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[bookmark: _Toc139835440]1. Introduction

The purpose of this report is to document the simulation of a DC and an AC circuit, and the behaviour of the components within. The DC circuit makes use of the maximum power transfer theory, and the AC circuit explores the behaviour around the resonant frequency of a series RLC circuit. Proteus electronic simulation software is used to perform these experiments, as access to real components is not possible.


[bookmark: _Toc139835441]2.Task 1
[bookmark: _Toc139835442]2.1 Internal resistance
[bookmark: _Hlk139832814]The circuit’s internal resistance was measured in proteus. This was measured by replacing the load resistor with an open circuit and replacing the voltage supply with a short circuit. This is the same as calculating the Thevenin equivalent resistance. An ohmmeter was then connected across the open-circuit nodes, giving a resistance reading of 12.909 kΩ. 
[image: Diagram

Description automatically generated][bookmark: _Toc139835448]Figure 1 – Measuring internal resistance of the circuit.












[bookmark: _Toc139835443]2.2 Load current and power transfer
Adding an ammeter in series with the load resistor allowed the load current to be measured. As the load resistance increased, the current through the load decreased. However, as the voltage share for the load increased compared to the internal resistance, the power through the load increased until a point, after which it begins to drop again. According to maximum power transfer theorem, the peak will occur when the load resistance is equal to the internal resistance. 
[image: A graph with numbers and symbols

Description automatically generated with low confidence]







[bookmark: _Toc139835449]Figure 2 - Measuring the load current

Varying the load resistance from 1kΩ to 20kΩ produced the following value, the current reached a high point around 12 – 13kΩ as expected, but also reached a higher peak around 14kΩ, this is likely due to rounding errors due to the 2 decimal place precision of the ammeter.
[image: Table
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[bookmark: _Toc139835455]Table 1 - Load resistance (RL) effect on load current (IL) and power (P)



These data produced the following graph. From it we find the peak to be around 14kΩ, matching the table but not the measured internal resistance. 
[image: Chart, scatter chart
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[bookmark: _Toc139835450]Figure 3 - Graph of power transfer against load resistance


In order to determine whether the reading at 13kΩ or 14kΩ was the anomaly, the theoretical internal resistance can be determined. This was done using the same circuit as the measurement in part 1.1, finding the Thevenin’s equivalent resistance.
In that circuit, the 1kΩ and 10kΩ resistors are in parallel, and that equivalent resistor is in series with the 12kΩ resistor, so the total resistance RS is given by:
Rs  = 1/ ((1/1000) + (1/10000)) + 12000 = 12909.1 Ω
This calculated value is the same as that measured in the software and with it the theoretical peak load power can be calculated from the load current when the load resistance is equal to the internal resistance:
RT = 12909.1 + 12909.1 = 25818.2Ω
 I = 20/25818.2 = 0.775mA
P = (0.775 x 10-3)2 x 25818.2 = 0.0155 W
These calculations show that the drop in power measured at 13kΩ is the anomaly, as it should have had higher power than the 14kΩ system. It also shows a secondary effect present in the simulation, where the measured current falls quicker than the calculated current,



[bookmark: _Toc139835444]3 Task 2
[bookmark: _Toc139835445]3.1 RLC circuit
[image: Diagram, schematic

Description automatically generated]Task 2 involved creating a series RLC circuit in proteus and measuring the voltage across the components across a range of applied frequencies to determine the resonant frequency. [bookmark: _Toc139835451]Figure 4 - simulated RLC circuit

[bookmark: _Toc139835446]3.1 frequency response
The voltage frequency produced by the signal generator was varied from 1 kHz to 20 kHz, and the voltages across each component was measured. 
[image: Table
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[bookmark: _Toc139835456]Table 2 - component voltages across a range of applied frequencies

[image: Chart, line chart

Description automatically generated]The voltage across the resistor (RL) was constant as a resistor has no reactance. Towards the circuit’s resonant frequency, the voltage across the capacitor dropped, as its reactance decreases, before increasing again beyond the resonant frequency. The inductor showed the opposite behaviour, reaching a maximum at the resonant frequency, as its reactance increased. [bookmark: _Toc139835452]Figure 5 - Capacitor peak-to-peak voltage across a range of frequencies

The resonant frequency shown on the graph is the same as that given in the table, 7 kHz, this can be compared to the theoretical value:
fR = 1/ 2 x π x sqrt(LC)
= 1/ 2 x π x sqrt(5 x 10-3 x 0.1 x 10-6 ) = 7117.6 Hz
There could again be a rounding error present, as the calculated resonant frequency is closer to 7.2kHz than 7kHz, so 7.2kHz would be the expected minimum on the graph.



[bookmark: _Toc139835447]Conclusion
The experiments above showed that the Proteus software produces results close to the theoretical calculations, although there were some disagreements between the calculations and the output of the software. This could be because the software takes into account more properties of the components than the simple equations used, or could be a rounding error due to the precision of the instruments used.
Errors present in these experiments include: the precision of the DC ammeter being only to 2 decimal places adding possible rounding errors to the power calculation, and the difficulty of trying to read the simulated oscilloscope waveforms accurately, this entails a large amount of guesswork as to when the peak just touches a squares boundary so hence can be accurately counted. 
Despite these errors the circuits acted in the expected fashion. The DC circuit power transferred increased to a maximum close to the source’s internal resistance. In the AC circuit the inductor’s voltage increased to a maximum at resonance, and the capacitor’s voltage reached its minimum. 
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