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This task was introduced to Broaden the understanding of what an LC Circuit is and how they react. For this, the group had to crate and design an LC circuit with the capacitor and inductor in parallel. From this they then had to simulate what would happen to the attenuation as the Frequency increases over the range of 100 Hz to 20 kHz. After the simulation was completed, it was then time to move to breadboard designs. This bench testing then could show us the differences between doing a test via a simulation and then doing the test in a real-world scenario. After the bench testing was completed, the results were then used to compare similarities and differences between bench testing and simulations. Whilst also showing us how LC Circuits have a resonant frequency. 
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1. [bookmark: _Toc165623787][bookmark: _Toc165623808][bookmark: _Toc165623835][bookmark: _Toc165621808][bookmark: _Toc165623294]Introduction
1.1 [bookmark: _Toc165623788][bookmark: _Toc165623809][bookmark: _Toc165623836][bookmark: _Toc165621809][bookmark: _Toc165623295]What Circuit is being Tested
The circuit chosen for this practical exercise was an LC Circuit. This is a circuit which consists of a Capacitor and also an Inductor. For an LC Circuit these two components can be connected in series or parallel depending on what task you would like to achieve with them. For this Practical, the two components were connected in parallel. The LC Circuits main purpose is to store electrical energy within the circuit. This happens due to the electrical energy oscillating between both the capacitor and inductor. This is due to the idea of resonance. [1]

The difference with the Series LC Circuits and Parallel LC Circuits are very important. Parallel LC Circuits are predominantly used to magnify current whereas a Series LC Circuit is used to magnify Voltage [2]. For this reason, depending on the task that needs to be completed depends on what orientation you position your Inductor and Capacitor.  

For the circuit used within this test the capacitor and inductor were placed in parallel. This means magnification of Current. The Capacitor used within the Circuit was a 1 uF Capacitor. Within the circuit we also included a 1 mH Inductor and a 1kΩ resistor. The Resistor is included into the circuit to make sure that the circuit isn’t overloaded with voltage. 

1.2 [bookmark: _Toc165623789][bookmark: _Toc165623810][bookmark: _Toc165623837][bookmark: _Toc165621810][bookmark: _Toc165623296]Real World Applications of this circuit
[image: LC FilterLumped And Semi-Lumped Element Filter]LC Circuits can be seen in multiple areas of the world.  LC Circuits are very commonly seen within radio receivers and signal generators [3]. Additionally, to Radios, LC Circuits can be seen in multiple medical machines; Like MRI scanners “enabling highly sophisticated parallel imaging” [4]. Figure 1 - LC Filter


LC circuits can be used to filter unwanted signals from a larger circuit. This is in the form of an LC Filter. 

1.3 [bookmark: _Toc165623790][bookmark: _Toc165623811][bookmark: _Toc165623838][bookmark: _Toc165621811][bookmark: _Toc165623297]What is Resonance
Resonance within Electronics is when the Inductive reactance and capacitive reactance within an AC circuit cancel each other out. This therefore leads to a total reactance of zero. This then leads to the current and voltage increasing [5]. Resonance can be used in positive ways by filtering out all frequencies that are not needed and increasing current only when the desired frequency is shown. On the other hand, resonance can play a very large problem within some circuits. For example, if there is high resonance and you haven’t taken it into account then you would have the potential to not receive any current or voltage as an output; due to the attenuation being too high. Therefore, when using LC Circuits, you need to take into account the resonance and the frequencies in which resonance will occur in the circuits you have created. When resonant circuits are in series the voltage and current are both in phase. However, when they are in Parallel, the voltage and current are then 180˚ out of phase [5]. 
	
2. [bookmark: _Toc165623791][bookmark: _Toc165623812][bookmark: _Toc165623839][bookmark: _Toc165621812][bookmark: _Toc165623298]Practical Element
2.1 [bookmark: _Toc165623792][bookmark: _Toc165623813][bookmark: _Toc165623840][bookmark: _Toc165621813][bookmark: _Toc165623299]Setting Up the Simulation 
[image: ]The simulation was initially set up in Proteus. This then can allow us to simulate the circuit and change the frequency in which we are using. Allowing for us to plot data on a graph. Within the Simulation there is 6 main items used. 
These are:
· Resistor,
· Capacitor,
· Inductor,
· Ground,
· Signal Generator,Figure 2 - A screen capture of the Setup of the simulation

· Oscilloscope.

These 6 objects are a mix of components needed to create the circuit and also measuring tools so that we have the ability to record the Simulation and take effective measurements. 

The Signal generator is used to create an Alternating Current (AC) through the circuit. This can then allow the LC Circuit to actually function how it should and give us values that we can record. The reason it needs to be AC is due to the fact that the DC power would not effectively work, this is due to capacitors in DC blocking the flow of current though it [6]. Therefore, stopping the current flow within the circuit. 


