2119714

by Iwan Griffiths

Submission date: 29-Feb-2024 11:54AM (UTC+0000)

Submission ID: 225362603

File name: 17369_Iwan_Griffiths_2119714_183166_292243400.pdf (4.48M)
Word count: 3187

Character count: 21821



Course:
Module:
Assignment:

Name:

University number:

Date submitted:

Word count:

HND Electrical and Electronic Engineering
SGEES005

Signals & Digital Comms

Iwan Griffiths

2119714

29/02/2024

2326




Contents

WVOTKS GO et e e e e e e e e e s e e emeeemn e enmnean 3
Table of figures 4
1. Executive Summary ... 5
2. Frequency Modulation........cccooovneeee. 6
RESEAITN ...ttt et e 6
Amplitude and Frequency Modulation 6
Experiment 1 7
Experiment ... 8

3. Analogue to Digital CONVEISION ... oo et e 13
RESEAITN ... e e e e 13
Experiment 2 14
Effect of changing the number of Bits.......coo e e 14
Effect of changing the input amplitude.........c.oooieiiie i 16
Effect of changing the iNput freqUeNCY . ....c.coe e e 17

A, CONCIUSIONS ittt sttt s b e eae st e en et e s et e saneme e e em s sns nemnee 18
D APPENAIX ettt ettt ettt e e s st e et n e s s 19




Works Cited

Diffen, 2012. AM vs. FM. [Online]

Available at: https://www.diffen.com/difference/AM vs FM
[Accessed 8 February 2024].

Electronics Tutorials, 2024. Analogue to Digital Converter. [Online]
Available at: https://www.electronics-tutorials.ws/combination/analogue-to-digital-converter.html

Heavy.Al, 2022. Frequency Modulation. [Online]

Available at: https://www.heavy.ai/technical-glossary/frequency-
modulation#:~:text=With%20AM%2C%20the%20strength%200f order%20to%20incorporate%20sou
nd%20information.

[Accessed 8 February 2024].

McHugh, B., 2021. Evaluating ADC and DAC Performance Characteristics. [Online]

Available at: https://www.electronicdesign.com/technologies/analog/article/21165089/per-vices-
corp-evaluating-adc-and-dac-performance-characteristics

[Accessed 8 February 2024].

UStudy Initiative, 2008. Successive Approximation ADC.. [Online]
Available at: http://www.ustudy.in/node/6502




Table of figures

Figure 1 - Bessel Table ...
Figure 2 - Theoretical Frequency Spectrum ...

Figure 3 - Layout of experimental kit........
Figure 4 - Frequency Spectrum @10KHz.......

o W oo

Figure 5 - Carrier Wave @10KHz...............
Figure 6 - Message Wave @10KHz

Figure 7 - frequency spectrum @5KHz ....

Figure 8 - Carrier wave @5KHz

Figure 9 - Message wave @5KHz ........cccoueee.

Figure 10 - SAR Architecture .........cccceevueeenee

Figure 11 - Experimental Kit layout..............

Figure 12 - ADC test 1...ooivviciiiiciiiece e
Figure 13- ADC test 2....ooviciiiiciieie e

Figure 14 - ADC test 3 p1
Figure 15- ADC test 4 p1

Figure 16-Test 3 p2 .o e
Figure 17 -Test 3 p3 .o e

Figure 18- Test 3 pd . e

Figure 19— ADC test 4 p2

Figure 20- ADC Test 4 p3 oooeiiiiiec e

Figure 21 - ADC test 4 p4

Figure 22 - TKHZ ccoeviiiiiiee e e

Figure 23 -2KHz

Figure 24 - SKHZ .cceiiiiiiecee e

Figure 25 - AKHZ cc.oooiiiiiiiiee e e
Figure 26 - 4.2KHZ ..oviiiiieeeeecece e

Figure 27 - A.4KNZ...cvcvreveeeneeeeeeeeecesee e
Figure 28 - 4.6KNzZ.....coreveeerreeecrieeeceseine e

