


[bookmark: _Toc139789042]Abstract
This report details two tasks undertaken by a student as part of the OME degree Apprenticeship L4 Fundamentals of Electric and Electronic Systems module. The first task required the student to create a DC circuit on the computer simulation software Proetus, to verify the Maximum Power Theorem with a given circuit. At maximum power the resistance of the load was found to be 12.9kꭥ which equated the internal resistance of the circuit. The theoretical and simulated results provided similar outcomes. The second task was to determine the resonant frequency of a RLC AC circuit, using the same software. The resonant frequency was theoretically calculated to be 7.118kHz, where as the simulation provided a resonant frequency around 7.1kHz.  
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[bookmark: _Toc139789044]1. Introduction
This report will detail two tasks conducted by a student completing the L4 Fundamentals of Electric and Electronic Systems module as part of the L6 OME Degree Apprenticeship. The first task was to verify the maximum power theorem with a given DC circuit.  The second task was to determine the resonant frequency of an AC circuit. Both tasks combined the use of the simulation software Proteus and theoretical calculations.

[bookmark: _Toc139789045]2. Task One – Maximum Power Transfer Theorem
[bookmark: _Toc139789046]2.1 Background Theory
In a DC network the maximum power will be transferred from the source to the load when the load resistance becomes equal to the internal resistance of the source [1]. The task was to verify the Maximum Power Theorem with a given circuit shown in figure 1.
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[bookmark: _Toc139789072]Figure 1 – DC Circuit for Task 1
To apply this theorem to the circuit, the circuit needs to be simplified by applying Thevenin theorem to create a Thevenin equivalence circuit. Thevenin theorem states all linear circuits can be simplified to a circuit with a single voltage source and a series resistance [2]. The Thevenin voltage )  and Thevenin resistance)  needs to be calculated to create the circuit. The Thevenin voltage is the voltage across the open circuit once the load resistor is removed, which is calculated for this circuit by the following equation: 

[bookmark: _Toc139715934]Equation 1
Where  is the total resistance of the closed loop in the circuit. The Thevenin resistance is the internal resistance of the circuit. In the circuit used for the task, R1 and R2 are in parallel which are in series with R3. Knowing this the resistance of the circuit can be calculated using equation 2. 

[bookmark: _Toc139715935]Equation 2
Once these values have been determined the Thevenin equivalence circuit can be drawn. Figure 2 shows the circuit which consists of a power source () in series with a resistor () and the load resistor ().
[image: A diagram of a circuit
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[bookmark: _Toc139789073]Figure 2 - Thevenin Equivalence Circuit
From this circuit the current through the load can be determined either experimentally or using Ohms Law, which can be expressed as:

[bookmark: _Toc139715936]Equation 3
Apply this to the maximum power theorem the current through the load can be found by:
[bookmark: _Toc139715937]Equation 4
From this value, the maximum power can be calculated using the following equation: 

[bookmark: _Toc139715938]Equation 5
[bookmark: _Hlk138779234]Where  is the Power (Watts, W),  is the current through the load (Amps, A), and  is the load resistance (Ohms, Ω),  is the current through the load (Amps, A), is the Thevenin Voltage (Volts, V),  is the Thevenin Resistance (Ohms, Ω) and  is the load resistance (Ohms, Ω).  

[bookmark: _Toc139789047]2.2 Method
Using the simulation software Proteus, the circuit was drawn to measure the Thevenin’s voltage of the circuit. The circuit consisted of a power source of 20V, and three resistors connected as shown in figure 3 – ,  and . In this circuit the load resistor () was removed from the circuit and replaced with a voltmeter. 
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[bookmark: _Toc139789074]Figure 3 - Circuit to Determine the Thevenin Voltage
After the  was found, the  was measured using an ohmmeter. The ohmmeter was connected to the circuit as shown in figure 4 after the power source was removed. 
[image: ]
[bookmark: _Toc139789075]Figure 4 - Circuit to Determine the Equivalence Frequency
Once the  and  had been measured, the Thevenin’s equivalence circuit was drawn in the software, with an ammeter connected to measure the current through the load resistor as seen in figure 5.  
[image: ]
[bookmark: _Toc139789076]Figure 5 - Thevenin's Equivalence Circuit to measure the Load Current

[bookmark: _Toc139789048]2.3 Results and Calculations
Using the simulation software, the current through the load resistor was measured through a range of resistance from 1kꭥ to 20kꭥ. Closer readings were taken when the resistance was around the value found for the equivalence resistance. The power was then calculated using equation 5. The results are shown in table 1. 
[bookmark: _Toc139715932]Table 1 – Results for Task 1 – Load Current and Power
	Load Resistor
(kꭥ)
	Load Current
(mA)
	Power
(P, W)