The oscilloscope was then used to see the Signal generators response. Oscilloscope is connected to two locations within the circuit. The connection at Channel A can show the waveforms before the signal gets transferred through the circuit. This is known as the Voltage Input (Vin). Channel B is then connected to the circuit after the signal has been transferred through the LC Circuit. This is known as Voltage Output (Vout). 



2.2 [bookmark: _Toc165623793][bookmark: _Toc165623814][bookmark: _Toc165623841][bookmark: _Toc165621814][bookmark: _Toc165623300]Measuring from the Simulation

[image: ]After the Simulation is set up. The simulation was then started. From the Simulation the Frequency was increased from 100 Hz up to 20 kHz. Whilst measuring between these values, we focused specifically at 5032.92 Hz. This is due to being where the attenuation peak was mathematically predicted to be. This is proven below.Figure 3 - Picture of the digital oscilloscope when measuring Simulation Results.


 
Equation 1 - Resonant Frequency Equation [7]
 

 

 

Due to 5032.92 Hz being the resonant frequency. At this point we should see the highest Vout this therefore would lead to a maximum attenuation. 



2.3 [bookmark: _Toc165623794][bookmark: _Toc165623815][bookmark: _Toc165623842][bookmark: _Toc165621815][bookmark: _Toc165623301]Setting Up the Breadboard
After Receiving positive results from the Simulation, then it was time to take this to a real-world test. For this it was decided to create the circuit on a breadboard and test at the same frequencies as the simulation. 
[image: ][image: ]As shown in Figure 4, the 3 main components are the resistor, Capacitor and inductor. The two wires red and black are for the ground and for the Power.  Figure 4 - LC circuit connected up to the Signal Generator and Oscilloscope.
Figure 5 - the Initial Breadboard design for the LC circuit


After the Breadboard was designed. Then the wires were connected into the correct positions. The Signal Generator was connected through the red clip and a black clip, this allowed for the signal generator to create a sine wave signal. On the other hand, the Oscilloscope is connected through the two hooks. One connected to either side of the resistor. This allowed us to then be able to calculate the Vin and the Vout. 



2.4 [bookmark: _Toc165623795][bookmark: _Toc165623816][bookmark: _Toc165623843][bookmark: _Toc165621816][bookmark: _Toc165623302]Measurements from the Breadboard
After setting up the Breadboard and connecting the clips into the correct areas. It was then possible to measure the peak to peak of the Vout. Initially, the signal generator needed to be set up correctly. The signal generator used when set to 2 V in actually had a true Vin of 0.98 V. This may have been an error within the machines used. This number was then Logged in the table of results and Attenuation was calculated from this voltage.[image: ] After Vin was calculated, it was the time to start calculating Vout at different frequencies. Similarly, to the simulation, the frequencies started from 100 Hz and increased until 20 kHz. This should allow for us to see the increase in Attenuation and also after the peak of attenuation.Figure 6 - Measurements shown from the Breadboard Testing




3. [bookmark: _Toc165623796][bookmark: _Toc165623817][bookmark: _Toc165623844][bookmark: _Toc165621817][bookmark: _Toc165623303]Discussion
3.1 [bookmark: _Toc165623797][bookmark: _Toc165623818][bookmark: _Toc165623845][bookmark: _Toc165621818][bookmark: _Toc165623304]Results from the Simulation
[image: ]After completing the Simulation, it was time to look into the data that was discovered. As shown in Table 1. The minimum Attenuation seen was at 100 Hz and as mathematically proven. The max attenuation was at 5032.92 Hz at an Attenuation of only -0.42 dB . This is a very minimal amount of loss within the Circuit. At 5032.92 Hz there was a loss of 0.1 V throughput the LC Circuit. This means that the Vout of the circuit is 1.9 V. Figure 7 - A graph to show Attenuation against frequency in the simulation
Table 1 - Table of results for the Simulation Testing

After obtaining the table. The it was time to plot the data onto a graph so it is easier to comprehend. The graph above shows Attenuation against frequency. As you can see, the Attenuation gradually increases until it gets to around 4000 Hz. At this point the Attenuation rapidly increases to a maximum at 5032.92 Hz. At this point it then decreases Rapidly until 6000 Hz. After this it then starts to gradually decreases. This can show us visually that the resonant frequency of this circuit is 5032.92 Hz as this is shown to be where the peak of the graph is seen. 
3.2 [bookmark: _Toc165623798][bookmark: _Toc165623819][bookmark: _Toc165623846][bookmark: _Toc165621819][bookmark: _Toc165623305]Results from the Breadboard testing
When the breadboard results were then put into a table, shown in table 2. This then could be used to create a graph to show a peak at around 5032.92 Hz. The Table of results can show us that the Attenuation is low at frequencies and increases to a maximum at 5032.92 Hz. This compares very similarly to the basic theory. That can be seen in equation 1. This therefore can show us very positive results with the real-world components as it means that the theory lines up with the testing in practice. 
[image: ]
Table 2 - A table of results from the Bench testing
With the data received from the Bench Testing, then graphs were designed so that it is easier to discuss the data, As shown in Figure 8 below. This very clearly can show the Peak at 5032.92 Hz due to this being the resonant Frequency for the circuit that was being tested.
Figure 8- A graph to show Attenuation Against Frequency for the breadboard testing
 


