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Abstract:

The Goal of this project is to implement a cross-platform learning platform that helps students
better understand circuit and electronics topics such as DC and AC analysis, circuit design, and
simulation. We noticed that many students in electrical and computer engineering departments
struggle to bridge the gap between theoretical concepts and practical application in circuits
courses. This platform addresses that gap by combining interactive learning resources with
collaborative tools and a web-based circuit simulator, making electronics education more
accessible and engaging.

The significance of this project lies in its focused support for electronics learners. Unlike general
e-learning platforms, this system is designed specifically to help users visualize, simulate, and
discuss electronics-related problems in real time. It empowers students to learn independently or
collaboratively, practice simulations directly in their browser, and reinforce complex topics
through live sessions and community discussion.

Key aspects covered in this project include course content centered on electronics and circuit
analysis. Community groups and messaging features for peer support. Real-time video meetings
for instructor-led sessions. A fully integrated NGSpice-based simulator for hands-on circuit
testing with the explanation of analyzing different circuits. And accessibility via both web and
mobile platforms.

The main objectives of the project are to provide a user-friendly, interactive platform tailored to
circuits and electronics education. Integrate practical simulation capabilities to complement
theoretical learning along with a detailed explanation on how to solve different circuits. Foster a
collaborative environment through course-based communities, peer-to-peer messaging, and live
meetings. Also deliver consistent learning experience across devices.

The platform was developed using Flutter for both web and mobile frontends, enabling cross-
platform deployment with a shared codebase. The backend is built with Node.js, and Firebase
powers real-time messaging and notifications. Other APIs were used to ensure efficient media
and files handling like “Cloudinary” and “SupaBase”.

While various learning platforms and online course tools exist, few focus on electronics and
circuit simulation in an integrated way. Also, software programs like Multisim or Proteus require
installation and lack social or course-based features. By combining simulation, community, and
learning management in one platform, this project fills a unique niche and offers a more
complete, hands-on learning experience for electronics and circuits students.



Chapter 1: Introduction

1.1 General background

Many students struggle with studying circuit and electronics courses and understanding the
basics of DC and AC analysis especially when relying solely on traditional teaching methods
which lack the interactive part required for the nature of these concepts and topics. They also
fall short in providing suitable clarity and interaction for deep understanding for such
complex concepts. This can lead to multiple gaps in fundamental knowledge and lower
academic performance in electrical and electronic engineering courses and circuits related
subjects.

Thus, we address this issue by using an easy to use, interactive and efficient platform that
different users can use to learn and apply their knowledge using the developed simulator.

1.2 Objectives

This project aims to help students who struggle in circuits and electronic concepts and topics
to understand them in an interactive way by using a web-based simulator that enables them
to design their own circuits and simulate them on demand, strengthen their knowledge in
fundamental topics by enabling users to create and publish courses between them which
each one of them is connected to a community to make it easy to connect and reach each
other.

1.3 Organization of the report

The report's organization aims to give readers a thorough grasp of CircutAcademy web-
platform and Mobile app. Chapter 2 explores the theoretical Background and previous
studies after this introduction, laying the foundation for this project. The platform's
development process is described in Chapter 3. In Chapter 4, discussion and results are
presented, providing an understanding of the project's results. In Chapter 5,
recommendations and conclusions are combined to give a comprehensive summary of the
project's journey.



Chapter 2: Theoretical background and literature review

2.1 Theoretical background

2.1.1 Circuits Online learning platform

Online learning platforms are designed to deliver suitable and comprehensive flexible
access for students to a variety of instructional content, exercises and most importantly,
interactive tools tailored to student needs. For circuits and electronics topics, these
platforms promote active and self-directed learning which lets learners interact with the
content at their own pace and engage with concepts like circuit analysis and behavior.
Some examples of these interactive tools might be live meeting sessions, examples or
quizzes, simulations, and so on which makes a specific platform stand out more than
others.

2.1.2 Simulation in online education

Interactive learning is the key to successful online learning, especially in electronic and
circuits related topics. Circuit simulators offer suitable virtual hand-on experience that
assists learners deepen their knowledge in electric studies by checking results instantly
which improves learning and engagement. Therefore, we implemented a web-based
simulator in our project.

2.1.3 Mobile learning

With the increasing reliance on smartphones and tablets, mobile learning has become a
vital tool for online education, especially for circuits and electronic related topics. It
allows learners to access courses content and simulations anywhere anytime supporting
flexible sustainable learning operation. Thus, we included a mobile application in our
project.

2.1.4 Importance of a good UI and UX Design

For both a web platform and a mobile application, an intuitive user interface and user
experience are crucial for effective learning exceptionally for technical subjects like
circuits and electronics. A well-designed interface gives a powerful experience to the user
and allows easy navigation between multiple screens, which is very important when
dealing with circuit diagrams. So, we made sure the Ul & UX are efficient and user-
friendly for our project.



2.2 Literature review

This section delves into key themes pertinent to the development and implementation of
CircuitAcademy counting online active learning and education, mobile learning, simulation
tools importance in interactive learning and web-based platforms. These fields supply
students and learners in general with perception of effective practices and technologies that
strengthen interactive and easy to access circuits related and electronics education.

2.2.1 Active learning in online circuits related and electronics education

Research emphasizes the strong potential of active and empirical learning in developing
awareness of electronics and circuit related subjects. Active learning methods - such as
virtual labs, hands on exercises, and learner-generated content - have been shown to
significantly improve motivation, engagement and knowledge retention in online electronic
courses.[1]

2.2.2 Mobile learning for electronics

Studies on mobile learning for circuits and electronics education demonstrate that
smartphone-based platforms - like mobiles and tablets — can enhance commitment and
knowledge retention. Mobile learning that delivers interactive learning via smartphones has
shown to improve flexibility, engagement, and accessibility in electronics education. A
recent case study demonstrated that mobile applications supporting electronics and sensor
learning effectively enhanced students’ motivation, knowledge retention, and learning
outcomes, while equally highlighting challenges such as device compatibility and interface
usability.[2]

2.2.3 Simulation-based learning & self-efficacy

Learning through simulation has been shown to improve students' performance and
confidence in circuit analysis. During the COVID-19 pandemic, a study looked at the
effects of computer-based circuit simulation on students' performance and confidence in
courses on electric circuit analysis. The findings demonstrated notable increases in self-
efficacy and perceived learning gains, underscoring the usefulness of simulation in
situations where access to hands-on labs is limited.[3]

2.2.4 Design principles in learning platforms

A well-designed learning platform portrays a crucial aspect in supporting electronics and
circuits related education through diminishing aberration and enhancing learner focus.
Clean layout and intuitive navigation are keys in helping learners stay focused and engage
in circuit simulations. Following these principles ensures better usability and reduced
cognitive load which permits good interaction and understanding. Using accepted usability
guidelines results in more effective and fulfilling educational experiences.[4]
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While simulations and active learning have extraordinary benefits, many existing platforms
and solutions stay isolated focusing either on mobile delivery or simulation alone.
Therefore, comes a need for a unified podium that merges well-designed and structured
electronic content, interactive simulation, mobile application and web access in one
environment that we ensured CircuitAcademy delivers.



Chapter 3: Methodology

This chapter dives into the details of the approach we followed to design, develop and implement
our solution to the previously explained problem by discussing the work we have done to hand
the final value to multiple stakeholders that will benefit from this project who are: circuits and
electric courses students and learners, electrical topics lecturers and teachers, and anyone who
wants to learn about circuits. Moreover, an overall overview of utilities, tools and detailed
description about interfaces used to develop both the web platform and the mobile application
are provided in this research.

3.1 Specifications & Standards

We selected a set of robust, effective, and professional tools and utilities during the
development of CircuitAcademy, we also utilized different frameworks along with other
APIs and combined them to ensure full scalability and efficiency, the following highlights
what we used in implementing CircuitAcademy:

1. Programming languages and frameworks: For the front-end development, we
used Flutter for both web and mobile enabling easy cross-platform development
from same code base and ensuring unified user experience. Also providing us with
many helpful and scalable packages for both web platform and mobile application.

2. Back-end infrastructure: Node.js along with Firebase for real-time messaging and
notifications, as well as python to access sympy library for generating explanations
for the simulation.

