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Introduction

The team’s Capstone portfolio represents the biography of the Capstone organized
around the engineering design process EDP components.

A il Se e e i e (IS Capstone U "AiM 8 uud)” 4 ol ¢l Capstone Portfolio -
.EDP JI » I Engineering Design Process

The Capstone portfolio is used as a source of information to prepare the Capstone
Exhibition poster and contributes to the Capstone exhibition mark.

«Capstone Exhibition Poster J lgie jeaty (A il sleall jaasS aadiuin Capstone Portfolio
.Capstone Exhibition ) 4x 2 & Jaaw LS

e Each team has one portfolio

e The portfolio is used to gather information, both process and products, for each
component of the engineering design process

products ! Sl (IA)SL\; QJ\ a\,l:.sj\) process J ¢l s «ila slaall 48 el Jlde a0aiuiy Portfolio A
.Engineering Design Process I <l sSa (1 38 JS ¢ (Dlatiall g giiall)
e Each team is assigned a TEAM NUMBER

e Each team’s Portfolio Name MUST follow this format:

Year-Semester Number-Team Number
2021-1-Team Number (example for grade 1 group #7: 2021-1-07)

e One team member sets up the portfolio following the Portfolio Template (see here:
portfolio template) and makes sure all team members have access to the portfolio.

aadic adill clacl UK () Uy 5 <Portfolio Template ) crss e Portfolio Al ez aiill slac (e 2al
4de access

e It's always better for the whole team to use a shared word file to save the wasted time

of gathering the tasks of every member at the end of the semester

Al 8 iy ) cd gl )85 e (shared) <iie word file ol Jaidy 418 aiill o) uad) Ll
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https://drive.google.com/file/d/1PMECIx1nZ_hf_VJRkQpRunCZbqXQN3nC/view?usp=sharing
https://drive.google.com/file/d/1PMECIx1nZ_hf_VJRkQpRunCZbqXQN3nC/view?usp=sharing

Obligatory Rules | 4bal g
Throughout writing the Capstone Portfolio, You Must follow these rules:

1) Follow the Capstone Portfolio Template and include a Table of Contents at the
start.

A Jsl & Table of Contents L5 Capstone Portfolio Template 4 e il
.Portfolio

2) Validate your ldeas with statistics, graphs, figures. For example you said that
electronic waste is increasing in high amounts every year, you must validate that
information with statistics and graphs from Trusted Resources like Sites that ends
with .gov .org .us .uk except wikipedia. try to avoid most of .com sites.
Also, research papers (most of them are in .com or .net sites but that’s valid)
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| Improve the Scientific and Technological Environment for all |
With the rising global population, the world has observed an increase in the adoption

of innovative technologies. With every technological advancement, people have
shifted towards newer electronics. According to the Global E-waste Monitor (c.
2024), the global generation of e-waste has surpassed 65 billion tons, resulting in the
discarding of old electronic products. The discarded E-waste processes harmful
toxicants like heavy metals, non-ferrous substances, microplastics, glass, and others,
causing serious implications to the environment, including land, water, and air,
which raises concern towards the health and ecosystem.
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3) Number and label graphs, figures and tables (Label graphs and figures below
them, but label tables above). Number in this format (Figure, Table or Graph,
chapter’s number. The figure’s number). For example if you number the 5™ Figure
in the second chapter it will be Figure 2.5. notice that the number of the graph is
independent of the number of tables or figures. So if you have a table after two
figures and a graph it will still be Table 1.1. Label with one small sentence that
illustrate what is shown in the figure as you can see in the previous picture.

figures J s graphs I ¢ label J .tables s figures 4l s graphs I (label) (a5 b
Table sl (Figure o2 JS&L & s ad 5ill 5148 64 oSl |abel 1 tables I el lgiad Ciisiy
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4) Save all sites as you write because you will need to write them in APA7 format at
the end of the portfolio. Send them in a group or save them in a word file as you
please.

Portfolio 41 JaT 8 APA7 dxpay i zliaia oY 5k Jsf lgie 2aliy ) 281 sall JS Jada)
a3 Le g3 cword file & Lekial sl cag e Lgdin

5) Cite as you write. write in text citation in APA7 format. You write according to the
‘organization” then in parentheses the Author (or the organization) and the date,
then the statistic you can see in the aforementioned picture, or you can write the
statistic first and following it in parentheses lies the Author or the organization and
the date for example: (World Bank, 2022) or (Ahmed & Mohammed, 2019).

iS5 L) b tAPA7 Zaaas in-text citation J) iS) (Jsh e ciShy <l citation dae)
Oy andls organization J1 sl Author JI aul (su s (e (e "according to”
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General Non Obligatory Tips | 4k giv ddle milal
Throughout writing the Capstone Portfolio, some tips will help you:

1) Justify (as in "to click Ctrl+J") all body paragraphs.

)
2) Use Times New Roman as the primary font for the Capstone Portfolio
3) Set the body font size to 14 points in the Capstone Portfolio.
4) Write in the Passive and avoid using any personal pronouns (e.g., |, you, he, she,

we, us, him, her, his, hers, its, theirs, our, and your).

l, you, he, ) dsasdll ylaall (e palls 25 (Passive) Jseaell il drpa (i)
.she, we, us, him, her, his, hers, its, theirs, our, your)

5) Make use of online grammar checkers (see Grammarly, which you can get as an
add-in for Microsoft Word) to ensure the quality of your writing.

e add-in S A% (Kaas «Grammarly ) <l e A ae) 6l s <l gl PREGIY
(US B3 s (el e Microsoft Word)




6) Do NOT plagiarise, and make sure your writing is original by using a plagiarism
checker.

.plagiarism checker alaaiuls dileal SIS of Ul ¢(Aa J&) plagiarism ilaila I

7) Use multiple Examples To better illustrate your idea.

omeal ol S8 i 5 e S Al aadiiu |



Egypt Grand Challenges

Egypt Grand Challenges are the first things you begin working on in the portfolio and in
general.

It lays the foundation for everything you work on moving forward, therefore you have to
make sure you do it correctly to avoid any issues or setbacks in the future.

o Sl Al e e Lelde ol U Y o3 Slde 0 aas dala S Ade i 1 Gl (g

The capstone challenge picks 4 mandatory grand challenges (out of 11) that you must
discuss.

aeie alSH o 3Y 11) Jual (1) 4 5la) 4 grand challenges 22 capstone challenge - I

NOTE that you can not discuss less, but it is possible to discuss more than 4. However,

going overboard with the amount can lead to more mistakes or possible disorder when

moving to later sections (such as the section known as “problem to be solved” which

connects all of them to a root cause)

sUadl b olad gy 03 (San (55 Lging) o oS ST e A1 ity us o4 (g Ji e IS riile ol Gl 03

ek U "problem to be solved" 4au! U ¢ 3all 5 3) 528 any A ol a3 o L Al o i
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Egypt’s 11 grand challenges are:

‘L& e & 54 11 grand challenges I

1- Alternative Energies 2-Population Growth

3- Garbage and Waste/Recycling 4- Arid Areas

5- Urban Congestion 6- Environmental Pollution
7- Clean Water 8- Industrial and Agricultural Bases
9- Public Health 10- Science and Technology

11- Climate Change

For starters lets look at the necessary formatting and what you must discuss. First, you
need to have an overview or introduction to the grand challenge, in there you discuss



what it means, major concepts (for climate change for example explain the green house
effect and how it works),and you set the pace for the next sections.

Sl overview dhaic () <o P ENEN Jsl Leie AT 2 Y AN Slaladl g o sllaall JSAI s gl LA dolad) 8
climate ) 8 e ixy) 48 LuluVl anlidly ) iz Led 7 55 cgrand challenge ) oo 4edie
Ladey o) 32U s o(s) ) Jaidn s greenhouse effect - 7 i change

Next up are the causes and impacts, these sections are crucial and basically the core
of your starting argument. You must discuss at least 3 causes and 3 impacts, they aren’t
interchangeable so you must have at least 6 total talking points at the end. It is strongly
advised to interchange between “impact if the problem remains unsolved” and “impact if
it did get solved” (note that you CAN NOT mention a solution or a possible method in any
of these.) You can’t mention one point in both types of impacts, for example;

Oe alSH A 3Y e fasy W daal) (B Laa 5 s daga ¢ 32l J535 cimpacts s causes 21 agi oS ae
Lls 6 claie 58 2 3¥ AY) (A ag cpans ga sl Gl «J8Y) e 3 impacts s JAY) e 3 causes
"impact if it did s "impact if the problem remains unsolved" ¢ g 35 <l laa Jladis JEY) e
s SN limiila g (agie 4dati gl 8 Ja 48, )k ol solution ol LSS (fadiila ol Gl s 5) get solved”

03 JEa) (55 ecpe sl b ALail

“if this problem remains as is, we expect a rising trend in traffic and disease spread”

“if this problem gets solved, data trends suggest a decrease in road congestion and
disease transmission”

These two are the same no matter how much you reword them so just look for a different
talking point.

431.\“ A:I.IUA.L:S.I‘_AQJjjﬂc*chmgﬁtl\‘);c%nﬁ‘)@\&mdjjtmw )

In these two sections you MUST show urgency and keep your reader hooked and focused
therefore, during your research you have to find the most engaging and interesting pieces
of information. For example, if you are talking about population growth, don’t mention
longer traffic times as an impact. Instead, mention the increased number of disease
spread or malnutrition due to lack of resources.

il 5 83X Glie fo R a5 (5 oLl 23LE Judi s (Urgency) dale g s sall o) s ad¥ Ja oisall B
population e Al o S ey Hlaiadl b ey dulia Cilaglea KT e 5535 2 3Y research dasis
L) o e b 3 Ll Y1 L) of 8 oS dimpact S 21 dsoal) dea i e o s cgrowth

A0l sall (i casn )




If you haven'’t noticed by now, they are called challenges but not straight up problems—
population growth isn’t an issue, but it is challenging to keep up with it; if the necessary
resources to satisfy needs aren’t available. So, you must avoid biases against a challenge
even if you support solving it. Think about recycling for a moment, everyone advises to
do it and obviously we would be biased towards it, but it would be advantageous to also
discuss the economical challenges, financial drawbacks and educational deficiency in
regards to recycling. This could help push your discussion from just finding a solution, to
finding a genuine applicable solution that could overcome these issues, a quick tip and
nice way to stay on track is to imagine someone arguing and debating every sentence
you type. You will have to discuss these individual issues in later sections (predominantly
Chapter 2)

population growth 41 .J sk e problems (is challenges lees!) (52 ¢ 38 oo aal culaa (fiisla gl
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Lastly, Justification/Reasoning. This section is optional and not mandatory whatsoever.
In this one you can build up the argument to why you believe it is necessary to look into
a solution for this grand challenge or pursue it in terms of future aspirations. You can
separate your “impacts if problem is solved” under this section and mix them around with
some qualitative data as well as articles regarding future plans or investigations of
growing trends.

ol 4yl daall a4 palla bl (e g )Lia) o0 ¢ Jalls <Justification/Reasoning ) 1l s
Sans Al Cla galall 4ali (e 4 JaS5 43 5l 02 grand challenge Ul da e 5335 55 40
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When you first begin research in regard to the specific topic and grand challenge there
are some general ground rules that we recommend following to make it as efficient as
possible:

3 e lew zeaiy dule 2o 6 4,58 48 «grand challenge 15 & s sall (e research Al fas L Jsl
ol W LT etlas




(1) Quantitative data > Qualitative data. When discussing topics such as population
growth and urban congestion saying that “most streets are crowded and full of
traffic” isn’t as strong as “The population density in Egypt reached 118 citizens/Km?
with only 7.7% of Egypt’s area being actually occupied”.

Oe AKE W ol (e 5 81 5l8 Y1 ixy «Quantitative data > Qualitative data
Js& <l curban congestion s population growth s gual s

"most streets are crowded and full of traffic"
Jst el (55 A58 e

"The population density in Egypt reached 118 citizens/Km? with only 7.7%
.of Egypt’s area being actually occupied"

(2) Referencing and comparing. If you noticed just now, it isn’t clear how bad Egypt’s
population distribution is, it makes you ask the question “how bad is this?” or
wonder what it really means, that is why it is really beneficial to cite standards
presented by the United Nations, for example;

ol s e o B gla laa ) (45 )laal s jlxal g sa )ll) Referencing and comparing
Coaiadt g "0ag) Aa ol s 5 0 " Jl cliliy oas o1 a8 1 ¢ i g e (B Sl @ ) 534y o8
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“The United Nations stated that the safe maximum population density for a country
with Egypt’s resources should average around 90 citizens/Km? which means our
population density is over the standard by 20+ citizens/Km?”

For other topics like pollution, you might find yourself citing different types of data
like annual death rates or death causes due to a specific issue, these don’t need
any type of comparison to a certain standard because it is very intuitive that you
wouldn’t want anyone dying due to unnatural causes or circumstances.

SYara (g Bl (e Al &\}11_1 Sty cludy B (Sas pollution ) 4l ausal s (B
b Y (Oae e 4l daline (e 59 Ao Aia Can 8L 5l Gl 5l 4 gall il o))
Apmph e Cagoh ol Gl CilS Lage Cgay 3a e (e el o ggdag

(3) lllustrations and Figures. These are mostly mandatory but very easy to complete.
Any type of figure or table—that helps illustrate the urgency or help a reader
visualize and render the concept better—works. These could come in the form of
a graph showcasing a study you cited for its quantitative data, an image that helps



explain a concept, or a qualitative image beside a piece of data to give more clarity.
A few examples are shown in the following figures:

figure el Jas g G 4y sl Wle g0 (JKEY1 5 <l s )ll) llustrations and Figures
OSan ity a8 SA agiy g J3a (5 )W) aeluw ol (Jale g g gall O in o 2e L table sl
(asede Z i 3 sa sl gicliy quantitative data b Cagdiu) du) )2 (a yxw graph oSS
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Our steps towards achieving these s are more urgent than they are
important. Thi ency vident in analyzing the World Health Organization
report, which states that 9 out of 10 people worldwide breathe air that exceeds the
WHO guideline limits. Thus, more than 12.5%|
of global deaths are attributable to air pollution. ‘
Consequently, Air pollution is no sidered
the second leading risk for global deaths. ¢
Pollution dama cosystems
and biodive: which contributes to nature-
related economic risks of U trillion or more.

Moreover, the World Bank estimates USD 6
trillion/year as the cost of air pollution health
damages, which is equivalent to about 5% of I
global GDP.

Therefore,
pollution, with its far-reaching consequer
poses a significant challenge to our planet,
jeopardizing its health, environment, economy.

The Greenhouse Effect

Some solar radiation
is reflected by the Some of the infrared radiation
- Earth and the passes through the atmosphere.
‘ ' atmosphere. Some is absorbed and re-emitted

in all directions by greenhouse
‘ gas molecules. The effect of this
is to warm the Earth’s surface
-l = and the lower atmosphere.
Most radiation is abs '
by the Earth’s su

Infrared radiation
and warms it

is emitted % he

Figure 1.1.5 explai: enhouse gas effect

Hotter temperatures: As greenhouse gas concentrations rise, so does the
global surface temperature. The last decade, 2011-2020, is the warmest on record.
Since the 1980s, each decade has been warmer than the previous one, as represented
in Figure 1.1.7. Nearly all land areas are seeing more hot days and heat waves.
Higher temperatures increase heat-related illnesses and make working outdoors
more difficult. Wildfires start more

and spread more rapidly when
conditions are hotter. Temperatures i
the Arctic have warmed at least tw!
fast as the Global average.

