graph of calculated attenuation for High Pass
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[bookmark: _Toc132376090]Figure 17 - Zoom in of -3dB point on Excel graph of calculated Attenuation for High Pass
The -3dB cut-off point on the graph above is estimated to be 40Hz. An output of 2.5V (half the input frequency 5V) is between 25Hz and 50Hz. As these graphs were calculated using formulae e.g., , it validates that the manually taken measurements were accurate, and the circuit was built correctly. Both sets of results demonstrate that the -3dB cut-off point is a very low frequency, below 1000Hz.
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[bookmark: _Toc132376097]Table 4 - Table of calculated results for High Pass
[bookmark: _Toc132376053]Discussion
[bookmark: _Toc132376054]Low Pass
[bookmark: _Toc132376055]Results
When different frequencies were input into the low-pass filter circuit, the capacitor allowed frequencies below the cut-off frequency passage whilst blocking frequencies above the cut-off point. The graphs displayed that the voltage remained constant until reaching a roughly 10,000Hz frequency indicating there was little/no attenuation here. Past 10,000Hz the voltage decreased whilst the frequency increased. As well as this, the cut-off point was estimated to be at 45,000Hz which was reflected in both the measurements taken and calculations. This means that frequencies above 45,000Hz were attenuated and as the frequency increased the attenuation became greater.

[bookmark: _Toc132376056]Observations
This shows that at low frequencies below the cut-off the majority of the signal passes through the filter and reaches the output unaltered with little attenuation, resulting in the output voltage remaining close/equal to the input voltage. As the voltage across the capacitor decreases, the output signal becomes increasingly attenuated as the input frequency approaches the cut-off frequency reducing the signal's amplitude and output voltage as a result. (Learningaboutelectronics.com, 2018)
Because the filter will have almost completely attenuated the input signal at frequencies higher than the cut-off frequency, the output voltage will be significantly lower than the input voltage. In summary, a low-pass filter’s output signal is influenced by and dependent on the filter's cut-off frequency and the frequency of the input signal, which is determined by the values of the circuit's components. (Electronics Tutorials, 2018)

[bookmark: _Toc132376057]Reasoning
[image: RC Passive Low-Pass Filter - Filters - Basics Electronics]
[bookmark: _Toc132376091]Figure 18 - Example of a Low Pass filter circuit (ecstudiosystems.com, 2021)
On a low-pass filter, both high and low-frequency signals first encounter the resistor which offers the same obstruction. Both high/low frequencies will pass through the resistor which provides constant/steady resistance. When a high-frequency signal reaches the capacitor; the resistance of the capacitor will be very low/non-existent which, on the output terminals, emulates a short circuit condition. This results in negligible output. (Electronics Tutorials, 2018) Therefore, the high-frequency signals pass through and travel straight to ground.
At low frequencies, the capacitor's impedance increases and offers a constant resistance. Consequently, the signal is unable to pass through the capacitor and therefore is forced to take another/easier path, to the output terminal. (Coach, 2017)
[bookmark: _Hlk132375457]The amount of charge that a capacitor can store is proportional to the voltage across it and its capacitance. The greater the value, the more charge that can be stored, and the greater the input signal the lower the capacitor’s resistance. When a voltage is applied to the circuit, the resistor restricts the flow of current, which causes a voltage drop across the resistor which reduces the voltage across the capacitor and causes it to charge up. As the capacitor charges up, the voltage across it increases.
Once the capacitor is fully charged, the voltage across it is equal to the applied voltage, and no more charge can be stored, resulting in it behaving like an open circuit. The charging of the capacitor in the circuit is fundamental as it helps attenuate high-frequency signals because it acts as a frequency-dependent voltage divider. (See 8.1). 
The capacitor in the low-pass circuit is parallel to the output. This is because in parallel the output voltage is equal to the voltage of what it is parallel to. Therefore, the output voltage equals the voltage across the capacitor. 
[bookmark: _Toc132376058]High Pass
A high pass filter circuit performs the opposite function to a low pass filter circuit. The two passive components have been switched with the filter’s output signal. The output signal is taken from across the resistor.
[bookmark: _Toc132376059]Results
For the high-pass filter the measurements and calculations displayed on the Excel graphs show that as the frequency increases, the output voltage will gradually increase to the input voltage until it reaches a plateau where the output voltage remains constant and matches with the input voltage (5V). This plateau occurs around 10,000Hz, indicating that this is where the frequency has little to no attenuation. The cut-off frequency was measured to be 40Hz and the calculated cut-off was 650Hz.
[bookmark: _Toc132376060]Observations
This shows that the filter is efficient because as the input signal frequency decreases and therefore approaches the cut-off frequency, the output signal becomes progressively attenuated, reducing the amplitude of the signal. This means the output signal of a high-pass filter circuit depends on the frequency of the input signal and the cut-off frequency of the filter. If the input signal frequency is much higher than the cut-off frequency, the output signal will be almost identical to the input signal.
When different frequencies are input into a high-pass filter circuit, the capacitor will allow frequencies above the cut-off frequency (where attenuation is -3Db) to pass through while blocking frequencies below the cut-off. The cut-off frequency is determined by the values of the circuit's components and can be adjusted by changing these values. 
So, for a high-pass filter, frequencies above the cut-off frequency are passed with little to no attenuation, while frequencies below the cut-off frequency are attenuated. (Analog.com, 2023) 
 