3.3 [bookmark: _Toc165623799][bookmark: _Toc165623820][bookmark: _Toc165623847][bookmark: _Toc165621820][bookmark: _Toc165623306]Comparison of simulation results and Breadboard Results
An important Section of this testing is comparing the Simulation with the real-world results. To make this as easy to compare as possible. Both results have been put onto the same Graph. This means you have the ability to see the difference between the two attenuations. As shown in Figure 9 Below.

Figure 9 - A graph to compare the Attenuation of the bench testing and simulation
As you can see from Figure 9 The peak on the Simulation is much more defined with a much steeper increase closer to the resonant Frequency. This is due to being a simulation and not having any errors which would be noticed in the real world. Also, the Simulation has a very linear increase before the peak whereas the Bench testing does not. Again, this can be due to the errors you will find in the real-world components. One positive that can be seen by the comparison of the two tests is the fact that they both follow the same patterns of increasing slightly until roughly 4,000 Hz and then rapidly increasing in attenuation to a peak at 5032.92 Hz. This can prove that the real-world test was successful as it still follows the same ideas and theories that are broadcasted into the simulation. Therefore, proving that the Bench testing is following the same LC Circuit theory as the simulation.

Another key reason that you will see differences in the two results is the fact that the components stated value and their measures values are quite different. For example, the resistor uses was stated to be 1 kΩ bur tin fact it was measured to be 979 Ω. This was similar for the inductor where the stated inductance was 1 mH but the measured inductance is 0.994 mH, and also the capacitor where it was stated to be 1 µF but it was measured at 1.064 µF. These errors within the stated value and measured values can give us an error within the actual capacitance and inductance of the circuit therefore leading to a different resonant frequency. If we use these values to calculate the resonant frequency then we could estimate the true resonant frequency value to be 4893.91 Hz. This error can be considered if we needed highly accurate measuring but for this testing, still using the Resonant frequency of 5032.92 Hz should be an acceptable number.

3.4 [bookmark: _Toc165623800][bookmark: _Toc165623821][bookmark: _Toc165623848][bookmark: _Toc165621821][bookmark: _Toc165623307]Comparison of Q Factors
The Quality Factor, or better known as the q factor, is a fundamental way to assess the goodness of a resonant circuit [8]. 
This can be calculated by using the equation
Equation 2 - Q Factor Equation

To work this out we need the Resonant Frequency (5032.92 Hz) and the Frequency Range At 3dB. 
For the Simulation the Q Factor was Worked out to be:




For the Bench Testing the Q Factor was Worked out to be:




As you can tell between these two Q Factors is that the Bench testing is roughly half the size. This could be due to the Bench testing circuit not performing at the same level as the ideal simulation would be. due to factors such as resistance within the wires etc. Overall, for both of the circuits, these are Q factors which would be expected in this LC Circuit. This can help strengthen the argument as to if the circuit is behaving in the ways you expect it to.



4. [bookmark: _Toc165623801][bookmark: _Toc165623822][bookmark: _Toc165623849][bookmark: _Toc165621822][bookmark: _Toc165623308]Conclusion
To Summarise from this Report. An LC Circuit can be used to filter out unwanted frequencies. The circuit that was being tested had a resonant Frequency of 5032.92 Hz. At this frequency the Attenuation of the Circuit should be near zero. However, with the results shown, it in fact was not zero but still very close.

The Simulation shown us that the circuit that was designed in theory could be used to filter out unwanted frequencies through the frequencies in which resonance most occurs. This can therefore be used in the real world as a filter for frequencies close to 5032.92 Hz. 

After completing the simulation successfully. The bench testing then took place. From the bench testing we saw very similar results to the simulation. This can assure us that the simulation was completed correctly, with most possible controllable errors being accounted for. Although due to the difference in components true values  and their calculated values. We can still assure the resonant frequency for the circuit is 5032.92 Hz.
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Attenuation Against frequency for the Simulation
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Attenuation Against frequency for the Practical Breadboard
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A Graph to show Attenuation against frequency for both the simulation and practical
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