(Land & Ocean)

Increase drought: Climate
change is changing water availability,
making it scarcer in more regions.
Global warming exacerbates water Figure 1.L7 represents anaual global temperature Anomaly
shortages in already water-stressed




Problem To Be Solved

This is the second section following the grand challenges. This is arguably more important
than the grand challenges because failure to complete this concisely will most likely spiral
into more mistakes further down the line. In general the problem to be solved should be
addressing the following questions:

Gy K& Gisileele o ¥ (leS agie aal 4 J58 (Sass cgrand challenges ) as Sl ¢ ) oo
Ay A P e_}‘)! problem to be solved Al ?L‘: JSa -(“ﬁ _)353 casd o) 5o aaa Ldl.c palidag
1o

e What specific problem are you addressing?
flalae dalety il ) sasnall A4 o) |

e What are the impacts or consequences that are related to dealing with that
problem?

90 USaall wa Jaladlly dasi ) il i jmpacts 3 4 |

e Explain The major positive -if problem solved- and negative -if not solved- impacts
(also can be useful in journals)

Ao (Sae laS 535) (Ulilaile o) bl g (cdas) ASEa) ) Ll impacts I aal
Jjournals) ) &

There is a common misunderstanding of the difference between Grand Challenges
and the problem to be solved. Egypt's Grand Challenges can contain many sub-
problems that are technically obsolete and practically impossible to completely solve or
wipe the stain the left on Egypt.

Egypt Grand ' .problem to be solved s Grand Challenges - ¢ (38 (& &l (uad 408
el Jati L) Llae Jaiall (ga 5 duniia s e 8 ¢ 43S sub-problems W ss ¢S (S« Challenges

rae e aile W S s o)
On the other hand, the problem to be solved is a specific problem that can be a

connection between more than one Grand Challenge or a sub-problem from a Grand
Challenge which can be considerably solved if enough effort and work is dedicated. That's



why we start with the grand challenges, we discuss them and connect them to a root
cause, that is presumably our problem to be solved.

Grand (o S Gu Juag ddla () 5 (e B33 4S50 . problem to be solved ) édsldl 4ald) e
3 sea Lot JAsil 13 € da oy Jai (Saa g c2a) s Grand Challenge = sub-problem si «Challenge
root cause I s «root cause — aek ¥ s agie AlSE :grand challenges S ai oS (i 5 S Jad

licls; problem to be solved Il s Lle o3

Think of it like this, you have two factories, one produces one byproduct and the other
produces 4 byproducts, it would be better to fix the second one to limit its dangers and
side effects on its environment.

&l ¥ aSi ¢4 byproducts allan Sl 5 <as) s byproduct llaw aal s ¢urias daic 28 Led K8
Adlga Al e dplall o HUT 5 o jlad Jli olie Sl b

For example, in G11 S1 we had four main Grand challenges in the challenge:

:challenge I 4 ¢esbad 4 Grand challenges Lixie OIS G11 S1 & S

1. Improve the scientific and technological environment for all.

2. Address and reduce pollution fouling our air, water, and soil.

3. Reduce and adapt to the effects of climate change.

4. Recycle garbage and waste for economic and environmental purposes.

And the challenge was making a fully functional device that can be used in school labs
utilizing scraps from old discarded devices. So, labeling “Improve the scientific and
technological environment for all” as our problem to be solved is very broad and
inaccurate. The average reader would not recognize what specific problem | am solving.
So instead, we chose found a stronger label which was “wasting electronics containing
heavy, hazardous metals, resulting in much pollution,”. It works well because it is much
more specific and connects all 4 of the grand challenges with each other.

3 3¢ (3e B3 A b andli g s yaal) Jalaa A andiindy ady JalSI Jlad e Jass Wil (S challenge s
"Improve the scientific and technological el problem to be solved J Uaw o8 4w jo daya
(1) Basaall ASEA) 4y) o yead (e (g3l (5 Al 5 ¢38s Lia g Tan gl g 23S Liua environment for all”
"wasting electronics containing heavy, hazardous metals, 2 5 80 Apani U yia) oS Jad Lelay
.o=2y 4 grand challenges ) b s S ST saaas Y Cuadi (535 cresulting in much pollution”




The problem to be solved is split into 4 divisions: J'Problem to be
solveds!jal 4 J audiy

e Overview

o What specific problem are you addressing?

flalee dalety il I sasaall A4 o) |

This is the first question for you to address and in here you introduce the
whole problem to be solved.

X problem to be solved I ali 4s 5 canle sl o 3Y I Jf 00 I

o You can use multiple paragraphs in the "Overview" section; however, you
should avoid writing figures, tables, or equations in it (That does not mean
avoiding evidence. Statistics must appear inside the text with APA 7 in-text
citations.).

sl tables sl figures 4 Jasi <li) e ai Gu cOverview JI ¢ ja 333 13 (S ady
[E\EPPRIETPLIN{ SN >3 a Y Glibaay) AV e e Gl olina (e 235) equations
APA 7 in-text citations)

o Try starting with the broad idea of two or three main Egypt Grand Challenges
and then arriving at a more specific idea by mentioning the main connection
between these Grand Challenges. Then, you would try to make this
connection more specific to reach the Problem to Be Solved. Your goal is to
pave the way for the upcoming parts.

Cpaxa s omal! Egypt Grand Challenges ) (e 4536 5l Gai¥ daladl 5 Sally 1o Jsla
»X 215 .J52 Grand Challenges I Gx 4wl Jeasl) ddla SN Wl 3ol 388 Jua g
<l ¢lisa Problem to Be Solved -l dua 5 Lo aal fyaas jiST oo Juagll dala a5 Jglas

Ada e a0

o State the problem in one sentence.

Jbaalg dlaa gﬁm.d\ is)

o End the Overview with one clear sentence, written in bold, following this
template:

23 template J e 4l cbold 4 5iSs daiial g 32a) 5 Aasy Overview - &ia) I



The problem to be solved is [the harmful condition] affecting [who or where in
Egypt], caused by [the main driver], resulting in [measurable harm].

o This exact sentence must then be reused, word for word, in the Abstract and
the Introduction in the capstone poster.

I & b Introduction J15 Abstract 4 (8 AalSy 3alS S ey ) S5 o 5Y Jalally (g0 dleall
.capstone poster

Justification of the problem

o This part is practically mandatory, but it is optional in the sense that you can
split it into its own division (justification), other than that, it is basically an
extension to the overview.

fjustification el sas gl ¢ a8 aliaii (Sae <l ey g ) G ook Llee 02 ¢ 3all
.overview -l il ga 50S e

After you've completed the overview you should begin discussing why you
chose this problem in particular. Mention its importance and severity and
how its influence or impact affects a broad number of people and locations
specific to Egypt.

gipshd 5 Lgian] SH @iy (g0 ASEAN & yid) 4l WK fag overview Il (aldd L o
Jaaas a8 S Sl il (e S ae sk b 8l ) )

Positive impacts,

o Explain the major positive (if the problem is solved), this count as issues that
are predicted to stop once the problem is dealt with or possible advantage that
could arise in general. For example “solving the food shortage in Egypt could
allow workers to have more energy and capacity for work, as studies show, well
fed workers exert a 15% higher efficiency at work, which also makes sense
biologically.”

Lo s L) cﬁj.\.d\ L Jadity LY c(&l;;'\\ A jl) 4yl impacts (w\\ cﬁ\
"solving the food shortage in e ale (S jedai (Sae @l jaas gl 5 (Jams A
Egypt could allow workers to have more energy and capacity for work, as

studies show, well fed workers exert a 15% higher efficiency at work, which
also makes sense biologically."




Janiy clala e G g5 (Qliladle Al 5l) Al giall g Alaiaall dplod) i) (e QIS0
ik a8 03 5 paliine Juad '~~ju)z@ﬁswﬁwﬁ ) o8 Jaania a\;\;u:m‘;;ﬁjhm

"If food shortage isn’t dealt with, it is predicted that the [30 deaths per 1000
citizens] death rates due to starvation and malnutrition will keep on existing
with the possible chance of increasing as demand ultimately increases with

listing 3-4 positive consequences (each in a paragraph). Do not write the
impact by itself explaining it in at least 2-3 lines.

& 4x 8 o )Y sl impact I (Aisila g (38 8 sas) 5 S) dulay) i 4 4 3 (e S

Negative consequences

o Discuss the possible and predicted negative (if the problem is not solved)

consequences. These are based on things that are already happening not
literally only going to happen in the future; an increase or them staying in effect
are probable and plausible points. For example, “If food shortage isn’t dealt
with, it is predicted that the [30 deaths per 1000 citizens] death rates due to
starvation and malnutrition will keep on existing with the possible chance of
increasing as demand ultimately increases with supplies decreasing ever so
slowly.”

Jsag

supplies decreasing ever so slowly."

o Mention 3-4 negative consequences (each in a paragraph) whilst explaining

each one well enough in at least 2-3 lines.

A sl (8 G oS Baal s JS a0 (588 A saal 5 OS) dule i 4 4 3 e S
.Jay

Important notes: daga cllaadle

Avoid using multiple paragraphs, figures, or tables in a single consequence.

aal 5 consequence s tables sl figures sl 3% 138 (i€ eli) (e day) I



Avoid repeating the same impact in positive and negative forms and just inverting it.
For example, do not mention "Reduced Greenhouse Emissions" as a positive
consequence and then mention "Greenhouse Effect" as a negative consequence.

GiSHLe e a4l gada s alally agy) JSE i impact ) ol 1SS e )
AS¥ paas positive consequence < "Reduced Greenhouse Emissions"
.negative consequence S "Greenhouse Effect"

Positive impacts are not the advantages of your prototype. This section describes
what improves in Egypt if the problem is solved by any means, by anyone. Writing
"our device is cheap and portable" here is a scope error; that belongs to Selection of
Solution

S 4l caa g od ¢ 3all el prototype ) @ijsea A (is Positive impacts -
"our device is L i€ 1 as (ol o) e s A8yl b st A § jeas (B Guaia
Selection * & 43Sk 02 381l ¢(scope error) @daill & ble 35 cheap and portable”

.of Solution*

you must include statistical information to back up your claims and strengthen your
points. If you simply go “our problem to be solved is CO2 emissions because people
die due to intoxication”, that wont be sufficient compared to “our problem to be solved
is CO2 emissions as they are a primary cause in the intoxication and death of 27.3
people for every 1000 people.”

Aaliy i 1 @l (6385 5 LS ac i Ailias) Gl glas Jaati o 3Y

"our problem to be solved is CO, emissions because people die due to
intoxication"
- A AS s e

"our problem to be solved is CO, emissions as they are a primary cause in
the intoxication and death of 27.3 people for every 1000 people."

Graphs and figures in the positive and negative consequences are highly advised and
technically mandatory. They also help the reader get a better sense of urgency and
severity whilst helping them understand through visuals.

lax L ~ saie negative consequences s positive ) & figures s graphs -
sl agdl) adde Jeiy g 3 shadll g Alaally ST Guny o ) e by GlaS 5 A sl L i



Research

Research here means one of two things:
» Documenting concepts/problems/ideas/devices you search about

Lo 30 )5 5ea )/ ISaYI/JSLaA) maliall (345 55

» Documenting results from little thought processes, operations and or simulations
you run.

Ll simulations s} llee sl Jas iS85 gl (345 55

Research is a really flexible section, meaning that it just requires you to just know what
you’re writing about and requires you on your own to know what you want to write about
and how to divide one topic into multiple, simpler topics.

Caad ey i) 5 eyl e S il aald 55 Sl u elia zline g8 i *1as* () e ¢ > Research
L g e ga 1T aal 5 £ gam g 2L (51 3]s Al o SIS e

When starting off your research, you’ll probably want to write about your design
requirements, and keywords used in the challenge file, this makes sense because that
way you’ll be able to cover the most vast ground in relation to the challenge so that you
have a deeper understanding on what to research later.

I & U keywords Vs design requirements I e iS5 caia We research ) Ay
A Geacl agd dlaic i cchallenge b ddasi e dalie pu sl haxia o35 LY 3hic 025 cchallenge file
23S 22y research 4ie Jead zlisa

Later during your research, you might encounter a simulation application/mathematical
model/predictive model, using one of the three, you can experiment with your prototype
and gain valuable information regarding your prototype. An example of this was using a
bridge simulation application to find out which truss frame shape is generally better for a
bridge, a rectangular or a square frame; | tried both, documented the results into tables
recorded in the Research section, and gave a definitive conclusion relating to the
research or result given by the simulation app.

5| mathematical model s simulation application Ji& (See research Jexiy cuily o35 axy
A Aa Cile sleay adlai g Sle Ly prototype Al (e caiad HaE agie aal 5 gl alasinly s ¢predictive model
58U Gl truss frame JSi 5l o =3 (lie bridge simulation application alaaiul xS e Jbia
«Research I ¢ > i tables & will il 55 oY) < ¢square frame Y5 rectangular Le see
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Research about the problem looks like this, for example: Jéa

Research about the problem
Electronic waste

In the last century, humans faced the electronic revolution, which is still advancing
until now. But the same mistake that humans make every time is happening now,
where these electronics contain hazardous materials, especially in the PCBs, and due
to the fast advancement of the technology, people change their electronic devices
rapidly, which makes the electronic waste stream the fastest-growing solid waste
stream. The United Nations came up with the phrase “e-waste tsunami” to describe
the critical situation of electronic waste. By 2021, the total amount of electronic
waste reached 57.4 million tons, and it is predicted that the growth rate will be at
least 2 MT per year. Moreover, the experts estimate that there will be a total of 347
metric tons of non-recycled electronic waste by the end of the current year. Only
17.4% of the e-waste is collected and recycled, and the percentage is small and less
than the quarter because of the complexity of recycling the electronic waste and its

high operational costs.

When researching about your prior solutions, you'll definitely want to find out their
scientific base, or when you’ve come to terms with your team on a solution, you’ll want to
research the scientific base upon which the solution works, examples of this are:

((alad) L) el scientific base I <a i casia AT prior solutions ) o= research dess Wl
Alial g agde Jld oo Jall Rl ‘;ALJ\ LY e research Jexi caaia solution e Al & 4 Ll |l
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Fundamental Principles ‘

The conductivity meter is based on the

/,[ Inlet to the measuring
| instrument

principle of electricity, where electrons

|

Immersed conductivity cell

flow through a conductor when a

potential difference is applied. The
magnitude of the current flowing

through the conductor depends on the I

Tested solution

resistance of the conductor.

Conductivity electrodes ::

Figure 1.8 A diagram af a standard conductivity meter

The conductivity meter mainly consists of two electrolytes, as shown in Figure
(1.8), one positive and the other negative, and the distance between them is usually
equal to 1 cm. They are immersed in the solution that is being measured. When the
electrical current is detected, the system starts to measure the current flow through
the solution. The higher the concentration, the higher the conductivity, and it is also
affected by the temperature and the factors that affect the solubility, as mentioned
before.




Bias Circuits |
In general. bias circuits are used to set the ground level of a signal, as i, specifying

that the reference voltage or the ground 1s x volts, where x 1s the reference voltage.
Any voltage above this reference line 15 therefore considered a positive voltage, and

anything below 1t 1s considered a negative voltage.

Something like a tramsistor for example relies on a concept of current gain. and
that 1n on 1tself in AC signals requires the very same process bias circuits perform
— “biasing” because otherwise, the linearity or proper function

of the tramnsistor will be broken and will give an unpredictable +V

cC
output.

Voltage dividers can pave the pathway towards a high bias g
stability. This 1s called a voltage divider bias.

Figure (1.47) shows this bias in a circuit using a transistor.

We're not as concerned by this as we are concemed with a biasin Rz §

an op-amp, therefore, the main focus will be for op-amps.

