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[bookmark: _Toc131329054]A

[bookmark: _Toc131329055]B
Given Kirchoff’s Current Law, current in = current out,


[bookmark: _Toc131329056]c (i)
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Voltage across resistor A,

~VOLTAGE AT B,C = 3V
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[bookmark: _Toc131329065]Scope Time Division Calculations
Period is defined as time taken to complete a full wavelength cycle.

∴ 10 time divisions are required to see a full wavelength.

[bookmark: _Toc131329066]Function Generator output sine wave
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Figure 1 - Full Bridge Rectifier Sine wave
Figure 1 shows the voltage change in the full bridge rectifier circuit. The change in voltage is shown along the Y-axis. Electrical waveforms of a sine curve are indicative of an Alternating Current (AC) (Bhargava, 1983).
Given the statement above, the voltage can be calculated using the vertical axis division.
The horizonal line (blue) denoted a voltage of 4.83V



[bookmark: _Toc131329067]Unsmoothed Rectifier Wave
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Figure 2 - Rectifier sine wave outputVoltage threshold for LED to emit light is not met at the lower voltages present in the varying DC current.

The rectifier enables the voltage wave to remain positive, outputting a DC current. This can be seen in the oscilloscope as the curve is above the x-axis. The result causes the LED in the circuit to flash, as the voltage threshold for the LED is met as the voltage increases and decreases.
The horizontal blue line shows peak DC voltage is now 4V, and period is now 50ms = 0.05s
Comparing the voltage and period to the non-rectified circuit, there is a loss in both peak voltage and period.
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Figure 3 - circuit layout of the smoothed circuit
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Figure 4 - Oscilloscope reading when adding capacitor to circuitMinor ripple

After adding a capacitor to the circuit, the voltage is now both positive and consistently flat. This is different to the rectified circuit whereby the voltage was dropping and peaking. When reviewing the circuit, the LED now emits a constant light, no longer flashing. This is evidence that the peak voltage is being maintained.
The maximum voltage shown is 3.83V. Once again, there is a small drop in voltage when compared to the rectified circuit. 


[bookmark: _Toc131329069]Drop in Voltage Question
Resistors, regardless of size, create heat while restricting the flow of current in a circuit. This resistive force has to be converted but to the conservation of energy laws within a circuit. Due to this resistive force, the resistor emits heat while in operation.
Since,

and the resistors resistance varies with heat (Gambirasio & Consonni), current (I) cannot chance due to Kirchoff’s Current Law, the variable lies with the variance of resistance due to heat. This power loss can be seen in the power output of the system, resulting in a small change in the voltage, lost to heat.
In addition to the above, the smoothed DC voltage differs from the AC sine wave, as the voltage being read is an average (figure 5) of the true voltage being produces by the function generator. This is due to the capacitors ability to effectively dampen the voltage as the current passes through, releasing a smooth and consistent voltage. As noted in figure 4, the minor ripples in voltage are “directly proportional to the load current and is inversely proportional to the capacitance value” (kumar, 2011).
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Figure 5 - AC smoothed average voltage diagram (Martens, 2017)

[bookmark: _Toc131329070]Rectifiers use in Automotive applications Question.
Rectifiers are used on almost all ICE engines are require electronic starting. This is due to the need to recharge the battery that supplies the voltage to power accessories such as the starter motor. The rectifier enables AC current produced from the altinators to be converted to DC to charge the battery. In addition to this, they are important to ensure that the components that also require power, such as lights, ECU and electrical power steering all have the Direct Current that they require on demand.
In more modern vehicles, mainly pure electric and plug-in hybrid, the power grid only supplies AC power for charging (Ravindran & Mrs. Divya Agrawal, 2019). To charge the cells required for these vehicles to work, active rectifiers have to be used to convert AC to DC in order to charge the cells. 