3. Database choice: Mongodb which enabled easy data handling with NOSQL JSON
documents.

4. Used APIs and technologies: We used different APIs and technologies to help us
provide the best experience and functionality for dealing with assets, file handling,
live meetings and the simulator during building CircuitAcademy which are:

e Cloudinary: Cloud storage platform, used for managing, uploading and delivering
images, lectures and different assets used in the project.

e SupaBase: Free Firebase alternative that provides multiple free solutions for
database and storage, used for handling courses files and examples management.

e VideoSDK: Real-time voice and video infrastructure, used for live meeting
sessions.

o NgSpice: Official open-source SPICE circuit simulator, used in developing the
simulator for the platform.

e GnuPlot: Portable command-line driven graphing utility, used for oscilloscope
implementation and plotting in the simulator.



3.2 User interface overview

3.3.1 Web platform

e Home page: The introductory page of CircuitAcademy website which presents the
platform for users and core features used in it, the following figures show the content of

the home page.

CircuitAcademy

Welcome to CircuitAcademy

Design, simulate, learn and master electronics with our web-based simulator platform

Start simulating

Figure 1: Home page

Contact us

CircuitAcademy Community

DESIGN

unlimited number of circuits and see how  .;
they behave using our NGSpice ib
simulator.

Try our NGSpice-based simulator - No download needed!

1

Figure 2: Slider - Design
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CircuitAcademy

LEARN

about elements in circuits and study

different circuitry principles to help you ?
achieve better results and standout. &;\M,

Try our NGSpice-based simulator - No download needed!

i.

Figure 4: Slider - Learn

CircuitAcademy

CONNECT
and communicate with different

people from different areas of the
world and share your thoughts.

Try our NGSpice-based simulator - No download needed!

A=

Figure 3: Slider - Connect



CircuitACQdemy Community Courses Simulator About us Contact us

Sample design of a circuit

Try sample circuit

Figure 5: Simulator section

CircuitAcademy Community Courses Simulator About us Contact us

Check some of the provided courses

2 Nodal Analysis -
Beginner - 40 mins Nefinition. Featums and Fxamnlas

Circuits and Electronics 1: Basic Circuit Analysis Linear Circuits 1: DC Analysis
|
sose Sk
‘ Linear Circuits 1: DC Analysis
Beginner - 35 hrs Intermediate - 85 hrs

Nodal Linear Circuits 1 - 14 - Nodal Analysis, Part 1 Linear Circults 1 - 15 - Nodal Analysis, Part 2

Check courses now

Join our community platform now

Figure 6: Sample courses section



CircuitAcademy Community

Join our community platform now

se ACTIVE

Contribute in our community that connects learners together

Figure 7: Community section — connect

CircuitAcademy Home Community Courses Simulator u Contact us

Reach others EASILY

Chat with hundreds of students and learners as you like onywhere

Figure 8: Community section - chat
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Sitcior . Contort s C €D

CircuitAcademy Community

SHARE

your simulation files with others

JOIN NOW

CircuitAcademy

Developed and maintained by:
Ghassan Qasrawi
Adel Qadi

Figure 9: Community section - share

e Community page (Not signed in)
Courses Simulator About us Contact us C €

CircuitAcademy Home Community

Connect, share and learn with others

or

Login here

Figure 10: Community page — Not signed in
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e Courses page (Not signed in): enables users to search through different courses based on
title or tag and show the details of each course.

CircuitAcademy Home Community Courses Simulator Contoct us C € CD

Q, Ssearch by title or tag

Co

45{1.5K) | 74K Students

Linear Circuits 1: DC Analysis

e Nodal Ana

k sl
Definition, Features and

Examples

Linear Circuits 1- 15 - Nodal Analysis, Port 2 Circuits and Electronics 1: Basic Circuit Analysis Linear Circuits 1: DC Analysis
#inodal #basic #de

Diode principles Capacitors explained
#basic #Capacitor

Figure 11: Courses page - Not signed in

e When a course is selected, the details of it appear under the courses section in the
following order in the figures:
CircuitAchemy Home Community Courses Simulator About us Contact us C w [ sonw ]

Nodal Linear Circuits 1- 14 - Nodal Analysis, Part 1

By: Jamal Osama

Total course rating: (4.5 average reviewed by S users)

Number of participants: 8

50 N1 100 N3

200

)

=l A rely
Wdall AlNa Y
¢

The N

Definition, Features and Examples

Figure 12: Course details — Not signed in
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CircuitAcademy

Home Community Courses

50 N1

100

Simloter e s C
N3

200

‘'a e
(1o

Ana
Definition, Features and Examples

b -
ysis -

Description of the course:

Day 14 of Linear Circuits. We introduce nodal analysis as a systematic process that can be used to solve any linear circuit. While nodal analysis can seem daunting at first,
it turns out, that all we are really doing is applying Kirchhoff's Current Law (KCL) and Ohm's Law over-and-over again. Not too scary! :)

The material covers all of the lecture material from an fourteenth lecture in a traditional, sophomore-level linear circuits closs.

Course level: Beginner
Course category: #nodal

Figure 13: Course details section

e Courses can have multiple reviews to give credibility for each one, improve users
experience and enable different course creators check what learners need.

CircuitAcademy

Course level: Beginner
Course category; #nodal

Course reviews:

Home Community Courses

a Ahmad Khaled L8 & & 8

Very good course, it helped me understand nodal
analysis very well and it also provided the
sufficient material for it, keep it up!

Komel Fohed

Very good course s

*¥ | TogaHindi LB 8 8 & ¢

This course is amazing and perfect thank you

Simulator About us Contact us & W m

*¥  Shams Doha L8 & & ¢

As someone who struggled in nodal analysis, this
course did a lot for me and provided me with the
essential techniques to solve any circuit problem
related to nodal analysis, thank you very much
and i encorage others to enroll.

s Y Mohommad Omar ®

Well done Jamal 4

Figure 14: Course reviews

e If'the user is not signed in, the site gives a warning for the user to log in if he / she tries to
enroll in a course.

You must login first

Enroll now

Figure 15: Enrolling warning — Not signed in



e Simulator navigation page

CircuitAcademy Home Community Courses Simulator About us Contact us

Try our free open source web-based simulator

Open simulator

Figure 16: Simulator navigation page

Clicking “Open simulator” Opens the simulator page in a new tab of the browser

C

CircuitAcademy wie & O Sowces Resistor Diode Ground Copocitor Inductor Transistor measurement tools

Figure 17: Simulator page
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e About us page: brief identification of CircuitAcademy.
CircuitAcademy Home Community Courses Simulator About us Contact us C € CD
_

bout Us

Circuit academy is a web based solution for students struggling in different electrical courses, we provide a simple yet effective platform
that helps students understand circuits principals much easier through the provided courses, the community and a web-based simulator

Figure 18:About page

e Contact us page: enables different users to send feedback messages to the admins of the
platform.

CircuitAcademy Home Community Courses Simulator About us Contact us (@ [ sonw ]

Contact us

Provide a feedback for us so we can improve more, or complain about something

| Email address I

B Enter message here

Figure 19: Contact page
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¢ One of the important features of CircuitAcademy is providing both light and dark theme
as a way of ensuring good experience for users.

Welcome to CircuitAcademy

Design, simulate, learn and master electronics with our web-based simulator platform

Explore courses Start simulating

Figure 20: Dark theme sample

e Sign in page

Welcome Back

I Email address ‘

l 8 Password

Figure 21: Sign in page - Light

16



[5)
-

Welcome Back

Email address ‘
Password ‘

Sign In

Figure 22: Sign in page - Dark

e Password recovery page

Password recovery

Recover your account

i Email address ]

Figure 23: Password recovery page

17



e Sample received email for password recovery (Personal email account is used to send
emails due to phone number adding error to google account)

« B O W B @

CircuitAcademy account password recovery Inbox x

® ggasrawig@gmail.com
.. to me -

Hi therel

Your verification code is: 394432
If you didn't ask for the code just ignore or delete this email.
Thanks for using our app!

o~ -

'i < Reply

",
e

\\' lr-"-- -H\\' lrf-- -H\\'
|| || @ |
)| Forward || )
AN VAN,

Figure 24: Password recovery sample email
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e Courses page: Any user can create and publish courses on the platform to ensure
maximum benefit and easy access.

