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Assignment focus
Throughout this specific electrical and electronic assignment, the focus involves discussing the topic of passive RC filter networks. In simple terms this can include building and analyzing low pass circuits, high pass circuits. Whilst gaining knowledge and understanding of the theory that works alongside the analysis. For instance, the theory topics include circuit types, resonance types, bandwidth, selectivity, attenuation and other theories that appear relevant when discussing passive RC filter networks. Once knowledge and understanding has been gained and reached, theoretical and experimental methods can be obtained and utilized. Laboratory exercises are required to perform analytical calculations and practical experiments by utilizing theories and real-life methods to achieve this goal. Once methods have been carried out results can be recorded and analyzed. 
The work done 
The multiple tasks completed involved understanding the theory of each circuit and how the filter operates by researching, utilizing textbooks and ensuring that the knowledge was apparent. Therefore, the next stage was building and constructing the circuits, allowing the approach to be more straightforward and successful due to the time spent throughout the research stage. The construction and building stage consisted of both experimental and simulation tasks, where circuits were built manually and electronically. After carrying out construction of each circuit results and records were taken to determine the differences and similarities between each circuit. 
Methods
When constructing and testing circuit types using theoretical and practical methods it is essential to understand the theory behind how each circuit and filter operates. This ensures building the circuits and filters to be straightforward and effective. Meaning the knowledge learnt can lead to gathering correct results for analysis, experimentation of each build, reduces the likelihood for human error and many others. 
Theoretical construction method (proteus)
When theoretically constructing any filter throughout this assignment a well-known simulation software was utilized named proteus. This specific software allows individuals to draw, build, simulate, and experiment with electrical circuit types. The software package allows users to explore with various electronic components, measuring equipment, schematics and advances to complex processors and microcontrollers.
For both low pass and high pass filters the commands and specific buttons utilized in the proteus software apply to both applications. For instance, when wanting to select and gather specific electrical components and devices to implement into the drawing space several stages must be considered. Therefore, it can be beneficial for users to carry out the construction of the filters in various stages as it can subsidize the build time and make the process more straightforward. So, the construction stages are as follows. 
Construction stages 
1. Firstly, the electrical components and parts to be implemented such as resistors, capacitors, grounds are all selected and picked strategically from a library located in proteus. To activate the library there are two blue buttons on the left-hand side of the drawing space which appear under the schematic capture box. The correct button includes a letter “P” on it. When the button has been found it is essential to click on the button to allow for access to the library. This is shown in Figure 1. 
Figure 1 
[image: ]
2. Secondly, once the library has been accessed by utilizing stage 1 the option will be available to search for the acceptable electrical components needed for the drawing. The components can only be selected one at a time. For instance, type resistor into the search bar and various resistor types will come up and can be selected accordingly. After, the correct component has been found click on the “ok” button located bottom right of the library. When carrying out the process above the library will close and the cursor will have the component selected.


3. Additionally, place the cursor over the drawing space and click on it, the component should appear on the drawing space. To ensure the position and the visualization of the component click a second time to ensure that the component will stay on the screen until removed by the user. 
4. Next, when assigning values to the different electronic components in the proteus software. Simply, double-click on the component that requires values or right click and select “Edit Properties”. Once, the “Edit Properties” window and the “Value” field has been located, enter the values (numbers) required and click “OK” to save. 

5. Once entering the values, it is essential to ensure that the units are implemented too. To add units to the values entered on proteus simply use the correct unit prefixes including kilo-ohms (k), mega-ohms (M) and others. 

6. Moreover, repeat the following stages above until all components for each filter are selected and in the drawing space ready for organizing.

7. Next, when organizing the components the organization depends on which filter is being produced. For instance, if the low pass or the high pass filters are being constructed the layout of components on the drawing space will have several arrangements because the circuits have distinct differences. Therefore, the layout of each component will be demonstrated below. 