[bookmark: _Toc132376061]Reasoning
[image: RC Passive High-Pass Filter - Filters - Basics Electronics]
[bookmark: _Toc132376092]Figure 19 - Example of a High Pass filter circuit (ecstudiosystems.com, 2021a)
The high-pass circuit is built in series with the capacitor positioned before the resistor. This is so the desired output can be obtained. 
A capacitor’s AC resistance is its capacitance reactance Xc, which is a function of frequency. The capacitor has a very low resistance at high frequencies and a very high resistance at low frequencies, therefore the high frequencies pass through the capacitor, choosing the easier/low resistance path straight to output, allowing the signal to bypass the resistor. Whereas at low frequencies, the capacitor's resistance increases, effectively blocking the low frequency signal and forcing it to take a different path which leads straight to ground. 
The capacitor acts like an open circuit and blocks any input signals until they reach the cut-off frequency. Above the cut-off frequency, the resistance of the capacitor reduces significantly and consequently acts similarly to a short circuit, allowing all the input signals to pass directly to the output. (Electronics Tutorials, 2019)
Initially, the capacitor is uncharged, and it behaves as an open circuit. The capacitor charges when a high-frequency signal is applied to the input and passes through it. At high frequencies, the resistivity of the capacitor becomes smaller than that of the resistor, allowing the capacitor to act as a short circuit, and the high-frequency signal passes through to the output. The capacitor being charged would make the filter less effective and so to minimize this the resistor creates a pathway for the capacitor to discharge, thus preventing this from occurring. (Electronics Tutorials, 2019)



[bookmark: _Toc132376062]Conclusion
To conclude, the experiment confirmed the effectiveness of low-pass and high-pass RC circuits/filters in terms of their ability to pass or block certain frequencies and their effectiveness in attenuating unwanted signals. The laboratory experiment found that both the low and high-pass filters demonstrate frequency-dependent behaviours. The results showed that frequencies up to 10,000Hz were passed through the low-pass filter whereas only frequencies above 10,000Hz were able to pass through the high-pass filter.
The -3dB cut-off frequencies were determined for both filters, indicating the frequencies at which their attenuation is reduced by half. For the high-pass, it was between 40Hz and 650Hz and for the low-pass, it was 45,000Hz. 
The experimental results were consistent with the theoretical predictions, as demonstrated by the plotted attenuation vs. frequency graphs for each filter. These graphs indicated a fairly steep roll-off rate for the filters, highlighting their effectiveness in attenuating unwanted signals.
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[bookmark: _Toc132376064]Appendix
[bookmark: _Toc132376065]Definitions
Oscilloscope: a device for viewing oscillations by a display on the screen which can be used to measure voltage.
Signal generator: an electronic device that generates electrical signals with set properties.
Roll of rate: the rate of change of the output of the filter versus frequency. The role of rate refers to the rate at which the filter's attenuation increases or decreases as the frequency changes. A steeper roll-off rate indicates a more effective filter.
Capacitor: a capacitor is a circuit component that temporarily stores electrical energy. A capacitor can take a shorter time than a battery to charge up and it can release the energy stored very quickly. (University of Birmingham, 2023)
Resistor: A resistor is an electrical component that limits or regulates the flow of electrical current in an electronic circuit. (Tech Target Contributor, 2021)
Cut-off frequency: the frequency at which the filter's attenuation drops to half its maximum value. This parameter indicates the filter's ability to pass or block certain frequencies.
Attenuation: the reduction of the amplitude of a signal, electric current, or other oscillation.
RC filter: an electric circuit composed of resistors and capacitors.
Voltage divider: divides the supply voltage in the ratio of the resistances, producing an output voltage that’s a fraction of its input voltage.

