	
	
	




[image: ]
University of Wales Trinity Saint David
School of Engineering

Title of the Coursework
Passive RC Filter Network

Module Name and Code
Electrical & Electronic Principles
ACDB4002

Student Name
Rob Folland

Student Number
2220375

Date
13/04/23


Abstract	2
Introduction	3
Circuit descriptions	5
Results	7
Discussion	9
References	9


[bookmark: _Toc1674868140]Abstract

For this assignment two circuits had to be built, one low pass filter and one high pass filter circuit. Using a function generator and oscilloscope, check and record voltage amplitude using clearly defined parameters, capture the function of frequency and the capacitor reactance at set frequencies. To get exact data, measurements had to be taken at closely staged intervals and plotted on an excel spreadsheet. Furthermore, the cut-off frequency (-3db) must be clearly displayed in the graph.



[bookmark: _Toc1811373044]Introduction 

A low pass filter is designed to attenuate high frequency signals while passing low frequency signals below a chosen cut off point. Essentially, by blocking high frequency signals flowing through while allowing low frequency signals through with little attenuation. Moreover, a high pass filter works in the opposite way, allowing high signals frequencies to pass above the cut-off without being attenuated.
Analysis of the data will clearly show the cut-off point -3db of each frequency on a plotted graph.
Common applications and gadgets that are used every day to muffle sound are good examples of places where low and high pass filters can be found.
[bookmark: _Int_8fHiDsth]Although there are several uses for acoustic mufflers, only two basic varieties are actually in use. These mufflers are reactive and absorptive. Absorptive mufflers use materials that absorb sound to reduce the amount of radiation that is emitted during gas movement. Reactive mufflers maximise sound attenuation while adhering to predetermined requirements, such as pressure drop, volume flow, etc. Today's more sophisticated mufflers frequently combine the two techniques to maximise sound reduction and offer practical specs. Acoustics/Filter Design and Implementation - Wikibooks, open books for an open world  
Capacitive reactance is frequency dependent, and filters can be made to cause a sharp rise in reactance above or below the cut-off frequency. The reactance of a low-pass filter will rise above the cut-off frequency and go off significantly below the cut-off frequency. https://electronicsreference.com/analog/low_pass_vs_high_pass_filter  
Examples of low-pass filters occur in acoustics, optics and electronics.
A stiff physical barrier tends to reflect higher sound frequencies, and so acts as an acoustic low-pass filter for transmitting sound. When music is playing in another room, the low notes are easily heard, while the high notes are attenuated.
-Subwoofers and other loudspeaker kinds use electronic low-pass filters on their inputs to block high pitches that they can't accurately reproduce. Low-pass filters are used in radio transmitters to stop harmonic emissions that could obstruct other transmissions.
An optical filter with the same function can correctly be called a low-pass filter, but conventionally is called a long pass filter (low frequency is long wavelength), to avoid confusion.[2]
[bookmark: _Int_uvBxaCcj]In an electronic low-pass RC filter for voltage signals, high frequencies in the input signal are attenuated, but the filter has little attenuation below the cut-off frequency determined by its RC time constant. For current signals, a similar circuit, using a resistor and capacitor in parallel, works in a similar manner. Low-pass filter - Wikipedia
[bookmark: _Int_9fsm0YdR]This kind of passive filter is frequently used in speaker systems, audio amplifiers as coupling capacitors to direct higher frequency signals to smaller "tweeter"-style speakers while blocking lower bass signals, and in audio amplifiers as filters to lower any low frequency noise or "rumble"-type distortion. When applied in this way, the high pass filter is commonly referred to as a "low-cut" or "bass cut" filter in audio application Passive High Pass Filter - Passive RC Filter Tutorial (electronics-tutorials.ws) ns. 
A Butterworth filter is a type of signal processing filter designed to have a frequency response as flat as possible in the passband. Hence the Butterworth filter is also known as “maximally flat magnitude filter”. It was invented in 1930 by the British engineer and physicist Stephen Butterworth in his paper titled “On the Theory of Filter Amplifiers”. https://www.electrical4u.com/butterworth-filter/


[bookmark: _Toc859194982]Circuit descriptions

For both High and Low pass filter circuits, the function generator was set to 5V pk-pk sine wave and a zero-off set, with the aim to measure the output voltage amplitude across a range of values set from 10Hz through to 300KHz. Furthermore, the capacitor reactance for each frequency value was to be plotted onto an excel graph.
Moreover, the cut-off frequency of –3db was to be clearly displayed across the graphs generated from the results obtained.

