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Abstract
This report outlines the theory, methodology and processes used to complete two tasks:
1.0. Finding the internal resistance of a DC Circuit.
2.0. Finding the resonant frequency of an AC Circuit.
Specifically, two methods were used for each task, theoretical calculations and computer simulation. The results of these processes were recorded, and the similarities discussed.
Conclusions were then drawn stating the overall methodology implemented was correct and that the simulated results would better represent practically observed data.
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1.0. [bookmark: _Toc139792898][bookmark: _Toc139793722]Introduction
[bookmark: _Toc139792899][bookmark: _Toc139793723]1.1. Overview
In order to consolidate the theoretical learning in module ACDA4018 and develop an improved awareness of simulation software a two-part lab assignment was conducted. 
This assignment covered both DC principles in task one and then AC principles in task two providing a conclusive overview of the simulated electronics sector. The simulation and modeling skills learnt here will underpin future work conducted in future university modules.
[bookmark: _Toc139792900][bookmark: _Toc139793724]1.2. Task One

Task one focused specifically on the application of DC theories in the evaluation of a given circuit (Figure 1). In order to test this a simple question was asked:
[image: A diagram of a circuit

Description automatically generated]“Determine the internal resistance of the circuit with respect to the load resistor through both practical (Simulation) and theoretical methods. Then compare these results.”Figure 1

In order to complete this task two fundamental theorems where used:
1. Maximum power transfer theorem 
2. Thevenin’s Theorem
Max power transfer theorem which states: “In a DC network the maximum power will be consumed by the load or maximum power will be transferred from the source to the load, when the load resistance becomes equal to the internal resistance of the networks as viewed from the load terminal”. [1]
This underpins the methods used for both the simulated and theoretical values being applied in line the method given below. 
Thevenin’s theorem states: “Any two terminals of a network consisting of active and passive elements can be replaced by an equivalent voltage source and an equivalent series resistance. The voltage source is the open circuit voltage caused between the circuit across the terminal. The series resistance is the equivalent resistance”. [2]  
This was used as a precursor for the theoretical calculations simplifying the circuit before the max power transfer theorem was applied.
[bookmark: _Toc139792901][bookmark: _Toc139793725]1.3. Task Two
This task, based on the given Ac circuit (Figure 2) focused specifically on the behaviour of reactive components such as inductors and capacitors. In order to explore this the following question was asked:
[image: A diagram of a circuit

Description automatically generated]“How does the voltage across components in the given circuit behave in relation to AC frequency and what is the resonant frequency of this circuit”.Figure 2

In order to answer this question factors such as the reactance of each component must be considered. 
Much like resistance is the opposition of current flow in DC circuits Reactance is the opposition of flow within AC circuits and as such is measures in ohms. 
Reactance can be inductive or capacitive with:
Inductive reactance coming from inductors and equalling [3]   𝑋𝐿=2𝜋𝑓𝐿
Capacitive Reactance coming from capacitors and equalling [4]
𝑋𝐶= 1 /(2𝜋𝑓𝐶)  
When combined within a circuit the total reactance being equal to 
XT = XL -XC
Reactance however can be combined with resistance to give Impedance with the formula:
 
As impedance is a combination of reactance and resistance when it is minimised current flow is maximised.
This event occurs when XL = XC and so the total impedance is equal to R.
XL = XC  at a frequency called the resonant frequency as  and hence  [5]
The resonant frequency can also be identified as the frequency at which the voltage across a component is maximised.
In order to confirm this theory a simulation on the given circuit was conducted to practically find Fr allowing for comparison between simulated and theoretical values.
[bookmark: _Toc139792902][bookmark: _Toc139793726]2.0. Methodology and Procedure
[bookmark: _Toc139792903][bookmark: _Toc139793727]2.1. Simulation Software
For all the simulation tasks outlined in the following methodology Proteus 8 Professional version 8.16.35944 was used. This program was selected due to licensing access and its user-friendly interface for novice electronics students. All components used within circuits were selected from the parts library and all simulation setting were left on their default settings.
[bookmark: _Toc139792904][bookmark: _Toc139793728]2.2. Task One
[bookmark: _Toc139793729]2.2.1 Circuit Simulation
Max power transfer theory states that at the point the load resister is consuming its maximum power its resistance shall equal that of the circuit’s internal resistance. As such this method found the load resistance correlating the maximum power and hence internal resistance
[image: A diagram of a circuit

Description automatically generated]The power equation is given as P = IL2RL and hence to find power two values must be recorded, the current through the load resistor and the load resistance. To do this the modified circuit of figure 3 was used.Figure 3