CircuitAcademy Home Community Courses Simulator About us Contact us (@ @

Q Search by title or tag

b - )

A511.5K) | 74K Students
Linear Circuits 1: DC Analysis

he Nodal Analys

Definition, Features and Examples

Nodol Linear Circuits 1- 14 - Nodol Analysis, Part 1 Linear Circuits 1- 15 - Nodal Anolysis, Part 2 Circuits ond Electronics 1; Bosic Circuit Analysis Linear Circuits 1: DC Anolysis

#nodal © Currently enrolled #nodal @ Currently enrolled #basic @ Currently enrolled #de @ Currently enrolled

Diodes Explained

U

Add Course

Diode principles Capacitors explained

#basic © currently enrolled #Capacitor @ Currently enrolled

Figure 25: Courses page - Signed in

e Course details section: When the user selects a course, the course details section shows
the contents of the course in addition to the course’s overview and reviews.

CircuitACQdemy Community Courses Simulator About us Contact us & @

Lourse category: #nogal

Meeting section

Course content

Uploaded lectures

Times Viewad: 10 Times Viewed: 9 Times Viewsd: 5 Times Viewed: 1 Times Viewed: 1 Times

® ® ® ® ® ®

Nodal Anal for Circuit
Nodal Analysis Part 1.mp4 Nodal Analysis Part 2.mp4 s i

Er O Nodal Analysis Part 3.mp4 Nodal Analysis Part 4. mp4 Nodal Analysis Part 6
Provided files
|& Nodal analysis examples pdf Times viewed:9 [/}
|& Nodal Analysis Slides.pdf Times viewed: 6 [/
& NodalAnalysisShortExplanation.pdf Times viewed:2 [}
@ Deep understanding of nodal analysis.pdf Times viewed:1 [}

Figure 26: Course content section - course details
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e Examples section: Shows a set of examples that learners can solve and check their
solution in the simulator page.
CircuitAchemy Home Community Courses Simulator About us Contact us (@ @
|& Deep understanding of nodal analysis.pdf Times viewed:1 [
Examples
Example 1 Example 2
Using nodal analysis find V1 and V2 Using nodal analysis determine the current in the 20 Q resistor.
i 10Q 10Q
v S AAA AMAA
A~ A WAAAS VVVY
1 )
S e i_ e
w@) i 2 O 10V == 0Q =2V
L
Example 3

Example 4

Find V1 and V2 in the circuit given below using nodal analysis.

For the circuit shown, R1 = 470 kG, R2 = 820 kQ, R3 = 470 kS, R4 = 120kQ, RS =120 kQ, VS1=23V,VS2=-4 V
Use the node-voltage method to find the voltages ot node o and b with respect to the indicoted ground.

Figure 27: Examples section - 1

CircuitAcademy Home Community Courses
+ 0
VIS 20
20V
+ Refer node
Example §

Simulotor About us Contact us

e

VS 1

Vs

Check in simulator

Example 6

For the circuit shown, Rl =180 ©, R2 = 270 Q,R3 = 220 Q, R4 = 680 Q, RS =270 Q, VS =14 V.
Use the node-voltage methed to find the voltages at node a and b with respect ta the indicated ground.

Check in simulator

For the circuit shown, R1 =150 0, R2 = 270 ©, R3 = 560 ©, R4 =120 Q, VS = 22 V, IS = 85 mA
Use the node-voltage method to find the voltages at node a and b with respect to the indicated ground.

R,
R, a R,
AN\ A/ \NN——2 b
RS

V(f)

Check in simulator

Figure 28: Examples section - 2
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Clicking on the “Check in simulator” button navigates the user to the simulator showing the
example with ability to simulate it.

CircuitAcademy = File oo (] Sources Resistor Dicde Ground Capackor Inductor Transistor  messurement tools

55

1] R2
2700 2200
WY
2700
Wy
R4 RS
1800 6800

Wy VW

Figure 29: Simulator loaded with example

Clicking on a lecture video opens a dialog for viewing it

Nodal Linear Circuits 1- 14 - Nodal Analysis, Part 1- Nodal Analysis Part 1.mp4

> «) 01:12/1087

Figure 30: Lecture viewing
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e Clicking on the “Start a new meeting” button opens a lecturer driven meeting in a new
tab of the browser where other users can join and participate in a real-time educational
operation.

Meeting ID: wacp-98kqg-ag73

Jamal Osama

Figure 31: Meeting screen - no participants

e For a user to join a meeting, the meeting ID for the specific meeting should be inserted in
the following text field which appears to users enrolled in the course and not the course

creator.

cil’cuitAcodemy Home Community Courses Simulator About us Contact us &
I'he material covers all of the lecture material from an fourteenth lecture in a traditional, sophomore-level linear circuits class.

Meeting section

Enter mee ) id wacp-98kqg-ag7. J

Course content

Uploaded lectures
T
@ @ Nodal Analysis for Circuits @ @ @
Nodal Analysis Part 1.mp4 Nodal Analysis Part 2.mp4 Nodal Analysis Part 3.mp4 Nodal Analysis Part 4.mp4 Nodal Analysis Part 6
Explained.mp4

Provided files

Figure 32: Joining a meeting from other user view
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e The following image shows an example of multiple users in a meeting screen. (They can
join a meeting using the meeting ID by sharing it on the community page for the course

or sending it to specific users via messaging services. (Camera is running but covered)
Meeting ID: wacp-98kq-ag73

=

Mohammad Omar

Figure 33: Meeting with 2 participants

e When trying to use the camera or microphone, permission is requested

Meeting ID: wacp-98kg-ag73

Figure 34: Camera permission request



e Screen sharing can be achieved by “share screen” button, when clicked user can share his
screen via the following dialog which enables tab, window, or entire screen share

Choose what to share with http://localhost:51721

W wvioia

Figure 35: Sharing options

Meeting ID: wacp-98kq-ag73

LEARNING EXAMPLE

Write the node equations

Vi v,

12k

™O) _\ o

-

@v;: _4,,,/1+£+VI_V: —() USING KCL
6k 12k
V.~V

v,
@V,: 2mA+—=+ =0
° 6k 12k

BY “INSPECTION"

(L+L)H—LV1=4HLA
6k 12k 12k~

-ir;+[l+L]L::—zmA
2k ek 1)

Jamal Osama's screen (] [l

Participants: 2

Figure 36: Screen share
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When the screen is shared participants still appear under the shared screen

Meeting ID: wacp-98kq-ag73

=

-—L'[+[—+L}ll =-2mA
12 6k 12k ) °

Jamal Osama's screen

Participants: 2

Figure 37: participants with screen share

Only the meeting host has the option to end the meeting

End meeting?

Are you sure you want to end this meeting?

No  Yes,end meeting

Figure 38: End meeting

25



Users will be redirected back to the meeting section of the course.

e Edit course section where the course creator can edit his course, add or delete examples,
upload lectures and files

CircuitAcademy Community

Simulator

Edit Nodal Linear Circuits 1- 14 - Nodal Analysis, Part 1

Basic overview:

Change the ¢

s basic information here

Title: | Nodal Linear Circuits 114 - N¢ | Cotegory: | nedal

Course Level

Description

Change the courses description in the next text area

Day 14 of Linear Circuits. We Introduce nodal analysls s a systematic process that can be used to
soive any linear circuit. While nodal analysis can seem daunting t first, t tums out, that all we are
really doing Is applying Kirchhoffs Current Law (KCL) and Ohm's Law over-and-over again. Not too
scary! :)

Tha material covers all of the lecture materlal from an fourteenth lecture in a raditional, sophomore-

level linear circuits class

han rse's im:

Figure 39:Course edit section - 1

CircuitAcademy Community

Change course’s image:

50 N1 100 N3
AMAA A
WW W
< < <
=T 100V > < .
s o Swa  J200
(, 1, 1,

Change imoge

course and add exomples

Course content: upload lectures and pdf files to your

CircuitAcademy e

Course content: upload lectures and pdf files to your course and add examples

I . Times Viewsd % . Tieme . T Vo ] T et 1 . Tim
Nodal Analysis for Circuit

Upload Modal Analysis Part 1.mp4 Nodal Analysis Part 2.mpd 2 EH’:::;:Z :'"'pd'm"' = Nodal Analysis Part 3.mp4 Nodal Analysis Part

