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[bookmark: _Toc131358536][image: Diagram

Description automatically generated]Task 1
(Diodes are assumed to be ideal with a 0.6V potential barrier).
[bookmark: _Toc131358537]A
Calculate the resistance of E.
Diodes have a 0.6V potential barrier.
Current = 0.5A


[bookmark: _Toc131358538]B
Calculate the current passing through B and C.
Current passing through resistor A = 0.3A


[bookmark: _Toc131358539]c (i)
The Resistance of A, given that it dissipates 0.9J of energy per/sec.



[bookmark: _Toc131358540]c (ii)
The resistance of B and C.

[bookmark: _Toc131358541]c (iii)
The potential difference across A, B, and C.

[bookmark: _Toc131358542]c (iv)
The potential difference across D, and its resistance.



[bookmark: _Toc131358543]d
Calculate the resistance, and total resistance of the parallel combination of cells.




[bookmark: _Toc131358544]e
Calculate the voltage drop across F.


[bookmark: _Toc131358545]f
Calculate the total resistance of the circuit, including total internal R, and R caused by the reverse polarity battery (ignoring G).

[bookmark: _Toc131358546]g
Calculate the EMF of each of the cells in the parallel combination.
[bookmark: _Toc131358547]Task 2
[bookmark: _Toc131358548]Scope Time Division Calculations
[image: Chart, line chart

Description automatically generated]10.01 cycles per second = 10.01Hz
         
 


[bookmark: _Toc131358549]Function Generator output sine wave
[image: A screenshot of a computer

Description automatically generated]This is the “standard waveform that oscillates between two levels with a standard sinusoidal shape […] widely used in testing applications” (electronics-notes.com – 2023).
Peak to Peak: 9.16V
Period: 99.9mS
Frequency: 10.01Hz

[bookmark: _Toc131358550]Unsmoothed Rectifier Wave
[image: A screenshot of a computer

Description automatically generated]A rectifier is a “special type of diode that converts alternating current (AC) into direct current (DC)” allowing control of the current flow (Granath, E. – 2020). The type used was a ‘Full Bridge/Wave’ rectifier, converting the current from the function generator from alternating to pulsating direct current using the full signal, as opposed to a ‘Half-Bridge rectifier’ only allowing half of the AC signal to pass from input to output.
Peak to Peak: 439mV = 0.439V
Period: n/a
Frequency: n/a
[bookmark: _Toc131358551]Smoothed Rectifier Wave
[image: A screenshot of a computer

Description automatically generated]The rectifier wave was then smoothed enabling a more accurate visual representation of the pulsating DC over a complete cycle, including the second half. Full wave rectification is more efficient, and “enables better smoothing to be achieved” due to the decreased gaps between waveform peaks. Using full wave rectification creates basic waveform frequency double the amount of input frequency, due to the inclusion of the second half of the waveform, making the peak “occur at twice the frequency of the input” (electronics-notes.com – 2023).
Peak to Peak: 1.32V
Period: 55.5mS
Frequency: 18.02Hz


[bookmark: _Toc131358552]Drop in Voltage Question
Energy is dissipated throughout the circuit through heat and other factors, affecting the output whilst current is travelling through circuit featured components. There is a drop in voltage due also to the AC input measuring the RMS (root means squared). The potential barrier of the diode stops it from functioning until the voltage barrier has been overcome. In this case, if the input is 5V, and the voltage barrier is 0.6V, the output will measure 4.4V, despite capacitors charging to peak voltage.