In order to find the maximum power, the resistance of RL was varied through a range of resistance from 1kΩ to 20lΩ and the corresponding load current (IL) recorded. The results of these simulations are displayed in Table 1.
Once the data in Table 1 had been collated it was processed using the power formular to produce a secondary results table of load resistance (RL) against load power (PL) (Table 2). This table was then plotted giving a load power (PL) against load resistance (RL) plot (Figure 10).
By adding a line of best fit and taking a tangent at the peak the resistance correlating to the maximum power transfer was identified.
Due to the maximum power transfer theorem the identified resistance for RL was equal to Rs and hence the required value found.
[bookmark: _Toc139793730]2.2.2. Theoretical Calculations
The first step in theoretically calculating the internal resistance was to simplify the circuit using Thevenin’s theorem. This was performed via the following steps:
1.0. [image: A diagram of a circuit

Description automatically generated]The load resistor was removed and the replaced with an open circuit. (Figure 4)Figure 4

2.0. The open circuit voltage (VOC) was then calculated as 	   240/13 V. (Figure 6) 
3.0. [image: A diagram of a circuit

Description automatically generated]The voltage source was then short circuited. (Figure 5)Figure 5
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4.0. [image: A math equations on a piece of paper

Description automatically generated]The resistance of the open circuit (RTH) was then calculated as 142000/13 Ω. (Figure 7)Figure 7

5.0. [image: A diagram of a circuit

Description automatically generated]The simplified Thevenin’s circuit was then drawn. (Figure 8)Figure 8

6.0. At this point the Maximum power Transfer theorem could be applied. This followed the exact same methodology as in the simulation but current was calculated using the following formula. IL = VOC / (RTH + RL)
7.0. The corresponding table (3 and 4) and graph (Figure 11) are outlined in the results section.
[bookmark: _Toc139792905][bookmark: _Toc139793731]2.3. Task Two
[bookmark: _Toc139793732]2.3.1. Circuit Simulation
1. The signal generate was set up to operate at a 10V peak to peak voltage.
2. Tests where then run at a range of frequencies from 1 KHz to 20KHz with the peak-to-peak volage across the Resistor, Inductor and Capacitor recorded in order to characterise their response for the change. (Table 5)
3. A graph was then produced showing the voltage across the capacitor against frequency (Figure Z).
4. By finding the frequency that correlates to the maximum voltage the resonant frequency was found. 
[bookmark: _Toc139793733]2.3.2 Theoretical Calculations
Finding the resonant frequency theoretically requires the values for each component to be put into the relevant formula:

[image: A math equations on a piece of paper

Description automatically generated]This was performed as shown in figure 9 with the result recorded below.Figure 9

[bookmark: _Toc139792906][bookmark: _Toc139793734]4.0. Results
[bookmark: _Toc139792907][bookmark: _Toc139793735]4.1. Task One
[bookmark: _Toc139793736]4.1.1. Simulated Results
Results tables from max power transfer simulations: 
	RL (Ω)
	IL (A)
	
	RL (Ω)
	PL (W)

	1000
	0.00155
	
	1000
	0.0024025

	2000
	0.00143
	
	2000
	0.0040898

	3000
	0.00133
	
	3000
	0.0053067

	4000
	0.00124
	
	4000
	0.0061504

	5000
	0.00116
	
	5000
	0.006728

	6000
	0.00109
	
	6000
	0.0071286

	7000
	0.00103
	
	7000
	0.0074263

	8000
	0.00098
	
	8000
	0.0076832

	9000
	0.00093
	
	9000
	0.0077841

	10000
	0.00088
	
	10000
	0.007744

	11000
	0.00084
	
	11000
	0.0077616

	12000
	0.00081
	
	12000
	0.0078732

	13000
	0.00077
	
	13000
	0.0077077

	14000
	0.00074
	
	14000
	0.0076664

	15000
	0.00071
	
	15000
	0.0075615

	16000
	0.00069
	
	16000
	0.0076176

	17000
	0.00066
	
	17000
	0.0074052

	18000
	0.00064
	
	18000
	0.0073728

	19000
	0.00062
	
	19000
	0.0073036

	20000
	0.0006
	
	20000
	0.0072

	Table 1
	
	Table 2



Max power transfer graph with tangent lines drawn on to identify the maximum power transferred (PL) and corresponding load resistance (RL): (Figure 10)
Reading off this graph the maximum power transfer was simulated at 7.8x10-3 W when the load resistance (RL) was equal to 10700 Ω
As such from the simulated results the internal resistance,
(Rs) = 10700 Ω

[bookmark: _Toc139793737][image: A graph with a line graph

Description automatically generated]4.1.2. Theoretical ResultsFigure 10

Results from max power transfer calculations:
	RL (Ω)
	IL (A)
	
	RL (Ω)
	PL (W)

