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[bookmark: _Toc165301013]Abstract

This report will be discussing the computer simulation and physical circuit making of a parallel resistor-inductor capacitor (RLC) circuit shown in Figure 1. 

This will be achieved by designing the RLC circuit in a computer simulation environment called Proteus and gathering data from the circuit. This data acquisition process is then replicated with a real-world version of the circuit. 

The data gathered from both circuits had significant variation and the causes of the variation are discussed. These real-world differences are then implemented into the Proteus simulation of the circuit to get data that better resembles the real-world performance of the circuit. 

The main factor that enabled Proteus to replicate the real-world circuit better was modelling the internal resistance of the inductor. 



[bookmark: _Toc165301014]Introduction

This report will be discussing the computer simulation and physical circuit making of a parallel resistor-inductor capacitor (RLC) circuit shown in Figure 1. This includes noting and investigating the differences in the data gathered from both circuits. As well as how to modify the simulated circuit to better match the real world. 
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[bookmark: _Ref164253844][bookmark: _Toc165300998]Figure 1: RLC Circuit Diagram.
[bookmark: _Toc165301015]Component Breakdown

In this section of the report, each of the components of the RLC circuit will be briefly described and example use cases for each listed.

[bookmark: _Toc165301016]Resistor

A resistor is a passive electrical component that creates an opposite force against the flow of current. The resistance is measured in ohms (Ω) and an ohm is the resistance that occurs when a current of one ampere (A) is passed through the resistor, with a one volt (V) across its terminals. Resistors are used for many different applications, a few examples are:
· Limiting current flow in an electrical circuit.
· Voltage (potential) dividers.
· Gain control. [1]

Within the RLC circuit being described in this report, a one kilo-ohm resistor is being used. This resistor has the colour bands: brown, black, red, gold.

The resistance of a resistor can be calculated using the following equation:


Where:
· R is the resistance in Ohms (Ω).
· V is the voltage across the resistors terminals in Volts (V).
· I is the current flowing through the resistor in Amperes (A).

[bookmark: _Toc165301017]Capacitor

A capacitor is a passive electrical component that stores electrical energy, consisting of two conductors in close proximity and insulated from each other by a dielectric. [2] 

The amount of energy that the capacitor can store in its electric field is called the capacitance and this has the units of Farads (F). Within the RLC circuit being described in this report, the capacitor has a capacitance of one micro-farad (1µF), a tolerance of ±10% and, a polythene dielectric. 

The capacitance of a capacitor can be calculated with the following equation:


Where:
· C is the capacitance in Farads (F).
· V is the voltage across the terminals of the capacitor in Volts (V).
· q is the charge stored by the capacitor in Coulombs (C). 

Capacitors have many different uses; some common uses of capacitors include:
· Energy storage.
· Power conditioning.
· Analog filter networks.

[bookmark: _Toc165301018]Inductor

An inductor is a passive electrical component that stores energy within a magnetic field when an electric current is passed through its coil. It consists of two terminals and an insulted wire coil that either loops around air or a core material that magnifies the magnetic field. The purpose of an inductor is to help manage changes in the electrical current through a circuit. [3]

The amount of energy that the inductor can store within its magnetic field is called the inductance and this has the units of Henry (H). Within the RLC circuit being described in this report, the inductor has an inductance of one milli-henry (1mH) and a tolerance of ±10%.

Inductors have many different uses; some common uses of inductors include:
· Attenuating.
· Filtering and/or smoothing high frequency noise.


[bookmark: _Toc165301019]RLC Circuits

RLC circuits are commonly used as oscillator circuits as they produce sine, square and, triangle waves. These are electronic signals that can convert direct current (DC) into alternating current (AC) or work as a type of filter, such as:
· Low-Pass filter.
· High-pass filter.
· Band-stop filter.
· Band-pass filter. [4]

As a band-pass filter this circuit can be used for tuning in a television set and analogue radio receivers. These filters are also used in audio equalisation, audio design and, audio recording. [4]

An RLC circuit will produce a resonance circuit when the resultant current through the circuit is in phase with the voltage being supplied. When it reaches this point, there will be a large circulating current between the inductor and capacitor. [5]

The circuit energy is stored in the magnetic field of the inductor and the electric field of the capacitor. As a result, this energy is constantly being transferred between the inductor and capacitor resulting in zero current and voltage being drawn from the supply. This is because the corresponding instantaneous values of current through the capacitor and the inductor will always be equal and opposite. As a result, the current drawn from the supply is the vector addition of these two currents and the current flow through the resistor. [5]

The resonant frequency of this circuit was calculated before any circuit simulation, design and, testing. This was calculated and produced the result shown in the equation below where:
· C is the capacitance of the capacitor.
· L is the inductance of the inductor. 