	1
	1.31
	0.00172

	2
	1.22
	0.00298

	3
	1.14
	0.00390

	4
	1.08
	0.00467

	5
	1.02
	0.00520

	6
	0.96
	0.00553

	7
	0.91
	0.00580

	8
	0.87
	0.00606

	9
	0.83
	0.00620

	10
	0.79
	0.00624

	11
	0.76
	0.00635

	12
	0.73
	0.00639

	12.1
	0.73
	0.00645

	12.2
	0.72
	0.00632

	12.3
	0.72
	0.00638

	12.4
	0.72
	0.00643

	12.5
	0.72
	0.00648

	12.6
	0.71
	0.00635

	12.7
	0.71
	0.00640

	12.8
	0.71
	0.00645

	12.9
	0.71
	0.00650

	13
	0.70
	0.00637

	14
	0.68
	0.00647

	15
	0.65
	0.00634

	16
	0.63
	0.00635

	17
	0.61
	0.00633

	18
	0.59
	0.00627

	19
	0.57
	0.00617

	20
	0.55
	0.00605



By plotting the resistance against the power, we can determine the maximum power generated. From the graph in figure 6, it is shown that the power peaks at 0.00650W. This is when the load resistor had a resistance of 12.9kꭥ. 
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[bookmark: _Toc139789077]Figure 6 - Power through Load Resistor Graph
To provide a theoretical solution the Thevenin Resistance and voltage were calculated using the values detailed in section 2.2. The full calculations are provided in Appendix A, results are provided to two decimal places. 
 

[bookmark: _Toc139715939]Equation 6

[bookmark: _Toc139715940]Equation 7
At maximum power the load resistance is equal to the Thevenin resistance, using this theory the current through the load resistor was calculated.

[bookmark: _Toc139715941]Equation 8
Using the load current, the maximum power was able to be calculated. 

[bookmark: _Toc139715942]Equation 9

[bookmark: _Toc139789049]2.4 Discussion
The maximum power determined by the simulation and the theoretical calculations have been seen to prove the maximum power theorem. With the maximum power generated from the source occurring when the load resistor equalled the circuits resistance. This resistance was 12.9kꭥ. 
Although the resistance was to the same value, the maximum power was different. This implied there was some limitations to the experiment. These include the meters in the simulation software could only generate results to a set number of significant figures. The voltmeter and ammeter could only provide answers to 3 significant figures, whereas the calculations could provide more accurate results. This limitation was more noticeable when comparing the current through the load. The smaller increments of resistance did not observe much of a change in the current as the change was potentially very small. This has provided power results that do not follow the predicted smooth curve on the graph in figure 6. The simulation may consider the internal resistance of the wires and other components in the circuits, which could have an impact on the results. 
Overall, this task has verified the maximum power theorem, with the simulation and the theoretical application providing a maximum power output when the resistance of the load equates the internal resistance of the circuit. Areas of improvement in this task would be to change the ammeter output to provide a more accurate result for the current and the power output. 

[bookmark: _Toc139789050]3. Task Two – Resonant Frequency
[bookmark: _Hlk139612710][bookmark: _Toc139789051]3.1 Background Theory
The aim of task two was to determine the resonant frequency of an RLC AC circuit shown in figure 7. An RLC circuit is when there is a resistor, inductor, and a capacitor in series with each other. 
[image: A picture containing diagram, line, plot, text
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[bookmark: _Toc139789078]Figure 7 - AC Circuit for Task 2

Series resonance occurs in a RLC series circuit when the reactance from the inductor and the capacitor are equal [3], the applied voltage and current are also in phase [4]. The frequency at when this occurs us called the resonant frequency. The reactance ( measured in ohms, of an AC circuit is defined as the opposition of change of flow of current [5]. This can be due to inductance ( or capacitance (, calculated using the following expressions: 

[bookmark: _Toc139715943]Equation 12

[bookmark: _Toc139715944]Equation 13
As the resonant frequency occurs at the point when combining their equations (12 and 13) we can calculate this frequency. 

[bookmark: _Toc139715945]Equation 14
Where  is the frequency measured in Hertz, Hz,  is the inductance measured in Henry, H, and  is the capacitance measured in Farads, F.
[bookmark: _Toc139789052]3.2 Method
To determine the resonant frequency of the AC Circuit, a circuit was drawn in the simulation software Proteus. The circuit consisted of an AC signal generator connected in series with a 100ꭥ resistor, a  capacitor, and a 5mH inductor. There was a signal generator connect across the components, as shown in figure 8. 
[image: A diagram of a circuit
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[bookmark: _Toc139789079]Figure 8 - AC Circuit created in Proteus
The voltage was set to 10V during the experiment. The frequency went through a range between 1kHz and 20kHz, with smaller increments being measured when  and  were close to being equal. The voltage and the frequency were inputted via the VSM Signal Generator as shown in figure 9. 
[image: A screenshot of a device
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[bookmark: _Toc139789080]Figure 9 - VSM Signal Generator Input
The output was measured on the oscilloscope. The display showed the voltage through the three components. The peak-to-peak voltage for each component was measured for each frequency inputted.  The peak-to-peak voltage is double the amplitude of the waves produced on the oscilloscope. Figure 10 shows the output generated with the amplitudes highlighted for an input frequency of 7.1kHz. 
[image: A screenshot of a computer
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[bookmark: _Toc139789081]Figure 10 - Oscilloscope Output at a frequency of 7.1kHz

