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[bookmark: _Toc598630863]1 Task 2
[bookmark: _Toc1695828159] 1.1 Scope Time Division Calculations (4) 
Time Division = 1/10
= 0.1s

[bookmark: _Toc657657354]1.2 Function Generator output sine wave (3) 
[image: ]
[image: ]
Δ Time: 63.4µs   Δ Frequency: 15.78KHz Δ Voltage = 2.46V

[bookmark: _Toc1682647346]1.3 Unsmoothed Rectifier Wave (3)
[image: ]

[bookmark: _Toc1445741184] 1.4 Smoothed Rectifier Wave with capacitor (3)

[image: ]
[bookmark: _Toc710973615] 1.5 Drop in Voltage Question (4) 
[bookmark: _Int_uDihCNyh]This is mainly caused by the voltage drop across the diodes in the circuit; also, these diodes may not have been identical, which could also affect the output. The DC output is lower than the peak of the sinewave input as it is half of the peak-to-peak voltage of the sine wave as it has been rectified (Todmal, Klynhans, 2020)

[bookmark: _Toc798778146]1.6 Different Voltage Readings Question (5)
	Peak Positive Input Voltage
	Peak to Peak Voltage
	RMS

	2.46 V
	9.85V
	3.42V



RMS (root mean square) is the average voltage of the circuit and is the most common way of giving a circuit a voltage specification, e.g., for plugs and outlets in households in the UK their specification is 120V, meaning this is their RMS value. Also, according to Lowe (2022) “If AC voltage follows a true sine wave the RMS is equal to about 0.707 times the peak voltage”, which explains why the RMS value is different to my peak positive input value.

[bookmark: _Toc1133168503] 1.7 Rectifiers used in Automotive applications Question. (4)
Rectifiers are used across the automotive industry in both electric and fossil fueled vehicles and both cars and motorbikes. Examples of their uses are in electric vehicle charging systems and on motorcycle charging systems. A rectifier's purpose is to convert an AC current into a DC current, which is important for charging batteries and electrical systems (Arrow, 2018). According to Arrow (2018), rectifiers can also change voltage using a transformer which is an important safety feature to ensure that the correct voltage is delivered to the component, stepping it up or down according to the requirements.

[bookmark: _Toc230356589] 1.8 Probing Question (4)
A function generator supplies AC power to a circuit (RIGOL, 2021), and in this case the circuit has a full bridge rectifier meaning its output will be DC as it has been rectified. Since the input and output aren't in phase, it means that both cannot be scoped at the same time with a two channeled oscilloscope (McKenzie et al, 2018). To be able to probe simultaneously the input and output, McKenzie (2018) suggests that a “scope with isolated input channels” would allow for both the input and output to be probed at the same time.
[bookmark: _Toc1676185521]2 Task 3
[bookmark: _Toc1658922890] 2.1 Scope Time Division Calculations (4)
C = 0.00000439 F
R = 2000Ω
t = 0.00878s
t*20 = 0.1756s
F = 1/0.1756 = 5.69 Hz




[bookmark: _Toc943830765] 2.2 Function Generator output square wave (3)
[image: ]
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[bookmark: _Toc1922548577] 2.3 Capacitor charge and discharge wave marked at correct points. (3) 
Charging = (Peak(V) - start (v) = V top cursor
Therefore (2.5V - (0V) x 0.632) + (0V) = 1.58V
[image: ]
Δ Time: 8.78ms   Δ Frequency: 113.8Hz Δ Voltage = 1.58V
[bookmark: _Toc2032922541]2.4 Basic Capacitor Calculations (3) 
t = RC
Therefore C=T/R
t = 0.00878s
R = 2000 Ω
C = 0.0087 / 2000 = 4.39 x10^-6 F
= 0.00000439 F




[bookmark: _Toc1669084399]2.5 Capacitor discharge table (4) 
	Time (s)
	Voltage (V)
	Ln (V)
	Ln + 5 (V)
	dy
	dx
	dy/dx

