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· Build a circuit to measure the internal resistance using Proteus software.
· Design a circuit to measure the load current for a range of resistance values.
· Use these values to determine the maximum power output of the circuit.
· Compare values achieved in simulation with theoretical calculations.
[bookmark: _Toc139637183]Task 2
· Build a circuit to measure the voltage across different components in a circuit using Proteus software.
· Measure the voltage for a range of frequencies and plot it in a graph against the voltage across the capacitor.
· Determine the resonant frequency from the graph and compare with theoretical calculations.
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[bookmark: _Toc139637185]Task 1
A theorem is basically just a rule which is derived from more complicated analysis using the fundamental rules of mathematics in order to make the problem simpler.  In electrical circuit analysis, the fundamental laws are Ohm’s law, Kirchhoff’s current law (KCL), and Kirchhoff’s voltage law (KVL) which can be used in pretty much every circuit configuration.  Ohm’s law is stated as, “an electric current passing through the conductor is directly proportional to the applied voltage between the two terminals of the conductor, if physical conditions remain constant”.  This basically means that the voltage across a conductor is proportional to the current that flows through it.  KCL and KVL are a pair of laws that deal with the conservation of current and energy within electrical circuits.  Kirchhoff’s current law is stated as, “the total current entering a junction, or a node is equal to the charge leaving the node as no charge is lost”.  This means that the sum of every current entering and leaving the node must be zero with positive and negative values taken considering the direction of the current flow.  Kirchhoff’s Voltage Law states that, “the voltage around a loop equals the sum of every voltage drop in the same loop for any closed network equals zero”.  This means that the sum of all the voltage drops from components will be equal to the voltage of the voltage source. [1]
There are various theorems that are used to help find voltage and currents in multi-loop circuits.  These theorems use fundamental rules and laws to analyse components of electrical circuits such as voltage, current and resistance.  Some of the different theorems used are the Superposition theorem, Norton’s theorem, Maximum power transfer theorem, Thevenin’s theorems and the Reciprocity theorem.
The theorem that is used in this report is the Maximum Power Transfer Theorem, which explains the conditions for the maximum amount of power to be transferred to a load under various circuit conditions.  The theorem states that “the power transfer by a source to a load is maximum in a network when the load resistance is equal to the internal resistance of the source”.  The internal resistance, also known as Thevenin’s resistance, can be determined using Thevenin’s theorem.  Thevenin’s theorem states that “any linear circuit containing only voltage sources, current sources and resistances can be replaced by an equivalent of a voltage source in series with a single resistance connected across the load”. This simplified circuit that is created using the theorem is known as the Thevenin equivalent circuit with the single resistance source being the internal resistance used for maximum power theorem. [2]
[bookmark: _Toc139637186]Task 2
Where resistance is the opposition of the flow of current within a DC circuit, reactance is the opposition of change of flow of current within an AC circuit.  This reactance would be due to inductance or capacitance within the circuit.  Inductors are a coil of wire and when connected to a voltage source, store electrical energy in a magnetic field around itself.  The strength of the magnetic field surrounding it depends on the current flowing through it.  If there is a change in the magnetic field, this induces a back voltage into the coil in opposition to the original applied voltage.  Capacitance exists where there is conductive material separated by insulating material, so a capacitor is just a capacitive structure with a specified amount of capacitance.  When a voltage source is applied to a capacitor, it stores energy as an electric field.  It acts in the same way as an inductor but acts on the current instead of the voltage.  Inductors oppose changes in current flow by developing a voltage across itself proportional to the rate of change of the current. [3]