[bookmark: _Toc131329071]Probing Question
It is not possible to probe both the input of the function generator and the output of the rectifier due to the probing points sharing the same earth point. This causes a short in the circuit ultimately bypassing all the components within the circuit, thus the oscilloscope reads a neutral reading.
To overcome this, both channels can be used, and the probe earths can be removed, since they already share a ground with the oscilloscope. Then, both channels can be enabled on the oscilloscope. Since both channels are being used, mathematical operations can be used to find the correct result from combined readings.
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Figure 6 - Oscilloscope math functions
The oscilloscope offers these mathematical functions, which in this case the subtraction operation would be required. This is because the voltage required is a potential difference between the voltages working across each channel. Therefore, channel A – Channel will produce the correct rectified wave format seen in figure 2. The side affect of this method include an increase in noise and interference found in the final reading. This is due to the mathematical operation having a greater effect on the output wave (Lorton, 2014).
In addition to the above, the circuit could be modified to separate common earth points. This can be done by using an isolation transformer. This device will allow the AC current to be transferred to a new circuit without sharing earth points. Therefore, overcoming the problem issue present when probing the input and output of our circuit. 

[bookmark: _Toc131329072]Task 3
[bookmark: _Toc131329073]Scope Time Division Calculations

Set frequency = 10hz
Given that,

5.5 time divisions required to see one full wavelength, suitable time division 2ms.

chosen capacitor = 0.68μ
Chosen resistor = 1K Ω

[bookmark: _Toc131329074]Function Generator output sine wave
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Figure 7 - square wave from function generator.
Function generator period from oscilloscope = 11.1ms.
Voltage peak to peak = 3.49V.




[bookmark: _Toc131329075]Capacitor charge and discharge wave marked at correct points.
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Figure 8 - Sinewave of capacitor charge and decay displaying wave period
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Figure 9 - Capacitor decay curve
Using the decay percentage constant (36.8%), the time constant can be determined.
36.8% of the peak voltage of 3.49V = 1.27V.
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Figure 10 - Capacitor charge curve
Using the charge percentage constant (63.2%), the time constant can be determined.
63.2% of the peak voltage of 3.49V = 2.2V
Time constant = 11.1ms.



[bookmark: _Toc131329076]Basic Capacitor Calculations



Where ‘tc1’ is the first time constant in the charge phase.


[bookmark: _Toc131329077]Capacitor discharge table
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Table 1 - voltage change with time during capacitor decay.

[bookmark: _Toc131329078]Gradient Plot and calculations

Figure 11 - Line chart plot of data from table 1
Average gradient of decay, using line of best fit = -0.4455V.
where gradient = ΔY / ΔX


Given,
and,


Therefore,

Time constant τ =


From

2.45mf

Difference in calculated capacitanceln to capacitancetc1,



[bookmark: _Toc131329079]Inaccuracies Question
A digital oscilloscope was used during the experiment to monitor and acquire data from the circuits. Digital oscilloscopes are far more complex than older analogue oscilloscopes. There is the possibility that there are some inaccuracies within the results compared to the results that may be gained using an analogue style oscilloscope.
“It should be evident that the electronics of analog oscilloscopes are simpler than those of digital scopes; there is considerably less hardware between the input signal and the displayed picture. In an analog scope, the image you see is the accumulated effect of many repeated measurements, each displayed once; whereas the image you see from a digital scope is from more infrequent measurements that are captured and stored by the acquisition system.” (Pengra, 2007)
(Pengra, 2007) implies that inaccuracies could occur due to the larger number of hardware components between the signal input and the displayed measurements. The sampling rate and frequency of data measurements also enables variation in the results compared to the analogue results.
Furthermore, it is possible that data inaccuracies can be attributed to the condition of the equipment used, such as the BNC and crocodile clip connectors used to connect the circuit to test equipment. Research as shown that “As testing probes are repetitively changed and replaced with gripping ‘crocodile’ clips, over time, contact resistance at the point of connection can increase, which could throw doubt on the results obtained.” (Coles, 2005) proving this a viable area of inaccuracy.
Finally, there is a considerable amount of noise that can be seen when using a digital oscilloscope compared to an analogue oscilloscope. This is due to the components that are used in a digital oscilloscope for readings to be made. The “amplifiers that make up the front end of a conventional DSO are designed to have a high bandwidth, but low noise is not a priority” (PicoTechnology, n.d.), which is evident in figure 2, figure 4 and figure 7.
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Figure 12 - noise and inaccuracy of curve
When making measurements on screen, it is hard to pinpoint the exact location of the curve in view. This area of noise in the vector curve can also attribute to poor result accuracy.
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Capacitor Voltage (V)
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