Erasmus VET

Week 1: Fundamentals & Basic Circuits
Day 1: Introduction to Electronics & Components

Theory:

Resistors are passive components that regulate current flow and are measured in ohms (€2).
They follow Ohm’s Law (V = IR) and come in types like fixed and variable
(potentiometers). They are color-coded for resistance values and protect sensitive
components.

Capacitors store electrical energy and are measured in farads (F). They consist of two plates
separated by a dielectric material. Used for voltage smoothing, filtering, and timing, they
come in types like ceramic, electrolytic, and film.

Diodes allow current flow in one direction, with two terminals: anode and cathode. They
conduct when forward-biased and block when reverse-biased. Diodes are used for
rectification, protection, and signal demodulation.

Transistors amplify or switch signals. The two main types are Bipolar Junction Transistors
(BJT) and Field Effect Transistors (FET). BJTs have three terminals: base, collector, and
emitter, while FETs have gate, drain, and source. They are essential in logic circuits and
amplifiers.

Practical:

Identifying components involves recognizing color bands on resistors, value markings on
capacitors, and polarity on diodes. Transistors have three legs and a part number.
Breadboard testing allows for building circuits without permanent connections, checking
continuity, and measuring voltage to verify circuit functionality.
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Day 2: Circuit Laws (Ohm’s & Kirchhoff’s Laws)

Theory:

Ohm’s Law is a fundamental principle in electronics that defines the relationship between
voltage (V), current (I), and resistance (R): V = IR. This law is used to calculate the voltage
drop, current, and resistance in simple circuits and is essential for basic circuit analysis.

Kirchhoff’s Laws help analyze more complex circuits:

1. Kirchhoff’s Current Law (KCL): States that the total current entering a junction
equals the total current leaving the junction. This is important for understanding
current distribution in circuits with multiple branches.

2. Kirchhoff’s Voltage Law (KVL): States that the sum of all voltages around a closed
loop in a circuit is zero. This helps in analyzing voltage drops across components in a
loop.

These laws are key for solving circuits that cannot be simplified with Ohm’s Law alone,
particularly in circuits with multiple components and pathways.

Practical:

Simulation tools like Proteus and Multisim allow for virtual circuit design and testing.
These tools help visualize circuit behavior and validate theoretical calculations. In real-
circuit verification, circuits are built physically, and measurements (e.g., using a multimeter)
are taken to ensure the circuit behaves as predicted by the laws, confirming theoretical
accuracy and identifying errors in the design.

Day 3: Semiconductor Basics
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Theory:
Semiconductors are materials that have conductivity between conductors and insulators,
making them key components in electronics.

Diodes are semiconductor devices that allow current to flow in only one direction.
They are used for rectification, signal modulation, and protecting circuits. Diodes are
made from materials like silicon and are typically marked with a polarity stripe to
indicate the cathode.

BJTs (Bipolar Junction Transistors) are used to amplify or switch electronic
signals. They have three terminals: base, collector, and emitter. When current flows
into the base, it allows a larger current to flow between the collector and emitter,
making BJTs ideal for amplification.

MOSFETs (Metal-Oxide-Semiconductor Field-Effect Transistors) are a type of
FET used primarily for switching applications. They have three terminals: gate,
drain, and source. MOSFETs control the flow of current by applying a voltage to the
gate, making them efficient for digital and analog switching.

Practical:

Testing diodes and transistors with a multimeter is essential for verifying their functionality.
To test diodes, the multimeter is set to the diode mode to check forward and reverse bias. A
healthy diode conducts in one direction and blocks in the other. For transistors, the
multimeter is used to check the junctions between the terminals (base, collector, emitter for
BJTs, or gate, drain, source for MOSFETSs) to ensure correct operation.

Day 4: Digital Electronics (Logic Gates)

Theory:
Logic gates are fundamental building blocks in digital electronics, performing basic logical
operations on binary inputs (0 or 1).

AND Gate outputs 1 only if both inputs are 1.
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OR Gate outputs 1 if at least one input is 1.
NOT Gate outputs the opposite of the input (inverts it).
NAND Gate is the inverse of the AND gate; it outputs 0 only if both inputs are 1.
NOR Gate is the inverse of the OR gate; it outputs 0 if at least one input is 1.

These gates form the basis for more complex digital systems, such as arithmetic operations,
memory storage, and control systems.