[bookmark: _Toc132376066]The reason for using an RC circuit
Both circuits are RC circuits built in series and therefore use a capacitor and a resistor. A low-pass filter circuit consists of two passive components which are a resistor followed by a capacitor. A high-pass filter consists of the same two components however the capacitor is placed before the resistor. 
A capacitor is a reactive device that offers varying resistance to signals of different frequencies that are trying to find a path. A capacitor provides high resistance to low-frequency signals, inhibiting them passing through and low resistance to high-frequency signals, making passage easier (Learningaboutelectronics.com, 2018). Current always chooses the easy/ low resistance path meaning the capacitor determines its direction. 
For example, in a high pass, as a capacitor offers low resistance for high-frequency signals, they will take the path through the capacitor, bypass the resistor, and go to the output, while low-frequency signals will choose to take an alternative, lower-resistance path which leads directly to ground. (Learningaboutelectronics.com, 2018) 
To change how the capacitor and resistor interact with the input signal, the capacitor and resistor switch positions. By switching their positions, their roles switch, changing the cut-off frequency and the way the circuit attenuates different frequencies. Therefore, the filter's frequency response changes. The frequency at which the filter's response changes is determined by the values of two components.

[bookmark: _Toc132376067]Active and Passive Filters
There are two types of filters: active and passive. Active filters utilise amplifying devices to increase the input signal’s strength, passive filters do not. The sole two components used in the circuits in question were both passive components: a resistor and a capacitor. (Electronics Tutorials, 2018) This means both circuits were passive.
Because the circuits are passive filters, the input signal has a larger amplitude than the output signal. Therefore there is a gain of less than one. (Electronics Tutorials, 2018)

[bookmark: _Toc132376068]Cut-off frequency
The frequency range wherein capacitive reactance and resistance are equal is the same as the cut-off point. At this point, the output signal has been attenuated to a level of -3dB (20*log (Vout/Vin)) of the input, or 70.7% of the input signal value. Although R = Xc, the output is not equal to half of the input signal. Instead, it is the vector sum of the two. (Electronics Tutorials, 2018)
Instead of the gradual decline and sloped gradient that we observe on the graphs for the low pass filter, it would be preferred to see an immediate vertical line to completely cut all frequencies above its cut-off frequency and leave the frequencies below its cut-off frequency unaffected. Additionally, we would prefer that instead of the gradual incline seen on the graphs for the high-pass filter, it'd be preferred to be a much steeper line showing that all frequencies below its cut-off frequency to be completely unaffected by frequencies above it. (Coach, 2017). However, this is unobtainable in practice.

[bookmark: _Toc132376069]Reactance
Reactance is a key factor in influencing the frequency response of low-pass and high-pass filters.
Only low-frequency signals are intended to flow through a low-pass filter, all other signals are intended to be blocked. The reactance of the filter components is crucial to achieving this. The capacitive reactance decreases with increasing frequency, allowing low-frequency signals to pass through the capacitor and the inductive reactance increases with increasing frequency, enabling low-frequency signals to solely pass through the capacitor.
A high-pass filter, on the other hand, aims to let only high-frequency signals pass through the filter. The capacitive reactance increases with decreasing frequency, limiting the low-frequency signals' flow, and the inductive reactance decreases with decreasing frequency, restricting the flow of low-frequency signals.
The cut-off frequency is determined by the choice of reactance values in both low-pass and high-pass filters. To produce the correct frequency response, the reactance values must be properly selected.
The equation  , where Xc is reactance, fc is the cut-off frequency and C is the capacitance of the capacitor. This shows that the reactance is inversely proportional to the cut-off frequency. The reactance will take on a lower value if the input signal's frequency is high. Similarly, if the signal's frequency is low, the reactance will be high. (Coach, 2017)