A tuned circuit is a circuit that contains both inductive and capacitive elements.  If they are connected in series, the circuit has low impedance to alternating current of the resonant frequency, and high impedance to the current of other frequencies. [4]The resonant frequency is expressed when the voltage across the inductor and the capacitor are equal and therefore produce the maximum oscillatory response.  This is because at the resonant frequency, the circuit has the lowest impedance meaning the maximum current is flowing. [5]
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The original circuit that was set up to be used for analysis consisted of a 20V voltage source connected to 3 resistors of known resistance and a variable load resistor.
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Figure 1 - Task 1 Original Circuit
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Figure 2 - Circuit to find Vth
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Figure 3 - Circuit to find Rth
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Figure 4 - Circuit to find IL for a range of values
[bookmark: _Toc139637189]Task 2
The original circuit was set up using a signal generator set to 10V at 1kHz connected in series to a resistor, an inductor and a capacitor of known values.  An oscilloscope was then connected to visualize the wave functions of each component.
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Figure 5 - Task 2 Circuit
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The Proteus software was started, and a new worksheet was opened.  All the apparatus that was required was then collected ready to be programmed into a circuit.  The circuit seen in Figure 1 was then created and all the correct values were assigned to each component.  The load resistor was then replaced with a voltmeter and the simulation was ran in order to measure Thevenin’s voltage (Vth) as seen in Figure 2 and the value was recorded in a table.  The circuit was then short circuited over the voltage source and the voltmeter in Figure 2 was replaced by an ohmmeter as seen in Figure 3 and then the simulation was ran in order to measure Thevenin’s resistance (Rth) and then recorded in a table.  A new circuit was then created including a voltage source using Vth, a resistor with the value of Rth, an ammeter and a load resistor.  The value of the load resistor was set to 1kΩ, and the simulation was ran in order to find the load current (IL).  The value of the load resistor was then changed to values ranging from 2kΩ to 20kΩ in increments of 1kΩ and IL was recorded for each one in the table.  These values were then used to calculate the power output of the circuit which was then plotted on a graph.  The maximum power was then determined using the peak of the line from the graph.
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The Proteus software was started, and a new worksheet was opened.  All the apparatus that was required was then collected ready to be programmed into a circuit.  The circuit seen in Figure 5 was then created and all the correct values were assigned to each component.  The signal generator output was set to 10V at 1kHz frequency.  The simulation was ran and the voltage across the resistor (VR), the capacitor (VC), and the Inductor (VL) was measured using the oscilloscope and measuring from the waves peak to peak and recorded in a table.  This was then repeated for a range of frequencies of 2kHz to 20kHz in increments of 1kHz and each value was recorded in the table.  A graph was plotted of VC against frequency in order to determine the resonant frequency (fr) and this value was compared with theoretical calculations.
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From Figure 2 and Figure 3 the values obtained for Vth and Rth were 18.2V and 12.909kΩ respectively.
The values for RL, IL, and Power were recorded in the following table.