{2 Nodal analysis examples.pdf | e

1B Nodal Analysis Slides.df B

I NodalAnalysisShortExplanation pdf Times viewed:2 B [

(B Deep understanding of nodal anolysis pdf Timesviewet ! W B

Example | Example 2
Using nodal analysis find V1and V2 & Using nodal analysis determine the current in the 20 Q resis' §

Figure 41: Course edit section - 3



Home Community Courses Simulator About us Contact us

Example 1 Example 2
Using nodal analysis find Viand V2 & Using nodal analysis determine the current in the 20 Q resis’ &
by 10Q 10Q
Vi
P v Va
I h 4
> 2% «wz * T
»® £ $ ™ oy == 20Q = 20V

L

eck in simulator in simulator

Example 3 Example 4

Find V1 and V2 in the circuit given below using nodal analy & For the circuit shown, RI = 470 k@, R2 = 820 k2, R = 470 k2, R4 = 120k, RS = 120 kQ, VS1= 23V, VS2 =/ o

Use the node-voltage method to find the voltages ot node @ and b with respect to the indicoted gro

@ wlE

s0v(®) 2Q

() 20V

Figure 42: Course edit section - 4

Ci rcuitAcodemy Home Community Courses Simulator About us Contact us

A\ - » - %

20V

¥ Refer node \17
Check in simulator

Example § Example 6
For the circuit shown, R1 =180 Q, R2 = 270 ©, R3 = 220 ©, R4 = 680 Q, R5 =270 Q, VS = 14 V. 5 For the circuit shown, R1=150 Q, R2 =270 Q,R3 =560 Q, R4 =120 Q, VS =22 V, IS = 85 mA
Use the node-voltage method to find the voltages at node o and b with respect to the indicated gro Use the node-voltage method to find the voltages at node a and b with respect to the indicated gro

RJ
AAA
R, a R,
AAA AAAN—12 b
<
vs( 2 R t)

Check in simulator Check in simulator

- Submit changes

Figure 43: Course edit section -5
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circuitACQdemy Community Courses Simulator About us Contact us

Check in simulator Check in simulator

Remove exomple?

Add an exomgte: create examples that link directly with the simulator,

Add description for the example here.

Choose circuit image
L, Upload atxt file

- Submit changes

Figure 44: Course edit section - 6: Adding an example

The uploaded text file is used by the simulator to handle the example when navigating to
simulator page.

e Course creation section

CircuitAcademy Community Courses Simulator About us Contact us C @

Create a new course

Basic overview:

add the courses basic information here

——
Title: [ Category: (
J

Course Level

o 0 O o

Beginner ntermediote  High-intermediote  Advanced
Description

add the courses description in the next text area

-

Add an imoge: add an image to outstand from other courses

Figure 45: Course creation section - 1
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CircuitAcad emy Community Simulator About us Contact us C @

Add an imoge: add an image to outstand from other courses.

Choose image

Course content: upload video content to your course

Upload

. Upload o POF file

- Submit new course

Figure 46: Course creation section -2

¢ Adding an example for the newly added course:

Remove example?

Add an exomgle: create examples that link directly with the simulater.

Add description for the example here...

Choose circuit image

2 Upload o tt file
- Submit new course

Figure 47:Course creation section - 3

29



e Users can filter courses based on their titles or tags

CircuitAcademy Community Courses Simulator About us Contact us C @

)

Sk ks 45(15K) | 74K Students

Linear Circuits 1: DC Analysis +

Add Course

Linear Circuits : DC Analysis

#dc @ Currently enrolled

Figure 48: Course searching

e Community page: Each course is connected to a community group where learners and
lecturers can communicate easily and effectively, the user first chooses an enrolled course
from the list on the left which shows the user course’s subfeed and other enrollees in the

same course.

Ci rcuitAchemy Community Courses Simulator About us Contact us (@ ‘
P T Scroll through your feed here T
Choose a course subfeed from below » JamOSama99 @ o ﬂ
"y danstosgha AhmadKhaled99 Offline
Nodal Linear Circuits 1-14 -
Nodal Analysis, Part 1 Solve the following example and submit your
final answer in the comments (find V1 and V2
Linear Circuits 1-15 - Nodal sina nodalanalvsie ioBmaids Offline
Analysis, Part 2 using Y ) = E
Circuits and Electronics 1:
Basic Circuit Analysis
SunnyDoha Offline
Linear Circuits 1: DC Analysis
Diode principles
Kamel Fahed Offline
Capacitors explained
Toqal23 Offline
LY JamOSoma?‘?@ o
“# Jomal Osama
Offline
| want to thank everyone enrolled or have el e

Figure 49: Community page
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The icons next to the shown user mean the following:

@ Indicates the user is a verified lecturer and has submitted what is required for it and
got approved by the admins which gives credibility for created courses.

° Indicates the user is the creator of the course.

Example of other course group showing comments on a post

ci CuitACQdemy Community Courses Simulator About us Contact us

yS———— Scroll through your feed here U

Choose a course subfeed from below MoOmar03 @ °
Richcn padinay ®  shmadkhaleds? Sifline
Nodal Linear Circuits 1-14 - -«
Nodal Analysis, Part 1 Welcome to our new course
Linear Circuits 1-15 - Nodal .
MoO 03 Offlin
Analysis, Part 2 Q @ omer "
MoOmar03
Circuits and Electronics 1: Mohammad Omar ﬂ.
Basic Circuit Analysis
el o thanks § lina in thi SunnyDoha Offline
Linear Circuits : DC Analysis elcome everyone and thanks for enrolling in this
course.
Diode principles
i i Shams Doha Gharam33 Offlin
Capacitors explained

Hello | just enrolled

JamOSama?9 £
Jamal Osama

Please add more lectures to the course

Thank you

Figure 50: Community page - comments

e Post creation dialog: enables users to create and share posts in the specific course group
with the ability to upload images or simulation files extending sharing between users

@ B Addanew post

Figure 51: Post creation dialog
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Sample file post: after uploading a file to the post, users can download the file check it in the
simulator.

"% JamOSama99 (&) o ﬂ

“# Jamal Osama

I. "
: ik
!

Please check this file in the simulator for
better understanding.

AhmadKhaled??9
Ahmad Khaled

Figure 52: Post with file example

Clicking on a user in the right section enables real-time messaging between the two enrollers.

CircuitAchemy Community Simulator About us Contact us C @
€ Shams Doha

Scroll through your feed here

+ Create post et
r amal Osama °
Choose a course subfeed from below
JomOSomas?

Solve the following example and submit your m e
final answer in the comments (find V1 and V2
using nodal analysis)

Nodal Linear Circuits 1-14 -
Nodal Analysis, Part 1

Linear Circuits 1- 15 - Nodal
Analysis, Part 2

Circuits and Electronics 1:
Basic Circuit Analysis

Linear Circuits 1: DC Anclysis

Diode principles

Capacitors explained

R JamOSuma??@ o

“#= Jamal Osama

I want to thank everyone enrolled or have
tried this course for the good reviews, and ill
add more examples in the near future.

Enter message ‘e

Figure 53:Community page showing chat
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The web platform also listens to notifications if the user allows them via the browser pop-
up.

&) Google Chrome

New chat message from Jamal Osama

5;’9 Dont forget to check the course’'s examples

localhost:50479

Figure 54: Web notification example
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Edit profile screen: Allows users to edit their information, change their profile image, and
upload a certificate approving the user is a valid lecturer in order to request a verified

mark from the admins.

Edit your profile

Upload a certificate?
Ko m el Fo h ed Uploading a certificate of you being o lecturer provides mors .
creditility for your courses and marks them os verified after

being approved from admins

Username: | Komel Fahed name: | Kamel Fahed

<

Email: | kamel@fahed.net Password: | sesseese

- Submit changes

Figure 55: Edit profile page

In case the user has already uploaded a certificate:

Edit your profile

Toqo Hindi You already submitted a request

Username: | Togal2d name: | Toga Hindi

Phone number; | 567874128
- Submit changes

Figure 56: Edit profile - Request sent
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Or if the user request was approved by the admins:
Edit your profile

Your account is verified

- 4,., Jamal Osama #
‘\

7

Username: | JamOSama99 name:

Email: | test@example.com Password:

- Submit changes

Figure 57: Edit page - Verified user

e Profile menu: enables users to either edit their profiles or sign out of the platform when
clicked.

