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i. Abstract

For this lab report, we have been tasked with creating and simulating a pair of circuits within Proteus and applying electrical theorems to solve.

ii. Test Parameters

a. The first Circuit consists of a 20V Battery and four Resistors with values of 1KΩ, 10KΩ and 12KΩ (for R1, R2 and R3, respectively). The 4th Resistor’s resistance is variable as shown in Diagram [1]. To calculate the Load Current, the Total Resistance must be found by using Kirchoff’s Laws and using this value, Load Current can be calculated. Relevant calculations can be found on [3]. Below is a table containing substituted values of R4, Load Resistance, Load Current and Power derived from calculations on [3].
	[bookmark: _Hlk139819837]R4 Values/Load Current

	R4
	Total Resistance
	Load Current
	Power

	1KΩ
	6739.1Ω
	1.55mA
	2.4mW

	2KΩ
	7000Ω
	1.43mA
	4.1mW

	5KΩ
	7666.6Ω
	1.16mA
	6.7mW

	10KΩ
	8500Ω
	0.88mA
	7.8mW

	15KΩ
	9108.1Ω
	0.71mA
	7.6mW

	20KΩ
	9571.4Ω
	0.6mA
	7.2mW





[bookmark: _Hlk139827357]An Ammeter was placed in Series with Circuit [1] to form Circuit [4] as proof of calculated Load Current values. As calculations on [3] show, the equation used was correct and the calculated values are identical to the simulated values. Calculations on [3] also show that the equation for calculating Power (Power = (Load Current)^2 x Load Resistance) is also accurate, but as [2] shows, Power increases then decreases as the Resistance of R4 increases. 

b. A Circuit was created to feature an Oscilloscope, Signal Generator, Resistor, Inductor and Capacitor with Voltmeters placed between the final three components to measure the Voltages across each. The Resistor was set to 100Ω, the Inductor to 5mH and the Capacitor to 0.5uF as per [6]. The Signal Generator was set to varying Frequencies (1KHz at minimum and 20KHz at maximum) and an output of 10V as shown by the Signal Generator settings [5]. As the frequency rises, the Voltages across each measured component changes, as shown in the diagram below (Vr for Voltage across the Resistor, Vi for Voltage across the Inductor and Vc for Voltage across the Capacitor).
	Voltages across components

	Signal Frequency
	Vr
	Vi
	Vc

	1KHz
	-0.25
	-0.06
	3.17

	2KHz
	-0.62
	-0.19
	2.34

	5KHz
	1.69
	-3.38
	6.64

	10KHz
	2.56
	-1.8
	0.9

	15KHz
	+/-1.29
	+/-6.18
	+/-1.35

	20KHz
	+/-0.89
	+/-5.68
	+/-0.69



As the table shows, the values of Voltages across each component, until 10kHz, the values are constant, but from 15kHz and above, the voltages fluctuate between a maximum positive and negative value. Resonant Frequency (the Frequency in which the greatest Amplitude was achieved)was also calculated on [8] and gave a final figure of 7118Hz, compared to Graphs [7] and [9], the greatest Amplitude was created with a Resistance of ~5kHz but in the simulations [5], the greatest Amplitude was recorded at 10kHz. It is entirely possible that the largest possible Amplitude occurs at 7118Hz but this was not recorded and the discrepancy between calculated value, simulated value and graphical value is mostly likely because of an error in measurement.

iii. Results and Analysis

As previously stated in ii.a and in [2], the circuit’s Power initially increases then decreases as the Resistance of R4 rises. The reason for this is because of the equation used (Power = (Load Current)^2 x Load Resistance), as Resistance rises, Current falls. As Current falls, the exponential function of squaring means Current (in the equation) gets even smaller and the effect of multiplying by the Load Resistance becomes less pronounced. 

For circuit B, the Graph showing Capacitor Voltage against Frequency [7] is completely inconsistent. For Resistance of 1kHz to 10kHz, the graph shows behaviour consistent with a Sine wave function with constant values (which might be expected as that’s the output of the Signal Generator), but at 15kHz and 20kHz, it changes. The values in the simulator fluctuate between a maximum positive and negative (hence the +/- in the table), Graph [7] was created using the Positive values and Graph [9] was created with the Negative and the Negative Graph [9] more strongly shows Sine behaviour. Also on Graph [9], the gap between 1kHz to 2kHz looks identical to the gap between 15kHz and 20kHz and were the simulation allowed to continue with increasing frequency, it is possible the Graph would exhibit a “declined” Sine wave, with peaks and troughs but becoming more and more negative. Or maybe Amplitude is shrinking due to the point of Resonant Frequency being exceeded.

iv. Conclusions 

Both circuits have been created and simulated in as instructed, with the relevant calculations applied to them in order to calculate Power, Load Resistance, Resonant Frequency and Total Resistances which could prove useful in the context of future Systems Engineering. 


v. Information References/Appendices

1. Diagram showing general layout of Circuit A
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2. [bookmark: _Hlk139825269][image: ]Graphical Representation of Power vs Load Resistance derived from Circuit A





3. [image: A paper with writing on it

Description automatically generated]Calculations for Load Resistance, Load Current and Power
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4. Load Current Diagrams for varying R4 values and proof of Power calculation accuracy.
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5. Frequency settings ranging from 1kHz to 20kHz
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6. [image: A diagram of a circuit

Description automatically generated]Diagram showing Circuit B

7. Graphical Representation of Voltage across the Capacitor (Vc) derived from Circuit B
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8. [image: A notebook with writing on it

Description automatically generated]Resonant Frequency calculation based on Circuit B

9. Graphical Representation of Voltage across the Capacitor (Vc) derived from Circuit B.
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