	1000
	0.001548387
	
	1000
	0.002397503

	2000
	0.001428571
	
	2000
	0.004081633

	3000
	0.001325967
	
	3000
	0.005274564

	4000
	0.001237113
	
	4000
	0.006121798

	5000
	0.00115942
	
	5000
	0.006721277

	6000
	0.001090909
	
	6000
	0.007140496

	7000
	0.001030043
	
	7000
	0.007426919

	8000
	0.00097561
	
	8000
	0.007614515

	9000
	0.000926641
	
	9000
	0.007727971

	10000
	0.000882353
	
	10000
	0.007785467

	11000
	0.000842105
	
	11000
	0.007800554

	12000
	0.000805369
	
	12000
	0.007783433

	13000
	0.000771704
	
	13000
	0.007741855

	14000
	0.000740741
	
	14000
	0.007681756

	15000
	0.000712166
	
	15000
	0.00760771

	16000
	0.000685714
	
	16000
	0.007523265

	17000
	0.000661157
	
	17000
	0.007431186

	18000
	0.000638298
	
	18000
	0.007333635

	19000
	0.000616967
	
	19000
	0.007232307

	20000
	0.000597015
	
	20000
	0.007128536

	Table 3
	
	Table 4


 
[image: A graph with a line graph

Description automatically generated]Max power transfer graph with tangent lines drawn on to identify the maximum power transferred (PL) and corresponding load resistance (RL): (Figure 11)Figure 11

Reading off this graph the maximum power transfer was simulated at 7.8x10-3 W when the load resistance (RL) was equal to 11000 Ω
As such from the simulated results the internal resistance,
(Rs) = 11000 Ω
[bookmark: _Toc139793738]4.1.3 Comparison
Both sets of results yield a maximum power transfer of around 7.8x10-3 W but due to the flatter gradient of the simulated graph after the peak power the peak power appears to occur at a lower resistance, (10700 Ω vs 11000 Ω).
This difference is graph shapes is likely due to factors included in the simulation but not the theoretical calculations such as heat and resistance within wire components ect.
The percentage difference between the results however was calculated as:
((11000-10700) / 11000) x 100 which equals approximately 2.73%.
This shows that the simulation can capture theoretical principles well and the software applies the theories in a predictable manner.
[bookmark: _Toc139792908][bookmark: _Toc139793739]4.2. Task Two
[bookmark: _Toc139793740]4.2.1 Simulated Results
This table shows how the voltage over each component changes with the source frequency:
	F (KHz)
	VR
	VC 
	VL 

	1
	10
	10.2
	10

	2
	10
	10.8
	9.8

	3
	10
	11.8
	9.7

	4
	10
	13.76
	9.4

	5
	10
	16.8
	8.4

	6
	10
	21
	6

	7
	10
	22.6
	0.55

	8
	10
	17.4
	4.6

	9
	10
	12
	7.3

	10
	10
	8.4
	8.4

	11
	10
	6.4
	8.9

	12
	10
	5
	9.2

	13
	10
	4
	9.4

	14
	10
	3.3
	9.5

	15
	10
	2.8
	9.6

	16
	10
	2.4
	9.6

	17
	10
	2
	9.8

	18
	10
	1.8
	9.8

	19
	10
	1.6
	9.8

	20
	10
	1.4
	9.8

	Table 5



A graph showing the relationship between the capacitor voltage and frequency: (Figure 12)
From this graph you can see that the resonant frequency as modelled by the simulation is 6800Hz.
[bookmark: _Toc139793741][image: A graph with a line graph

Description automatically generated]4.2.2 Theoretical ResultsFigure 12

From the equation conducted and outlined in the method segment a resonant frequency of approximately 7117.6hz was calculated.
[bookmark: _Toc139793742]4.2.3 Comparison
Again, both the theoretical and simulated values where within the same region but gain as with the previous experiment the simulated value (6800Hz) came out lower than the theoretical (7117.6Hz).
This may gain be down to extra parameters such as wire resistance being accounted for in the simulation, but the test methodology may too have been to blame.
As finite frequency values within the simulation were tested and the results read by eye from the oscilloscope the spread and precision of the data was not as good as it may have been if an automated system was implemented. As a result, the peak of the voltage curve was not a sharp as it would optimally be. As a result, this could have pushed the peak back lowering the apparent resonant frequency.
The percentage difference between the two results was calculated as:
((7117.6-6800) / 7117.6) x 100 which equals approximately 4.46%
This shows that the simulation can capture theoretical principles well and the software applies the theories in a predictable manner.

[bookmark: _Toc139792909][bookmark: _Toc139793743]5.0. Conclusion
The simulated and theoretical results for both task 1 and task two were bellow 5 % with task one being more accurate at 2.73% compared to 4.46%. this leads to two decisive conclusions:
· The methods chosen to answer the questions posed in both tasks one and two were correct and executed to a high degree of accuracy. This is shown as results with such close correlation would not occur if the methodology or accuracy was poor.
· The simulation does differ from theoretical values. This is most likely due to the idealistic nature of the theories which do not consider factors such as temperature change within components or additional resistance from connections. By taking these factors into account it is likely however, that the simulated values are closer to the observations that would be recorded in a real practical experiment.
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