Electronic and Electrical Principles


Resonance




BEng Embedded Electronics systems



Module Code: ACCA4006





Name: Bailey Freeman			 Date: 26/04/2024
Page of Contents

1.  Abstract………………………………………………………3


2.  Introduction………………………………………………….4


3.  Simulation Setups………………………………………….5


4.  Results……………………………………………………….7


5.  Discussion…………………………………………………12


6.  Conclusion…………………………………………………14


7.  References…………………………………………………15



Abstract

This report investigates the response of RLC circuits to a range of frequencies and understanding the differences between theoretical calculations, simulations and real-world setups. RLC circuits are known to exhibit a sharp frequency response which is what makes them useful in the applications they are utilised in.

This report details how a software simulation and a practical simulation of an RLC circuit is set up and measured to find out similarities and differences in the circuit’s performance and characteristics across the two types of simulations to help understand the differences to expect when using simulation software compared to what might happen in real-life. This is done with use of Proteus which is a software application which can simulate electronic circuits with many different components and measuring devices as well as a real-life circuit that was made on bread board and measured in a lab.

The simulations revealed distinct frequency responses of the two different types of simulations, with the software simulation displaying a sharp attenuation increase and decrease around its resonance frequency causing a narrow bandwidth with a very high Q factor. Whereas the practical simulation showed a more gradual increase and decrease in attenuation around its resonant frequency which resulted in a much wider bandwidth and more realistic Q factor value. This is discovered to be because of different tolerances in components as well as power losses over parts of the circuit.
















Introduction

This report is about RLC circuits and how they respond to different frequencies and what the differences are between theory, simulation and real life set ups. An RLC circuit is an electronic circuit that contains a resistor (R), inductor (L), and a capacitor (C). When these circuits have an AC voltage sent through them, they will have a sharp frequency response which means they will not let much voltage through unless at a small range of frequencies [1]. The frequency which the circuit responds the best with is called the resonant frequency. 

RLC circuits are widely used across electronics, one use is as an equaliser in audio devices and amplifiers. They do this by being able to boost or reduce the amplitude of certain frequencies within an audio signal e.g. a bass control on a guitar amplifier. RLC circuits are also used in radio frequency devices, they are used to allow the device to tune into a certain frequency by having the RLC circuits resonant frequency set so that it only responds to the frequency the device wants to receive. They can also be used as filters to eliminate unwanted frequencies going into a circuit.

The rest of this report will show how an RLC circuit is simulated using electronic circuit simulation software and what results it gives as well as how an RLC circuit is set up in a lab and what results it gives when using real components. These results will be presented and compared to find the difference between theory, simulation and practical examples of RLC circuits and conclude how they work and how they can be used in the real world. 














Simulation Setups

To help to understand RLC circuits, they need to be simulated in two ways: on simulation software (Proteus), and practically using real components on breadboard. The simulations will be shown in this part of the report and include pictures and details on how the circuits were set up and simulated.

[image: ]In this circuit there are three components a resistor, a capacitor and an inductor. The resistor value was set at 1kΩ, the capacitor value set at 1µF and the inductor value at 1mH. These values were used across both the software simulation and practical simulation. These components were connected to a function generator, which is used to supply the circuit with a sinusoidal voltage, and an oscilloscope to measure the input and output frequencies of the circuit. The way which the circuit was wired together is shown in the schematic in Fig 1.
Fig 1. Schematic capture from proteus of RLC circuit.

The input voltage used when simulating this circuit was 2V p-p and was tested over a frequency range of 100-50000Hz. From this the output can be measured for gain, phase, distortions and Q factor. This will give a good understanding of what the RLC circuit does and how it reacts to different frequencies.

The practical simulation was meant to replicate the software simulation as closely as possible. To achieve that the same value components were selected and connected in the same way on a breadboard with the function generator and oscilloscope. A picture showing the setup is displayed in Fig 2. 



[image: A close-up of a circuit board
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Fig 2. Breadboard set up of RLC circuit.









Results

This section will show results for the simulation of the RLC circuit. First showing the software simulation results, then the practical and then a comparison of the two.

Fig 3 shows the input on channel A (yellow) and output on channel B (blue). The oscilloscope shows that at 1kHz the output voltage is 13mV p-p and out of phase from the input signal. Fig 4 shows that at 5kHz the output voltage is almost 2V p-p and very close to being in phase with the input signal. Tests were done at multiple different frequencies and voltage was recorded to calculate attenuation; these results were put into a table which is expressed in the graph in Fig 5.
The graph in Fig 5 shows a low amount of attenuation across most frequencies then a sharp spike around ~5000Hz peaking at 0dB of attenuation. This simulation showed the bandwidth of the circuit to be ~200Hz. The calculated Q factor based on this graph is 25 although this may be inaccurate due to a small number of sample frequencies.
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Fig 3. Oscilloscope reading from software simulation on proteus at 1KHz.
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Fig 4. Oscilloscope reading from software simulation on proteus at 5KHz.
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Fig 5. Graph of attenuation over a range of frequencies in an RLC circuit software simulation.


