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Figure 1 - Function Generator Sine Wave
Figure 1 is produced by connecting an oscilloscope to a function generator that outputs a sine wave of frequency 10 Hz. This sine wave is then read by the oscilloscope and plotted with a time division of 0.01s as shown in 2.1.
[bookmark: _Toc131022240]Unsmoothed Rectifier Wave
[image: A screenshot of a computer

Description automatically generated][image: A screenshot of a computer

Description automatically generated]
Figure 2 - Rectified Sine Wave
A rectifier converts an alternating current (AC) to a direct current (DC) by using diodes as they are semiconductors so they control the flow of voltage and only allow it to go one way resulting in only positive voltage being read as different points. Figure 2 shows how the function generator output has been rectified meaning that the sine wave in figure 1 has had the negative values flipped along the x-axis. This is done by creating a circuit using diodes in a certain order as figures 3 and 4 show. Interestingly the peak-to-peak decreases which is expanded upon in 2.5.
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Figure 3 - Rectified Sine Wave Circuit Diagram
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Figure 4 - Rectified Sine Wave Circuit
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Figure 5 - Smoothed Rectified Sine Wave
Figure 5 shows that when a 0.1µF capacitor is placed into the circuit and there is a voltage drop the capacitor discharges which results in a higher minimum point and a smaller peak-to-peak difference so the voltage fluctuates less. If a larger capacitor was used then the smoothed line would be higher up meaning a smaller peak-to-peak.
[bookmark: _Toc131022242]Drop in Voltage Question
The unrectified sinewave output peak voltage is 6.02V however the smoothed output peak voltage is 4.52V. This drop of 1.5V could be due to the diodes in the circuit as they need 0.6V for a current to flow through. As well as that it is important to note there will be small amounts of resistance throughout the circuit like resistance in the wires and battery.
[bookmark: _Toc131022243]Rectifiers use in Automotive applications Question.
Rectifiers are commonly used in alternators as it powers all the electrical components in the car and it generates energy from the engine’s internal combustion. The engine rotates a pulley which is in a magnetic field inside the alternator and induces a force due to Faraday’s First Law of Electromagnetic Induction which states when a conductive material is forced into a magnetic field, a current is induced. So, for an alternator this induced current is an alternating current (AC) therefore a rectifier is used to convert the current from AC to DC. This is useful for a vehicle as electrical components like the lights would stay constant instead of becoming brighter and dimmer.
[bookmark: _Toc131022244]Probing Question
It is not possible to probe the input of the function generator whilst simultaneously probing the output from the rectifier because both probes are grounded. An oscilloscope’s “signal common” terminal is connected to its ground so all measurements are made with respect to ground. This means that measuring the voltage between 2 points for example isn’t possible as neither point is at earth. Trying to simultaneously probe the function generator and oscilloscope could cause the circuit to short out as it is like placing a wire between the function generator and oscilloscope as it will ignore the rectifier resulting in the AC not converting to DC. However, simultaneous probing can occur either by “floating” the oscilloscope or using a differential probe instead of a single-ended probe.
“Floating” a grounded oscilloscope consists of disconnecting the earth to the “signal common” terminal by using an isolation transformer. This isolation transformer provides electrical isolation between the input and output circuits of the oscilloscope and results in the oscilloscope not being grounded, therefore any voltage measured is only referenced to the circuit. However, it is important to note that “floating” is dangerous and inaccurate because voltages are in the oscilloscope which can cause a shock to the operator and “floating” causes a lot of stress on the oscilloscope which could lead to an electrical failure in a future experiment.
Another option is to use a differential probe instead of a single-ended probe. This is because differential probes are designed to measure voltage signals that are not referenced to ground, unlike single-ended probes that have a ground lead that must be connected to the earth of the circuit. Also, this means that differential probes don’t cause any ground bounce meaning less noise in the data and making measurements more accurate as figure 6 shows the difference between differential probes and single-ended probes.
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Figure 6 - 2 Single-Ended Probes Vs Differential Probe (Keysight, 2015)
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 (
Differential Probe
)Figure 7 - Single-Ended Probe & Differential Probe
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F = 50Hz

 
So, to see one wavelength of data, use a time period per division of 0.002s or 2ms.
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Figure 8 - Function Generator Square Wave Output
Figure 8 shows the square wave output from a function generator that is then read by an oscilloscope that is connected to the function generator. The output frequency of the square wave is 50Hz so, if 1 wavelength was required, then the time per division would be 0.002s or 2ms. Therefore, to see 5 wavelengths, as figure 6 shows, the time per division would be 10ms.
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Figure 9 - Capacitor Charging & Discharging
A capacitor is a component which stores electrical energy and discharges that energy when the energy in the circuit drops which leads to a more constant amount of electrical energy flowing through a circuit. Figure 7 shows that when the capacitor is charging there is an exponential relationship between time and voltage in the capacitor. This is due to the current and voltage in the capacitor which Figure 8 shows. Voltage and Current change because, after a discharge, there is no voltage in the capacitor so current is high and a lot of voltage is supplied into the capacitor resulting in a steep voltage gradient. However, once the capacitor is close to full, the current is a lot lower as there is more resistance trying to stop more voltage enter the capacitor which is why the gradient becomes shallower. Then looking at the discharge of the capacitor in figure 7 and figure 8, the voltage and current both decrease exponentially with the gradients being steep at the start as a lot of voltage is released into the circuit but then shallower at the end when not a lot of voltage is left in the capacitor.
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Figure 10 - Current & Voltage in a Capacitor
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Figure 11 - Capacitor Discharge at 37.8%
Discharge:
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Figure 12 - Capacitor Charging at 63.2%

Charge:
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Table 1 - Capacitor Discharge Table
[bookmark: _Toc131022251]Gradient Plot and calculations
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Figure 13 - Ln(V) against Time








[bookmark: _Toc131022252]Inaccuracies Question
3.4 shows that the capacitance calculated at discharge was 27.5µF however this is different to the calculated capacitance in 3.6 which was 1.385mF. There is around x50 difference between these 2 results and this may be due to many factors.
The main, and most important problem, was the equipment being used. This is because, the equipment like the breadboards and function generator, were of low quality and this resulted in a lot of noise in the data as seen in figures 2 and 9 especially. The faulty equipment could have also affected the accuracy of the recorded data which was carried through calculations leading to other data being inaccurate as well. 
Another problem that may have occurred is unwanted resistance throughout the circuit in places like the wires, function generator, diodes etc. This resistance could have led to less voltage flowing through the circuit than predicted and therefore the voltage used was inaccurate to the true voltage throughout the circuit.
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