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To write this essay there were several steps I needed to complete prior to writing. Firstly, I had to calculate the cutoff frequency using a formula provided. Secondly, I had to build both a low pass filter circuit and high pass filter circuit in proteus to obtain the simulated values of the voltage in and voltage out of each respected circuit. I then recreated the same circuits on a breadboard and used a signal generator set to 4V peak to peak at 100hz and, then increased up to 300kHZ. Using an oscilloscope, I recorded the output voltage and used this to calculate the attenuation, I then used this to plot a graph of attenuation against frequency for the simulated circuit and the breadboard circuit. My results showed that the cut-off frequencies were somewhere in the range of my theoretically calculated result for both the simulation and experimentally measured cutoff frequencies, which is 1061.03 for the high pass circuit and 28420.53 for the low pass circuit, these are found to be when the output drops to -3dB and the half amplitude value which is at about -6dB. I found that the simulated values and theoretical values were the most accurate towards each other.
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I will be writing about two different circuits, the first being a low pass filter circuit for this circuit it behaves as follows, “As the frequency increases, the resistance of the capacitor drops. But the strength of the resistor's stays constant. This means that at low frequencies, the voltage potential of the capacitor will be larger, and the voltage of the resistor will be smaller, thus outputting a larger voltage” according to a source written in 2023. They have many uses in modern industry due to the fact they allow low frequency signals to pass through and attenuates high frequency signals beyond the cut off frequency. They are extremely useful in audio due to being able to output high frequencies and signal processing systems. The other circuit is a high pass filter circuit which is the opposite to a low pass filter circuit as it allows signals with higher frequencies than a specified cut off to pass through while attenuating signals with lower frequencies. High pass filters are typically used in communication systems. This is the brief contrast between the two different circuits. The cutoff frequency is calculated by putting one over 2pi x resistance x capacitance, which I will explain further in this report. The -3db cutoff point is important as it shows the moment where in a low pass circuit the frequency starts to drop and in a high pass filter circuit it shows where the frequency starts to rise to full output. It is defined as “the point in which the output power drops to half of its maximum value”. In the remaining sections of this essay, I am going to show how I used theoretical values, simulation and experimental values to prove the cutoff frequencies are accurate. Also to walk you through how I came to the conclusions I did and to compare not only high pass and low pass circuits but also how they fare against the simulations and experimental values of one another. I will also calculate the half amplitude values to compare between circuits.
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[image: ][image: ]Figure 2: Low pass filter circuit simulation

Figure 1: Low pass filter circuit

In figure 1 shown above there is a low pass filter circuit connected correctly to a signal generator and oscilloscope to allow me to carry out my experiments. The resistor is connected in series and the capacitor is grounded. The resistor controls the current flow and the capacitor storing energy. The output is measured across the capacitor, and the voltage out is marked down for different relative frequencies to allow me to calculate attenuation. The circuit behaved as expected the same goes in figure 2, where I did the same experiments with a simulated circuit. Both circuits were true to their theoretical value of cutoff frequency, or within a suitable range of it. The way I tested this circuit was firstly, designing both circuits on proteus (figure 2) and using a breadboard (figure 1). I then set the signal generator to 4-volt peak to peak voltage and kept this the same throughout the experiments. Next, I set the signal generator to 100Hz starting frequency and measured the output voltage and input voltage using manual lines on the proteus software, however the oscilloscope connected to the breadboard gave me the voltage out with no manual lines. Then using an equation, I calculated the attenuation for the 100Hz frequency. I continued doing this for different frequencies all the way up until 300kHz. I then got the results I required and plotted a graph of attenuation against frequency and used this to give myself a better view as to when the cutoff frequencies were. 
Figure 4: High pass filter circuit simulation
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Figure 4: High pass filter circuit simulation.

Figure 3: High pass filter circuit 


Shown above is figure 3 which is the circuit I put together using the breadbox and figure 4 which is the proteus simulation circuit I put together in a similar manor. In these circuits I will be evaluating what effect the input frequency has on the output voltage to ultimately prove that the theoretical cut off frequency is valid. The circuit is connected in a similar fashion but with a capacitor in series and the resistor is instead grounded. Measuring the output across the resistor to get the voltage output values I needed. I carried out the testing process the same as the low pass filter and made respective graphs for these results. Once again, the circuit was accurate to the cut off frequency that I calculated theoretically and behaved exactly as I thought it would do before testing as at low frequencies the capacitive reactance is higher, limiting the current flow through the circuit resulting in a very small voltage across the resistor. As the frequency increases the capacitive reactance decreases, allowing more current to flow and therefore increasing the output voltage.