	Load Resistor  (Ω)
	Load Current  ( mA)
	Power  (mW)

	1k
	1.31
	1.7161

	2k
	1.22
	2.9768

	3k
	1.14
	3.8988

	4k
	1.08
	4.6656

	5k
	1.02
	5.202

	6k
	0.96
	5.5296

	7k
	0.91
	5.9767

	8k
	0.87
	6.0552

	9k
	0.83
	6.2001

	10k
	0.79
	6.241

	11k
	0.76
	6.3536

	12k
	0.73
	6.3948

	13k
	0.70
	6.37

	14k
	0.68
	6.4736

	15k
	0.65
	6.3375

	16k
	0.63
	6.3504

	17k
	0.61
	6.3257

	18k
	0.59
	6.2658

	19k
	0.57
	6.1731

	20k
	0.55
	6.05


Table 1 - Task 1 Results

These results were then used to plot a graph of RL against Power.


Table 2 - Graph of Power vs Load Resistance
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From the data recorded during simulation of Figure 5, a table was created showing the values of Frequency, VR, VL, and VC.

	Frequency (Hz)
	VR (V)
	VL (V)
	VC (V)

	1000
	10
	10
	10.13

	2000
	10
	10
	10.63

	3000
	10
	9.76
	11.76

	4000
	10
	9.26
	13.76

	5000
	10
	8.26
	17

	6000
	10
	5.76
	21.26

	7000
	10
	0.145
	22.26

	7100
	10
	0.53
	21.76

	7200
	10
	1.14
	21.5

	7300
	10
	1.725
	21

	7400
	10
	2.3
	20.5

	7500
	10
	2.82
	19.76

	8000
	10
	5
	16.76

	9000
	10
	7.4
	11.5

	10000
	10
	8.5
	8.2

	11000
	10
	9
	6.2

	12000
	10
	9.2
	4.8

	13000
	10
	9.4
	3.86

	14000
	10
	9.6
	3.2

	15000
	10
	9.7
	2.7

	16000
	10
	9.7
	2.3

	17000
	10
	9.8
	2

	18000
	10
	9.8
	1.75

	19000
	10
	9.8
	1.55

	20000
	10
	9.8
	1.4


Table 3 - Data Recorded from Task 2







These results were then used to plot a graph of Frequency against VC.

Table 4 - Graph of Frequency against VC
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Images of the calculations made will be included below.
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Figure 6 - Calculations for Task 1 (1)
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Figure 7 - Calculations for Task 1 (2)
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Figure 8  - Calculations for Task 1 (3)
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An image of the calculations for Task 2 will be included below.
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Figure 9 - Calculatioins for Task 2
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From the results shown it can be seen that on the simulation a value of 18.2V was achieved for Vth.  This coincides with the result obtained of 18.18V during theoretical calculations.
It can also be seen that for Rth a value of 12.909kΩ was achieved on both the simulation and in the calculations.
From Table 1 & Table 2 it can be seen that the maximum power value obtained for this circuit was around 6.4mW.  This agrees almost perfectly with the value obtained in calculation.
There could have been a better degree of accuracy with some of the results achieved on the simulator.  This was due to some of the components not giving results to enough decimal places. 
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From Table 3 it can be seen that the resonant frequency is somewhere between 7100Hz and 7200Hz.  This was also confirmed by the plotting of the graph seen in Table 4.  This coincides with the calculation carried out seen in Figure 9 where a value of 7117.625Hz was obtained for the resonant frequency.
This was further proved by calculating the reactance of the inductor and the capacitor as seen in Figure 9.  At resonant frequency the reactance of the inductor and capacitor are the same which is shown.
The only difficulty that was faced was when recording the data from the oscilloscope to the table it was hard to pinpoint exactly where the peak and trough of the wave was.  This led to a great deal of time spent on it and could have skewed the results obtained.
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Overall, this experiment was completed successfully with all the values that were expected to be achieved were achieved.  Using this method is very effective way of completing electrical circuit analysis as it is a very user-friendly system that yields good results.
[bookmark: _Toc139637204]Task 2
Overall, this experiment was a success as all the results that were expected to be achieved were achieved.  Using this software is an effective way of carrying out this experiment as it allows you to simulate it without having to try ad source all of the equipment needed to do it practically.
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Power vs Resistance

Power 	 (mW)	1k	2k	3k	4k	5k	6k	7k	8k	9k	10k	11k	12k	13k	14k	15k	16k	17k	18k	19k	20k	1.7161	2.9767999999999999	3.8988	4.6656000000000004	5.202	5.5296000000000003	5.9767000000000001	6.0552000000000001	6.2000999999999999	6.2409999999999997	6.3536000000000001	6.3948	6.37	6.4736000000000002	6.3375000000000004	6.3503999999999996	6.3257000000000003	6.2657999999999996	6.1730999999999998	6.05	Load Resistance (kΩ)


Power (mW)



Voltage across Capacitor

VC (V)	1000	2000	3000	4000	5000	6000	7000	7100	7200	7300	7400	7500	8000	9000	10000	11000	12000	13000	14000	15000	16000	17000	18000	19000	20000	10.130000000000001	10.63	11.76	13.76	17	21.26	22.26	21.76	21.5	21	20.5	19.760000000000002	16.760000000000002	11.5	8.1999999999999993	6.2	4.8	3.86	3.2	2.7	2.2999999999999998	2	1.75	1.55	1.4	Frequency (Hz)


Voltage (V)
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