The practice notebook

Day 1: Introduction to Core Electronic
Components

B Resistors

e Purpose: Control current flow and divide voltage in a circuit.
e Key Formula (Ohm’s Law): v = T x R
(Voltage = Current x Resistance)
o Types: Fixed, variable (potentiometers), and special (e.g. LDRs).
e Color Code: Bands indicate resistance value and tolerance.
e Unit: Ohms (Q)

B Capacitors

o Function: Store electrical energy temporarily in an electric field.
e Behavior: Oppose sudden changes in voltage.

o Acts like a short circuit when charging.

o Acts like an open circuit when fully charged.
e Common Uses: Filtering, smoothing power supply, timing circuits.
o Polarity: Electrolytic capacitors must be connected correctly (+/-).
o Unit: Farads (F), typically seen as uF, nF, or pF in practical circuits.

A Diodes

e Function: Allow current to flow in one direction (forward bias), block it in the other
(reverse bias).
e Types: Standard silicon diodes, Zener diodes (for voltage regulation), LEDs (emit light),
Schottky (fast switching).
o Important: Diodes have polarity:
o Anode (+) = current enters
o Cathode (-) = current exits
o Applications: Rectifiers, voltage protection, signal demodulation.

Transistors

e Function: Work as a switch or amplifier.

o Type: Bipolar Junction Transistors (BJTs) and Field-Effect Transistors (FETs).
(Focus here on BJTs: NPN & PNP)

e Structure (BJTs): Three terminals:



o Collector (C)

o Base (B)

o Emitter (E)
e Working Principle (NPN Example):

o Small current into base — allows large current to flow from collector to emitter.
o Applications: Amplifiers, digital logic, signal processing.

Day 2: Ohm’s Law & Kirchhoff’s Laws

$ Ohm’s Law
o Defines the relationship between Voltage (V), Current (I), and Resistance (R):
V=IxRV =1 \times RV=[xR
o Applications:
o Calculate how much current flows through a resistor.

o Predict voltage drops in a circuit.
o Design circuits with correct resistor values to protect components.

& Kirchhoff’s Laws

Fundamental for analyzing more complex circuits with multiple loops or branches.

1Kirchhoff’s Current Law (KCL)

"The total current entering a junction equals the total current leaving it."
e Based on conservation of charge.
o Used to analyze parallel circuits and nodes.
o Example:

o If 2A flows into a junction and 1.2A flows out one path, the other path must carry
0.8A.

2Kirchhoff’s Voltage Law (KVL)

"The sum of voltages around any closed loop is zero."



e Based on conservation of energy.
o Helps analyze series circuits and loops.

Day 3: Semiconductor Basics

A Diodes

e Principle: Unidirectional current flow due to PN junction.
o Forward Bias: Depletion region narrows — allows conduction after threshold (e.g.
~0.7V for Si).

e Reverse Bias: Depletion region widens — blocks current (except leakage).

e Special Diodes:
o Zener: Stable reverse voltage, used in regulation.
o LED: Emits light when forward-biased (current-limiting resistor required).
o Schottky: Fast switching, low forward voltage drop.

BJTSs (Bipolar Junction Transistors)

e Current-controlled device; a small base current modulates a larger collector current.
e NPN Mode (Active Region):

Ic=BIB

o Regions of operation: Cut-off, Active, Saturation
o Used in: Amplifiers, switching applications.

MOSFETs

o Voltage-controlled device: Gate voltage controls channel conductivity.
e Enhancement-mode N-MOS: Needs positive VGSV_{GS}VGS to conduct.
e Regions:

o Cutoff: VGS<Vth

o Triode: Linear region (switching)
o Saturation: Active region (amplification)
o Applications: Power electronics, logic level control, PWM switching.

Day 4: Digital Electronics — Logic Gates

©% What is Digital Logic?



o Digital logic is based on binary states:
o Logic 0 — 0V (LOW)
o Logic 1 — typically 5V or 3.3V (HIGH)
e Used in computers, controllers, and digital systems for decision-making.

