University of Wales Trinity Saint David
Wales Institute of Science and Art
[image: Industry Support Officer - High Value Engineering (12 month FTC) at  University of Wales, Trinity Saint David]


Electronic Circuits Testing and Applications

          Vehicle Electronics (ACHA4031)






Jack Cheatle
2405699
Jack Cheatle	Vehicle Electronics	2405699
04/2026
2
	
Contents
1	Task 3	1
1.1	Scope Time Division Calculations (6)	1
1.2	Function Generator output square wave (6)	1
1.3	Capacitor charge and discharge wave marked at correct points. (6)	1
1.4	Basic Capacitor Calculations (6)	1
1.5	Capacitor discharge table (5)	1
1.6	Plot log(V) Gradient (5)	1
1.7	Gradient Calculations and Compare(8)	1
1.7.1	Gradient Calculations	1
1.7.2	Comparison table	1
1.8	Capacitor Uses (5)	1
1.9	Inaccuracies Question (4)	1
1.10	Risk Question (10)	1
    2            References	2



Figure 1- Square wave	1
Figure 2-Capacitor Charge Square Wave	2
Figure 3- Capacitor Discharge Square Wave	2
Figure 4-Voltage Gradient	3
Figure 5-Cap Wave	4


Table 1- Capacitor Discharge table	3
Table 2- Comparison table	4


[bookmark: _Toc223594319]Task 3
[bookmark: _Toc223594320]Introduction
This report covers the calculation of capacitance using multiple methods, as well as the validation of the time constant. The experiment involves taking readings of waveforms generated by a function generator.
Scope Time Division Calculations (6)
  Period of Wave 
Time Constant            
40 Time Constants = 
Generator Frequency
No of divisions = 10
 

Function Generator output square wave (6)
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[bookmark: _Toc227259855]Figure 1- Square wave

[bookmark: _Toc223594322]Capacitor charge and discharge wave marked at correct points. (6)
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[bookmark: _Toc227259856]Figure 2-Capacitor Charge Square Wave
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[bookmark: _Toc227259857]Figure 3- Capacitor Discharge Square Wave

[bookmark: _Toc223594323]Basic Capacitor Calculations (6)
  convert to 
Cap wave full:



C= 6.64 μF
63%:

[bookmark: _Toc223594324]Capacitor discharge table (5)

Table 1 - 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
	

	0.00074
	3.7333
	1.31729256
	x
	x
	x

	0.00078
	3.3882
	1.22029881
	-0.09699375
	3.5E-05
	-2.8E+03

	0.00081
	3.0431
	1.11287673
	-0.10742207
	3.5E-05
	-3.1E+03

	0.00085
	2.7922
	1.02682982
	-0.08604692
	3.5E-05
	-2.5E+03

	0.00088
	2.6353
	0.96899703
	-0.05783279
	3.5E-05
	-1.7E+03

	0.00092
	2.4784
	0.90761319
	-0.06138384
	3.5E-05
	-1.8E+03

	0.00095
	2.3529
	0.85564861
	-0.05196458
	3.5E-05
	-1.5E+03

	0.00099
	2.2588
	0.8148337
	-0.04081491
	3.5E-05
	-1.2E+03

	0.00102
	2.1647
	0.77228178
	-0.04255192
	3.5E-05
	-1.2E+03

	0.00106
	2.1333
	0.75767008
	-0.01461171
	3.5E-05
	-4.2E+02



[bookmark: _Toc223594325][image: ]Plot log(V) Gradient (5)[bookmark: _Toc227259858]Figure 4-Voltage Gradient

Figure 4 shows how the natural logarithm of the voltage changes over time where the points follow a negative correlation. A best fit line shows a linear relationship between ln(V) and time. The negative gradient indicates that the voltage is dropping quickly, the voltage decreases in a smooth, exponential way as time increases. This drop indicates the discharge rate where the slope allows to calculate the discharge rate of time.(Brainly,2023)
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[bookmark: _Toc227259859]Figure 5-Cap Wave


[bookmark: _Toc223594326]Gradient Calculations and Compare (8)
convert to 


The gradient of the against time graph was calculated as Using this value, the capacitance was determined to be approximately 5.63 µF.
[bookmark: _Toc223594328]Comparison table
	
