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[bookmark: _Toc165414908]Abstract
The aim of this experiment is to compare findings from theory to a practical test. A circuit is first made as a simulation in Proteus with identical values and results are gathered. Using a signal generator and digital oscilloscope which is a part of the simulation, records of the output voltages at different frequencies are gathered. The circuit is then also replicated using a breadboard and components which are then connected to a signal generator and oscilloscope. Using this equipment in practice, the same results were recorded of the practical circuit within the same range of frequencies. The results form both circuits are then compiled in to excel sheets forming graphs comparing the data. Within the circuits, the frequency against voltage output is graphed as well as the frequency against attenuation. Using these graphs and data, a comparison can be made of the two circuits. There are similarities in pattern and range of results, however there is a clear difference in the variation between results of a circuit. The difference between the circuits is found to be the natural faults of components and equipment used which affect each result slightly which increases the difference each time that result is used in an equation. Despite the findings, practicing this experiment is still valuable as the data shows the behavior which was attempting to be proven. Although the theory holds greater answers and demonstrates more drastically the effects of AC inputs to resonant circuits, it is important to note the difference encountered in practice. 
[bookmark: _Toc165414909]Introduction
The objective of this assignment is to create an RLC circuit both as a simulation and physically to retrieve results and analyze the data. 
An RLC circuit is an electrical circuit used for filtering signals and frequency in different scenarios. RLC circuits are used in radio tuning as the antenna detects many different frequency signals, but the resonant frequency made from the values of components selected in the circuit will select the signal with the same frequency. 
The components that make up an RLC circuit are a resistor, Inductor and a capacitor. A resistor is a two-terminal, passive electrical component that resists the flow of the current. A capacitor is an electrical component that stores charge across plates of conductive material which do not touch. Separating these plates is a good insulating material such as ceramic or plastic, which is referred to as the dielectric. An inductor is an electrical component that stores energy in a magnetic field when an electric current passes through it. A typical conductor consists of an insulated wire wound into a coil.
In this experiment, the circuit design is to have the capacitor parallel to the inductor. This was a decision made as to have them in series would produce a different set of results. 
In the RLC circuit used, all components are passive. A passive component means it consumes energy as opposed to producing it. These components are also linear – which means there is a linear relationship between current and voltage [1].
 The resistor is used in the circuit for damping – without the damping, oscillations would persist indefinitely. The resistor also reduces the peak resonant frequency which is why RLC is used in filtration and tuning. 
The inductor and capacitor themselves make an LC circuit. The LC is almost the same as RLC but would oscillate for longer due to the lack of damping from no resistance. Of course, it will still dampen as components and wires have little resistance in real life. 
The LC circuit is often referred to as the tank circuit. This is because the oscillations produced are harmonic, comparable to water flowing back and forth in a tank. 
RLC circuit needs an ac input. The behavior of the components is frequency-dependent when in an ac circuit. Alternating current is used in many different ways, its used in power generation, and to provide power to homes. 
An element of physics also used in this experiment is resonance. Resonance is when an external vibrating system causes vibration in another system. In this case, an alternating current is input into a resonant circuit. The electrical charge is moved from the capacitor into the inductor which charges it; once the inductor has more charge than the capacitor, the electromagnetic field around the inductor starts to dissipate. This then transfers the energy back to the capacitor which repeats the cycle.
An important calculation used in this experiment is that of attenuation, and is given by the equation:


Attenuation is simply known as the process of signal strength loss. It is defined as the loss of electrical parameters of a wave/signal. Loss in power, voltage or current during transmission results in a loss of signal [2].
One outcome of this experiment is to determine the Q Factor of each circuit.  The term ‘Q Factor’ describes the underdamped condition of an oscillator. It is the dimensionless parameter which measures the performance of a capacitor or inductor with regard to its losses and resonator bandwidth [3].
Q Factor means a resonant device such as pendulum or electrical circuit. The quantity factor refers to the fact it shows the energy loss due to the energy contained in the design. In electronic circuits such as the focus of this experiment, energy losses in the circuit are caused by resistance. This could be at any point within the circuit however the main trigger of resistance is the inductor. Q Factor directly relates to the bandwidth of the resonator and its resonant frequency. 
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[image: A diagram of a circuit

Description automatically generated]The simulation is of an RLC circuit powered by a signal generator and leading to a digital oscilloscope shown in figure 1. Figure 1: The RLC circuit on Proteus.

The circuit was constructed with the values given in the assignment; 1kΩ Resistor, 1µF Capacitor and a 1mH Inductor. The configuration of the components is the resistor in series to the LC circuit, which is the inductor in parallel to the capacitor. The signal generator produces a uniform sine wave of 2V peak to peak. Peak-to-peak voltage is used often for signal analysis. 
Measurement of the voltage across the circuit is taken at intervals of frequencies. The range of frequencies measured is from 100Hz to 20kHz, this is because the resonant frequency of the circuit lies within this. The frequencies are adjusted from the signal generator – the voltage remains constant. 
[image: Image preview]
Figure 2: Configuration of signal Generator
The intervals at which the voltage is measured are not consistent as the aim of this experiment is to prove the resonant frequency – therefore more measurements are taken around the value the resonant frequency has been calculated to be. 
When the current is sent through the circuit, a resultant sine wave is produced on the digital oscilloscope (Figure 3). The yellow wave from channel A is the input from the signal generator. The blue channel B wave is the result across the capacitor. 
[image: Image preview]
 Figure 3: Digital Oscilloscope
To take these readings a cursor is placed on the highest and lowest point of the wave and the value is added together. As in figure 4, the peak reads 650µV and -650 µV, this would make the result voltage output 1.30mV. 
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Figure 4: Reading of voltage across capacitor.
A table was compiled of the frequencies, voltage in, the output voltage and attenuation. The attenuation is calculated from the voltage input and output.