Figure 29 - 4.8KNzZ...cc.eveveeerreeeeeeeeeceseine e

Figure 30 - 5KhzZ...cvovvevreeeeeeeeeceeeeee s e

Figure 31 - 5.2KNzZ...cvevreieeereeeeeeeeeece e e

Figure 32 - 5.4KNZ...cvevreieeeeieeeeeeeeece e e

Figure 33 - 5.6KNZ...cvevreveeerreeeeeeeeee e e

Figure 34 - 5.8KNzZ...cveveveeerreeeeeeeeece e e

Figure 35 - BKNzZ...c..cvvevveveeeneeceeceeeece s e

Figure 36 - 7Khz...cvovveveeeeeenieeceeeeee e e
Figure 37 - BKhzZ...c.ocvveveeeeeeneeeceeeeee s e

Figure 38 - 9Khz......covevreveeeneeeceeeeece s e
Figure 39 - 10Khz....coveveeeeeeeeeeceeeeee e

10
11
11
12
13
14
15
15
16
17
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30




1. Executive Summary

This assignment required research into amplitude and frequency modulation. Following that,
Experiment 1 was performed, which required calculations to be compared to the results of the
practical tests. The FM waveforms were shown on the test apparatus that was used to conduct the
practical tests. After then, the results were analysed. The second experiment involved analysing
ADCs. For example, consider the difference in conversion quality between four and eight bit
converters. The relationship between the input signal frequency and the ADC sampling rate, as well
as the importance of matching the input signal amplitude to the device's range. These trials were
evaluated, and the results were compared to the established theory.




2. Frequency Modulation

Research

Amplitude and Frequency Modulation

When looking at both amplitude and frequency modulation, the following characteristic must be
considered.

Bandwidth;

The bandwidth used by AM signals is larger than that of FM signals. This is because the sidebands
containing the modulating information must be accommodated in addition to the carrier signal.
Carson's rule states that the occupied bandwidth in AM is twice the maximum modulating frequency.

FM signals have a smaller bandwidth than AM signals. This is due to the fact that FM only needs
room for the carrier frequency and a small number of sidebands. The maximum frequency variation
from the carrier determines the bandwidth of an FM transmission.

Signal Quality;

Compared to FM signals, AM signals are more prone to noise and fading. The amplitude of the signal
might be distorted by noise, which lowers the quality of the audio that is demodulated. One of the
reasons AM is less frequently utilised for high-fidelity audio transmission is its susceptibility to noise.

Compared to AM transmissions, FM signals are more resilient to noise and interference. The
demodulated signal is not significantly affected by noise-induced amplitude changes since the
information is contained in the frequency variations. For applications like high-quality audio
transmission, where signal fidelity is essential, FM is therefore preferred.

Applications;

FM signals are more resistant to interference and noise than AM broadcasts. Noise-induced
amplitude changes have minimal effect on the demodulated signal because the frequency variations
carry the information. FM is consequently recommended for applications where signal fidelity is
crucial, such as high-quality audio transmission.

Broadcast radio frequently uses FM modulation, especially when transmitting high-fidelity audio in
the FM broadcast spectrum. Additionally, it is utilised in two-way radio communication systems that
depend heavily on the rejection of noise and interference, such mobile phones and walkie-talkies.

(Heavy.Al, 2022) (Diffen, 2012)




Experiment 1

Experiment 1 involves frequency modulation. A 455kHz carrier has an amplitude of 375mV and is
frequency modulated by a 10kHz sine-wave signal of 2V amplitude. For this experiment, the FM
transfer frequency will be 20kHz per volt.

The maximum frequency deviation (Af) was calculated using the equation below.

Af = modulator transfer characteristic * message amplitude

Af =20+ 2 = 40KHz

The modulation index (mf) was then calculated using the equation below.

40

Af

Having calculated the modulation index, the component amplitude values could be calculated using
the Bessel Table below in conjunction with the following equation.