This report will outline the process and results gathered from simulating this RLC circuit in Proteus, as well as, in the real world using a breadboard. It will then contain a discussion of these results and why the two sets of data differ. 



[bookmark: _Toc165301020]Simulation

Initially, the RLC circuit design was reproduced in a computer simulation software called Proteus. This enabled for data to be collected from the circuit without any interference that would be present in a real-world circuit. 

Shown in Figure 2, is the circuit diagram being used to gather data from the RLC circuit. On the left, there is a signal generator which allows for different frequencies of sine waves to be injected into the circuit. On the right, is an oscilloscope that enables the capturing of the sine wave that is produced by the RLC circuit. 

[image: ]
[bookmark: _Ref164256015][bookmark: _Toc165300999]Figure 2: Proteus representation of the RLC circuit.

The input signal from the signal generator will be shown on channel A (yellow) and the output signal will be shown on channel B (blue).

As shown in Figure 3, the signal generator enables the input of various frequencies. It was decided that the following frequencies would be injected into the circuit: 100Hz, 200Hz, 500Hz, 1kHz, 2kHz, 4kHz, 4.9kHz, 5kHz, 5,2kHz, 6kHz, 10kHz, 15kHz and, 20kHz. This range of frequencies enabled the gathering of enough output signals so that a graph of frequency against resonance could be produced. Moreover, the peak to peak voltage of the sine wave was fixed at 2V to enable a fair test. 
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[bookmark: _Ref164256294][bookmark: _Toc165301000]Figure 3: Signal generator from Proteus.
Once a frequency had been selected for the sine wave, this was then displayed on the oscilloscope, along with the sine wave produced by the RLC circuit as shown in Figure 4. The cursor tool was then utilised to measure the amplitude of the outputted sine wave, and this value was then recorded in an Excel spreadsheet. This process was repeated for all of the frequencies previously listed. 
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[bookmark: _Ref164258030][bookmark: _Toc165301001]Figure 4: Digital oscilloscope with cursors.
[bookmark: _Toc165301021]Results

The results obtained from the Proteus simulation were collated in an Excel spreadsheet. The resonance in decibels (dB) was then calculated using the formula below. A graph was then produced that displayed the frequency plotted against the resonance. 



Where:
· Vin = 2 volts.
· Vout is the amplitude of the output wave measured.

The graph produced can be seen in Figure 5 which utilises a logarithmic scale for the x-axis.

[image: ]
[bookmark: _Ref164258681][bookmark: _Toc165301002]Figure 5: Simulated circuit attenuation (dB) graph.



[bookmark: _Toc165301022]Physical Circuit

After gathering the data from the simulated circuit, a physical version was made using a resistor, capacitor, inductor and, breadboard. This board was then connected to an oscilloscope to measure the input (red) and output (yellow) sine wave as shown in Figure 6.

[image: ]
[bookmark: _Ref164339577][bookmark: _Toc165301003]Figure 6: Breadboard circuit connected to oscilloscope.

Shown in Figure 7, is a signal generator that was used to inject the various frequencies of sine waves into the circuit. The signal generator was set to 2V peak to peak to ensure that the only variable changing during the experiment, was the frequency of the sine wave. However, when getting the readings from the oscilloscope, the peak to peak voltage was actually 1.96V.

[image: ]
[bookmark: _Ref164677377][bookmark: _Toc165301004]Figure 7: Signal generator setup.


As a result of the sine wave been injected into the circuit, Figure 8 shows an example of the output. In red is the sine wave going into the circuit and in yellow is the sine wave coming out of the circuit. 

[image: ]
[bookmark: _Ref164677515][bookmark: _Toc165301005]Figure 8: Example output shown on an oscilloscope.

The measurements of the output wave were taken from the peak to peak measurements calculated by the oscilloscope in the bottom left of the display. 

[bookmark: _Toc165301023]Results

This process was repeated for all of the frequencies previously listed. Once again, the attenuation in decibels (dB) was calculated using the formula below. The main difference is that the voltage in was not fixed and fluctuated between 1.94V and 1.96V. 



The results were recorded in an Excel spreadsheet and then collated onto the graph shown in Figure 9 using a logarithmic scale for the x-axis.

[image: ]
[bookmark: _Ref164677950][bookmark: _Toc165301006]Figure 9: Physical circuit attenuation (dB) graph.