Mainly, this 15 done so the op-amp doesn’t reach its point of  Fewe147-avoitaze
. . - divider as a bias circuit in a

saturation nor does an error happen in the analog-to-digital transistor circuit

comversion phase i the microcontroller (ATMega328P-U). if

the signal were purely driven into the A/D converter. the entire resolution of data

would not appear or be inpuft into the processing stage.

In the case of biasing an op-amp. there exist only three common configurations
that can be used, and these depend on whether the op-amp is inverting, non-
inverting, or differential. These configurations have two possible outcomes in
terms of biasing_ and that 1z DC- or AC-coupling. For each op-amp configuration,
the DC-coupling allows every signal to pass through; however, this makes 1t more
difficult to bias, as there may be both an AC and a DC signal at the same time. On
the other hand, AC-coupling blocks out the DC signal and leaves the AC signal as

When researching, you need to look into unconventional places. You’re going to want to
search in research papers, use archive.org for offline pages/pages that have been taken
down, forums (engineering forums, something like stack overflow, etc., etc.,).

a3l g cresearch papers ) 4 53 zlsia Joals e S < 035 a3Y research Jeadhy il
.(135a 5 <Stack Overflow )



When doing experiments or documenting results, you'll need to write how to actually
perform those methods and or discover how to do these methods, which you’ll most likely
document in the research section aswell.

o gin L 025 clgland (o) 3) s 5l Slad 52 G yall 35 g 3] iS5 Uinta i 358 ol oyl Jen Ll
A presearch J s » B
NOTE: The research section is heavily variable between teams and writing

styles differ between team members themselves, variation is 100% bound to
happen in the research section.

i il elae G Ja Gl LUK Qgluly o Al g (e Tan Ciliag research ) ¢ j» 14 gala
.100% J~aaa research ) ¢ > & AV

Areas to reconsider doing research for: Wale Jaad (Al c¥laal)
Research

1- Research about the problem

AKEW) e Research I

N
)

Research about the scientific base

.(scientific base) <l=!l (Y (e Research I

w
1

Research about used materials and other components you didn’t use

oilgienainle U Al il Sall 5 deriind) cillall oe Research |

N
1

Research about other methods and solutions
Al Jglall g 3,k oe Research I
5- Research about construction methods and used tools and circuitry

Aeadiial) A 5eSl ) gall g <l g2 il 3,k e Research I



Prior solutions/other solutions already tried

This is the fourth section for you to start working on. It is advised to complete this section
over the first 3-4 weeks of capstone work.

.capstone ! Jad (e @4\...»\ 3-4 J = 4alis i) C ey cile Jaciis fag QJ&\ @\)ﬂ\ ¢ alled I
Although this section is moderately simple, you must not let this simplicity distract you
from its shear importance. In general, you are expected to discuss and write about 3-4

prior solutions, writing about more is allowed but not advised [you must spend your time
carefully on what is deemed mandatory for you work on instead.]

S 5 IS i) lia 1 giall ale (S8 5 5 sl il e el atlab Giulatle das Jasw 03 ¢ 32l o) a2 )
Sle pasas By G pai o 3Y] L 2 paie (e (g dasane ST e 4 €344 prior solutions o=
JooS o lgale Jaidis o sllae N 4 jla ) cilalasl)

Overall structure: alad) J<agd)

e Overview

o Opening line about the solution, you must introduce it well refrain from any
type of biases with or against it.

oa gl olas Jaill e g i ol e ams oS 438 Y ¢dall (e DpaluEl dles |
o Discuss the meta data regarding this solution. (Location, date of completion,
goal, and stats regarding its products or byproducts)
products 4 (e libaa) 5 caaedl cadull & U (Sall) o2 Jall 4l metadata I oe oS
.(+=% byproducts ) sl
e Mechanism

o Thisis the most important division. You must mention—in light details—how
the project works or how it was designed.

_g\ij\jig\jjm&jw\ A8l Jualdhy ¢ SN 4 5Y _;)’,;(uﬂm I



o Discuss how the project makes up for different issues. For example, if it is
a recycling site, try and mention how it deals with byproducts or carbon
dioxide emissions.

e )} dalain SX Jsla crecycling adse oo s) e Aalise (<L mllags & 5 piiall sl ) Al
O 8 sl @)l byproducts

o Use chronological and process-based writing styles. This section must be
simplified for the reader to understand so omit any type of “personality” in
your writing and focus on mundane information delivery.

.(chronological and process-based) <l shall caa Juliia 5 e ) LS Gslaf axiiul
Srasi o 8 5 S (e "nad " (gl Jalid chagdy (s ) e Talaa 5% oY 03 ¢ 5al)
(ke 5 pilae JS A sladll

e Strengths

o In this division, you must mention what makes the project stand out or what
part of the project is beneficial. For example, high environmental
friendliness or high recycling yield.

o Tas ll Banm 43 e e 4 5 Ja el 5l & gl Sian ) 4y} SN a3Y e3 s ) B
.S 4clis recycling yield ) o)

o Must not be a subjective opinion, you have to focus on objective statistics
and data. Therefore, you can’t simply say it looks good or fits its
surroundings, however, if mentioned by professionals it is possible. For
example, the tower bridge is built in a neo-gothic style to match that of the
London Tower. This helps it not stick out and can serve as a tourist
attraction, expanding on its function from a simple congestion relief or
connection to a sight-seeing spot.

s Gimiile (ixy Ao s ge iy s lflaan) (e R o 5Y teadd sl 058 Uiniile
"the tower e Guaraiic S od V) cgllsn M G pe ile sl gla 415 o) Al
bridge is built in a neo-gothic style to match that of the London Tower. This
helps it not stick out and can serve as a tourist attraction, expanding on its
function from a simple congestion relief or connection to a sight-seeing spot.”

o You must mention at least 3 strengths. You may expand to more than 3 and
how it could be beneficial will be discussed forward.

(e Ao AISH duh (Kaa 03 51 3)5 ¢3 Ge 5 Seay BV e g8 Ll 3 S a3y |



e Weaknesses
o This is the final division; therefore, it must leave a strong impression.
ngﬁ &L&u\ ERYY, e_})é TIPS J;‘ 03 I
o Mention where and how the solution fails to sustain good results. This must
also include statistical data and information. For example, you can mention

pricing, maintenance costs, low sustainability, percentage of byproducts
and environmental impacts (if they are negative impacts of course)

e slae s il 4 058 Y GlaS 02 B oS il o Ladlay 43 Jdn Ja) (513)5 o S
OEY byproducts ) dusi cdaliny) o diluall CollSs ¢ pmudl X (Saa e Adilias)
(b Al Sl )

o Must also mention 3 points. Expansion is allowed.

Important Notes: daga cilaadla

e Solutions don’t have to be native to Egypt as long as they solve the problem you
mentioned in earlier sections.

s 1 o 591 (B 1S5 I AR (Ll ¢ poma (1o 0555 5 e sl |

e When working on later sections such as the solution and design requirements you
will have to keep this section in mind. Meaning that you must strive for your project
to have as many strengths and as little weaknesses as possible referring to these
prior solutions as reference. For example, if you notice mostly successful solutions
were energy efficient and didn’t interfere with the environments it is beneficial to
have this in your requirements as well. This goes for design and mechanism if it is
truly beneficial.

S a2 3Y «solution and design requirements ) s 638 20 A o) ) e Jaiis Ll
Llas (e dae Jil 53 58l Lalis (e 230 ST 4 ()5S Slely g g pdiall () o iy o sS 02 6 3al)
cul€ Aaalill Jolall (e of calaa¥ o S x5S (52 prior solutions ) paiiu 5 «Cixaall
clicliy requirements I o3 o3 Jas ada &y el sa Al e i il s 48Ul 65 58 50

Shad 2ie S 5l mechanism s design ) 8 2SI iy leS il




e |t is important to include figures in the overview and mechanism divisions to
maintain a visual representation and keep the reader’s attention

Juadiy S e Jiiad 4 By olie mechanism s overview J &> (& figures baad ags
_15)&]\ bL_ﬁ:ﬂ\ L

e Take genuine inspiration from these prior solutions don’t just do it for the portfolio
and later sections. Your project doesn’'t have to be completely original, you can
reference other projects, and it strengthens your project if you learn from others
and apply with probable scientific reasons backing you up.

ey M el 25 portfolio ) glie (ilelesile ¢s3 prior solutions ) (e s alel) a2
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Solution and Design Requirements

This is the 5™ section for you to work on and is quite intuitive and easy.

sibaia s Je st 5 e Jaiin ) Gualall ¢ 3all o |

You start with an overview or a little introduction to make the topic a little natural. In there
you mention the importance of setting ground rules and goals in the form of requirements
to quantify the projects results and capabilities.

L_Q\AAi) JQ\)BL;S@JJJ :\.;\A.Qi JS.\L\.@%S) wlad&u&)mﬂd;muuc EJMMJSA)i OverV|eW_li.J.Lu
LBV ) 5385 o 5 piall il puli (lde requirements JS& (& Al

You have two types of requirements (other than the clear distinction between solution and
design ones)

design s solution requirements I ¢ el sl Gdl ) requirements ) (e (e 53 e
‘requirements)

1- Mandatory ones mentioned in the Challenge paper.

.Challenge paper 3} 83 S Al 4 ,Lay) I

a. You MUST follow these and make sure your solution satisfies them as it is
part of the aspects your project is graded upon. These include weight,
length, volume and others specifications

53y Lele i e g piie Y AT (o 5 Ul iy oty Jalh o K11 Lo o 386 0

b. Please make the clear distinction between requirements and rules
mentioned in the challenge. You will find that some parts mention testing is
to be done under supervision and in a specific setting. This isn’t a
requirement in the design or solution, it is simply a regulation of safety.

6 challenge ) 2 5,553 rules ) s requirements J ¢ 7 92 9 38 Ciaans
) 8 requirement i o3 $dima Cag sl 8 ol ) it Jasy a3V LAY o) O el
(el 323218 3 yaa 03 csolution ) sl design

2- Optional and strengthening ones

& sl (38 I 4y jLasy)



a. These are the requirements you deduce on your own from your research
and prior solutions. As much as it may not seem important to have more
since they are optional, it is still very important to include new ones to
showcase your interest in achieving the best possible results.

&) aas .prior solutions s research J) (s cludyy Leaivindy M requirements 4 2
OmaY J g sl clalaia) i oliie Lgie Caaal Tan age G o )il LY daga (e (L5 (S

b. Don'’t include ones you aren’t going to pursue; if you don’t achieve them,
remove them.

Lol o pilgitiala ol 5 ¢laddi 5 U L requirements Jibaail I

c. Make it make sense. Don’t choose requirements that you achieved that
don’t make sense or don’t add value to the performance of your project like
“‘must have dimensions of x and y length and width” if it doesn’t matter and
has no impact, don’t include it.

oY dad iimile o e (il Gw LeEa requirements Jioliaile dshic gl
Ui 3l 1 ¢"must have dimensions of x and y length and width" s «g sl
Uilgdaatle ¢ il ilelle g 48

Now differentiating between solution and design requirements doesn’t require a lot of
effort. Solution requirements are those that should be achieved by ANY solution no matter
the type of method of its mechanism, these include sustainability, low maintenance costs,
eco friendliness, etc. On the other hand, design requirements are those measurable or
descriptive to your prototype specifically, they may also include the materials you think
are most viable. This time you can include dimensions, energy production (if it is a power-
plant), weight, accuracy, etc.

Solution !, S 2 seas zlisse (e design requirements J s solution requirements ) G (2 4l
Aluall Callss y cdalain) g ) calad A4,k o ae 6 € Lige Ja gi Lsiss o 3¥ A 4 requirements
prototype ) caasiy 5 (it I 4é design requirements Il Ll &) | Al Giaa 45 ALK
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To help clear any confusion, here is a couple of examples to help you distinguish between
the solution and design requirements (keep in mind the design requirements vary widely
between every capstone challenges, those are merely but examples):

Al s 5) design requirements I s solution 1 ¢ (358 & sae by Jlie oS (5 ddaidd (6l Jais lie

(Al 2 yme 535 « il capstone challenge ¢ faa alias, design requirements I )

solution requirements:

1- low costs.

2- recyclable.

3- Eco friendly.

User-friendly and Safety:

Design requirements:

=

D

Availability and readiness: The prototype must be testable, workable, and portable
at any time and place.

Accuracy and Precision: The team should provide calculations for accuracy (not
exceeding + 5%) and precision, either compared to a functional device (or a known
standard with relevant scientific references).

Volume and Size: The volume of the prototype should not exceed 0.001m?3 ,
enhancing the prototype’s portability.

Fast in producing energy: The device should, at least, produce 0.04 kWS within at
most five minutes.

High strength: This means the device should be able to withstand harsh conditions,
to avoid breaking under workload.

Important notes: daga cllaadle

Each requirement must be followed by a few sentences for justification. “low costs,
a low-cost solution allows for reproducibility across different financial backgrounds
to further increase efficiency in solving the problem at hand”

e (justification) s e ol e2xy (45 & 3Y requirement JS
"low costs, a low cost solution allows for reproducibility across different
financial backgrounds to further increase efficiency in solving the problem at

.hand"



e You need to find justification for the mandatory requirements imposed by the
challenge. Simply going “this is mentioned in the challenge” is incorrect and will
cause you to lose marks.

<li) challenge ) (x ¢lle a5 a0 A 4 LaY) requirements I (s s (A6 2 5Y
Sl o el ehlas g Lle "this is mentioned in the challenge" o= J &

e Do NOT mention the solution or mechanism in here at all. All this section is about,
is what you hope to achieve. You are answering the “what” but not the “how”
il ¢4daat jle il &J\ oe a0 ¢ 3all alld s mechanism 4 i solution 2 (i _s¥iLa
Show" Uis "what" e« st

e You don’'t need to mention the specific prior solution that pushed you to pick this
section. The simpler and more direct your writing is the better.

SIS L JS o2 requirement I )tas clils ) 4wl prior solution ) JSY zlisa (e
e Figures aren’t mandatory and not that helpful anyway.
Stal s 5l baue e s &y Jla) ie La Figures I |
e You must include the respective measuring unit for any measurable aspect you

mention.
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Selection of solution

Finally, you can discuss the solution you intend to come up with. While there are many
debates over whether you should mention 2 solutions and compare them to find the best
one, the rubric doesn’t actually require this at all; you can immediately speak about the
one you chose. Try and be a little specific too, if you think the solution is a power plant, it
is mandatory to specify which type of power plant (hydro, aero, or nuclear even)

Olie agin 5 2 solutions S (s jtall Ja 58S Jaa by alexs 50 A Jall (e alS5 Hais § sl
Jslas aiyial A dall e Jsh e alSi i ¢galld on callla i rubric ) o) diadl (g (Cpaa) lias
.nuclear) i> sl «@ero «(hydro 43l Lee 53 2333 o 3¥ sl jeS Aana Jall ¢ il o Jimy 64 5 23na (S8
Overall structure: | sl Jssgd)

e Overview

o Opening line about the solution, you must introduce it well and explain what
it is and its role in the community.

cial (o554l 38 s S ARTE o5 sdal) e dalil Ales |
o Explain thoroughly how this has the potential to solve the problem to be
solved.
.problem to be solved ) Jay 43) 338l saie o3 Jall () )} Juatilly ~ i) I

o Differentiate between the TYPES of the solution without mentioning which
one you will stick to.

&5 el st cul i e e a0 Jall glsil 0 335 |

e Mechanism / How it works

o This is the most important division. You must mention how this solution
works.

(1) Jaidi oa Jall SEa5Y 6 3a aal e |

o Use chronological and process-based writing styles. This section must be
simplified for the reader to understand so omit any type of “personality” in
your writing and focus on mundane information delivery.

