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[bookmark: _Toc192754482]Task 3
[bookmark: _Toc192754483]Scope Time Division Calculations (3)
τ = R * C
R = 100 Ω
C = 1 µF = 1 × 10⁻⁶ F
∴τ= 100 * (1 × 10⁻⁶) = 100 µs
40τ = 40 * 100µs = 4000µs = 4ms
Time/Division = 40τ/10 = 4ms/10 = 0.4ms/div = 400µs/div
In Hantek software, 0.5ms / 500µs would be the nearest scale. 

Function generator output: ƒ = 1/40 τ = 1/4x10^-3 = 250Hz


[bookmark: _Toc192754484]Function Generator output square wave (3)
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[bookmark: _Toc192754485]Capacitor charge and discharge wave marked at correct points. (3)
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Capacitor still fully charged

Capacitor fully charged

Capacitor begins charge

Capacitor fully discharged



[bookmark: _Toc192754486]Basic Capacitor Calculations (3)

τ=RC
C = τ /R = (100*10^-6)/ 100 Ω = 1*10^-6F = 1 µF










[bookmark: _Toc192754487]Capacitor discharge table (2)
	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
	0.5961
	-0.51735
	x
	x
	x

	0.014449
	1.2235
	0.201716
	1.123953
	0.01445
	77.78218

	0.028899
	3.7647
	1.325668
	-1.89713
	0.01445
	-131.289

	0.043349
	0.5647
	-0.57146
	1.913673
	0.014449
	132.4432

	0.057798
	3.8275
	1.342212
	-1.91367
	0.01445
	-132.434

	0.072248
	0.5647
	-0.57146
	0.245176
	0.01445
	16.96722

	0.086698
	0.7216
	-0.32628
	1.668496
	0.014449
	115.4749

	0.101147
	3.8275
	1.342212
	-1.85956
	0.01445
	-128.689

	0.115597
	0.5961
	-0.51735
	1.859559
	0.01445
	128.6892

	0.130047
	3.8275
	1.342212
	
	
	






[bookmark: _Toc192754488]Plot log(V) Gradient (2)

 



[bookmark: _Toc192754489]Gradient Calculations and Compare (4)
To work out the capacitance of the capacitor from the graph, I used the discharge curve and applied the natural log to the voltage values. This turns the curved line into a straight one, which helps when calculating the gradient.
The discharge equation is:
V(t) = V(0) * e^-t/RC
Taking the natural log of both sides:
In(V) = In(V0) – t/RC
This follows the straight-line format y=mx+cy = mx + cy=mx+c, where the gradient 
m=-(1/RC)
Rearranging gives:
C = -(1/R*gradient)
From my graph of ln(V) vs time, the gradient was:
Slope = −57.73 s^−1 
I used a resistance of:
R=100 ΩR 
Substituting into the formula:
C= −(1/100*(-57.73)) = 0.000437F = 437.3 μFC 

Earlier, I used the time constant method:
τ=R*C = 100 * 1 *10^-6 = 100μs ⇒ C = 1μF
ΔC =437.3−1= +436.3μF
ΔC as a % = (436.3/1) * 100 = 43,630%
The minor difference between the two methods of calculating the capacitance could be because I used the wrong part of the discharge curve. Perhaps it was too noisy. To get better results next time, I’d need to ensure I chose smoother parts of the discharge curve. 


[bookmark: _Toc192754490]Gradient Calculations
To calculate the capacitance using the gradient method, I’ve plotted the natural log of the voltage (ln(V)) against time during the capacitor's discharge to translate the exponential decay curve into a straight line.
The formula which I used:
ln(V) = ln(V₀) - t / (RC)
⇒ C = -1 / (R × gradient)
From my graph:
- Gradient = −57.73 s⁻¹
- Resistance = 100 Ω
Substituting into the formula:
C = -1 / (100 × -57.73) = 0.0001732 F = 173.2 μF

[bookmark: _Toc192754491]Comparison table
	
	Capacitance (µF)
	Delta (µF)
	Percentage difference (%)

	Actual
	1 
	x
	X

	Marker Calculation
	1
	0
	0

	Gradient Calculation
	5.36
	4.36
	436.3







[bookmark: _Toc192754492]Capacitor Uses (5)
10 uses for capacitors in electrical, automotive and motorcycle applications:
1. Energy storage. Useful for devices such as cameras which require a sudden impulse/flash of energy for the flash to… flash.
2. Car ignition system: Largely used in older cars to provide a smoother electrical current and prevent anything from burning out. 
3. Audio systems/Speakers: Capacitors used to aid the delivery of powerful frequencies such as bass.
4. Anti-Theft: In cars, capacitors are used in alarm systems for if the battery is disconnected, the security functions still operate. 
5. Motorcycle starters: Capacitors are useful on motorcycles, utilizing the sudden dump of energy to help turn the engine over.
6. Lighting: On cars with bright lights, like LEDs, capacitors help smooth out the power delivery to the bulbs, to ensure other drivers are blinded at night. 
7. Stop ‘n’ Start: In efforts to reduce emission outputs, cars that turn their engines off at traffic lights take advantage of capacitors to quickly turn over their small eco engines. 
8. Car wipers: Capacitors used on wiper motors help maintain a smooth action so the wiper isn’t jolting across the window, ensuring smooth action and reliable operation. 
9. Turn signals: Capacitors aid power delivery by stabilising the flow of power to the turn signals, regulating the speed of the flickering/blinking. 
10. Air conditioning: Used in the AC system, on the compressor clutch circuits. This enables precise control of the compressor. 






[bookmark: _Toc192754493]Inaccuracies Question (4)
Comparing the capacitance calculated between the graph and the expected 1µF draws me to two likely reasons. First being the usage of the wrong part of the discharge curve, the gradient will be wrong if the decay is not a clean exponential curve. Second being voltage noise causing the voltage values to “shake” violently, producing unrealistic data. These two factors alone will cause variation in the data gathered from data one might expect to gather. 

The oscilloscope itself will have a degree of error, which can cause inaccuracies in the recording of the data. Noise within the unit can reduce the precision of the readings - such as at the start and end of a capacitor charge or discharge cycle, the device may struggle to capture a clean signal. (Michael S. Baker, 2013)

Another possible reason for inaccuracies is the input impedance of the oscilloscope. If it’s not high enough, it can interfere with the circuit being measured — especially in high-resistance or low-capacitance setups — and affect the shape of the discharge curve. This is a known issue when measuring capacitor behaviour.  (University of Oldenburg (n.d.))
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Michael S. Baker, S. G. (2013). Capacitor Discharge Pulse Analysis . Albuquerque: Sandia National Laboratories.
University of Oldenburg (n.d.). Measurement of capacities, charging and discharging of capacitors. Section 2.5. Teaching material. 
     

Logarithm of Voltage vs Time (Discharge Curve)
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