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[bookmark: _Toc160612869]Scope Time Division Calculations (4)

𝑓 = 1/𝑃𝑒𝑟𝑖𝑜𝑑 
&
 𝑃𝑒𝑟𝑖𝑜𝑑 = 1/𝑓
(James, 2024)

f = 10

P= 0.1s

Number of divisions = 
0.1x1000 = 100
Time per Division = 5ms 
Number of divisions = 
20 = Number of divisions
[bookmark: _Toc160612870]Function Generator output sine wave (3)
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(Lilly, 2024)
[bookmark: _Toc160612871]Unsmoothed Rectifier Wave (3)
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[bookmark: _Toc160612872]Smoothed Rectifier Wave with capacitor (3)
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[bookmark: _Toc160612873]Drop in Voltage Question (4)
During each half cycle, the current flows through two diodes, therefore the voltage drop of these diodes cause the DC output to be lower than the peak on the Sine Wave input. The forwards voltage drop typically ranges from around 0.6 to 0.7 Volts. This means that even when the voltage is at its peak input, the output voltage will be reduced by this amount.
[bookmark: _Toc160612874]Different Voltage Readings Question (5)
	Peak Positive input voltage
	Peak to peak voltage 
	Root Mean Square (RMS)

	3.0118 V
	3.0745
	0.316



What is RMS?
RMS is the value of power that an appliance can run at for an average time. This differs to peak values as the device/application could not be able to run for a average amount of time at the peak value without causing damage to the components.
The RMS Value is calculated by squaring the values, taking the average of the squared values, and then taking the squared root of the average. (StudySmarter, 2024)
[bookmark: _Toc160612875]Rectifiers use in Automotive applications Question. (4)
Rectifiers are commonly used on cars containing an AGM, Gel or lead-acid batteries, Assuming the correct battery rectifier 	is used for the battery, the converted power can safely charge the battery without damaging the battery and affecting the full operability of the battery. (Jones, 2022)
Rectifier Circuits are also used in engines providing power in Inverter Generators. The power created from these generators are sent to a rectifier circuit, which converts the AC power into DC power. The converted power is then reconverted into AC, but with a much more stable clean power source and free from distortions (RMS vales instead of Peak values being hit). This allows them to be safe to use with electronics and chargers without damaging the components within the devices. (Anker, 2023)
[bookmark: _Toc160612876]Probing Question (4)
The inability to simultaneously probe the function generator input and rectifier output on separate channels of an oscilloscope in a classroom setup arises from each channel having its own ground reference. This configuration can lead to ground loop issues and measurement inaccuracies when probing different points in a circuit. To address this, isolated differential probes can be used. These probes offer galvanic isolation between the measured signal and the oscilloscope, allowing differential measurements without a common ground reference. By connecting one probe to the function generator input and another to the rectifier output, accurate measurements can be made on separate channels simultaneously. Isolated differential probes are particularly useful in circuits with separate ground references or high common-mode voltages. Care should be taken to follow the manufacturer's instructions for proper setup and use to ensure accurate and safe measurements.








[bookmark: _Toc160612877]Task 3
[bookmark: _Toc160612878]Scope Time Division Calculations (4)

[bookmark: _Toc160612879]Function Generator output square wave (3)
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[bookmark: _Toc160612880]Capacitor charge and discharge wave marked at correct points. (3)

[bookmark: _Toc160612881]Basic Capacitor Calculations (3)
𝜏 = 𝑅 * C
[bookmark: _Toc160612882]Capacitor discharge table (4)

	Time (s)
	Voltage (V)
	ln (V)
	dy = y2 – y1
dy = ln(V)2-ln(V)1 
	dx = x2- x1 
dx = Time2 – Time1
	dy/dx