(dagdy (5 ,\al) UL&:_L:.».\AUJS.'?J\J 03 & Hall Q\M\mijjhhsujh\edaﬁ.u\
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e Justification / reasoning / strength and weaknesses

o In this division, you must mention what makes the project stand out or what
part of the project is beneficial. For example, high environmental
friendliness or high recycling yield.

o Tas ll (Sanm 43 i e 4 5 Ja el 5l g piall Shan ) 4y} SN a3 e3 s )l B
S 4=l recycling yield ) o)

o Give as many reasons as possible that made you choose this solution over
other ones.

oo oo e dall iR ol W Gl (e (S e ST SO |

o Weaknesses. Try and include little weaknesses or drawbacks you have
considered solving/have a solution for in the future. This helps avoid biases
and further reinforces the idea of innovation and going about this structurally
and scientifically.

L@J;‘_,’Aa_asz OSB3 yaa  gie Ji axa .LG}.L;SJJ\A (u.ua] 3 \.La&fl) Weaknesses
& sasall A ile @li) g SV 3,88 oSl s Gl e @i on | Jilal) i Ll Ja aie
ole s e JS

Important tips: | 4age mibal

Keep in mind this is very similar to the Prior Solutions Section and it has pretty much the
same structure BUT there are two main clear distinctions to make:

daialy (358 4 O (JSuell i ad Uy 55 ddas Prior Solutions I ¢ Ja 4ad o0 ¢ 3all of @l 4 s

1- No metadata is mentioned during the overview, this is because the solution isn’t utilized
yet so it wouldn’t make sense to have a date, location and outline of construction.

Oy gl 4l ()5S Gihia iad (ke 4aud Jall 0¥ coverview I & metadata ol Ui S3ule -1
il Ay pe Jashad

2- There should be as little as possible weaknesses and you need to convince the reader
that this is the best course of action. Now of course your entire batch will have their own
solution with varying designs so to actually convince a reader or the evaluator, give him
perspective and a virtue to stick to. For example, your solution may not be the most



efficient but it is very cheap so it makes up for it; this is your selling point which you must
inflate among your solution’s other strengths.

OsSa clicliy dadal) JS leada g | (33 sk Guenl 00 () 2o il o 3Y 5 oSy Lo BT ()5S0 3Y Ciral) Ll -2
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3- It is strongly advised to mention how this solution meets the solution requirements and
has a lot of leeway for modifications and changes if the future demands it. Additionally,
try and make it very specific to the problem or Egypt’s situation whilst keeping in mind the
different communities and their capabilities.
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Selection of prototype

After you chose the solution in the previous section, you go into more details regarding
both the design you chose and the construction.

iadll e 5 a8yl ) el e ST Jualin 8 Jaan U el )6 el 3 Jall @ jial e o |

e Choose a specific type and design you intend on prototyping and explain briefly
why this type is superior.

omal oa g sl 4l SLaiily & 5405 cprototype Alead 55 2as aranaiy ¢ 5 Ul |

e Mention each part of the prototype, what it means, what it does, and its overall
importance towards achieving the result or solving the problem. Here are a few
examples:

A Ja ol Al Jgea ) 8 4ian] 5 c4y) Jans ) ims sprototype ) b s 3a IS SO

o Aninsulation layer, this layer is placed midway between each pillar to prevent
the outer environment from interacting with the enclosure.

o Low pass filter, utilized to dispose of high frequency extremities and
variations due to the power source. The second part of the circuit following
the power source and right before the IC

o Battery based 12V power source, helps keep the device portable and delivers
the same specifications as an outlet adapter. The beginning and end of the
circuit

e |f equations are integrated in the system (If is a smart system with a technological
interface), include these equations explaining what they calculate and the factors
affecting them

technological 4 smart system s ) system J & 4l equations 4@
L il ) Jal gall g 4y oy #5805 (53 equations ) ) <interface)

e Mention how these equations are affected by the design and how variations or
changes occur as the environment changes.

o Al el R s Jemas (g1 3] 5 caranaills il (53 equiations I g1 3 S I



e Finally mention how this design and prototype fulfills all the requirements and how
it is advantageous

26 e 4] 5 crequirements I JS 1 siésy o3 prototype )5 areaill (5 3) JSY AY) A I

Important notes: daga cllaadls

e While the selection of solution mentions what the project is, the selection of
prototype specifies the project’s different compartments and how each part exists
in harmony with other parts.

¢) Y sasud selection of prototype I Wi ¢4y ¢ 5 i4ll Jsaw selection of solution -
Al o) Y ae Buliie o IS g1 3) s & 5 pall daliddll

e Selection of solution should focus on how this solution fulfills the solution
requirements and the selection of prototype should focus on how this specific
execution in the design should satisfy the design requirements

Al «solution requirements ) Gisw Jall (13} A= 381 2 3Y Selection of solution I
design I 8w meaill 8 1AL ba 2wl g1 ) Je R a3V selection of prototype
.requirements

e You must make a clear distinction between materials you will be using and the
parts you need. In design requirements we mention resistance channels, filters
and insulation, later you will go over the materials and methods, where you will
specify the type of resistance or the values, what material of insulation, filter
connection and compartmentalization and so on.

design J & lealine W ea¥ Leasiia A Gllall G 7 s 308 a0V
d & e cnsulations filterss resistance channels S requirements

A g5l ge insulation 1 s <lead sl resistance ! g s 2223 materials and methods
)34 5 (compartmentalization).. s/ aY awsdill 5 filter I Jausa 5i s

e Any future changes to the prototype or design you make due to unexpected events
must be denoted here. Don’t mention them as changes, just edit this section. For
example if you planned on using low pass filters but found high pass filters to be
more advantageous to your system, then you must change it in here aswell.

La Jaud a3Y dadgie (e Gy ok Cuas sl i prototype ) 4 lies i gl
low pass aaiud hhia G gl e adA g andi od ¢ jall Jie " e 4) e i Sl
LOlaS L W yixd o 3Y el system -l adl high pass filters I o) <aiss) s filters



Materials & Methods

As the title suggests, Materials and Methods are divided into two parts. The first part is
Materials.

In this section, you need to present all the materials used to build your prototype in a
table with columns including the following for each material:

o Material name — What is it?
e lllustration/Picture — Include a clear picture or illustration of the material.
e Description — Briefly describe the material when necessary.
e Purpose — Explain what the material was used for in your prototype.
e Price — State how much it cost.
e Source — Mention where you obtained it.
« At the end of the table list the total cost of building the prototype
Prototype 4 el (8 o siexdial A JS (i paf 0 3Y 03 ¢ Jall

o siaadiul ¢ 5 ISV (o0 clalall s 55 a3

g Balall oo 4y Balal) aud

Bl el g sy 5l B ) g s s i) o) 3 e
Aalad) die salall paide Chia g S| Caa )

Prototype. I 3 43) & Creadind) 53 53l a5 1aladiny)
ol jr SH: el

3 ¢lia bl challenge J) 5) cuie salall Cua 312 jaall
DAY G g bl el (_L,JLQY\ el 2aa5 4 3y

Examples:




Table 1, illustrates all materials used in constructing the prototype with their usage, source, price

Table 1 Materials List

Material’s | ATMEGA FTDI Serial . . Op-Amp Crystal AUX Common
Name 328P-U AUX Input e Capacitors | | am7410N it el M| [Patmmel
~ =
Picture . \' ‘ - @&.
input the sound | Allows constant Block DM hypasses the "‘SMP:;“
Used as signals coming power and component of a | Amplify the | internal clock :;;::t;ls
simplifies code " e entering of the micro- .
Usage the central l'ul.'m e upload to the “gla_l “.“e‘ signals to an | controller to lrl?:r;:e :':ml.“e“i:
control calibrator processor allowing AC adjustable increaseits | O hew Skt
unit. lhrf:uugh the alulg;si.de_ ser:j.al component to voltage, prncaisdilg r::'.:rn—
AUX cahle communication pass spe controller
d
Old Power 0ld
ab La a a outer adio 1y Router &
Source Fab Lab Fab Lab Old R Old Radi Old Radi
Supply speaker
- Fab Lab
= 140 EGP 130 EGP SEGP 5 EGP 4 EGP 1REGP | 67 EGP
P-rlce e RH}ITIEd “Recyeled™ “Recyeled" “Recycled™ “Recycled™ [—— “Recycled™

Total Cost: 372 L.E

MATERIALS

of the prototy
a d structure,
for covering the

450 LE

microcontroller,

cdded applications.

°F g C Ing
droplets of the humidific the humidifier
adds moisture to the air to regulate humidity.

A thermoclectric device that transfers heat from
one side to the other when electri flows,
cnabling cooling or heating without moving parts,

40 LE

Measures the water content in soil, helping

optimize  irrigation,  plant  health, and

environmental monitoring

sed to measure temperature and humidity,
providing n a digital format.

nsor whose clectrical resistance decreases
ght intensity inc , allowing it to de
and measure brightness

A pre-built circuit that includes a relay and
control components, allowing the microcontroller
to safely turn high-power devices on or off

Reused
Moves water by converting clectrical energy into
fluid motion

“All written material costs for the guantities used during the project’s processing ™



CHAPTER IIL
A. MATERIALS AND
METHODS

Table 3.01 — Materials Table.

Item

Description Usage

Source

Cost

Image

AUX input

An Used

electronic the

part found | signals coming
in mobile from the
phones and calibrator

AUX cable

to input
sound

headphones | through the

01d Mobile
Phone

Recycled

1

AUX cable

An Used to
electronic transport
cable found | sound signals

in from the
headphones | calibrator to

and

10KQ
Resistors

x2

electronic
components
that limit
the flow of
electric
current

speakers | microcontroller

Resistor to
prevent the
reset pin in the
microcontroller
from randomly
activating and
used in the op-
amp.

the

o
Speaker

1SEGP Q\

“Recycled”

10KQ

0ld Radio

0.5EGP
recycled™

@,

2200
Resistors

electronic
components

that limit
the flow of

used

220 Q Resistor

the electric
current to
prevent

to limit

Old Radio

“Recycled”

0.5 EGP

electric burning the
current LED light
Item Description Usage Source Cost Image
x2 10 uF DC
coupling
capacitors used
to block the DC
component of a
signal while
A simple allowing the
passive device | AC component
Capacitors | thateanstore | topasx2 | OW | SEGP Q ’
an electrical 0.1pF for Radio | “recycled”
charge on its quick
plate discharge, a
2.ZuF,Z2ZuF,
1pF cap for
signal
attenuation,
and x2 22pF
caps.
Used as the
high- central control
performance, unit, which

low-power optimizes the Old 140 EGP
ATMEGA328P |  Atmel 8-bit circuit and Power | “Recycled” \

AVRRISC- | computes the |Supply

based signals after it
microcontroller | is filtered and
amplified

Crystal
Oscillator

An electronic
circuit that
produces a

highly stable

electrical signal
at a specific
frequency

Used to bypass
the internal
clock of the

microcontroller

to increase its
processing
speed

O1d

Router

4EGP
“Recycled”

b )

Item

Description

Usage

Source

Cost

Image

LED Lights

A
semiconductor
device that
produces light
when an electric
current flows
through it.

Used to
ensure the
whole circuit
is working,
and check if
the code is

processed

01d

Router

05 EGP
“Recycled

Button

a manual
switch that
breaks an
electrical circuit
when pressed.

Used to reset
the
microcontroll
er’s circuit to
make it work
again from
the beginning

Breadboard

a reusable
platform for
building
temporary
electronic
circuits without
soldering

01d
Router

0.75 EGP
“Recycled

»

Used to build
the electronic
circuit and
connect the
microcontroll
er with the
other
components

35EGP

Fab Lab | “Recycled

»

Methods

The Methods section explains the procedure

prepare, test, etc. the prototype.

Electrical wires Used to
with connectors
¢ each end connect the
e b et | lectric 24 EGP
Jumper wires components jn | components Fab Lab | “Recycled
R in the circuit »
:'::;::' with each
soldering other
Maintains a Us.m: l.To
maintain a
tant it
°°“sv:l“ta°:“’“ constant ol SEGP
Voltage Regulator regarrllfs; of output Power | “Recycled
changes in the voltage from | Supply >
input voltage the power
source
a high- Used to
gain integrated a'::t]elﬁ-;;e
circuit (IC) that | _.
Op-Amp amplifies the s:lg;:::;t:;;le " o1d “lgeIc:G:ll)e a ‘
LM741 voltage ; Radio v
difference Trl:l_lt;gtel;
between its two ren e
p is microcontroll
mpu er can read.
Used to
simplify code
An adapter upload to the
FIDISerial | moduleusedas | processor | Lo “'l:" E‘?’d
Adapter ameans of data |  alongside e ecg’c ©
transfer serial
communicati
ons
Methods:

The prototype was constructed in multiple stages, and it consists of two main
modules — the processor/microcontroller circuit, and the AUX amplification

circuit, these two were constructed on two separate breadboards. Therefore, there

used to construct, assemble, calibrate,

Since this is the portfolio, you must document each and every step used to construct a
part of your prototype (for example, don’t just say “| made a beam”, say “A piece of 50*50
plywood was cut into 20*15 and sanded to have smooth edges”)



Organize the Methods into two or more steps/phases.
For each step or phase, explain:
What was done — How it was done — Why it was necessary

For figures, you either include the circuitry of the entire project or the final look. If you
don’t have enough space for both, the circuitry schematic diagram has a higher priority.

It is also recommended to use figures to show the major steps and development of the
prototype throughout the process. So, make sure to document your Capstone project
throughout the semester by taking pictures as the prototype is being built and developed.
(These figures are included in the presentation rather than the poster itself)

Note that:

Capstone Challenges often have specific requirements for the Methods section, and
these requirements may change from one semester to another. Always check the design
requirements for your specific challenge.

Capstone Challenge G11 Semester 2.pdf 476 = 184% + B & [z S

4. Sensor Selection and Calibration: The system must include appropriate
sensor types corresponding to the  selected parameters. All sensors must be
properly calibrated using standard calibration methods. Calibration

data, procedur ibration curves must be documented and included
in thd Materials and Methods syction of the project poster.

cPrototypeJ\ Jgalig b laay drand g sl oy (lde Calaasd) ‘._._‘Jl\ Silel yaly) ji ) ghadl) z Methodsd!
g s iall dapls Caes o 2

i) 5 5 Aala Jand oliie Lgilae <l 803 S (5555 5 quaings (g il | sl skl Uil (e

5 Oped 8 Cpaed A Aa i Ul J 8 Ao yfa gee ilae U (il D6 ey ) ghadl) (iSS 5 el
smooth a5 Glie Wl jite § jilieed (o op e Waliadad 505 axy

2580 9 Cila paf (i ghad A Methods ) aLd

it il 2 ) s je sl 5 5had IS
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o= Methods ) aud 8 dalue 358 Ly Jola g LA ga g damai Alga U Figures JY dewdlily
figure (- Prototype-ll Al Jsil

pae XS lde A8l dalec oL Adlidal) Al o g 9dal) jghl =l Figures aadiud elif C.;a.\\ IS
sk 4ily Ja) ye ol Prototyped) s sai g1k oo a il Jgh delly Capstone (# g5 <l
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Full example of methods:

-Methods
Phase 1: Building the Greenhouse

Aid rZ
M g l/ ,;'
it ,

Structure: / /
A compact greenhouse frame (<0.25 m?) was jgi |
constructed using lightweight, low-cost § i/

materials to ensure portability and ease of \
replication. Transparent plastic covering was G
used to allow maximum light penetration %
while maintaining internal environmental -
conditions. The full assembled prototype is

Figure 2: Fully assembled prototype, and circuit.

shown in Figure 2.

