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[bookmark: _Toc1810656776]Task 2
[bookmark: _Toc383192100]1.1 Time division calculations
Using 10 Hz as your sine wave calculate the time division required to see atleast 1 full period on the screen. [4]
Period = 1/f 
[bookmark: _Int_sfgYC6HV]1/10Hz = 0.1 seconds is the time period.
0.1 seconds = 100ms 

[bookmark: _Toc1421242949]1.2 Function generator output. [3]
[image: ]
Peak voltage = 2.46 V
[bookmark: _Toc641294460]1.3 Rectifier without Capacitor before the resistor. [3]
[image: ]
Peak voltage = 1.96 V
[bookmark: _Toc91106211]1.4 Rectifier with Capacitor before the resistor. [3]
[image: ]
[bookmark: _Int_mTAbK7nz]Peak voltage = 174 mV
[bookmark: _Toc1058086074]1.5 Drop in Voltage 
The rectifier DC output is lower than the peak of the sine wave input, explain which factors cause this drop. (100 words) [4]
The main reason for the drop in voltage over the DC output is because of the diodes. If the diodes are different then the waves will not be identical, and one will be shorter than the other causing the sine waves to have a higher peak than the rectifier DC output. Another reason for the drop in voltage could be the resistors in the circuit. Resistors going over components in the circuit can contribute to a loss of voltage for the rectifier DC output. 

[bookmark: _Toc817758105]1.6 Different voltage reading question
Show in a table your:
· Peak positive input voltage
· Peak to peak voltage 
· Root mean square (RMS)
Then through research explain what the RMS is and why it is different. (100 words) [5]
	
	Peak Positive Input Voltage (V)
	Peak to Peak voltage (V)
	Root mean square (V)

	Function generator output
	2.46 V
	9.85 V
	3.42 V



[bookmark: _Int_J4jjFBjD]Root means squared (RMS) shows the DC voltage that dissipates the same quantity of power as the average power dissipated by the alternating voltage. It compares DC and AC voltage values. (Rawlins, 2000).  The root means squared value is different to the peak-to-peak voltage due to peak-to-peak voltage calculating the full range of the voltage from the highest to lowest voltage value. Whereas RMS does not provide information on the peak voltage as it measures the DC voltage that produces the same power in a resisted load. The RMS is different to the peak positive input voltage due to this calculating the highest point on the sine wave. 
[bookmark: _Toc1080201246]1.7 Rectifiers use in Automotive applications
Research the common use of rectification on different vehicles and explain their importance. (200 words) [4]
Rectifiers are used to convert alternating current into direct current. The electrical device allows a flow of current through in one direction. (Dynapower, 2023). This conversion is needed in the automotive industry because many batteries and electrical components require DC power to operate. Livesey (2011) explains that the diodes within the rectifier control the current supplied to charge the vehicles battery within the automotive industry. Rectifiers control the charging and discharging of the vehicles battery to prolong its lifespan which is important in automotive industries. 

[bookmark: _Toc242000514]1.8 Question Probing 
Explain why you cannot probe the input of the function generator on one channel whilst simultaneously probing the rectifiers output on another. Explain through research what you can use to allow simultaneous probing. (200 words) [4]
You cannot probe the input of the function generator whilst simultaneously probing the rectifiers output on another channel because they do not have the same ground reference. The function generators internal ground reference is different to the rectifiers ground reference due to differing power supply and the setup of the circuit. Micro-machined probing's can be used to allow simultaneous probing in proximity circuit nodes as the probe tip is the leading point in the probe. (ASM International, 2001). Micro-machined probes are designed with high precision and so allow accurate placing within circuits. 




[bookmark: _Toc310773808]Task 3
[bookmark: _Toc1236775629]2.1 Time division and resistor calculations
Select a capacitor and resistor. Calculate 20 ‘T’ time periods of the RC constant for your selection. Then calculate the frequency for the function generator. Time division for the scope to show 1 complete wave form lasting T (20) on the screen. [4]
R = 0.00000439 F
C = 2000 ohms 
T = 0.00000349 * 2000 = 0.00878s 
T * 20 = 0.00878 * 20 = 0.1756 s
Frequency = 1/period = 1/0.1756s = 5.69 Hz
Period lasting T (20) = 1/5.69 = 0.176 s

[bookmark: _Toc732067777]2.2 Function generator output [3]
[image: ]
Peak voltage = 2.51 V
[bookmark: _Toc24287267]2.3 Capacitor charge and discharge wave marked at correct points [3]
[image: ]
Charging: (Peak (V) - Start (V) * 0.632) + Start (V) = V top cursor
So ((2.5V - 0V) * 0.632) + 2.5V = 1.58 V
Tau = 8.78 ms = 0.00878s
The capacitor wave is marked at 1.58 V. 