By Basic Gates (1st Gen)
e« AND: Y=A'B
e OR: Y=A+B
e« NOT: Y=A

« Universal Gates

e NAND: Y=A-B
¢ NOR:Y=A+B

Timing & Practical Considerations
o Propagation Delay (tpd): Time taken for input change to reflect in output.

e Fan-in / Fan-out: How many inputs/outputs a gate can handle.
e Power Consumption & Noise Margin are critical in hardware design.
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Day 5: Soldering & PCB Design Basics

1. Introduction to PCB (Printed Circuit Board)

e Provides mechanical support and electrical connections for components.

o Layers:
o Copper Layer: Conductive paths
o Soldermask: Prevents shorting
o Silkscreen: Labels for components
o Substrate (FR4): Base insulating material



—_

. PCB Design Workflow

Schematic Design: Logical circuit layout using EDA tools (KiCad, Eagle, Altium).

2. PCB Layout:
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o Component placement
o Routing tracks (traces)
o Ground plane for noise reduction
Design Rule Check (DRC): Ensures spacing, pad sizes, etc.
Gerber File Generation: Standard for manufacturers to fabricate boards.

. Component Mounting Methods

Through-Hole: Pins go through board — strong mechanical bond.
SMD (Surface Mount): Smaller, no drilling — used in modern compact electronics.

¥ 4. Soldering Techniques

Tinning the tip of the iron improves heat transfer.
Flux: Cleans and prepares metal surfaces — smooth solder flow.
Temperature control (350—400°C typical for leaded solder).

Day 6: Arduino / Raspberry P1 Introduction

”f:é What Is a Microcontroller?

A self-contained system on a chip (SoC) with:
o CPU
o RAM, ROM (flash)
o GPIO (General Purpose Input/Output)
o Timers, ADC, UART/SPI/I2C

Example: Arduino UNO (ATmega328P)

8-bit AVR microcontroller @ 16 MHz
32 KB Flash, 2 KB SRAM, 14 digital I/O, 6 analog inputs



@ What Is a Microprocessor?

e Needs external components (RAM, storage, 1/0).

o Raspberry Pi is a microprocessor-based SBC (Single Board Computer) running Linux.
o Can run multitasking apps
o Ideal for camera, GUI, networking, cloud

Ml Programming the Arduino

o IDE Language: C/C++

 How They Work Together

e Use Arduino for real-time sensor + actuator control.
e Use Raspberry Pifor:

o Datalogging

o Image processing

o Web servers or GUI interfaces
e Can communicate via serial, USB, or 12C.

Day 7: Sensor Interfacing

1. What is a Sensor?

N
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e A sensor is a device that detects changes in the environment and sends information to
the microcontroller (like Arduino).
o Examples: light, distance, heat, motion.

¥ 2. Types of Sensors

A. Analog Sensors
e Give a range of values (not just 0 or 1).
o Example: LDR (Light Sensor)

o Light increases — resistance drops — voltage changes.
o Arduino reads it with analogRead ().

B. Digital Sensors

e Only two outputs: ON (1) or OFF (0).



Examples:
o IR Sensor — Detects nearby object.
o Motion Sensor (PIR) — Detects movement.

& 3. Ultrasonic Sensor (HC-SR04)

Measures distance using sound waves.
Sends a sound pulse, waits for it to bounce back.
Formula:

TimeXxSpeed of Sound
2

Distance=

Arduino measures time with pulseIn ().

« 4. Tips for Interfacing

Use resistors properly (like in LDR circuits).
Avoid noise: add small delay or averaging.

Day 8: Motor Control
What You Need:

Arduino Uno

L293D Motor Driver

DC Motor

Servo Motor

Breadboard + Jumper wires
External power (like a 9V battery)

How It Works:

DC Motor with L293D

L293D controls the direction and speed of the motor.
Use two pins to set the direction.
Use a PWM pin to set the speed.



Servo Motor

e Controlled with a signal pin from the Arduino.
e L1.293D not needed for most small servos.