Theoretical construction of the circuits 
When constructing both circuits located on proteus, the first step was to set up proteus correctly. For instance, by opening the proteus app, the schematic capture option was selected for this drawing to allow for visualization of the filter and to identify the various electronic parts that were included throughout the circuit and how the filter connects. Before drawing the filter, it is important to identify the several electrical components and measuring equipment types that are involved within the low pass filter construction. The following components used:
Low pass filter stage
Electrical components 
· Resistor 2- quantity=1, value=10KΩ
· Capacitor 2- quantity=1, value=560pF
· Ground- quantity=1
Measuring devices
· Oscilloscope- quantity=1
· Signal generator- quantity=1
The reference drawing and values for the low pass filter stage were provided shown in Figure 2 to ensure that the electronic components could be selected effectively and drawn appropriately on the simulation software. 





 Figure 2
Low pass filter stage reference drawing
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High pass filter stage
Electrical components 
· Resistor 1- quantity=1, value=10KΩ
· Capacitor 1- quantity=1, value=15nF
· Ground- quantity=1

Measuring devices
· Oscilloscope- quantity=1
· Signal generator- quantity=1
The reference drawing and values for the high pass filter stage were provided in Figure 3 to ensure that the electronic components could be selected effectively and drawn appropriately on the simulation software.

Figure 3 
High pass filter stage reference drawing 
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Advantage of reference drawings 
By having a reference drawing allocated for the specific filter stages it ensures that the layout of electronic components and measuring devices are situated according to the drawing. This allows the proteus circuit to be in the correct configuration and orientation which is beneficial. As, the circuit then has the potential to meet certain requirements when mentioning presentation standards. Therefore, the drawing can be used appropriately when carrying out the construction on the proteus software. 
Connecting the circuits 
After implementing the various electronic components, devices, values, units and positioning the following where necessary. It is essential to connect the circuits and make the circuits live, so the circuits can function, allowing for measuring to be carried out. In the proteus software each circuit connection is carried out using a wire command, select the command that looks like a wire or a line and click on it. Then once it has been selected go over to the components and left click from one terminal to the other to make that connection. These connections can be easily removed by double right-clicking on the connected wire and pressing delete. Therefore, the wire can be redrawn or repeated, to repeat double-click on the specific component to activate this function. Furthermore, when connecting each type of circuit filter connection will be slightly different due to the configuration of each one. Therefore, the connecting points of the terminals and the layout of components will have many differences which are shown below. 
Low pass filter stage connection 
Figure 4
Low pass filter stage- circuit construction
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When connecting the low pass filter stage, the connections are made from the signal generator terminal (B) to the oscilloscope (bottom terminal). Other connections were encountered throughout this, including capacitor (1) and the ground. A wire connected to the oscilloscope (top terminal) made a connection to the signal generator (A) followed by the resistor (1). The circuit appears as a big loop in which most components are connected in loop which each other.

High pass filter stage  
Figure 5 
High pass filter stage- circuit construction 
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When connecting the high pass filter stage, the connections are made from the oscilloscope (bottom terminal) to the ground, across to the resistor (1) then connected to the signal generator terminal (B). The resistor (1) has other connections to the left including the capacitor (1) back to the oscilloscope (top terminal). Furthermore, a connection is made from the signal generator terminal (A). Then placed between the oscilloscope (top terminal) and the capacitor (1) which connects further to the resistor (1) back to the signal generator terminal (B). The circuit appears as a big loop in which most components are connected in loop which each other. 