[bookmark: _Toc131358553]Rectifiers use in Automotive applications Question.
Rectifiers are utilised when electricity is required to flow in one direction and blocking the flow in the opposite. An example of this used in an automotive environment is “the electricity flow from the alternator towards the rest of the vehicle electrical system”, where the AC current generated by the alternator’s pulley is converted to DC through use of a rectifier, due to the current control required in the electrical system as the “alternator’s polarity reverses per revolution” (Persistence Market Research – 2023).
A further example of rectifiers used in automotive environments is their use in Electric Motorsport applications. Formula E, following a “single-make chassis and battery format”, encourages competitor development in both software and hardware. 
The cars need to be able to “switch the electric from AC to DC between motor and battery respectively”, using a rectifier (commonly referred to as an ‘inverter’) situated after the battery, to then power the motor that drives “the rear wheels through a reduction gearbox and differential”. Under braking, the rectifier switches, allowing the motor to generate electricity and “creating a drag on the drivetrain” to aid braking of the rear wheels. This electricity goes back to the battery, increasing the “remaining charge available to the driver through the race” (Scarborough, C. – 2020).
[bookmark: _Toc131358554]Probing Question
Using the experiment supplied HANTEK Oscilloscope and operating software, it should be noted that the oscilloscope features 2 inputs. This creates issue with simultaneously probing the input of the function generator alongside probing the rectifiers due to the oscilloscope’s ‘zero connection’ common to both channels. The lack of node, linking both input and output, disallows reading either feature at the same time, alongside running the risk of ‘grounding out’ the circuit, creating no readings whatsoever.
In future experiments, using a 1-1 isolating transformer on the measurement of the AC input, whilst connecting one side of the secondary probe to the negative of the output could allow for the measurement/reading of both. Alternatively, an ‘isolated input’ scope channel could be used to achieve the same.











[bookmark: _Toc131358555]Task 3
[bookmark: _Toc131358556]Scope Time Division Calculations
10.01 cycles per second = 10.01Hz
         
 
[bookmark: _Toc131358557][image: A screenshot of a computer

Description automatically generated]Function Generator output square wave
Peak to Peak: 420mV
Period: 99.9mS
Frequency: 10.01Hz
[bookmark: _Toc131358558]Capacitor charge and discharge wave marked at correct points.
[image: A picture containing diagram

Description automatically generated]
[bookmark: _Toc131358559]Basic Capacitor Calculations
Chosen Resistor 
Capacitor 
Cap Marking 
                 
Frequency of function generator = 10Hz
 
 
 
[bookmark: _Toc131358560][image: A screenshot of a computer

Description automatically generated]Capacitor discharge table
Peak to Peak: 395mV
Period: 99.9mS
Frequency: 10.01Hz

[bookmark: _Toc131358561]Gradient Plot and calculations



[bookmark: _Toc131358562]Inaccuracies Question
The true measurement could differ from that of the experiment-recorded, due to test inaccuracies.
These inaccuracies could be caused by faulty equipment; as they have been repeatedly accessed by students creating the same experiment. This could cause component damage/faults over excessive and repetitive use, altering the recorded results during the test. In addition to this, component degradation is also a factor that should be considered. Even without inflicted damage, the component’s repeated use can cause internal material degradation within things like the capacitor/resistors, showing outliers/inaccuracies in results.
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Granath, E. – 2020.
What are diodes and rectifiers?
https://www.power-and-beyond.com/what-are-diodes-and-rectifiers-a-909411/
Accessed 29th March 2023.

Electronics-notes.com – 2023.
Signal Generators: Function Generator.
https://www.electronics-notes.com/articles/test-methods/signal-generators/function-generator.php
https://www.electronics-notes.com/articles/analogue_circuits/power-supply-electronics/capacitor-smoothing-circuits.php
Accessed 30th March 2023.

Persistencemarketresearch.com – 2023.
Automotive Rectifier Diode Market: Global Industry Analysis.
https://www.persistencemarketresearch.com/market-research/automotive-rectifier-diode-market.asp
Accessed 30th March 2023.

Scarborough, C. – 2020.
Carmagazine.co.uk: the Formula E powertrain explained.
https://www.carmagazine.co.uk/electric/formula-e-powertrain/
Accessed 30th March 2023.
image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png




image3.png




image4.PNG
B Hantek6022BE Ver 1.06

File View Horizontal Vertical Tigger Display Cu

R EE 0843

7]

Measure x

cHl v

I3 Type

1 Vertical

@ Maximum

@ Minimum

@ Peak to Peak.

@ Top

@ Base

@ Middle

@ RMS

& Amplitude

@ Mean

@ Cycle Mean

@ Positive Overshoot
& Negative Overshoot
Jg Horizontal

@ Period
@ Frequency

@ Rise Time

@ Fall Time

@ + Duty Cycle
@ - Duty Cycle

@ + Pulse Width
@ - Pulse Width

Output

Running.

