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[bookmark: _Toc131162366]Task 1 5
[bookmark: _Toc131162367]A6
Using Oh7ms law, V = IR is rearranged to R =  =  = 1.2 Ω
[bookmark: _Toc131162368]B8
The curre9nt through A is 0.3A, and since B and C are identical, each carries half of the remaining current.
0.5A – 0.3A = 0.2A  Therefore,
  = 0.1A
= 0.1 Amp
 = 0.1 Amp
[bookmark: _Toc131162369]c (i)
0.9 j/s = 0.9 Watts
P = 0.9 Watts
I = 0.3 Amps
R =     Therefore,
  =  = 10 Ω
[bookmark: _Toc131162370]c (ii)
P = VI 
P = 0.9j/s therefore, 0.9 watts.
I = 0.3A
Rearrange to find V = V = P/I
V =  = 3 volts
The Resistance of B and C
Using Ohm's Law
R = V/I
R = 3/0.1
R = 30 Ω
Because B and C are identical, 
 = 30 Ω  and  = 30 Ω  
Or A+B combined resistance = 
RT =     = 15 Ω
[bookmark: _Toc131162371]c (iii)
In a parallel circuit, the potential difference across each resistor is the same, since all the resistors are connected across the same voltage source. Therefore, the voltage across resistor A (calculated earlier to be 3 volts) is the same as the voltage across resistors B and C.
VB = IB * RB = 0.1 A * 30 ohms = 3 volts
VC = IC * RC = 0.1 A * 30 ohms = 3 volts
[bookmark: _Toc131162372]c (iv)
It = 0.5 A
VA = VB = VC = 3 V
Using Ohm's Law:
VD = ID * RD
Substitute known values:
VD = 0.5 x RD
Potential difference across the circuit from A to E  =  5 volts
Potential difference across diode E  = 0.6 volts. 
Therefore:
VABC + VD + VE = 5 V
Substitute in known values:
3 V + VD + 0.6 V = 5 V
Therefore, we get:
VD = 1.4 Volts
Substituting this value into ( VD = ID * RD ) and rearranging, we can solve for the resistance of D:
RD = VD / ID    =    1.4 V / 0.5 A    =   2.8 ohms
Therefore, 
RD = 2.8 Ω
[bookmark: _Toc131162373]d
R = V/I
I = 0.5A/4 = 0.125A
R = 2/0.125 = 16 Ω
[bookmark: _Hlk130983573]Using,  RT =     
[bookmark: _Hlk130988654]RT =     = 4 Ω
[bookmark: _Toc131162374]e
IF = 0.5 A
RF = 6 Ω
P = I*V
PF = 0.5A * 6 Ω = 3 Volts
[bookmark: _Toc131162375]f
4 cells = 4 Ω
Rt of A-C = 6 Ω
D = 2.8 Ω
Diode E = 1.2 Ω 
G = ignore
F = 6 Ω
12v battery = v/I = 24 Ω
Total = 44 Ω
To confirm total loss voltage, 
A-E = 5v
F = 3v
Cells = 2v
12v = 12v
Total voltage of system = 22v
R = V/I = 44 Ω
[bookmark: _Toc131162376]g
E = V + Ir
r =  = 16 Ω
E = (r x I) + V
E = (16 x 0.125) + 2
E = 4 Volts

[bookmark: _Toc131162377]Task 2
[bookmark: _Toc131162378]Scope Time Division Calculations

Frequency (f) of wave = 10 Hz 
Period (P) of wave =  =  =  0.1
[bookmark: _Hlk130463295]Therefore =  = 0.1 sec
[bookmark: _Hlk130463340]Number of divisions () = 10
 =  =  = 0.01 sec 
[bookmark: _Toc131162379][image: ]Function Generator output sine wave
Figure 1 – Function generator output sine waveform of 10hz showing peak to peak voltage of 9.47v. (Hantek, 2022)
[bookmark: _Toc131162380][image: ]Unsmoothed Rectifier Wave
Figure 2 – Un-smoothed rectifier waveform of 20hz and showing a peak to peak voltage of 3.26v. (Hantek, 2022)

[bookmark: _Toc131162381][image: ]Smoothed Rectifier WaveFigure 3- Smooth rectifier waveform showing a 1.88mV peak to peak voltage. (Hantek, 2022)

[bookmark: _Toc131162382]Drop in Voltage Question
[image: Chart, line chart

Description automatically generated]When AC voltage is converted to DC voltage using a rectifier circuit, the DC output voltage is lower than the peak of the input sine wave due to several factors. These factors include the voltage drop across the diodes used in the circuit, the ripple voltage caused by residual AC voltage, losses in the transformer and resistance losses in the circuit. These factors collectively cause a drop in the rectifier DC output voltage compared to the peak of the input sine wave. This voltage drop is clearly visible on the data gathered. (Floyd and Buchla, 2013)Figure 4 - Combined waveform showing drop in voltage from circuits resistance.