[bookmark: _Toc1712952269]2.4 Basic Capacitor calculations
Using t=RC and the relevant points in the lab sheet, calculate the capacitance of the capacitor. [3]
T = 0.00878s
R = 2000 ohms
T= RC so C = T/R
C = 0.00878s / 2000 = 0.00000439 F

[bookmark: _Toc1367319840]2.5 Capacitor discharge table 
Discretize the discharge curve into 10 different points and complete the table noting the voltage and time then taking the log of the voltage. [4]
Start: 3200
End: 6200
Range: 3000
Mean (dy/dx): -839.539
	Time (s)
	Voltage (V)
	Voltage +5 (V)
	In (V)
	dy = y2 – y1
dy= In(V)2-In(V)1
	dx = x2 – x1
dx = Time 2 – Time 1
	dy/dx

	0.003200
	4.0784
	9.0784
	2.205898
	x
	x
	x

	0.003533
	1.6941
	6.6941
	1.901227
	-0.30467
	0.000333
	-914.929

	0.003866
	0.3765
	5.3765
	1.682038
	-0.21919
	0.000333
	-658.225

	0.004199
	-0.6275
	4.3725
	1.475335
	-0.20670
	0.000333
	-620.729

	0.004532
	-1.4431
	3.5569
	1.268889
	-0.20645
	0.000333
	-619.957

	0.004865
	-2.1961
	2.8039
	1.031011
	-0.23788
	0.000333
	-714.349

	0.005198
	-2.8863
	2.1137
	0.748440
	-0.28257
	0.000333
	-848.079

	0.005531
	-3.3882
	1.6118
	0.477352
	-0.27109
	0.000333
	-814.079

	0.005864
	-3.8902
	1.1098
	0.104180
	-0.37317
	0.000333
	-1120.640

	0.006197
	-4.2667
	0.7333
	-0.310200
	-0.41438
	0.000333
	-1244.380



[bookmark: _Toc360837533]2.6 Gradient plot and calculations
[image: ]
Complete the calculations using log(v) and time to calculate the capacitance. Compare this with the previous result and work out the percentage and delta difference between the two calculations. [4]
T= -1/-839.539 = 0.001191 s
R= 2000 ohms
C= T/R
C= 0.001191 / 2000 = 0.000000595565 F
Percentage difference:
2x (0.00000439 F - 0.000000595565 F) / (0.00000439 F + 0.000000595565 F) * 100 
= 152.22 %
Delta difference =
0.00000439 F - 0.000000595565 F = 3.79 * 10^-6 F

[bookmark: _Toc2048815352]2.7 Capacitor uses 
Give 10 uses for capacitors in electrical, automotive and motorcycle applications. [5]
· A common use of capacitors in electrical applications is to separate the AC and DC components of a signal by allowing AC signals to pass from one section of a circuit to the other while blocking DC voltage. (Kaiser, 1995).
· Capacitors are also used in circuits to minimize electrical noise and interference in electrical components and systems within motorcycles.
· Capacitors are used for smoothing electrical circuit current. It changes AC current to DC current by smoothing the current line. It charges as the curve line rises and discharges when the line is at peak to create a smoother curve. (Smith, 2013)
· Capacitors can be used in automotive audio systems to filter and decouple power supplies. They can help to improve sound quality and performance of speakers.
· Capacitors have automotive applications in spark ignition systems as they are used to store energy produced by the ignition coil windings when the magnetic field collapses. (Pells, 2022)
· Capacitors can be used in motorcycle starting systems to add an extra burst of electrical energy to the starter motor.
· Capacitors can be used in high-voltage vehicles as engineers can gather energy from other areas, such as braking, to fill a capacitor with the recovered energy for immediate use. (Pells, 2022)
· In electronic and automotive applications, capacitors can be used as an energy storage component to accumulate energy and release energy over long and short periods. (Kaiser, 1995).
· Capacitors can be used in engine control units to provide stable power supplies for sensors in the automotive industry.
· In electrical circuits, capacitors can be used for tuning and controlling frequency. By changing the capacitance in a circuit, specific frequencies can be used. 


[bookmark: _Toc1081264272]2.8 Question Inaccuracies 
Explain why the measurements may be different to the specified value, research measurement and test inaccuracies. [4]
Measurements in circuits can be different from the specified value due to issues with the oscilloscope. The oscilloscope may not be calibrated properly which can lead to timing instability. The oscilloscope must be correctly calibrated before starting the test for maximum accuracy. (EETimes, 2003) Oscilloscope probes can also lead to test inaccuracies, probes are a key component in the scope signal so choosing the correct probes are crucial to not limiting the potential of the scope. High and low current measurements require different probes for different values to be captured and using the wrong probe will cause test inaccuracies. (Keysight Technologies, 2018). Also, incorrect bandwidth selections for the probe can cause inaccuracies as Keysight Technologies (2018) highlights that insufficient bandwidth will distort circuit signals explaining why measurements can be different to the specified value. 
The capacitance measured can be different from the specified value due to different conditions of the test. For example, completing the test under changed temperatures, frequencies and voltages can cause test inaccuracies and explain the different capacitance. The specified capacitance of a capacitor is measured under conditions described in the catalogue and so this could explain why our calculated capacitance of 0.000000595565 F using log (v) from the circuit test differs from the 0.00000439 F capacitance from the specified values. 
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