Modulation
index

Carrier

Amplitude = EC = Jn

Sideband amplitude

3 4 L € 7 L L] M7 n 12 13

0.02
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30,10 | 0.05 | 0.02
0.12 | 0.06 | 0.03 (0.1

9 (021 (0.12 | 0.06 | 0.03 0.01

Figure 1 - Bessel Table

The values used and calculated are shown below.

3(0.30 | 0.27 ( 0.20 | 0.12 | 0.07 | 0.03




Bandwidth (KHz) |Bessel Coefficient |[Amplitude (mV)
385) 0.02 7.5
395 0.05 18.75
405 0.13 48.75
415 0.28 105
425 0.43 161.25
435 0.36 135
445 0.07 26.25
455 0.4 150
465 0.07 26.25
475 0.36 135
485 0.43 161.25
435 0.28 105
505) 0.13 48.75
515 0.05 18.75
525) 0.02 7.5

Table 1 -Values Caluclated

From these values an Amplitude-Frequency graph could be created.
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Figure 2 - Theoretical Frequency Spectrum

Experiment

A practical experiment was carried out to determine whether the calculated values matched. The
setup for the test equipment is shown below.
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Figure 3 - Layout of experimental kit

Firstly the frequency spectrum was measured after the setting the frequency control C to the
approximate position for 455 kHz of the above equipment, then using the frequency meter, the
frequency shown on Channel A was set to 455 kHz as accurately as possible. The frequency
modulation was set to 10KHz and the amplitude was set to 2V The observed spectrum is as follows.
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Figure 4 - Frequency Spectrum @10KHz

As can be seen, the amplitude of the centre frequency of 455Khz does not match that of what was
calculated using the Bessel coefficients. This can be put down to human error whilst carrying out the
experiment. However, the side frequencies match up to what was calculated.




Next the carrier wave centre frequency of 455kHz with a deviation of 32KHz was measured
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Figure 5 - Carrier Wave @10KHz

The 2V peak to peak message wave was then measured at 10KHz, the observed wavelength can be
seen below.
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Figure 6 - Message Wave @10KHz

Next the frequency modulation was set to 5KHz and the frequency spectrum was graphed. From the
graph it can be said that as the modulation is reduced, the centre frequency is greatly reduced
compared to what is seen at the 10KHz modulation frequency. It can also be seen that the Amplitude
of the side frequencies is also reduced. The observed wavelength can be seen below.
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Figure 7 - frequency spectrum @5KHz
Next the carrier waves centre frequency was measured at 5KHz modulation frequency. As can be

seen from the observed waveform below, the is little difference compared to what can be seen at
5KHz.

g Perbenpe § - -] kS
o e Besen ok ey
M D | O | T D ST pico

Whole trace

B Frequency - - == =- Whole trace
A Frequency 4215 kHz 421.5 kHz 488.2 kHz 4485 kHz 31.75k.. 20 Whoale trace

Figure 8 - Carrier wave @5KHz

Finally the message frequency was measured at 5KHz. As can be seen from the observed waveform
below the only change observed is that of the frequency.




Ay o s - &
|t b g s gt § |
|!ud- ol # @] almeve Do f[lalws [ellla7 maz v @] o hima g ole |_’i‘-“‘
DT pfafee el - |ag

e b e

R

| P S — | [

202V 202V ov 2 Whole trace

B Frequency 4.958 kHz 4.957 kHz | 4.959 kHz 4.958 kHz 458.9.. |20 Whole trace

A Frequency == ——= === == Whole trace
i...-.,_-nw.m. o ' v ' + | e @ @ Q| e ) menm 3

Figure 9 - Message wave @5KHz




3. Analogue to Digital Conversion

Research

Analogue to Digital Converters (ADCs) convert a variable value of an analogue signal at a given time
interval into a digital value that may be utilised by software. The resolution, or number of samples
per second, determines how accurate the conversion outcome will be. The analogue input of an ADC
is measured against a reference voltage or current.

