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[bookmark: _Toc228515327]Abstract
Throughout the project, 2 versions of the same high pass and low pass filters were curated, physical and simulative. The physical version involved connecting components around a bread board to create a mini circuit applicable for this experiment. I expanded the circuit by wiring in a signal generator and an oscilloscope (see figure one or figure 2.) Following on, I set the frequency to a range of values between 100 and 300000 hz, whilst maintaining a constant input voltage of 4 v. Throughout each frequency inputted a new output voltage was obtained on the oscilloscope. This data was collected and processed through formula A (See below). The outputted numbers were plotted into a graph against the original frequencies. Similarly, in the simulated circuit, I used Proteus 9 software to create a copy of the circuit given, to obtain similar data with same input data and range of values between 100 and 300000 hz. A simulative version of the oscilloscope hence gave similar data to put through the same formula giving another graph. Once both low pass filters were completed the exam was resat moving the resistor and the capacitor in place of one another keeping the resistor the same value but dropping the farads on the capacitor from 560pf to 15nf. The following steps were then retaken to ensure a fair test. Once all 4 graphs were obtained, they were turned to log functions, more to this in paragraph **. The results obtained showed mirrored graphs between the high and low pass filters, although not exact replicas the simulative and physical circuits of the same filter showed the same trends aligning the results. The high pass filters showed an early rise and flat secondary section compared to the low passes flat section one and have steeper decent in the second half. 
[bookmark: _Toc228514961][bookmark: _Toc228515328]Contents:
This assignment contains in depth analysis on high pass and low pass filter circuits and their behaviours when exposed to a range of input frequencies. It will also explain the differences in the results between simulative and physical versions of the same circuit whilst also referencing the electrical principals and theories used throughout. 

[bookmark: _Toc228514962][bookmark: _Toc228515329]Introduction:
This assignment is based around electrical circuits and electrical principal theories. An electrical circuit is an interconnected system of electrical components forming a complete loop in which electric current can flow (BBC Bitesize 2024). Circuits are electrical components typically connected through wires, starting with a power supply (although not exclusively.) All electrical appliances are powered and operated through circuits, for example, computers, washing machines and mains wall sockets are all, although very different examples of circuits, examples of circuits non the less. 
However, this essay is specified to look around the behaviours of high pass filters , an electrical circuit that allows signals with higher frequencies than a selected cut off frequency to pass through, while attenuating (reducing) signals with frequencies bellow the cut off(Analog 2022), and low pass filters, an electrical circuit that allows signals with lower frequencies than a selected cut off frequency to pass through, while attenuating signals with frequencies above the cut off(Waseem 2025). The attenuating properties can be seen using oscilloscopes and measure from change in amplitude.
Theory:
This assignment covers a range of different theories. To begin it covers cut off frequencies, the frequency at which the filters output signal power drops to half of its maximum value (approximately 70.7 percent of the maximum output.)(Muthukrishnan 2022) Or the Cut off frequency reaches -3db , attenuation is measured in db as db is ratio-based measurement; not and absolute value allowing the numbers to apply to a wider range of filters, meaning the lower frequencies (provided it’s a high pass filter) are becoming extremely filtered out lowering amplitude. And hence forth massively decreasing the filter output. Furthermore, another theory covered is the attenuation equation, equation a. In electronics, attenuation refers to the reduction in signal strength as it passes through a component. However, this equation measures it in logarithmic db, presenting a clearer and more practical representation of large changes in signal strength.
[image: ](Dr Shubhi 2025)
Figure 7 – Equation A (Lining Attenuation, Vin and Vout)
Final theory covered is frequency response, the change in wave pattern based on the levels of attenuation (Electronics tutorials 2018). Higher the attenuation, the lower the amplitude and frequency of the finale signal. As more signals are filtered out, the output signal/ voltage decreases. Creating a different wave pattern then before. The output voltage can be discovered by measuring the peak to trough on the oscilloscope. Conveying that the wave response can indicate and demonstrate the change in output from the filter. For example, if the attenuation is extremely high the graph will show a relatively much smaller peak to trough value, as apposed to no attenuation and the graph will resemble has produced of the signal generator. 
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Figure 1 – The Simulative version of the RC High Pass Filter
High Pass Filter
As shown in Figure 1 a capacitor, with a capacitance of 15 nano farads, is placed in series with a resistor (10K ohms). To ensure the nature of a high pass filter is correctly portrayed the capacitor is first in the series prior to a resistor wired to ground. A signal generator ties in each end with a positive and negative sided connection. And finally, the oscilloscope is placed around the capacitor. 
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Figure 2 – The Simulative Version of the RC Low Pass Filter


As seen in figure two the low pass filter has a resistor, resistance of 10 kilo ohms, is placed in series with a capacitor, with a capacitance of 560 pf, wired to ground. A low pass filter dictates the resistor be placed prior to the capacitor wired to ground. The signal generator is placed either end, ensuring the positive channel flows towards the resistor. An oscilloscope is placed around the resistor to depict the signal drop. 
Both tests when running have two constants. Firstly, throughout both tests the input voltage remains 4 volts independent of the changing frequencies. Secondly the same values between 100 and 300000hz are used. Ensuring the same values are used across the same range gives exact data to compare. If different values were used for each test compared values would have to be extrapolated from the graph giving less accurate readings.  
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Figure 3 Results from Simulative Low Pass Filter
Illustrated in figure 3 the change in attenuation remains extremely low until 10000 hz. Past the 100000 hz the graph begins to exponentially decrease indicating the cut off frequency has been met or is close to being met. Throughout the range of -2 to -5 db a higher number of dots are located as the range between test was lowered in attempt to find the closed value to the cut off frequency at 3 db. 