[bookmark: _Toc132376070]Passband and stopband zone
Frequencies that are below the low-pass filter’s cut-off point and above the high-pass filters cut-off point are unaltered with little attenuation and are therefore in the filters ‘pass band zone’. This zone represents the bandwidth of the filter (electronics tutorials, 2018) It allows the desired range of frequencies to pass through without significant distortion or attenuation.
Any signal frequencies that are above the low-pass filters cut-off point or below the high-pass filters cut-off point are in the filter’s ‘stop band zone’ and these signals will be greatly attenuated.
The width of the passband zone depends on the filter's design and the desired frequency response. Signals outside the passband will be attenuated more strongly by a filter with a narrower passband zone. resulting in a steeper roll-off and better rejection of unwanted signals Although this is desirable, a narrower passband zone may result in greater distortion of the desired signal. A wider pass band zone, however, will weaken the attenuation of signals that are outside the passband zone. (Electrical Engineering Stack Exchange, 2021)
[bookmark: _Toc132376071]Phase shift
[image: ]
[bookmark: _Toc132376093]Figure 20 - Phase shift of a Low and High pass filter (www.tubesandmore.com, n.d.)
As figure.20 displays there is a 90 degree phase shift between the reactance of the resistor and capacitor. Because of this, there is a net phase difference between the response of the input and output signal. The low pass experiences a -45 phase shift where as a high pass filter undergoes a positive 45 degree phase shift.

[bookmark: _Toc132376072]Potential Divider
Both circuits built are equivalent to a frequency-dependent potential divider because it changes with the resistance of the capacitor which is dependent on frequency. 
In the RC circuits built, a voltage source is connected in series with a resistor and a capacitor. The voltage across the capacitor increases until it becomes equal to the voltage of the voltage source. After this, there is no longer current flowing through the circuit. The voltage drop across the resistor in a series circuit depends on the current flowing through the circuit, due to the current flow, there is a voltage drop across the resistor during the charging process. The voltage across the capacitor depends on the rate of change of the voltage. The voltage drop across the capacitor can be made to be a smaller percentage of the voltage source, forming a potential divider, by adjusting the values of the resistor and capacitor. (A-Level Physics, 2023). 
[bookmark: _Toc132376073]Is an RC high and low-pass filter AC or DC
An RC high-pass circuit is an AC circuit. An RC high-pass circuit allows high-frequency AC signals to pass through while blocking low-frequency AC signals. An RC low-pass circuit allows low-frequency AC signals to pass through while blocking high-frequency AC signals. Because the circuit operates only with AC signals it is an AC circuit.
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PARAMETERS

Definition

Circuit

Architecture

Significance

Operating

Frequency

Applications

HIGH PASS FILTER

Itis a circuit which allows the
frequencies above cut off

frequency to pass through it.

It consists of Capacitor

followed by a resistor.

It is significant when the
distortion due to low
frequency signal such as

noise is to be removed.

Higher than the cut off
frequency.

In audio amplifiers, low noise

amplifiers etc.

LOW PASS FILTER

Itis a circuit which allows the
frequency below cut off

frequency to pass through it.

It consists of resistor followed

by capacitor.

It is significant in removing

aliasing effect.

Lower than the cut off

frequency.

In communications circuit as

anti-aliasing filter.
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Low Pass

Frequency (Hz) | Input Voltage (V) |Output Voltage (V)| _Attenuation
100 5 5 0
500 5 5 0
1000 5 5 0
10000 5 474 -0.463833253
20000 5 392 -2.113678746
30000 5 316 -3.985658434
40000 5 277 -5.129804705
50000 5 239 -6.411442068
75000 5 159 -9.9514576
100000 5 133 -11.50236727
150000 5 0.9 -14.8945499
200000 5 0.65 -17.72113295
250000 5 054 -19.33152489
300000 5 0.44. -21.11034656
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Low Pass