8 Edit profile

[ Sign Out

Figure 58: Profile menu

The next figures describe the administrator user interfaces of the platform.
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e Accessing administrator pages: An admin can access administration pages using the
profile menu option “Go to admin panel”.

® Go to admin panel

0 Edit profile

[» Sign Out

Figure 59: Admin profile menu

e The first page is the admin dashboard where it shows an overall overview of the platform,
recent posts and comments, and describing charts for courses, posts and comments.

CircuitAcademy

6 1 12 16
Courses Users Posts Comments

B§ Dashboord

&% User:
B Posts
® Courses
Recent Posts Recent Comments
PostiD Title Author Comment ID Title Author
12 Solve the following example an.. test@examplz.com 16 Thank you for your effort, gre. togo@gmailcom
1 Welcome 1o this new course eve.. teab2978@omailcom 15 No problem, keep it up. teab2976@omail.com
0 Please check this file in the test@exomple.com 14 Ok circuitacademyproject@gmail. com

Insights
Comments Chart Select chart type Comments =
Selectyeor2025 Selectmonth§ =

&

Count
"~

A
Figure 60: Admin dashboard
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e The chart shows created courses, posts or comments through a selected month in a
selected year.

CircuitAcademy

Recent Posts

Recent Comments

Post ID Title Author Comment ID Title Author

b Solve the following example an test@exomple.com 16 Thank you for your effort, gre.. toqo@gmoilcom

n Welcome to this new course eve. teab2978@gmail.com i No problem, keep it up. teab2978@gmail.com

0 Please check this file in the test@example.com 14 oK circuitacademyproject@gmail.com

Insights

Courses Chart Select chart type Courses =

t year 2025 - Select month 5 =

-
g
3!

o

CircuitAcademy

Recent Posts Recent Comments
Post ID Title Author Comment ID Title Author
12 Solve the following example ar.. test@example.com 1 Thank you for your effort, gre.. togo@gmailcom
T Welcome to this new course eve. teab2978@gmail.com 15 No problem, keep it up. teab2978@gmail.com
0 Please check this file in the ... test@example.com 1 oK circuitacademyproject@gmail.com

Insights

Posts Chart Select chart type Posts -

Select year 2025 »

3

Count

Figure 62: Posts chart
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CircuitAcademy

Recent Posts Recent Comments
Post ID Title Authior Comment ID Title Author
12 Solve the following example an.. test@exomple.com 1% Thank you for your ffort, gre.. togo@gmailcom
n Welcome to this new course eve. teab2978@gmailcom s Ne problem, keep it up. teab2978@gmail com
10 Please check this file in the test@example.com 14 OK circuitacademypreject@omail.eom

Insights
Comments Chart Select chart typs Comments =
Select year 2025 ~ Select month 5 =

6

Count
~

Figure 63: Comments chart

o Users page: Shows verification requests ordered from newest to oldest and other
information about all users using the platform.

CircuitAcademy

5 2

Online users Verified users

3

Pending requests

Pending requests
Request ID User's name User’s email User’s phone number Provided certificate file URL Approve ar decline

s/ L
gosmtymbnsmobgnazihi.supabose.col
4 Toqa Hindi toqa@omail.com 0569874123 storage/ylfobject/public/eireult
academy-files/certificates/
TogHindiCerang

https:/
gosmtymbnsmobgnazihi.supaboase.col
3 Gharam Mohammad gharam@mohinet 0568742395 storage/vl/abject/public/cireuit
academy-files/certificates/
GharomMohommaoCerpgt

ntpsid
gosmtymbnsmobgnazihj.supobase.co/
2 Shams Doha 123doha@hotmail.com N/A storage/yl/object/public/circuit-

academy-files/certificates/
ShamsDohaCer.pdf

Users information

D Nome Username Email address Password Phone number Online status Verification status Delete user

Figure 64: Users page - 1
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Dashboord

Users

¢ m

Courses 2

Users information

D Name

1 Anmad Kholed

2 Mohammaod Omaor

3 Shams Doha

e Posts page: Shows information about posts published on the platform.

&
L]

Posts information

D Course title

Nodal Lineor Circuits 1- 14 - Nodal
Analysis, Part 1

2 Diede principles

3 Nodal Lineor Circuits 1-14 - Nodal
Analysis, Port 1

Comments information

D Post ID

Gharam Mohammad

gharam@moh.net 0568742395
Shams Doha 123doha@hotmail.com /A
Username Email address Password
AhmadKholed§s circuitacademyproject@gmail.com 123456789
MaOmar03 teab2978@gmail.com 00000000
SunnyDoho 123doho@hotmail.com 987654321

Figure 65: Users page - 2

4

Image posts

Autnor's email

test@exomple.com

teab2978@gmoil.com

test@example.com

Author's email

Figure 66: Posts page - 1

CircuitAcademy

CircuitAcademy

2

Description

Hello everyane and i hope you are
daing well, in this course we will tolk
about basic nodal analysis principles.

‘Welcome to our new course

New updote: Plense oll students
enrolled in this course study the
provided lectures

Description

39

hitps//
gosmiymbnsmobonazihl.supabase.col
sterage/vl/object/public/sircuit-
academy-files/certificates/
GharomMohammadCerpdf

nttpsi/

gosmiymbnsmobgnazihi.supabase.col

storaoe/vl/abiect/put
academy-files/certificates/
ShomsDohaCer.pdf

Phone number Online status

0569874562 Ofiline

5175368321 fline

N/A Offline

File posts

Image URL

hitpsi//res.cloudinary.com/dsS6Shuxe/
mage/upload/v1745954562/
courseExample uBmméd.webp

N/A

Sharing date

Verification stotus Delete user

Not verified

Net verified

File URL

17

A

1A

Delste comment



(]

" Capacitors sxplained

Nodal Lineor Circuits 1- 14 - Nodol
Analysis, Part 1

Comments information

Post ID

teab2978@gmail.com

test@exomple.com

CircuitAcademy

Welcome 1o this new course everyone,
we will get to know the basics of
copacitors in circuits, dont miss out on
it.

Solve the following example and submit
your final answer in the comments {find
V1 and Y2 using nodal analysis)

Author's email Description

ghoram@moh.net A comment]

| recommend this course

test@example.com

teab2978@gmail.com Donel

Figure 67: Posts page - 2

hitp://rescloudinary.comidssashuxe!
image/upload 1748532200/

A
postslmagesFolder/ I
PRAR2yZERAsNQUIXImkL.pNG
http:/res.cloudinory.com/dijtstojc/
image/upload/f auto/q auto/ NIA
A

V1749112785 /postsimagesFolder/
xildaBoOwI49myuce. png

Sharing date Delete comment
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e Courses page: Shows information about all courses on the platform
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Courses

Enrollments

Courses' information

Caourse ID

Title

Nodoal Lineor Circuits 1- 14 - Nodal
Analysis, Part 1

Linzor Circuits 1- 15 - Nodal Analysis,

Part 2

Circuits and Electronics 1: Basic Circuit

Analysis

Files'information

File ID

CircuitAcademy

17

Lectures

Creatar's email Tag Level
test@example.com nodal Beginner
test@example.com nodal Seginner

teab2978@omail.cam basic Beginner

Course ID Name

Figure 68: Courses page - 1
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Reviews
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Day 14 of Linear Circuits. We intraduce

nodal analysis os o systematic process
that can be used to solve any linear

8 circuit. While nodal analysis can seem
daunting ot first, it turns out, that all

we are really doing is applying
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Day 15 of Linear Circuits. Nodal
analysis is o systematic process that
can be used to solve ony linear circuit.
While nodal analysis con seem
daunting at first, it turns out, that all

we ore really doing is applying
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Topics covered include: resistive
elements and networks; circuit analysis
methods including KL, KCL and the
node methad; independent and
dependent sources; linearity,
superposition, Thevenin & Norton
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Files' information

Dashboard
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® Courses

Videos' information

Dashboard

Videos' information

File ID

Video ID

Video ID

Course ID

Course ID

Course ID

CircuitAcademy

Name

Nodol Analysis
Slides.pdf

Deep
understanding of
nodal analysis.pdf

Nodal analysis
examples.pof

Title

Nodal Analysis for
Circuits
Exploined.mp4

CircuitAcademy
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understonding of
nodol analysis.pdf

Nodal anolysis
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Title:
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Nodal Analysis Part
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Nodol Analysis Part
2mpa
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Figure 69: Courses page - 2
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Figure 70: Courses page - 3

41

Delete file

Delete video

Delete video




o Feedback messages

The sent feedback messages and requests are viewed at the end of the dashboard view of the
admin panel, it enables the admin to respond to those messages separately by sending emails
to users, the following image shows the table of feedback messages and an example of the

received email at the user’s end.