	0.006499
	-0.6902
	3.3098
	x
	x
	x

	0.006665
	-1.1294
	2.8706
	-0.14237
	0.000166
	-857.631

	0.006831
	-1.5059
	2.4941
	-0.14059
	0.000166
	-846.947

	0.006997
	-1.8196
	2.1804
	-0.13442
	0.000166
	-809.757

	0.007163
	-2.1333
	1.8667
	-0.15534
	0.000166
	-935.76

	0.007329
	-2.3843
	1.6157
	-0.1444
	0.000166
	-869.903

	0.007495
	-2.6353
	1.3647
	-0.16883
	0.000166
	-1017.07

	0.007661
	-2.8235
	1.1765
	-0.14839
	0.000166
	-893.92

	0.007827
	3.0118
	0.9882
	-0.17441
	0.000166
	-1050.69

	0.007993
	-3.1373
	0.8627
	-0.13582
	0.000166
	-818.181



[bookmark: _Toc160612883]Gradient Plot and calculations (4)



3.25 x 0.368 = 1.12
TC = 0.007661

Calculate the Capacitance of the Capacitor

Therefore

(Cyberphysics, 2024)


[bookmark: _Toc160612884]Capacitor Uses (5)
Below are 10 uses of capacitors in electrical/motor vehicle applications.
Filtering and Decoupling
Capacitors are commonly used in power supply circuits to filter out high-frequency noise and ripple voltage. They help to stabilize the DC voltage by storing and releasing energy as needed, ensuring smooth operation of electronic devices.

Energy Storage 
Capacitors store electrical energy and can be used in applications where temporary energy storage is required, such as in flash units for cameras or in uninterruptible power supplies (UPS) to provide backup power during outages.

Motor Start and Run Capacitors 
Capacitors are used in single-phase AC induction motors to provide the initial phase shift required for motor starting and to improve motor efficiency during operation by balancing the phases.

Timing and Oscillation
Capacitors are essential components in timing circuits and oscillators. They control the timing of events and the frequency of oscillations in applications such as timers, clocks, and signal generators.

Motorcycle Ignition Systems
Capacitors are used in motorcycle ignition systems to store electrical energy and discharge it at the precise moment to generate a high-voltage spark across the spark plug electrodes, igniting the air-fuel mixture in the engine combustion chamber.

Electronic Filters
Capacitors are integral to the design of electronic filters, including low-pass, high-pass, band-pass, and band-stop filters. These filters are used in audio systems, communication circuits, and automotive electronics to pass or attenuate specific frequency ranges of signals.

Voltage Regulation
Capacitors can be employed in voltage regulator circuits to stabilize voltage levels and minimize voltage fluctuations, ensuring consistent power delivery to sensitive electronic components.

Automotive Lighting Systems
Capacitors are utilized in automotive lighting systems, such as LED drivers and HID ballasts, to smooth out voltage fluctuations and provide a stable power supply to the lighting elements, ensuring optimal brightness and longevity.

Engine Control Modules (ECMs)
Capacitors are used in ECMs of automotive and motorcycle engines to filter and regulate the voltage supplied to microcontrollers and sensors, ensuring reliable operation and accurate control of engine functions.

Noise Suppression
Capacitors are employed in automotive and motorcycle ignition systems, radio frequency interference (RFI) filters, and electromagnetic interference (EMI) filters to suppress unwanted noise and interference, improving the performance and reliability of electronic systems.

[bookmark: _Toc160612885]Inaccuracies Question (4)

Measurement error stems from various origins, such as faulty measuring equipment, human inaccuracies, and inherent fluctuations in data. Malfunctioning instruments yield incorrect readings, while human lapses arise from errors in data recording or interpretation. Additionally, inherent variability in the data itself may distort measurements, deviating from true values. To mitigate measurement error, several strategies can be employed. Employing more accurate measuring instruments minimizes random errors, while augmenting sample sizes diminishes their influence. Furthermore, utilizing multiple measurements for the same parameter aids in pinpointing and rectifying systematic errors. (Fastercapital, 2024)
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