Setting up the oscilloscope and signal generator 
After constructing both circuits on proteus it was time to set up the oscilloscope and signal generator where results can be recorded. For instance, when the oscilloscope probes have been connected to the points in the circuit where it is necessary for the signals to be measured. Then the oscilloscope can be activated where the time base, voltage divisions, and trigger settings can be adjusted for proper visualization. The signal generator is a similar set up including connecting the output of the signal generator to the circuit where it is necessary for the signals to be injected. Once the following above has been carried out to activate the electronic components within the circuit simply run the simulation by selecting the “play” button. By activating the “play” button the oscilloscope and signal generator should be active. However, if the following measuring instruments do not display signals and appear on the screen it can be beneficial to check the connections of the wires within the circuit and even debug the circuit if needed. 
Oscilloscope displayed
The oscilloscope that displays in proteus reassembles a realistic digital oscilloscope that provides a graphical representation of the electrical connections within the specific circuit. For example, the screen layout helps to visualize waveforms. The waveforms appear as lines that fluctuate based on the parameters that are set. As the axes represent different parameters including the X-axis standing for time whilst the Y-axis represents voltage. Furthermore, other functions of the oscilloscope involve colour coded traces meaning that the input and output are identified by blue and yellow. When measuring the waveform on the oscilloscope, it is easy to zoom in and out on the screen to enhance visualizing and stabilizing the waveform for better analysis. When recording the results of both circuits the oscilloscope appeared reliable because the voltage inputs and outputs between the waveforms were easily recognizable. This helped massively throughout recording the results 
Signal generator displayed 
The signal generator that displays in proteus reassembles a virtual electronic device that generates different types of waveforms. For example, the waveform options include sine, square, and triangle waveforms, the waveforms can be controlled by adjusting the setting for signal frequency and voltage. When running the following measuring device for each circuit the following values were implemented including a peak-to-peak voltage: set to 5V, frequency: 100Hz and an offset voltage: set to 0V. 


Figure 6 
The oscilloscope and signal generator working alongside each other 
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Experimental construction method (manual)
When constructing circuits experimentally, this can be carried out by building circuits manually utilizing electronic equipment such as a breadboard which is a great way to prototype and test electronic designs such as circuits. For instance, both high pass and low pass filter stage circuits can be made on a breadboard. A breadboard has rows and columns of holes where components can be inserted into. Other functions of a breadboard include the power rails which run along the sides for power distribution and the middle section which is divided into two halves where rows are connected internally. 
Construction stages 
Components needed for low pass filter stage circuit 
· Resistor (R2) value= 10KΩ
· Capacitor (C2) value= 560pF
· Breadboard 
· Signal generator 
· Oscilloscope 
· Connecting wires
· Ground clips 
         Stages 
1. Firstly, insert one leg of the resistor (R2) into an empty row. 

2. Secondly, insert the other leg into a different row ensuring separation. 

3. Additionally, ensure one end of the resistor connects to the input signal (Vin) from the signal generator. 

4. Then, place one leg of the capacitor (C2) in the same row as the resistors (R2) second leg this creates a junction. 

5. After, place the other leg of the capacitor (C2) into the ground rail. 

          Wiring the signal generator:  
· Connect the input wire (red) from the signal generator to the end of the resistor. 
· Connect the ground wire (black) to the ground rail of the breadboard.

          Connecting oscilloscope probes:
· Channel 1 (CH1) probe (red) connects to the input before the resistor (R2). 
· Channel 2 (CH2) probe (red) connects to the output after the resistor (R2) at the capacitor junction. 
· The black wires from the signal generator and other locations connect to the ground rail ensuring the components are grounded. 

          
Figure 7 
Low pass filter stage- manual breadboard circuit 
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Components needed for high pass filter stage circuit 
· Resistor (R1) value= 10KΩ
· Capacitor (C1) value= 15nF
· Breadboard 
· Signal generator
· Oscilloscope 
· Connecting wires 
· Ground clips 
Stages 
1. Firstly, place one leg of the capacitor (C1) into an empty row. 

2. Secondly, place the other leg in a separate row for separation. 

3. Additionally, the first leg of the capacitor (C1) will connect to the input signal (Vin) using the yellow and red connecting wires. 