Feedback messages

Message ID Description Author Response Send email
3 Test feedback message circuitacademyproject@gmail.com Test response email from | ' |

2 Test feedback message example@gmail.com Type response... ]

« @B O W B m@m i

CircuitAcademy feedback message response inbox x

® CircuitAcademy <ggasrawig@gmail.coms

. tome -

Test response email from CircuitAcademy administration.

L~ =, -~ n

f b ."x
| & Reply | g Forward

e &

" o
N b
| 1 |
FY ;

A M

Figure 71: Feedback messages table and sample email
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3.3.2 simulation tool

The goal of this simulation tool is to provide students with an interactive way to learn circuit
analysis by letting them design circuits, view real-time simulations, and explore step-by-
step breakdowns of the underlying equations.

Circuit editor: The circuit editor allows users to build circuits for simulation. The interface is
designed to be simple, intuitive, and easy to use, enabling users to quickly create and modify
circuits without requiring prior experience.

CircuitAcademy ™ File Sources  Resistor Dicde Ground Capacitor Inductor Transistor  measurement lools

Figure 72: circuit editor

Toolbar:

e Components: Users can access the components by clicking on the desired
components from the component’s menu.

Sources  Resistor Diode  Ground  Capacitor Inductor  Transistor  measurement tools

Figure 73: components menu
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V1 sin V2 R1 D1 Ammeter  oscilloscope 1
Qv + 10 IV o
H- & W B i u =
1T 10A pulse V3 Q1 Cc1 voltmeter

5 @ 49 ¥ o UL
Figure 74: available components and tools

The editor allows users to interact with components by right-clicking them, which opens a
menu with options to delete, rotate, change values, or copy. Users can design any circuit
they need by dragging components to desired locations and connecting them with wires.

r
Vi Edit AC Source Parameters |
19V — Change Farad
Enter new value
Change Ualue ;o\tage amplitude 1
) QK Cancel
Copy 50000
time delay(ns)
Delete 0
. Change Resitsance
Rotate Right 0 Enter new value
Phase 1 DU
Rotate Left 0

OK Cancel

OK Cancel

A

Figure 75: component modification and interaction
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e Redo and undo: users can undo or redo changes made at anytime by either
pressing the buttons in the Ul or pressing ctr-z for undo and ctrl-y for redo.

CircuitAcademy ™ Fie @ O

Figure 76: redo and undo

e File save and load: users can save the circuits made in a text file which is
downloaded onto their device by using the save button, users can also load said
circuits from their device by using the load button.

- O

) SaveFile

7] Load File

Figure 77: load and save file

e Start simulation: once the circuit is built the user can press the start button to
begin the simulation and generate the explanation of the circuit.

CircuitAcademy wre @59 @

Figure 78: start simulation
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Keyboard shortcuts: to increase the QOL of the editor we added shortcuts often used by
similar programs.

e Highlighting: Users can highlight or unhighlight components by holding Shift and
clicking on individual elements, double-clicking to highlight an entire connected
circuit, or pressing Shift + A to highlight all components currently on the editor.

Once highlighted, components can be deleted, copied, or moved collectively.
Movement can be performed using the arrow keys or by dragging any highlighted
component to the desired location.

R12
10 10

A i
L L

Figure 79: highlighted components

e Delete: users can delete highlighted components by pressing the delete button.

e Copy: users can copy highlighted components by pressing ctrl + c.

e Undo and redo: Users can undo and redo any changes using Ctrl + Z and Ctrl +Y,
respectively.

e Save: Users can save the circuits as a file by pressing ctrl + S.

e Load: users can load saved circuits by pressing ctrl + O and choosing the desired
file.
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Simulation in depth: the simulation works by extracting the netlist from the circuit created
by the user and sending it to ngspice to extract the simulation values, once the simulation
is over the netlistis sent to a python script which generates the explanation of the formulas
used.

Once the user starts the simulation the program will dynamically assign nodes to the
circuit to extract the netlist, making sure to assign the ground node as 0.

R13 MNode1 R14
10 10
Wy Wy
R16 Vb
: i
Nofe 2
MNode 0 R17 R15 Node 0
10 10
Wy Wy
R13 R14
10 10
Wy Wy
Ri6 Vi
4 il
p p—
R17 R15
10 10
Wy Wy

Figure 80: node assignment.

47



Once the netlist is extracted it is sent to the backend to run the simulation after which the
results are displayed on the measurement tools.

Ammeter

@ .

Ammeter

Node 0

¥

R17 MNode1

10
Wy

¥

voltmeter
[
Y

0.5V

R15 Node 0
10

Figure 81: DC simulation results.

Wy

When it comes to AC sources transient analysis is required so the oscilloscope tool is used
instead of normal voltmeters.

Node 0

V4

| 10y
1 I | i '—
Node 3
RS Rt
100800 O
2 3
Ne 4 -
oscilloscope 5
Node 5 R11
10
AA
VY
sin V5
3
N R3
10%’00
< c2 Node 6
0.000005 F
Node 1 I
R1
100400 0
Node 0 Nje 0
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Figure 82: AC simulation results.

to display simulation graphs, Gnuplot was utilized. Each oscilloscope component signals
the program to generate a voltage graph between its two connected nodes. A Gnuplot
script file is then created automatically, using data extracted from the NGSpice simulation
to render the corresponding waveform.

Circuit explanation: The Modified Nodal Analysis (MNA) method is used to symbolically
derive the system of equations that governs the behavior of the circuit. This process is
implemented using the SymPy library, which enables symbolic manipulation and exact
algebraic computation. The conductance matrix, voltage source constraints, and current
injections are assembled into a unified matrix equation of the form A-x = z. The solution
provides symbolic expressions for all node voltages and source currents, which are then
evaluated numerically when component values are available. To enhance educational
value, each step of the process is documented in a detailed explanation file, including the
full matrix system, the mathematical derivation of each formula, and the calculation of
branch currents using Ohm’s Law or impedance relations. This allows users not only to
observe results, but to understand the reasoning behind them.
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The explanations work for both
using diodes or transistors.

In addition to providing explana
circuit created.

CircuitAcademy ™ File (1]

dc analysis and ac analysis but does not support circuits

tions the netlist is also sent to an APl to guess the type of

Sources Resistor Diode Ground Capaciter Inductor Transistor  messurement tools

Hide explantion panel
ascilloscope 1

. circuit seems to be

RC circuit
oscilloscope 3 oscilloscope 2 Circuit Solution Breakdown:
eactive Components
pulse VINode 1 c1 Node 2 RO
b o ¢ A 1000 Of This analysis assumes you're in the frequency domain using the
=4 LAY b Laplace variable **s**, which enables madeling of capacitors and

inductors in steady-state sinusoidal conditions.
Inth bolic approach

o =)* 2n* f**, where.
aginary unit (v-1)
nqular frequency in radis

Node 0
* 1 = frequency in Hz (extracted from the source)

Hide explantion panel

circuit seems to be :

RC circuit

I This allows us to tepresent

- Capacitor impedance:  Z
- Inductor impedance:  Z.

Admittance of capacitor. Y.
- Admittance of inductor ¥ L=1/(s*L)

Node Voltage Calculation Formula

For each node node., the voltage is computed using Kirchhoff's
Current Law (KCL).
£[(node_i - nodej) / Z_ij ]+ £ Lin=10
Where
- node._i = voltage at the cumrent node
- node.j = voltage at a connected node

- Z_jj = impedance between node | and |
- LLin = any current injected inta the node from sources

Matrix System :
A*x=z

A matrix (coefficients)
[C1*s -C1*s -1]

Circuit Solutien Breakdown:

AC Steady-State Analysis with Reactive Components

This analysis assumes you're in the frequency domain using

[-C1*s C1*s+1/R0 0]
[-100]

x vector (unknowns):
[node_11
[node_21]

the [1_V1]

Laplace variable **s**, which enables modeling of capaciters and

inductors in steady-state sinusoidal conditions.