H P Type here to search

B cH
Maximum
Minimum
Peakto Peak
Top
Base
Middle.

RMS

Amplitude

Mean

Cycle Mean
Positive Overshoot
Negative Overshoot
Period

Frequency

Rise Time

Fall Time.

+ Duty Cycle

- Duty Cycle

+ Pulse

t

Utiity  Help

(I ]=]

4337
483
916V
433V
483
251mv
325
916V
-413mv
-262mV

92.9ms
10.01Hz

3
£ 000w

Control Panel

2

Horizontal

Vertical

Scope
TimeD
10.00ms
Format
Y
xt v

W[

100V

xt

Oinvert

02-03-2023 16
16:02

02/03/203




image5.PNG
B Hantek6022BE Ver 1.06 04 -

GFR= A0 02«4 EB0S RE.0
o X4 spe | b | Contotpen 2

I Type Horizontal ~
& (2% Vetical TmeV

o

Vg“" s

@ Cycle Mean =

& Negative Overshoot -
o e CR

@ Rise Time. Ocxz

: .

1628
H P Type here to search 02/03/2023




image6.PNG
B Hantek6022BE Ver 1.06 04 -

GFR= A0 02«4 EB0S RE.0
o X4 spe | b | Contotpen 2

I Type Horizontal ~
& (2% Vetical TmeV

o

Vg“" s

@ Cycle Mean =

& Negative Overshoot -
o e CR

@ Rise Time. Ocxz

: .

1622
H P Type here to search 02/03/2023




image7.PNG
File View Horizontal Vertical Tigger Display Cursor Utilty Help

SEE B0 N84 NE0E

Measure
cH1

I3 Type

&5 Vettical

@
@
@
@
@
@
@
@
@
@
@
@

@

@
@
@
@
@
@
@

Running.

H P Type here to search

Jg Horizontal

Maximum
Minimum

Peakto Peak

Top

Base

Middle.

RMS

Amplitude

Mean

Cycle Mean
Positive Overshoot
Negative Overshoot

Period

Frequency

Rise Time

Fall Time.

+ Duty Cycle

- Duty Cycle

+ Pulse Width

- Pulse
CH1 = 200mV

Output
B cH

Maximum 207my
Minimum 213mv
Peakto Peak 420my.
Top 207my
Base 213mv
Middle. 314my
RMS 189mY
Amplitude 420my.
Mean REY
Cycle Mean

Positive Overshoot

Negative Overshoot

Period 92.9ms
Frequency 10.01Hz
Rise Time 00us
Fall Time. 00us
+ Duty Cycle 50.0%

- Duty Cycle 50.0%

+ Pulse 299ms
- Pulse W 299ms

3

Control Panel

Horizontal

Vertical

Scope
TimeD
2000ms
Format
Y
cHi
00my ©
xt v

W[

100V

xt

Oinvert





image8.png
T T





image9.PNG
B Hantek6022BE Ver 1.06 -

GFR= A0 02«4 EB0S RE.0
o 4 Seope | » | Control Panel 3 x

cH1 v Scope 5
I3 Type Horizontal )
&[4 Vertical T
@ Maximum
2000ms
@ Minimum
@ Peak to Peak. Format
@ Top E
@ Base
@ Middle
Vertical

@ RMS
& Amplitude

@ Mean

@ Cycle Mean

@ Positive Overshoot
& Negative Overshoot
Jg Horizontal

cHi

00my ©

@ Period E ~ ==
 Frequency
@ Rise Time Oexz
 Fall Tme ]
@ « Duty Cycle
@ -Duty Cycle oc
 + Pulse Width
@ -Pulse x -
CH1=: 200mV v
<
Output Bx
B cHt S
Maximum 188my
Minimum ~207m
Peakto Pesk 395my
Top 188my
Base ~207my
Middle “941my
RMS T5my
Amplitude 395my
Mean -100my
Cycle Mean -484my
Positive Overshoot
Negative Overshoot
Period s93ms
Frequency 1001Hz
Rise Time = 490ms
FallTime. ems
+ Duty Cycle s99%
- Duty Cycle 50.1%
+Pue 498ms
~Pulke ¥ 500mS .

Running.

H P Type here to search