Phase 2: Installing Water, Air, and Plant Support Systems:

A simple irrigation system was integrated using tubing and a small
water pump to regulate soil moisture. Ventilation openings and airflow
pathways were added to control humidity and temperature. Plant



holders were positioned to ensure uniform exposure to light and water
distribution.

Phase 3: Electronics and Control System:

The system was built around a microcontroller to process sensor data
and control actuators. Sensors for temperature, humidity, soil moisture,
and light intensity were connected to continuously monitor
environmental conditions. Based on sensor readings, the controller
activates components such as fans, water pumps, and LED lighting,
forming a closed-loop feedback system that maintains optimal
conditions automatically.

Phase 4: Calibration of Sensors:

Each sensor was calibrated to ensure accurate readings. Known
reference conditions were used to compare expected and measured
values, and correction factors were applied where necessary. The
calibration results and relationships between sensor output and real
values are presented in Figure 3.

Accuracy Improvement Post-Calibration
Multi-Sensor Analysis

100 - .99

97%
95%
a0 4

80 4

Accuracy (%)

70

60
-8— LDR

- Soil Moisture
—t— DHT11

50

Uncalibrated State Post-Calibration

Figure 3: Graph showing the readings of the sensors before and after calibration.



Phase 5: Prepping the Actuators:

Actuators (fan, pump, and LED) were tested individually and then
integrated into the system. Trigger thresholds were programmed so that
each actuator responds appropriately to environmental changes,
ensuring stable and autonomous operation for extended periods.”

The following i1s an EXTREMELY detailed methods section.
“Methods:

The prototype was constructed in multiple stages, and it consists of two main modules
— the processor/microcontroller circuit, and the AUX amplification circuit, these two
were constructed on two separate breadboards. Therefore, there were two main
building stages, both of which required a set of different components.

One of the main methods we used for recycling is e-waste extraction, where old
devices were brought and opened for motherboard extraction.

For the mobile phone, the back was opened and using very precise screwdrivers, the
screws were removed. After that, the audio module of the phone was extracted. This
contained the AUX input.

For the old radio, the chassis was removed by removing screws and the motherboard,
the process of extraction here was simple and required a solder station to free the
components. There were a bunch of capacitors and resistors that were extracted from
this radio. There was also an op-amp, which was used for audio amplification in the
radio.

For the old router, there were a bunch of LEDs grouped up, which were removed by a
clipper. There was also a crystal oscillator which was easily removed by using an SMD
heat gun (blows hot air). There was also a button that was extracted.

For the old power supply, there were a bunch of capacitors too, but they were mainly
taken from the old radio, the most important part of this was the ATMega328P and the
voltage regulator which were extracted using the heat gun.

For the old speaker, there was a male-male AUX cable attached to it which was taken.



First Building Stage

1. This stage was the building stage of the processor, and this stage required the
ATMega328P primarily, there were a bunch of other components used which
will be elaborated on. However, the ATMega328P has a limitation of a maximum

supply of 5V, this can be easily solvable using the voltage LM7805 Pinout
regulator.

2. One of the power rails was chosen as the output of the voltage VP = Input Voltage |
regulator, this power rail had a 10uF capacitor placed between its z,P&;::::f::::,

ground and live connections. i

3. The live and ground connections were hooked to the Output
(O/P) and GND in the voltage regulator. Specifically, the voltage regulator
extracted from the radio, which was a model 7805 which supplies 5V, this is
consistent with the existence of the ATMega328P in the radio.

4. lts input (I/P) and ground (GND) had a 10uF capacitor placed between them; these
two caps were used for signal noise cancellation. For any wanted input, it has to
pass through the capacitor’s V+ and GND row. Debug circuitry was added,
which was a simple LED connected to GND and its anode connected to a 220Q
resistor to prevent its burning.

5. The two power rails of the breadboard were then hooked up together to give a
consistent 5V throughout the board.

6. The microcontroller was then added to about above the middle of the board at
approximately row 11.

7. A resistor of 10kQ) was (PCINT14/RESET) PC6 [ 1 - 28 [ PC5 (ADCS/SCL/PCINT13)
hooked between the live (PCINT16/RXD) PDO [ 7] 2 27 [l PC4 (ADC4/SDA/PCINT12)
il h . f (PCINT17/TXD) PD1 |7 3 26 [d pc3 (ADC3/PCINTIN
rai and t e reset pln o (PCINTI8/INT0) PD2 4 25 jpcz (ADC2/PCINT10)
the ATMega328P (as (PCINT19/0C2B/INT1) PD3 [ 5 24 [ pC1 (ADC1/PCINT9)
o (PCINT20/XCK/T0) PD4 [l 6 23 [ PCO (ADCO/PCINTS)
shown in figure (3.02)). = 2 loap -
8. The ground rail was oo Il 8 21 [T AReF =
. (PCINT6/XTAL1/TOSC1) PB6 [l 9 20 ] avee oo
hOOKed Wlth the GN D (PCINT7/XTAL2/TOSC2) PB7 PB5 (SCK/PCINTS) E Cm:m“

pins 8 and 22. (PCINT21/0COB/T1) PDS
. . (PCINT22/0COA/AING) PD6
9. The live rail was hooked (PCINTZYAIND D7

with the VCC and AREF (PCINTO/CLKO/ICP1) PBO
pins (7 and 21). Figure 3.02 — ATMega328P DIP chip diagram.

10. The crystal oscillator
was then added between pins 9 and 10, two 22 picofarad ceramic capacitors were
connected between GND and the oscillators’ pins.

PB4 (MISO/PCINT4)

PB3 (MOSI/OC2A/PCINT3)
PB2 (SS/0C1B/PCINT2)
PBI1 (OC1A/PCINTI)



11. The reset button was added above the microcontroller as a way to reset it, a
GND connection was made to one of its pins and the other was an output pin
(connection arrangement doesn’t matter in buttons.) connecting to the RESET pin,
bypassing the 10kQ resistor.

12.

The FTDI serial adapter
was placed at around
the bottom of the
breadboard, the DTR pin
was connected to a 0.1uF
capacitor so that it can
discharge signals quickly
(tells the microcontroller
that the device is ready to
be received), its output

DTR ____

2=
s
'%

E

-
~
~
oz g
o (RS
EivIR|E)

Figure 3.03 — a diagram showing the pins of an FTDI adapter.

was connected to the reset pin. The RX pin which stands for receive
asynchronous data was connected to the TX pin of the microcontroller. The TX
pin which stands for transmit asynchronous data was connected to the RX pin of
the microcontroller. The VCC pin was then hooked onto the live power rail and
the GND was connected to the ground connection.

Figure 3.04 — the initial construction of the
prototype.

Figure 3.05 — a later stage of the construction after
the ATMega328P had been installed.



Second Building Stage

1.

10.

11.

12.

This stage was the building stage of the amplifier, it relied on the LM741 primarily,
this is the op-amp that the circuit is going to use.
Figure (3.06) describes the pins of the IC;

Ny

the OFFSET NULL and NC pins can be OFFSET NULL—11 8—NC
ignored. The most important parts of this are

_ . L . ) INVERTING INPUT— 2 v
mainly the inverting input, non-inverting
input, V-, V', and the output. NON=INVERTING —{ 3 & p=outpur

INFUT

The prototype was determined to be an -
AC-coupled, biased, non-inverting 71 3 [ OTSET Mk

amplifier with a negative feedback rigure3.06 - a diagram showing the pins of an LM741 op-
configuration. Meaning that the positive e

input must pass through an AC-coupling stage before reaching the non-inverting
input. The same AC-coupling must be done for ground before reaching the inverting
input.

Another breadboard was attached to the main processing breadboard; this is so
a clean slate may be prototyped on.

The AUX input whose GROUND and LEFT CHANNEL are soldered with a male-to-

male jumper wire as shown in figure (3.07).

These jumpers are connected to the power rail of the second “
breadboard, where the ground is connected to the ground rail and gigyre 3.07-an aux
the left channel is connected to the live rail. A capacitor of 1uF then nput chip.
pulls from the ground rail into a 10k( resistor.

The resistor is then connected to the same pin as the inverting input.
A resistance of 100k is wired in parallel with the inverting input. This is for the

negative feedback. This givesagainofG =1 + % where R, is the 100k(2 resistance

L

and R; is the 10kQ resistance.

The live rail of the processing board is connected to an arbitrary, empty row in
the amplification board. Call this the live row.

The ground rail of the processing board is connected to an arbitrary, empty row
in the amplification board. Call this the ground row.

A capacitor of 2.2uF is wired from the live rail of the amplification board to the
input of a voltage divider row.

Two resistors of 10kQ) are wired in parallel, one of them connecting to the ground
row and the other connecting to the live row, all summing up into the biased row



13.

14.

15.

16.

Figure 3.09 — an image of the fully constructed prototype.

(as in, the input signal is now biased after it was input from the capacitor and biased
by the voltage dividers).

The biased row is then connected to the non-
inverting input.

For V- and V'*, two batteries are required for dual-
supply voltage. These two batteries are 9V and
through grounding (connecting them to the
ground row), can turn into +9V and -9V. These can
then be wired to their respective pins.

The output is taken, and an arbitrary, empty row is Dual valtage with two 3 Vol batteries
chosen for filtering by using a high-pass filter. This
HPF has a capacitor of 22uF and a resistor of 3000, e 082 dualsupply voltage created by

filtering an approximate 21Hz.
The output from the HPF is then taken by a jumper to the A0 pin in the
microcontroller, otherwise known as pin 23.

Figure 3.10 — ditto, from another angle.

Any variable thereafter is calculated using the
processor, this can be then related to the

“arduinoFFT” library used in the code. However, there are a few things to be noticed
when dealing with this library and configuration, of which are:



1. The offset frequency the program gives when nothing is connected at all — this is
technically a systematic error, and this error is consistent throughout readings,
therefore, this must be subtracted from the output frequency through the
application.

2. The biasing voltage is 2.5V, meaning that when performing an analogRead()
function and converting it to a voltage value, meaning that 2.5 must be subtracted
from the reading.

3. The program uses a windowing function, and its parameters are the usage of a
hamming window; this is used to decrease noise and increase accuracy.

4. Any complex wave that outputs because of a complex Fast Fourier
Transformation must be converted to its magnitude using the
complexToMagnitude(...) function. (See the arduinoFFT GitHub for more precise
information or function input parameters.)

5. Two functions may be utilized, either a function you write by your own to achieve
a dominant frequency or the built-in majorPeak() function, which returns (gives)
the dominant frequency. (Don’t forget to subtract the offset frequency (systematic
error))

[SAMPLES] 5
mag[SAMPLES];

> FFT = Ard < >(vReal, vImag, SAMPLES, SAMPLING FREQUENCY, true);
Figure 3.11 — first part of the code (variables and definitions)

Figure (3.11) is the set of all variables required for initialization.



al.begin(115200);

sampling_period us = nd (1000000 * (1.0 / SAMPLING FREQUENCY));

Figure 3.12 — second part of the code (setup and initialization).

Figure (3.12) is the initialization of everything before the readings start occurring.

) - REF_VOLTAGE;

» FFTWindow: :Hamming, FFTDirection

:Forward);

peakFre; ntFre () - ground frequency;

(peakFrequen

Figure 3.13 — half of the repeated code snippet, the function that recalculates frequency periodically.



if (peakFrequency > @) {
serial.print("Detected Frequency: ");
Serial.print(peakFrequency, 1);
Serial.println(™ Hz");

h

else if (peakFrequency < 8){
Serial.println("[[ERROR]]: NEGATIVE FREQUENCY");

h

delay(500);

Figure 3.14 — the other half of the loop.

Figure (3.13) & Figure (3.14) represent the loop function, where every reading
occurs.

findDominantFrequency() {
peak = 0;
peakIndex

for ( 1=1; 1 < (SAMPLES / 2); i++) {
if (vReal[1] > peak) {
peak = vReal[i];
peakIndex = i;

}
}

frequency = (peakIndex * 1.8 * SAMPLING FREQUENCY) / SAMPLES;

if (peak » @.1) {
return frequency;

}

return @;

}

Figure 3.15 — a function used to calculate the most dominant frequency out of all the complex waves given.

Figure (3.15) represents the findDominantFrequency function required for identifying the
frequency.”




Test Plan

This is one of the most important sections in your portfolio. Most grading teachers will
focus on this part along with your analysis to make sure you followed the procedures as
you mentioned. That’'s why it is important to be as concise as possible when writing the
test plan and you have to focus on the details of each step.

<analysis - & 02 eyl de 158 5 ) sanian %Al\ Coas 2l Qlef dlelyy portfolio 4! st c\j.;iﬂ\ (A\ (e 03
test J\@Sﬁg&ﬁ\jg\g;)aﬁ&,ejé:\éao)ﬁwaﬁd)w Ol Lo g ) Dl ghadll e Cuadia ol | gaSliy (jlie
Bsha JS Jualdi e S i cplan

e The test plan must only include quantifiable data or measurements that you plan
on taking.

a2ali (55U (quantifiable) AL cluld i Wla Gu 48 & 5 2 5Y test plan I

¢ Any subjective criteria you want to test must be evaluated using a scientific method
based on the results of an anonymous survey. For example requirements like user
friendliness and easy operation can be evaluated by having anonymous users try
the project or its interface and fill a survey afterwards detailing their experience.

anonymous gl e dvise dsale 48yl AT & 3Y 5 885 e (subjective) 513 sl sl
133 el 355 (Sas easy operation s user friendliness ¢ requirements s survey
4 | gha sy survey sla Gaasss el interface J) sl g s pdall |5 o Ol seane (aeadin

e Each step must be mentioned in detail and contain the following:
Y L 0385 Jamiily SN 059 55k S
o Process and setup (including safety procedures) [mandatory]

(DY) el ya) Jady sa5)test plan J) dexi e Ll il A clalal g Lguds dlee )
Jesoba]

o Step importance and role [mandatory]

Jobal] ysas 8 shall Laal

o Possible variations [optional]

e i) Alaiaall caasiaLy) |



o Pass criteria / which design requirement to satisfy

.design requirement ¢ it 23 shall Jixy <Pass criteria J I

¢ You must mention how your team plans on calculating the error and accuracy of
the prototype and how you plan on dealing with it if you deem it necessary.

aalaa Jalaiaa 5«51 3) prototype ! ¢ s accuracy s error 4 causy (55U adill S35 4 5
(Gosraed o) Gl d )

e There must be NO mention of the real results in the test plan section.*
test plan ) ¢ ja 8 palla sl ol SN adila I

For example, a fulfilling test plan would be as such: Jéa

“Since a lot of requirements are of quantifiable data, it is essential for the prototype to be
tested along a concise plan to figure out whether it is successful or it needs new
modifications to push it towards that efficiency needed.

To make sure the design is reliable for humidity measurement, a fixed and
predetermined range of humidities is created as the reference and base of the needed
calculations. The procedure is as follows:

1- Safety coats, gloves and goggles are needed as interaction with abrasive and
potentially dangerous chemicals is in effect.

2- Preparation of each solution with specific molar concentrations. A solution of 2M
NaCl which yields X RH {percent humidity, the measuring unit of humidity}, a solution
of 0.5M MgCl which yields a Y RH, and finally a solution of 1M LiCl which yields a Z
RH are all prepared in advance; this is because RH values need time to saturate
their normal yield.

3- Solutions will be kept at room temperature as that is the respective temperature to
the predetermined RH values. This makes sure no fluctuations occur.

4- To avoid any humidity leakage when utilizing the device, it must be inserted and kept
for a time of X hours to make sure the humidity re-saturates.

5- At the end of the time period, the readings from the last Y minutes are averaged
together. This new value will be used in calculating the accuracy and error
percentage through the equation; measure average/true value * 100%= error%.