In this symbolic approach:
- ¥y = jw = | 2m* %, where:
» j = imaginary unit (v-1)
* w = angular frequency in rad/s
- f = frequency in Hz (extracted from the source)

This allows us to represent:
- Capacitor impedance:  Z.C=1/(s*C)
- Inductor impedance: ZL=s*L

- Admittance of capacitor: Y_C=s*C
- Admittance of inductor: Y_L=1/(s*L)

Node Voltage Calculation Fermula:

For each node node_i, the voltage is computed using Kirchhoff's

Current Law (KCL):
Z[(node_i-nede )/ Zij]+Z1in=0

Where
- node_i = voltage at the current node
- node_j = voltage at a connected node
- Z_ij = impedance between node i and |
- I_in = any current injected into the node from sources

z vector (sources):
[0]

[0]

[v1]

node_1=-V1=-V1

node_2 = -CT*RO*V1*s/{CT*R0*s + 1) = -100000.0*Fpi*V1/(1 +
100000.0%1*pi)

I_V1 =-C1*V1*s/(CT*R0*s + 1) = -100.0**pi*V1/(1 + 100000.0%*pi)

Branch Current Calculation (Ohm's Law):

After solving the Modified Nodal Analysis system, we calculate the
current through each passive component using Ohm's Law:

| = (V_nodel - V_node2) / R

Where:

- lis the current through the component

- V_nodel and V_node2 are the voltages at the component’s
terminals

- Ris the resistance (or impedance for reactive components)

This applies to:
- Resistors ILR=(¥1-V¥2)/R
50 - Capacitors/Inductors (in AC): use reactance (X) instead of
resistance (R)

Figure 83: explanation results.



3.3.3 Mobile application

Note: The figures for the mobile application were captured using a mobile android emulator
(Pixel 7 Pro API 35:5554)

e Welcome page: Enables users to sign in to the platform via different methods, email &
password, Gmail account, Outlook account, or GitHub account. It also allows users to
register and recover their accounts.

Create a new account

Or use the links below

GO,

Figure 84: Mobile welcome page



Sign in page

Welcome Back

Email address

@ Password

Forgot Password?

Figure 85: Mobile sign in page




e Password recovery page
11:39 Y41l

&< Password recovery

Recover your account

ek e ke dekok e ke ke ke ke
Fedede ok ke dokdke o ok ok

CHANGE PASSWORD

[ Email address

Figure 86: Mobile password recovery page
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Home page: Shows community groups after choosing a previously enrolled course from
the drawer.

fil=55

CircuitAcademy

= My feed

Scroll through your feed here

\ JamOSama99 © @
f‘ Jamal Osama

O

Solve the following example and
submit your final answer in the
comments (find V1 and V2 using
nodal analysis)

Figure 87: Mobile home page

54



The list enables users to create a post or change the current feed view based on enrolled courses

11:58

CircuitAcademy

+ Create post

Choose a course subfeed from
below

Nodal Linear Circuits 1-14 -
Nodal Analysis, Part 1

Linear Circuits 1-15 - Nodal
Analysis, Part 2

Circuits and Electronics 1: Basic
Circuit Analysis

Linear Circuits 1: DC Analysis

Diode principles

Capacitors explained

f a =

+ ®
Home

Figure 88: Mobile home page drawer
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e Courses page: Allows users to navigate through courses, check details of each course,
update them or create new ones.

12:00 12:02

CircuitAcademy CircuitAcademy

Explore courses Explore courses

[O\ Search by title or tag...

Circuits and Electronics 1: Basic Circuit Analysis

#basic @ Currently enrolled

Georgia
Tech
The N A * % % % % 4.5(1.5K) | 74K Students

Definition, Features and Exampl : gl :
e e ik Linear Circuits 1: DC Analysis

Nodal Linear Circuits 1- 14 - Nodal Analysis,
Part 1

#nodal @ Currently enrolled

Linear Circuits 1: DC Analysis

@ Currently enrolled

Definition, Features and Examples

& gl = o

Courses

Courses
Figure 90: Mobile courses page - 1

Figure 89: Mobile courses page - 2
56



Clicking on a course brings its details, content and reviews

12:05 12:06

CircuitAcademy CircuitAcademy

Explore courses Explore courses

Course description

Linear Circuits 1

Day 15 of Linear Circuits. Nodal

= 15 - NOdQl analysis is a systematic process that
2 can be used to solve any linear
AﬂQlYS'S, PQ t‘t 2 circuit. While nodal analysis can
By: Jamal Osama (You) seem daunting at first, it turns out,
& that oll we are really doing is

applying Kirchhoff's Current Law
(KCL) and Ohm's Law over-and-over
again. In part 2, we apply nodal
analysis to even more circuits.

v e

(3.0 average reviewed by 3 users)

Number of participants: 5

The material covers all of the lecture

200 material from an fifteenth lecture in

a traditional, sophomore-level linear
circuits class.

The Nodal Analysis

Definition, Features and Examples

Course level: Beginner

Course cateqory: #nodal

Y

Figure 91 : Mobile course details - 2

R

Figure 92: Mobile course details - 1
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12:08 12:09

CircuitAcademy CircuitAcademy

Explore courses Explore courses

Provided files

Meeting section @ Nodal and mesh ... Times viewed:0 [

& Nodal analysis ex... Times viewed: 0 [/

Course content

E L
Uploaded lectures xamples

Times Viewed: 1 Example 1

Calculate the node
® voltages in the circuit
shown in the figure.

Nodal Analysis Part 7.mp4 )
5A
4Q )
. . 1 MW
Provided files |
_ - @ d B A e
Courses
Courses
Figure 93: Mobile course section details -4
. 4

Figure 94: Mobile course details - 3
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Clicking check in simulator opens the example in the simulator page on an external browser.

7:15

C

ircuitAcademy

Explore courses

Examples

Ex

fr

ample 1

Calculate the node
voltages in the circuit
shown in the figure.

SA
@
i |,
1 —a
203 m§ @ 4

Check in simulator

e . @
Courses

Figure 96: Mobile course details - 5
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12:12

CircuitAcademy

Explore courses

2Q

10A

Course reviews

7"} Mohammad Omar ©

Good follow up coursel

P
“" Kamel Fahed * % %

Great but needs more material

% Toqa Hindi Y %

No need for it already covered in the first

f

NI
Courses

Figure95: Mobile course details - 6



Meeting screen

v41

Meeting ID: iu3g-enlf-kiSd

Use nodal analysis to find /,
‘i

¥ =6V  SOURCES CONNECTED TO THE

REFERENCE
V =—4V

CONSTRATNT EQUATTON b —F, =121
KCl @ SUPERNODF

"

Jamal Osama Mohammad Omar

Toqga Hindi

Participants: 3

Figure 97: Mobile meeting
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e Lectures and files viewing: uploaded files are opened in an external browser while the
lectures can be shown directly.

Diode principles - Diodes
Explained - The basics how
diodes work working
principle pn junction.mp4

S »
00:00/ 11:31 )
b

Figure 98: Mobile lecture viewing
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Clicking the full screen option opens the video in full screen after rotating the view.

00:00/11:31 o)

Farshank ram/ThaFnrinsarinaMind=at

Figure 99: Mobile full screen lecture view
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Chat page: A list of enrolled courses appears to the user to choose, which shows enrolled
students afterwards.

12:28

CircuitAcademy

Message other enrollees

Choose one of the courses you enrolled
in from below to show other enrollees

Nodal Linear Linear Circuits 1-15
Circuits 1-14 - Nodal - Nodal Analysis,
Analysis, Part 1 Part 2

1.5K) | 74K Students

Tircuits 1: DC Analys

Circuits and Linear Circuits 1: DC
Electronics 1: Basic Analysis
Circuit Analysis

Figure 100: Mobile chat page
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If the user selects the second course for example, chat page shows the following image. Also
online users will appear first in the list.

