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Introduction
In this assignment I aim to complete a full circuit onramp simulation course on the MATLAB software and a practical investigation on capacitors. This investigation will look at how a RC circuit reacts during the charging and discharging of a capacitor. I’ll be looking to find the capacitance value of the capacitor using two different methods which are, scope division calculation which finds the capacitance by looking at 63.2% of the peak voltage and using the tau value at that point in the equation T = RC. The next method will be using the mean gradient of a ln (V) against time scatter graph to calculate the capacitance. These values can then be compared with each other and the base value to look at accuracy levels. 




















Circuit Onramp
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2.1) Scope division Calculation















                                          10 – Horizontal Divisions




Using my answers in this equation I was able to determine I would need to set my function generator to 250Hz, and the oscilloscope scale should be 400μ but had to be rounded up to 500 μ in hantek.



2.2) Function Generator Output square wave
Figure 1 - Function Generator Output square wave
[image: ]
2.3) Capacitor charge and discharge wave marked at correct points 
Figure 2 - Capacitor charge and discharge wave
[image: ]
(Peak V – Start V) x 63.2% + Start = Vt
(3.5765 - 0.1569) X 0.632 + 0.1569 = 2.32 V
2.4)   Capacitor Calculations
(Peak V – Start V) x 63.2% + Start = Vt
(3.5765 - 0.1569) X 0.632 + 0.1569 = 2.32 V  
- Used this to find 63.2% which I could then use on my capacitor wave graph to find the Tau value at 63.2%. This then allowed me to find the capacitance.























2.5)
Figure 3 – Capacitor Discharge table
	Time (s) 
	Voltage (V) 
	ln (V) 
	dy = y2 – y1 
	dx = x2- x1  
	dy/dx 

	
	
	
	dy = ln(V)2-ln(V)1  
	dx = Time2 – Time1 
	

	0.010572
	3.2627
	1.182555073
	x 
	x 
	x 

	0.010616
	2.4471
	0.89490365
	-0.287651423
	0.000044
	-6537.532351

	0.010663
	1.8824
	0.632547558
	-0.262356092
	0.000047
	-5582.044501

	0.010723
	1.4118
	0.344865486
	-0.287682072
	0.00006
	-4794.701208

	0.010789
	1.098
	0.093490343
	-0.251375143
	0.000066
	-3808.714286

	0.010829
	0.9412
	-0.060599622
	-0.154089965
	0.00004
	-3852.24913

	0.010885
	0.7843
	-0.242963679
	-0.182364057
	0.000056
	-3256.501011

	0.010933
	0.6588
	-0.417335281
	-0.174371602
	0.000048
	-3632.741707

	0.010962
	0.5961
	-0.517346841
	-0.10001156
	0.000029
	-3448.674485

	0.011025
	0.502
	-0.689155159
	-0.171808319
	0.000063
	-2727.116167



Mean Gradient = (Sum of dy/dx  9) = -4182.25 
Time constant







2.6)
Figure 4 – Time vs ln (v) graph
[image: ]This graph shows in figure () above is showing the relationship between time and the natural logarithm of voltage. As we can see from the data has a pretty straight line is formed which follows a negative trend. The gradient of the line can be found and used to calculate the capacitance of the capacitor which can then be compared to earlier values.












2.7) 
Mean Gradient was calculated by using the sum of the dy/dx column and dividing the outcome by 9. The mean gradient is –4182.25
 