Animproved representation of the original waveform signal can be achieved with a higher resolution
ADC since it contains more bits to represent the analogue values. The Successive Approximation
Register (SAR) architecture is a widely used ADC that can attain high sample rates and is available in
several resolutions ranging from 8bit to 18bit, with an 8-bit providing 256 discrete output levels, and
an 18bit providing 262144 discrete output levels. (Electronics Tutorials, 2024) (UStudy Initiative,
2008)
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Figure 10 - SAR Architecture

The fundamental architecture of a SAR is depicted above, along with the key parts that enable the
ADC to process every bit while giving the comparator feedback so that it can determine the value of
the next input.

The frequency at which an ADC samples its analogue input signal and generates digital output
samples is known as its sampling rate. Usually, it is expressed in hertz (Hz) or samples per second
(SPS).

The Nyquist-Shannon sampling theorem states that the sampling rate needs to be at least twice the
input signal's highest frequency component (Nyquist frequency) in order to reconstruct a signal
accurately. Therefore, in order to prevent aliasing and precisely capture the dynamics of the signal,
the sampling rate needs to be selected with care.

Increased sample rates enable the ADC torecord input signals that change more quickly and retain
more information in the digital output.

An ADC's voltage range is the range of input voltages it can handle without clipping or saturation. It
establishes the highest and lowest voltages that are precisely digitised.

The minimum and maximum input voltages that match the full-scale range of the ADC's digital
output are commonly used to define the voltage range.




An ADC's voltage range should be equal to or greater than the range of the analogue input signals
that it is meant to digitise. Saturation or clipping may happen if the input voltage is higher than the
ADC's operating range. This can result ininformation loss and distortion. (McHugh, 2021)

Experiment 2

For this task, an investigation will be carried out into the behaviour, requirements and limitations of
ADCs by using the Feedback experimental kit as shown below.
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Figure 11 - Experimental Kit layout

The investigation will look into the differences in conversion quality between 4-bit and 8-bit
convertors, the significance of matching the amplitude of the input signal to the ADC's range, the
significance of the relationship between the ADC's sampling rate and the input signal frequency, and
the validity of the Nyquist Criterion.

Effect of changing the number of bits

Firstly, measurements on the Pico Scope were set to provide the input and output frequencies off the
ADC, as well as the peak-to-peak voltage of the input. The zero DC offset of the signal generator was
adjusted on the data source switch was set to ADC on the corrected data switch was set to
uncorrected on the data receiver. during the experiment it was ensured thought the data source
module under data receiver module were both set to the same number of bits.

The ADC was then set to 4 bits on the input frequency generated was set to 100 Hertz at 4 volts peak
to peak. The observed results can be seen below.
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Frequency 101.1 Hz 101.1 Hz 1013 Hz 101.2 Hz 39.4 mHz Whole trace
A PeakToPeak 3981V 3981V 4026V 3993V 19.86mV 20 Whole trace
B Frequency 101.3Hz 101Hz 1013 Hz 101.2Hz 130mHz 20  Whole trace
B

Peak To Peak 3.88 V 388V 388V 388v oV 20 Whole trace

Figure 12 - ADC test 1

The ADC was then set to 8 bits on the observed results can be seen below.
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A 101.1 Hz 101.2Hz 101.2Hz 24.78 mHz 20 Whole trace
A PeakTo Peak 3981V 3981V 3981V 3981V 0V 20 | Whole trace
B Frequency 101.3Hz 101Hz 101.3Hz 101.2Hz 121.4 mHz 20 Whole trace
B Peak To Peak 4106V 4.106 V 4151V 4108V 10.1mV 20  Whole trace

Figure 13 - ADC test 2

As can be seen from the above results, the most noticeable difference is the increase in resolution.
Moving from a 4-bit to an 8-bit ADC effectively doubles the number of digital output values. This
means that the ADC can represent finer voltage increments, resulting in greater accuracy in
transforming the analogue signal into digital. Also, it can be seen that the higher resolution of the 8-
bit ADC has improved noise reduction and accuracy than the lower-resolution 4-bit ADC. Thus, it can
be said that more bits enable the ADC to distinguish smaller changes in the input signal and provide a
more accurate representation of the analogue waveform.




