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Abstract
This report covers both simulation and theoretical calculations of AC and DC circuits. The internal resistance of a DC circuit using Max Power Transfer Theorem, simulated on Proteus, was 12.909kΩ however differed slightly in the theoretical calculation. The resonant frequency of the AC circuit was found, by theoretical calculation, as 7.118kHz which agreed with the simulated data at the peak of the curve on the produced graph. The assignment is produced on Proteus Design Software which is used for designing simulated electronic circuits and also use of Microsoft Excel for creating data tables and graphs. Both questions are represented separately in report form and basic knowledge of Proteus software and Thevenin’s Theorem are required.
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task 1
1. Introduction
· The overall purpose of Task 1 was to build a circuit and calculate the current flow across the load resistor. Using the Maximum Power Transfer Theorem, the Thevenin's resistance and voltage must be calculated to find the current through the load resistor. The load resistor is equivalent to the Thevenin resistance in the Thevenin equivalent circuit. Once this current value is found via simulation, the load resistor is plotted against the power on a graph at this current and an internal resistance will be found at the peak of the graph (maximum power). 
· Maximum power transfer theorem states that the load resistance needs to be the same as the equivalent resistance to produce this maximum power across the load resistor (1). 
· As Maximum power transfer happens when the load resistance equals the equivalent resistance, it can be shown in graph form using the calculated value from the data table (2).
· Maximum power transfer theorem circuits only work correctly when the load resistor is variable therefore using a variable resistor (1). Any circuit with multiple voltage and current sources can be determined by a Thevenin's equivalent circuit (3).
2. Background
· When the Thevenin’s resistance () and the Thevenin’s voltage () have been found by theoretical calculation and a Thevenin’s equivalent circuit has been produced, the current across the load can be calculated using the following equation: 
Equation 1.1


Where: 
 is the Thevenin Voltage in Volts (V) 
 is the Equivalent Resistance in Ohms (Ω)
 is the Load resistor in Ohms (Ω) ( for maximum power transfer)

· The maximum power is transferred when the Load Resistance ( = Internal Resistance ( and is calculated using the following equation:
Equation 1.2


Where:
is the Maximum Power Transfer in Watts (W)
is the Current Across the Load in Amperes (A)
 is the Load Resistance in Ohms (Ω)

· Basic voltage laws and circuit theory knowledge are also required to complete the theoretical calculations. 
Equation 1.3


Where:
 = Voltage in Volts (V)
  = Current in Amperes (A)
= Resistance in Ohms (Ω)

Equation 1.4

Where:
Equivalent Resistance in Ohms (Ω)
Resistance of each resistor of the circuit in Ohms (Ω)

Equation 1.5

Where:
Equivalent Resistance in Ohms (Ω)
Resistance of each resistor of the circuit in Ohms (Ω)







3. Experimental Procedure 
· The original circuit created on Proteus is as shown in Figure 1.1. Firstly, remove the load resistor from the circuit and replace with a DC voltmeter to begin calculating the current through the load resistor.
· The circuit should then resemble Figure 1.2 after replacing the load resistor with the voltmeter. Using the play button in the bottom left corner of Proteus, a value should be displayed on the voltmeter. Record this as the Thevenin Voltage ( ) in the results table.
· To calculate the Equivalent Resistance , create the circuit to resemble Figure 1.3. As shown, the voltmeter has been replaced by an ohmmeter. Using the play button again, simulate the value on the ohmmeter and record this as .
· Using both  and  values, create the Thevenin's equivalent circuit to find the load resistor current as shown in Figure 1.4.  in this simulated circuit as for maximum power transfer to occur the load resistance must equal the internal resistance. 
· If the resistance displayed on the ohmmeter displays as “MAX,” double click the ohmmeter with the cursor and change the settings to kΩ. 
· The Thevenin's equivalent circuit, featured in Figure 1.5 is used to produce the load current values for the graph. The load resistance values should vary from 1k-20k Ω as this will produce different power and current values. Use the Proteus software to vary this resistance and each time the value changes, record the current on the ammeter in an excel spreadsheet.
· Use Equation 1.2 when calculating the different powers and record this in the spreadsheet to produce the graph. 
4. results and calculations
· Simulation and theoretically calculated results are shown in tables below. There is evidence of theoretical values included as well as the original calculations given in Figure 1.7 and Figure 1.8.
· Figure 1.6 shows the provisional work to produce the graph with evidence of the Load current provided at its maximum point to match the graph and calculations from the simulation.
	Supply Voltage (V)
	Simulation
	Theory