4. Next, place the other leg of the Resistor (R1) in the ground rail. 

    Wiring the signal generator:  
· Connect the red/yellow wire from the signal generator (output) to the leg of the capacitor. 
· Connect the black wire from the ground of the signal generator to the ground rail located on the breadboard. 



   Connecting oscilloscope probes 
· Channel 1 (CH1) probe connects to voltage in (Vin) before the capacitor (C1). 
· Channel 2 (CH2) Probe connects to voltage out (Vout) between the capacitor and resistor. 
· The ground clips are attached to the black wire for accurate voltage measurement. 







Figure 8

High pass filter stage- manual breadboard circuit
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Results 

Figure 9 
Low pass filter stage- results 
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Link for low pass filter results 
results- low pass 



Figure 10 
High pass filter stage- results
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Link for high pass filter results 
Results-high pass
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Tuned circuits 
Both high pass and low pass filters are known as frequency selective circuits. As, a tuned circuit resonates at a specific frequency named resonant frequency. This circuit type is essential when selecting or rejecting frequencies. 

Low pass filter 
A low pass filter known as a (LPF) allows certain frequencies to pass through, such as frequencies below a certain cutoff frequency whilst attenuating above the cutoff frequencies. A pure example of a low pass filter demonstrates that when the signal frequency input is low it suggests that the capacitor impedance is high. Therefore, most of the input voltage drops across the capacitor. Whereas, when the input frequency is high the capacitor impedance is low meaning that more voltage drops in accordance with the resistor. Therefore, a low pass filter benefits from low frequencies instead of high frequencies, high frequencies are blocked. 
Figure 11 
Low pass filter circuit 
[image: ]


Utilization of low pass filters 
· Audio processing 
· Systems relating to communication
· Signal conditioning 
· Loudspeakers 



High pass filter 
A high pass filter, best known as a (HPF) allows high frequencies above the cutoff frequency to pass through whilst stopping frequencies below a certain cutoff point. For example, frequencies above 3dB will be passed through whereas –3dB will not be passed through for this specific filter type. 


Utilization of high pass filters 
· Audio processing 
· Communication systems
· Signal conditioning 

Figure 12 
High pass filter circuit 
[image: ]
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Circuit descriptions 
Circuit evaluation 
Both filter types are being evaluated to determine the cutoff frequencies and attenuation for each circuit, which ensures that theoretical and experimental practices completed meet the research and theory requirements studied prior. 
Cutoff frequency    
The cutoff frequency can be best described as the specific frequency point where an intensity of a signal starts to reduce or attenuate. Therefore, this suggests that the power of the signal can be reduced to half of its original value due to the frequency. 
Figure 13
Formula for cutoff frequency
[image: ]
Attenuation 
Attenuation can be known as the reduction of amplitude when referring to a signal as it passes through a circuit. For instance, the measured input voltage (Vin) and the measured output voltage (Vout) are utilized to calculate the attenuation at each apparent frequency. The formula below demonstrates the calculation method of attenuation. 
Formula: A=20log10(Vout/Vin)
Bandwidth and selectivity 
Bandwidth involves a frequency range where a circuit operates effectively, depending on which circuit type the frequency has the capability to range between the upper and lower cutoff frequency. This is where power at the maximum value can drop to half the value. For instance, the formula below is utilized to calculate bandwidth. 
Figure 14
Bandwidth formula
 [image: ]
Parameters 
When carrying out the circuit drawings and construction it is essential to understand the parameters used for each filter including high pass and low pass. Therefore, when implementing voltage, the voltage being set involves peak-to-peak voltage. For instance, this voltage type peak-to- peak voltage known as (Vpp) refers to the total voltage from the highest peak to the lowest peak of a waveform. This can include the maximum voltage and the minimum voltage. Therefore, throughout this experiment the peak-to-peak voltage was 5Vpk-pk. Furthermore, when measuring the input voltage (Vin) and output voltage (Vout) a range of frequencies where recorded. A table below demonstrates the frequency ranges. Table of frequency values (minimum, maximum and others): 
	Frequency (Hz)