[bookmark: _Toc131162383]Rectifiers use in Automotive applications Question.
Rectification is a common practice in various vehicles, including motorcycles, cars, trucks, boats, and airplanes. It is important because most electrical components in these vehicles require DC power to function correctly. (Tao, et al,. 2019).  In older vehicles, the alternator generates AC power, which needs to be rectified into stable DC power before it can be used to power the ignition system and other electrical components. Similarly, in modern vehicles, ECUs use rectification to convert AC power to DC power, which is supplied to different systems in the vehicle. (Mei, et al,. 2019)
In motorcycles, the rectifier is a crucial component that converts the AC voltage generated by the alternator or stator into a stable DC voltage, ensuring that the electrical system operates reliably. Without a rectifier, the motorcycle's lights, ignition system, and other electrical components would not function correctly, and the battery would not be charged correctly, leaving the rider stranded. 
In electric vehicles, the inverter is a crucial component in the propulsion system that converts DC power from the battery into three-phase AC power that drives the electric motor. (Tao, et al,. 2019) The inverter controls the frequency and voltage of the AC power to match the motor's requirements, ensuring that it operates efficiently. Additionally, the inverter manages the regenerative braking system, which converts the kinetic energy of the vehicle into electrical energy and stores it in the battery, maximizing the vehicle's energy efficiency and range. (Mei, et al,. 2019)
In conclusion, rectification and inversion are crucial components in various vehicles that ensure that the electrical systems and propulsion systems operate reliably and efficiently. Without these components, the vehicles would not function correctly, leading to electrical problems, non-functional vehicles, and stranded riders.
[bookmark: _Toc131162384]Probing Question
The common ground shared by the two channels of the oscilloscope can lead to problems when attempting to simultaneously probe the input of the function generator on one channel and the output of the rectifier on another channel. This is because both signals share a common ground reference, and connecting the ground clip of each probe to the circuit's ground can result in the ground clips being at different potentials. (cadence.com, n.d.).  Such a situation can create a short circuit and potentially cause damage to the circuit or the oscilloscope. To avoid this, a differential probe can be used, which is a special type of probe that enables measuring the voltage difference between two points in a circuit, even if these points have different ground references. The differential probe has two inputs, one for each point, and an output that provides the voltage difference between the two inputs. (Keysight, n.d). Using a differential probe will enable safe and precise measurement of the input of the function generator on one channel and the output of the rectifier on another channel, without any risk of short-circuiting or damaging the circuit or the oscilloscope. (Dorfman, 1992) 





[bookmark: _Toc131162385]Task 3
[bookmark: _Toc131162386]Scope Time Division Calculations
The time constant is an important parameter for understanding the behaviour of circuits, particularly those involving capacitors. It is used to determine the rate at which a capacitor charges or discharges, and can also be used to calculate the frequency response of a circuit.
Resistor  = 1000 Ω
[bookmark: _Hlk131080925]Capacitor  = 0.22 μF or 0.00000022 F
T = RC 
T = 1000 * 0.00000022 = 2.2 X10 -4 
1 time constant  = 2.2 X10 -4  Seconds
1 Period  =  1 time constant * 20  =  4.4 x10-3 Seconds
1/Period = Frequency of signal generator
1/4.4 x10-3 = 227.27
[image: ]Frequency = 227.27 HzFigure 5– Image taken during test confirms 227Hz to be correct.


