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Introduction
1.1	Aim
The aim was to determine the internal resistance and the resonant frequency of two separate circuits using an appropriate circuit software development tool: Proteus.
[bookmark: _Toc139804232][bookmark: _Toc139804251][bookmark: _Toc139883015]1.2	Proteus
It is a tool which is used to simulate the design of electronic circuits. It enables the user to construct and simulate different electrical and electronic circuits, whilst conveniently using an individual’s own computer. There are numerous benefits to using this software as opposed to a hardware approach:
· It eliminates the necessity for expensive electronic devices e.g., oscilloscope.
· It reduces/eliminates the need to time and expense of building physical circuits.
· Physical faults are removed, e.g., poor connections.
· The inherent danger of using live electrical circuits is removed.
· Complex and difficult to construct electrical circuits can be achieved using the software simulation.
· Values of voltages, current and resistance etc. of any component at any instant can be found which is difficult otherwise. [1]
[bookmark: _Toc139883016]1.3	Apparatus
This practical experiment required the development of circuits which utilised a number of components[footnoteRef:1], namely:  [1:  It should be noted that these were utilised within Proteus. ] 

· Resistors
· Oscilloscope
· Digital Signal Generator
· Inductor
· Capacitor
· DC Voltage
· DC Ohmmeter
· DC Ammeter
· Electrical connectors
· Earth connection



[bookmark: _Toc139883017]2.0	 Task One

Task one required the student to build a circuit to measure the internal resistance (Rs) using an appropriate simulation software: Proteus. As shown 
[image: A diagram of a circuit
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Figure 1 - Circuit for Task 1
It required utilising Thevenin’s Theorem: 
‘Thevenin theorem is an analytical method used to change a complex circuit into a simple equivalent circuit consisting of a single resistance in series with a source voltage’ [2]
The basic procedure for solving a circuit using Thevenin’s Theorem is as follows:
I. Remove the load resistor RL or component concerned.
II. Find RS by shorting all voltage sources or by open circuiting all the current sources.
III. Find VS .
IV. Find the current flowing through the load resistor RL.

[image: ]
Figure 2 - Thevenin Theorem [2]
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Figure 3 - Load resistor removed

Using Ohm’s Law to calculate the current:

·      =        

· 

· 

· 

VTH was found using Ohm’s Law, across R2.
· 
· 

RTH was found using by:
· 
·  = 909.09 Ω 
· 
·   = 12.909 kΩ.

Once the equivalent circuit had been found, an initial resistance of 1KΩ was applied to RL, this is shown in Figure 4, below: 

[image: A graph with numbers and symbols
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Figure 4 - Equivalent Circuit
To enable the measurement of the current across the resistor (RL), a digital DC ammeter was inserted into the circuit.  The value for RL was altered in 1KΩ incremental steps to observe the load across the resistor. The results are detailed in Table 1, below. 


	
	
Empirical / Practical
	
Theoretical 

	Resistance (
(KΩ)
	Load Current (
in (mA)
	Power
(W)

	Load Current (
in (mA)
	Power
(W)


	1
	1.31
	1716.1
	1.308
	1710.86

	2
	1.22
	2976.8
	1.220
	2976.00

	3
	1.14
	3898.8
	1.144
	3926.20

	4
	1.08
	4665.6
	1.076
	4631.10

	5
	1.02
	5202.0
	1.016
	5161.28

	6
	0.96
	5529.6
	0.962
	5552.66

	7
	0.91
	5796.7
	0.914
	5847.77

	8
	0.87
	6055.2
	0.870
	6055.20

	9
	0.83
	6200.1
	0.830
	6200.10

	10
	0.79
	6241.0
	0.794
	6304.36

	11
	0.76
	6353.6
	0.761
	6370.33

	12
	0.73
	6394.8
	0.730
	6394.80

	13
	0.70
	6370.0
	0.702
	6406.45

	14
	0.68
	6473.6
	0.676
	6397.66

	15
	0.65
	6337.5
	0.652
	6376.56

	16
	0.63
	6350.4
	0.629
	6330.25

	17
	0.61
	6325.7
	0.608
	6284.28

	18
	0.59
	6265.8
	0.588
	6223.39

	19
	0.57
	6173.1
	0.570
	6173.10

	20
	0.55
	6050.0
	0.553
	6116.18


Table 1 Task 1 Results

The following graph was created to show the relationship between power and resistance.


[bookmark: _Toc139883018]3.0	Task Two
A circuit was built on Proteus as shown in Figure 5. A signal generator output was set to 10V at 1KHz. The values of VR, VC and VL from 1KHz up to 20KHz were taken and recorded in Table 2. A graph representing frequency against voltage capacity was then determined.
In order to determine the peak value accurately, several closely spaced measurements were carried out with the aid of the frequency, voltage capacity graph. These are shown in Table 3.



[image: A diagram of a circuit
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Figure 5 - RLC Circuit

	Frequency
(kHz)
	Voltage Resistance
()
	Voltage Inductance
()
	Capacitance
()

	1
	10.0
	10.0
	10.0

	2
	10.0
	10.0
	11.0

	3
	10.0
	9.76
	12.0

	4
	10.0
	9.26
	14.0

	5
	10.0
	8.26
	17.0

	6
	10.0
	5.76
	21.0

	7
	10.0
	0.25
	22.0

	8
	10.0
	5.00
	17.0

	9
	10.0
	7.50
	12.0

	10
	10.0
	8.50
	8.0

	11
	10.0
	9.00
	6.0

	12
	10.0
	9.26
	5.0

	13
	10.0
	9.50
	4.0

	14
	10.0
	9.50
	3.0

	15
	10.0
	9.76
	2.5

	16
	10.0
	9.76
	2.5

	17
	10.0
	9.76
	2.0

	18
	10.0
	9.76
	2.0

	19
	10.0
	9.76
	0.75

	20
	10.0
	9.76
	0.75



Table 2 - RLC Recordings



	Frequency
(kHz)
	Voltage Resistance
()
	Voltage Inductance
()
	Capacitance
()

	6.3
	10.0
	4.26
	22.00

	6.4
	10.0
	3.76
	22.50

	6.5
	10.0
	3.26
	22.50

	6.6
	10.0
	2.50
	22.50

	6.7
	10.0
	2.50
	22.50

	6.8
	10.0
	1.25
	22.50

	6.9
	10.0
	0.75
	22.50

	7.0
	10.0
	0.25
	22.00

	7.1
	10.0
	0.50
	22.00

	7.2
	10.0
	1.25
	21.50

	7.3
	10.0
	1.75
	21.00

	7.4
	10.0
	2.26
	20.50

	7.5
	10.0
	2.76
	20.00

	7.6
	10.0
	3.26
	19.00

	7.7
	10.0
	3.76
	18.50

	7.8
	10.0
	4.26
	18.00



Table 3 - RLC Values in Detail
[bookmark: _Toc139883019]4.0	Discussion and Conclusion

In task one the theoretical and practical results largely corresponded. In task two, to determine resonant frequency, which is defined as: 
‘The resonant frequency is defined as the frequency of a circuit when the values of capacitive impedance and the inductive impedance become equal. It is defined as the frequency at which a body or system reaches its highest degree of oscillation’. [3]
fo = 1/2π√(LC)
fo is the resonant frequency,
L is the inductance of circuit,
C is the capacitance of circuit
It was observed that the theoretical and practical values largely corresponded. 
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