[bookmark: _Toc139789053]3.3 Results and Calculations
To experimentally determine the resonant frequency,  and  needed to be calculated. The peak-to-peak voltages measured were recorded in table 2. This enabled the reactance to be calculated using the equations discussed in section 3.1. 
[bookmark: _Toc139715933]Table 2 - Results from Task 2 – Voltage across Resistor, Inductor and Capacitor
	Frequency
(kHz)
	Resistor Voltage
(V)
	Inductor Voltage
(V)
	Capacitor Voltage
(V)
	Reactance due to Inductor
(Ω)
	Reactance due to Capacitor
(Ω)

	1
	10
	10.00
	10.00
	31.42
	1591.55

	2
	10
	10.00
	10.76
	62.83
	795.77

	3
	10
	9.76
	12.00
	94.25
	530.52

	4
	10
	9.26
	13.76
	125.66
	397.89

	5
	10
	8.24
	17.00
	157.08
	318.31

	6
	10
	5.76
	21.26
	188.50
	265.26

	7
	10
	0.15
	22.26
	219.91
	227.36

	7.1
	10
	0.53
	21.76
	223.05
	224.16

	7.2
	10
	1.15
	21.50
	226.19
	221.05

	7.3
	10
	1.70
	21.00
	229.34
	218.02

	7.4
	10
	2.28
	20.50
	232.48
	215.07

	7.5
	10
	2.82
	19.76
	235.62
	212.21

	7.6
	10
	3.36
	19.26
	238.76
	209.41

	7.7
	10
	3.80
	18.76
	241.90
	206.69

	7.8
	10
	4.26
	18.00
	245.04
	204.04

	7.9
	10
	4.66
	17.26
	248.19
	201.46

	8
	10
	5.04
	16.76
	251.33
	198.94

	9
	10
	7.40
	11.50
	282.74
	176.84

	10
	10
	8.50
	8.26
	314.16
	159.15

	11
	10
	9.00
	6.26
	345.58
	144.69

	12
	10
	9.30
	4.76
	376.99
	132.63

	13
	10
	9.50
	4.00
	408.41
	122.43

	14
	10
	9.60
	3.20
	439.82
	113.68

	15
	10
	9.60
	2.70
	471.24
	106.10

	16
	10
	9.76
	2.26
	502.65
	99.47

	17
	10
	9.76
	2.00
	534.07
	93.62

	18
	10
	9.76
	1.76
	565.49
	88.42

	19
	10
	9.76
	1.56
	596.90
	83.77

	20
	10
	9.80
	1.38
	628.32
	79.58




The peak voltage in a graph of the capacitance voltage ( against frequency (f), occurs close to the resonant frequency. It can be shown in figure 11, this frequency was found to be 7.0kHz. 

[image: ]
[bookmark: _Toc139789082]Figure 11 – Resonant Frequency Graph
When plotting a graph showing both   and , the point of intersection should indicate the resonant frequency. The graph in figure 12, shown with a logarithmic scale applied to the frequency to highlight the symmetrical trend of the two values. It is shown that the point of intersection occurs around 7-7.1kHz. 

[image: ]
[bookmark: _Toc139789083]Figure 12 - Reactance due to Capacitance and Inductance Graph

From the theoretical calculations, the resonant frequency was expected to be around 7.1kHz.

[bookmark: _Toc139715946]Equation 15
This can be further verified by comparing the reactance due to the inductor and the capacitor at the frequency found in equation 15. At the resonant frequency they should be equal. 

[bookmark: _Toc139715947]Equation 16

[bookmark: _Toc139715948]Equation 17
It can be shown at a frequency of 7.118 kHz, . 

[bookmark: _Toc139789054]3.4 Discussion
The resonant frequency is determined when  . Comparing the  and  values from the simulation, it would have been expected that the resonant frequency would have occurred at 7.1kHz as this is where the two values are the closest together. 
The signal generator in the software used was only able to provide an input frequency to one decimal place. This limitation meant more accurate frequencies could not be used. If more accurate inputs could have been generated the reactance values could have been more equal at an input frequency closer to 7.118kHz.
The difference in results could come from the software considering the internal resistance to the wires and other components, which the theory does not account for. It may also be taking into consideration the tolerances in the components.  

[bookmark: _Toc139789055]4. Conclusion
The two tasks completed provided the student an introduction to DC and AC circuits, along with the simulation software Proteus. The software used provided limitations for both experiments mainly with the accuracy of the input and output values. These limitations were minor as both tasks provided simulated results close to the theoretically calculated results. 
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Thevenin Resistance

Thevenin Voltage

Load Current 
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