Practical:

In simulation software like TinkerCAD, you can virtually design and test logic circuits by
connecting logic gates together to observe their outputs. This allows for easy
experimentation and troubleshooting without needing physical components. For breadboard
implementation, real components such as ICs (Integrated Circuits) containing logic gates
can be used. Components are placed on the breadboard, and the circuit is tested with
switches to simulate different input combinations, observing the output through LEDs or a
multimeter. This hands-on practice reinforces the understanding of how logic gates work in
real circuits.

Day 5: Soldering & PCB Basics

Theory:
Printed Circuit Boards (PCBs) are used to physically support and electrically connect
electronic components. The PCB design workflow typically involves several key steps:

1. Schematic Design: The first step is creating a schematic diagram, which defines how
components are connected.

2. PCB Layout: Once the schematic is complete, the PCB layout is designed. This
involves placing components on the board and routing the electrical connections
(traces) between them.
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3. Design Rule Check (DRC): This step ensures the design follows manufacturing
constraints, like trace width and spacing.

4. Fabrication and Assembly: After finalizing the design, the PCB is sent for
manufacturing, and components are soldered onto the board.

Practical:

Soldering is the process of joining electronic components to the PCB using a molten metal
(solder). In practice, it involves heating the soldering iron, applying solder to the component
leads, and securing them to the board. Proper technique is crucial to avoid cold joints or
damage.

For PCB design, software like KiCad or Eagle is used. These programs allow for schematic
creation and PCB layout, providing tools for trace routing, component placement, and
design checks. A demo of these tools helps visualize the entire process from concept to
finished board.

Week 2: Embedded Systems & Microcontrollers
Day 6: Arduino/Raspberry Pi Intro

Theory:
Arduino and Raspberry Pi are two popular platforms used for learning and prototyping in
electronics and programming.

- Arduino is a microcontroller-based platform ideal for controlling hardware. It’s
programmed using the Arduino IDE and C/C++ language. It’s great for tasks like
reading sensors, controlling motors, and handling digital/analog inputs and outputs.

- Raspberry Pi is a full single-board computer running a Linux-based OS. It supports
Python and can handle complex tasks like web servers, image processing, and
networking. While more powerful, it’s also more complex than Arduino.

Both platforms are widely used in DIY projects, automation, and embedded systems
learning. Choosing between them depends on the project: Arduino for real-time control,
Raspberry Pi for advanced processing and multitasking.
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Practical:
The “Blink LED” program is the classic first project on both platforms.

On Arduino, an LED is connected to a digital pin, and a simple program turns it on
and off in intervals using digitalWrite() and delay() functions.

On Raspberry Pi, the GPIO pins are controlled using Python with libraries like
RPi.GPIO or gpiozero to blink an LED.

This project introduces programming, hardware control, and helps build confidence in using
development boards.

Day 7: Sensor Interfacing

Theory:

Sensors are used to detect changes in the environment and convert them into electrical
signals. Interfacing sensors with microcontrollers like Arduino allows systems to respond to
physical inputs.

LDR (Light Dependent Resistor): Its resistance decreases as light intensity
increases. It’s used for light-sensing applications like automatic lights.

Ultrasonic Sensor: Measures distance by sending sound waves and calculating the
time they take to reflect back. Commonly used in obstacle detection and distance
measurement.

IR (Infrared) Sensor: Detects infrared radiation. It’s used for object detection, line
following robots, and remote control systems.

Understanding how each sensor works helps in choosing the right one for specific
applications and properly processing the data they provide.
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Practical:
Interfacing sensors involves connecting them to appropriate input pins on a microcontroller
and writing code to read their output.

With an LDR, analog input is used to read changing light levels and control LEDs or
display values.

An ultrasonic sensor uses trigger and echo pins to calculate distance, often
displayed on serial monitors or LCDs.

An IR sensor provides a digital signal when an object is detected.

These projects help develop skills in reading sensor data, making decisions based on inputs,
and building interactive systems.

Day 8: Motor Control

Theory:
Controlling motors is essential in robotics and automation. Two common types are:

DC Motors: Provide continuous rotation and are used in driving wheels, fans, or
other rotating parts. Speed and direction can be controlled using Pulse Width
Modulation (PWM) and H-bridge circuits.

Servo Motors: Offer precise control over angular position, making them ideal for
robotic arms, pan-tilt systems, and controlled movements. They typically operate
over 0—180 degrees using control pulses.