	
	Voltage VTH (V)
	Resistance RTH (Ω)
	Load Current IL
(A)
	Voltage VTH  (V)
	Resistance RTH  (Ω)
	Load Current IL (A)

	20
	 18.2V
	 12.909kΩ
	 0.7mA
	 18.2V
	 10923.08 Ω
	 0.833mA



	
	Power (W)

	Simulation
	6.33mW

	Theory
	7.58mW



· Theoretical Calculations:
Equation 1.6
· For : 



Equation 1.5




Equation 1.3



Equation 1.3



Equation 1.6




· For 
Equation 1.4




Equation 1.5



· For (Remembering :
Equation 1.1


· For 
Equation 1.2



5. Conclusions
· The simulation results compared to the theoretical results differ slightly for the load current and Thevenin's resistance values. This could be due to a rounding error on the calculator. To improve on this in future experiments, use the full calculator values for the equations and round the definitive answer at the end. The difference may also be due to the software's ability to round the values shown on the ammeter, voltmeter, and ohmmeter. The software can also take into consideration many other parameters compared to the simple theory. Both the theoretical and simulation calculations gave the same voltage of 18.2V (after rounding).
· In terms of the graph, when the variable load resistor is set to 13000Ω the current flowing through the resistor is 0.7mA which agrees with the calculated current from the simulation (difference of 91Ω). This proves that when load resistance is variable and equals the source resistance that maximum power is transferred to the load. This is further proved at this maximum power transfer as the calculated power value from the simulation and the excel graph are both 6.33mW and 6.37mW assuming this minimal difference is lost in the lack of the 91Ω.
· Regardless of the small differences, the simulation was created as asked for in the assignment brief and there was strong evidence of proof of Thevenin’s theorem. 
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7. Appendix
1. Figure 1.1: Original Proteus Circuit
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2. Figure 1.2: Thevenin’s Voltage Circuit
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3. Figure 1.3: Thevenin’s Resistance (Internal Resistance) Circuit
[image: A computer screen shot of a diagram
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4. Figure 1.4: Thevenin’s Equivalent Circuit
[image: A computer screen shot of a diagram
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5. Figure 1.5: Variable Load Resistor (Thevenin’s Equivalent) Circuit

[image: A computer screen shot of a diagram
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6. Figure 1.6: Resistor, Current and Power Simulated Values Excel Spreadsheet
[image: A screenshot of a computer
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7. Figure 1.7: Theoretical Proof of Calculation: Part 1
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8. Figure 1.8: Theoretical Proof of Calculation: Part 2
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Task 2
1. Introduction
· The overall purpose of Task 2 was to build an RLC circuit and determine the resonant frequency by both, calculation and simulation. To find the resonant frequency you must simulate the values of the Peak-to-Peak voltages between frequencies of 1kHz to 20kHz. These values will be plotted against the voltage Peak-to-Peak voltages of the capacitor at these frequencies. The peak of the graph will provide the resonant frequency, further backed up by theoretical calculation.
· The main components of an RLC circuit are a resistor, an inductor, and a capacitor. These components are connected in series to a voltage supply (1). Oscillation fades out faster in an in an RLC circuit because of the added resistor element compared to a normal series LC circuit (1). 
· The supply voltage will not equal the sum of all the elements voltages added together as they are not in phase. The resistor is in phase with the current flow however the capacitor and inductor are out of phase with the current by 90 degrees. The inductor will be ahead of the current phase by 90 degrees, and the capacitor will be behind 90 degrees (1). 
· Oscillators are device which can generate signals and produce continuous sine waves when a certain frequency is present. Oscillators need a DC voltage source (In this case the signal generator in the simulation) which produces these AC sine waves (2).
2. Background
· The simulated resonant frequency results can be compared to the theoretical calculations using the following equation: 
Equation 2.1

