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[bookmark: _Toc227529917]Task 3
[bookmark: _Toc227529918]Scope Time Division Calculations (6)
T = RC
R = 1
Tp= 40
F = 1/40 = 0.025Hz


[bookmark: _Toc227529919]Function Generator output square wave (6)
[image: ]
[bookmark: _Toc227529786]Figure 1 - Function Generator output square wave
[bookmark: _Toc227529920]Capacitor charge and discharge wave marked at correct points. (6)
[image: The image displays a waveform with a positive voltage reading of 941mV on channel CH1, sampled at a rate of 1MHz, and a frequency of 255.7kHz.

AI-generated content may be incorrect.]
[bookmark: _Toc227529787]Figure 2 - 2 full waves
[image: The image depicts a polar plot with a polarity indicator and a vector field, likely representing electrical or electromagnetic data.

AI-generated content may be incorrect.]
[bookmark: _Toc227529788]Figure 3 - Capacitance at charge
[image: The image depicts a graph with a distinct upward-sloping curve, indicating a positive correlation or increase over time.

AI-generated content may be incorrect.]
[bookmark: _Toc227529789]Figure 4 - Capacitance at discharge
[image: The image shows a cursor positioned at 4 on a screen, with time recorded at 13.2 microseconds, frequency at 75.55 kHz, and voltage at 3.99 volts.

AI-generated content may be incorrect.]
[bookmark: _Toc227529790]Figure 5 - Information on charge and disharge
[bookmark: _Toc227529921]Basic Capacitor Calculations (6)
[image: The image depicts a graph with a curve, possibly a waveform or signal, plotted against an axis, with annotations or markers indicating specific data points or features.

AI-generated content may be incorrect.]
[bookmark: _Toc227529791]Figure 6 - Marked at 2v to peak
[image: The image shows a cursor at 11.1 microseconds, an audio frequency of 89.84 kHz, and a voltage change of 1.99 volts.

AI-generated content may be incorrect.]
[bookmark: _Toc227529792]Figure 7 - marked at 2v showing 1.99v at peak
Time constant = 63.2%
 
e-6
R = 100ohms
T=RC



[image: The image depicts an oscilloscope display showing a signal with a frequency of 237.4 kHz, a voltage of 1.21 volts, and a cursor positioned at 4.21 microseconds on the time axis.

AI-generated content may be incorrect.]
[bookmark: _Toc227529793]Figure 8 - Marked information at 1.21v
T= RC 
T/R = f






[bookmark: _Toc227529922]Capacitor discharge table (5)
	Time (s)
	Voltage (V)
	ln (V)
	dy = y2 – y1
	dx = x2- x1
	dy/dx

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

	0.001218
	2.5725
	0.944878189
	x
	x
	x

	0.001227
	2.2902
	0.82863915
	-0.11624
	9E-06
	-12915.4487

	0.001236
	1.9765
	0.681327604
	-0.14731
	9E-06
	-16367.9496

	0.001245
	1.6941
	0.527151626
	-0.15418
	9E-06
	-17130.6642

	0.001254
	1.4431
	0.366793577
	-0.16036
	9E-06
	-17817.561

	0.001263
	1.1922
	0.17580034
	-0.19099
	9E-06
	-21221.4709

	0.001272
	0.9412
	-0.06059962
	-0.2364
	9E-06
	-26266.6624

	0.001281
	0.7216
	-0.32628431
	-0.26568
	9E-06
	-29520.5209

	0.00129
	0.4392
	-0.82280039
	-0.49652
	9E-06
	-55168.4532

	0.001299
	0.251
	-1.38230234
	-0.5595
	9E-06
	-62166.8835


[bookmark: _Toc227529795]Table 1 - Capacitor discharge table



[bookmark: _Toc227529923]Plot log(V) Gradient (5)

[bookmark: _Toc227529794]Figure 9 - graph showing Ln(V) against time




[bookmark: _Toc227529924]Gradient Calculations and Compare(8)