The L293D is an H-bridge motor driver IC that allows control of motor direction and speed
using logic signals from a microcontroller. It can drive two DC motors or one stepper motor
and handles voltage and current that the microcontroller cannot manage directly.

Practical:
In hands-on activities, the L293D is connected between the microcontroller (like Arduino)
and the motor.

For DC motors, two digital pins control the direction, and a PWM pin controls
speed.
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For servo motors, the control signal is sent directly from a PWM-enabled pin, with
no need for the L293D.

Projects include making a motor spin forward and backward, controlling speed with a
potentiometer, or positioning a servo using input. This introduces core concepts in physical
movement and actuator control.

Day 9: Wireless Communication (IoT)

Theory:
Wireless communication is a key part of the Internet of Things (IoT), enabling devices to
connect, share data, and be controlled remotely. Two common technologies are:

Wi-Fi (ESP8266): The ESP8266 is a low-cost Wi-Fi module that can connect
microcontrollers to the internet. It supports HTTP and MQTT protocols, making it
suitable for sending sensor data to cloud platforms or controlling devices via web
interfaces.

Bluetooth: Allows short-range, low-power communication between devices.
Commonly used in mobile-controlled robots or wearable tech. Modules like HC-05
are used with microcontrollers for Bluetooth communication.

Understanding wireless communication is essential for building smart, connected systems
like home automation, remote monitoring, and wireless control.

Practical:

With the ESP8266, simple projects involve connecting to a Wi-Fi network, serving a web
page, or sending sensor data to platforms like ThingSpeak or Blynk. Code is written in the
Arduino IDE using specific libraries.

For Bluetooth, the HC-05 module connects to the microcontroller’s serial pins. It can
receive commands from a smartphone app (like Bluetooth Terminal) to control LEDs or
motors.
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These projects demonstrate how to wirelessly exchange data and control devices, forming
the foundation of modern IoT applications.

Day 10: Mini Project
Smart Home Model

Goal: Create a small-scale smart home that reacts to environmental inputs or can be
controlled remotely.

Possible Components:

. Arduino / Raspberry Pi

. Sensors: Light sensor (LDR), Temperature sensor (DHT11), Gas sensor,
Motion sensor (PIR)

. LEDs for lighting, Servos for doors/windows, Buzzer for alarms

. Wi-Fi Module (e.g., ESP8266) for phone or web control

Example Features:

. Lights turn on automatically when it gets dark or someone enters the room.
. Fan or AC turns on if the temperature is too high.

. Security alert if movement is detected when the home is “locked.”

. Remote control via phone or web interface.

Team Task Division:

. Coding and sensor integration

. Building the house model (cardboard, plastic, etc.)
. Setting up Wi-Fi communication

. Presentation and documentation
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Week 3: Advanced Topics & Industry Exposure
Day 11: Power Electronics — Rectifiers and SMPS Circuits

Power electronics is all about controlling and converting electrical energy efficiently. Two
major topics that come up early are rectifiers and SMPS (Switch Mode Power Supply)
circuits.

A rectifier is a circuit that converts AC (alternating current) into DC (direct current). Most
electronic devices need DC to operate, so rectifiers are everywhere—from phone chargers to
power supplies inside computers. There are different types: half-wave rectifiers use only one
half of the AC signal, while full-wave rectifiers use both, making them more efficient. A
common setup for full-wave rectification is the bridge rectifier, which uses four diodes to
smooth out the flow of electricity.

SMPS circuits, on the other hand, are designed to convert power even more efficiently by
switching on and off very rapidly. Instead of just lowering voltage like a traditional
transformer, SMPS circuits first convert AC to DC, then chop the DC into high-frequency
AC, transform it, and finally convert it back to clean DC. This method wastes less energy
and produces less heat, which is why SMPS is used in laptops, LED lighting, and modern
TVs.

During the demo, seeing a simple rectifier circuit light up an LED or an SMPS powering
multiple loads really brings the theory to life and shows how essential these systems are in
daily electronics.
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Day 12: IoT & Industry 4.0 — Cloud Data Logging with ThingSpeak and Blynk

The rise of 10T (Internet of Things) and Industry 4.0 has transformed how machines and
devices connect, collect, and share data. One important concept in this space is cloud data
logging, where sensors send their readings to online platforms for storage, analysis, and
real-time monitoring.