	100   min value                                                         

	200                                          

	500                                          

	1000                                       

	2000                                       

	5000                                       

	7500                                       

	9000                                       

	10000                                    

	26000                                    

	27000                                    

	28000                                    

	30000          max values                              

	32000                                    

	34000                                    

	36000                                    

	38000                                    

	40000                                    

	44000                                    

	48000                                    

	50000                                    

	55000                                    

	57000                                    

	60000                                    

	70000                                    

	75000                                    

	80000                                    

	90000                                    

	100000                                  
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High pass filter semi log graph 
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Low pass filter semi log graphs 
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When visualizing both graph types the high pass and the low pass filter, it appears noticeable that one graph ascends whilst the other descends. The discussion below will explain more as to suggest reasoning for each graph aesthetic. 

[bookmark: _Toc2094818045]Discussion 
High pass filter results 
When referring to the excel spreadsheet linked above in the “Abstract” section, the high pass filter results demonstrate the effectiveness of the filter in attenuating low frequency signals while allowing higher frequencies to pass. At 100 Hz, the filter significantly reduces the frequency signal, with an output voltage of 520 mV. This leads to a high attenuation of -19.66 dB. As the frequency increases it is apparent that the attenuation decreases, with 5 KHz showing a negligible signal loss at –0.14 dB. The cutoff frequency typically marked by –3 dB appears to be noticeable at around 900 Hz to 1000 Hz, meaning that frequencies beyond this point experience minimal attenuation. Furthermore, a stable gain is reached at high frequencies, as at 100 KHz the gain fluctuates slightly but remains close to zero. This indicates that at very high frequencies the filter allows signals to pass with almost no reduction. This suggests that the circuit is designed well because the results demonstrate a smooth transition around the cutoff frequency. 
Low pass filter results 
When referring to the excel spreadsheet linked above in the “Abstract” section, the low pass filter results demonstrate how the circuit allows lower frequencies to pass while attenuating higher frequencies. For instance, at frequencies up to 2000 Hz the filter has the potential to maintain full transmission, with Vin=Vout=5V. Therefore, this leads to a gain of 0 dB which confirms that the following signals pass unaffected. However, attenuation gradually begins beyond 5000 Hz with the gain decreasing to –0.18dB at 5 KHz, it continues to drop as the frequency increases. The cutoff frequency typically marked by –3dB occurs around 30 KHz demonstrating that attenuation becomes more pronounced. As it reaches –6.74 dB at –55 KHz, -10.46 dB at 90 KHz, and –11.37 dB at 100 KHz. Furthermore, the semi-log graph demonstrates the decrease rate at higher frequencies. Therefore, these results validate the expected behaviour of a low-pass filter. 


[bookmark: _Toc754538582]Conclusion 
In this experiment, it has been determined that the high-pass filter effectively attenuates low frequencies while allowing higher frequencies to pass with minimal loss. At 100 Hz, the filter significantly reduces the signal which results in a high attenuation at -19.66 dB. As frequency increases the attenuation decreases with 5 kHz, experiencing negligible signal loss at -0.14 dB. The cutoff frequency, which was identified around 900 Hz to 1000 Hz, marks the point beyond which signals pass with little attenuation. At very high frequencies including 100 kHz and beyond the gain stabilizes close to 0 dB, confirming nearly full signal transmission.
Whereas the low-pass filter allows lower frequencies to pass while attenuating higher frequencies. Up to 2000 Hz when the filter maintains full transmission with 0 dB gain this indicates a minimal signal loss. Beyond 5 kHz where attenuation begins which becomes more pronounced past 30 kHz. The gain reaches approximately -3 dB this marks the cutoff frequency. As frequency increases, attenuation continues, reaching -6.74 dB at 55 kHz and -11.37 dB at 100 kHz. Therefore, this demonstrates effective suppression of higher-frequency components.
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