Freq (Hz) Xc z V out Attenuation
10 2.8E+07 | 2.8E+07 5 -5.37675E-07
100 2842053 2842070 | 4.99997 | -5.37672E-05
500 568411 | 568498 | 4.99923 | -0.00134398
1000 284205 | 284381 | 4.99691 | -0.005373428
10000 | 28420.5 | 30128.5 | 4.71655 | -0.506906963
20000 | 14210.3 | 17376.2 | 4.08901 | -1.747043047
30000 | 9473.51 | 13774.9 | 3.43869 | -3.251540506
40000 | 7105.13 | 12267.1 | 2.896 | -4.743429025
50000 | 5684.11 | 11502.6 | 2.4708 | -6.122653535
75000 3789.4 | 10693.9 | 1.77176 | -9.011308623
100000 | 2842.05 | 10396 | 1.36689 | -11.26470128

150000 | 1894.7 | 10177.9 | 0.93079 | -14.602357
200000 | 1421.03 | 10100.5 | 0.70345 | -17.03478188
250000 | 1136.82 | 10064.4 | 0.56477 | -18.94192507
300000 | 947.351 | 10044.8 | 0.47156 | -20.50858592
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High Pass

Frequency (Hz) | Input Volatge (V) |Output Voltage (V)| _Attenuation
300000 5 48 -0.354575339
250000 5 48 -0.354575339
200000 5 48 -0.354575339
150000 5 48 -0.354575339
100000 5 48 -0.354575339
50000 5 48 -0.354575339
10000 5 48 -0.354575339
5000 5 472 -0.500560114
4500 5 4.69 0.555943232
4000 5 4.66 0.611681753
3500 5 461 -0.705381579
3000 5 454 -0.83828303
2500 5 4.49 -0.934473267
2000 5 439 -1.130109682
1500 5 4.15 -1.618438152
1000 5 33 -3.609121289

900 5 31 -4.15216621
800 5 29 -4.731440129
700 5 266 -5.481767354
600 5 238 -6.447860946
500 5 206 -7.702055679
400 5 17 -9.370421659
300 5 132 -11.56792146
200 5 0.9 -14.8945499
100 5 0.464 -20.64904048
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High pass

Freq (Ho)| Xc z Vout | _Attenuation
10 [28420.53] 301285 [1.659558| 5579545056
25 |11368.21|15140.55| 3.30239 | -3.602832075
50 |5684.105]11502.57 4.346856 | 1215895541
75__|3789.403] 106935 [4.675561| -0.582725448
100 |2842.053]10396.02|4.809532 | -0.337343368
200 |1421.026]10100.46]4.950263 | -0.086824061
300 [947.3509 | 10044.77 [4.577713|_-0.038802521
400_[710.5131]10025.21 | 4.987427|_-0.021869287
500_|568.4105|10016.14 4991942 | -0.014009024
600 [473.6754]10011.21| 49944 | 0009733281
700_|406.0075 | 10008.24 |4.995884 | -0.007153107
800_[355.2566| 1000631 |4.996848 | _-0.005477654
500_|315.7836]10004.58|4.957509 | -0.004328596
1000_|284.2053 | 10004.04 [ 2.997982 | -0.003506495
1500 |189.4702 | 10001.79]4.999103 | 0.001558792
2000 _|142.1026 | 10001.014.999495 | -0.000876889
2500 | 113.6821 | 10000.654.999677 |_-0.000561229
3000_|94.73509|10000.45 | 4.995776 | -0.00038975
3500_| 81.2015 [10000.33 | 4.999835 | -0.000286351
4000_|71.05131|10000.25 | 4.99874 | _-0.000215235
4500_|63.15672| 100002 | 4.9999 | -0.000173227
5000 | 56.84105]10000.16 | 4.999919 | -0.000140314.
10000_|28.42053| 10000.04 | 4.99998 | -3.5079E-05
50000 |5.684105| 10000 [4.999999| 1.40316E-06
100000 [2.842053] 10000 | 5 | -3.50791E07
150000 [1.854702] 10000 | 5 | -155907€-07
200000 [1.421026] 10000 | 5 | -8.76978£08
250000 [1.136821] 10000 | 5 | 561266608
300000 [0.947351| 10000 | 5 | -3.89768E-08
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