Figure 4 Results from Simulative High Pass Filter
Figure 4 portrays a mirror correlation to the low pass filter, It depicts a strong positive accent in the lower frequencies and no attenuation in the later frequencies. Conveying it to be a successful high pass filter as the lower frequencies have high attenuation compared to the much lower attenuation of the higher frequencies. 

Figure 5 – Results of Physical High Pass Filter
Demonstrated in figure 5 is a near identical copy to figure 4, the graph starts with a strong positive ascent in the early stages and flattens out at the higher frequencies. However, it lacks the constancy of is simulative counterpart. The data on the incline isn’t a complete correlation and lacks the exact straight line of the simulation. 

Figure 6 – Physical version of the Low Pass Filter
Conveyed in figure six is a near replica of figure 3. The graph starts with a no gradient line and progresses to a strong negative decline at a higher frequency.
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As seen in figures 5 and 6 the results show minor differences to that of the simulative counterparts. Breadboards have a higher internal resistance as each joint activates a whole row leaving unneeded wire length in the circuit, furthermore older breadboards have higher oxidisation, causing connections to be less successful and therefore have a higher resistance (Breadboard contact resistance 2023). Increased resistance will obscure the results. Filter circuits rely on the discharge and charge loop of the capacitor. τ=RC is the formula relating time charge circuit, resistance and capacitance. As shown resistance is directly proportional to capacitance so as the resistance increases so does the charge time cycle (Electronic tutorials 2018). The increased time will change the capacitors’ ability to attenuate the signal from each frequency. Leading to a result showing a higher attenuation then expected. In an RC circuit, the attenuation is determined by the voltage division between the resistor and the capacitor. If the resistors value increases e balance between the two components shifts leading to a higher or lower (reprehensively) cut ff frequency. 
More to the point, human error will play a more significant role in the physical circuits as the human eye has to read the oscilloscope meaning a higher uncertainty in data collection. Furthermore, the act of inserting a component or wire to the breadboard could have been done unsatisfactorily. Leading a higher resistance or poorer connection. Although neither major mistake the accuracy of the simulation is near perfect meaning small variations in the data will lead to a massive obscuration in results.(BBC 2019)
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Equation 2 – Equation to Calculate Cut of Frequencies. 
Using equation 2 the theoretical cut off frequency of the low pass filter can be calculated to be 28420.5 hz and using graph extrapolation we can see that the physical and simulated low pass filters produced cut off frequencies of 26100 and 27600 respectively. The physical high pass filter had a higher resistance due to breadboard related impurities (mentioned prior) and human error. As the resistance increases the efficiency of the filter decreases allowing a wider range of data to pass through, explaining the lower hz value. Furthermore, a theoretical calculated value fails to include internal resistances of wires and signal generators a like. (PhET Simulations 2026) More to the las point, this re affirms the ideology that increased resistance effects the response of a cut off frequency. Moreover, simulators often model realistic capacitor effects such as leakage resistance and frequency dependant (Ahmad 2018). Although only minor differences the change of capacitance it will affect the overall cut off frequency. Explaining why the simulated version is out by 2.88 percent.  
Finally, using equation 2 the theoretical cut off frequency of the high pass filter can be calculated to be 1061hz, however through extrapolation of the graphs the physical and simulation versions of the high pass filter reported cut off frequencies of 1175hz and 1075hz respectively. As the simulated value only showed an impurity of 1.3 percent, it is safe to assess as a correct value although simulated internal resistance and capacitor behaviour will have obscured the results minorly, the data reported falls within a safe region of reliability. So, the data is excepted. However, the physical high pass filter experienced data reading of 10.7 percent above that of the theoretical reading. Likely this circuit had poor groundings throughout the breadboard increasing resistance, its also likely that the capacitor was faulty as for the results to be reported that far astray it’s a possibility there was a mechanical issue. Faulty parts whether it be the capacitor, resistor or a wire would lead to extreme variations in readings. This likely explains the variations in results. 
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To conclude, throughout this report I have demonstrated my findings when operation theoretical, simulate and physical RC high and low pass filters. I discovered that minor variations in resistance or capacitance can lead to extreme variations in cut off frequencies when compared to perfect theoretical counterparts. I also gained practical experience with circuits and protease 9 software. Finally, I reported that simulated variations showed closer and more accurate readings allowing a better understanding of filter circuits and a better data collection method. 
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SImulative Low Pass Filer
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Cahnge In Atenuation (DB)
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Physical High Pass Filter
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Change in Attenuation (DB)



Physical Low pass Filters
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Change In attenuation (DB)



image4.jpeg
it

liestronr
e

tH fuenane New Projectpdsprj
| \ | 111 [oesen s New Project pdsprj 2810412026
| e C:UsersidannolOneDrveiDocumantsNow Prestautzer

urior arev | 1ot 1





image5.png
fe=32rC




image1.jpeg
Prifysgol Cymru

x‘;;.“ Y Drindod Dewi Sant
Q %

University of Wales
Trinity Saint David




image2.png
A=20xlog;,

Vour

in




image3.jpeg