Figure 6 – Capacitance comparison table
	
	Capacitance
	Delta
	Percentage difference

	Actual
	1 µF
	x
	X

	Marker Calculation
	1.75 µF
	0.75 µF
	75%

	Gradient Calculation
	2.39 µF
	1.39 µF
	139%

















2.8) 
Capacitor Uses
The first use for capacitors I will talk about is energy storage, capacitors can be used to temporarily store energy which can then in turn be used to bridge power interruptions in computers. Capacitors also are used to measure changes in factors such as humidity and mechanical strain, this is possible by looking at change in capacitance, computers will be able to see the variation in the capacitance and then make a judgement on the change in conditions. Capacitors are often used in motor staters for electrical appliances due to them being able to apply a large amount of torque which is necessary to start the motors. Capacitors also play a critical role in AC to DC rectifiers; this is done by capacitors averaging out voltage inputs. Capacitors are also vital for stabilising voltage to prevent damage to vehicle ECUs. Another use for capacitors is to reduce RFI (radio frequency interference) from components in cars. They can also be used to manage cell voltages which can help prevent batteries from becoming overcharged. In computers capacitors are utilised in DRAM to hold the data charge. Capacitors are also used in computer power supply units to ensure voltage isn't fluctuating. In vehicles that have regenerative braking capacitors are used to absorb and temporarily store the generated voltage before it is rapidly released.  

















2.9)
Inaccuracies Question
[bookmark: _Int_xUz6PTbu]The specified Value for the capacitor used in the experiment was 1µF, however when I used the equation T=RxC I got a capacitor value of 1.75 µF and using the data from the graph I calculated that the capacitance value was 2.39µF. Although this doesn't seem right there is a few reasons that measurements may differ from the expected value. The main reason could be down to the equipment that was used, for example the oscilloscopes used may not have been fully accurate, the breadboards, wires and components used to make the circuit may have had issues which could have led to inaccuracies. Another source of inaccuracies could be human error, when doing the test, we could have made a mistake while setting the equipment or software up or had something set to the wrong setting which again could cause measurements to differ. A likely reason for the difference in capacitor value is tolerance, A website called analogue circuit design states that tolerance 'indicates how closely the actual capacitance value will match the rated value' (analogue circuit design, 2024). Tolerances can range anywhere from 5% to 20% which can cause expected values to differ quite significantly.
















2.10)
Risk Question
As road vehicles continue to develop and rely more on computers and CANBUS systems to access and influence important vehicle applications the threat of cyber-attacks on vehicles has drastically increased. Modern vehicles heavily rely on CANBUS systems to communicate information throughout the car and even influence driver aids such as autonomous driving in certain cars. This means that if someone was to get external control of a vehicle they could access and shut off or trigger the braking system, unlock the car, shut off the engine, change gear selection and even change steering inputs if the vehicle uses a fly by wire system. The risk of this happening is high, according an article called 'Evaluation of CAN bus security challenges' in 2014 a team of hackers were able to shut off the engine of a Jeep Cherokee and in 2016 another team of engineers were able to hack a corvette and access the braking system. In 2021 ISO/SAE 21434 was introduced which is ' an international standard that defines engineering requirements for cybersecurity risk management in the context of road vehicles.' (ISO, 2021). One thing this standard has mandated is the requirement for pre-production threat analysis called TARA (threat analysis and risk assessment) according to a website called synopsis, 'Cybersecurity risk assessment and management requires a thorough investigation of a product to identify the possible risks the product can inherently possess' (Synopsys, 2023 ). What this aims to do is find any problems with the systems and make appropriate changes to mitigate the problem before it goes into production to prevent it happening to a real vehicle. ISO/SAE 21434 also requires companies to continuously monitor for security threats and breaches to protect them from attacks, if a threat or vulnerability is found companies are required to do whatever possible to mitigate the threat and update the software to prevent any issues. The benefits of this standard include being able to identify potential security issues before production, increases the longevity of modern vehicles, requires continuous monitoring and updates to improve the systems and it improves the vehicles safety. In the future other mitigation systems could be used to further improve the security of a vehicle. One example of this includes in vehicle threat detection, this could be implemented to allow any road new vehicle to be able to detect a potential threat to the security system and warn the driver or enable a failsafe mode to protect the car. Another process that could be implemented could be if a system is compromised by a threat the vehicle could be required to have the ability to isolate the issue to prevent it spreading and warning the driver.
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