Wiring Summary:
DC Motor

IN1 — Pin 8 (Arduino)

IN2 — Pin 9 (Arduino)

ENA — Pin 10 (Arduino - PWM)
VCC1 — 5V

VCC2 — 9V battery

GNDs all connected

Servo Motor
e Signal — Pin 6

e Power — 5V
¢« GND — GND

Day 9: Wireless Communication (IoT)

Project: ESP8266 Wireless Temperature Monitor

Objective:

Use the ESP8266 to read temperature data from a sensor and send it wirelessly to a web page
(IoT-style).

Components Needed:

ESP8266 (NodeMCU or similar)

DHT11 or DHT22 temperature and humidity sensor
Jumper wires

Breadboard

Micro-USB cable



How it Works:

e The ESP8266 reads data from the DHT11 sensor.

o It sets up a Wi-Fi access point or connects to your home Wi-Fi.

o It hosts a web server that displays the live temperature and humidity data.
e You can open the ESP8266’s IP address on your phone or laptop to view it!

Circuit Diagram:

e DHTI1I VCC to 3.3V
e DHTI11 GND to GND
e DHTI11 Data to D4 (GPIO2) pin

Result:

¢ When you connect your phone to the same Wi-Fi and open the ESP8266’s IP, you'll see:
o Live Temperature reading
o Live Humidity reading

e It's all wireless and real-time, showing loT in action!

Day 10: Mini1 Project — Obstacle-Avoidance
Robot

" What You Need:

e Arduino Uno (or compatible board)
e Ultrasonic Sensor (HC-SR04)

e Motor Driver (L293D)

e 2 DC Motors + Wheels

e Chassis (robot base)

o Battery pack

e Jumper wires

] How It Works:

1. Ultrasonic sensor measures distance to objects.
2. If an obstacle is too close, Arduino tells motors to turn.



3. Otherwise, the robot moves forward.

&3 Basic Logic:

o Ifdistance > safe limit — Go Forward
o Ifdistance < safe limit — Stop and Turn

¢ Simple Code Idea:

if (distance > 15) {
moveForward();

} else {
stopMotors();

turnLeft();

Day 11: Power Electronics

Theory:

1. Rectifiers

o A rectifier converts AC (Alternating Current) to DC (Direct Current).
o Types of rectifiers:

o Half-wave rectifier (uses 1 diode)

o Full-wave rectifier (uses 2 or 4 diodes - bridge)
o Application: Charging batteries, DC motors.

Simple Idea:
AC — Diode — Only positive part passes — DC

2. SMPS (Switch Mode Power Supply)



e SMPS converts high voltage AC to low voltage DC efficiently.
o It uses high-speed switching (transistors’MOSFETSs) instead of transformers alone.
e Found in:

o Laptop chargers

o Phone chargers

o PC power supplies

Simple Idea:
AC — High-frequency switching — Transformer — Stable DC output

Demo Activity:

Rectifier Demo
e Show a half-wave rectifier using:
o 1 Diode

o AC source (low voltage)
o Small resistor + LED (to show DC output)

SMPS Demo
e Open a laptop charger (carefully) and show:
o Input AC

o Switching section
o Output DC section

Day 12: IoT & Industry 4.0

Quick Theory:

What is IoT?

o Internet of Things (IoT) = devices + internet = smarter systems.
o Example: Smart lights, health trackers, weather monitors.

What is Industry 4.0?

e 4th Industrial Revolution = Automation + IoT + Cloud + Al
e Used in factories, farms, energy, etc.

] Case Study: Cloud Data Logging



Tools You Can Use:

o ThingSpeak (free platform to store and display sensor data)
e Blynk (mobile app to monitor and control devices)

] Simple Practical Setup:

What You Need:

ESP8266 or NodeMCU

Arduino IDE

Wi-Fi connection

Sensor (like DHT11 for temperature)

Day 13: PCB Fabrication & Troubleshooting

Quick Theory:

What is PCB Fabrication?

e PCB = Board that connects electronic components.
o Fabrication steps:
1. Design the PCB (using software like EasyEDA/KiCad)
Print the layout
Etch the board (remove unwanted copper)
Drill holes
Solder the components

nhwh

What is Troubleshooting?

o Finding and fixing problems in circuits.



e Common problems:

Loose wires

Wrong connections
Damaged components
Bad solder joints

O O O O

Lab Activity:

e Visit a PCB lab to see real machines (printing, etching, drilling).
e Practice soldering on a basic kit (like LED blinkers or small modules).

