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[bookmark: _Toc128652311]Task 1
[bookmark: _Toc128652312]A = R = 12V / 0.5A = 24 ohms

[bookmark: _Toc128652313]B = KIRCHOFS current law giving that B and C are also 0.3amps 

[bookmark: _Toc128652314][bookmark: _Hlk131265892]C(i) = R = 9 J/s / I^2 = 9 J/s / (0.3 A)^2 = 10 Ω

[bookmark: _Toc128652315]c (ii) = 0.3 x 10Ω =3v 

[bookmark: _Toc128652316]c (iii)= a-e=5v d=2+5=7v 

[bookmark: _Toc128652317]c (iv)= = a-e=5v d=2+5=7v  7v/0.3A= 23.33Ω

[bookmark: _Toc128652318]d= r = 2V / 0.3A = 6.67 ohms

12V = I * R
I = 0.9A 
R = 12V / I = 13.33 ohms

[bookmark: _Toc128652319]e=V=I*R   R=0.3A   6Ω - F IN CURRENT =1.8V 

[bookmark: _Toc128652320]f = 1/R=1/R + 1/R2+1/R3+1/R4 =7.92amps 

[bookmark: _Toc128652321]g=r = (1.5V - (12V/3)) / 0.9A
r = (1.5V - 4V) / 0.9A
r = -2.5V / 0.9A
r = -2.78 ohms
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[bookmark: _Toc128652323]Scope Time Division Calculations

[bookmark: _Toc128652324]Function Generator output sine wave
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[bookmark: _Toc128652325]Unsmoothed Rectifier Wave[image: ]
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[bookmark: _Toc128652327]Drop in Voltage Question
The DC output of a rectifier is typically lower than the peak voltage of the input sine wave for various reasons. One factor is the voltage drop that occurs when the AC passes through diodes. Bridge rectifiers typically use silicone diodes, which can result in a voltage drop of at least 1.2 volts below the peak voltage of the AC input (Mahalingam, Baliga 1998). Another contributing factor is voltage ripple, which can be caused by imperfect filtering of power supplies or by the switching action of diodes. It is desirable to have lower voltage ripple, and this can be achieved through the use of high-quality power supplies, proper filtering techniques, and careful circuit design (Baliga 1984).

[bookmark: _Toc128652328]Rectifiers use in Automotive applications Question.
A rectifier is a device that can convert an oscillating two-directional alternating current (AC) into a single-directional direct current (DC) (Sarafianos, Logan et al. Sep 2014). This capability to convert AC into DC is extensively utilized in automotive applications to power the electrical systems of vehicles. One of the most common uses of rectifiers in vehicles is in the alternator. The alternator generates AC electricity as the engine runs, which is then converted into DC using the rectifier. This rectified DC power is utilized to charge the battery and power the vehicle's electrical components, such as the lights, entertainment system, air conditioning, and other electrical systems. If rectification was not utilized, the electrical components in a vehicle would not function correctly, resulting in significant safety and operational issues (Zeljkovic, Reiter et al. Sep 2012).



[bookmark: _Toc128652329]Probing Question
When using an oscilloscope to probe a circuit, it is crucial to be aware of ground loops that may arise when measuring two points. Ground loops can cause interference and noise in measurements and potentially damage the equipment when there is a difference in ground potentials between both points connected to the same ground reference (Bellan 2007).

One solution to allow simultaneous probing is to use differential probes. Differential probes can measure the voltage difference between two points in a circuit without connecting the ground of the probe to the circuit ground, thus eliminating ground loop issues and ensuring accurate measurements. While more expensive than regular probes, they are necessary for certain types of measurements, such as when measuring high-frequency signals or when dealing with isolated or floating circuits (Shu, Songling et al. 2007).

Another solution is to use isolation transformers. An isolation transformer electrically isolates the input and output of the transformer, allowing measurements of two points without causing ground loops. For example, an isolation transformer can isolate a function generator from the rectifier output, enabling simultaneous probing (Nia, Saadatmand et al. Oct 2019).

However, it is essential to note that both differential probes and isolation transformers have limitations that should be considered before use. Isolation transformers can introduce distortion and phase shift in the measured signal, while differential probes have a limited input range and can be affected by common-mode interference.