Graph to show relationship between attenuation and frequency in a low pass filter circuit simulation.
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[image: ]Attenuation
Frequency

Figure 5: Low pass filter simulated circuit
Shown above in figure 5 are the results for the low pass filter simulated circuit along with a graph displaying the results. The graph is plotted to show attenuation (dB) on the Y-Axis against frequency (Hz) on the X-Axis. You can clearly see the -3dB cutoff frequency is in-between 28000 and 29000 Hz. Which is true to my calculated value of approximately 28,420 Hz. The graphs have a negative correlation and follow the trend I expected from a low pass filter circuit as it starts with a high voltage and gradually decreases when the frequency increases. I, however, encountered a problem in which the software would not allow me to measure smaller intervals around the cutoff frequency. This circuit’s half amplitude point is measured to be somewhere around 50,000Hz due to it dropping below 2V.
Graph to show relationship between attenuation and frequency in a low pass filter circuit experimental.
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Figure 6: Low pass filter circuit (bread board)


Shown in figure 6 is another round of results for the low pass filter circuit this time using the experimental method and a bread board. This graph is plotted the same as in figure 5, as it plots Attenuation on the Y-Axis against frequency on the X-Axis with units provided. The cut off frequency is slightly lower than I calculated, however is not completely rogue. It is measured as around 27,000 Hz compared to the roughly 28,000 that I calculated in my theoretical value. The graph once again has a negative correlation and follows a similar trend. I was able to resolve my problem of the low resolution and find more points to complete my graph. The half amplitude point is at 50,000 Hz which is the exact same as figure 5 where it drops below 2 volts.
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Frequency




Attenuation









Figure 7: High pass filter simulation


Figure 7 shows the high pass filter circuit simulation results as well as a graph to back them up. Once again, the graph plots attenuation on the Y-Axis measured in dB and frequency on the X-Axis measured in Hz. The -3dB cutoff frequency is in-between 1050Hz and 1100 which perfectly lines up with my calculated value of 1060Hz. The graph has a positive correlation and fits the trend of a high pass filter theoretically. The half amplitude point is around 600 Hz in this simulation as this was the smallest point as to which the voltage dropped to 2V or below.
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Figure 8: High pass filter experimental circuit (bread board)


Shown in figure 8 is the final table of results I acquired. It shows the high pass filter experimental circuit results table and graph which is plotted with the Attenuation (dB) on the Y-Axis and the frequency (Hz) on the X-Axis. The -3dB cutoff frequency is once again measured as being between 1050 and 1100 Hz which stays true to my theoretically calculated value of around 1060 Hz.  The half amplitude value is around 600Hz, the same as the simulated value which gives me confidence in my results. The graph has a positive correlation with many points closely grouped together. Exactly what you would expect for this experiment.

[bookmark: _Toc228472338]Discussion
To start off my discussion, my calculated theoretical value for the cutoff frequency in a low pass filter circuit was approximately 28,420 Hz which my simulated circuit matched almost identically as the cut off frequency was between 28,000Hz and 29,000Hz showing that this experiment was valid. However, in my experimental value for the cutoff frequencies according to my results, I had the cutoff frequency of around 27,000Hz which is not far off but not as accurate as the simulation. This could be due to the equipment resolution or tolerances may have been a bit off, or it just could have been showing the wrong reading but due to the fact this is so close I would not say the entire experiment is a failure. My second theoretical value for cutoff frequency this time for a high pass filter circuit is measured at 1060Hz. For both the simulation and the experimental method the cutoff frequency sits in between 1050Hz to 1100Hz which shows the experiment and simulation are equally valid. The theory behind this is as follows in the low pass filter at a low frequency the capacitor exhibits a high reactance, therefore limiting the current flow to ground and allowing most of the V in to appear across the capacitor as a result, the output voltage remains high. When the frequency increases the reactance of the capacitor decreases providing an easy pass to the ground, causing the output voltage to decrease and attenuating high frequency signals. However, the high pass filter is the complete opposite. At low frequencies the high reactance of the capacitor restricts current flowing causing a low voltage across the resistor and at higher frequencies the reduced reactance allows a greater current flow, increasing the voltage across the resistor therefore giving a higher V out.
I found that the simulation was a more accurate way to find the values of voltage in and out as well as attenuation as it gave me the most accurate readings and was the closest to theoretical value when finding the cut-off frequency. I also found it easier to set up the circuit using the software proteus than making a circuit on the bread board. However, the experiment was easier to find the voltage out as the oscilloscope was able to give me the value without me having to manually draw two lines at the peak and trough of the wave in order to find the same value and eliminates any chances of human error or measurement errors as the equipment will input it for you. The simulation does remove any component tolerances that would’ve been in place to make the output value more accurate. All things taken into consideration, I believe the simulation comes out on top as the positives of it outweigh the negatives.
The low pass and high pass filters exhibit opposite responses from frequency despite using the same components. In the low pass filter the output is taken across the capacitor allowing low frequency signals to pass while attenuating higher frequencies. The high pass filter does the opposite by attenuating low frequency signals and transmitting higher frequencies.

[bookmark: _Toc228472339]Conclusion
In these experiments it has been determined that both filters behaved as I had expected. For 3 out of 4 they were exact on the cut-off frequencies, and the other one was in an acceptable range. The half amplitude values were accurate throughout. I have found that for low pass filters the lower the frequency the higher the output voltage, however for high pass filters the voltage would rise as the frequency increases. This was a great way to prove how RC circuits behave. I found that simulated values were closer to theoretical than experimental values were. In conclusion I found that all circuits behaved as they should have and gave the correct numbers and data to back up my claims. 
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