Where: 
Resonant Frequency in Hertz (Hz)
 Inductor Value in Henry (H)
 Capacitance in Farads (F)

· To further prove that this is the resonant Frequency, the reactance of the inductor and capacitor must be equal. The following equations are for reactance, and the values from these equations can be compared to the simulated data table and graph.
Equation 2.2

Where: 
 Reactance of Inductor in Ohms (Ω)
Resonant Frequency in Hertz (Hz)
 Inductor Value in Henry
Equation 2.3

Where: 
 Reactance of Capacitor in Ohms (Ω)
 Frequency in Hertz (Hz)
 Capacitance in Farads (F)

· Note that these equations need to be transferred into the excel document to produce values for 1kHz to 20kHz for the inductor and capacitance reactance. 

3. Experimental Procedure
· To create circuit in Figure 2.1, insert a default Resistor, Air-Filled Inductor and Capacitor in series. Use the values provided in the assignment brief for each of the components. Next, select virtual instruments mode from the right-hand side panel of the proteus software and insert an oscilloscope and a signal generator.
· Using the start button in the bottom left-hand corner of the proteus application, begin the simulation to produce the tabs given in Figure 2.2 and Figure 2.3. The VSM Signal Generator peak-to-peak amplitude voltage should be set to 10V, and the frequency dial will be used to change the frequency to create the table data. The correct waveform and binary polarity should also be selected on this tab for correct setup. 
· The Digital Oscilloscope tab in Figure 2.3 should have ‘Channel D’ switched off, as there is no component connected. The cursors button should be activated as this will allow accurate selection of the amplitude for the data table. Channel A, B and C represent the Resistor, Inductor and Capacitor respectively. Note that the position of the simulated waves can be changed using the ‘Position’ dial on each of these channels.
· AC should be selected for all active channels to see the fluctuating waves and their peaks.
· Using the cursor on the digital oscilloscope, measure the values of each peak and record them in the data table. As each frequency changes throughout 1kHz-20kHz record each of the three values, being as close to the peak as possible. Each peak voltage value measured, must be doubled (Amplitude X 2) to produce a peak-to-peak value. 
· To create the graph from the collected data, frequency should be plotted against the Capacitor voltage. The maximum point on the curve is the resonant frequency, which can also be shown in the data table where the reactance of the capacitor and inductor are equal. 
· To create the values of the capacitor and inductor reactance, you must input the formulas to excel. For the inductor reactance use =PI()*2*B2*$K$3 and for the Capacitor use =1/PI()*2*B2*$K$4. The cell values included in the equations are the cell B2 where the 1kHz is placed and K3 and K4 are the values of the inductor and capacitor, respectively. 
4. Results And calculations
· The simulated and theoretical values are included in the table below and the original excel data is included in Figure 2.4 of the appendix. 
· Both theoretical and simulated values are very similar. Both ways of calculating the resonant frequency have proved that the frequency at which the reactance of the inductor and capacitor are equal is the resonant frequency.
· When the theoretical values are rounded, they resemble the simulated values.
	
