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[bookmark: _Toc223594319]Task 3
[bookmark: _Toc223594320]Scope Time Division Calculations (6)

This is the equation used to work out the time constant, it is determined by doing 0.63 multiplied by Vo, this gives the voltage and using the equation we work out for the time per division to be 0.000444 s/div. Therefore, the oscilloscope was set to about 0.5ms/div. 
[bookmark: _Toc223594321]Function Generator output square wave (6)

Visible from this graph this time period is about 0.000625s, this can then be used in the frequequncy equation, f = 1/T, to be worked out as about 1600Hz. 

[bookmark: _Toc223594322]Capacitor charge and discharge wave marked at correct points. (6)

V(t)=V0​(1−e−t/RC)
This graph has a visible exponential discharge which is typical and exactly what to expect of a capacitor discharging overtime. 
[bookmark: _Toc223594323]Basic Capacitor Calculations (6)
C = T / R
C represents the capacitance, which for this capacitor is the Time constant divided by resistance of the resistor within the circuit (100 ohms). The calculated value for this experiment was 0.0000111 Farads. 
[bookmark: _Toc223594324]Capacitor discharge table (5)
	Time (s)
	Voltage (V)
	ln (V)
	dy = y2 – y1
dy = ln(V)2-ln(V)1 
	dx = x2- x1 
dx = Time2 – Time1
	dy/dx

	0.000999
	3.6667
	1.299292
	x
	x
	x

	0.001055
	2.851
	1.04767
	-0.251622265
	5.6E-05
	-4493.25

	0.001111
	2.2236
	0.799128
	-0.248542306
	5.6E-05
	-4438.26

	0.001167
	1.7844
	0.579082
	-0.22004528
	5.6E-05
	-3929.38

	0.001223
	1.5648
	0.447758
	-0.131324204
	5.6E-05
	-2345.08

	0.001279
	1.3138
	0.272924
	-0.174834319
	5.6E-05
	-3122.04

	0.001335
	1.1883
	0.172524
	-0.100399987
	5.6E-05
	-1792.86

	0.001391
	1.1255
	0.118227
	-0.054296333
	5.6E-05
	-969.577

	0.001447
	1.0314
	0.030917
	-0.087310279
	5.6E-05
	-1559.11

	0.001503
	1
	0
	-0.030917103
	5.6E-05
	-552.091



[bookmark: _Toc223594325]Plot log(V) Gradient (5)

The linear but close the exponential graph demonstrates the expected relationship, as the logarithmic applied to the exponential cancels out and produces the expected graph. This linear relationship confirms exponential decay.
[bookmark: _Toc223594326]Gradient Calculations and Compare (8)
[bookmark: _Toc223594327]Gradient Calculations
gradient=Δln(V) / Δt
The gradient is calculated to be -2593.75.
The capacitance is then calculated to be 3.85 µF. 
[bookmark: _Toc223594328]Comparison table
	
	Capacitance  (µF)
	Delta  (µF)
	Percentage difference

	Actual
	1 
	x
	X

	Marker Calculation
	11.1
	10.1
	1010%

	Gradient Calculation
	3.85
	2.85
	285%



[bookmark: _Toc223594329]Capacitor Uses (5)
3 electrical uses of Capacitors are Power Factor Corrections; these capacitors work to smooth overall load on power grids as they lower the need for reactive power dumps. Another electrical use is smoothing AC current into DC; capacitors can discharge to fill in ripples of current. A final electrical use of capacitors is for motor starting, these create a phase shift to provide initial torque in a generator for example.
3 Motorcycle respective uses for capacitors are for the ignition system of a bike, these use capacitors like the motor starting mentioned previously, where a surge is used to provide torque for the motor. Another is battery eliminators, where capacitors are used to provide current for start procedures like the light idling. Final use of capacitors in motorcycles is signal smoothing, which uses capacitors to filter noise, by filling in low gaps of current and avoiding the spikes caused by alternators sometimes. 
4 motorsport/automotive uses of capacitors could be the KERS system F1 used in previous years and on some production cars, this is a regenerative braking system that stores energy from breaking in capacitors which is then deployed for extra power. Another use of capacitors is electrical power steering; this uses capacitors to boost steering response and ensure constant response during cornering. A third use of capacitors with these applications is in active suspension systems, capacitors are capable of fast release energy to adjust damper settings in the milliseconds needed for fast acting suspension. The final use of capacitors in this application is with lighting for the dials and components; it Is essential to have them because it stops flickering and acts as a fail safe to provide constant light where needed.
[bookmark: _Toc223594330]Inaccuracies Question (4)
In this experiment, some areas where there could have been inaccuracy was with the instruments themselves, the experiment was completed using function generators and other apparatus, these used unreliable battery packs and were plugged into the computers, this leads to multiple potential causes of error as the power source of the computer can interfere with the signal produced by the function generator. These may have made slightly different values to the specified values. There could also be tolerance issues within the capacitors themselves, as fluke states it there can be a 10-20% inaccuracy within the capacitors themselves. As mentioned before the scope will also have its own resolution, which has its tolerance, this in combination with other things start to add up. Finally, there can be small areas of human error, with placing probes a full connection sometimes isn’t achieved and there is potential for inaccuracy. 
[bookmark: _Toc223594331]Risk Question (10)
The CAN-bus system is a message protocol system within vehicles that controls messages between areas such as breaks, engine and airbags. This operates via 2 wires, The CAN high and low, which reduces wiring complexity in the vehicle. These systems have to be compliant to ISO/SAE 21434-2021, these standards have the ideology of analysing potential threats and reducing them by understanding possible paths of attack and also determining how feasible an attack is. The CAN-bus system has some strong vulnerabilities as there is little to no encryption with the messages that are sent through the system, therefore mitigating efforts have to be taken place to reduce the chance or impact of a cyberattack. Securing onboard communication is a way commonly used to mitigate the threat of attacks, this prevents message spoofing by encrypting the messages. If it weren’t for this mitigation method, it would be possible to spoof the controls and get control of the cars systems, allowing for remote acceleration, deceleration and even steering in some modern day self-driving cars. Another mitigation method is network segmentation, this only allows for difference in the channels of essential systems like engine and brakes, compared to the messages from the entertainment systems like radio. This helps mitigate risk as the high importance of the signals from the engine can be reinforced and prioritized for protection. Another way of risk management is intrusion detection systems, that monitors the system for any unusual access or requests, such as a Dos attack that overrides the system with requests or targeted unusual requests and then the system can identify and respond. It is essential to avoid a cyberattack and safeguard the vehicles integrity with secure booting and over the air updates, these could allow for infiltration if the appropriate risk mitigation isn’t used, so to be able to udate over the air securely is essential for the system.
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Graph of time against Voltage
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Log(V) against Time(s)
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