Effect of changing the input amplitude

The next step was to set the ADC back to 4 bits, then set the input frequency to 100 hertz and the
amplitude was reduced to a minimum. The observed output, which can be seen below, shows that
the reduction of the amplitude to a minimum greatly reduces the resolution of the 4-bit ADC.
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A Whole trace
A Peak To Peak 199.5 mV 197.7 mV 2139 mV 205mV 5.099mV 20 Whole trace
B
B

Frequency 101 Hz 1007 Hz 2349Hz 1258Hz 33.72Hz 20 Whole trace
Peak To Peak 374.1 mV 369.6 mV 540.9 mV 402.5mV 61.43 mV 20 Whole trace
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Figure 14 - ADC test 3 p1

The amplitude of the observed waveform was then slowly increased to 6 volts peak to peak, the
results can be seen in the appendix, figures .

As can be seen from the above results, as the amplitude of the input signal increases from its
minimum value, the ADC's effective resolution improves. At its minimum amplitude, the ADC may
only use a small percentage of its available digital output levels, resulting in coarse resolution and
limited accuracy. However, as the input amplitude increases, more digital output levels become
available, improving the ADC's resolution and accuracy.

This method was then repeated with the ADC set to 8 bits, the observed output with the amplitude
set minimum at 8 bits can be seen below.
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101.9 Hz 101.5Hz 102.5Hz 101.9Hz 197.4 mHz 20 Whole trace
Peak To Peak 185.1 mV 185.1 mV 224.6 mV 201.9 mV 9551 mV 20 Whole trace
Frequency | 37.17Hz 37.17Hz 2303 Hz 151.2Hz 4024Hz 20 Whole trace
Peak To Peak 351.6 mV 189.3 mV 365.1 mV 275.2mV 49.8mV 20 Whole trace

A
B
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Figure 15 - ADC test 4 p1

The amplitude of the observed waveform was then slowly increased to 6 volts peak to peak, the
results can be seen in the appendix, figures 19-12.

Ask can be seen from the above figures, the results are similar to that off the 4-bit ADC. However, it is
clear that the 8-bit ADC once again offers a significantly higher resolution than that of the 4-bit ADC.
Thus, it can be said that increasing the amplitude of 8-bit ADC significantly increases the precision of
the output waveform as the 8 bit ADC is able to utilise a larger number of digital output levels. This
was as expected based off the results that was seen when changing the number of bits.

Effect of changing the input frequency

In order to observe this the input frequency was set to one kHz at 4 Volt peak to peak. The frequency
was then increased to 4KHz in 1KHz intervals, frequency observed at each step can be seen in the
appendix figures 22-25.

From the four KH, the frequency was then increased in 200Hz steps up to 6kHz the observed
waveforms can be seen in the appendix figures 26-35. Then from 6KHz, the frequency was increased
further to 10KHz in 1KHz steps, the observed output can also be seen in the appendix figures 36-39.

Ask can be seen from the results, the waveforms differ greatly from that of the effect of changing the
input amplitude. As the frequency increases, missed samples or under sampling starts to occur. As
the ADC's sampling rate is insufficient to fully capture the frequency of the input signal, some
samples begin to be missed, resulting in inaccuracies and gaps in the output waveform. It can also be
seen that from 1KHz to 4Khz there is some slight aliasing occur in as there is distortion in the
digitised output waveform where it starts out being somewhat accurate 1kHz to becoming
significantly less so at 4KHz, this trend continues through to 4.8kHz. However, at 5kHz it could be said
that the distortion is reduced but with a significantly lower resolution then what a seen at 1KHz. Past
5KHz and up to 10 kHz the under sampling begins.