	Resonant Frequency (Hz)
	 (Ω)
	 (Ω)

	Simulation
	7.1E+03
	223
	224

	Theoretical
	7.118E+03
	223.62
	223.59



[image: A graph with a line graph
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	Frequency (Hz)
	 (V)
	(V)
	(V)
	 (Ω)
	 (Ω)

	1.00E+03
	10
	10
	10.26
	3.14E+01
	1.59E+03

	2.00E+03
	10
	10
	10.76
	6.28E+01
	7.96E+02

	3.00E+03
	10
	9.76
	12
	9.42E+01
	5.31E+02

	4.00E+03
	10
	9.26
	13.76
	1.26E+02
	3.98E+02

	5.00E+03
	10
	8.26
	17
	1.57E+02
	3.18E+02

	6.00E+03
	10
	5.76
	21.26
	1.88E+02
	2.65E+02

	7.00E+03
	10
	145E-03
	22
	2.20E+02
	2.27E+02

	7.10E+03
	10
	500E-03
	21.76
	2.23E+02
	2.24E+02

	7.20E+03
	10
	1100E-03
	21.5
	2.26E+02
	2.21E+02

	7.30E+03
	10
	1700E-03
	20.76
	2.29E+02
	2.18E+02

	7.40E+03
	10
	2.3
	20.5
	2.32E+02
	2.15E+02

	7.50E+03
	10
	2.8
	19.76
	2.36E+02
	2.12E+02

	7.60E+03
	10
	3.3
	19.26
	2.39E+02
	2.09E+02

	7.70E+03
	10
	3.8
	18.5
	2.42E+02
	2.07E+02

	7.80E+03
	10
	4.2
	18
	2.45E+02
	2.04E+02

	7.90E+03
	10
	4.7
	17.5
	2.48E+02
	2.01E+02

	8.00E+03
	10
	5
	16.76
	2.51E+02
	1.99E+02

	9.00E+03
	10
	7.6
	11.5
	2.83E+02
	1.77E+02

	1.00E+04
	10
	8.4
	8.26
	3.14E+02
	1.59E+02

	1.10E+04
	10
	9
	6.26
	3.46E+02
	1.45E+02

	1.20E+04
	10
	9.3
	4.76
	3.77E+02
	1.33E+02

	1.30E+04
	10
	9.4
	4
	4.08E+02
	1.22E+02

	1.40E+04
	10
	9.6
	3.26
	4.40E+02
	1.14E+02

	1.50E+04
	10
	9.6
	2.76
	4.71E+02
	1.06E+02

	1.60E+04
	10
	9.7
	2.26
	5.03E+02
	9.95E+01

	1.70E+04
	10
	9.7
	2
	5.34E+02
	9.36E+01

	1.80E+04
	10
	9.8
	1.75
	5.65E+02
	8.84E+01

	1.90E+04
	10
	9.8
	1.5
	5.97E+02
	8.38E+01

	2.00E+04
	10
	9.8
	1.5
	6.28E+02
	7.96E+01



· Theoretical Calculations:

For Resonant Frequency 
Equation 2.1




For Reactance of inductor (
Equation 2.2



For Reactance of Capacitor (
Equation 2.3



5. Conclusions
· Overall, task 2 was very successful and the achieved aims where met. An accurate circuit was created on Proteus and values were produced via the simulation as well as theoretically. The graph executes the data well, showing the peak of the curve as the resonant frequency which is further clarified where both the Capacitor and Inductor Reactance’s are equal. 
· Even though the results are extremely similar, there could have been more accuracy in the decimal places. The Proteus software only allowed the frequency to be modified by 0.1kHz and a time which could have caused this small, incremental difference. Proteus could have also failed to give accurate voltages for using the cursor as it is purely based on hand eye coordination. Excel also automatically rounds answers which are input in the cell which would have caused the difference in the Capacitor reactance. 
· The difference could also have been caused on the theoretical side by rounding the values the calculator produced. 
· In future simulations it would be better to find a circuit software which can create these Frequencies to smaller decimal places. 
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7. Appendix
1. Figure 2.1: Task 2 Circuit
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2. Figure 2.2: Signal Generator Proteus Tab
[image: A screenshot of a computer
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3. Figure 2.3: Oscillator Proteus Tab
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4. Figure 2.4: Original Excel Data
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