ThingSpeak and Blynk are two popular tools used for this purpose. ThingSpeak is a cloud
platform that allows devices to send data over the internet to update charts, trigger events, or
even run simple analysis using MATLAB. It's commonly used with sensors like temperature
or humidity monitors. With ThingSpeak, you can create a public or private channel to store
your data, and it's easy to visualize trends without needing complex coding.

Blynk, meanwhile, focuses more on mobile control. It allows you to build custom
dashboards on your phone to monitor and control devices remotely. You can create buttons,
graphs, and displays, all linked to your hardware through the Blynk app and server.

In a real-world case study, a simple temperature sensor could upload readings to
ThingSpeak every minute, showing live graphs of room temperature. With Blynk, you could
even set an alert on your phone if the temperature crosses a certain limit, proving how IoT
makes data not just available—but actionable.
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Day 13: PCB Fabrication & Troubleshooting — Lab Visit and Soldering Practice

PCB (Printed Circuit Board) fabrication is a critical step in turning an electronic design into
a working product. A PCB connects all electronic components through copper traces,
replacing the messy look of wires with a clean, professional layout. Fabrication starts with
designing the circuit using CAD software, followed by printing the design onto a copper-
clad board, etching away excess copper, and finally drilling and finishing the board.

Visiting a PCB lab, if possible, brings a real understanding of how careful and precise this
process needs to be. You can see machines that automatically align, etch, and drill boards
with extreme accuracy. It’s a reminder that even a tiny mistake in design or fabrication can
cause a full project to fail.

After fabrication comes soldering practice. Soldering is the skill of joining electronic
components to the PCB using melted metal (solder). It may look simple, but good soldering
requires a steady hand, patience, and attention to detail. Practicing on basic circuits teaches
you how to create clean joints, avoid shorts, and troubleshoot common issues like cold
joints or lifted pads.

Understanding fabrication and soldering turns a simple idea into a working, reliable piece of
technology—and shows why troubleshooting skills are just as important as building.
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Day 14: Guest Lecture — Industry Expert Session on Career Trends

Today’s session was a refreshing break from technical work, giving us a broader view of
where the world of technology is heading. An industry expert shared insights into the latest
career trends, showing how fields like Artificial Intelligence, loT, Renewable Energy, and
Cybersecurity are shaping the future job market.

One major point they made was that technical skills alone aren't enough anymore.
Companies are looking for people who can adapt, think critically, and work in teams across
different disciplines. Knowing how to code is valuable, but understanding how to apply that
knowledge to solve real-world problems is what sets candidates apart.

The expert also stressed the growing importance of continuous learning. With technology
evolving so quickly, certifications, workshops, and online courses are becoming just as
important as a college degree. Roles like Data Analyst, Robotics Engineer, Cloud Architect,
and Sustainability Specialist are expected to dominate the next decade.

What stood out the most was the encouragement to build real-world projects, join
internships, and network early. It was a reminder that a career is not just about following a
syllabus—it's about staying curious, building practical experience, and never being afraid to
step out of the comfort zone.
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Day 15:Project Presentation

In the first part of the program, we learned the fundamentals of electronics, including how
resistors, capacitors, diodes, and transistors work. We covered essential circuit laws (Ohm’s
and Kirchhoff’s Laws) and practiced using simulation tools for virtual circuit testing. We
explored semiconductor basics, including BJTs and MOSFETs, and built simple logic
circuits using AND, OR, and NOT gates.

We then moved into microcontroller programming with Arduino and Raspberry Pi, starting
with basic projects like blinking an LED, and progressed to sensor interfacing (LDRs,
ultrasonic sensors, IR sensors). We learned about motor control using the L293D motor
driver, focusing on the differences between DC and servo motors.

Entering the IoT field, we worked with Wi-Fi modules (ESP8266) and Bluetooth modules
(HC-05), developing basic wireless communication projects. We built a mini smart home
project using sensors and remote control features via Wi-Fi.

We also studied power electronics, learning about rectifiers and SMPS circuits for efficient
energy conversion. In the context of Industry 4.0, we practiced cloud data logging using
ThingSpeak and Blynk, highlighting the importance of real-time data monitoring and
control.

A visit to a PCB fabrication lab gave us hands-on experience with PCB manufacturing and
soldering techniques, emphasizing the importance of precision and troubleshooting skills.
Finally, an industry expert shared insights about future career trends, stressing the value of
continuous learning, practical project experience, and adaptability in today’s fast-changing
tech world.
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