	Capacitance
	Delta
	Percentage difference

	Actual
	1 µF
	x
	X

	Marker Calculation
	5.63 µF
	+1.01
	X

	Gradient Calculation
	6.64  µF
	-1.01
	16.46


[bookmark: _Toc227257000]Table 2- Comparison table
[bookmark: _Toc223594327][bookmark: _Toc223594329]Gradient Calculations
Gradient = change y / change x 
Gradient= delta voltage/delta time


Capacitor Uses (5)
[bookmark: _Toc223594330]Ceramic capacitors – The most widely used type, small, inexpensive, and available in low to moderate capacitance values (typically up to around 10 µF). Common in general purpose and high frequency applications. (Jason,2024)
Film capacitors – Highly reliable and energy efficient. Suitable for high current and high voltage applications. Often used in power electronics and signal processing. Mostly used in audio and lighting systems. (Jason,2024) (Blom, Jim, 2019)
Aluminium electrolytic capacitors – A very common type offering high capacitance (1 µF to 1 mF or more). They are polarised, so correct orientation is essential. Widely used in power supply filtering. (Jason,2024)
Tantalum electrolytic capacitors – Smaller than aluminium types with more stable capacitance and better performance over temperature. Used where space is limited but also polarised. (Jason,2024)
Less common types:
Supercapacitors (ultracapacitors)- extremely high capacitance up to farads, have low voltage ratings 2.5 V per cell. To increase voltage, cells are connected in series, which reduces the overall capacitance. Parasitic capacitance is the unintended capacitance that exists in all circuits due to the proximity of conductors which supercapacitors suffer from the most. An example of uses in automotive is in electric vehicles that allow in acceleration a much smoother transition, more example of uses are in audio equipment as swell as the ability to provide instant power.(Jeccapacitor,2024,Jason,2024)
Variable capacitors – Have adjustable capacitance, used for tuning circuits like radios, similar in concept to variable resistors. (Jason,2024)
Inaccuracies Question (4)
An inaccuracy can be observed in Figure 1 in the form of noise present on the waveform. This is likely due to limitations in the experimental setup, such as the resolution and stability of the function generator, as well as possible external interference or measurement noise. This effect could be reduced by using higher-quality equipment, improving shielding and grounding, or by carefully tuning the signal during the experiment.
[bookmark: _Toc223594331]Risk Question (10)
An example can be shown in CAN bus which presents a significant cybersecurity risk in vehicle electronics because it was designed for robust communication rather than secure communication. Standard CAN messages do not include built in encryption or sender authentication, meaning that if an attacker gains network access through a compromised ECU, telematics module, infotainment unit or diagnostic interface, false messages may be injected onto the vehicle network. This creates the possibility of manipulating safety-critical systems such as steering, braking or powertrain control. ISO/SAE 21434:2021 addresses this by requiring cybersecurity engineering across the full vehicle lifecycle, from concept and design through production, operation and decommissioning. The CAN bus system does not use encryption or authentication, meaning any device connected to the network can send messages. This creates a major risk, as an attacker who gains access can inject false signals or manipulate data without being detected. As a result, critical vehicle functions such as braking, steering, and engine control could be affected. (International Organization for Standardization.” Iso.org, 2025)




As all vehicles become more reliant on electronics, especially drive by wire systems which is more common in newer vehicles such as the Tesla Cybertruck which allows the driver to steer the vehicle with motors instead of standard cars that have steering columns. This could lead to further issues regarding safety of passengers where loss of steering or turning without the drivers input causing possible collisions. Relying on technology allows a higher risk of hacking, an example of this being a problem is in 2019 where the Tesla Model 3 was targeted and breached allowing hackers to gain access to certain systems, exposing the risk in the security systems on modern vehicles.( Tesla. “Cybertruck Owner’s Manual | Tesla.” Tesla, 2024, Winbond.” Winbond.com, 2019)


[bookmark: _Toc223594332]Further Work
To increase the credibility of this report, alterations to the data collection can be made. One variable that can be changed is the quality of equipment used, an example being the function generator which introduced noise in the data. The Oscilloscope used in this experiment was also of poorer quality rather than higher end scopes that allow for fine tuning compared to equipment used. (KletteTech,2023) 
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