	0.0032
	4.0784
	9.0784
	2.205897966
	x
	x
	x

	0.003533
	1.6941
	6.6941
	1.901226541
	-0.304671424
	0.000333
	-914.9292018

	0.003866
	0.3765
	5.3765
	1.682037605
	-0.219188937
	0.000333
	-658.2250348

	0.004199
	-0.6275
	4.3725
	1.475334928
	-0.206702677
	0.000333
	-620.7287596

	0.004532
	-1.4431
	3.5569
	1.268889379
	-0.206445549
	0.000333
	-619.9566034

	0.004865
	-2.1961
	2.8039
	1.031011305
	-0.237878074
	0.000333
	-714.34857

	0.005198
	-2.8863
	2.1137
	0.748439966
	-0.282571339
	0.000333
	-848.5625792

	0.005531
	-3.3882
	1.6118
	0.477351567
	-0.271088399
	0.000333
	-814.0792775

	0.005864
	-3.8902
	1.1098
	0.104179819
	-0.373171748
	0.000333
	-1120.63588

	0.006197
	-4.2667
	0.7333
	-0.310200384
	-0.414380203
	0.000333
	-1244.384993



[bookmark: _Toc1088991024]2.6 Gradient Plot and calculations (4) 

	dy/dx

	x

	-914.9292018

	-658.2250348

	-620.7287596

	-619.9566034

	-714.34857

	-848.5625792



	mean
	tau
	C

	-839.5389888
	0.00119113
	5.95565E-07


[image: ]
t = RC
Therefore C=T/R
t = 0.001191
R = 2000 Ω
C = 0.001191 / 2000 = 0.000000595565 F
Difference:  0.00000439-0.000000595565 = 3.79 x10^-6 F
Percentage Difference: 2x (0.00000439 F - 0.000000595565 F) / (0.00000439F + 0.000000595565 F) * 100  
= 152.22 %

[bookmark: _Toc1795683597]2.7 Capacitor Uses (5) 
[bookmark: _Toc740701856]Electrical Applications 
Power supply lines – power lines often experience voltage fluctuations; capacitors are used to smooth out these fluctuations by delivering charge when required (Electrical voice, 2023).
Smartphones and devices – a capacitor's ability to store charge means that they are used in a wide range of different handheld devices such as smartphones. Their main purpose is to store electrical energy (Electrical voice, 2023).
Motor circuits – capacitors are used in motor circuits to help start motors that require a high starting current (Electrical voice, 2023).
Oscillators – to generate a constant AC signal in an oscillator circuit, capacitors are used (Electrical voice, 2023).
[bookmark: _Int_paLL0zIc]Lightning Protection – To provide a path for lightning surges to follow after a lightning strike, a capacitor is used which provides the surges with low impedance path to minimize the damage that would be caused otherwise (Electrical voice, 2023).
Timing in circuits – by slowly charging a capacitor through a resistor and then rapidly discharging it with a switch (for example), the capacitor can be used to create time delays in electrical circuits (Electrical voice, 2023).
[bookmark: _Toc326671704]Automotive Applications 
Regenerative braking – capacitors are used in EV’s to store energy under braking, allowing for increased range efficiency thanks to regenerative braking (Electrical voice, 2023).
Powering Electric Vehicles – EVs are powered by electricity and therefore have an extensive requirement for capacitors, for example in their drivetrain systems they use electrolytic and film capacitors to supply charge and to help operate boost inverters, motor inverters and DC/DC converters (Arrow, 2015).
EV Wall Chargers – Capacitors are also used in wall chargers designed to charge EVs, the capacitors help deliver enough electrical power to charge the car quickly and efficiently (Arrow, 2015).
[bookmark: _Toc92045460]Motorcycle Applications
Capacitors can be used instead of batteries on some motorbikes as they store charge and deliver power by discharging. This is only suitable however for older bikes or bikes with minimum electrical requirement, as it may not store enough charge for newer bikes with more instruments and electrical components.

[bookmark: _Toc1825991396]2.8 Inaccuracies Question (4)
The main source of inaccuracy comes from the oscilloscope not being calibrated properly, which can lead to timing inaccuracies and instability, interpolation and many more (Margesan, 2003). The probes of the oscilloscope can be intrusive to the circuit, according to Keysight Technologies (2018) the probes can have effects on the resistive, inductive, and capacitive components as they introduce a load to the circuit when used, effecting the data and readings of the circuit.
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