[bookmark: _Toc227529925]Gradient Calculations





[bookmark: _Toc227529926]Comparison table
	
	Capacitance
	Delta
	Percentage difference

	Actual
	1 µF
	x
	X

	Marker Calculation
	0.0421 µF
	0.95µF
	95.79%

	Gradient Calculation
	0.348µF
	0.652e-6
	65.2%


[bookmark: _Toc227529796]Table 2 - Comparison Table



[bookmark: _Toc227529927]Capacitor Uses (5)
There are many different uses of a capacitor, below are a list of 10 different uses
1. Energy storage – capacitors store energy temporarily and releases it when it is required in rapid bursts (Anker, 2026).
2. Filtering – capacitors are used in power supply filter to smooth out rectified AC voltage into DC voltage (EngineeringFix, 2025)
3. Timing circuits – Capacitors are used in circuits as they can create precise timing delays. For example, oscillators (EngineerFix, 2025)
4. Signal coupling and decoupling – coupling is used to unlock DC current while allowing the AC signals to pass through (EEPower, N/D)
5. Power factor correction – Capacitors can improve efficiency in AC power systems by reducing the amount of current drawn (ElectronicTutorials, N/D)
6. Memory storage (DRAM) – Capacitors store bits in dynamic random access memory (DRAM) (ElectricalEngineering, 2020)
7. Touchscreen – Apple uses capacitors for touch screens by detecting changes in capacitance based on where your finger is placed (PSU, N/D)
8. Start stop systems – capacitors help restart the engine quickly while reducing the strain on the battery (MaxwellTechnologies, N/D)
9. Audio systems – capacitors can provide a quick burst in power for audio while preventing voltage drops (AudioGear, 2025)
10. Electric turbochargers – Capacitors can provide stability for power steering systems in modern cars as the motor is under constant change in current (JohansonTechnology, N/D)



[bookmark: _Toc227529928]Inaccuracies Question (4)

There are many possible inaccuracies that can occur with this experiment. One of the main inaccuracies is that the equipment used is cheap and not very accurate. This is a reasonable explanation to why the marker calculation was 60.9% off and the gradient calculation was 65.2% off. To bypass and eliminate this possibility, a better and more expensive digital multimeter should be used. This would lower the percentage difference between the measurement and the calculations. Another possible inaccuracy is radio frequency interferences. According to Keysight, large radio frequencies like computer monitors can couple to the multimeter causing inaccuracies (Keysight Technologies, 2002-2022). Another possibility is that the settings on the digital multimeter were inaccurately done. This would cause all of the measurements to be incorrect. The final inaccuracy is that the breadboard could have been inaccurately set up meaning the multimeter could be showing inaccurate and unstable readings. 



[bookmark: _Toc227529929]Risk Question (10)

CANbus is a communication system used in vehicles to enable ECU’s to communicate with eachother. These systems can be vulnerable to many kinds of cyberattacks like malicious updates or message spoofing and most be protected according to ISO/SAE 21434:2021. This standard emphasises risk assessment, threat modelling and the implementation of technology to prevent cyber attacks. These attacks also allow vehicles to be stolen without any damage to the car. To prevent these attacks from happening, many mitigation methods can and should be put into place. To start a FMEA should be carried out. An FMEA allows engineers to prepare for any failures by understanding what could go wrong. An FMEA is important according to ISO/SAE 21434:2021 as it is an efficient risk assessment method. From there, engineers can find solutions to any possible error before it occurs. This system is used in all forms of engineering. 
Another mitigation method that should be used is to use a firewall/secure gateway ECU. A firewall can create rules to decide what networks can send a receive data (BBC, N/D). This stops 3rd parties from trying to send data to the CANbus system. This follows ISO/SAE 21434:2021 standard as ISO/SAE 21434:2021 supports implementing safety systems during architecture (Voss, 2025).
Another system that should be put into place is message authentication codes can also be used to prevent these attacks as they only let in messages that has the secret key that comes with the message authentication codes (Science Direct, 2025). This method is being widely adopted in the real world to prevent these attacks. Message authentication follows almost all of the standards of ISO/SAE 21434:2021 as it prevents spoofing, ensures message integrity and ECU reliability (ISO, 2021).
The final prevention method is by installing an aftermarket immobiliser with independent logic. This system only allows vehicles to be unlocked if there is a valid driver ID (Eco-Trak, 2025). This would be placed within the key to stop the vehicle thefts without the key. This system blocks the attack instantly. The issue with this system is that it isn’t something that comes with the vehicle and would have to be purchased from a 3rd party. Car manufacturers could install a system similar to this to their vehicles. These follow the ISO/SAE 21434:2021 standard as they harden external interfaces and protect critical assets (ISO, 2021).
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