[bookmark: _Toc165414912]Practical
The circuit was replicated physically on a breadboard with components of the same value. The circuit in figure 5 was connected to the signal generator at the positive and negative connections respectively. The circuit was also connected to the oscilloscope with probes. The ground of each probe connected to the ground of the circuit via crocodile clip – the probes were connected at the positive connection and on the leg of the resistor before the capacitor. 
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Figure 5: Physical Circuit
The measurements of this circuit were taken similarly to the theory circuit. The frequency is selected on the signal generator (Figure 6) and instantaneously the result on the oscilloscope (Figure 7) is updated. 
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Figure 6: Signal Generator
[image: A close-up of a device
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Figure 7: Oscilloscope.
The information of the waves is given on the screen, however, to find a reading to take the result must be paused. As it is a real thing there is minor physical error which means that the result is not constant and frequently slightly adjusting so to take an accurate reading, after updating the frequency some time is given for the new output voltage to begin appearing. 
Once reaching the same highest frequency in the range of the test, results are used again to create a separate table and graph of the physical circuits attenuation. 
Once tables have been made for both the theory and practical circuit, all data that was read and calculated is used to determine the Q factor of each circuit. 
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Figure 8: Theory Circuit Results Table
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Figure 9: Theory Circuit Frequency vs Vout Graph
[image: A table of numbers with numbers

Description automatically generated]
Figure 10: Practical Circuit Results Table
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Figure 11: Practical Circuit Frequency vs Vout Graph
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Figure 12:Theory  Circuit Attenuation Results
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Figure 13: Practical Circuit Attenuation Results
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Figure 14: Graph of Attenuation Comparison
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Figure 15: Theory Circuit Q Factor information
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Figure 16: Theory Circuit Q Factor Graph
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Figure 17: Practical Circuit Q Factor Information
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Figure 18: Practical Circuit Q Factor Graph

[bookmark: _Toc165414914]Discussion
Measured resistance and imperfections in practical circuit
As shown in Figure 8, the output voltage results are consistent with the increase in frequency, and the highest measured voltage out is around 5000Hz. This was expected as the resonant frequency was already calculated – therefore more readings were taken more frequently around that value in order to prove the behavior of this circuit. 
The intervals of the frequencies and the differences between them within the range make the graph in Figure 9 show very clearly that the resonant frequency is at that value, but also how precise it is due to the very step climb being so close to 5000Hz. 
The output voltage results demonstrated in Figure 10 also show consistency but not as consistent as the theory circuit. The behavior is the same however as the voltage output is at its maximum around the resonant frequency value. 
Despite the obvious difference in the shape of the resultant line of the graph in figure 11, it is still shown as consistently low until reaching around the resonant frequency. The curve of this graph, however, starts to increase earlier and does not reach the same value of voltage. 
In Figures 12 and 13 the attenuation was calculated for both circuits. As demonstrated in the tables, the theory circuit attenuation results are more varied and follow a pattern whereas the attenuation for the practical circuit does not vary as much. This is due to the minor difference in the resistance values that happen in practice. The resistor value used in the circuit is 1000Ω however when measured, the resistance value is 979Ω. There is also 7.3Ω resistance measured in the inductor and there will be some resistance in the wires connecting the circuit. This additional resistance means the circuit experiences more damping, and the damping directly correlates to the decreased voltage output. 

The graph in figure 14 proves this difference in attenuation. There is clearly a pattern to the attenuation of the theory circuit which rises significantly to a peak and falls and follows the pattern at the beginning whereas the attenuation of the practical circuit does seem to follow this pattern, but the attenuation does not reach as low or high value. 
Figure 15 shows the information of the Q factor of the theory circuit and the graph produced of this data. Calculations shown use result from previous tables, such as the -3db line is from the lowest and highest frequency which gives the ability to work out the bandwidth. 
By altering the value of the FH and FL lines, it gives the highest and lowest frequency that is above the -3db line which creates the bandwidth. The value of these lines is determined by using figure 16 to line up the intersection of the lines to get the most accurate value. 
This same system is used for the practical circuit. In figure 17, it shows that the same range of frequencies are used to determine the bandwidth. Demonstrated in Figure 18, the horizontal line for creating the bandwidth is significantly lower than the theory graph and the plotted line of frequency by attenuation is more curved and elongated without a defined peak. There is no peak matching the resonant frequency like the theory graph due to no measurement being taken at that frequency, but this graph shows very little height and practically no peak. 

[bookmark: _Toc165414915]Conclusion
In this experiment, it has been demonstrated that the circuit in practice provides similar findings to the circuit in theory, however the natural faults of the components and wires used in the practical circuit affect the result. 
For both circuits, the experiment was carried out as identically as possible meaning the discrepancies between results must not be through human failure but the natural difference between theory and practice.
The Q Factor of the theory circuit and practical circuit have a difference of roughly 39.  
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