In order to better visualise the changes throughout the experiment, the time that passes per division
of the graphing tool could have been increased.




4. Conclusions
During this assignment, analogue and frequency modulation were investigated, including the
technical characteristics of amplitude and frequency modulation, as well as the technical
characteristics of ADCs, including the number of bits, sampling rate, and voltage range. These issues
were researched, and the results were used in experiments to demonstrate the theory and ensure
that the experiments were carried out accurately. The experiments offered for an improved
understanding of how to set up test equipment to monitor a frequency modulated signal and ADCs.
Understanding how to employ calculation to generate theoretical values and then compare them to
practical data. A practical experiment on ADCs was performed to assess the effect of changing the
number of bits on the ADC. An 8-bit ADC proved to be much more precise than a 4-bit ADC. This is
supported by the graphs shown in the practical and study. The second experiment included altering
the input amplitude on a 4- and 8-bit ADC. This technique indicated that the output signal improved
when the input amplitude matched the range of the ADC. The third experiment looked at the effects
of changing the input frequency while keeping the amplitude constant. This showed that the most
accurate output signal was half of the ADC's sample rate, which was 5KHz. This experiment showed
that there are three elements to consider when choosing an ADC. This is the number of bits in the
ADC. The greater the number of bits, the more levels, resulting in a more precise output signal. The
second factor is the ADC range, which should be proportional to the input amplitude to provide the
most accurate output signal.




5. Appendix
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A 101.2 Hz 146.7 mHz 20 Whole trace
A
B

Peak To Peak 748.7 mV 744.2 mV 780.1 mV 760.6 mV 1287 mV 20 Whole trace
Frequency 101 Hz |101Hz 103.7Hz 1013 Hz 575.7 mHz 20 Whole trace

B  Peak To Peak 685.2 mV 6B80.7 mV 694.3 mV 6884 mV 3.636 mV 20 Whole trace
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Figure 16 - Test 3 p2
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A Frequency 101.1Hz 1009 Hz 101.1 Hz 101.1Hz 5547 mHz 2 Whole trace
A Peak ToPeak 1322V 1322V 1367V 1339V  1365mV 20 Whole trace
B Frequency 101.3Hz 101 Hz 1014 Hz 101.1 Hz 127.5mHz 20 Whole trace
B PeakTo Peak 1335V 1317V 1335V 1326V 5068mV 20 Whole trace
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Figure 17 - Test 3 p3
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Whole trace

A PeakTo Peak 6.129V 6129V 6129V 6129V 0V 20 Whole trace

B Frequency 101Hz 101Hz 101Hz 101 Hz 17.04mHz 20  Whole trace

B Peak To Peak 4.918V 4873V 4918V 4895V  23.17mV 20  Whole trace
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Figure 18 - Test 3 p4
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Figure 19 — ADC test 4 p2
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Figure 21 - ADC test 4 p4
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Figure 22 - 1KHz
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Figure 23 -2KHz
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s [ ew]e ][4 [x [+]m .

=T = A

Figure 24 - 3KHz
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Peak To Peak 4.026V 3937V ;.;E‘l VvV  29.06 mV Whole trace