7:25

CircuitAcademy

Message other enrollees

Toqal23 e Online

AhmadKhaled?%9 Offline

SunnyDoha Offline

O
<D
“ MoOmar03 Offline

R
Chat  ~

Figure 101: Mobile chat page after course selection
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12:31

CircuitAcademy

Message other enrollees

& Shams Doha

SunnyDoha

o hello

JamOSama??

0°

Enter message we
& €
ﬁ u Chat ‘

Figure 102: Mobile chat page after user selection




Users can change the selected course at any time like the feed page.

12:36

CircuitAcademy

Choose a course from below
MNodal Linear Circuits 1- 14 -
Nodal Analysis, Part 1

Linear Circuits 1-15 - Nodal
Analysis, Part 2

Circuits and Electronics 1: Basic
Circuit Analysis

A d H

Figure 103: Mobile chat page adjusting course selection
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Let’s assume user selects “Linear circuits” course, enrollees list changes accordingly

12:39

CircuitAcademy

Message other enrollees

o SunnyDoha Offline
. Gharam33 Offline

Figure 104: Mobile chat page - last



Notifications page: Chat messages and request status appear on the notifications page,
they also appear if the app was not running to ensure good user experience and
functionality. They appear from newest to oldest as they should.

12:49

CircuitAcademy

Notifications

Verification request status
update M

Dear Toqa Hindi, your validation
request was approved and you are
now a verified lecturer ¥/ .

Please signout and resign in to
show the mark.

Thanks for your patience.
CircuitAcademy admins

% New chat message from
Mohammad Omar

Hello hope you are doing well.

:_ New chat message from
" Jamal Osama

Good evening! how are you?

A @ B -~ .
Notifications

Figure 105: Mobile notifications page
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When there are new notifications or unread ones, the Ul updates to show the user there are

missed notifications
Home

Figure 106: Mobile unread notifications

Also, while the user is using the application or not, a local notification appears that navigates the
user to the notifications page when clicked

12:49 Sun,Jun 8 ¥.40100%

#  CircuitAcademy

New chat message from Moham... * now & @ intemet © Dark theme

Hello hope you are doing well. hd

® Bluetooth

Scroll through your feed here

s JamOSama9%9 @ o ° CircuitAcademy * now & ~
! “‘:,' Jamal Osama Verification request status update _L
If
Dear Toga Hindi, your validation request was
Solve the followi ng exomple and approved and you are now a verified lecturer ['4 .

i ’ B Please signout and resign in to show the mark.

submit your final answer in the Thanks for your patience.
comments (find V1 and V2 using CircuitAcademy admins

nodal analysis)

Silent X
° 58° in Mountain View + 16m v
History Clear all
[ v

L Figure 108: Mobile notification while not using

V]
Figure 107: Mobile notification while using app 69 app



e Profile page: Shows some information about the user and allows user to edit his / her
information, change the application’s theme, open the simulator in an external browser, or
sign out. It also shows whether the user is verified or not.

712

CircuitAcademy

JamOSama?9

Jamal Osama

User ID: 4

Created courses:; 3 Enrolled courses: 6

Shared posts: 7 Shared comments: 4

Email: test@example.com

Phone number: 0597536845

(£ Edit Profile data
C Change theme

@ Open simulator

My Profile

Figure 109: Mobile profile page
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Edit profile page: Allows users to edit their information, change their profile image or
upload a certificate and request validation from admins.

1:05 A Vil |

< Edit your profile

Profile picture
Edit your account details

— Username

© Jam0Sama%99

— Full name

2 Jamal Osama

— Email address

test@example.com

— Mobile number (Optional)
¥, 0597536845

— Password

Submit changes

LN

Figure 110: Mobile edit profile page
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If the user has not sent a request yet or has not been reviewed by the admins, he can submit a file
to be reviewed by them.

1:07 V4l

< Edit your profile

\

/
Profile picture
Edit your account details

— Username

© Kamel Fahed

— Full name

2 Kamel Fahed

— Email address

kamel@fahed.net

— Mobile number (Optional)

*. 0594983105

— Password

o

Upload a certificate? .
Submit changes
A

Pick a file

Figure 111: Mobile edit profile - file upload
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e Change theme dialog: Enables the user to change the theme of the application, it can be
set to three values, Light, Dark or Same as system.

Select Theme

QO Light Theme

O Dark Theme

(® Same as System

Cancel

Figure 112: Mobile change theme dialog
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The following image shows the feed page as an example of using the dark theme.

Figure 113: Mobile dark theme

74



Chapter 4: Results and discussion

CircuitAcademy was developed as a complete educational platform combining circuit
simulation, collaborative tools, and course-based learning features. The results demonstrate that
the system works effectively across both web and mobile platforms, and fulfills its primary goal
of supporting students in learning electronics and circuit analysis in an interactive and accessible
way.

The circuit editor allows users to create, modify, and simulate circuits using a simple and
intuitive interface. Users can drag and connect components, simulate the circuit in real time
using NGSpice, and receive both raw simulation values and symbolic explanations. The
explanation system, powered by a Python backend and the SymPy library, provides a detailed
breakdown of the solution using Modified Nodal Analysis (MNA), including matrix equations,
node voltages, and current formulas.

In AC analysis, Gnuplot is used to render voltage waveforms automatically from the simulation
data, enhancing the learning experience. While the explanation system currently supports
resistors, capacitors, and inductors, it does not yet support non-linear components like diodes or
transistors.

In addition to the simulator, CircuitAcademy includes full support for course creation and
enrollment. Users can publish and access electronics-related courses, engage with other learners
through community groups, and participate in live educational meetings using integrated video
chat features. File sharing, notifications, and real-time messaging are also available.

The platform was tested on both desktop and mobile environments, and all major features were
confirmed to function as intended. The user interface remains consistent across devices due to
the use of Flutter, and users were able to complete simulations, access content, and communicate
without issues.

Overall, the project provides a unified environment for both theoretical learning and hands-on
simulation, giving students a more complete and practical understanding of circuit-related topics.
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Chapter 5: Conclusion

5.1 Conclusion

CircuitAcademy successfully delivers a complete and accessible educational platform for
learning circuit and electronics concepts. By integrating a real-time circuit simulator with
symbolic explanation tools, the platform bridges the gap between theory and practice, helping
students understand how circuits work at both a numerical and analytical level.

The use of NGSpice for simulation and SymPy for symbolic analysis ensures accurate results
while also providing educational insight into the underlying calculations. Features such as
Gnuplot-based waveform visualization, circuit classification, and interactive explanations
enhance the tool’s educational value.

Beyond simulation, the platform offers a wide range of features, including course publishing,
real-time chat, collaborative communities, and live meeting support. These elements make
CircuitAcademy more than just a simulator — it is a full learning environment tailored to
electronics education.

Cross-platform compatibility was achieved through the use of Flutter, ensuring a consistent
experience on both web and mobile. The project demonstrates the value of combining simulation
tools with modern educational platforms to provide students with an intuitive and hands-on
approach to learning.

In conclusion, CircuitAcademy fulfills its objectives by making electronics education more
interactive, collaborative, and accessible, and has the potential to support a wide range of
learners in the field of circuits and electronics.
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5.2 future work

While CircuitAcademy achieved its main objectives, there are several areas for future
development to further enhance its educational value and functionality.

On the simulation side:

Extend explanation support to circuits containing diodes and transistors, enabling
symbolic analysis for non-linear components. This would allow the platform to handle a
wider range of practical and real-world circuit designs, which are essential in modern
electronics education.

Introduce support for basic digital components, such as AND, NAND, OR, and NOR
gates. This would broaden the scope of the simulator beyond analog circuits, allowing
users to design and analyze simple digital logic circuits and laying the groundwork for
potential expansion into digital systems and microcontroller education.

Educationally:

the platform could benefit from quiz modules, instructor-assigned simulations, and step-
by-step tutorials linked to specific circuit types. Integrating Al-based hints for common
mistakes could also improve user learning outcomes.

Community features may be expanded to include real-time collaborative circuit editing,
commenting on simulations, and progress tracking through achievements or course
badges. These tools can help foster peer learning and engagement across users.

Meeting Screen host controls and media checks which increases satisfaction of users and
enhances user experience.

Finally, general improvements such as offline access, multi-language support,
accessibility enhancements, and exporting circuit explanations as PDFs would make the
platform more versatile and user-friendly for a broader audience.
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