[bookmark: _Toc165301024]Discussion

In this section of the report a modified Proteus circuit will be discussed as well as how the simulated circuits relate to the real world and why there are differences. Furthermore, circuit analysis in the form of Q factors, will be discussed for all three of the circuits.

[bookmark: _Toc165301025]Modified Simulated Circuit

As shown in Figure 5 and Figure 9, the results from Proteus differ significantly from the results gathered in the real world. It was discovered that the reason behind this was mainly due to the internal resistance present in the inductor, which is not modelled by default in Proteus. 

A modified simulated circuit was then created using the equivalent circuits for a resistor, capacitor and, inductor which is shown in Figure 10. [6]

[image: ]
[bookmark: _Ref164678717][bookmark: _Toc165301007]Figure 10: RLC simulated circuit modified with equivalent circuits.

[bookmark: _Toc165301026]Results

A sine wave generator and voltage probe were used to inject various sine waves and capture the voltage output from the circuit. This data was then loaded into Excel and produced the graph shown in Figure 11.

[image: ]
[bookmark: _Ref164681214][bookmark: _Toc165301008]Figure 11: Modified simulated circuit attenuation (dB) graph.

[bookmark: _Toc165301027]Circuit Comparisons

As shown from the graph in Figure 5, the peak attenuation correlates with the calculated resonant frequency of 5032.92Hz. The data matches what has been calculated as when Proteus is simulating the circuit, it uses the same mathematical formulas to generate the output data. 

However, when this circuit was then replicated in the real world, the peak attenuation is still approximately at 5032.93Hz however, the attenuation itself is not 0, instead it is approximately -16.9dB. The primary reason for this difference is that in the real world, there is a resistance through the inductor which is not accurately simulated within Proteus by default. Moreover, both the capacitor and inductor have a tolerance of ±10% which also affects the resonant frequency as shown in Table 1.

	Capacitor Tolerance (%)
	Inductor Tolerance (%)
	Resonant Frequency (Hz)

	0
	0
	5032.92

	+10
	+10
	4575.38

	-10
	-10
	5593.13


[bookmark: _Ref164682336][bookmark: _Toc165300993]Table 1: Component tolerances effect on resonant frequency.

When the Proteus circuit was simulated with the component equivalent circuits, the graph shown in Figure 11 is a lot closer to the data that was recorded on the physical circuit. Shown in Figure 12, are all three versions of the circuit on one graph. The graph clearly shows that with the addition of the resistor in series with the inductor, it has bought the attenuation values more in line with those achieved in the real world. 

[image: ]
[bookmark: _Ref164682635][bookmark: _Toc165301009]Figure 12: Attenuation of an RLC circuit with all three circuits shown.

[bookmark: _Toc165301028]Quality (Q) Factor

The Q factor is the voltage magnification factor achieved across the coil and the capacitor. This calculation produces an arbitrary number that relates the sharpness of the peak in an RLC circuit. [7] The lower the Q factor of a circuit, the sharper and hence better performing the circuit is. 

The Q factor of an RLC circuit is calculated by taking the bandwidth at the -3dB point and then dividing the resonant frequency by this number. Shown in Table 2 are the Q factors for all three of the circuits described in this report.

	Circuit
	Bandwidth (Hz)
	Q Factor

	Simulated
	120
	41.94

	Physical
	950
	5.30

	Modified Simulated
	700
	7.19


[bookmark: _Ref164686338][bookmark: _Toc165300994]Table 2: Q factors for all three of the described circuits.

As shown in Table 2, the original simulated circuit performs significantly better compared to the real world. As previously described, this is due to Proteus not taking into consideration the resistance in the inductor as well as the other real-world attributes that have an overall effect on the performance of the circuit. However, once the component equivalent circuits had been implemented into Proteus, the modified circuit Q factor is a lot closer to the Q factor achieved in the real world. It is still not exact as other influences, such as noise, would be present in the real world, but are not modelled in the Proteus environment. 



[bookmark: _Toc165301029]Conclusion

In the experiment detailed within this report, it has been concluded that using simulation tools, such as Proteus, can be incredibly beneficial when designing a circuit and recording data produced by it. However, it is important to remember there are real world aspects that can affect the data produced and/or the performance of a circuit that is not modelled by default in simulation environments.  It is useful to then prototype the circuit physically and compare the results, and modify the simulated circuit so that the results achieved better align those from the real world. 

Referring to documentation about the components that are being used can be beneficial when attempting to replicate the data gathered from the real world. As most components have an equivalent circuit that better models the behaviour that is seen in the real world. 
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