A Frequency |4.022k.. 4.017k. 4024k. 402kHz 1964 Hz 20 Whole trace

B Peak ToPeak |3.745V 3745V 3925V 3.824V 60.14mV 20 Whole trace

B Frequency 4.001k. 4kHz 4.285k.. 4111k. 1384Hz 20 Whale trace
e e R DO O e T T

Figure 25 - 4KHz
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3.937V 4026V 3986V 3216mV 2 Whole trace
A Frequency (4233 k. 4.227k. 4234k. 4232k. 1.792Hz 20 Whole trace
B Peak ToPeak 397V 397V 4061V 4004V 2479mV 20 Whole trace
B Frequency 4.436k.. 4.004k. 4998k. 4366k. 281Hz 20 Whole trace
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Figure 26 - 4.2KHz
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Peak To Peak 3981V 3937V 4026V 3984V
A Frequency 4403 k. 4399k. 4405k. 4402k. 1.165Hz 20 Whole trace
B Peak ToPeak 4015V 397V 4061V 4018V 3426mV 20 Whole trace
B  Frequency 4444k. 4.282k. 444T7k.. 4435k. 3617Hz 20 Whole trace
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Figure 27 - 4.4khz
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3981V 3937V 4026V 28.6 mV Whole trace
A Frequency 4.601k.. 4599k. 4607k. 4604k. 2067Hz 20 Whole trace
B Peak ToPeak 4015V 379V 4015V 3952V B585mV 20 Whole trace
B | Frequency |5.004k.. 4438k. 5004k. 4611k. 2582Hz 20 Whole trace
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Figure 28 - 4.6khz
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Peak To Peak 3981V 3937V 4026V 3981V 5 0 Whole trace

A Frequency 4802k. 48kHz |4806k. 4803k. 1444Hz 20 Whole trace
B Peak ToPeak 4015V 2301V 4061V 3731V  5069mV 20 Whale trace
B  Frequency 5005k. 3.338k. |501kHz 4.832k. 405Hz 20 Whole trace
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Figure 29 - 4.8khz
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Peak To Peak 3.981V 3937V m“ V 396 2942 mV 20 Whole trace
A Frequency 5027 k.. 5024k. 5028k. 5026k. 1087Hz 20 Whole trace
B Peak ToPeak 3339V 5414.. 4106V 2876V 1131V 20 'Whole trace
B | Frequency |5.001k.. 1427 k.. 5003 k. 4822k. 7989Hz 20 Whole trace
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Figure 30 - 5khz
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Peak To Peak 3.937V 3937V 4026V 3.972) NATmV 2 Whale trace
A Frequency |5203 k.. 5201k.. 5205k.. 5203k.. 1474Hz 20 Whole trace
B Peak To Peak 4061V 2166V 4061V 354V 719mV 20 Whole trace

B  Frequency 5.005k. 4.286k. 5011k. 4791k. 3228Hz 20 Whale trace
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Figure 31 - 5.2khz
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Peak To Peak 3.937V 3937V 4026V 3979V 30.74mV 20 Whole trace
A Frequency 5402 kHz 5396 kHz 5402 kHz 5398 kHz 169Hz |20 Whole trace
B Peak ToPeak 4015V 379V 4061V 3891V ?3 89 mV 20 Whole trace
B Fnzq-.xe,m:yr 5.008 kHz 4. 2?7 kHz 5 011 kHz 4617 kHz 3258Hz 20 Whole trace
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Figure 32 - 5.4khz
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Peak To Peak 4.026V 3937V 4.026V 397V 3,_' 09 mV 20 Whole trace
A Frequency 5614 kHz 5613 kHz 5617 kHz 5615kHz 1451 Hz 20  Whole trace
B Peak To Peak 397V 388V 4061V 3982V 4827 mV 20 Whole trace

B Frequency 4984 kHz 4.282 kHz 4.992 kHz 4.595 kHz 3259 Hz 20 Whole trace
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Figure 33 - 5.6khz
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Peak To Peak 3.937 V

=

3937V 4026V 3977V 287 mV

Frequency  5.821kHz 5819 kHz |5.823 kHz 5.821kHz 9994 ..

A
B Peak To Peak 4.061V
B

379V 4061V 3984V 762 mV

Whole trace

120 Whole trace
|20 Whole trace

20 Whole trace

Frequency | 4.283 kHz 3.756 kHz |4.992 kHz 4.352 kHz | 355.5 Hz
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Figure 34 - 5.8khz
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A Frequency  6.01kHz
B Peak To Peak 3.835V
B Frequency 4kHz