[bookmark: _Toc131162387]Function Generator output square wave
[image: ]
Figure 6– Function generated Square wave showing inductance spike from wire.. (Hantek, 2022)

[bookmark: _Toc131162388]Capacitor charge and discharge wave marked at correct points.
[image: ]
Figure 7– Capacitor charge and discharge wave. (Hantek, 2022)

[image: ]Figure 8– 63.2% marked on Charge curve. (Hantek, 2022)


[image: ]Figure 9– 36.8% marked on discharge curve. (Hantek, 2022)








[bookmark: _Toc131162389]Basic Capacitor Calculations
[bookmark: _Hlk131079736]T = RC
Peak to peak voltage = 4.68 volts
Charge
4.68 * 0.632 = 2.95776 Volts
= 36.2x10-6 Seconds
Time/resistance
= 36.2x10-6 / 1000
[bookmark: _Hlk131082272]= 3.62 x10-8  or  0.0000000362 Farads
T = RC
Peak to peak voltage = 4.68 volts
Discharge
4.68 * 0.368 = 1.72224 Volts
4.68 V -  1.72224 V = 2.96 V
= 32.7 x10-6 Seconds
Time/resistance
= 32.7 x10-6 / 1000
[bookmark: _Hlk131082246]= 3.27 x10-8  or 0.0000000327 Farads

[bookmark: _Toc131162390]Capacitor discharge table
[image: ]Figure 10 - Capacitor charge and discharge wave form.

[image: ]Table 1– Capacitor discharge data.

[bookmark: _Toc131162391][image: ]Gradient Plot and calculationsFigure 11–  Ln of voltage gradient plot.



[image: ]Table 2 - Gradient plot calculations.

T = RC
C = T/R
Table 3– Gradient calculations.
[image: ]

T =  =  = 6.802695798X10-5 Seconds
C = t/r = 6.802695798X10-5 / 1000 = 6.802695798 X10-8  Farads = 0.000000068 Farads
Known capacitor used = 0.00000022 Farads
Difference from calculated and known = 1.52e-7 / 0.000000152 Farads

Difference between capacitor calculations
Method 1 = 3.62 x10-8  or  0.0000000362 Farads
Method 2 = 6.80 X10-8  or  0.0000000680 Farads
Method 1 – Method 2 
= 6.80 x10-8  -  3.62 x10-8  
=  3.18 X10-8  or 0.0000000318 Farads
[bookmark: _Toc131162392]Inaccuracies Question
Capacitance calculation can be affected by several factors. The 63.3% method is commonly used to calculate capacitance, but the accuracy of this method may be affected by the presence of noise in the measurements obtained from the graph used. Additionally, the selection of only ten data points to represent the entire data set may not provide a reliable representation, especially if the selected points are from a noisy section. Furthermore, an outlier data point in Figure 11 may negatively impact the reliability of the trendline. Equipment quality can also play a role in the accuracy of capacitance measurement as poor quality equipment can have a large tolerance range, leading to inconsistent results. The use of more advanced equipment or different equipment may improve the accuracy and consistency of results (Group, 2020).
Capacitors are manufactured with a certain tolerance range, which indicates the allowable deviation from the nominal value. The tolerance range can vary between 1% - 20% depending on the manufacturing process and is an important consideration in selecting and using capacitors in electronic circuits (Group, 2020). If the calculated capacitance of the circuit is outside the tolerance range, it could be due to the tolerance of the capacitor.
Parasitic capacitance is an unwanted effect that occurs in electronic circuits when two parts are in close proximity, resulting in the storage of electric charge due to the electric field between parts at different potentials. This effect is associated with conductors such as wires and PCB tracks as well as components, and becomes more problematic as signal frequency increases. Self-capacitance is a type of parasitic capacitance that is present within a component without linkage to an external component or conductor. The consequences of parasitic capacitance include parasitic oscillations, particularly in amplifiers with extended frequency response, and the formation of resonant circuits with stray inductance, leading to parasitic oscillations. (Farnell, 2020; Gu et al., 2020).
Capacitors have a frequency-dependent behaviour due to their equivalent series resistance (ESR) and equivalent series inductance (ESL). At higher frequencies, ESR and ESL become more significant and can affect the overall capacitance of the circuit. Therefore, the calculated capacitance of a circuit may differ from the nominal value of the capacitor at higher frequencies (Price, 2002).
The capacitance of a capacitor can also be affected by temperature. The capacitance typically decreases as temperature increases due to poor ionic conductivity of the capacitor's material at temperature extremes. Thermal agitation of electrons in a conductor can also give rise to randomly varying voltages (Cleveland, 2004; Jin et al., 2019). The effect of temperature on capacitance needs to be considered in the design of circuits that operate at different temperatures.
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