6- If the error% across all 3 trials is less than or equal to 5%, it passes the
predetermined requirement of accuracy, deeming the device successful and
accurate. However, if the error is higher than anticipated, a few modifications to the
potentiometer and sensitivity of the sensors must be made with new documented
testing until the preferred result is achieved.

7- After proper testing is completed, solutions are disposed of safely by.........



The test plan itself is conducted with tools, these tools must be verified school equipment,
said equipment must be shown in any pictures taken during construction to verify that
capstone construction was done on school grounds. This a really simple section, but you'll
also need to attach the methodology you're going to use your tools for. For example, if
you’re going to use a “function generator,” you're going to want to explain how you’re
going to use it in actual application. The “function generator” for example: “is going to be
turned on and calibrated to 1250Hz so that the prototype can get hooked up to it to get
tested.” The mechanism of the function generator can be written about in the “Research”
section. If you're using tools like a handsaw or a screwdriver or whatever else for testing,
then list EVERYTHING used for the test plan in terms of tools here.

Jsa gl G b a)Y s dadine e 3 el 0S5 Y (50 Yy el sl Jeriy 4udi test plan )
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Data Collection

Data collection relies on the test plan and any simulations, tests, or models you’'ve ran.
This also includes any measurements you’'ve taken. This section should be (preferably
so) filled out as you write your entire portfolio. Data from research papers should be
implemented here and your research section so you can have a reference and a storage
for when you want to go back for any data you’ve collected throughout the entire semester
regarding the prototype.

@l OS5 dilee models sl tests sl simulations s test plan I e iz Data collection -l
research 4! (» QAM Glal) 5 a1 portfolio A iy sl djb d_,\ iy oa ¢ 3all ) Mi}[\_g L@_h;\ lwld
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.prototype 4 c=

An example of data collection is to record length values for something and getting their
average value later:

lebas sie allad aany g Ane dalad JI skl a8 Jas @l :data collection J) e Jbia

The 15c¢m length is the real length provided in the design
requirements, but as well known, errors tend to happen and the values
should never be that perfect, for example: When measuring the cut down
parts, the measured values were as follows:

Real value Measured value
1 5cm 15.1cm
15¢cm 14.9cm
15¢cm 15.4cm
15¢cm 14.7cm
15¢cm I5cm
15¢cm 14.9¢cm
15cm 15.1cm

The average measured value was 14.97857143cm which 1s
approximately equal to 15cm, to get the absolute error we must subtract
the average measured value to get 0.02cm as the absolute error, the




NOTE: The average measured value should be written according to significant
figure rules and should also be rounded off if needed, unlike the previous example,

the number should be rounded up by decimals first.
oSe Sle s zliaa s s 5 significant figures I ac) 8 Cua S o 5Y Lulial) el Jas sie 14k gata
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For the structure itself, engineers use a thumb rule to determine the
truss height, which is that the height of the truss is usually the 1/10 of
the span length, which was 98.75/10 which basically rounds to 10cms
along the vertical axis (Y-Axis). The height should also

be rectangular and not in the shape of a
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This signified the importance of the FFT process regarding the breakdown of the
H s H ! vef ler sinusoidal wave who
An example ? (This was written in the research e eom o sl swaidalwaveto
frequency, amplitude, and function are given and graphed The following table

sectio n , wh ich is i ncorrect’ the tables o n the Ieft is the list of a few readings given against a calibration frequency. This was done

by hooking the AUX input of the phone to the amphification circust and

and right should’ve been written and described  peforminean smalyis

Table 3.02 — Frequency Data Table.

in the data collection section and referenced by THels Calibrated Messared Difference Relative
. . . Jrequency frequency error
hyperlink in the research section.) ty My
I" Trial | 8500 Hz 843.7Hz 63 0.7%
. N . N :. A . l“rrfil 9000 Hz \xmi::/ ‘1,":5 1:;:"
Jslaall chle oa g cresearch I e ja (A i€l oa JUall) A JUa o7 onie s 25 o
. . - T . . . . 5 S:Tr::al l()S()‘()H: I(mZ.SM: 12’.5 L::a
£ A (o Chea sy CISE (g jiall OIS Cpadly Jedl e GV e Bt i e o
8* Trial | 12000Hz 12188 Hz 188 1.6%
* hyperlink = reference &b «data collection ) sl soome 1s00me 00 oo
1™ Trial | 13500 Hz 13438 Hz 6.2 0.5%
2 rail z 3 Hz 6. 5%
research) -l sla  ore ek e e i
14* Trail | 15000 Hz 15000 Hz 0.0 0.0%
125 ¢

You're also going to write the results of your test

plan in this section, which should look like the

following:
83 o . . . - p— I5* Trail | 1550.0Hz 15625 Hz 125 0.8%
(s UAJJMMJ 0 ;)_;“ 2 test p|an Al @Lu OleS iSa 16* Trail | 1600.0 Hz 1625.0 Hz 250 1.6%
= 17* Trail | 1650.0 Hz 16563 Hz 6.3 0.4%
. n 18* Trail | 17000 Hz 17188 Hz 183 L1%
u;\A;JLG ‘5.“\ LEW 19 Trail | 1750.0 Hz 17500 Hz 0.0 0.0%
= 20* Trail | 18000 Hz 18125 Hz 125 0.7%
21" Trail | 18500 Hz  1875.0 Hz 250 1.4%
22Trail | 19000 Hz 19063 Hz 6.3 0.3%

23" Trail | 19500 Hz 1937.5Hz 125 0.6%
Average | - - - 0.7%



This is also the place where you write your results, similarly to how you write them in the
poster, you'll write them here. You’re going to note down your positive and negative
results as well as what they may imply for other people attempting to recreate this, you're
also going to write redundancies or discrepancies in your results (honesty is better than
lying and failing to do so.)
Y il Jaia poster I A e St ) A5, Hlall Gudty i) 4 i<y ) Gl Gl o
(discrepancies) u=ili 5l ) S (s cuiSia LSy o2 g 5 dal) Jae 2y Jslasa S lalins 4l 5 Al
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The Results section presents the outcomes obtained from testing the prototype. It should
show whether the prototype actually met its Design Requirements and what problems
were discovered during testing.

I Gis prototype J Ja g 2 2 3Y 5 cprototype I JLia) (e cualla M il (i e Results I e >
LR el @ jela ) JSLaall 49 5 <Y Y 5 Saé Design Requirements

The Results should include both positive and negative results, preferably in separate
sections. It is also recommended to mention the changes or modifications made to
address the negative results.

JSJ.! tﬂ.’} uLAS C}LA.LA) L%J;JS ;); L;Eh‘} dS dlasﬂ) M_x.de\} M\A.Iuy‘ C_VL\.\J\ L@_\S ué fa‘)y ReSUl‘tS J\
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For each major result, whether positive or negative, explain:

2o e S e ¢l s aga Bai I |
What was observed — What the result showed — Why the result matters

For example, instead of simply saying: Jlia

“The pump worked.”

Give the actual result and what it demonstrated: el

“The pump increased soil moisture from 58% to 81% in 47 seconds, demonstrating that
the irrigation actuator could respond effectively when the soil moisture fell below the
required range.”



Figures: | Jsa¥

It is important to support your numbers and test results with Tables and Graphs whenever
appropriate. These should clearly present the data obtained during testing.

Cialla U1 Bl (i le 1535 5 i o3 (5% Le S Graphs.s Tables = JLiaY) by <lai ) ac. 5 age
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The Results section should focus on actual observations and measurements, rather than
detailed explanations of why the results happened.

23S Caalla il agll Jimba = 5 e e edgladll Ll 5 cillaaSldl e R 5 2 5Y Results I s s |

Detailed interpretation and explanations of the results belong primarily in the Analysis
section.

Analysis ) ¢ = c_.,.u:\.a.nY\ AlSa il Jladall & il g ol I

More examples: | 4l dLiaj

Tai»le 2 — Frequency Data Table. ’

Calibrate  Measured Difference  Relative
d frequency
frequency (Hz)
Hiz

2% Trail 9000 Hz 906.2 Hz

waveform into a simpler sinusoidal wave whose
frequency, amplitude, and function are given
and graphed. The following table is the

list of a few readings given against a calibration
frequency. This was done by hooking the

4% Trial | 10000Hz 10000H:z

AUX input of the phone to the amplification 15% Trial | 15500H: 15625Hz

Soask 16 Trail | 16000 Hz 16250 H=
circuit and performing an analysis. 17 Trail | 16500 H: 16563 Hz 63 0.4%

Average = .

Positive results: 1. The prototype matched the design requirements, and the relative error was
less than 5% by 4.3%, (relative error = 0.7%) 2. The amplitudes that the device displayed
were like the amplitude produced by the function generator. 3. Moreover, the high-pass filter
fully blocked the noise at the second, third, fourth trials. 4. The microcontroller applied the
algorithm of the Cooley-Tukey FFT successfully with minimal time loss and full code
optimization, running at a speed of O(n log n). 5. The program was able to accurately
replicate the major part of the frequency domain, where a frequency f may have the
maximum amplitude, signifying the two essential variables required to recreate the sine
wave according to the function: w(t) = Amplitude - (sin(2nft) + cos(2nft)). This
wave is fed a series of inputs equal to the number of samples to be taken, and the variable t
for each point is calculated as n/SAMPLING_FREQUENCY (where n < 128).

Negative results: 1. The laptop charger caused a severe inaccuracy in the reading because it
caused severe interference with the ADC meaning that no reading was accurate. 2. The
high-pass filter failed to remove all the noise from the signal as there were some amplitudes
(cancelled out by the windowing function). 3. There was a systematic error in the form of an
[| offset equal to 31.2Hz caused because of the FFT library. 4. The limitation of the accuracy by
'\ the number of samples to 128 samples. 5. Limiting the maximum detectable frequency. Y.




Analysis and Discussion

The analysis and discussion section is practically the core of your capstone project for
both the portfolio and poster. Its only legitimate challenge is its limited space (in the
poster) and intense need for conciseness and focus. A lot of people, including evaluators
and teachers, may not be the best informed and knowledgeable about the project and its
scientific basis, no matter how simple it is. That's why we follow the principle of “explain
it to me like I'm five years old” fulfilling this principle deems your analysis to be thorough
and understandable without the need for a scientific background of any kind.

poster I s portfolio 4 4 «capstone project 4! i Ll & analysis and discussion 4/ ¢ 3>
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First lets start off with what you should go over in this section before we get to how and
all the specifics:

:daaaldill 5 ") 31" 8 Jan e U o ¢ jall 8 die QIS (g jaall L JY) s Ll

e Introductory phase. In here you start by mentioning the grand challenges and problem
to be solved that urged you to work on your project.

s grand challenges I S faiy Ua :(agwdl ils ) Introductory phase -
ool Je Jailis & la I problem to be solved

e Ground preparation phase. In here you follow up with the project you have chosen
and how it is believed to have a positive impact on the aforementioned issues you
want to overcome.

5 3ia) ) g g pially JaSiy Ui 1(4ua,Y) i da 10) Ground preparation phase -
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e The introductory phase as well as the ground preparation phase could technically go
as “summarizations” for both chapter 1 and 2 respectively.

J"abaale Llee |5 182 Sas ground preparation phase 2 s introductory phase -
. il chapter 25 chapter 1




The Discussion phase. In here you discuss how the projects parts exist in unison and
harmony, where you mention their role, effect, and how they function. This is
mentioned in a manner to simply explain how this entire combination reaches the
results.

& s ae Al ¢ g il o) sl (g1 )) Al L (A8l dls 1) Discussion phase -
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The analytic phase. In here you go over the results and other key information like
equations and parameter relations, explain what they mean as results and what
specific deviations or results could mean or affect the performance of your project.

A ) Al dage Gl glaa Lﬁi) e el Ua o(Bladll ds j0) Analytic phase -
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Ending/conclusion phase. In here you analyze what this project may mean for the
future or the goals it will hopefully fulfill (completely optional).
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The introductory phase:

There’s this tip which is “You start off your analysis by reconsidering the grand
challenges”

"You start off your analysis by reconsidering the grand Js&& 3 yiiia dayai 44
(% grand challenges I &= s <l analysis - 1) =) challenges”

We think this is really, really wrong considering that throughout your entire
portfolio, you have an ENTIRE chapter dedicated to defining the grand challenges,
connecting them and researching them. It is important to analyze them here once
more so we don’t argue that the grand challenges here can’t be considered;
however, that should be done so in a more natural fluid manner, and introductory
sense to refrain from splitting them into two different parts which makes this a
whole lot longer (introduction then grand challenges).

oy 2l (aais WS chapter daie portfolio ) Jsh Y daa Taa dale 52 (o) ciild Lal
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One of the best ways to hook a reader’s attention (which is very important in this
section to make sure a reader extracts the right amount of information well enough)
is to start off with a side plot or statistic—a new insight is much advised. In the
case of the analysis it is possible to start off with the problem to be solved or
statement that we identified earlier, utilize an important mind-blowing statistic or
piece of information. You connect it to the grand challenges in a backwards type
of approach which helps inflate its importance so instead of

AaeS 28l ) el (ldie 02 ¢ 3all (8 Tan age 0a3) (s AN oLl ads @l 3kl Gual
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“problems A B and C are all connected by problem D because of X stats proving it is
really bad and requires solving”

you might find it more fluid or attention grabbing to go 038 Lg iS5 Y

“Whilst analyzing problem D we found that the statistic X was a clear product which
also sprouted, realizing new branching effects on many challenges Egypt faces,
some of which are problems A, B and C. It is believed that solving or putting efforts to
suppress Problem D could have positive effects on many of the aforementioned
challenges.”

An example for the mind-blowing statistic or insight is to analyze the problem’s cause to
something more scientific or quantifiable in a way whilst also connecting it to something
people can understand and see for themselves—going “increased death rates due to CO2
emissions” is more interesting than just “increased CO2 emissions” because people
understand how bad death is, but not necessarily CO2 emissions (of course you can try
and explain it further but it just spirals into more complexities). One time we did this by
stating how heavy metals contaminate water and provided the Osmotic Pressure
equation, explaining how it affects the local environment (people know how hard it is to
find drinkable and clean water to an extent) and using that equation proving that
statement. As you can see in the following example:

&J ¢ elaall alu\a ji dnale Aalad ASEA o JIsg el :mind-blowing Al insight Al }i Lilaayl Je JUa
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“Electronic waste, which typically releases heavy metals into the environment through
soil and water was found to make up over 70% of water toxicity and pollution. This
affects public health, especially in water since only 20% to 22.3% can be recycled
effectively. Moreover, by increasing the amount of the leached electronic waste in the
water, the molarity (concentration) of the heavy metals increases—making the water
inedible and environmentally toxic—which increases the osmotic pressure because it is
directly proportional to the molarity, where the formula of the osmotic pressure is I =
iMRT, where i is the van't Hoff factor, M is the molarity, R is the ideal gas constant, and
T is the temperature in Kelvin. This makes the process of reverse osmosis to filter the
water harder and consumes more energy in the filtration process, [according to
(CH.2.02)]. This makes it much harder to improve the technological environment, reduce
and adapt to climate change and pollution, and have recyclable waste as an option for
material extraction. This is why E-waste is believed to be a major issue that must be
attacked at the core of disposal by creating a project that prevents this line of events
from taking place.®

Here we were able to grab the attention using an important piece of statistical information
to explain the scientific reasoning behind it as well as explaining what it means for the
average human who doesn’t know what heavy metals are or why they are bad and we
finished off by connecting this statement to the grand challenges we believe are important
for Egypt to confront.
@3l D Laline Uis 3 (JlaS 5 clal s caladl Gulusl) Uiy g cdaga dilian) da slray olais¥) o U )28 Lia
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This is a great opening since you quantify the problem’s weight to the reader, they see
that there’s actually a need to stop this (if they want to keep drinking clean water).
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You then immediately introduce your solution—the ground preparation phase—by stating
how it tackles that specific problem. This phase is pretty straightforward and petite.