Fig 6 shows the input signal on channel 1 (red) and output signal on channel 2 (yellow). The oscilloscope reading shows that the output voltage for this circuit at 1kHZ is 17mV p-p. The output signal at this frequency is also out of phase and quite noisy. Fig 7 shows the oscilloscope reading at 5kHz and shows the output voltage as 288mV p-p as well as the output signal being in phase with input signal. Similarly to the software simulation tests were done over the same frequencies and the calculated attenuations were put into a graph which is displayed in Fig 8. This graph shows a smooth curve up to a peak around 5000Hz at roughly -16dB where it then gradually falls again. This simulation showed the bandwidth of the ciruit to be ~1000Hz. The Q factor for the practical simulation has been calculated at 5 although again this could be innaccurate due to there not being enough frequency samples although both Q factor calculations are close enough to show a difference.
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Fig 6. Oscilloscope reading from practical simulation at 1KHz.
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Fig 7. Oscilloscope reading from practical simulation at 5KHz.
[image: ]Fig 8. Graph of attenuation over a range of frequencies in an RLC circuit practical simulation.
[image: A graph with blue and orange lines

Description automatically generated]Fig. 9 RLC Circuit attenuation over frequency of simulated and practical results.


Fig 9 shows the results of both simulations and plots them against each other, and it is easy to see that the practical simulation has a much shallower peak than the software simulation and did not reach a high attenuation as the software simulation did.  













Discussion

This section of the report will explain why the simulations gave the results they did, what those results mean and why they happen in RLC circuits.

In the software simulation of the RLC circuit there was a very low output amplitude compared to the input amplitude at low frequencies and then when the frequency increases up to ~5000Hz the output amplitude matches the input amplitude, this is because it reaches what is known as the resonant frequency. The resonant frequency can be calculated using theory with the formula 1/(2π√LC). Using this formula the resonant frequency should be 5033Hz which lines up with the software simulation. The software simulation shows the bandwidth to be about 200Hz which means that 100Hz each side of the resonant frequency the output amplitude will be at over 70% of its maximum amplitude. This is a very narrow bandwidth which is characteristic of RLC circuits. As the frequency increases past the resonant frequency the amplitude goes down again and operates at a low level of amplitude very similar to when the frequency is below the resonant frequency. 

The reason RLC circuits have different output amplitudes over different frequencies is because the frequency affects the impedance of the circuit. Impedance is combined effect of resistance and reactance in a circuit, [2] this acts similarly to DC resistance and will affect how power is dissipated through the circuit and therefore changes the output amplitude. the different values of resistance and reactance are what affects the phase of the output signal compared to the input. This is why we see a change in phase across the different frequencies; the resistance in the circuit remains the same but the reactance changes so we see it out of phase at the lower frequencies then I   phase at resonance then out of phase again at higher frequencies. 
The Q factor of the software simulated circuit is 25 which is a very high value for this and shows that software simulations of electrical circuits set quite a high standard for quality and do not consider real word factors.

In the practical simulation we see a very similar trend across the frequencies it was tested at. The curve is more gradual, and the peak does not reach the same levels of amplitude as the software simulation. It still follows the same principles of being out of phase when not resonating but the phase degrees are different. The bandwidth of the practical simulation is a big difference to the software with a bandwidth of 1000Hz. This gives the circuit a Q factor of 5 which is significantly lower than the software simulation. The main reason for these differences in properties between the two simulations is tolerance levels in the components.

All electronic components that have a specific value will also have a tolerance for which the real value may be. For example, a 470Ω resistor may have a 10% tolerance so the resistance value could be anywhere between 423Ω and 517Ω. This can cause an RLC circuit to act differently than expected because the real values of the resistor, inductor and capacitor will usually be different to what is initially thought. The components used in this practical simulation all had a 10% tolerance so they will cause the circuit to have different levels of resistance and reactance than which was initially thought and used in the software simulation which, as previously mentioned, will affect the output amplitude of the circuit. 

In the practical simulation even when at resonance the attenuation only goes to roughly -17dB and never reaches 0dB like the software simulation. This is because the components used in the practical simulation are not perfect as the software assumes and the components will have energy losses over them, there could be inductance from any wires used and resistance in capacitors etc. Another factor to consider in the practical simulation is the calibration and trustworthiness of the equipment that was used in the experiment. If the oscilloscope had not been calibrated it could cause slightly incorrect readings to be recorded and used towards this report as well as if there was any problems with function generator and it’s ability to transmit signals at precise amplitudes and frequencies. 
























Conclusion

Through the simulations done on proteus and in the lab the characteristics of RLC circuits were able to be analysed and create findings to help understand how these circuits respond under various input frequencies.

The simulations found that in the ideal conditions of an electronic simulation software, an RLC circuit will have a very narrow bandwidth and at resonance will have an attenuation of 0dB and the resonant frequency will be the same as what can be calculated with formulas. It also showed that in a practical setting the circuit will have a much wider bandwidth and have a resonant frequency close to what can be calculated but not exactly. This was found to be due to the differences in impedance which was affected by the slightly incorrect component values which happen because of tolerance levels. The practical simulation also showed the real-life components will not reach the ideal target of 0dB attenuation and this is because of energy losses across components in the circuit as well as possibly in the measuring equipment. 

Hopefully this report helps to show how RLC behave and why they might be used in radio communications and equalisation applications.
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