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[bookmark: _Toc128652311]Task 1
[bookmark: _Toc128652312]A
Calculate resistance of E.          R= 1.2Ω
[bookmark: _Toc128652313]B
0.3+Ib+Ic = 0.5,  Ib+Ic = 0.2A, they are identical so that would be shared equally.                        Therefore, Ib = 0.1A & Ic =0.1A
[bookmark: _Toc128652314]c (i)
P=I2R,  = Ω
[bookmark: _Toc128652315]c (ii)
Va = Vb = Vc    Va= pa/Ia = 0.9/0.3= 3v      Vb & Vc= 3v                                                                                                                                Rb = Vb / Ib = 3/0.1 = 30 Ω
[bookmark: _Toc128652316]c (iii)
Potential difference = Va = Vb = Vc = 3v
[bookmark: _Toc128652317]c (iv)
Va + Vd + Vc = 5v          Vd = 5 – 3 – 0.6 = 1.4v     Rd = Vd / Id = 1.4/0.5 = 2.8 Ω
[bookmark: _Toc128652318]d
4 resistors so Ir is divided by 4 = 0.5/4 = 0.125A     r = V/I = 2/0.125 = 16 Ω                                                                       
[bookmark: _Toc128652319]e
V=IR 0.5*6=3, Voltage Drop across f = 3v
[bookmark: _Toc128652320]f
rabc=   =  rabc = 6 Ω
rd = 2.8 Ω  rf = 6 Ω  internal resistance = 4 Ω   battery resistance = V/I = 12/0.5 = 24 Ω  
Total resistance = 6+2.8+6+4+24 = 42.8 Ω  
[bookmark: _Toc128652321]g
EMF = I(rcircuit + rinternal)      EMF = 0.5*42.8 = 21.4v




[bookmark: _Toc128652322]Task 2
[bookmark: _Toc128652323]Scope Time Division Calculations
Time period =  = 0.1 seconds
Time per division =  = 0.01 seconds
[bookmark: _Toc128652324][image: A screenshot of a computer

Description automatically generated with medium confidence][image: A screenshot of a computer

Description automatically generated with medium confidence]Function Generator output sine wave
This is an image of a sine wave outputted by a function generator probed with an oscilloscope. It shows a peak to peak voltage of 12v and a frequency of 10Hz. It is plotted with a time division of 0.01s.Figure 1- Function Generator output sine wave
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Description automatically generated][image: A screenshot of a computer

Description automatically generated]Unsmoothed Rectifier WaveFigure 2- Unsmoothed Rectifier Wave

[image: Diagram

Description automatically generated]This is an image of an unsmoothed rectifier wave; it has been rectified using a full-wave bridge rectifier circuit (Figure 3) made on breadboard. The rectifier converts AC current to DC, meaning that it flips the negative voltage to make it all positive. Figure 3- Full bridge Rectifier Circuit



[bookmark: _Toc128652326]Smoothed Rectifier Wave
[image: Graphical user interface, application, table

Description automatically generated][image: ]
Figure 4- Smoothed Rectifier Wave
[image: Diagram

Description automatically generated]	Figure 4 shows the output of a smoothed rectifier wave, it utilises a capacitor in parallel as an energy store to smooth out the rectifier output during the troughs.  In this case a 0.1microfarad capacitor was used. With a bigger capacitor, the peak to peak voltage would be lower and the minimum voltage would be higher, this is because a bigger capacitor can discharge a higher voltage.

Figure 5- Full bridge Rectifier circuit with capacitor
[bookmark: _Toc128652327]Drop in Voltage Question
There is a drop in peak voltage from the sine wave input (6.02v) and the rectifier wave (4.52v) , this 1.5v drop can be attributed to the diodes. As the current through a bridge rectifier will pass through two diodes, causing a minimum of 1.2v drop from the peak voltage in the sine wave input. (ElectronicsNotes, 2016). This voltage drop is caused by the depletion region caused by the PN junction with an applied voltage. (All About Circuits)
[bookmark: _Toc128652328]Rectifiers use in Automotive applications Question.
Within the automotive industry, rectifiers are used in alternators are used to converts alternating current (AC) to direct current (DC). (AutoElectro). It works by using multiple diodes that restrict the current to flow in only one direction (TechnoBazz, 2023). An alternator’s function in a vehicle is to provide power to the vehicle while the engine is running by generating power to power the electrical system and charge the vehicle battery. The alternator produces AC current, and it is the purpose of the rectifier to convert that into DC current so that it can be used in the vehicles’ electrical system.