[image: ]
      Fig.1 Low Pass Filter  
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       Fig.2 High Pass Filter

Filter cut-off frequency
A cut-off frequency, also known as a corner frequency or break frequency, is the frequency response threshold at which energy begins to be attenuated (reflected or diminished) rather than pass through a system.
The frequency above or below which the power output of a circuit, such as a line, amplifier, or electronic filter (such as a high pass filter), has decreased to a specific percentage of the power in the passband is known as the cut-off frequency or corner frequency in electronics.
The passband power, commonly known as the 3 dB point since a decline of 3 dB roughly equates to half power, is the proportion that occurs most often. There is a decrease in voltage ratio of about 0.707. https://www.electrical4u.com/cutoff-frequency/?utm_content=cmp-true
The frequency above or below which the power output of a circuit, such as a line, amplifier, or electronic filter (such as a high pass filter), has decreased to a specific percentage of the power in the passband is known as the cut-off frequency or corner frequency in electronics.
 As capacitive reactance is frequency dependent, filters can be made to cause increases in reactance above or below the cut-off frequency.
The function generator was set at 5V pk-pk sine wave with zero offset and zero phase input. 
With these values, the input and output voltages were to be tested throughout a frequency range of 100Hz to a maximum of 300kHz, and the results of the voltage output was to be recorded. To increase accuracy further, measurements were taken in small increments and tightly spaced observations were recorded in an excel spreadsheet. When the data had been gathered, using several formulas, data was extracted and populated into a scatter a graph which clearly shows the cut-off frequency of -3db for each frequency.
Once all necessary measurements had been made, a scatter graph with the cut-off point for [-3db] each frequency [-3db] was created using the data.
High frequencies are primarily attenuated by a low pass filter, which allows low frequencies to pass while blocking high frequencies. Evaluating the capacitive reactance and how it affects the output voltage, which is the voltage drop across the capacitor. High frequencies have a low capacitive reactance, while low frequencies have a high capacitive reactance.
       

                     







[bookmark: _Toc1807827288]Results  

The results showed that the theoretical calculations were closely matched to the actual results with very little to differentiate between the two sets of data. However, we do see occasional frequencies passed without attenuation applied.

Low Pass Filter Data
[image: ]Fig.3 - Low Pass Filter Data

[image: ]Fig.4 - Theoretical Vout calculation                                                                              Fig.5 - Measured Vout result

[image: ] Fig.6 - Theoretical attenuation calculation                                           Fig.7 - Measured attenuation result


[image: ]Fig. 8 - High Pass Filter Data

[image: ] Fig.9 - Theoretical Vout calculation                                                       Fig.10 - Measured Vout result

[image: ] Fig.11 - Theoretical attenuation calculation                                          Fig.12 - Measured attenuation result








[bookmark: _Toc165062559]Discussion
Low pass filter results show that all frequencies up to 1000000hz are blocked at the –3db cut off point. However, the circuit has allowed several frequencies to pass unattenuated.
The results show that there is a small decrease in amplitude due to the output voltage being less than the input voltage.
High pass filter results show that all frequencies up to 1000hz are blocked at the –3db cut off point. 
The graphs show the frequency vs attenuation response curve across both filters, ideal results would display flat or steady responses to signal inputs. However, due to component tolerances we can expect to see minimal attenuation at the cut-off frequency.
Generally, the high pass filter is less distorting than its equivalent low pass filter due to the higher operating frequencies.






Conclusion 
The main difference between a low pass filter and a high pass filter is the cut-off frequency at which the filters of each circuit allow signals to pass through. 
The low pass filter circuit is set up using a resistor (10Ω) followed by a capacitor (560pf) to measure the voltage output across the capacitor.
The high pass filter circuit is set up using a different orientation where the capacitor (560pf) is followed by the resistor (10Ω) to measure the voltage output across the resistor.
[bookmark: _Int_QIZ067cT]During the experiment it was determined that the low pass filter and the high pass filter showed voltage droppage across each circuit.
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