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[bookmark: _Toc192754482]Task 3
[bookmark: _Toc192754483]Scope Time Division Calculations (3)
Period = 1/Frequency, T=1/F, F=1MHZ
T=1/1e6=1e-6s
[bookmark: _Toc192754484]Function Generator output square wave (3)
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[bookmark: _Toc192754485]Capacitor charge and discharge wave marked at correct points. (3)
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[bookmark: _Toc192754486]Basic Capacitor Calculations (3)
Tau = RC      C=tau/R      R=100   tau = 234µs 
C=(234e6)/100=2.34µF





[bookmark: _Toc192754487]Capacitor discharge table (2)
	Time (s)
	Voltage (V)
	ln (V)
	dy = y2 – y1
dy = ln(V)2-ln(V)1 
	dx = x2- x1 
dx = Time2 – Time1
	dy/dx

	64.857
		2.8863



	1.059975
	x
	x
	x

	64.8735
	2.0912
	0.737738
	-0.32224
	0.0165
	-19.5295

	64.89
	1.8196
	0.598617
	-0.13912
	0.0165
	-8.4316

	64.9065
	1.4431
	0.366794
	-0.23182
	0.0165
	-14.0499

	64.923
	1.1922
	0.1758
	-0.19099
	0.0165
	-11.5753

	64.9395
	0.9412
	-0.0606
	-0.2364
	0.0165
	-14.3273

	64.956
	0.8157
	-2.0371
	-0.14311
	0.0165
	-8.67327

	64.9725
	0.6588
	-0.41734
	-0.21363
	0.0165
	-12.9471

	64.989
	0.5647
	-0.57146
	-0.15413
	0.0165
	-9.34093

	65.0055
	0.4709
	-0.75311
	-0.18165
	0.0165
	-11.009



[bookmark: _Toc192754488]Plot log(V) Gradient (2)
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc192754489]Gradient Calculations and Compare(4)
[bookmark: _Toc192754490]Gradient Calculations
Tau = RC = -1/ gradient      R=100      
Y = log of data between start and end of discharge
X = time between start and end of discharge 
GradientData= dy/dX 
𝜏 = -1/GradientData 
C = 𝜏/R = 𝜏/100 = 1e6F = 1µF
[bookmark: _Toc192754491]Comparison table
	
	Capacitance
	Delta
	Percentage difference

	Actual
	1 µF
	x
	X

	Marker Calculation
	2.34 µF
	1.34
	134%

	Gradient Calculation
	1e06 F=1 µF
	1.34
	134%




[bookmark: _Toc192754492]Capacitor Uses (5)
There are many different types of capacitors which have a variety of applications. They are utilized often in the automotive industry such as in regenerative braking systems in hybrid vehicles where the energy released when braking is captured and stored as electricity in a capacitor before being used to aid in the vehicles acceleration (Arrow, 2015). Ultracapacitors are used in quick charging systems as they can be charged with high currents without impacting the lifetime of the capacitor unlike batteries, these ultracapacitors are predominantly used for short trips (e-motec, 2020). To improve acceleration in EV’s, super capacitors can be integrated into lithium ion batteries as they can charge and discharge far quicker than the battery (Fong .et.al, 2021). Capacitors are a vital component in Vehicle LED headlight systems as they provide a smooth voltage flow to the light reducing fluctuation in light output (Mingqing .et.al, 2020). Various types of capacitors are also deployed outside of the automotive industry such as in power cut off systems, where a capacitor and variable resistor are used together to allow the user to cut off power to a device after a set time to reduce energy expenditure (Akila .et.al, 2024).  The quick charging characteristics of capacitors also applies to device chargers due to their efficient energy storage capabilities (Misra .et.al, 2023). The pulsing current required in particle accelerators is provided by banks of capacitors that can be charged accurately and reach voltages up to 1200V (Belikov .et.al, 2023). The capacitors used in loud speakers work by preventing the DC current from damaging the speaker as the AC is converted to vibrations and sound (AllUsesof, 2019). The flash of a camera is produced when a capacitor rapidly discharges through a flash tube producing a pulse of light (Shepard .et.al, 2016). In a household fan, capacitors produce the magnetic flux  required for an adequate torque to maintain the fans rotating motion (StudiousGuy, no date).
[bookmark: _Toc192754493]Inaccuracies Question (4)
The measured capacitance in a circuit can often differ from the capacitance stated, this may often be due to stray capacitance which is capacitance found in other components such as wires, the dimensions of the wires can affect the wires capacitance and hence change the measured capacitance (SiliconVLSI, 2023). Inaccuracies in the measurements may also originate from human error or faults in the calibration of the function generator, this slight error can produce vastly different final results after many levels of calculations, depending on the application this can have disastrous effects safety and equipment meeting regulatory compliance (QuatreLab, 2024). Wear of contact points between wires, the capacitor and the breadboard may also lead to inconsistencies in the circuits capacitance (Lucovsky, 2001), this occurs with age and the components should be inspected regularly and replaced if needed. 
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Scoping Function generator output
For this experiment the function generator can be powered by the PC that the scope is plugged into, this
should give a more stable readine. Set the function generator to vour chosen freauencv and a 1v
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