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[bookmark: _Toc194850436]Scope Time Division Calculations (3)

Selection of Capacitor and Resistor
In this experiment, a resistor and capacitor were selected based on the provided table, to ensure that the time constant (T = R x C) fits within the required range for the function generator and oscilloscope. The chosen components allow for a proper observation of charge and discharge cycles.
Capacitor = 0.22µF     Resistor = 10kΩ
T = R x C = (100) x (1x10-6 F) = 100 x 1 x 10-6 = 0.1mS

Calculation of 20 Time Periods of the RC Constant
The time constant T is given by T = R x C     
To determine 20 time periods, we use T(20) = 20 x T.  This value represents the duration required for the capacitor to undergo a near-complete charge and discharge cycle.

Calculation of the Frequency for the Function Generator
The frequency of the function generator should be set so that 40-time constants (40T) are within the period. The function generator’s frequency is calculated as:
f =  1 / (40 x T)

Calculating frequency
T = 40 x T = 40 x 100s = 4.00mS
f = 1/T          f = 1 / 4.00 x 10-3  = 250 Hz
The oscilloscope has 10 divisions on the screen, needing to select a time division setting that displays the full charge and discharge cycle. This ensures that the waveform fully captures the charging and discharging process over an appropriate timescale. It is imperative to remember to set a positive step of 1V and when setting the DC offset make sure to set it from 0V and 1V.

Time Division for the Oscilloscope
The oscilloscope’s time division setting should allow at least one full waveform (one complete charge-discharge) to be visible on the screen. Given that, the oscilloscope screen has 10 divisions; the time per division is calculated as: 
Time/Div = Period / 10 (rounded up to the nearest full/nice number (in SI prefix units) available on the oscilloscope).
To display one full waveform lasting T(20) on the oscilloscope screen, we use the fact that an oscilloscope typically has 10 divisions. The time per division is:
Time/Div = T(20) / 10	Time/Div = 2ms / 10


[bookmark: _Toc194850437]Function Generator output square wave (3)
The function generator was set to produce a square wave at 250 Hz (calculated in 1.1). This waveform alternates between high and low voltage levels, creating the charging and discharging cycle for the capacitor.
The square wave dictates when the capacitor begins charging and when it starts discharging.
The time period of the square wave is given by:	
T = 1 / f    =1 / 250    = 4ms
This means the capacitor follows a 4ms cycle, with 2ms charging and 2ms discharging in each cycle.
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The oscilloscope captured the capacitor’s voltage over time, displaying an exponential charge and discharge curve in response to the square wave input. Key markings on the oscilloscope were placed at:
1) 63.2% of full voltage (1T): the point in which the capacitor has charged to 63.2% of the supply voltage.
2) Fully charged (5T): the capacitor is almost fully charged.
These markings align with the theoretical RC charging and discharging equations: 
Where
e is an irrational number (Euler as: 2.7182)
VC is the voltage across the capacitor
Vmax is the supply voltage
t is the elapsed time since the application of the supply voltage
T is the time constant of the RC charging circuit
VC  = Vmax(1 – e- t/T)    And as it discharges it follows the discharge equation of,   VC = Vmax e- t/T    
(Electronics Tutorials, 2018).


[bookmark: _Toc194850439]Basic Capacitor Calculations (3)
Using the time constant formula to find capacitance: 
T = R x C

Rearrange for capacitance:
· C = T / R
· C = 0.0001 / 100	
· C = 1x10-6 F	  
· C = 1µF
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	Time (s)
	Voltage (V)
	ln (V)
	dy = y2 – y1
	dx = x2- x1
	dy/dx

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

	0.00169
	0.9537
	-0.047406122
	x
	x
	x

	0.00173
	0.7655
	-0.267226064
	-0.219819941
	0.00004
	-0.21986

	0.00176
	0.6212
	-0.476102188
	-0.208876124
	0.00003
	-0.20891

	0.00179
	0.5082
	-0.676880208
	-0.20077802
	0.00003
	-0.20081

	0.00183
	0.4204
	-0.86654864
	-0.189668432
	0.00004
	-0.18971

	0.00186
	0.3514
	-1.045830103
	-0.179281463
	0.00003
	-0.17931

	0.00189
	0.2949
	-1.221118963
	-0.17528886
	0.00003
	-0.17532

	0.00193
	0.2573
	-1.35751256
	-0.136393597
	0.00004
	-0.13643

	0.00196
	0.2196
	-1.515947569
	-0.15843501
	0.00003
	-0.15847
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[bookmark: _Toc194850442]Gradient calculations and compare(4)
Comparing calculated discharge curve against actual.
The experimental discharge curve follows the expected trend but has a smaller slope, meaning the capacitor discharges slower than theoretically predicted. 
This suggests that the effective capacitance may be higher than 1µF or that resistance in the circuit is greater than expected.