[bookmark: _Toc128652329]Probing Question
With the oscilloscopes used for the practical work on this assignment, it is not possible to probe the input of the function generator on one channel whilst simultaneously probing the rectifiers output on another, this is because an oscilloscope has ground referenced inputs, and by connecting the two channels together, this would short the circuit out. To overcome this, a battery pack was used to power one so that the two didn’t share a common ground and wouldn’t short circuit.
[bookmark: _Toc128652330]Task 3
[bookmark: _Toc128652331]Scope Time Division Calculations
Resistance = 10Ω
Capacitance = 10μF
Frequency of function generator = 
F=50Hz		Time period=	Time per division=
One wavelength = time per division of 0.002seconds.
[bookmark: _Toc128652332]Function Generator output square wave.
[image: A screenshot of a computer
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Description automatically generated]
Figure 6 - Function Generator Square Wave Output
Figure 6 shows the reading from the oscilloscope probing the square wave from a function generator, the function generator has a 50Hz frequency, meaning that the time per division is 0.002seconds. 







[bookmark: _Toc128652333]Capacitor charge and discharge wave marked at correct points.
[image: ]
Figure 7 - Capacitor charge and discharge wave
A capacitor will store charge and discharge it when the circuit energy drops, this charging and discharging leads to a more constant and smoothed out voltage in the circuit.
[image: ]
Figure 8 - 63.2% charge
[image: A screenshot of a computer

Description automatically generated with medium confidence]
Figure 9 - 37.8% discharge
[bookmark: _Toc128652334]Basic Capacitor Calculations
Charge - Looking at Figure 8:
Time = 0.000701 seconds or 701μs
Resistance = 10Ω	Capacitance = F or 70.1μF

Discharge – Looking at Figure 9:
Time = 0.000275 seconds or 275μs
Resistance = 10Ω	Capacitance = F or 27.5μF

[bookmark: _Toc128652335]Capacitor discharge table
	Row
	ln(V)
	Time
	Time Difference

	11076
	1.603922
	0.011076
	0

	11300
	1.532017
	0.0113
	0.000224

	11600
	1.490474
	0.0116
	0.000524

	11900
	1.454514
	0.0119
	0.000824

	12200
	1.432271
	0.0122
	0.001124

	12500
	1.42477
	0.0125
	0.001424

	12800
	1.417187
	0.0128
	0.001724

	13100
	1.409547
	0.0131
	0.002024

	13250
	1.409547
	0.01325
	0.002174

	13458
	1.394113
	0.013458
	0.002382



[bookmark: _Toc128652336]Gradient Plot and calculations
[image: Chart, line chart

Description automatically generated]
Figure 10 - Graph showing Ln(V) against time
For discharging:
V = V0 e-(t/RC)
Using logarithms:
ln(V) = ln(V0) + ln(e-(t/RC))	
ln(e(t/RC)) = 
y= mx + c   ln(V0)-(1/RC)t
Gradient =  = -72.216
Time constant = 1/72.216 = 0.014 seconds	
Resistance = 10Ω            
Capacitance =  = 0.0014 = 1.4mF

[bookmark: _Toc128652337]Inaccuracies Question
In 3.6, using the gradient plot of the graph, the capacitance is calculated at 1.4mF, there is approximately a x51 times difference between this and the calculated capacitance at discharge in 3.4. This could potentially be down to the quality of equipment used for the practical part. The low quality function generators created a lot of noise and an imperfect signal, this would have affected the accuracy of the data being collected and the calculations.
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