In summary, when probing with an oscilloscope, it is crucial to consider ground loop issues that may arise during measuring. To enable simultaneous probing, both isolation transformers and differential probes can be used to eliminate ground loop issues and ensure accurate measurements, although they have their own limitations

[bookmark: _Toc128652330]Task 3
[bookmark: _Toc128652331]Scope Time Division Calculations
To calculate the time division for a circuit with a 1k resistance, 0.22 frequency, and 224 cap marking, we need to use the formula for the time constant of an RC circuit:
τ = RC
where τ is the time constant, R is the resistance in ohms, and C is the capacitance in farads.
First, we need to convert the capacitance marking of 224 to its value in farads. The marking 224 indicates a capacitance of 220,000 pF or 0.22 uF (microfarads), since each digit after the first two represents the number of zeros to add to the value in picofarads.
Using this value for capacitance and the resistance of 1k, we can calculate the time constant:
τ = RC = 1kΩ x 0.22 uF = 220 microseconds
Therefore, the time division for this circuit would be 220 microseconds.



















[bookmark: _Toc128652332]Function Generator output sine wave
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[bookmark: _Toc128652333]Capacitor charge and discharge wave marked at correct points.
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[bookmark: _Toc128652334]Basic Capacitor Calculations
To calculate the voltage and time from discharging at 63.2% with a time of 200.0ms and a voltage of 1V, we need to use the equation for the voltage across a capacitor during discharge:
V = V0 * e^(-t/RC)
where V is the voltage across the capacitor at time t, V0 is the initial voltage across the capacitor, e is the mathematical constant e (~2.718), t is the time since the start of discharge, R is the resistance in the discharge circuit, and C is the capacitance of the capacitor.
At 63.2% of the initial voltage (V0), the voltage across the capacitor (V) is:
V = 0.632 * V0
We can use this equation and the given values to solve for the time required for the capacitor to discharge to 63.2% of its initial voltage:
0.632 * V0 = V0 * e^(-t/RC)
0.632 = e^(-t/RC)
Taking the natural logarithm of both sides:
ln(0.632) = -t/RC
Solving for t:
t = -ln(0.632) * RC
Substituting the given values of V0 = 1V, t = 200.0ms, and solving for RC:
RC = t / (-ln(0.632)) = 0.458 * t = 91.6 ms
Now, we can use this value of RC to calculate the voltage across the capacitor at 63.2% of its initial voltage after 200.0ms:
V = V0 * e^(-t/RC) = 1V * e^(-0.2s / 0.0916s) = 0.632V
Therefore, the voltage across the capacitor after 200.0ms is 0.632V, and it takes 91.6ms for the capacitor to discharge to 63.2% of its initial voltage.
[bookmark: _Toc128652335]Capacitor discharge table

[bookmark: _Toc128652336]Gradient Plot and calculations





[bookmark: _Toc128652337]Inaccuracies Question
When using a PicoScope and a function generator, there are several inaccuracies that you could encounter. Here are some possible examples:
Frequency and amplitude inaccuracies: The function generator may not be able to produce a signal with the exact frequency and amplitude you desire due to the limitations of the instrument. Similarly, the PicoScope may not be able to accurately measure the frequency or amplitude of the signal due to its own limitations. This can result in inaccuracies in your measurements and calculations.
Noise: The PicoScope and function generator may introduce noise into your measurements due to their own internal noise sources or from external interference. This noise can affect the accuracy of your measurements and can make it difficult to detect small signals.
Nonlinearities: The function generator may not produce an output signal that is perfectly linear, especially at high frequencies or amplitudes. This can lead to distortions in the waveform, which can affect the accuracy of your measurements.
Calibration issues: Both the function generator and PicoScope need to be calibrated regularly to ensure accurate measurements. If they are not calibrated properly or frequently enough, their accuracy can degrade over time.
Signal distortion: If the cables used to connect the function generator and PicoScope to the DUT are not of good quality or are not properly shielded, they can introduce signal distortion, which can affect the accuracy of your measurements.
It's important to keep these inaccuracies in mind when using a PicoScope and function generator, and to take steps to minimize their impact on your measurements. This can include using high-quality cables, calibrating the instruments regularly, using proper termination and matching, and taking multiple measurements to account for any noise or distortion.
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