(g2 ALl mllaw (5) ) a5 <l cground preparation phase - o2y celeliy Jall 2385 Jgha Ao lade
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This is called the discussion phase, meaning that you do need to “Discuss” things, and
here you’re going to want to discuss what actually made your project work and stand as
it is while you’re writing this. This isn’t just throwing around equations and your “scientific
base” to come to a conclusion that your projects works at the end (hooray | guess but no)
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You must discuss what each part is, its role, how it contributes and why it is the way it is.
Also don’t frame this as “we did this and this happened so this is a success” this is
basically how an uneducated person reaches a solution.
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The EDP and scientific method are actually the exact opposite; “we found this
phenomenon happens when in these conditions, since this was our goal we decided to
replicate this by..... and at the end we reached the needed result”’ it is also beneficial to
mention prior options you deduced to not be the most optimal, a good example goes as
follows:

"we found this phenomenon happens when kbl oS S scientific method 4 s EDP -
in these conditions, since this was our goal we decided to replicate this by..... and at the
Gl 5 oS J clald cuilS ) @l jLaaY) SY LS ade 5 . end we reached the needed result”
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“With large computational data and quick changing parameters being in effect, it was
deduced that it is mandatory to include a IC with a high enough frequency and
computational power to satisfy the systems needs. While both Arduino and ESP32 are
microchips that run calculations and automate responses effectively, Arduino would
require an external internet or network based IC connection to transmit data to server.
Not only is this less energy efficient, but also it demands and uses up some of the
computational power and speed of the Arduino, deeming the ESP32 the optimal choice.”




This only needs the number specifics of their respective power and computation speeds
as well as what the system you plan on building demands. Say you plan on building an
adaptive system that stays in equilibrium even though changes occur every 3 seconds.
The Arduino may issue orders every 4 seconds and by then the state of the system has
already changed (you are in the present fixing the irrelevant past) whilst the ESP32 could
issue the same commands with higher efficiency in just 2 seconds. This is the type of
discussion you want, you want to explain and analyze your choices and what they mean
in relation to the intended result.
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A more concise example is as follows: Jagl Jla

“In the circuit, the prototype’s microcontroller or ESP32 can provide 72Mbps of WiFi
transmission speed, sufficient for local server communication at reliable speeds;
however, rendering it ineffective in heavy-duty tasks such as Al-server and
asynchronous communication. Therefore, it'd be too hard to manage an Al
communication. It has an internal clock speed of 240MHz, far greater than its Arduino
counterpart; allowing it to process much heavier tasks; however, none of these
microcontrollers is suited for heavy-duty computation per reading (readings are at a
frequency of 0.5Hz or 2 sec); hence, the best suited option is to upload the function data
to the central server.”

This accurately explains why the ESP32 was chosen and why the implementation and
usage of a central server was necessary.

.central server 33w (5 )5 pia IS 4l s (ESP32 ) | UA 4l 48y ~ i 60
Another example of discussion is the prototype’s computation process, saying that it

outputs certain variables or responses to a change in the environment. As seen in the
following example
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(PH.2.14). Concerning the PID, the system uses the proportionality constant K, to drive actuators to full
power if needed according to the proportionality to the error signal e(t) - K,e(t). K; is the factor of

dependency on past errors, this eliminates and drives the system towards a safer state faster; however,
more inefficiently. It does so by grouping up all of the previous taken up function variables; given as

K; [ e(t)dt (MA.2.09). The D term of the PID signal is the derivative term which predicts the next
reading providing damping and decreasing oscillation or inaccuracy. [t’s basically a learning tunable
system driven by the overall behavior/response during runtime of the system. The derivative term is
given as: d(e(t))/dt, providing an estimate to when e(t) reaches its target. All of these are summed up
and input into the system for logical deduction, as shown in figure (5).

This discussion was able to explain what happens software-wise. Where using the inputs
from sensors and running them through a PID system loop (a system that focuses on
correcting deviations without a mathematical model predicting exact values) | don’t want
to bore you with the details of a PID’s function but basically in this part it was explained
how each variable helps the system know how much time is needed to keep the actuators
on (another word for things you control like motors but with more functions like a humidifier
or a Peltier that cools down the system). This is basically the logic of the system which
you must discuss and explain. In here it was mentioned that this system basically learns
and tunes its future responses referencing its past adaptations. What does this achieve
you may ask? Not only are you obviously explaining how your system functions, this also
helped show the fact that the system’s efficiency tunes up and increases the more
experienced it is (this explained the decrease in response time in our system because it
kept getting better and faster which was showcased in the results)
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.results)

By “Analysis phase”, | mean that you need to analyze data you have, whether that'd be
data you've acquired from your results or from mathematical models/Al models. You need
to analyze what this data means and what it conveys or means for your prototype. After
You reflected on how you actually got to this result or the feature that allowed you to easily
achieve this result beforehand (discussion). You're also required to provide insight,
meaning that you show what the results actually mean and what it could mean for people




trying to attempt this project. (For example, results may be varying depending on user, or
for other people, results may vary for every trial, which you have to note down, stating
whether it's a bad or a good thing and going the extra mile to talk about what this means
if it was created on a large scale and stating that it may not be as accurate as your
estimation deems it to be.)
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NOW things get real sciency; you should start dissecting your entire project into different
ideas with each idea consisting of a paragraph and optionally, a figure. If there is a relation
between factors you have been studying in your project or something you calculate, it is
mandatory to include a graph of that relation along with the that relation’s equation. Every
challenge or project will have at least one quantifiable quantity that has to have a point of
comparison in relation to another (you will likely find this highlighted as a requirement in
your challenge paper), this could be any of the following:

Walaa s 3588 85,88 JS cdiling JISEY A ¢ 5 piall Galadi g o )Y aae ale o ¢ suasall By
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1- Response time
2- Offset or deflection (bending in case of an architectural based project)

3- Energy production
4

Pollutant concentration (filtration based projects)

Each type of project has a way to determine its efficiency and this could come in various
ways. Sometimes it is mandatory to include sometimes it isn’t. To clear up any confusion,
efficiency isn’t just a “product per time”, there are many types of efficiencies regarding
any project ranging from cost efficiency [product vs cost], efficiency of usage [how easy
it is to be used vs how well it performs], efficiency of maintenance [maintenance cost and
time to complete vs how often it is needed]. These are strong scientifical values because




they help you showcase how well your project preforms while referencing real life
industrial implementations and base efficiencies.
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An example of an analysis focused part: Jeladll Ao 8 e g jad Jhia

“Further analysis showed that there was a consistent error as shown in figure (4), this
was due to the limitations presented by the Nyquist frequency, which states that the
maximum readable frequency is half of the sampling frequency (4000Hz) after
2000Hz, the accuracy decreases substantially. This sampling frequency is
appropriate because the number of samples is 128”

This part was able to analyze and give a well known scientific explanation for the decrease
of accuracy above a certain threshold. What helps complete this paragraph is its
analytical explanation of what this means for the project or the results “this sampling
frequency is appropriate...” it basically deemed it as an issue that arose, but doesn’t have
any major drawbacks since the role of this system didn’t need to exceed this threshold in
any way or form. In short it fulfilled its part and succeeded.
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In another example: AU JGa
it. For temperature, it relies on the incoming heat from the outside against the power generated by the

o dr ier—Qingress—Qi .
peltier; given as: — = Tpeitter Q‘:‘?E;“' Lincernal (MA.2.07). The denominator represents how hard the
P

prototype resists change, given by p as the density of air, C, as the coefficient of air transfer and V is
the volume (0.1375m3). The other two significant factors are Qpeitier & Qingress gven as Qpeprier

= 0.0485 x T, X I — =% 2.07 X 12 — 0.484 X AT and Qngress = 1.77 - 0.5 - AT Calculated in Watts.

Graphing according to T, = 303.15K during the summer, where

T, is the temperature when cooled and substituting I = 2A gives & nseum e N P
figure (4). Analyzing the figure proves that so long as f(x) or : ' g
the black line overtakes the blue line, the peltier can cool or

heat. Accordingly, dT/dt = ~ + 0.1°C/sec, which is in fact e
quite close to the 2™ trial of the deviation test given that bt
Cp = 1005]/kg - K,V = 0.13m?3,and p = 1.2kg/m?

Figure {4) representing Qi gress (Blue) and Qup e (black)

The equation for the change in temperature with respect to time was discussed. In this
one particular example a graph of the relation between two opposing energy variables—
Q ingress the blue line and Q peltier the black line—is shown. By priorly measuring the
volume of the system and the internal energy (in this case only heat is predominant) and
using norm values for the rest of equation’s variables such as air density and air transfer
(Q peltier is something you control through the ESP32 analog output {the stronger the
signal the stronger it cools down the system}) Q ingress was the incoming heat from the
electric components and the system passively heating up from its surrounding
environment. This equation and graph helped determine when our system was efficient
enough to overcome ingress and cool down the interior and also the minimum
temperature we could reach (determined to be the intersection point between the two
lines) However, this wasn’t the most perfect analysis paragraph. See, the graph was a
little miniscule making it hard to see and understand clearly, as well as the fact that this
is an analysis section in the poster (where you are allowed to cut down on the definitions
and explanations by including them in the presentation) which happened to be a little bit
crammed. However, in the portfolio Analysis it was way clearer with the necessary
distinctions and definitions.
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The general thought process behind actually doing all this requires you to be able to take
your results, your prototype and your design requirements and combine all of these into
one solid idea, mixing everything together, adding in a little bit of “Element X” (as in,
references and citations that support your claims), and a bit of rhetorical thinking
alongside new insights and advantages your project has provided, for example:

a2y design requirements !y prototype s il 2Al s el oa JS 5 dalall Sl 48, )
references =) "Element X" 4 Chuaiy (gamy ae dals JS LIS Ay saaly 5S84 oglS
e 5 yia el ) jaa s 3u0a insights g« (rhetorical) el S8 458 (K ac iy citations s

Sl

“This prototype model was particularly impressive at extracting heavy metals from water,
giving the water a heavy metal purity of >99.9%.”

So long as the bolded words aren’t already in the results area and this is a conclusion
from your results through an equation you used during your analysis, then this is a new
insight. You concoct all of these to proceed into your concluding phase.

il (Kes dala Jag) elielly il ozl 02 results JB @ i< (& bold e A 2380 Llla
o3 8 13Sa g il 8 aladiuls gnalysis JU Lis b <l 5 (Do (Ao agdiia (i (S Lale malh CuilS aliely
Aalall syl a6 e @JQ\;;S\JS@;SQQ}\ Inew insight uﬂs:\_ut))&mﬂ s shaia Dlad oS
That’s generally it regarding your analysis!

lanalysis J) e 4als JS Ly i oo

Important notes!!l: | 1 dega cilliadla

e You’re going to be putting little parentheses next to text that links to something in your
curriculum like this:

23S (5 ey mgiall & dAalay Jay yu I DS Ciis 5 yskaa Gl g8l Jasia |

“This makes the process of reverse osmosis to filter the water harder and consumes
more energy in the filtration process, according to (CH.2.02)”




You need to reference curricular learning outcomes at a minimum of 5 learning
outcomes in your analysis.

Leliy gnalysis ) 3 zeiall (= J3Y) e 5 learning outcomes - reference Jess a3 I

Regarding the grand challenges themselves, you want to actually incorporate them
into your analysis, talking about how your results solved that challenge, and if
possible, if applied in real life, provide insight on how long it would take/how much it
would cost and how effective it would be to apply your capstone. (conclusion or ending
phase)

cila dlaylis ) 3) A5 5 canalysis A 8 Slad Llix & 3Y e grand challenges - 4l
28 alSha 5 4y B 85 2alw (e insight 3 disall 8 Gkl o) cady 5 o2 challenge I
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.phase)

In-text citation is important and especially mention reference books or research papers
of origin in regard to equations.

cla U research papers ) sl dsea yall (i€l S @l La suad 5 cagw In text citation -

.equations 4/ L

Correctly and concisely label graphs and figures whilst sizing them up enough for
someone to read at a distance.
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Char—iary

Do not re-insert the results table here, discuss them instantly.

Do not leave a quantity or phenomena undiscussed or unanalyzed
alas of AdBle e e s el ol 4 ol Giala |
There will be instances where some things are just measurable with no clear way
to predict or control, simply stating this fact is sufficient in those cases.
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e Do not make random graphs and relations between variables independent of each
other. An energy to air humidity graph makes no sense and has no value to this
section, please don't just inflate your writing for no reason.
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The following is an entire analysis & discussion: d Jals JisAnalysis
& Discussion

{

The test results demonstrate that the device was designed successfully to address the
grand challenges and solve the core problem, which is technological advancements
and waste recycling. The project mainly solves the problem of electronic waste, which
typically releases heavy metals into the environment through soil and water. This affects
public health, especially in water, because it is the main source of life. Moreover, by
increasing the amount of the leached electronic waste in the water, the molarity
(concentration) of the heavy metals increases, which increases the osmotic pressure
because it is directly proportional to the molarity, where the formula of the osmotic
pressure is I1 = iMRT, where i is the van't Hoff factor, M is the molarity, R is the ideal
gas constant, and T is the temperature in Kelvin. This makes the process of reverse
osmosis to filter the water harder and consumes more energy in the filtration process,

according to (CH.2.02).

To address this problem, it was decided to make a scientific device, which is an
oscilloscope, but all its electronic components must be recycled. The prototype handles
the readings following four stages, which are the filtering stage, the amplifying stage, the
DC bias stage, and the digital processing stage. The first three stages are focused on
hardware, meanwhile, the last stage is focused on computation and software. This
device graphs an input analog signal and using a certain mode, can output certain
variables like the frequency, amplitude, and the time of a period (multiplicative inverse
of frequency). The results provided are shown in Table (3.02).

These results are a direct product of a complex mathematical computation (software)
called a Fast Fourier Transform (hereinafter referred to as FFT). This computation turns
a complex wave into all its constituent waves, which is a law of summation of three main
constituents, a DC bias (a DC component which is always the first sample and is never
the peak frequency nor the peak amplitude), a sum of cosine waves, and sum of sine



waves. When an FFT process is called on a complex signal (same as a polynomial)
(MA.2.01) incoming from the AUX input, it turns it into a cosine wave in one set of
variables (called the REAL SET OF DATA), and a sine wave in the other set (called the
IMAGINARY SET OF DATA). In both, a set of frequencies is plotted against an amplitude.
The highest amplitude out of all is the frequency of the input wave. If the input signal were
to be recalculated or reformed, it would be a summation of the DC and the two
trigonometric functions. This reformation is given as: w(t) = a,ffser + 2 a; - cos2mf;t +
¢ + X a; - sin(2nf;t + ¢;), where a,psse. is the DC bias offset, a; is the i'* amplitude
for the set of all amplitudes, f; is the frequency at that amplitude, and ¢; is the phase
of the wave (horizontal transformation). Instead of summing up everything to achieve
the complex wave, the most important part would be the wave with the highest
frequency. Utilizing the ArduinoFFT library on the microcontroller, the complex wave
was dissolved into a set of frequencies

(TRANSFORMATION OF TIME DOMAIN TO '™ ™" Freauency Domaln
FREQUENCY DOMAIN as shown in figure (4.01)) . > rext] ()
with their corresponding amplitudes. The frequency =T o S
with the highest amplitude was chosen as this e
frequency was the result of the amplification and the collctively efered fo 25 X[ |

hardware stage. This is shown in figure (4.02).