3937V 4026V

6.008 kHz | 6.014 kHz 6.01kHz 1.554 Hz
ry 3925V 3819V 691 mV

Cateten Vo
20 Whole trace
20 Whole trace
20 Whole trace
20 Whole trace

[ioemr g = e e 5
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Figure 35 - 6khz
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Peak To Peak 3981V 3937V 4026V 3986V 3216 mV Whole trace
A Frequency  7.013 kHz 7.009 kHz 7.022 kHz 7.016 kHz 2.975Hz 20 Whole trace
B Peak To Peak 3.79V 3158V 4706V 3835V 1925mV 20 Whole trace
B Frequency 3323 kHz 2.513 kHz  3.326 kHz 3.158 kHz 3304 Hz 20 Whole trace
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Figure 36 - 7khz
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Peak To Peak 3.981V 4026V 3979V 27.09 mV Whole trace

A Frequency  8kHz 799 kHz | 8.003 kHz 7.997 kHz 3.595Hz 20 Whole trace
B Peak ToPeak 3835V 37V 388V 3801V 6015 mV 20 Whole trace
B Frequency o e e i Whole trace
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Figure 37 - 8khz
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B Peak To Peak 4.061V

= 0 =
3937V 4026V 399V 2341 mV

A Freguency  9.037 kHz 9.025 kHz | 9.037 kHz 9.032 kHz 2922Hz 20  Whole trace
212V 4061V 3334V 600mV 20 Whole trace
— = == - Whole trace

B Frequency
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Figure 38 - 9khz
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Peak To Peak 3.981V
A Frequency 10 kHz
B Peak To Peak 90.33 mV
B Frequency

= = 1 Caphuse Cowt. | inam
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3937V 4026V 3963V 2681 mV 20 Whole trace

9.997 kHz 10.01 kHz 10kHz 2393 Hz 20 Whole trace
4501 mV 9033 mV 67.85mV 19.64 mV 20 Whole trace
o il = e 20 Whole trace
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GRADING FORM: CSG-RUBIC

IWAN GRIFFITHS

70

RESEARCH-INFORMED LITERATURE

(

y#

There was some evidence of further reading and
research and your interpretation and
understanding of the additional research was
satisfactory and demonstrated an underlying
appreciation of the subject. Your references still
rely on a small selection of mostly credible sources




and you need to be more consistent with your
referencing conventions e.qg. citing diagrams as
well as text.

KNOWLEDGE AND UNDERSTANDING

[

y"’ The knowledge and understanding of the subject

demonstrated by this assignment was generally
very good. There were few gaps in your
knowledge of the basic principles and your
understanding of the higher level concepts was
demonstrated to a high degree. You have
demonstrated a competent critical understanding
of the main concepts and expanded your
knowledge beyond that contained in the course
notes.

ANALYSIS

24

[

y" Your explanation of the experimental procedure

was good and the conclusions showed that you
can interpret quantitative and qualitative data,
although this was often descriptive. You could
have evaluated the results and specified whether
they concurred with theory suggesting reasons for
any discrepancies. You have however
demonstrated good analytical skills and your
approach to the task was logical. Arguments made
in the conclusions were mostly valid and
demonstrated a good understanding of the topic.
Further work - in your conclusion, you should
relate the results to the original specification and
to accepted theory.

19



PRACTICAL APPLICATION AND DEP.

[

y‘ Your application of practical skills for this task was

generally very good. You used the resources
appropriately when conducting both experiments
and you used appropriate options for testing and
evaluating the circuit performance. You managed
to confirm that both circuits functioned within the
specification and achieved this by only asking for
assistance when appropriate thus demonstrating
some advanced problem solving skills. Your
results were comprehensive and allowed for a
detailed conclusion to be attempted.

SKILLS FOR PROFESSIONAL PRAC.

14

[

y" Your written report was generally well written in a

coherent and fluent manner that contained most
of the required detail, although it lacked the depth
of explanation required in places. Avoid the use of
photographs and/or scans of hand-written notes
and utilise the available word count more
effectively. You need to be more selective with
where you put diagrams and graphs, only put
those essential for the explanation in the report,
the rest can be referred to in the appendix.