[bookmark: _Toc194850443]Gradient and capacitance calculations.
Slope (gradient) = (ln (V2) – ln (V1)) / (t2 -t1)  
Calculated gradient =  (-1.35751256 – -0.267226064 ) / (0.00193 - 0.00173) = y = -5451.43x

C = T / R
(98.6µS)                9.86x10-5 S / 100 Ω = 9.86x10-7 F       (0.986µF)
-1 / gradient = period
-1 / -5451.43 = 0.0001834
Ans /100 = 1.834x10-6 F      (1.834µF)
[bookmark: _Toc194850444]Comparison table
	
	Capacitance
	Delta
	Percentage difference

	Actual
	1 µF
	x
	X

	Marker Calculation
	0.986µF
	-0.14µF
	1.4%

	Gradient Calculation
	1.834µF
	0.8434µF
	58.85%
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Short term energy Storage in regenerative braking systems:
· For electric motorcycles or electric vehicles in general, capacitors can store energy during braking and release it during acceleration or go towards charging the battery. This is similar to a regenerative braking system (Suyanto et al., 2023 & Gibson, 2024).

Voltage stabilizing:
· According to Gibson, 2024, capacitors help maintain consistent voltage levels, protecting sensitive electronic components from voltage spikes.

Power conditioning in electric vehicles:
· A slightly different type of capacitor, a film or high temp film capacitor can smooth power delivery in critical EV systems like in the onboard chargers (Zedníček, 2024).

Ignition systems in motorcycles and small high revving engines:
· CDI (Capacitor Discharge Ignition) systems use capacitors to store and rapidly release energy generating a high-voltage spark for simple ignition engines, that don’t use an ecu or external coil pack (Correia, 2005).​

Power supply smoothing in automotive electronics:
· A capacitor can be used to filter out electrical noise in sensitive systems and electronics and can smooth the power supplied to them (Gibson, 2024).

Battery elimination in motorcycles:
· Once again, as discussed by Gibson, 2024, capacitors store energy similarly enough to a typical battery found in a car or more similarly a bike. In theory, capacitors could replace a battery by providing the necessary energy storage for ignition and basic electrical functions, though it may not last verry long and may only have a use in specific motorsport/racing applications. 

Filtering in audio systems:
· An audio capacitor, is slightly different to a regular capacitor, filtering out unwanted frequencies, coupling and decoupling signals, and smooths voltage supply in all variants of high-end sound and audio systems. This is aimed to improve sound quality (Johnson, 2025). 

Energy storage in start-stop systems:
· Supercapacitors provide quick bursts of energy, and due to this, opportunities such as to restart the engines in a start-stop system becomes apparent, and some supercapacitors on some engine can be implemented, aiming to reduce wear and stress on the traditional 12V battery (Zedníček, 2024).

Power factor correction in industrial applications:
· When the power factor of a circuit is anything below optimal it leads to inefficiencies. By the addition of a capacitor, it helps correct the power factor by storing energy in an electric field before hand and then balances/smooths out the dip in power in the circuit. Thus, reducing the amount of extra energy being drawn from the main supply (Martincookelectrical.co.uk., 2024 & (Montanari et al., 2009). 

Emergency Backup Power (Uninterruptible Power Supply)
· Capacitors are commonly used in UPS systems to provide short-term backup power during power outages. Or when switching from grid power to generator power. They supply immediate energy before batteries or other means of energy generation take over. For ensuring no disruption in critical support systems or medical devices in hospitals, data centres, and some industrial automation (Gommo, 2024).

[bookmark: _Toc194850446]Inaccuracies Question (4)
These variations from predicted to actual readings are probably comprised of several factors related to measurement inaccuracies, experimental limitations and or human error.
Component Tolerances will be a point of inaccuracy. Resistors and capacitors have specified tolerances from the factory as to how accurate or to what degree or accuracy they have been manufactured, (typically, ±5% to ±10%) leading to deviations in resistance and capacitance values, which directly affect the time constant and voltage levels. There can also be limitations in the oscilloscope and probe. Measurement tools can introduce errors due to their finite bandwidth, input impedance, and probe compensation. Aswell as Inaccurate calibration before testing, or just the use of older or well used equipment can distort readings.
Temperature fluctuations and electromagnetic interference can affect circuit behaviour and sensitive measuring equipment. Signal Noise in the form of stray capacitance in the circuit wiring can theoretically cause unintended voltage fluctuations particularly in high-frequency signals. However, the main most likely point of inaccuracies in the testing where from poor connections in the bread board connectors and wires. This was parent while testing because shifting or disturbing the circuit testing setup signals would flicker and waveforms would disappear.
(Horowitz, 2015).
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