Figure (4.01), the forward and inverse
transformation of a sample into its

Figure (4.03), the schematic of the entire
, , . For
Figure (4.02), the simplified wave of " prototype.
the maximum frequency and ©
amplitude of a complex wave of
frequency 1000Hz on the serial
plotter of the Arduino IDE.

hardware stage, as shown in the methods section,
the prototype had two main stages of building,
that's because Arduinos cannot be recycled:
however, it's easy to find their microcontroller for reuse. Therefore, by following the



datasheet, a miniature Arduino development board was constructed. Capacitors
(PH.2.05) were used as a way to provide an extremely stable 16MHz speed or oscillation
(using the crystal oscillator) to increase the processing speed of the microcontroller
without damaging it. They were also used in the amplification stage for signal attenuation
and filtering by making high-pass filters whose cutoff frequencies depended on the
capacitors and resistors, where f.,.or = 1/2nRC (MA.2.02). The resistors were wired in
parallel (PH.2.04) to the capacitor. The chosen frequency to be attenuated was =
16Hz. This had to be equal across all high-pass filters. This related to the accuracy
design requirement as this boosted the accuracy and cancelled any low-frequency
unwanted signal. The schematic for the entire prototype is shown in figure (4.03).

Further analysis showed that there ———
was a consistent error as shown in
figure (4.04), this was due to the
limitations presented by the Nyquist
frequency, which states that the
maximum readable frequency is
half of the sampling frequency

Relative Error (%)

(4000Hz) after  2000Hz, the ||\ /\"—"/‘\./.\‘.’—f’/v\v/"/_\./v\v/v’/\ =
accuracy decreases substantially. RS R EFE I SRR e
This sampling frequency is Figure (4.04), graph representing errors versus
appropriate  because the calibrated frequencies incremented at 50Hz per
number of samples is 128. measurement.

Regarding the entire

prototype, its power consumption mostly relied on the ATMega328P because the AUX
input had negligible current and voltage output. The ATMega328P pulled in a
consistent 5V and a consistent maximum current of 200mA (PH.2.03), according to
the law of power: P = IV, Therefore, the power consumption of the ATMega328 is exactly
1 watt maximum.

J



Recommendations

The Recommendations section explains how the project could be improved in the future and how
the selected solution could become more practical for real-life use. Recommendations should not
simply repeat things the team should have done during the project; instead, they should focus on
future improvements that were not realistically achievable because of limitations such as cost,
available equipment, time, safety, scale, or technical complexity.
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Each recommendation should answer three questions:
1. What should be improved?

Clearly state the specific improvement being proposed.
2. Why would it improve the project?

Explain what problem, limitation, or weakness it would solve and how it would make the prototype
or real-life application better.

3. Why wasn't it done in this project?
Give a realistic reason why the team could not implement it, such as:
e High cost
e Lack of specialized equipment
e Limited time
o Limited access to materials
o Safety concerns
o Prototype scale
e Technical complexity

e Lack of sufficient testing conditions




A strong recommendation therefore follows this general pattern:

Future improvement — Benefit — Reason it was not implemented
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As a tip, it is nice to start this section with a short introductory sentence explaining that the
prototype demonstrated the feasibility of the selected solution but that further improvements could
be implemented to either the prototype itself or its large-scale implementation, then, present 3—5
specific recommendations, preferably as bullet points.

Each recommendation should be concise but contain enough explanation to show why the
improvement matters and why it was beyond the scope of the current project.

naa Tip
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Examples of types of recommendations to consider

Prototype improvement:
Suggest a better component, stronger material, improved sensor, more accurate actuator, improved
circuit, or more advanced control system.

Automation/control/viability:
Suggest improvements that would make the system more autonomous, responsive, or capable of
adapting to different conditions.

Scaling:
Explain how the prototype could be adapted from a small demonstration into a larger mainstream

application, and what infrastructure or technology would be needed, or a better location to
implement it.

Economic/environmental improvement:
Recommend ways to reduce operating costs, material consumption, water usage, waste, or
environmental impact.

Here is an example of a full recommendations section:

Recommendations

The experience gained throughout the construction of the prototype has
necessitated the inclusion of specific recommendations for future
improvement and sustainability. There have been many pitfalls during
the earliest stages during the prototype building, and the following
recommendations illustrate the correct steps and protocols needed in
avoiding them. The recommendations are:




e Oscilloscopes are expensive and hard to come by in Egypt, but they
are need to calculate the frequency and the power factor of the AC
output, in order to determine the real power consumed from the
current under the given load. This will help with correcting the
power factor through choosing the correct capacitance of the
capacitors after the full-bridge rectification using the diodes.

e Using microcontrollers and microchips such as Arduino-based
chips, to take measurements and send real-time feedback of the
water jet’s flow rate and velocity, the turbine’s RPM and the
temperatures at the hot and cold junctions of the Peltier modules.

e The Toshka Lakes region presents an ideal environment for future
deployment of a large-scale version of the prototype, as it offers
both strong solar irradiance and a continuous freshwater source,
making it perfect for activating both the hydroelectric and
thermoelectric components of the system, additionally, choosing
this location is strategic due to its remoteness and agricultural
importance, making it a strong candidate for decentralized energy
support in non-centralized areas of Egypt such as upper Egypt.

e For future large-scale applications, the system should be tested
using more durable turbine materials and larger-scale water flow
setups to reflect real environmental conditions. Since high
efficiency  thermoelectric modules and industrial-grade
components were too costly for our prototype, they should be
introduced gradually in the real-life application to boost
performance. The design should also be adapted into a modular
setup that allows for easier assembly and maintenance in rural



areas. This would make the system more practical for real
deployment without needing massive infrastructure.



Learning Transfer

The following is a rule of thumb that seems to be a recurring question during evaluations:
rlagiil) 8 i€ ) S J)ged Adle sacld (5
» Learning Transfer is what you transfer over and use in your project
e g e A derdiud g alasy, M 4 |earning Transfer JI I
» Learning Outcomes is the material you study and should learn by the end of this
class.
Bkl Al B Lealnd) () ¢S5y g jaall g La SIXE ) 3aLall * Learning Outcomes A I
This is going to be a short section since everything is almost all the same, so it's going to
be like a template.
template s dale (ued ¢ mms 4ns Ly 8 aud dala JS (Y ¢l e ja A 0
Do note: THIS IS NOT AN ACTUAL TEMPLATE THAT YOU NEED TO FOLLOW, DO

YOUR OWN THING, BUT THIS IS AN EXAMPLE OF WHAT WE'VE COLLECTIVELY
DONE AND TURNED OUT TO BE GOOD.

(ousS g LS oliles A1) o (Ui 0d (g ccliy sy Jas ) cdgle il 2 3Y template oie 02 1dllly a4
Another note: this is NOT written in a table, the guide that says this meant it for the
poster and the reference table at the end of the analysis is EXTREMELY space-

eating; therefore, we discarded that ever since, now, it’s way better to write in your
own format.

reference table J 5 <poster I vasy (IS 58 Jgan M guided) ¢table & —iSin (ha 02 14l 4k gala
65 ) LS Gl B0 5 el e alans Uity 53X ltie daa dalus JSL analysis I AT b
eliy Jily

You should order your learning transfers depending on subject, so:

(i alall s lie s [earning transfers A 5 a 3Y

Math LOs used, Chemistry LOs used, etc., while grouping them up together.




Then you're going to write the name of the Learning Outcome with the code in between
parentheses, like:

1) «Onm s Om 4=l code s Learning Outcome ) an! iiSia (paan
I Earth Science — Water Systems (ES.2.01)

You then list down the concepts you've used while transferring the learning outcome to
reality and practicality. An extremely viable example of this would be:

e Jlas Jha s audaill 5 28 5l learning outcome I Jaiiy il g gieadind A concepts ) iSS cpany
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Physics — Direct Current Circuits (PH.2.03)
Used concepts:

Electric Current

Potential Difference & Voltage
Electnical Resistors

Ohm's Law

Relation: Electric current 1s the flow of charges through your circuat. And the AUX
wmput cames AC signals ranging from (-1V to 1V), so a DC offset of 2.5V to be m
the safe range of the ADC (from 0V to 5V).

Voltage (potential difference) is the driving force that pushes current through your
circust. As current flows from high potential to low potential. The sound signals’
voltage is the main variable measured, as the waveform’s graph is between voltage
and nme. The microcontroller’s ADC converts these voltages to digital data for
frequency & amplitude calculation. The amplifier circuit lets more voltage flow to
strengthen weak sound signals, so that the microcontroller can read them

Resistors control current and set voltage levels. Electrical resistors were used in
voltage dividers to scale the AUX input, so it doesn't exceed the microcontroller’s
ADC lnmuts. And mn filtranon circuats (RC High-Pass filter) to remove noise m the
sound signals

Ohm’s Law (V = IR) 15 the basis for constructing the entire circuit. Ohm's Law
helped 1 determining resistor values for input voltage protection, so the AUX
signal doesn’t exceed ADC limits.,

This is a good example because it takes the concept, explains it, rips directly from the
project, links the concept to the project and how it was used or how it relates to what
you're doing.

g s all concept I das s 8 ilia g 5 piall (e 23y s s cconcept ) 23ly 4 Gu S Jla o
Aley AL aBe ol aasiud) ) )



Pro tips while writing these: | LS il g 4d) sl pibal

» Use the skills and capstone connection sections of the curriculum file to know what
to write about or what exactly needs to be linked.

iSS Cayat lde curriculum file AV 2 capstone connection 1 skills 4! (& s a2l
Lol s s ) gl ) 5l 4 e
» You may add to the “Used Concepts” classification, “Learnt Skills” or “Skills Used”.

"Skills sl "Learnt Skills" ¢ <linai "Used Concepts" gl Caiaill Cayai (Sas

.Used"
More examples: | 4l dtia
Z.Cur ".'.5 LSRR UINIico
Math
MA.2.06

From understanding this leaming outcome and how the limits and the
continuity are defined to predict sudden changes in the prototype.
Limits are defined as the value of a function that approaches as the input
gets closer and closer to that point, and here is the form.
lim .., f(x) = L. The limits are used to predict any unfamiliar
disturbance that occurs i the prototype for illustration in the control
system. If the parameter data increase suddenly, even if it does not
exceed the limit, fluctuations occur. Limits are defined for every set
point to make sure the prototype is working effectively. If the data
passes the limit, then the actuators begin to work to make sure it returns
to the set points defined. Continuity is used to determine if the prototype
1s working effectively through long periods of time because it needs to
be working for at least 6 hours straight, and it is represented in graphs
connected smoothly. Many types of discontinuities can happen during
the operation.

1- Infinity discontinuity: Indicates an error in the connection, for
example, jumper wires are not connected well, so the sensor
produces large numbers that tend to infinity

2- Removable discontinuity: Indicates that there is a point at which
the sensor did not produce data, so it leaves a hole in the graph

3- Step Discontinuity: Indicates that there is an error or disturbance
that made the sensor data jump suddenly



List of Sources in APA Format

Throughout writing the portfolio you should Save all sites as you write because you will
need to write them in this section in APA7 format. Send them in a group or save them in
a word file as you want.

APA7 dazay 03 ¢ 3al) b i€ pliata &Y (Jsh Il a8l sall JS Laia) portfolio I iy il L Jsha
ni L 55 oword file 8 Ledaial 5l s a Sle Lgtiay)

How to cite in apa7 format: Jad ) jicitation = APA7

General format (Author, date, title, Source)

Author: List last name first, followed by initials (e.g., Smith, J. A.).
oY) e SV G all sary s J V) (last name) Al aul K1 : Author

Date: Enclose the publication year in parentheses, (e.g., (2024). ).

O o Al A das tDate

Title: Use sentence case for book and article titles (capitalize only the first word and
proper nouns). ltalicize books and journal titles.
ccapital s o el Jl (i a Jl i) SV 5 il o glie 8 sentence case ) paiiul :Title
italic Laaldl il s Sl g glie i (aladl elanl
Source: URL/DOI
.DOI J 5 URL JI :Source

General tips: | 4l pibai
1) Avoid .com links and Wikipedia because their information is unauthorized

i 50 Ut pgilaslas 03 Wikipedia 15 com. 31 i€l e axil |

2) For research papers and books you may find them in .com cites so don’t put the
.com URL. You will find in the research paper something called the DOI link use it.



(if you didn’t find it you can ask Al to JUST the DOI link NOT to do the whole
citation for you)

N com. J) <l (ilaatled ccom. @l s e LB (Sas S5 research papers -
Al A (e e (Kas i geiilla dlg) awadinl DO link sl 4als research paper ) 4
(&S citation ) ellexy 43 (e <2 DO link ) el

3) Don’t make Al do the citation for you or use a citation generator. Because they do
a lot of mistakes and often it doesn’t complete the citation. And also they are
recognizable by evaluators and you will lose marks.

Llle 5,8 | shalay 263V ccitation generator gieasiuile s ccitation 2 dllexy Al I Sl
(Dl )3 a5 a6 2 (paiiall (S 5 ccitation I i sleSale

4) Sometimes in research papers and books it is better to add the volume number
and the page range where the information you got exists.

S Gladall Glais volume ) ) caai GuaY) S 5 research papers ) @ Slels
Lesanl ) glacdl g

Examples: | 4L

D. N. Rockmore, "The FFT: An Algorithm the Whole Family Can Use" in Computing in
Science & Engineering, vol. 2, no. 01, pp. 60-64, January/February 2000,
https://doi.org/10.1109/5992.814659

Kamisuna, T. (2025, August 7). Japan’s “urban mining” and economic security.
https://www.iiss.org/online-analysis/online-analysis/2025/08/japans-urban-mining-and-
economic-security/



https://doi.org/10.1109/5992.814659
https://www.iiss.org/online-analysis/online-analysis/2025/08/japans-urban-mining-and-economic-security/
https://www.iiss.org/online-analysis/online-analysis/2025/08/japans-urban-mining-and-economic-security/
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  𝟎 . 𝟎 𝟒   𝒌 𝑾 𝑺


  5 V


  10 𝜇 F


  10 𝜇 F


  𝟐 𝟐 𝟎 𝛀


  𝟓 𝑽


  10 k Ω


  𝛀


  0 . 1 𝜇 F


    𝑽 −


    𝑽 +


  𝟏 𝝁 𝑭


  10 k Ω


  100 k Ω


  G = 1 +     R  f    R  i


    R  f


  100 k Ω


    R  i


  10 k Ω


  2 . 2 𝜇 F


  10 k Ω


    V −


    V +


  22 𝜇 F


  300 Ω


  21 H z


  𝟐 . 𝟓 𝑽


  a n a l o g R e a d ( )


  c o m p l e x T o M a g n i t u d e ( … )


  m a j o r P e a k ( )


  findDominantFrequency


  𝚷 = 𝒊 𝑴 𝑹 𝑻


  𝒊


  𝑴


  𝑹


  𝚷 = 𝒊 𝑴 𝑹 𝑻


  𝒊


  𝑴


  𝑹


  𝝎  ( 𝒕 ) =   𝒂  𝒐 𝒇 𝒇 𝒔 𝒆 𝒕 +  ∑    𝒂  𝒊 ⋅ 𝒄 𝒐 𝒔  ( 𝟐 𝝅   𝒇  𝒊 𝒕 +   𝝓  𝒊 ) +  ∑    𝒂  𝒋 ⋅ 𝒔 𝒊 𝒏  ( 𝟐 𝝅   𝒇  𝒋 𝒕 +   𝝓  𝒋 )


    𝒂  𝒐 𝒇 𝒇 𝒔 𝒆 𝒕


    𝒂  𝒊


    𝒊  𝒕 𝒉


    𝒇  𝒊


    𝝓  𝒊


    f  c u t o f f = 1 / 2 𝜋 R C


  ≈ 16 H z


  2000 H z


  𝑷 = 𝑰 𝑽 ,  