Soldering Practice:

Tools Needed:

e Soldering iron
e Solder wire
e PCB board
o Safety glasses

Simple Tips:

e Always heat the component pin and pad first.
e Then apply solder wire.
e Don't move the parts while solder cools.

Day 14: Guest Lecture — Future Careers in
Electronics and IoT

Introduction:

Good morning, everyone!

Today, we have a special session where we’ll explore future career opportunities in Electronics,
IoT, and Industry 4.0.

The world is moving fast, and technology is shaping everything we do.

Let’s look at how you can be a part of this exciting future!

Core Skills in Demand:

Embedded Systems: Designing smart devices that can sense and react.
IoT Development: Connecting devices to the internet for data and control.
PCB Design & Fabrication: Turning electronic ideas into real hardware.
Programming: Especially C/C++, Python, and embedded programming.



Emerging Industries:
e Smart Homes (automation, security)
o Healthcare IoT (wearable devices, remote monitoring)

e Industrial Automation (robotics, smart factories)
e Renewable Energy Systems (solar, wind — with smart controllers)

How to Build Your Career:
o Start with small projects — like the ones we’ve done here.
e Focus on practical skills, not just theory.

e Learn continuously — tech changes fast!
e Try for internships early to gain real-world experience.

Key Adyvice:

"Don’t wait for the perfect time — start building now.

Every circuit you make, every program you write, every error you fix — brings you closer to
becoming an engineer, innovator, or entrepreneur!"

Conclusion:

Thank you for being such an enthusiastic group!
The future is in your hands — keep learning, keep building, and keep dreaming big!

Day 15: Project Presentation

Day 1: Core Electronic Components

We started with the basics — resistors, capacitors, diodes, and transistors. We learned what they
do and how they are used in circuits.

Day 2: Ohm’s Law & Kirchhoff’s Laws

We explored how voltage, current, and resistance relate, and how to solve basic and complex
circuits using Kirchhoff’s laws.



Day 3: Semiconductor Basics

We dived deeper into diodes, BJTs, and MOSFETs — key building blocks of modern
electronics.

Day 4: Digital Electronics — Logic Gates

We learned about logic gates like AND, OR, NOT, and how they form the foundation of all
digital devices.

Day 5: Soldering & PCB Design

We practiced soldering and got introduced to PCB design, learning how real circuits are
physically made.

Day 6: Arduino / Raspberry Pi Introduction

We discussed the difference between microcontrollers and microprocessors, and started
programming Arduino boards.

Day 7: Sensor Interfacing

We connected sensors like LDRs and ultrasonic sensors to Arduino and learned how to read data
from the environment.

Day 8: Motor Control

We controlled DC and Servo motors using the L293D motor driver, which is important for
making moving projects.

Day 9: Wireless Communication (IoT)

We explored Wi-Fi and Bluetooth communication with the ESP8266, taking our first step into
IoT projects.



Day 10: Mini Project (Obstacle-Avoidance Robot)

In groups, we built small robots that could detect and avoid obstacles automatically using sensors
and Arduino.

Day 11: Power Electronics

We learned how rectifiers and SMPS circuits work, which are crucial for stable power supplies
in electronics.

Day 12: IoT & Industry 4.0

We explored how devices send data to the cloud using platforms like ThingSpeak and Blynk,
connecting to the world of Industry 4.0.

Day 13: PCB Fabrication & Troubleshooting

We visited the lab, practiced soldering more, and learned basic troubleshooting techniques for
circuits.

Day 14: Guest Lecture

An industry expert talked about future career opportunities and the important skills needed in
electronics and IoT.



